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Provided in some aspects are compositions, such as DNA-targeting systems, fusion proteins, guide RNAs (gRNAs), and pluralities
and combinations thereof, that bind to or target a methyl-CpG-binding protein 2 (MeCP2) locus. In particular, the present
disclosure relates to the modulation of expression of the MeCP2 gene. In some aspects, also provided are polynucleotides,
vectors, cells and pluralities and combinations thereof, that encode or comprise the DNA-targeting systems, fusion proteins,
gRNAs or pluralities or combinations thereof, and methods and uses related to the provided compositions, for example, in
modulating the expression of MeCP2, and/or in the treatment or therapy of diseases or disorders that involve the activity, function
or expression of MeCP2, such as Rett syndrome.
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Abstract:

Provided in some aspects are compositions, such as DNA-targeting systems, fusion proteins, guide
RNAs (gRNAs), and pluralities and combinations thereof, that bind to or target a
methyl-CpG-binding protein 2 (MeCP2) locus. In particular, the present disclosure relates to the
modulation of expression of the MeCP2 gene. In some aspects, also provided are polynucleotides,
vectors, cells and pluralities and combinations thereof, that encode or comprise the DNA-targeting
systems, fusion proteins, gRNAs or pluralities or combinations thereof, and methods and uses related
to the provided compositions, for example, in modulating the expression of MeCP2, and/or in the
treatment or therapy of diseases or disorders that involve the activity, function or expression of
MeCP2, such as Rett syndrome.
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COMPOSITIONS AND METHODS FOR MODULATING EXPRESSION OF
METHYL-CPG BINDING PROTEIN 2 (MECP2)

Cross-Reference to Related Applications

[0001] This application claims priority from U.S. provisional application No. 63/228,014,
filed July 30, 2021, entitled “COMPOSITIONS AND METHODS FOR MODULATING
EXPRESSION OF METHYL-CPG BINDING PROTEIN 2 (MECP2),” and U.S. provisional
application No. 63/345,392, filed May 24, 2022, entitled “COMPOSITIONS AND METHODS
FOR MODULATING EXPRESSION OF METHYL-CPG BINDING PROTEIN 2 (MECP2),”

the contents of which are incorporated by reference in their entireties.

Incorporation by Reflerence of Sequence Listing

[0002] The present application is being filed along with a Sequence Listing in electronic
format. The Sequence Listing is provided as a file entitled 224742000240SeqList.xml, created
July 29, 2022, which is 379 kilobytes in size. The information in the electronic format of the

Sequence Listing is incorporated by reference in its entirety.

Field

[0003] The present disclosure relates in some aspects to compositions, such as DNA-
targeting systems, fusion proteins, guide RNAs (gRNAs), and pluralities and combinations
thereof, that bind to or target a methyl-CpG-binding protein 2 (MeCP2) locus. In particular, the
present disclosure relates to the modulation of expression of the MeCP2 gene. In some aspects,
the present disclosure also relates to polynucleotides, vectors, cells and pluralities and
combinations thereof, that encode or comprise the DNA-targeting systems, fusion proteins,
gRNAs or pluralities or combinations thereof, and methods and uses related to the provided
compositions, for example, in modulating the expression of MeCP2, and/or in the treatment or
therapy of discases or disorders that involve the activity, function or expression of MeCP2, such

as Rett syndrome.

Background

[0004] Several genetic development disorders, including Rett syndrome, are associated with
reduced activity, inactivation, mutation and/or dysregulation of expression of the methyl-CpG-
binding protein 2 (MeCP2) gene, present on the X chromosome. Rett syndrome is affects cells
of the nervous system, and can result in a slowing of development resulting in loss of control of

the hands, loss of speech, breathing problems, slowed brain and head growth, ambulatory

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

problems, seizures, and mental retardation. Existing treatment of such genetic disorders are
directed towards symptoms and providing support. Treatments that address the fundamental

etiology and disease mechanism and needed. Provided are embodiments that meet such needs.

Summary
[0005] Provided herein DNA-targeting systems that bind to or target a methyl-CpG-binding

protein 2 (MeCP2) locus. In some aspects, the DNA-targeting systems include fusion proteins.
In some aspects, the DNA-targeting systems include guide RNAs (gRNAs). In some aspects,
the DNA-targeting systems include fusion proteins and gRNAs. Provided herein are
compositions, such as DNA-targeting systems, including fusion proteins, gRNAs, and pluralities
and combinations thereof, that bind to or target a MeCP2 locus. Also provided are [usion
protecins that bind to or target McCP2. Also provided arc gRNAs that bind to or target McCP2.
In some aspects, the provided DNA-targeting systems, including fusion proteins, gRNAs, bind
to, target, and/or modulate the expression of MeCP2. Also provided are compositions, such as
polynucleotides, vectors, cells, and pluralities and combinations thereof, that encode or comprise
the DNA-targeting systems, fusion proteins, gRNAs or components thereof. Also provided are
methods and uses related to any of the provided compositions and combinations, for example, in
modulating the expression of MeCP2, and/or in the treatment or therapy of diseases or disorders
that involve the actlivily, [unction or expression ol MeCP2, such as Rell syndrome.

[0006] Provided herein are DNA-targeting systems comprising a DNA-targeting domain that
binds to a target site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2)
locus. In some of any embodiments, the DNA-targeting system also includes at least one
effector domain that increases transcription of the MeCP2 locus.

[0007] In some aspects, provided herein is a DNA-targeting system comprising (a) a DNA-
targeling domain that binds to a target site in a regulatory DNA element of a methyl-CpG-
binding protein 2 (MeCP2) locus; and (b) at least one effector domain that increases
transcription of the MeCP2 locus.

[0008] In somc of any of the provided embodiments, binding of the DNA-targecting domain
to the target site does not introduce a genetic disruption or a DNA break at or near the target site.

[0009] In some of any of the provided embodiments, the DN A-targeting domain comprises a
Clustered Regularly Interspaced Short Palindromic Repeats associated (Cas)-guide RNA
(gRNA) combination that includes (a) a Cas protein or a variant thereof and (b) at least one
gRNA; a zinc finger protein (ZFP); a transcription activator-like effector (TALE); a

meganuclcasc; a homing cndonuclcase; or a I-Scel enzymes or a variant thercof. In some of any
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of the provided embodiments, the DNA-targeling domain comprises a catalytically inactive
variant of any of the foregoing.

[0010] In some of any of the provided embodiments, the DNA-targeting domain comprises a
Cas-gRNA combination that includes (a) a Cas protein or a variant thereof and (b) at least one
gRNA. In some of any of the provided embodiments, the variant Cas protein lacks nuclease
activity or is a deactivated Cas (dCas) protein. In some of any of the provided embodiments, the
variant Cas protein is a deactivated Cas (dCas) protein.

[0011] Also provided herein are DNA-targeting systems comprising a DNA-targeting
domain, that binds to a target site in a regulatory DNA element of a methyl-CpG-binding protein
2 (McCP2) locus and compriscs a Cas-guide RNA (gRNA) combination that includes: (a) a
variant Cas protcin that lacks nuclcasc activity or that is a dcactivated Cas (dCas) protcin; and
(b) at least one gRNA, comprising a gRNA spacer sequence that is capable of hybridizing to the
target site or is complementary to the target site.

[0012] In some of any of the provided embodiments, the gRNA is capable of complexing
with the Cas protein or variant thereof. In some of any of the provided embodiments, the gRNA
comprises a gRNA spacer sequence that is capable of hybridizing to the target site or is
complementary to the target site.

[0013] In some of any of the provided embodiments, the Cas protein or a variant thereof is a
Cas9 protein or a variant thereof. In some of any of the provided embodiments, the variant Cas
protein is a variant Cas9 protein that lacks nuclease activity or that is a deactivated Cas9 (dCas9)
protein. In some of any of the provided embodiments, the variant Cas protein is a deactivated
Cas (dCas) protein.

[0014] In some of any of the provided embodiments, the Cas9 protein or variant thereof is a
Streptococcus pyogenes Cas9 (SpCas9) protcin or a variant thercof.

[0015] In some of any of the provided embodiments, provided herein is a DNA-targeting
system comprising a DN A-targeting domain that is a Cas-guide RNA (gRNA) combination
comprising: (a) a Streptococcus pyogenes dCas9 (dSpCas9) protein; (b) at least one effector
domain that increases transcription of a methyl-CpG-binding protein 2 (MeCP2) locus; and (c)
at least one gRNA comprising a gRNA spacer sequence that is capable of hybridizing to a target
site in a regulatory DNA element of a MeCP2 locus or is complementary to the target site.

[0016] In some of any of the provided embodiments, the variant Cas9 is a Streprococcus
pyogenes dCas9 (dSpCas9) protein that comprises at least one amino acid mutation selected
from D10A and H840A, with reference to numbering of positions of SEQ ID NO:96. In some of

any of the provided embodiments, the variant Cas9 protein comprises the sequence set forth in
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SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity thereto.

[0017] In some of any of the provided embodiments, the Cas9 protein or a variant thereof is
a Staphylococcus aureus Cas9 (SaCas9) protein or a variant thereof. In some of any of the
provided embodiments, the variant Cas9 is a Staphylococcus aureus dCas9 protein (dSaCas9)
that comprises at least one amino acid mutation selected from D10A and N580A, with reference
to numbering of positions of SEQ ID NO:99. In some of any of the provided embodiments, the
variant Cas9 protein comprises the sequence set forth in SEQ ID NO:98, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7 %, 98 %, or 99% sequence
identity thereto.

[0018] In somc of any of the provided cmbodiments, the variant Cas protcin is a split variant
Cas protein, wherein the split variant Cas protein comprises a first polypeptide comprising an N-
terminal fragment of the variant Cas protein and an N-terminal Intein, and a second polypeptide
comprising a C-terminal fragment of the variant Cas protein and a C-terminal Intein. In some of
any of the provided embodiments, the [irst polypeptlide and the second polypeptide of the split
variant Cas protein are present in proximity or present in the same cell, the N-terminal Intein and
C-terminal Intein self-excise and ligate the N-terminal fragment and the C-terminal fragment of
the variant Cas protein to form a full-length variant Cas protein. In some of any of the provided
embodiments, the N-terminal Intein comprises an N-terminal Npu Intein, or the sequence set
forth in SEQ ID NO:129, or an amino acid sequence that has at least 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto, or a portion of any of the
foregoing. In some of any of the provided embodiments, the N-terminal fragment of the variant
Cas protein comprises: the N-terminal fragment of variant SpCas9 from the N-terminal end up
to position 573 of the dSpCas9 scquence sct forth in SEQ ID NO:95, or an amino acid scqucnece
that has at least 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 7%, 98%, or 99% sequence identity
thereto; or the sequence set forth in SEQ ID NO:127, or an amino acid sequence that has at least
90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto, or a
portion of any of the foregoing. In some of any of the provided embodiments, the first
polypeptide of the split variant Cas protein comprises the sequence set forth in SEQ ID NO:121,
or an amino acid sequence that has at least 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% sequence identity thereto, or a portion of any of the foregoing. In some of any of the
provided embodiments, the C-terminal Intein comprises a C-terminal Npu Intein, or the
sequence set forth in SEQ ID NO: 133, or an amino acid sequence that has at least 90%, 91%,
2%, 93%, 94%, 95%, 96%, V7%, 98%, or 99% sequence identity thereto, or a portion of any of
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the [oregoing. In some of any of the provided embodiments, the C-terminal [ragment of the
variant Cas protein comprises: the C-terminal fragment of variant SpCas9 from position 574 to
the C-terminal end of the dSpCas9 sequence set forth in SEQ ID NO:93, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence
identity thereto; or the sequence set forth in SEQ ID NO:135, or an amino acid sequence that has
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, YT %, 98 %, or 99% sequence identity thereto, or
a portion of any of the foregoing. In some of any of the provided embodiments, the second
polypeptide of the split variant Cas protein comprises the sequence set forth in SEQ ID NO:131,
or an amino acid sequence that has at least 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% scquence identity thereto, or a portion of any of the forcgoing.

[0019] In somc of any of the provided cmbodiments, the target sitc compriscs the scquence
set forth in any one of SEQ ID NOs: 1-29, a contiguous portion thereof of at least 14 nucleotides
(nt), or a complementary sequence of any of the foregoing. In some of any of the provided
embodiments, the target site is located within the genomic coordinates human genome assembly
GRCh38 (hg38) chrX:154,097,151-154,098,158. In some of any of the provided embodiments,
the target site comprises the sequence set forth in SEQ ID NO:9 or 27, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of any of the foregoing.

[0020] In some of any of the provided embodiments, the target site comprises the sequence
set forth in SEQ ID NO:9, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of any of the foregoing. In some of any of the provided embodiments, the at least one
gRNA comprises a gRNA spacer sequence comprising the sequence set forth in SEQ ID NO:39,
or a contiguous portion thereof of at least 14 nt. In some of any of the provided embodiments,
the at least one gRINA further comprises the sequence set forth in SEQ ID NO:30. In some of
any of the provided cmbodiments, the at Icast onc gRNA compriscs a gRNA that compriscs the
sequence set forth in SEQ 1D NO:69. In some of any of the provided embodiments, the at least
one gRNA is the gRNA sequence set forth in SEQ ID NO:69.

[0021] In some of any of the provided embodiments, the target site comprises the sequence
set forth in SEQ ID NO:27, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of any of the foregoing. In some of any of the provided embodiments, the at least one
gRNA comprises a gRNA spacer sequence comprising the sequence set forth in SEQ ID NO:57,
or a contiguous portion thereof of at least 14 nt. In some of any of the provided embodiments,
the at least one gRINA further comprises the sequence set forth in SEQ ID NO:30. In some of
any of the provided embodiments, the at least one gRNA comprises a gRNA that comprises the

sequence set forth in SEQ ID NO:87. In some of any of the provided embodiments, the at least
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one gRNA is the gRNA sequence sel forth in SEQ ID NO:87.

[0022] In some of any of the provided embodiments, the gRNA spacer sequence is between
14 nt and 24 nt, or between 16 nt and 22 nt in length. In some of any of the provided
embodiments, the gRNA spacer sequence is 18 nt, 19 nt, 20 nt, 21 nt or 22 nt in length.

[0023] In some of any of the provided embodiments, the gRNA comprises modified
nucleotides for increased stability.

[0024] In some of any of the provided embodiments, the DNA-targeting system also
includes at least one effector domain. In some of any of the provided embodiments, the DNA-
targeting domain or a component thereof is fused to the at least one effector domain.

[0025] In somc of any of the provided embodiments, the DNA-targeting domain compriscs a
Cas-gRNA combination that includcs (a) a Cas protcin or a variant thercof and (b) at Icast onc
gRNA, and the component thereof fused to the at least one effector domain is the Cas protein or
a variant thereof.

[0026] In some of any of the provided embodiments, the effector domain induces, catalyzes
or leads to transcription activation, transcription co-aclivation, transcription elongation,
transcription de-repression, histone modification, nucleosome remodeling, chromatin
remodeling, reversal of heterochromatin formation, DNA demethylation, or DNA base
oxidation. In some of any of the provided embodiments, the effector domain induces, catalyzes
or leads to transcription de-repression, DNA demethylation or DNA base oxidation. In some of
any of the provided embodiments, the effector domain induces transcription de-repression. In
some of any of the provided embodiments, the effector domain induces transcription activation,
transcription co-activation, transcription elongation, transcription de-repression, histone
modification, nucleosome remodeling, chromatin remodeling, reversal of heterochromatin
formation, DNA demcthylation, or DNA basc oxidation. In somc of any of the provided
embodiments, the effector domain induces transcription de-repression, DNA demethylation or
DNA base oxidation.

[0027] Also provided herein are DNA-targeting systems comprising a DNA-targeting
domain that is a Cas-guide RNA (gRINA) combination that includes: (a) a Streptococcus
pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in SEQ ID NO:95 fused to at
least one effector domain that induces transcription de-repression; and (b) at least one gRNA
comprising at least one gRNA spacer sequence set forth in SEQ ID NO:39.

[0028] Also provided herein are DNA-targeting systems comprising a DN A-targeting
domain that is a Cas-guide RNA (gRNA) combination that includes: (a) a Streptococcus
pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in SEQ ID NO:95 fused to at
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least one elfector domain that induces transcription de-repression; and (b) at least one gRNA
comprising at least one gRNA spacer sequence set forth in SEQ ID NO:57.

[0029] In some aspects, provided herein is a DNA-targeting system comprising a DNA-
targeting domain that is a Cas-guide RNA (gRNA) combination comprising: (a) a first
polypeptide of a split variant Cas9 protein comprising an N-terminal fragment of a
Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein fused to an N-terminal
intein and at least one effector domain that induces transcription de-repression; and (b) at least
one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in SEQ ID NO:39.

[0030] In some aspects, provided herein is a DNA-targeting system comprising a DNA-
targcting domain that is a Cas-guide RNA (gRNA) combination comprising: (a) a first
polypeptide of a split variant Cas9 protcin comprising an N-tcrminal fragment of a
Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein fused to an N-terminal
intein and at least one effector domain that induces transcription de-repression; and (b) at least
one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in SEQ ID NO:57.

[0031] In some of any of the provided embodiments, the DNA-targeling system (urther
comprises a second polypeptide of a split variant Cas9 protein comprising a C-terminal fragment
of the dSpCas9 fused to a C-terminal Intein.

[0032] In some aspects, provided herein is a DNA-targeting system comprising a DNA-
targeting domain that is a Cas-guide RNA (gRNA) combination comprising (a) a second
polypeptide of a split variant Cas9 protein comprising a C-terminal fragment of a Streptococcus
pyogenes deactivated Cas9 protein (dSpCas9) protein fused to an C-terminal intein and at least
one effector domain that induces transcription de-repression; and (b) at least one gRNA that is a
gRNA comprising a gRNA spacer sequence set forth in SEQ ID NO:39.

[0033] In somc aspects, provided herein is a DNA-targeting system comprising a DNA-
targeting domain that is a Cas-guide RNA (gRINA) combination comprising: {(a) a second
polypeptide of a split variant Cas9 protein comprising a C-terminal fragment of a Streprococcus
pyogenes deactivated Cas9 protein (dSpCas9) protein fused to a C-terminal intein and at least
one effector domain that induces transcription de-repression; and (b) at least one gRNA that is a
gRNA comprising a gRNA spacer sequence set forth in SEQ ID NO:57.

[0034] In some of any of the provided embodiments, the DNA-targeting system further
comprises a first polypeptide of a split variant Cas9 protein an N-terminal fragment of the
dSpCas9 fused to an N-terminal Intein. In some of any of the provided embodiments, when the
first polypeptide and the second polypeptide of the split variant Cas9 are present in proximity or

present in the same cell, the N-terminal Intein and C-terminal Intein self-excise and ligate the N-
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terminal (ragment and the C-terminal [ragment of the variant Cas9 to form a [ull-length variant
Cas9 protein. In some of any of the provided embodiments, the N-terminal Intein comprises an
N-terminal Npu Intein, or the sequence set forth in SEQ ID NO:129, or an amino acid sequence
that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto, or a portion of any of the foregoing.

[0035] In some of any of the provided embodiments, the N-terminal fragment of the variant
Cas9 comprises: the N-terminal fragment of variant SpCas9 from the N-terminal end up to
position 573 of the dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence
that has at least 90%, 91 %, 92%, 93%. 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto; or the sequence sct forth in SEQ ID NO:127, or an amino acid scquence that has at lcast
90%, 91%, 92%, 93%, 94%, 95%, Y69, Y7 %, 98%, or 99% scquence identity thereto, or a
portion of any of the foregoing.

[0036] In some of any of the provided embodiments, the first polypeptide of the split variant
Cas9 comprises the sequence set forth in SEQ ID NO:121, or an amino acid sequence that has at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence idenlity therelo, or a
portion of any of the foregoing. In some of any of the provided embodiments, the C-terminal
Intein comprises a C-terminal Npu Intein, or the sequence set forth in SEQ 1D NO:133, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96 %, 97%., 98%, or
99% sequence identity thereto, or a portion of any of the foregoing.

[0037] In some of any of the provided embodiments, the C-terminal fragment of the variant
Cas9 comprises: the C-terminal fragment of variant SpCas9 from position 574 to the C-terminal
end of the dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at
least 90%, 91%, 92%, 93%., 94 %, 95%, 96%, 97%, 98%, or 99% sequence identity thereto; or
the scquencce sct forth in SEQ ID NO: 135, or an amino acid scqucncc that has at Icast 90%, 91%,
92%, 93%, 945, 95%, 96%, Y1%, 98%, or 99% sequence identity thereto, or a portion of any of
the foregoing.

[0038] In some of any of the provided embodiments, the second polypeptide of the split
variant Cas9 comprises the sequence set forth in SEQ ID NO:131, or an amino acid sequence
that has at least 90%, 91%, 92%. 93%. 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto, or a portion of any of the foregoing.

[0039] In some of any of the provided embodiments, the effector domain comprises a
catalytic domain of a ten-eleven translocation (TET) family methylcytosine dioxygenase or a
portion or a variant thereof. In some of any of the provided embodiments, the effector domain

comprises a catalytic domain of a Ten-eleven translocation methylcytosine dioxygenase 1
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(TET1) or a portion or a variant thereol. In some of any of the provided embodiments, the
effector domain comprises the sequence set forth in SEQ ID NO:93, or a portion thereof, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96 %, 97%. 98%, or
99% sequence identity to any of the foregoing.

[0040] In some of any of the provided embodiments, the at least one effector domain is
fused to the N-terminus, the C-terminus, or both the N-terminus and the C-terminus, of the
DNA-targeting domain or a component thereof. In some of any of the provided embodiments,
the DNA-targeting system also includes one or more linkers connecting the DNA-targeting
domain or a component thereof to the at least one effector domain, and/or further comprising
onc or morc nuclear localization signals (NLS).

[0041] In somc of any of the provided cmbodiments, the DNA-targeting system compriscs
the sequence set forth in SEQ ID NO:91, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 949%, 95%, 96%, Y7%, 98%, or 99% sequence identity thereto.

[0042] In some of any of the provided embodiments, the DNA-targeting domain is a first
DNA-targeting domain, and the DNA-largeting system [urther comprises one or more second
DNA-targeting domain.

[0043] In some aspects, provided herein is a combination comprising: a first DNA-targeting
domain comprising any DNA targeting domain provided herein, and one or more second DNA-
targeting domains. In some of any embodiments, the one or more second DNA-targeting
domains comprises any DNA targeting domain provided herein.

[0044] In some of any of the provided embodiments, the first DNA-targeting domain binds a
first target site in a MeCP2 locus; and the second DNA-targeting domain binds a second target
site in a MeCP2 locus.

[0045] Also provided hercin arc DNA-targeting systems that binds to onc or morc target
sites in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus, the DNA-
targeting system comprising: a first DNA-targeting domain that binds a first target site in a
MeCP2 locus; and a second DNA-targeting domain that binds a second target site in a MeCP2
locus.

[0046] Also provided herein is a combination comprising: a first DNA-targeting domain that
binds a first target site in a MeCP2 locus; and a second DNA-targeting domain that binds a
second target site in a MeCP2 locus.

[0047] In some of any of the provided embodiments, the first target site and the second
target site independently are located within the genomic coordinates hg38 chrX:154,097,151-
154,098,158.
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[0048] In some of any of the provided embodiments, the first DNA-targeling domain
comprises a first Cas-gRNA combination that includes (a) a first Cas protein or a variant thereof
and (b) a first gRNA that is capable of hybridizing to the target site or is complementary to the
first target site; and the second DNA-targeting domain comprises a second Cas-gRNA
combination that includes (a) a second Cas protein or a variant thereof and (b) a second gRNA
that is capable of hybridizing to the target site or is complementary to the second target site.

[0049] In some of any of the provided embodiments, the first Cas protein or a variant thereof
and/or the second Cas protein or a variant thereof is a variant Cas9 protein that lacks nuclease
activity or that is a deactivated Cas9 (dCas9) protein. In some of any of the provided
cmbodiments, the first Cas protcin or a variant thercof and/or the second Cas protein or a variant
thercof is a deactivated Cas9 (dCas9) protein.

[0050] In some of any of the provided embodiments, the first variant Cas protein and/or the
second variant Cas protein is a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises
at least one amino acid mutation selected from D10A and H840A, with reference to numbering
of positions of SEQ ID NO:96; or comprises the sequence set forth in SEQ ID NO:95, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, or
99% sequence identity thereto.

[0051] In some of any of the provided embodiments, the first variant Cas protein and/or the
second variant Cas protein is a Staphylococcus aureus dCas9 protein (dSaCas9) that comprises
at least one amino acid mutation selected from D10A and N580A, with reference to numbering
of positions of SEQ ID NO:99; or comprises the sequence set forth in SEQ ID NO:98, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%., 94%, 95%, 96 %, 97%. 98%, or
99% sequence identity thereto.

[0052] In somc of any of the provided embodiments, the first variant Cas protcin and/or the
second variant Cas protein is a split variant Cas9 protein, wherein the split variant Cas9 protein
comprises a first polypeptide comprising an N-terminal fragment of the variant Cas9 and an N-
terminal Intein, and a second polypeptide comprising a C-terminal fragment of the variant Cas9
and a C-terminal Intein.

[0053] In some of any of the provided embodiments, the first Cas protein and the second
Cas protein are the same. In some of any of the provided embodiments, the first Cas protein and
the second Cas protein are different.

[0054] In some of any of the provided embodiments, the first Cas protein or a variant thereof
and/or the second Cas protein or a variant thereof is fused to at least one effector domain.

[0055] In some of any of the provided embodiments, the effector domain induces, catalyzes
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or leads to transcription activation, transcription co-aclivation, transcription elongation,
transcription de-repression, transcription repression, transcription factor release, polymerization,
histone modification, histone acetylation, histone deacetylation, nucleosome remodeling,
chromatin remodeling, heterochromatin formation, reversal of heterochromatin formation,
nuclease, signal transduction, proteolysis, ubiquitination, deubiquitination, phosphorylation,
dephosphorylation, splicing, nucleic acid association, DNA methylation, DNA demethylation,
histone methylation, histone demethylation, or DNA base oxidation. In some of any of the
provided embodiments, the effector domain induces transcription activation, transcription co-
activation, transcription elongation, transcription de-repression, histone modification,
nuclcosome remodeling, chromatin remodcling, reversal of heterochromatin formation, DNA
demcethylation, or DNA basc oxidation. In some of any of the provided cmbodiments, the
effector domain induces transcription de-repression. In some of any of the provided
embodiments, the effector domain induces transcription de-repression.

[0056] In some of any of the provided embodiments, the first DNA-targeting domain and the
second DNA-largeling domain are encoded in a [irst polynucleotide. In some of any of the
provided embodiments, the first Cas protein and the second Cas protein are encoded in a first
polynucleotide. In some of any of the provided embodiments, the first Cas protein and the
second Cas protein are encoded by the same nucleotide sequence. In some of any of the
provided embodiments, the first gRNA and the second gRNA are encoded in a first
polynucleotide. In some of any of the provided embodiments, the first Cas protein and the
second Cas protein are encoded by the same nucleotide sequence, and the Cas protein, the first
gRNA, and the second gRNA are encoded in a first polynucleotide.

[0057] In some of any of the provided embodiments, the first DNA-targeting domain is
cncodced in a first polynuclcotide and the sccond DNA-targeting domain is cncoded in a sccond
polynucleotide. In some of any of the provided embodiments, the first Cas protein is encoded in
a first polynucleotide and the second Cas protein is encoded in a second polynucleotide. In some
of any of the provided embodiments, the first gRNA is encoded in a first polynucleotide and the
second gRNA is encoded in a second polynucleotide. In some of any of the provided
embodiments, the first Cas protein and the first gRNA are encoded in a first polynucleotide, and
the second Cas protein and the second gRNA are encoded in a second polynucleotide.

[0058] Also provided are gRNAs that bind a target site located within the genomic
coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158.

[0059] Also provided are gRNAs that bind a target site comprising the sequence set forth in

any one of SEQ ID NOs: 1-29, a contiguous portion thereof of at least 14 nt, or a
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complementary sequence of any of the [oregoing.

[0060] Also provided are guide RNAs (gRNAs) that bind a target site in a regulatory DNA
element of a methyl-CpG-binding protein 2 (MeCP2) locus, wherein the target site is located
within the genomic coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-
154,098,158.

[0061] In some of any of the provided embodiments, the target site comprises the sequence
set forth in SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of any of the foregoing.

[0062] In some of any of the provided embodiments, the target site comprises the sequence
sct forth in SEQ ID NO:9, a contiguous portion thecreof of at lcast 14 nt, or a complcmentary
scquence of any of the forcgoing. In somce of any of the provided cmbodiments, the gRNA
comprises a gRNA spacer sequence comprising the sequence set forth in SEQ ID NO:39, or a
contiguous portion thereof of at least 14 nt. In some of any of the provided embodiments, the
gRNA further comprises the sequence set forth in SEQ ID NO:30. In some of any of the
provided embodiments, the gRNA comprises the sequence set forth in SEQ ID NO:69. In some
of any of the provided embodiments, the at least one gRNA is set forth in SEQ ID NO:69.

[0063] In some of any of the provided embodiments, the target site comprises the sequence
set forth in SEQ ID NO:27, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of any of the foregoing. In some of any of the provided embodiments, the gRNA
comprises a gRNA spacer sequence comprising the sequence set forth in SEQ ID NO:57, or a
contiguous portion thereof of at least 14 nt. In some of any of the provided embodiments, the
gRNA further comprises the sequence set forth in SEQ ID NO:30. In some of any of the
provided embodiments, the gRNA comprises the sequence set forth in SEQ ID NO:87. In some
of any of the provided cmbodiments, thc gRNA is sct forth in SEQ ID NO:87.

[0064] In some of any of the provided embodiments, the gRNA spacer sequence is between
14 nt and 24 nt, or between 16 nt and 22 nt in length. In some of any of the provided
embodiments, the gRNA spacer sequence is 18 nt, 19 nt, 20 nt, 21 nt or 22 nt in length.

[0065] In some of any of the provided embodiments, the gRNA comprises modified
nucleotides for increased stability. In some of any of the provided embodiments, the gRNA is
capable of complexing with the Cas protein or variant thereof.

[0066] In some of any of the provided embodiments, the gRNA comprises a gRNA spacer
sequence that is capable of hybridizing to the target site or is complementary to the target site.

[0067] Also provided herein are combinations, such as combinations of gRNAs, that

includes a first gRNNA comprising any of the gRNAs described herein, and one or more second
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gRNAs that binds o a second target site in a regulatory DNA element of a methyl-CpG-binding
protein 2 (MeCP2) locus. In some of any of the provided embodiments, the second gRNA
comprises any of the gRNAs described herein.

[0068] Also provided herein are combinations, such as combinations of gRNAs, that
include: a first gRNA that binds a first target site in a regulatory DNA element of a methyl-CpG-
binding protein 2 (MeCP2) locus, wherein the first target site is located within the genomic
coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158; and a
second gRNA that binds a second target site in a regulatory DNA element of a MeCP2 locus,
wherein the second target site is located within the genomic coordinates hg38
chrX:154,097,151-154,098.158.

[0069] In somc aspccts, provided herein is a fusion protein comprising: (1) a DNA-targeting
domain or a component thereof and (2) at least one effector domain, wherein: the DNA-targeting
domain or a component thereof binds to a target site in a regulatory DNA element of a methyl-
CpG-binding protein 2 (MeCP2) locus; and the effector domain increases transcription of the
MeCP2 locus.

[0070] Also provided are fusion proteins that include (1) a DNA-targeting domain or a
component thereof and (2) at least one effector domain, wherein: the DNA-targeting domain or a
component thereof binds to a target site in a regulatory DNA element of a methyl-CpG-binding
protein 2 (MeCP2) locus; and the effector domain induces, catalyzes or leads to transcription
activation, transcription co-activation, transcription elongation, transcription de-repression,
histone modification, nucleosome remodeling, chromatin remodeling, reversal of
heterochromatin formation, DNA demethylation, or DN A base oxidation. Also provided are
fusion proteins that include (1) a DNA-targeting domain or a component thereof and (2) at least
onc cffcctor domain, whercin: the DNA-targeting domain or a componcent thercof binds to a
target site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus; and
the effector domain induces transcription activation, transcription co-activation, transcription
elongation, transcription de-repression, histone modification, nucleosome remodeling, chromatin
remodeling, reversal of heterochromatin formation, DNA demethylation, or DNA base
oxidation.

[0071] In some of any of the provided embodiments, binding of the DNA-targeting domain
or a component thereof to the target site does not introduce a genetic disruption or a DNA break
at or near the target site.

[0072] In some of any of the provided embodiments, the DNA-targeting domain comprises a

Clustered Regularly Interspaced Short Palindromic Repeats associated (Cas)-guide RNA
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(gRNA) combination that includes (a) a Cas protein or a variant thereof and (b) at least one
gRNA; a zinc finger protein (ZFP); a transcription activator-like effector (TALE); a
meganuclease; a homing endonuclease; or a I-Scel enzymes or a variant thereof. In some of any
of the provided embodiments, the DNA-targeting domain comprises a catalytically inactive
variant of any of the foregoing.

[0073] In some of any of the provided embodiments, the DNA-targeting domain comprises a
Cas-gRNA combination that includes a Cas protein or a variant thereof and at least one gRNA,
and the component of the DNA-targeting domain is a Cas protein or a variant thereof. In some
of any of the provided embodiments, the variant Cas protein lacks nuclease activity or is a
dcactivated Cas (dCas) protein. In some of any of the provided cmbodiments, the gRNA is
capablc of complexing with the Cas protcin or variant thercof.

[0074] In some of any of the provided embodiments, the gRNA binds to a target site in a
regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus.

[0075] In some aspects, provided herein is a fusion protein comprising (1) a Cas protein or a
variant thereof and (2) at least one elfector domain, wherein the effector domain increases
transcription of the MeCP2 locus.

[0076] In some aspects, provided herein is a fusion protein comprising (1) a first polypeptide
of a split variant Cas protein comprising an N-terminal fragment of a Cas protein and an N-
terminal Intein, and (2) at least one effector domain, wherein the effector domain induces
transcription activation, transcription co-activation, transcription elongation, transcription de-
repression, histone modification, nucleosome remodeling, chromatin remodeling, reversal of
heterochromatin formation, DNA demethylation, or DNA base oxidation.

[0077] In some aspects, provided herein is a fusion protein comprising (1) a first polypeptide
of a split variant Cas protcin comprising an N-tcrminal fragment of a Cas protcin and an N-
terminal Intein, and (2) at least on¢ effector domain, wherein the effector domain increases
transcription of the MeCP?2 locus. In some of any of the provided embodiments, the first
polypeptide of the split variant Cas protein, and a second polypeptide of the split variant Cas
protein comprising a C-terminal fragment of the variant Cas protein and a C-terminal Intein, are
present in proximity or present in the same cell, the N-terminal Intein and C-terminal Intein self-
excise and ligate the N-terminal fragment and the C-terminal fragment of the variant Cas9 to
form a full-length variant Cas9 protein.

[0078] In some aspects, provided herein is a fusion protein comprising (1) a second
polypeptide of a split variant Cas protein comprising a C-terminal fragment of a Cas protein and

a C-terminal Intein and (2) at least one effector domain, wherein the effector domain induces

14

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

transcription activation, (ranscription co-aclivation, lranscription elongation, transcription de-
repression, histone modification, nucleosome remodeling, chromatin remodeling, reversal of
heterochromatin formation, DNA demethylation, or DNA base oxidation.

[0079] In some aspects, provided herein is a fusion protein comprising (1) a second
polypeptide of a split variant Cas protein comprising a C-terminal fragment of a Cas protein and
a C-terminal Intein and (2) at least one effector domain, wherein the effector domain increases
transcription of the MeCP2 locus.

[0080] In some of any of the provided embodiments, the second polypeptide of the split
variant Cas protein, and a first polypeptide of the split variant Cas protein comprising an N-
terminal fragment of the variant Cas protcin and an N-terminal Intcin, arc present in proximity
or prcsent in the same ccll, the N-tcrminal Intcin and C-terminal Intein sclf-cxcise and ligate the
N-terminal fragment and the C-terminal fragment of the variant Cas9 to form a full-length
variant Cas9 protein.

[0081] In some of any of the provided embodiments, the Cas protein or a variant thereof is
capable of complexing with al least one gRNA. In some ol any embodiments, the gRNA binds
to a target site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus.

[0082] In some of any of the provided embodiments, the DN A-targeting domain or a
component thereof targeted to the target site does not introduce a genetic disruption or a DNA
break at or near the target site

[0083] In some of any of the provided embodiments, the Cas protein or a variant thereof is a
Cas9 protein or a variant thereof. In some of any of the provided embodiments, the variant Cas
protein is a variant Cas9 protein that lacks nuclease activity or that is a deactivated Cas9 (dCas9)
protein. In some of any of the provided embodiments, the variant Cas protein is a variant Cas9
protcin that lacks nuclcasc activity or that is a dcactivated Cas9 (dCas9) protcin.

[0084] In some of any of the provided embodiments, the Cas9 protein or variant thereof is a
Streptococcus pyogenes Cas9 (SpCas9) protein or a variant thereof. In some of any of the
provided embodiments, the variant Cas9 is a Streprococcus pyogenes dCas9 (dSpCas9) protein
that comprises at least one amino acid mutation selected from D10A and H840A, with reference
to numbering of positions of SEQ ID NO:96. In some of any of the provided embodiments, the
variant Cas9 protein comprises the sequence set forth in SEQ ID NO:95, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98 %, or 99% sequence
identity thereto.

[0085] In some of any of the provided embodiments, the Cas9 protein or a variant thereof is

a Streptococcus pyogenes Cas9 (SaCas9) protein or a variant thereof. In some of any of the
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provided embodiments, the variant Cas9 is a Streprococcus pyogenes dCas9 protein (dSaCas9)
that comprises at least one amino acid mutation selected from D10A and N580A, with reference
to numbering of positions of SEQ ID NO:99. In some of any of the provided embodiments, the
variant Cas9 protein comprises the sequence set forth in SEQ ID NO:98, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98 %, or 99% sequence
identity thereto.

[0086] In some of any of the provided embodiments, the variant Cas protein is a split variant
Cas protein, wherein the split variant Cas protein comprises a first polypeptide comprising an N-
terminal fragment of the variant Cas protein and an N-terminal Intein, and a second polypeptide
comprising a C-tcrminal fragment of the variant Cas protcin and a C-terminal Intcin. In some of
any of the provided cmmbodiments, when the first polypeptide and the sccond polypeptide of the
split variant Cas protein are present in proximity or present in the same cell, the N-terminal
Intein and C-terminal Intein self-excise and ligate the N-terminal fragment and the C-terminal
fragment of the variant Cas protein to form a full-length variant Cas protein. In some of any of
the provided embodiments, the N-terminal Intein comprises an N-terminal Npu Intein, or the
sequence set forth in SEQ ID NO: 129, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 949, 95%, 96%, V7%, 98%, or 99% sequence identity thereto, or a portion of any of
the foregoing.

[0087] In some of any of the provided embodiments, the N-terminal fragment of the variant
Cas protein comprises: the N-terminal fragment of variant SpCas9 from the N-terminal end up
to position 573 of the dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence
that has at least 90%, 91 %, 92%, 93%. 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto; or the sequence set forth in SEQ ID NO:127, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95%, Y69, Y7 %, 98%, or 99% scquence identity thereto, or a
portion of any of the foregoing.

[0088] In some of any of the provided embodiments, the first polypeptide of the split variant
Cas protein comprises the sequence set forth in SEQ ID NO:121, or an amino acid sequence that
has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%., or 99% sequence identity
thereto, or a portion of any of the foregoing. In some of any of the provided embodiments, the
C-terminal Intein comprises a C-terminal Npu Intein, or the sequence set forth in SEQ 1D
NO:133, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence identity thereto, or a portion of any of the foregoing.

[0089] In some of any of the provided embodiments, the C-terminal fragment of the variant

Cas protein comprises: the C-terminal fragment of variant SpCas9 from position 574 to the C-
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terminal end of the dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence
that has at least 90%, 91%, 92%, 93 %, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto; or the sequence set forth in SEQ ID NO:135, or an amino acid sequence that has at least
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% sequence identity thereto, or a
portion of any of the foregoing.

[0090] In some of any of the provided embodiments, the second polypeptide of the split
variant Cas protein comprises the sequence set forth in SEQ ID NO: 131, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, or 99% sequence
identity thereto, or a portion of any of the foregoing. In some of any of the provided
cmbodiments, the targcet sitc compriscs the sequence sct forth in any onc of SEQ ID NOs: 1-29,
a contiguous portion thercof of at lcast 14 nt, or a complcmentary scquence of any of the
foregoing.

[0091] In some of any of the provided embodiments, the target site is located within the
genomic coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158.
In some of any of the provided embodiments, the target site comprises the sequence set forth in
SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a complementary sequence
of any of the foregoing. In some of any of the provided embodiments, the target site comprises
the sequence set forth in SEQ ID NO:9, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of any of the foregoing. In some of any of the provided embodiments,
the target site comprises the sequence set forth in SEQ ID NO:27, a contiguous portion thereof
of at least 14 nt, or a complementary sequence of any of the foregoing.

[0092] In some of any of the provided embodiments, the effector domain induces, catalyzes
or leads to transcription de-repression, DNA demethylation or DNA base oxidation. In some of
any of the provided embodiments, the cffector domain induccs transcription de-repression.

[0093] In some of any of the provided embodiments, the effector domain comprises a
catalytic domain of a ten-eleven translocation (TET) family methylcytosine dioxygenase or a
portion or a variant thereof. In some of any of the provided embodiments, the effector domain
comprises a catalytic domain of a Ten-eleven translocation methylcytosine dioxygenase 1
(TET1) or a portion or a variant thereof. In some of any of the provided embodiments, the
effector domain comprises the sequence set forth in SEQ ID NO:93, or a portion thereof, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, or
99% sequence identity to any of the foregoing.

[0094] In some of any of the provided embodiments, the at least one effector domain is

fused to the N-terminus, the C-terminus, or both the N-terminus and the C-terminus, of the
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DNA-targeting domain or a component thereol. In some of any of the provided embodiments,
the at least one effector domain is fused to the N-terminus, the C-terminus, or both the N-
terminus and the C-terminus, of the Cas protein or a variant thereof. In some of any of the
provided embodiments, the fusion protein also includes one or more linkers connecting the
DNA-targeting domain or a component thereof to the at least one effector domain, and/or further
comprising one or more nuclear localization signals (NLS).

[0095] In some of any of the provided embodiments, the fusion protein also includes one or
more linkers connecting the Cas protein or variant thereof to the at least one effector domain,
and/or further comprising one or more nuclear localization signals (NLS).

[0096] In somc of any of the provided ecmbodiments, the fusion protcin comprises the
scquence sct forth in SEQ ID NO:91, or an amino acid scquencc that has at Icast 90%, 91%,
92%, 93%, 94%, 95%., 96%, 7%, 98%, or 99% sequence identity thereto.

[0097] Also provided are combinations comprising any of the fusion proteins described
herein, and at least one gRNA. In some of any of the provided embodiments, the at least one
gRINA comprises any ol the gRNA described herein.

[0098] Also provided are polynucleotides encoding any of the DNA-targeting systems
described herein, any of the gRNAs described herein, any of the combinations described herein,
or any of the fusion proteins described herein, or a portion or a component of any of the
foregoing.

[0099] Also provided are polynucleotides encoding a first DNA-targeting system, a first Cas
protein and/or a first gRNA of any of the DNA-targeting systems described herein or any of the
combinations described herein.

[0100] Also provided are polynucleotides encoding a second DNA-targeting system, a
sccond Cas protcin and/or a sccond gRNA of any of the DNA-targeting systcms described
herein or any of the combinations described herein.

[0101] Also provided are polynucleotides that include any of the polynucleotides described
herein, and one or more additional polynucleotides encoding an additional portion or an
additional component of any of the DN A-targeting systems described herein, any of the gRNAs
described herein, any of the combinations described herein, or any of the fusion proteins
described herein, or a portion or a component of any of the foregoing.

[0102] Also provided are pluralities of polynucleotides, that includes a first polynucleotide
comprising any of the polynucleotides described herein; and a second polynucleotide comprising
any of the polynucleotides described herein.

[0103] Also provided are vectors that include any of the polynucleotides described herein,
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any ol the pluralities of polynucleotides described herein, or a [irst polynucleotide or a second
polynucleotide of any of the pluralities of polynucleotides described herein, or a portion or a
component of any of the foregoing.

[0104] In some of any of the provided embodiments, the vector is a viral vector. In some of
any of the provided embodiments, the viral vector is an AAV vector. In some of any of the
provided embodiments, the AAV vector is an AAV vector engineered for central nervous
system (CNS) tropism. In some of any of the provided embodiments, the AAV vector exhibits
tropism for a cell of the central nervous system (CNS), a heart cell, such as a cardiomyocyte, a
skeletal muscle cell, a fibroblast, an induced pluripotent stem cell, or a cell derived from any of
the forcgoing In some of any of the provided embodiments, the AAV vector is sclected from
among AAV1, AAV2, AAV3, AAV4, AAVS5, AAV6, AAVT7, AAVSE, AAV9, AAV10, AAVIL,
AAV12, or AAV-DIJ vector. In some of any of the provided embodiments, the AAV vector is an
AAVS5 vector or an AAV9 vector. In some of any of the provided embodiments, the viral vector
is an AAV9 vector.

[0105] In some of any of the provided embodiments, the vector is a non-viral veclor selected
from: a lipid nanoparticle, a liposome, an exosome, or a cell penetrating peptide

[0106] Also provided are pluralities of vectors that include comprising any of the vectors
described herein, and one or more additional vectors comprising one or more additional
polynucleotides encoding an additional portion or an additional component of any of the DNA-
targeting systems described herein, any of the gRNAs described herein, any of the combinations
described herein, or any of the fusion proteins described herein, or a portion or a component of
any of the foregoing.

[0107] Also provided are pluralities of vectors, that include: a first vector comprising any of
the polynucleotides described hercin; and a second vector comprising any of the polynuclcotides
described herein.

[0108] Also provided are cells comprising any of the DN A-targeting systems described
herein, any of the gRNAs described herein, any of the combinations described herein, any of the
fusion proteins described herein, any of the polynucleotides described herein, any of the
pluralities of polynucleotides described herein, any of the vectors described herein, any of the
pluralities of vectors described herein, or a portion or a component of any of the foregoing.

[0109] In some of any of the provided embodiments, the cell is a nervous system cell, or an
induced pluripotent stem cell.

[0110] In some of any of the provided embodiments, the cell is from a subject that has or is

suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
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syndrome, or PPM-X syndrome. In some of any of the provided embodiments, the cell is [rom a
subject that has or is suspected of having Rett syndrome.

[0111] Also provided are methods for modulating the expression of methyl-CpG-binding
protein 2 (MeCP2) in a cell, that involve: introducing any of the DNA-targeting systems
described herein, any of the gRNAs described herein, any of the combinations described herein,
any of the fusion proteins described herein, any of the polynucleotides described herein, any of
the pluralities of polynucleotides described herein, any of the vectors described herein, any of
the pluralities of vectors described herein, or a portion or a component of any of the foregoing,
into the cell.

[0112] In somc of any of the provided cmbodiments, the ccll is from a subject that has or is
suspected of having Rett syndrome, McCP2-related scvere nconatal cnecphalopathy, Angclman
syndrome, or PPM-X syndrome. In some of any of the provided embodiments, the cell is from a
subject that has or is suspected of having Rett syndrome.

[0113] Also provided are methods for modulating the expression of methyl-CpG-binding
protein 2 (MeCP2) in a subject, that involve: administering any of the DNA-largeling systems
described herein, any of the gRNAs described herein, any of the combinations described herein,
any of the fusion proteins described herein, any of the polynucleotides described herein, any of
the pluralities of polynucleotides described herein, any of the vectors described herein, any of
the pluralities of vectors described herein, or a portion or a component of any of the foregoing,
to the subject.

[0114] In some of any of the provided embodiments, the subject has or is suspected of
having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or
PPM-X syndrome. In some of any of the provided embodiments, the subject has or is suspected
of having Rctt syndromc.

[0115] Also provided are methods of treating Rett syndrome, MeCP2-related severe
neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome, that involve:
administering any of the DNA-targeting systems described herein, any of the gRNAs described
herein, any of the combinations described herein, any of the fusion proteins described herein,
any of the polynucleotides described herein, any of the pluralities of polynucleotides described
herein, any of the vectors described herein, any of the pluralities of vectors described herein, or a
portion or a component of any of the foregoing, to a subject that has or is suspected of having
Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-
X syndrome.

[0116] Also provided are methods of treating Rett syndrome, that involve: administering any
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of the DNA-targeling systems described herein, any of the gRNAs described herein, any of the
combinations described herein, any of the fusion proteins described herein, any of the
polynucleotides described herein, any of the pluralities of polynucleotides described herein, any
of the vectors described herein, any of the pluralities of vectors described herein, or a portion or
a component of any of the foregoing, to a subject that has or is suspected of having Rett
syndrome.

[0117] In some of any of the provided embodiments, a cell in the subject comprises a mutant
MeCP2 allele in the active X chromosome. In some of any of the provided embodiments, the
mutant MeCP2 allele comprises a mutation corresponding to R255X. In some of any of the
provided cmbodiments, a ccll in the subject comprises a mutant McCP2 allele in the active X
chromosomc, for cxample the mutant McCP2 allcle compriscs a mutation corresponding to
R255X; and/or a cell in the subject comprises a wild-type MeCP2 allele in the inactive X
chromosome. In some of any of the provided embodiments, a cell in the subject comprises a
wild-type MeCP2 allele in the inactive X chromosome. In some of any of the provided
embodiments, a cell in the subject exhibits reduced or minimal expression of the wild-type
MeCP2 compared to a cell from a normal subject. In some of any of the provided embodiments,
the cell is a nervous system cell, or an induced pluripotent stem cell.

[0118] In some of any of the provided embodiments, the introducing, contacting or
administering is carried out in vivo or e€x vivo.

[0119] In some of any of the provided embodiments, following the introducing, contacting
or administering, the expression of the wild-type MeCP2 allele from the inactive X chromosome
is increased in the cell or the subject. In some of any of the provided embodiments, the
expression is increased at least about 2-fold, 2.5-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 75-
fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-fold, or 30-fold. In somc of any of the provided
embodiments, the expression is increased by less than about 200-fold, 150-fold, or 100-fold. In
some of any of the provided embodiments, the expression of the wild-type MeCP2 allele is
increased to at least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% of the
expression of the wild-type MeCP2 of a cell from a normal subject.

[0120] In some of any of the provided embodiments, the subject is a human.

[0121] Also provided are pharmaceutical compositions that include any of the DNA-
targeting systems described herein, any of the gRNAs described herein, any of the combinations
described herein, any of the fusion proteins described herein, any of the polynucleotides
described herein, any of the pluralities of polynucleotides described herein, any of the vectors

described herein, any of the pluralities of vectors described herein, or a portion or a component
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ol any of the [oregoing.

[0122] Also provided are pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, for use in treating Rett syndrome, MeCP2-related severe
neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome.

[0123] Also provided are pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, for use in treating Rett syndrome.

[0124] Also provided are pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, for use in the manufacture of a medicament for treating Rett
syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X
syndrome.

[0125] Also provided arc pharmaccutical compositions, such as any of thc pharmaccutical
compositions described herein, for use in the manufacture of a medicament for treating Rett
syndrome.

[0126] In some of any of the provided embodiments, the pharmaceutical composition is to
be administered to a subject. In some of any of the provided embodiments, the subject has or is
suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome. In some of any of the provided embodiments, the subject has or
is suspected of having Rett syndrome.

[0127] Also provided are uses of pharmaceutical compositions, such as any of the
pharmaceutical compositions described herein, for treating Rett syndrome, MeCP2-related
severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome.

[0128] Also provided are uses of pharmaceutical compositions, such as any of the
pharmaceutical compositions described herein, for treating Rett syndrome.

[0129] Also provided arc uscs of pharmaccutical compositions, such as any of thc
pharmaceutical compositions described herein, in the manufacture of a medicament for treating
Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-
X syndrome.

[0130] Also provided are uses of pharmaceutical compositions, such as any of the
pharmaceutical compositions described herein, in the manufacture of a medicament for treating
Rett syndrome.

[0131] In some of any of the provided embodiments, the pharmaceutical composition is to
be administered to a subject. In some of any of the provided embodiments, the subject has or is
suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman

syndrome, or PPM-X syndrome. In some of any of the provided embodiments, the subject has

22

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

or is suspected of having Rett syndrome.

[0132] In some of any of the provided embodiments, a cell in the subject comprises a mutant
MeCP2 allele in the active X chromosome. In some of any of the provided embodiments, a cell
in the subject comprises a wild-type MeCP2 allele in the inactive X chromosome. In some of
any of the provided embodiments, a cell in the subject comprises a mutant MeCP2 allele in the
active X chromosome, for example the mutant MeCP2 allele comprises a mutation
corresponding to R255X; and/or a cell in the subject comprises a wild-type MeCP2 allele in the
inactive X chromosome. In some of any of the provided embodiments, a cell in the subject
exhibits reduced or minimal expression of the wild-type MeCP2 compared to a cell from a
normal subjcct.

[0133] In somc of any of the provided ecmbodiments, the ccll is a nervous systcm ccell, or an
induced pluripotent stem cell.

[0134] In some of any of the provided embodiments, the administration is carried out in
Vivo or ex vivo.

[0135] In some of any of the provided embodiments, following the administration, the
expression of the wild-type MeCP2 allele from the inactive X chromosome is increased in the
cell or the subject. In some of any of the provided embodiments, the expression is increased at
least about 2-fold, 2.5-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 75-fold, 8-fold, 9-fold, 10-fold,
15-fold, 20-fold, 25-fold, or 30-fold. In some of any of the provided embodiments, the
expression is increased by less than about 200-fold, 150-fold, or 100-fold. In some of any of the
provided embodiments, the expression of the wild-type MeCP2 allele is increased to at least
20%, 25%. 30%, 40%, S0%, 60%, 70%., 80%, 90%, or 100% of the expression of the wild-type
MeCP2 of a cell from a normal subject.

[0136] In somc of any of the provided cmbodiments, the subjcct is a human.

Brief Description of the Drawings

[0137] FIGS. 1A-1C show allele-specific activation of MeCP2 in Rett syndrome patient-

derived induced pluripotent stem ccells (iPSCs). FIG. 1A illustrates that mutant R255X-iPSCs
harbor one nonsense mutation allele of MeCP2 (R255X) on the X-chromosome. In this cell line,
the wild-type (WT) allele is present on the inactive X chromosome (Xi), and the R255X mutant
allele is present on the active X chromosome (Xa). FIGS. 1B and 1C show expression of the
WT Xi (FIG. 1B) and mutant Xa (FIG. 1C) alleles of MeCP2, following transduction of
R255X-1PSCs with dSpCas9-TET1 and indicated gRNAs, as assessed by RT-qPCR. Control
conditions as follows: Ctrl Tetl (dSpCas9-TET1 cxpression vector without gRNA), Ctrl VP64
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(dSpCas9-2xVP64 expression vector without gRNA), Pool 1 (combined gRNAs 1-5 with
dSpCas9-TET1), Pool 2 (combined gRNAs 6-10 with dSpCas9-TET1), Pooll + VP64 (gRNAs
1-5 and gRNA 9 tested with dSpCas9-Tetl and dSpCas9-2xVP64), Pool2 + VP64 (gRNAs 6-10
tested with dSpCas9-Tetl and dSpCas9-2xVP64).

[0138] FIG. 2 shows location of 29 tested gRNAs with respect to the MeCP2 gene. gRNAs
found to increase expression of the Xi WT MeCP2 allele are indicated as Active gRNA.

[0139] FIGS. 3A-3B show allele-specific activation of the Xi WT MeCP2 allele (FIG. 3A)
and Xa R255X (FIG. 3B) in R225X-1PSCs after indicated days post-transduction with dSpCas9-
TET1 and indicated gRINA, as assessed by RT-qPCR.

[0140] FIGS. 4A and 4B show cxpression of McCP2 in R255X-1PSCs following
transduction with dSpCas9-TET1 and gRNA 9, using two vector systcm (FIG. 4A) or onc
vector system (FIG. 4B).

[0141] FIG. 4C shows expression of MeCP2 in R255X-1PSCs following transduction of
dSpCas9-TET1 with gRNA 9 (left), dSpCas9-TET1 with gRNA 27 (middle) or dSpCas9-TET1
with gRNA 9 and gRNA 27 (right).

[0142] FIG. 5 shows expression of neuronal protein TUBB3 and MeCP2 protein as assessed
by immunofluorescence in neurons derived from R255X-1PSCs that were transduced with
dSpCas9-TET1 and gRNA 9.

[0143] FIG. 6 shows results of bisulfite sequencing to determine methylation levels in the
MeCP2 promoter in R255X-iPSCs following transduction with dSpCas9-TET1 and a non-
targeting gRNA or the MeCP2 promoter-targeting gRNA 9. Cells transduced with gRNA 9 were
sorted into MeCP2- and MeCP2+ populations prior to bisulfite sequencing. Lines represent cells
from indicated conditions. Dots represent results from individual CpGs. x-axis represents CpG
position rclative to transcriptional start sitc (TSS), to scalc. y-axis reprcsents % cytosinc
methylation. The location of promoter region targeted by gRNA 9 is also indicated.

[0144] FIG. 7A shows a schematic illustrating a dSpCas9-TET1 fusion protein and
modified dSpCas9-TET1 fusion protein with a modified 80-amino acid linker sequence. FIG.
7B shows % of MeCP2 positive cells as assessed by flow cytometry after transduction of the
indicated fusion protein with gRNA 9, at 11 or 17 days post-transduction.

[0145] FIG. 8 shows a schematic illustrating an engineered self-assembling split dCas9-
TET1 fusion protein. An N-terminal fragment had a TET1 catalytic domain and an N-terminal
fragment of dSpCas9, followed by an N terminal Npu Intein. The C-terminal fragment had a C
terminal Npu Intein, followed by a C-terminal fragment of dSpCas9. The N-terminal Npu Intein

and C-terminal Npu Intein were engineered to self-excise and ligate the N- and C-terminal
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fragments, forming the full-length sell-assembled dSpCas9-TET1 [usion protein when expressed
in a cell.

[0146] FIG. 9 shows results of flow cytometry to measure % of MeCP2 positive cells
following transduction with gRNA 9 and indicated dSpCas9-TET1 components, including the
dSpCas9 C-terminal fragment of the split fusion protein alone (left; negative control), a non-split
dSpCas9-TET1 fusion protein (center; positive control), or both the C-terminal and N-terminal
fragment of the split dSpCas9-TET1 fusion protein.

[0147] FIG. 10 shows expression of a transgenic inactive X (Xi) allele of MeCP2 with a
luciferase reporter allele in mouse fibroblasts, at Day 15 and Day 29 post-transduction with
mousc McCP2-targeting gRNAs (gRNA m1-m7) or control non-targeting gRNA, and a dCas9-
TET1 cffector, as asscsscd by RT-qPCR. The fold change in mRNA cxpression relative to a

non-targeting gRNA control and normalized to a Gapdh loading control gene, are depicted.

Detailed Description

[0148] Provided herein DNA-targeting systems that bind to or target a methyl-CpG-binding
protein 2 (MeCP2) locus. In some aspects, the DNA-targeting systems include fusion proteins.
In some aspects, the DNA-targeting systems include guide RNAs (gRNASs). In some aspects,
the DNA-targeting systems include fusion proteins and gRNAs. Provided herein are
compositions, such as DNA-targeting systems, including [usion proteins, gRNAs, and pluralities
and combinations thereof, that bind to or target a MeCP2 locus. Also provided are fusion
proteins that bind to or target MeCP2. Also provided are gRNAs that bind to or target MeCP2.
In some aspects, the provided DNA-targeting systems, including fusion proteins, gRNAs, bind
to, target, and/or modulate the expression of MeCP2. Also provided are polynucleotides,
vectors, cells, and pluralities and combinations thereof, that encode or comprise the DNA-
targeling systems, [usion proteins, gRNAs or components thereol.

[0149] Also provided are methods and uses related to any of the provided compositions and
combinations, for example, in modulating the expression of MeCP2, and/or in the treatment of
discascs or disorders associated with reduccd activity, mutation and/or dysrcgulation of
expression of MeCP2, such as Rett syndrome. In some aspects, also provided are methods and
uses related to any of the provided compositions and combinations, for example, in modulating
the expression of MeCP2, and/or in the treatment or therapy of diseases or disorders associated
with the activity, function or expression, for example dysregulation or reduced activity, function
or expression of MeCP2, such as Rett syndrome.

[0150] In somc aspects, the provided embodiments arc bascd on an obscrvation described

25

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

herein that the level of a MeCP2 locus expression in cells (rom patients with Rett syndrome,
including in induced pluripotent stem cells (iPSCs) generated from Rett syndrome patient cells,
can be increased or restored using an exemplary DNA-targeting system comprising a
deactivated Cas9 (dCas9)-transcriptional activator fusion protein and a gRNA targeting a human
MeCP2 locus. The embodiments described herein demonstrate consistent and effective increase
or restoration of MeCP2 expression, in cells from patients with Rett syndrome supporting the
utility of the approaches in treating Rett syndrome or other diseases or disorders that are
associated with reduced activity, mutation and/or dysregulation of expression of MeCP2.

[0151] Certain genetic development disorders, including Rett syndrome, are associated with
rcducced activity, mutation and/or dysrcgulation of cxpression of the methyl-CpG-binding
protcin 2 (McCP2) genc, present on the X chromosome. Rett syndrome is affects cclls of the
nervous system, and can result in a slowing of development resulting in loss of control of the
hands, loss of speech, breathing problems, slowed brain and head growth, ambulatory problems,
seizures, and mental retardation. Existing treatment of such genetic disorders only are directed
towards symptoms and providing support, and there is a need for therapies and (reatments that
address the fundamental etiology and disease mechanism. Provided are embodiments, including
DNA -targeting systems, fusion proteins, guide RNAs (gRNAs), polynucleotides, vectors, cells,
kits, and pluralities and combinations thereof, and methods and uses thereof, that meet such
needs.

[0152] In some aspects, the provided embodiments offer an advantage of targeting
regulatory DNA elements of an MeCP2 locus for modulating transcription. In some aspects, the
provided embodiments offer an advantage of facilitating controlled de-repression or activation
of MeCP2, for example to a level that is therapeutically relevant for subjects having a disease or
disorder that involve the activity, function or cxpression of McCP2, such as Rett syndrome.

[0153] In certain aspects, the provided embodiments offer the ability to fine tune and tightly
regulate the level of expression and/or activity of MeCP2 in a cell or a subject. As described
further below, the control of the expression and/or activity of MeCP2 at a particular level is
critical for the survival and normal function of the subject, as the reduction of expression can
result in diseases or disorders such as Rett syndrome. Accordingly, the level of expression
and/or activity of MeCP2 must be de-repressed, in some cases controlled to be at or near a
particular level. The provided embodiments permit such de-repression or activation of
expression of MeCP2 without the need for introducing additional copies of MeCP2 into the cell,
which could result in adverse effects.

[0154] All publications, including patent documents, scientific articles and databases,
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referred to in this application are incorporated by reference in their entirety [or all purposes to
the same extent as if each individual publication were individually incorporated by reference. If
a definition set forth herein is contrary to or otherwise inconsistent with a definition set forth in
the patents, applications, published applications and other publications that are herein
incorporated by reference, the definition set forth herein prevails over the definition that is
incorporated herein by reference.

[0155] The section headings used herein are for organizational purposes only and are not to

be construed as limiting the subject matter described.

1. COMPOSITIONS AND METHODS FOR MODULATING EXPRESSION OF
METHYL-CPG BINDING PROTEIN 2 (MeCP2)

[0156] Provided herein are compositions such a DNA-targeting systems that bind to or
target a MeCP2 locus. In some aspects, the provided DNA-targeting systems include fusion
proteins and/or gunide RNAs (gRNAs). In some aspects, provided are polynucleotides, vectors
that encode any of the DNA-targeting systems, fusion proteins and/or components of kits. In
some embodiments, provided are cells, kits, systems and pluralities and combinations thereof,
that comprise any ol the DNA-targeting systems, [usion proteins or gRNAs described herein.

[0157] Provided herein are DNA-(argeting systerms comprising a4 DNA-targeting domain that
binds to a target site in a target site at a MeCP2 locus. In some of any of the embodiments
provided herein, binding of the DNA-targeting domain to the target site does not introduce a
genetic disruption or a DNA break at or near the target site. In some aspects, the provided
DNA-targeting systems comprise a fusion protein comprising a DNA-targeting domain and an
effector domain, and binds to a target site in a MeCP2 locus. In some aspects, the DNA-
targeting system also comprises a guide RNA (gRNA). In some aspects, when administered to a
subject or delivered or introduced into a cell that exhibits dysregulation or reduced activity,
function or cxpression of McCP2, the provided DNA-targeting systems can lead to an increasc
of or a restoration of, the activity, function or expression of McCP2. Also provided arc mcthods
and uses related to any of the provided compositions, for example, in modulating the expression
of MeCP2, and/or in the treatment or therapy of diseases or disorders that involve the activity,
function or expression of MeCP2, such as Rett syndrome.

[0158] In some embodiments, the DNA-targeting systems are targeted to one or more target
sites located within a regulatory DNA element of a MeCP2 locus, such as a promoter or an
enhancer. In some embodiments, the DNA-targeting systems are targeted to at least 2, 3, 4, 5, 6,

7, 8,9 or 10 target sites within a regulatory DNA element of a MeCP2 locus. In some
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embodiments, the DNA-targeling systems are targeted (o one or more larget sites located within
a promoter of a MeCP2 locus, and one or more target sites located within an enhancer of a
MeCP2 locus.

[0159] In some embodiments, the DNA-targeting system comprises a DNA-targeting
domain comprising a Clustered Regularly Interspaced Short Palindromic Repeats associated
(Cas)-guide RNA (gRNA) combination comprising (a) a Cas protein or a variant thereof and (b)
at least one gRNA; a zinc finger protein (ZFP); a transcription activator-like effector (TALE); a
meganuclease; a homing endonuclease; or an I-Scel enzyme or a variant thereof. In some
aspects, the DNA-targeting domain comprises a catalytically inactive variant of any of the
forcgoing. In some cmbodiments, the DNA-targcting systcm compriscs a DNA-targeting
domain comprising a Cas-gRNA combination comprising (a) a Cas protcin or a variant thercof,
and (b) at least one gRNA. In some embodiments, the at least one gRNA comprises at least 2, 3,
4,5,6,7,8,9or 10 gRNAs. In some embodiments, the gRNAs are targeted to one or more
target sites located within a MeCP2 locus, such as a regulatory DNA element of MeCP2.

[0160] In some aspects, the provided embodiments involve modulating transcription of an
endogenous MeCP2 locus in a cell. In some aspects, the provided embodiments involve de-
repressing or increasing transcription of an endogenous MeCP2 locus, such as the wild-type
MeCP2 allele on an inactive X chromosome of in a cell or a subject. In some embodiments, the
cell, such as the cell to be treated with the provided embodiments, has a mutation, such as a
R255X mutation, in the MeCP2 locus of the active X chromosome. In some embodiments, the
cell, such as the cell to be treated with the provided embodiments, is from or in a subject with
Rett syndrome. In some embodiments, the cell, such as the cell to be treated with the provided
embodiments, exhibits reduced expression of MeCP2 compared to a cell from a subject without
Rctt syndrome.

[0161] In some aspects, in a cell introduced with or contacted with any of the DNA-targeting
systems, gRNA, combinations, fusion proteins, polynucleotides, plurality of polynucleotides,
vectors, plurality of vectors or components or portions thereof provided herein, the expression of
MeCP2 is increased at least about 2-fold, 2.5-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 75-fold,
8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-fold, or 30-fold, compared to a cell that has not been
introduced or contacted. In some embodiments, the expression is increased by less than about
200-fold, 150-fold, or 100-fold. In some of any of the provided embodiments, the expression
MeCP2 is increased to at least 20%. 25%. 30%. 40%. 50%. 60%. 70%, 80%. 90%, or 100% of
the expression of the wild-type MeCP2 of a cell from a normal subject.

[0162] In some embodiments, the subject is a human. In some embodiments, the cell is a
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heart cell, a skeletal muscle cell, a nervous system cell, or an induced pluripotent stem cell. In
some embodiments, the introducing, contacting or administering is carried out in vivo or ex

Vivo.

A, MeCP2 and Rett Syndrome

[0163] Several genetic development disorders, including Rett syndrome, are associated with
reduced activity, inactivation, mutation and/or dysregulation of expression of the methyl-CpG-
binding protein 2 (MeCP2) gene, present on the X chromosome. Rett syndrome is affects cells
of the nervous system, and can result in a slowing of development resulting in loss of control of
the hands, loss of speech, breathing problems, slowed brain and head growth, ambulatory
problems, seizures, and mental retardation. Existing treatment of such genetic disorders only are
directed towards symptoms and providing support, and there is a need for therapies and
treatments that address the fundamental etiology and disease mechanism. Provided are
embodiments that meet such needs.

[0164] Rett syndrome is a developmental disorder of the brain occurring mostly in females
characterized by normal early development, followed by a slowing of development resulting in
loss of control of the hands, loss of speech, breathing problems, slowed brain and head growth,
ambulatory problems, seizures, and mental retardation. Reut syndrome affects approximately 1
in 10,000 live female births. Most cases of Rett syndrome are associated with a mutation in the
methyl CpG binding protein 2, or MeCP2 gene, on the X chromosome that causes reduced
activity or inactivation of MeCP2.

[0165] MeCP2 (exemplary amino acid sequences of human MeCP2 Isoform A: Uniprot
P51608-1 (486 aa), SEQ ID NO:177; exemplary amino acid sequences of human MeCP2
Isoform B: Uniprot P51608-1 (498 aa) SEQ ID NO:221) is a transcriptional repressor that binds
to methylated DNA and is present in large quantities in mature nerve cells. MeCP2 represses
transcription from methylated genc promoters through interaction with histone deacetylase and
the corcpressor SIN3A. Many of the gences that arc known to be regulated by the McCP2 protein
play a role in normal brain function, particularly the maintenance of synapses. Mouse studies
have demonstrated MeCP2 mutations cause defects in synaptic function, especially in synaptic
plasticity.

[0166] In some aspects, activity, expression or function of MeCP?2 is associated with
Angelman syndrome (AS), also known as happy puppel syndrome. AS is a neurodevelopmental
disorder characterized by severe mental retardation, absent speech, ataxia, sociable affect and

dysmorphic (acial features. AS and Retl syndrome have overlapping clinical [eatures.
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[0167] In some aspects, aclivily, expression or [unction of MeCP2 is associated with mental
retardation syndromic X-linked type 13 (MRXS13). Mental retardation is a mental disorder
characterized by significantly sub-average general intellectual functioning associated with
impairments in adaptive behavior and manifested during the developmental period. MRXS13
patients manifest mental retardation associated with other variable features such as spasticity,
episodes of manic depressive psychosis, increased tone and macroorchidism.

[0168] In some aspects, activity, expression or function of MeCP2 is associated with Rett
syndrome (RTT). RTT is an X-linked dominant disease, it is a progressive neurologic
developmental disorder and one of the most common causes of mental retardation in females.
Paticnts appcear to develop normally until 6 to 18 months of age, then gradually lose speech and
purposcful hand movements and develop microccphaly, scizurcs, autism, ataxia, intcrmittent
hyperventilation, and stereotypic hand movements. After initial regression, the condition
stabilizes and patients usually survive into adulthood.

[0169] In some aspects, activity, expression or function of MeCP2 is associated with
susceplibility autism X-linked type 3 (AUTSX3). AUTSX3 is a pervasive developmental
disorder (PDD), prototypically characterized by impairments in reciprocal social interaction and
communication, restricted and stereotyped patterns of interests and activities, and the presence
of developmental abnormalities by 3 years of age.

[0170] In some aspects, activity, expression or function of MeCP2 is associated with
encephalopathy neonatal severe due to MeCP2 mutations (ENS-MeCP2). Although it was first
thought that MeCP2 mutations causing Rett syndrome were lethal in males, later reports
identified a severe neonatal encephalopathy in surviving male sibs of patients with Rett
syndrome. Additional reports have confirmed a severe phenotype in males with Rett syndrome-
associatcd McCP2 mutations.

[0171] In some aspects, activity, expression or function of MeCP2 is associated with mental
retardation syndromic X-linked Lubs type (MRXSL). Mental retardation is characterized by
significantly below average general intellectual functioning associated with impairments in
adaptative behavior and manifested during the developmental period. MRXSL patients manifest
mental retardation associated with variable features. They include swallowing dysfunction and
gastroesophageal reflux with secondary recurrent respiratory infections, hypotonia, mild
myopathy and characteristic facies such as downslanting palpebral fissures, hypertelorism and a
short nose with a low nasal bridge. In some aspects, increased dosage of MeCP2 due to gene

duplication appears to be responsible for the mental retardation phenotype.
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B. Modulating Expression of MeCP2

[0172] In some aspects, provided are compositions, methods and related uses, that can be
employed to modulate the expression of MeCP2, such as in a cell or a subject. In some aspects,
the provided compositions, methods and uses can be employed to de-repress or increase the
expression of wild-type MeCP2 allele on an inactive X chromosome of the cell or the subject. In
some aspects, the subject has or is suspected of having a disease or disorder associated with
reduced activity, inactivation, mutation and/or dysregulation of expression of the methyl-CpG-
binding protein 2 (MeCP2) gene, such as Rett syndrome, MeCP2-related severe neonatal
encephalopathy, Angelman syndrome, or PPM-X syndrome. In some aspects, by modulating,
such as by de-repressing or increasing the expression of the wild-type McCP2 allele on an
inactive X chromosome, the provided compositions, mcthods and uscs can be ecmployed to trcat
or ameliorate the disease or disorder associated with reduced activity, inactivation, mutation
and/or dysregulation of MeCP2.

[0173] In some aspects, the MeCP2 locus on the inactive X (Xi) in somatic cells is typically
silenced by virtue of heterochromatin-mediated transcriptional silencing. The Xi exhibits
characteristic features of heterochromatin including inhibitory histone modifications, such as
histone H3-lysine 27 trimethylation (H3K27me3) and histone H2A ubiquitination (H2Aub), and
hypermethylated DNA regions. Reversal of heterochromatin formation and silencing, and de-
repression of the transcription from the MeCP2 locus on the Xi, can lead to recovery of
expression of the MeCP2 gene and be used for treatment and/or prevention of such diseases or
disorders.

[0174] In some aspects, by modulating, such as by activating, de-repressing or increasing the
expression of MeCP2, the provided compositions, methods and uses can be employed to restore
or rccover the cxpression or activity of McCP2 in a subject or a ccll with a discasc or disorder
associated with reduced activity, mutation and/or dysregulation of MeCP2, such that the
expression or activity of MeCP?2 is increased at least about 1.2-fold, 1.25-fold, 1.3-fold, 1.4-fold,
1.5-fold, 1.6-fold, 1.7-fold, 1.75-fold, 1.8-fold, 1.9-fold, 2-fold, 2.5-fold, 3-fold, 4-fold, or 5-
fold, compared to the expression or activity of MeCP2 in the subject or cell with the disease or
disarder in the absence of the provided compositions or uses. In some aspects, the expression or
activity is increased by less than about 10-fold, 9-fold, 8-fold, 7-fold or 6-fold. In some aspects,
by modulating, such as by activating, de-repressing or increasing the expression of MeCP2, the
provided compositions, methods and uses can be employed to restore or recover the expression
or activity of MeCP2 in a subject or a cell with a disease or disorder associated with reduced

activity, mutation and/or dysregulation of MeCP2, such that the expression or activity of MeCP2
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is increased (o at least at or about 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%,
100%, 105%, 110%, 120%, 125%, 150%, 175%, 200%, 225%, 250%, 300%, 400%, or 500%, of
the expression or activity of MeCP2 in an individual or a cell without the disease or disorder or
in a wild-type cell. Increasing the expression of MeCP2 mRNA and/or protein, can lead to
recovery or restoration of expression of the MeCP2 gene and be used for treatment and/or

prevention of such diseases or disorders.

11. DNA-TARGETING SYSTEMS

[0175] Provided herein are DNA-targeting systems comprising a DNA-targeting domain that
binds to a target site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2)
locus. Exemplary components and features of the DNA-targeting systems are provided herein.
In some aspects, the DNA-targeting system comprises one or more of any of the components
described herein, such as one or more DNA-targeting domains, one or more fusion proteins,
such as one or more fusion proteins comprising one or more DNA-targeting domains and one or
more effector domains, one or more gRNAs, or any component, portion or fragment thereof, or
any combination thereof.

[0176] In some aspects, the DNA-largeting system comprises a DNA-targeting domain and
one or more guide RNAs (gRNAs). In some aspects, the DNA-targeling system comprises a
fusion protein and one or more gRNAs. In some aspects, the DNA-targeting system comprises a
DNA-targeting domain and a gRNA. In some aspects, the DNA-targeting system comprises a
fusion protein. In some aspects, the DNA-targeting system comprises a fusion protein and a
gRNA. In some aspects, the DNA-targeting system comprises a DNA-targeting domain.

[0177] In some embodiments, binding of the DN A-targeting domain to the target site does
not introduce a genetic disruption or a DNA break at or near the target site.

[0178] In some embodiments, provided are DNA-targeting systems capable of specifically
targeting a target sitc in a MeCP2 gene or DNA regulatory clement thercof, and increasing
transcription of thc McCP2 gene. In some cmbodiments, the DNA-targeting systcms includc a
DNA-targeting domain that binds to a target site in the MeCP2 gene or regulatory DNA clement
thereof. In provided embodiments, the DN A-targeting systems additionally include at least one
effector domain that is able to epigenetically modify one or more DNA bases of the MeCP2
gene or regulatory element thereof, in which the epigenetic modification results in an increase in
transcription of the MeCP2 gene (e.g. de-represses, re-activales, activales (ranscription or
increases transcription of MeCP2 compared to the absence of the DNA-targeting system).

Hence, the terms DNA-targeting system and epigenetic-modilying DNA targetling system may
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be used herein interchangeably. In some embodiments, the DNA-targeling system includes a
fusion protein comprising (a) a DNA-targeting domain capable of being targeted to the target
site; and (b) at least one effector domain capable of increasing transcription of the MeCP2 gene.
For instance, the at least one effector domain is a transcription activation domain.

[0179] In some embodiments, the DNA-targeting domain comprises or is derived from a
CRISPR associated (Cas) protein, zinc finger protein (ZFP), transcription activator-like effectors
(TALE), meganuclease, homing endonuclease, I-Scel enzyme, or variants thereof. In some
embodiments, the DNA-targeting domain comprises a catalytically inactive (e.g. nuclease-
inactive or nuclease-inactivated) variant of any of the foregoing. In some embodiments, the
DNA-targcting domain compriscs a decactivated Cas9 (dCas9) protcin or variant thercof that is a
catalytically inactivated so that it is inactive for nuclcasc activity and is not ablc to clcave the
DNA.

[0180] In some embodiments, the DNA-targeting domain comprises or is derived from a Cas
protein or variant thereof, such as a nuclease-inactive Cas or dCas (e.g. dCas9, and the DNA-
targeling system comprises one or more guide RNAs (gRNAs). In some embodiments, the
gRINA comprises a spacer sequence that is capable of targeting and/or hybridizing to the target
site. In some embodiments, the gRNA is capable of complexing with the Cas protein or variant
thereof. In some aspects, the gRINA directs or recruits the Cas protein or variant thereof to the
target site.

[0181] In some embodiments, the DNA-targeting system comprises a DNA-targeting
domain. In some embodiments the DNA-targeting domain comprises a DNA-binding protein or
DNA-binding nucleic acid. In some embodiments, the DNA-targeting domain specifically binds
to or hybridizes to a particular site or position in the genome, e.g., a target, target site, or target
position. In somc aspects, the DNA-targeting domain is coupled to, fused to or complexcd with
an effector domain, such as any effector domain described herein, for example, in Section 11.D.

[0182] In some embodiments, the DNA-targeting system comprises various components,
such as an RNA-guided nuclease, variant thereof, or fusion protein comprising the RNA-guided
nuclease or variant thereof, or a fusion protein comprising a DNA-targeting domain and an
effector domain. In some embodiments, the DNA-targeting system comprises a DNA-targeting
molecule that comprises a DNA-binding protein such as one or more zinc finger protein (ZFP)
or transcription activator-like effectors (TALESs), fused to an effector domain.

[0183] In some embodiments, the DNA-targeting system specifically targets at least one
target site in a regulatory DNA element of a MeCP2 locus. In some embodiments, the DNA-

targeting system comprises a ZFP, TALE or a CRISPR/Cas9 combination that specifically binds
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to, recognizes, or hybridizes to the target site(s). In some embodiments, the CRISPR/Cas9
system includes an engineered crRNA/tracr RNA (i.e. “single guide RNA™). In some
embodiments, the DNA-targeting system comprises nucleases or variants thereof based on the
Argonaute system (e.g., from 7. thermophilus, known as ‘TtAgo’ (Swarts et al., (2014) Nature
507(7491): 258-261).

[0184] In some embodiments, the DNA-targeting domain comprises a Clustered Regularly
Interspaced Short Palindromic Repeats associated (Cas)-guide RNA (gRNA) combination that
includes (a) a Cas protein or a variant thereof and (b) at least one gRNA; a zinc finger protein
(ZFP); a transcription activator-like effector (TALE); a meganuclease; a homing endonuclease;
or a I-Scel enzymes or a variant thercof. In some embodiments, the DNA-targeting domain
compriscs a catalytically inactive variant of any of the forcgoing. In some cmbodiments, the
DNA-targeting domain comprises a Cas-gRNA combination that includes (a) a Cas protein or a
variant thereof and (b) at least one gRNA. In some embodiments, the variant Cas protein lacks
nuclease activity or is a deactivated Cas (dCas) protein.

[0185] Also provided herein are DNA-targeling systems comprising a DNA-largeting
domain, that binds to a target site in a regulatory DNA element of a methyl-CpG-binding protein
2 (MeCP2) locus and comprises a Cas-guide RNA (gRNA) combination that includes: (a) a
variant Cas protein that lacks nuclease activity or that is a deactivated Cas (dCas) protein; and
(b) at least one gRNA, each comprising a gRNA spacer sequence that is capable of hybridizing
to the target site or is complementary to the target site.

[0186] In some embodiments, the DNA-targeting system comprises a DNA-targeting
domain, that binds to a target site in a regulatory DNA element of a methyl-CpG-binding protein
2 {(MeCP2) locus and comprises a Cas-guide RNA (gRNA) combination that includes: (a) a
Streptococcus pyogenes dcactivated Cas9 protcin (dSpCas9) protein sct forth in SEQ ID NO:95
fused to at least one effector domain that induces transcription de-repression; and (b) a gRNA
comprising a gRNA spacer sequence set forth in SEQ ID NO:39.

[0187] In some embodiments, the DNA-targeting system comprises a DNA-targeting
domain, that binds to a target site in a regulatory DNA element of a methyl-CpG-binding protein
2 {(MeCP2) locus and comprises a Cas-guide RNA (gRNA) combination that includes: (a) a
Streplococcus pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in SEQ ID NO:95
fused to at least one effector domain that induces transcription de-repression; and (b) a gRNA
comprising a gRNA spacer sequence set forth in SEQ ID NO:57.

[0188] In some embodiments, the DNA-targeting system comprises a DNA-targeting

domain, that binds to a target site in a regulatory DNA element of a methyl-CpG-binding protein
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2 (MeCP2) locus and comprises a Cas-guide RNA (gRNA) combination that includes: (a) a
Staphylococcus aureus deactivated Cas9 protein (dSaCas9) protein set forth in SEQ ID NO:98
fused to at least one effector domain that induces transcription de-repression; and (b) a gRNA

comprising a gRNA spacer sequence set forth in any one of SEQ ID NOS:231-240.

A. Target Site at the MeCP2 Locus

[0189] In some aspects, provided are compositions, methods and uses, such as DNA-
targeting system, DNA-targeting domains, components of the DNA-targeting domains, such as
at least one gRNA, fusion proteins, and pluralities and combinations thereof, polynucleotides,
vectors, cells and pluralities and combinations thereof, that encode or comprise the DNA-
targeting systems, fusion proteins, gRNAs or pluralities or combinations thereof, that can target
a particular genomic location related to the MeCP2 locus, such as a regulatory DNA element of
the MeCP2 locus.

[0190] In some embodiments, the target site is in a cell, such as any suitable cell. In some
embodiments, the cell is in or from any suitable organism, such as a human, mouse, dog, horse,
rabbit, cattle, pig, hamster, gerbil, mouse, ferret, rat, cat, non-human primate, monkey, etc. In
some embodiments, the cell is in or from a human. In some embodiments, the cell is any suitable
cell, such as an immune cell (e.g. a T cell, B cell, or antigen-presenting cell), a liver cell (e.g. a
hepatocyte), a cell of a nervous system (e.g. a neuron or glial cell), a heart cell (e.g. a
cardiomyocyte) or a stem cell (e.g. an embryonic stem cell or induced pluripotent stem cell).

[0191] In some embodiments, the target site is located in a regulatory DNA element of a
methyl-CpG-binding protein 2 (MeCP2) locus. In some embodiments, the target site is located
within the promoter, upstream regulatory element (e.g., enhancer), exon, intron, 5’ untranslated
region (UTR), 3° UTR, or downstream regulatory element.

[0192] In some embodiments, the target site is located within a MeCP2 locus. In some
cmbodiments the target site is located within a regulatory DNA clement (c.g. a cis-, trans-,
distal, proximal, upstrcam, or downstrcam rcgulatory DNA clement) of a McCP2 locus. In somc
embodiments, the target site is located within a promoter, enhancer, exon, intron, untranslated
region (UTR), 5" UTR or 3” UTR. In some embodiments the target site is located within a
sequence and/or sequences of unknown or known function that are suspected of being able to
control expression of MeCP2.

[0193] In some embodiments one or more target sites, such as one or more target sites
located within a regulatory DNA element (e.g. a cis-, trans-, distal, proximal, upstream, or

downstream regulatory DNA element) of a MeCP2 locus. In some embodiments, the target site
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is located within a promoter, enhancer, exon, intron, untranslated region (UTR), 5> UTR or 3’
UTR are targeted.

[0194] In some aspects, an exemplary human methyl-CpG binding protein 2 (MeCP2)
transcript is set forth in RefSeq NM_004992 (transcript variant 1); Gencode Transcript:
ENST(00000303391.11; Gencode Gene: ENSG00000169057.24. Genomic coordinates for an
exemplary transcript (including UTRs) for MeCP2 include hg38 chrX:154,021,573-154,097,717
(Size: 76,145; Total Exon Count: 4 Strand: -). Genomic coordinates for the coding region for
this transcript variant include hg38 chrX:154,030,367-154,092,209 (Size: 61,843 Coding Exon
Count: 3).

[0195] In somc aspects, an cxemplary human methyl-CpG binding protcin 2 (McCP2)
transcript is sct forth in RefSeq NM_001369393 (transcript variant 6); Gencode Transcript:
ENST00000453960.7; Gencode Gene: ENSG00000169057.24. Genomic coordinates for an
exemplary transcript (including UTRs) for MeCP2 include hg38 chrX:154,021,573-154,097,717
(Size: 76,145 Total Exon Count: 3 Strand: -). Genomic coordinates for the coding region for
this transcript variant include hg38 chrX:154,030,367-154,097,665 (Size: 67,299 Coding Exon
Count: 3).

[0196] In some embodiments, the regulatory DNA element is located in a genomic region
comprising the MeCP2 locus. In some embodiments, the target site is at, near, or within a
MeCP2 locus.

[0197] In some embodiments, the target site is located within the genomic coordinates
human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158.

[0198] In some embodiments, the target site is a sequence having at or at least 80%, 85%.
90%., 91%. 92%., 93%., 94%, 95%., 96%., 97%., 98%, 99%. 99.5% ., 99.9%. or 100% sequence
identity to all or a portion of the target site scquence described herein. In some aspects, the target
site is a sequence having at least 80% sequence identity to all or a portion of the target site
sequence described herein. In some aspects, the target site is a sequence having at least 85%
sequence identity to all or a portion of the target site sequence described herein. In some aspects,
the target site is a sequence having at least 90% sequence identity to all or a portion of the target
site sequence described herein. In some aspects, the target site is a sequence having at least 91%
sequence identity to all or a portion of the target site sequence described herein. In some aspects,
the target site is a sequence having at least 92% sequence identity to all or a portion of the target
site sequence described herein. In some aspects, the target site is a sequence having at least 93%
sequence identity to all or a portion of the target site sequence described herein. In some aspects,

the target site is a sequence having at least 94% sequence identity to all or a portion of the target
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site sequence described herein. In some aspects, the target site is a sequence having at least 95%
sequence identity to all or a portion of the target site sequence described herein. In some aspects,
the target site is a sequence having at least 96% sequence identity to all or a portion of the target
site sequence described herein. In some aspects, the target site is a sequence having at least 97%
sequence identity to all or a portion of the target site sequence described herein. In some aspects,
the target site is a sequence having at least 98% sequence identity to all or a portion of the target
site sequence described herein. In some aspects, the target site is a sequence having at least 99%
sequence identity to all or a portion of the target site sequence described herein. In some aspects,
the target site is a sequence having at least 99.5% sequence identity to all or a portion of the
target sitc scquence described herein. In some aspects, the target site is a sequence having at
Icast 99.9% scqucncc identity to all or a portion of the target sitc scquence described hercin. In
some aspects, the target site is a sequence having 100% sequence identity to all or a portion of
the target site sequence described herein.

[0199] In some embodiments, the target site is selected from the sequence set forth in any
one of SEQ ID NOS:1-29, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of any of the foregoing. In some embodiments, the target site is

[0200] In some embodiments, the target site comprises a sequence selected from any one of
SEQ ID NOS:1-29, a contiguous portion thereof of at least 14 nucleotides, or a complementary
sequence of any of the foregoing. In some embodiments, the target site is a contiguous portion
of any one of SEQ ID NOS:1-29 that is 14, 15, 16, 17, 18, 19, or 20 nucleotides, or a
complementary sequence of any of the foregoing. In some embodiments, the target site is a
sequence having at or at least 80%. 85%, 90%., 91%, 92%, 93%, 94%, 95%, 96%, Y%, 98%,
99%, 99.5%, 99.9%, or 100% sequence identity to all or a contiguous portion of a target site
scquence described hercin above. In some cmbodiments, the target site is the scquence sct forth
in any one of SEQ ID NOS:1-29.

[0201] In some embodiments, the target site comprises a sequence selected from any one of
SEQ ID NOS:231-240, a contiguous portion thereof of at least 14 nucleotides, or a
complementary sequence of any of the foregoing. In some embodiments, the target site is a
contiguous portion of any one of SEQ ID NOS:231-240 that is 14, 15, 16, 17, 18, 19, or 20
nucleotides, or a complementary sequence of any of the foregoing. In some embodiments, the
target site is a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to all or a contiguous portion of a
target site sequence described herein above. In some embodiments, the target site is the

sequence set forth in any one of SEQ ID NOS:231-240.
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[0202] In some embodiments, the target sile comprises a sequence selected from any one of
SEQ ID NOS:122 and 241-249, a contiguous portion thereof of at least 14 nucleotides, or a
complementary sequence of any of the foregoing. In some embodiments, the target site is a
contiguous portion of any one of SEQ ID NOS:122 and 241-249 that is 14, 15, 16, 17, 18, 19, or
20 nucleotides, or a complementary sequence of any of the foregoing. In some embodiments,
the target site is a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to all or a contiguous portion
of a target site sequence described herein above. In some embodiments, the target site is the
sequence set forth in any one of SEQ ID NOS:122 and 241-249.

[0203] In somc ecmbodiments, the target sitc comprises SEQ ID NO:1, a contiguous portion
thercof of at lcast 14 nt, or a complementary scquence of thercof. In some cmbodiments, the
target site comprises SEQ ID NO:2, a contiguous portion thereof of at least 14 nt, ora
complementary sequence of thereof. In some embodiments, the target site comprises SEQ 1D
NO:3, a contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof. In
some embodiments, the target site comprises SEQ ID NO:4, a contiguous portion thereof of at
least 14 nt, or a complementary sequence of thereof. In some embodiments, the target site
comprises SEQ ID NO:5, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of thereof. In some embodiments, the target site comprises SEQ ID NO:6, a
contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof. In some
embodiments, the target site comprises SEQ ID NO:7, a contiguous portion thereof of at least 14
nt, or a complementary sequence of thereof. In some embodiments, the target site comprises
SEQ ID NO:8, a contiguous portion thereof of at least 14 nt, or a complementary sequence of
thereof. In some embodiments, the target site comprises SEQ ID NO:9, a contiguous portion
thercof of at Icast 14 nt, or a complementary scquence of thercof. In some cmbodiments, the
target site comprises SEQ 1D NO:10, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of thereof. In some embodiments, the target site comprises SEQ ID
NO:11, a contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof.
In some embodiments, the target site comprises SEQ ID NO:12, a contiguous portion thereof of
at least 14 nt, or a complementary sequence of thereof. In some embodiments, the target site
comprises SEQ ID NO:13, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of thereof. In some embodiments, the target site comprises SEQ ID NO: 14, a
contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof. In some
embodiments, the target site comprises SEQ ID NO:15, a contiguous portion thereof of at least

14 nt, or a complementary sequence of thereof. In some embodiments, the target site comprises
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SEQ ID NO:16, a contiguous portion thereof of at least 14 nt, or a complementary sequence of
thereof. In some embodiments, the target site comprises SEQ ID NO:17, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of thereof. In some embodiments, the
target site comprises SEQ ID NO:18, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of thereof. In some embodiments, the target site comprises SEQ ID
NO:19, a contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof.
In some embodiments, the target site comprises SEQ ID NO:20, a contiguous portion thereof of
at least 14 nt, or a complementary sequence of thereof. In some embodiments, the target site
comprises SEQ ID NO:21, a contiguous portion thereof of at least 14 nt, or a complementary
scquence of thercof. In some embodiments, the target sitc compriscs SEQ ID NO:22, a
contiguous portion thercof of at lcast 14 nt, or a complementary scquence of thereof. In some
embodiments, the target site comprises SEQ ID NO:23, a contiguous portion thereof of at least
14 nt, or a complementary sequence of thereof. In some embodiments, the target site comprises
SEQ ID NO:24, a contiguous portion thereof of at least 14 nt, or a complementary sequence of
thereol. In some embodiments, the target sile comprises SEQ ID NO:235, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of thereof. In some embodiments, the
target site comprises SEQ ID NO:26, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of thereof. In some embodiments, the target site comprises SEQ ID
NO:27, a contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof.
In some embodiments, the target site comprises SEQ ID NO:28, a contiguous portion thereof of
at least 14 nt, or a complementary sequence of thereof. In some embodiments, the target site
comprises SEQ ID NO:29, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of thereof. In some embodiments, the target site comprises SEQ ID NO:231, a
contiguous portion thecrcof of at Icast 14 nt, or a complementary scquence of thereof. In some
embodiments, the target site comprises SEQ 1D NO:232, a contiguous portion thereof of at least
14 nt, or a complementary sequence of thereof. In some embodiments, the target site comprises
SEQ ID NO:233, a contiguous portion thereof of at least 14 nt, or a complementary sequence of
thereof. In some embodiments, the target site comprises SEQ ID NO:234, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of thereof. In some embodiments, the
target site comprises SEQ ID NO:235, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of thereof. In some embodiments, the target site comprises SEQ 1D
NO:236, a contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof.
In some embodiments, the target site comprises SEQ ID NO:237, a contiguous portion thereof

of at least 14 nt, or a complementary sequence of thereof. In some embodiments, the target site
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comprises SEQ ID NO:238, a conliguous portion thereol of at least 14 nt, or a complementary
sequence of thereof. In some embodiments, the target site comprises SEQ ID NO:239, a
contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof. In some
embodiments, the target site comprises SEQ ID NO:240, a contiguous portion thereof of at least
14 nt, or a complementary sequence of thereof. In some embodiments, the target site comprises
SEQ ID NO:241, a contiguous portion thereof of at least 14 nt, or a complementary sequence of
thereof. In some embodiments, the target site comprises SEQ ID NO:242, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of thereof. In some embodiments, the
target site comprises SEQ 1D NO:243, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of thercof. In some ecmbodiments, the target sitec comprises SEQ 1D
NO:244, a contiguous portion thercof of at Icast 14 nt, or a complementary scquence of thercof.
In some embodiments, the target site comprises SEQ ID NO:245, a contiguous portion thereof
of at least 14 nt, or a complementary sequence of thereof. In some embodiments, the target site
comprises SEQ ID NO:246, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of thereol. In some embodiments, the target site comprises SEQ ID NO:247, a
contiguous portion thereof of at least 14 nt, or a complementary sequence of thereof. In some
embodiments, the target site comprises SEQ ID NO:248, a contiguous portion thereof of at least
14 nt, or a complementary sequence of thereof. In some embodiments, the target site comprises
SEQ ID NO:249, a contiguous portion thereof of at least 14 nt, or a complementary sequence of
thereof. In some embodiments, the target site comprises SEQ ID NO:122, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of thereof.

[0204] In some embodiments, the target site comprises the sequence set forth in SEQ ID
NO:9, a contiguous portion thereof of at least 14 nucleotides, or a complementary sequence of
any of the forcgoing. In somc cmbodiments, the target sitc is a contiguous portion of the
sequence set forth in SEQ ID NO:9 thatis 14, 15, 16, 17, 18, 19, or 20 nucleotides, or a
complementary sequence of any of the foregoing. In some embodiments, the target site is a
sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%,
99%, 99.5%, 99.9%, or 100% sequence identity to all or a contiguous portion of a target site
sequence described herein above. In some embodiments, the target site is the sequence set forth
in SEQ ID NO:9.

[0205] In some embodiments, the target site comprises the sequence set forth in SEQ ID
NO:27, a contiguous portion thereof of at least 14 nucleotides, or a complementary sequence of
any of the foregoing. In some embodiments, the target site is a contiguous portion of the

sequence set forth in SEQ ID NO:27 that is 14, 15, 16, 17, 18, 19, or 20 nucleotides, or a
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complementary sequence of any of the [oregoing. In some embodiments, the target sile is a
sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, 99.5%, 99.9%, or 100% sequence identity to all or a contiguous portion of a target site
sequence described herein above. In some embodiments, the target site is the sequence set forth
in SEQ ID NO:27.

[0206] In some embodiments, the target site comprises the sequence set forth in SEQ ID
NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a complementary sequence of any
of the foregoing. In some embodiments, the target site comprises the sequence set forth in SEQ
ID NO:9, a contiguous portion thereof of at least 14 nt, or a complementary sequence of any of
the forcgoing. In some cmbodiments, the target sitc compriscs the scquence sct forth in SEQ 1D
NO:27, a contiguous portion thercof of at Icast 14 nt, or a complementary scquence of any of the
foregoing. In some embodiments, the target site comprises the sequence set forth in SEQ 1D
NO:9. In some embodiments, the target site comprises the sequence set forth in SEQ ID NO:27.
In some embodiments, the target site comprises a complementary sequence of the sequence set
forth in SEQ ID NO:9. In some embodiments, the target sile comprises a complementary

sequence of the sequence set forth in SEQ ID NO:27.

B. Guide RNAs (gRNAs)

[0207] Provided herein are gRNAs, such as gRNAs that target or can bind to a regulatory
DNA element of a MeCP2 locus. In some embodiments, the gRNA is capable of complexing
with the Cas protein or variant thereof. In some embodiments, the gRNA comprises a gRNA
spacer sequence (also known as a spacer sequence or a guide sequence) that is capable of
hybridizing to the target site or is complementary to the target site, such as any target site
described herein, for example, any target site in a genome. In some embodiments, the gRNA
comprises a scaffold sequence that complexes with or binds to the Cas protein. In some
cmbodiments, a gRNA spccific to a target locus of interest (e.g. a regulatory DNA clement of a
McCP2 locus) is uscd to recruit an RNA-guided protein (c.g. a Cas protein) or variant thercof or
a fusion protein comprising such RNA-guided protein (e.g., a Cas polypeptide), to the target site.

[0208] Tn some embodiments, the Cas protein (e.g. dCas9) is provided in combination or as
a complex with one or more guide RNA (gRNA). In some aspects, the gRNA is a nucleic acid
that promotes the specific targeting or homing of the gRNA/Cas RNP complex to the target site,
such as any described above. In some embodiments, a target site of a gRNA may be relerred (o
as a protospacer.

[0209] Provided herein are gRNAs, such as gRNAs that target or bind to a target site in a
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MeCP2 gene or DNA regulatory element thereol, such as any described above in Section LA. In
some embodiments, the gRNA is capable of complexing with the Cas protein or variant thereof.
In some embodiments, the gRNA comprises a gRNA spacer sequence (i.e. a spacer sequence or
a guide sequence) that is capable of hybridizing to the target site, or that is complementary to the
target site, such as any target site described in Section LA or further below. In some
embodiments, the gRNA comprises a scaffold sequence that complexes with or binds to the Cas
protein.

[0210] In some aspects, a “gRNA molecule” is a nucleic acid that promotes the specific
targeting or homing of a gRNA molecule/Cas9 molecule complex to a target nucleic acid, such
as a locus on the genomic DNA of a cell. gRNA molecules can be unimolecular (having a
singlc RNA molccule), somctimes rcferred to hercin as “chimeric” gRNAs, or modular
{(comprising more than one, and typically two, separate RNA molecules). In general, a spacer
sequence of the guide RNA, is any polynucleotide sequences comprising at least a sequence
portion that has sufficient complementarity with a target polynucleotide sequence, such as the at
the MeCP2 locus in humans, (o hybridize with the target sequence at the target site and direct
sequence-specific binding of the CRISPR complex to the target sequence. In some
embodiments, in the context of formation of a CRISPR complex, “target sequence” is to a
sequence to which a spacer sequence is designed to have complementarity, where hybridization
between the target sequence and a spacer sequence of the guide RNA promotes the formation of
a CRISPR complex. Full complementarity is not necessarily required, provided there is
sufficient complementarity to cause hybridization and promote formation of a CRISPR complex.
Generally, a spacer sequence is selected to reduce the degree of secondary structure within the
spacer sequence. Secondary structure may be determined by any suitable polynucleotide folding
algorithm.

[0211] In some embodiments, a guide RNA (gRNA) specific to a target locus of interest
(e.g. at the MeCP2 locus in humans) is used with RNA-guided nucleases or variants thereof,
e.g.. nuclease-inactive Cas variants, to target the provided DNA-targeting system to the target
site or target position. Methods for designing gRNAs and exemplary spacer sequences are
known. Exemplary gRNA structures that can be associated with particular RNA-guided
nucleases or variants thereof, e.g., nuclease-inactive Cas variants, with particular domains and
scaffold regions, are also known. In some aspects, gRNA molecules comprise a scaffold
sequence, €.2., sequences that can be complexed with the Cas protein. In some aspects, the
scaffold sequence is specific for the Cas protein.

[0212] In some embodiments, the gRNA is a chimeric gRNA. In general, gRNAs can be
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unimolecular (i.e. composed of a single RNA molecule), or modular (comprising more than one,
and typically two, separate RNA molecules). Modular gRNAs can be engineered to be
unimolecular, wherein sequences from the separate modular RNA molecules are comprised in a
single gRNA molecule, sometimes referred to as a chimeric gRNA, synthetic gRNA, or single
gRNA. A guide RNA can comprise at least a spacer sequence that hybridizes to a target nucleic
acid sequence of interest, and a CRISPR repeat sequence. In Type II systems, the gRNA also
comprises a second RNA called the tracrRNA sequence. In the Type II guide RNA (gRNA), the
CRISPR repeat sequence and tractRNA sequence hybridize to each other to form a duplex. In
the Type V guide RNA (gRNA), the crRNA forms a duplex. In both systems, the duplex can
bind a site-directed polypeptide, such that the guide RNA and site-direct polypeptide form a
complcx. The gRNA can provide target spcecificity to the complex by virtuc of its association
with the site-directed polypeptide. The gRINA thus can direct the activity of the site-directed
polypeptide.

[0213] In some embodiments, the chimeric gRNA is a fusion of two non-coding RNA
sequences: a crRNA sequence and a tracrRNA sequence, for example as described in WO
2013/176772, or Jinek, M. et al. Science 337(6096):816-21 (2012). In some embodiments, the
chimeric gRNA mimics the naturally occurring crRNA:tracrRNA duplex involved in the Type 11
CRISPR/Cas system, wherein the naturally occurring crRNA:tracrRNA duplex acts as a guide
for the Cas protein, e.g., Cas9 protein. Exemplary types of CRISPR/Cas systems and associated
gRNA structures include those described in, for example, Moon et al. Exp. Mol. Med. 51, 1-11
(2019), Zhang, F. Q. Rev. Biophys. 52, E6 (2019), Makarova et al. Methods Mol. Biol. 1311:47-
75 (2015), WO 2013/176772, or Jinek, M. et al. Science 337(6096):816-21 (2012).

[0214] Methods for designing gRNAs and exemplary targeting domains can include those
described in, c.g., International PCT Pub. Nos. WO 2014/197748, WO 2016/130600, WO
2017/180915, WO 2021/226555, WO 2013/176772, WO 2014/152432, WO 2014/093661, WO
2014/093655, WO 2015/089427, WO 2016/049258, WO 2016/123578, WO 2021/076744, WO
2014/191128, WO 2015/161276, WO 2017/193107, and WO 2017/0939609.

[0215] In some aspects, the spacer sequence of a gRNA is a polynucleotide sequence
comprising at least a portion that has sufficient complementarity with the target gene or DNA
regulatory element thereof (e.g. any described in Section 1. A) to hybridize with a target site in
the target gene and direct sequence-specific binding of a CRISPR complex to the sequence of
the target site. Full complementarity is not necessarily required, provided there is sufficient
complementarity to cause hybridization and promote formation of a CRISPR complex. In some

embodiments, the gRNA comprises a spacer sequence that is complementary, e.g., at least 80%,
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85%, 90%, 95%, 98%, 99%, or 100% (e.g., [ully complementary), to the target site. The strand
of the target nucleic acid comprising the target site sequence may be referred to as the
“complementary strand’ of the target nucleic acid. In some aspects, the spacer sequence is a
user-defined sequence. Guidance on the selection of spacer sequences can be found, e.g., in Fu
et al., Nat Biotechnol 2014 32:279-284 and Sternberg et al., Nature 2014 507:62-67.

[0216] In some embodiments, the gRNA spacer sequence is between about 14 nucleotides
(nt) and about 26 nt, between about 14 nt and about 24 nt, or between about 16 nt and 22 nt in
length. In some embodiments, the gRNA spacer sequence is 14 nt, 15 nt, 16 nt, 17 nt,18 nt, 19
nt, 20 nt, 21 nt or 22 nt, 23 nt, 24 nt, 25 nt, or 26 nt in length. In some embodiments, the gRNA
spaccr scquence is 18 nt, 19 nt, 20 nt, 21 nt or 22 nt in length. In some cmbodiments, the gRNA
spaccr scquencce is 18 nt in length. In some embodiments, the gRNA spacer sequencc is 19 nt in
length. In some embodiments, the gRNA spacer sequence is 20 nt in length. In some
embodiments, the gRNA spacer sequence is 21 nt in length. In some embodiments, the gRNA
spacer sequence is 22 nt in length.

[0217] A targetsite of a gRNA may be referred (o as a prolospacer. In some aspects, the
spacer is designed to target a protospacer with a specific protospacer-adjacent motif (PAM), i.e.
a sequence immediately adjacent to the protospacer that contributes to and/or is required for Cas
binding specificity. Different CRISPR/Cas systems have different PAM requirements for
targeting. For example, in some embodiments, S. pyogenes Cas9 uses the PAM 5'-NGG-3’
(SEQ ID NO:158), where N is any nucleotide. S. aureus Cas9 uses the PAM 5°- NNGRRT-3’
(SEQ ID NO:159), where N is any nucleotide, and R is G or A. N. meningitidis Cas9 uses the
PAM 5-NNNNGATT -3’ (SEQ ID NO:160), where N is any nucleotide. C. jejuni Cas9 uses the
PAM 5'-NNNNRYAC-3' (SEQ ID NO:161) or 5'-NNNNACAC-3"(SEQ ID NO:216), where N
is any nuclcotide, Ris Gor A, and Y is C or T. S. thermophilus uscs thc PAM 5-NNAGAAW-
37 (SEQ ID NO:162), where N is any nucleotide and W is A or T. F. Novicida Cas9 uses the
PAM 5°-NGG-3’ (SEQ ID NO:158), where N is any nucleotide. 7. denticola Cas9 uses the
PAM 5’-NAAAAC-3’ (SEQ ID NO:163), where N is any nucleotide. Cas12a (also known as
Cpf1) from various species, uses the PAM 5°-TTTV-3" (SEQ ID NO:164), where V is A, C, or
G. Phage-derived CasPhi (such as CasPhi-2, also known as Cas12j), uses the PAM 5°-TBN-3’
(SEQ ID NO:214), where N is any nucleotide, and B is G, T, or C. Archaeal Un1Cas12f1 (also
known as Casl4al), uses the PAM 5°- TTTN -3° (SEQ ID NO:215), where N is any nucleotide.
A Cas12f protein (also known as Cas14) uses the PAM 5°- TTTR -3° (SEQ ID NO:222), where
R is G or A. A Cas12k protein uses the PAM 5°- GGTT -3’ (SEQ ID NO:217). Cas proteins may

use or be engineered to use different PAMs from those listed above. For example, variant
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SpCas9 proteins may use a PAM selected from: 5°-NGG-3" (SEQ ID NO:158), 5’-NGAN-3’
(SEQ ID NO:165), 5’'-NGNG-3’ (SEQ ID NO:166), 5’-NGAG-3" (SEQ ID NO:167), or 5°-
NGCG-3" (SEQ ID NO:168), where N is any nucleotide. Methods for designing or identifying
gRNA spacer sequences and/or protospacer sequences in a particular region, are known. gRNA
spacer sequences and/or protospacer sequences can be determined based on the type of Cas
protein used and the associated PAM sequence.

[0218] In some embodiments, the PAM of a gRNA for complexing with S. pyogenes Cas9
or variant thereof is set forth in SEQ ID NO:158. In some embodiments, the PAM of a gRNA
for complexing with §. aureus Cas9 or variant thereof is set forth in SEQ ID NO:159. In some
cmbodiments, thc PAM of a gRNA for complexing with a Type V CRISPR/Cas system, such as
with Cas12a (also known as Cpf1) or variant thercof is sct forth in SEQ ID NO:164.

[0219] A spacer sequence may be selected to reduce the degree of secondary structure
within the spacer sequence. Secondary structure may be determined by any suitable
polynucleotide folding algorithm.

[0220] In some embodiments, the gRNA (including the spacer sequence) will comprise the
base uracil (U), whereas DNA encoding the gRNA molecule will comprise the base thymine
(T). While not wishing to be bound by theory, in some embodiments, it is believed that the
complementarity of the spacer sequence (i.e. guide sequence) with the target sequence
contributes to specificity of the interaction of the gRINA molecule/Cas molecule complex with a
target nucleic acid. It is understood that in a spacer sequence (i.e. guide sequence) and target
sequence pair, the uracil bases in the spacer sequence (i.e. guide sequence) will pair with the
adenine bases in the target sequence. A gRNA spacer sequence herein may be defined by the
DNA sequence encoding the gRNA spacer, and/or the RNA sequence of the spacer.

[0221] In somc cmbodiments, the gRNA compriscs modificd nuclcotides, c.g., for incrcascd
stability. In some embodiments, one, more than one, or all of the nucleotides of a gRNA can
have a modification, e.g., to render the gRINA less susceptible to degradation and/or improve
bio-compatibility. By way of non-limiting example, the backbone of the gRNA can be modified
with a phosphorothioate, or other modification(s). In some cases, a nucleotide of the gRNA can
comprise a 2° modification, e.g., a 2-acetylation, e.g., a2’ methylation, or other modification(s).

[0222] In some embodiments the gRNA is a concatenation of two non-coding RNA
sequences: a ctrRINA sequence and a tracrRNA sequence. The gRNA may target a desired DNA
sequence by exchanging the sequence encoding a 20 bp protospacer which confers targeting
specificity through complementary base pairing with the desired DNA target. gRNA mimics the
naturally occurring crRNA:tracrRNA duplex involved in the Type II CRISPR/Cas system (e.g.,
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Cas9). This duplex, which may include, for example, a 42-nucleotide crRNA and a 75-
nucleotide tracrRNA, acts as a guide for the Cas9 protein to cleave the target nucleic acid. The
“target region”, “target sequence” or ‘“protospacer” as used interchangeably herein refers to the
region of the target gene to which the CRISPR/Cas9-based system targets. The CRISPR/Cas9-
based system may include two or more gRNAs, wherein the two or more gRNAs target different
DNA sequences. The target DNA sequences may be overlapping or non-overlapping. The target
DNA sequences may be located within or near the same gene or different genes. The target
sequence or protospacer is followed by a PAM sequence at the 3’ end of the protospacer.
Different Type 1l systems have differing PAM requirements. For example, the Streptococcus
pyogencs Type 1l system uscs an “NGG’” scquence, where “N” can be any nuclcotide.

[0223] In somc aspccts, the gRNA compriscs scaffold scquences. In some aspects, the
scaffold sequence (in some cases including a crRNA sequence and/or a tractrRNA sequence) will
be different depending on the Cas protein. In some aspects, different CRISPR/Cas systems have
different gRNA scaffold sequences for associating with Cas protein. In some embodiments, an
exemplary scaffold sequence [or S. aureus Cas9 comprises a sequence set [orth in SEQ ID
NO:219, or a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to SEQ ID NO:219. In some
embodiments, an exemplary scaffold sequence for S. aureus Cas9 comprises a sequence set forth
in SEQ ID NO:219. In some embodiments, an exemplary scaffold sequence for S. pyogenes
Cas9 comprises a sequence set forth in SEQ ID NO:30, or a sequence having at or at least 80%,
85%, 90%, 91%, 92%., 93 %, 94%, 95%, 96%, 97%, 98%, 99%., 99.5%, 99.9%, or 100%
sequence identity to SEQ ID NO:30. In some embodiments, an exemplary scaffold sequence for
S. pyogenes Cas9 comprises a sequence set forth in SEQ ID NO:30. In some embodiments, an
cxemplary scaffold scquence for Acidaminococcus sp. Casl2a compriscs a scquence sct forth in
SEQ ID NO:201, or a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%., 96%, 97%, 98%., 99%, 99.5%, 99.9%, or 100% sequence identity to SEQ ID NO:201. In
some embodiments, an exemplary scaffold sequence for CasPhi-2 comprises a sequence set
forth in SEQ ID NO:202, or a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93 %,
94%, 95%, 96%, 97%., 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to SEQ ID
NO:202. In some embodiments, an exemplary scaffold sequence for Un1Cas12f1 comprises a
sequence set forth in SEQ ID NO:203, 204, or 205, or a sequence having at or at least 80%,
85%. 90%. 91%. 92%. 93%., 94%, 95%. 96%, 9T%, 98%, 99%. 99.5%. 99.9%. or 100%
sequence identity to SEQ ID NO:203, 204, or 205. In some embodiments, an exemplary scaffold

sequence for Un1Cas12f1 comprises a sequence set forth in SEQ ID NO:203, or a sequence
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having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, 99%,
99.5%, 99.9%, or 100% sequence identity to SEQ ID NO:203. In some embodiments, an
exemplary scaffold sequence for UnlCas12f1 comprises a sequence set forth in SEQ ID
NO:204, or a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to SEQ ID NO:204. In some
embodiments, an exemplary scaffold sequence for Unl1Cas12f1 comprises a sequence set forth
in SEQ ID NO:205, or a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94 %,
95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%. or 100% sequence identity to SEQ ID NO:205. In
some embodiments, an exemplary scaffold sequence for C. jejuni Cas9 comprises a sequence set
forth in SEQ ID NO:206, or a scquence having at or at lcast 80%, 85%, 90%, 91%, 92%., 93%,
94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, or 100% scqucnce identity to SEQ ID
NO:206. In some embodiments, an exemplary scaffold sequence for Cas12k comprises a
sequence set forth in SEQ ID NO:207, or a sequence having at or at least 80%, 85%, 90%, 91%,
92%., 93%, 94%, 95%., 96%, V7%, 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to SEQ
ID NO:207. In some embodiments, an exemplary scalfold sequence for CasMini comprises a
sequence set forth in SEQ ID NO:208, or a sequence having at or at least 80%, 85%, 90%, 91%,
92%, 93%, 949, 95%, 96%, Y7%, 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to SEQ
ID NO:208.

[0224] In some embodiments, the gRNA further comprises a scaffold sequence. In some
embodiments, the scaffold sequence comprises the sequence set forth in SEQ ID NO:30
(GUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGU
UAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCOC), or a sequence having at or at least
80%, 85%. 90%, 91%, 92%, 93%, 949%, 95%, 96 %, V7%, 98%., 99%, 99.5%, 99.9%, or 100%
scquence identity to all or a portion thercof. In some embodiments, the scaffold scquence is sct
forth in SEQ 1D NO:30.

[0225] In some aspects, the gRNA can target the DN A-targeting system can direct the
activities of an associated polypeptide (e.g., fusion protein, DN A-targeting system, effector
domain, etc.) to a specific target site within a target nucleic acid (e.g., regulatory DNA element
of a MeCP2 locus).

[0226] In some embodiments, a gRNA provided herein targets a target site in a gene in a cell
or DNA regulatory element thereof, wherein the gene is MeCP2.

[0227] In some embodiments, the gRNA targets a target site that comprises a sequence
selected from any one of SEQ ID NOS:1-29, a contiguous portion thereof of at least 14

nucleotides, a complementary sequence of any of the foregoing, or a sequence having at or at
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least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, 99%, 99.5%, 99.9%, or
100% sequence identity to any of the foregoing. In some embodiments, the target site is a
contiguous portion of any one of SEQ ID NOS:1-29 that is 14, 15, 16, 17, 18, 19, 20, 21, or 22
nucleotides in length. In some embodiments, the target site is set forth in any one of SEQ ID
NOS:1-29.

[0228] In some embodiments, the gRNA targets a target site that comprises a sequence
selected from any one of SEQ 1D NOS:231-240, a contiguous portion thereof of at least 14
nucleotides, a complementary sequence of any of the foregoing, or a sequence having at or at
least 80%, 85%, 90%., 91%, 92%, 93%. 94%., 95%, 96%, Y7 %, 8%, 99%, 99.5%, 99.9%, or
100% scquence identity to any of the forcgoing. In some cmbodiments, the target sitc is a
contiguous portion of any onc of SEQ ID NOS:231-240 that is 14, 15, 16, 17, 18, 19, 20, 21, or
22 nucleotides in length. In some embodiments, the target site is set forth in any one of SEQ ID
NOS:231-240.

[0229] In some embodiments, the gRNA targets a target site that comprises a sequence
selected from any one of SEQ ID NOS:122 and 241-249, a conliguous portion thereol of at least
14 nucleotides, a complementary sequence of any of the foregoing, or a sequence having at or at
least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, 99%, 99.5%, 99.9%, or
100% sequence identity to any of the foregoing. In some embodiments, the target site is a
contiguous portion of any one of SEQ ID NOS:122 and 241-249 that is 14, 15, 16, 17, 18, 19,
20, 21, or 22 nucleotides in length. In some embodiments, the target site is set forth in any one
of SEQ ID NOS:122 and 241-249.

[0230] In some embodiments, the gRNA comprises a spacer sequence selected from any one
of SEQ ID NOS:31-59, or a contiguous portion thereof of at least 14 nt, or a sequence having at
or at Icast 80%. 85%, 90%, 91%, 92%, 93%., 94%, 95%. 6%, Y7%, 98%, 99%. 99.5%. 99.9%,
or 100% sequence identity to any of the foregoing. In some embodiments, the spacer sequence
of the gRNA is a contiguous portion of any one of SEQ ID NOS:31-59 that is 14, 15, 16, 17, 18,
19, 20, 21, or 22 nucleotides in length. In some embodiments, the spacer sequence of the gRNA
is set forth in any one of SEQ ID NOS:31-59.

[0231] In some embodiments, a gRNA provided herein comprises a spacer sequence
selected from any one of SEQ ID NOS:31-59. In some embodiments, the gRNA further
comprises a scaffold sequence set forth in SEQ ID NO:30. In some embodiments, the gRNA
comprises the sequence selected from any one of SEQ ID NOS:61-89, or a sequence having at
or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%,
or 100% sequence identity to any one of SEQ ID NO:61-89. In some embodiments, the gRNA
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is set forth in any one of SEQ ID NOS:61-89.

[0232] In some embodiments, the gRNA targets a target site in a MeCP2 locus or a DNA
regulatory element thereof that comprises the sequence selected from any one of SEQ ID
NO:231-240, a contiguous portion thereof of at least 14 nucleotides (e.g., 14, 15, 16, 17, 18, 19,
20, 21, or 22 nucleotides), a complementary sequence of any of the foregoing, or a sequence
having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
99.5%, 99.9%, or 100% sequence identity to any of the foregoing. In some embodiments, the
gRNA further comprises a scaffold sequence. In some embodiments, the scaffold sequence
comprises the sequence set forth in SEQ ID NO:21, or a sequence having at or at least 80%,
85%, 90%. 91%, 92%. 93%, 94%. 95% ., 96%, Y1%., Y8%., 99%., 99.5%., 99.9%, or 100%
scquence identity to SEQ ID NO:219. In some cmbodiments, the gRNA compriscs, in 5' to 3'
order, a spacer targeting SEQ ID NO: 231, and a scaffold sequence of SEQ ID NO:219. In some
embodiments, the gRNA comprises, in 5' to 3" order, a spacer targeting SEQ 1D NO: 232, and a
scaffold sequence of SEQ ID NO:219. In some embodiments, the gRNA comprises, in 5' to 3’
order, a spacer largeting SEQ ID NO: 233, and a scallold sequence of SEQ ID NO:219. In some
embodiments, the gRNA comprises, in 5' to 3" order, a spacer targeting SEQ ID NO: 234, and a
scaffold sequence of SEQ ID NO:219. In some embodiments, the gRNA comprises, in 5' to 3’
order, a spacer targeting SEQ ID NO: 235, and a scaffold sequence of SEQ ID NO:219. In some
embodiments, the gRNA comprises, in 5' to 3" order, a spacer targeting SEQ ID NO: 236, and a
scaffold sequence of SEQ ID NO:219. In some embodiments, the gRNA comprises, in 5' to 3’
order, a spacer targeting SEQ ID NO: 237, and a scaffold sequence of SEQ ID NO:219. In some
embodiments, the gRNA comprises, in 5' to 3" order, a spacer targeting SEQ ID NO: 238, and a
scaffold sequence of SEQ ID NO:219. In some embodiments, the gRNA comprises, in 5' to 3’
ordcr, a spaccr targeting SEQ ID NO: 239, and a scaffold scquence of SEQ ID NO:219. In some
embodiments, the gRNA comprises, in 5' to 3" order, a spacer targeting SEQ 1D NO: 240, and a
scaffold sequence of SEQ ID NO:219. In some embodiments, a provided DNA-targeting system
comprises any of the aforementioned gRNAs complexed with a Cas protein, such as a S. aureus
Cas9 protein. In some embodiments, the Cas9 is a dCas9. In some embodiments, the dCas9 is a
dSaCas9, such as a dSaCas9 set forth in SEQ ID NO:98, or a variant and/or fusion thereof.

[0233] In some embodiments, the gRNA targets a target site in a MeCP2 locus or a DNA
regulatory element thereof that comprises the sequence selected from any one of SEQ ID
NO:122 and 241-249, a contiguous portion thereof of at least 14 nucleotides (e.g., 14, 15, 16, 17,
18, 19, 20, 21, or 22 nucleotides), a complementary sequence of any of the foregoing, or a

sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%,
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99%, 99.5%, 99.9%, or 100% sequence idenlity (o any of the foregoing. In some embodiments,
the gRINA further comprises a scaffold sequence. In some embodiments, the scaffold sequence
comprises the sequence set forth in SEQ ID NO:201, or a sequence having at or at least 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99%, 99.5%, 99.9%, or 100%
sequence identity to SEQ ID NO:201. In some embodiments, the gRNA comprises, in 5' to 3'
order, a spacer targeting SEQ ID NO: 241, and a scaffold sequence of SEQ ID NO:201. In some
embodiments, the gRNA comprises, in 5' to 3' order, a spacer targeting SEQ ID NO: 242, and a
scaffold sequence of SEQ ID NO:201. In some embodiments, the gRNA comprises, in 5' to 3’
order, a spacer targeting SEQ ID NO: 243, and a scaffold sequence of SEQ ID NO:201. In some
cmbodiments, the gRNA compriscs. in 5' to 3' order, a spacer targeting SEQ 1D NO: 244, and a
scaffold scqucnce of SEQ ID NO:201. In somc cmbodiments, the gRNA compriscs, in 5' to 3’
order, a spacer targeting SEQ ID NO: 245, and a scaffold sequence of SEQ ID NO:201. In some
embodiments, the gRNA comprises, in 5' to 3" order, a spacer targeting SEQ 1D NO: 246, and a
scaffold sequence of SEQ ID NO:201. In some embodiments, the gRNA comprises, in 5' to 3’
order, a spacer largeting SEQ ID NO: 247, and a scallold sequence of SEQ ID NO:201. In some
embodiments, the gRNA comprises, in 5' to 3" order, a spacer targeting SEQ ID NO: 248, and a
scaffold sequence of SEQ ID NO:201. In some embodiments, the gRNA comprises, in 5' to 3’
order, a spacer targeting SEQ ID NO: 249, and a scaffold sequence of SEQ ID NO:201. In some
embodiments, the gRNA comprises, in 5' to 3" order, a spacer targeting SEQ ID NO:122, and a
scaffold sequence of SEQ ID NO:201. In some embodiments, a provided DNA-targeting system
comprises any of the aforementioned gRNAs complexed with a Cas protein, such as a Cas12a
(also known as Cpf1) protein. In some embodiments, the Cas12a is a dCas12a. In some
embodiments, the dCas12a is a dSaCas12a, such as a dSaCas12a set forth in SEQ ID NO:182, or
a variant and/or fusion thercof.

[0234] In some embodiments, the gRNA targets a target site in MeCP2 or a DNA regulatory
element thereof that comprises SEQ ID NO:9, a contiguous portion thereof of at least 14
nucleotides (e.g. 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleotides), a complementary sequence of
any of the foregoing, or a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to any of the foregoing.
In some embodiments, the gRNA comprises a spacer sequence comprising SEQ ID NO:39, a
contiguous portion thereof of at least 14 nt (e.g. 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleotides),
or a sequence having at or at least 80%, 85%, 90%. 91 %, 92%, 93%, 94%, 95%., 96%, 97 %,
98%, 99%, 99.5%, 99.9%, or 100% sequence identity to any of the foregoing. In some

embodiments, the gRNA further comprises a scaffold sequence. In some embodiments, the
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scaffold sequence comprises the sequence set forth in SEQ ID NO:30, or a sequence having atl or
at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, or
100% sequence identity to SEQ ID NO:30. In some embodiments, the gRNA, including a spacer
sequence and a scaffold sequence, comprises SEQ ID NO:69, or a sequence having at or at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, O7%, 98%, 99%, 99.5%, 99.9%, or 100%
sequence identity to all or a portion thereof. In some embodiments, the gRNA targeting MeCP2
or a DNA regulatory element thereof, is set forth in SEQ ID NO:69. In some embodiments, a
provided DNA-targeting system includes any of the above gRNAs complexed with a Cas
protein, such as a Cas9 protein. In some embodiments, the Cas9 is a dCas9. In some
cmbodiments, the dCas9 is a dSpCas9, such as a dSpCas9 sct forth in SEQ 1D NO:95.

[0235] In somc cmbodiments, thec gRNA targcets a targct sitc in McCP2 or a DNA rcgulatory
element thereof that comprises SEQ ID NO:27, a contiguous portion thereof of at least 14
nucleotides (e.g. 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleotides), a complementary sequence of
any of the foregoing, or a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%., 99%, 99.5%, 99.9%, or 100% sequence identily (o any of the [oregoing.
In some embodiments, the gRNA comprises a spacer sequence comprising SEQ ID NO:57, a
contiguous portion thereof of at least 14 nt (e.g. 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleotides),
or a sequence having at or at least 80%, 85%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97 %,
98%, 99%, 99.5%, 99.9%, or 100% sequence identity to any of the foregoing. In some
embodiments, the gRNA further comprises a scaffold sequence. In some embodiments, the
scaffold sequence comprises the sequence set forth in SEQ ID NO:30, or a sequence having at or
at least 80%. 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%. or
100% sequence identity to SEQ ID NO:30. In some embodiments, the gRNA, including a spacer
scquence and a scaffold scquence, comprises SEQ ID NO:87, or a scqucence having at or at lcast
80%, 85%, 90%, 91%., 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99%, 99.5%., 99.9%, or 100%
sequence identity to all or a portion thereof. In some embodiments, the gRNA targeting MeCP2
or a DNA regulatory element thereof, is set forth in SEQ ID NO:87. In some embodiments, a
provided DNA-targeting system includes any of the above gRNAs complexed with a Cas
protein, such as a Cas9 protein. In some embodiments, the Cas9 is a dCas9. In some
embodiments, the dCas9 is a dSpCas9, such as a dSpCas9 set forth in SEQ ID NO:95.

[0236] In some embodiments, any of the provided gRINA sequences is complexed with or is
provided in combination with a Cas9. In some embodiments, the Cas9 is a dCas9. In some
embodiments, the dCas9 is a dSpCas9, such as a dSpCas9 set forth in SEQ ID NO:95.

[0237] Also provided are guide RNAs (gRNAs) that binds a target site in a regulatory DNA
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element of a methyl-CpG-binding protein 2 (MeCP2) locus, wherein the target site is located
within the genomic coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-
154,098,158.

[0238] In some embodiments, the DNA-targeting domain comprises a Cas-gRNA
combination that includes (a) a Cas protein or a variant thereof and (b) a gRNA; and the gRNA
comprises a gRNA spacer sequence comprising the sequence set forth in SEQ ID NO:39, or a
contiguous portion thereof of at least 14 nt. In some embodiments, the gRNA further comprises
the sequence set forth in SEQ ID NO:30. In some embodiments, the gRNA comprises the
sequence set forth in SEQ ID NO:69. In some of any of the provided embodiments, the gRNA is
sct forth in SEQ ID NO:69.

[0239] In somc cmbodiments, the DNA-targeting domain compriscs a Cas-gRNA
combination that includes (a) a Cas protein or a variant thereof and (b) a gRNA; and the gRNA
comprises a gRNA spacer sequence comprising the sequence set forth in SEQ ID NO:57, or a
contiguous portion thereof of at least 14 nt. In some embodiments, the gRNA further comprises
the sequence sel [orth in SEQ ID NO:30. In some embodiments, the gRNA comprises the
sequence set forth in SEQ ID NO:87. In some of any of the provided embodiments, the gRNA is
set forth in SEQ ID NO:87.

[0240] In some embodiments, the gRNA comprises a sequence having at or at least 80%,
85%, 90%., 91%, 92%. 93 %, 94%, 95%., 96%, 97%, O8%, 99%. 99.5%, 99.9%. or 100%
sequence identity to all or a portion of the gRNA sequence or a gRNA spacer sequence

described herein.

C. Combinations of gRNAs

[0241] Provided herein are combinations, such as combinations of gRNAs, that includes a
first gRNA comprising any of the gRINAs described herein, and one or more second gRNAs that
binds to a sccond target site in a regulatory DNA clement of a methyl-CpG-binding protcin 2
(McCIP2) locus. In somc cmbodiments, the sccond gRNA compriscs any of thc gRNAs
described herein.

[0242] Also provided herein are combinations, such as combinations of gRNAs, that
include: a first gRNA that binds a first target site in a regulatory DNA element of a methyl-CpG-
binding protein 2 (MeCP2) locus, wherein the first target site is located within the genomic
coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158; and a
second gRNA that binds a second target site in a regulatory DNA element of a MeCP2 locus,

wherein the second largel site is located within the genomic coordinates hg338
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chrX:154,097,151-154,098,158.

[0243] In some aspects, the combination of gRNAs comprises a first gRNA and a second
gRNA.

[0244] In some embodiments, the first gRNA targets a target site that comprises SEQ ID
NO:9, a contiguous portion thereof of at least 14 nucleotides (e.g. 14, 15, 16, 17, 18, 19, 20, 21,
or 22 nucleotides), a complementary sequence of any of the foregoing, or a sequence having at
or at least 80%, 85%, 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, 99%. 99.5%, 99.9%,
or 100% sequence identity to any of the foregoing. In some embodiments, the first gRNA
comprises a spacer sequence comprising SEQ 1D NO:39, a contiguous portion thereof of at least
14 nt (c.g. 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleotides), or a scquence having at or at Icast
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, or 100%
sequence identity to any of the foregoing. In some embodiments, the first gRNA further
comprises a scaffold sequence. In some embodiments, the scaffold sequence of the first gRNA
comprises the sequence set forth in SEQ ID NO:30, or a sequence having at or at least 80%,
85%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, or 100%
sequence identity to SEQ ID NO:30. In some embodiments, the first gRNA, including a spacer
sequence and a scaffold sequence, comprises SEQ ID NO:69, or a sequence having at or at least
80%, 85%, 90%, 91%, 92%, 93%, 949%, 95%, 96%, 97 %, 98%, 99%, 99.5%, 99.9%, or 100%
sequence identity to all or a portion thereof. In some embodiments, the first gRNA is set forth in
SEQ ID NO:69. In any of the preceding embodiments, the second gRNA may be any gRNA
disclosed herein.

[0245] In some embodiments, the second gRINA targets a target site that comprises SEQ 1D
NO:27, a contiguous portion thereof of at least 14 nucleotides (e.g. 14, 15, 16, 17, 18, 19, 20, 21,
or 22 nuclcotidces), a complementary scquence of any of the forcgoing, or a scquence having at
or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%., 26%. 97 %, 98%, 99%., 99.5%. 99.9%,
or 100% sequence identity to any of the foregoing. In some embodiments, the second gRNA
comprises a spacer sequence comprising SEQ ID NO:57, a contiguous portion thereof of at least
14 nt (e.g. 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleotides), or a sequence having at or at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, or 100%
sequence identity to any of the foregoing. In some embodiments, the scaffold sequence of the
second gRNA comprises the sequence set forth in SEQ ID NO:30, or a sequence having at or at
least 80%, 85%. 90%. 91%. 92%., 93%. 94%., 95%. 96%., 97%. 98% . 99%. 99.5%, 99.9%. or
100% sequence identity to SEQ ID NO:30. In some embodiments, the second gRNA, including

a spacer sequence and a scaffold sequence, comprises SEQ ID NO:87, or a sequence having at
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or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99%, 99.5%, 99.9%,
or 100% sequence identity to all or a portion thereof. In some embodiments, the second gRNA is
set forth in SEQ ID NO:87. In any of the preceding embodiments, the first gRNA may be any
gRNA disclosed herein.

[0246] In some embodiments, the first gRNA targets a target site that comprises SEQ ID
NO:9, a contiguous portion thereof of at least 14 nucleotides (e.g. 14, 15, 16, 17, 18, 19, 20, 21,
or 22 nucleotides), a complementary sequence of any of the foregoing, or a sequence having at
or at least 80%, 85%, 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97 %, 98%, 99%, 99.5%, 99.9%,
or 100% sequence identity to any of the foregoing, and the second gRNA targets a target site
that compriscs SEQ ID NO:27, a contiguous portion thercof of at least 14 nuclcotides (c.g. 14,
15,16, 17, 18, 19, 20, 21, or 22 nuclcotides), a complementary scquence of any of the forcgoing,
or a sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, 99.5%, 99.9%, or 100% sequence identity to any of the foregoing. In some
embodiments, the first gRNA comprises a spacer sequence comprising SEQ ID NO:39, a
contiguous portion thereol of at least 14 nt (e.g. 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleolides),
or a sequence having at or at least 80%. 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, 99.5%, 99.9%, or 100% sequence identity to any of the foregoing, and the second
gRNA comprises a spacer sequence comprising SEQ ID NO:57, a contiguous portion thereof of
at least 14 nt (e.g. 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleotides), or a sequence having at or at
least 80%, 85%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, or
100% sequence identity to any of the foregoing. In some embodiments, the first and/or second
gRNA further comprises a scaffold sequence. In some embodiments, the scaffold sequence of
the first and/or second gRNA comprises the sequence set forth in SEQ ID NO:30, or a sequence
having at or at Icast 80%, 85%., 90%, 91%. 92%, 93%, 94%, 95%, 96% ., 97%, Y8%, 99%,
99.5%, 99.9%, or 100% sequence identity to SEQ 1D NO:30. In some embodiments, the first
gRNA, including a spacer sequence and a scaffold sequence, comprises SEQ ID NO:69, or a
sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%,
99%, 99.5%, 99.9%, or 100% sequence identity to all or a portion thereof, and the second
gRNA, including a spacer sequence and a scaffold sequence, comprises SEQ ID NO:87, or a
sequence having at or at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%,
99%, 99.5%, 99.9%, or 100% sequence identity to all or a portion thereof. In some
embodiments, the first gRNA is set forth in SEQ ID NO:69, and the second gRNA is set forth in
SEQ ID NO:87.

[0247] In some embodiments, the first gRNA comprises a gRNA spacer sequence set forth
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in any one of SEQ ID NO:1-29 or a contiguous portion thereofl of at least 14 nt. In some
embodiments, the first gRNA comprises a gRNA spacer sequence set forth in SEQ ID NO:9 or
27 or a contiguous portion thereof of at least 14 nt. In some embodiments, the second gRNA
comprises a gRNA spacer sequence set forth in any one of SEQ ID NO:1-29 or a contiguous
portion thereof of at least 14 nt. In some embodiments, the second gRNA comprises a gRNA
spacer sequence set forth in SEQ ID NO: 9 or 27 or a contiguous portion thereof of at least 14
nt.

[0248] In some embodiments, the combination comprises: the first gRNA comprises a
gRINA spacer sequence set forth in any one of SEQ ID NO:1-29 or a contiguous portion thereof
of at lcast 14 nt; and the sccond gRNA compriscs a gRNA spaccr scquence sct forth in any one
of SEQ ID NO:1-29 or a contiguous portion thecrcof of at Icast 14 nt.

[0249] In some embodiments, the combination comprises: the first gRNA comprises a
gRNA spacer sequence set forth in SEQ ID NO:9 or a contiguous portion thereof of at least 14
nt; and the second gRNA comprises a gRNA spacer sequence set forth in SEQ ID NO:27 or a
contiguous portion thereol of at least 14 nt.

[0250] In some embodiments, the first gRNA comprises a gRNA spacer sequence set forth
in any one of SEQ ID NO:231-240 or a contiguous portion thereof of at least 14 nt. In some
embodiments, the second gRNA comprises a gRNA spacer sequence set forth in any one of SEQ
ID NO:231-240 or a contiguous portion thereof of at least 14 nt. In some embodiments, the
combination comprises: the first gRNA comprises a gRNA spacer sequence set forth in any one
of SEQ ID NO:231-240 or a contiguous portion thereof of at least 14 nt; and the second gRNA
comprises a gRINA spacer sequence set forth in any one of SEQ ID NO:231-240 or a contiguous
portion thereof of at least 14 nt.

[0251] In somc cmbodiments, the first gRNA comprises a gRNA spacer scquencce sct forth
in any one of SEQ ID NO:122 and 241-249 or a contiguous portion thereof of at least 14 nt. In
some embodiments, the second gRNA comprises a gRNA spacer sequence set forth in any one
of SEQ ID NO:122 and 241-249 or a contiguous portion thereof of at least 14 nt. In some
embodiments, the combination comprises: the first gRNA comprises a gRNA spacer sequence
set forth in any one of SEQ ID NO:122 and 241-249 or a contiguous portion thereof of at least
14 nt; and the second gRNA comprises a gRNA spacer sequence set forth in any one of SEQ ID
NO:122 and 241-249 or a contiguous portion thereof of at least 14 nt.

D. DNA Targeting Domains

[0252] In some embodiments, the provided DNA-targeting systems or [usion proteins
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comprise a DNA-targeling domain. In some aspects, the DNA-targeling domain provides
sequence specificity and targets the DNA targeting system or fusion protein at a particular
location of the genome, such as a target site specified by a component of the DNA-targeting
domain. In some embodiments, exemplary DNA-targeting domain comprises a Clustered
Regularly Interspaced Short Palindromic Repeats associated (Cas)-guide RNA (gRNA)
combination that includes (a) a Cas protein or a variant thereof and (b) at least one gRNA; a zinc
finger protein (ZFP); a transcription activator-like effector (TALE); a meganuclease; a homing
endonuclease; or a I-Scel enzymes or a variant of any of the foregoing. In some embodiments,
the DNA-targeting domain comprises a catalytically inactive variant of any of the foregoing. In
some cmbodiments, the DNA-targeting domain compriscs a Cas-gRNA combination that
includcs (a) a Cas protcin or a variant thercof and (b) at lcast onc gRNA. In some cmmbodiments,
the variant Cas protein lacks nuclease activity or is a deactivated Cas (dCas) protein. In some
aspects, for a DNA-targeting domain that comprises a Cas-gRNA combination, the gRNA
component (such as any described herein, for example, in Section 1I.B) provides the sequence
specificitly to targel the DNA-targeting system, DNA-targeling domain or fusion protein o a

target site specified by the gRNA.

1. Cas and Variants

[0253] In some embodiments, the DNA-targeting systems comprise a DNA-targeting
domain, that binds to a target site in a regulatory DNA element of a MeCP2 locus and comprises
a Cas-guide RNA (gRNA) combination. In some embodiments, the Cas-gRNA combination
includes a variant Cas protein that lacks nuclease activity or that is a deactivated Cas (dCas)
protein. In some embodiments, the Cas-gRNA combination includes at least one gRNA
comprising a gRNA spacer sequence that is capable of hybridizing to the target site or is
complementary to the target site.

[0254] In somc aspects, the DNA-targeting domain comprises a CRISPR-associated (Cas)
protcin or variant thercof, or compriscs a protcin that is derived from a Cas protcin or variant
thercof. In particular embodiments here, the Cas protein is nuclease-inactive (i.c. is a dCas
protein).

[0255] In some aspects, provided herein are DNA-targeting systems based on CRISPR/Cas
systems, i.e. CRISPR/Cas-based DNA-targeting systems, that are able to bind to a target site in a
MeCP2 gene or regulatory DNA element thereol. In some embodiments, the CRISPR/Cas
DNA-targeting domain is nuclease inactive, such as includes a dCas (e.g. dCas9) so that the

system binds to the target site in a targetl gene without mediating nucleic acid cleavage at the
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targel site. The CRISPR/Cas-based DNA-targeting systems may be used to modulate expression
of MeCP2 in a cell. In some embodiments, the CRISPR/Cas-based DNA-targeting system can
include any known Cas enzyme, such as a nuclease-inactive or dCas. In some embodiments, the
CRISPR/Cas-based DNA-targeting system includes a fusion protein of a nuclease-inactive Cas
protein or a variant thereof and an effector domain that increases transcription of a gene (e.g. a
transcription activation domain), and at least one gRINA.

[0256] The CRISPR system (also known as CRISPR/Cas system, or CRISPR-Cas system)
refers to a conserved microbial nuclease system, found in the genomes of bacteria and archaea,
that provides a form of acquired immunity against invading phages and plasmids. Clustered
Rcgularly Interspaced Short Palindromic Repeats (CRISPR), refers to loci containing multiple
rcpcating DNA clements that arc scparatcd by non-repeating DNA scquences called spaccrs.
Spacers are short sequences of foreign DNA that are incorporated into the genome between
CRISPR repeats, serving as a 'memory' of past exposures. Spacers encode the DNA-targeting
portion of RNA molecules that confer specificity for nucleic acid cleavage by the CRISPR
system. CRISPR loci contain or are adjacent to one or more CRISPR-associated (Cas) genes,
which can act as RNA-guided nucleases for mediating the cleavage, as well as non-protein
coding DNA elements that encode RNA molecules capable of programming the specificity of
the CRISPR-mediated nucleic acid cleavage.

[0257] CRISPR/Cas systems, such as those with Cas9, have been engineered to allow
efficient programming of Cas/RINA RNPs to target desired sequences in cells of interest, both
for gene-editing and modulation of gene expression. The tractrRNA and crRNA have been
engineered to form a single chimeric guide RNA molecule, commonly referred to as a guide
RNA (gRNA), for example as described in WO 2013/176772, WO 2014/093661, WO
2014/093655, Jinck ct al. Science 337(6096):816-21 (2012), or Cong ct al. Scicnce
339(6121):819-23 (2013), and as described herein, for example, in Section 11.B. The spacer
sequence of the gRNA can be chosen by a user to target the Cas/gRNA RNP complex to a
desired locus, e.g. a desired target site in the target gene, e.g., MeCP2.

[0258] CRISPR/Cas systems may be multi-protein systems or single effector protein
systems. Multi-protein, or Class 1, CRISPR systems include Type I, Type 111, and Type IV
systems. In some aspects, Class 2 systems include a single effector molecule and include Type
II, Type V, and Type VI. In some embodiments, the DNA targeting system comprises
components of CRISPR/Cas systems, such as a Type I, Type 11, Type III, Type IV, Type V, or
Type VI CRISPR system. In some embodiments, the Cas protein is from a Class 1 CRISPR
system (i.e. multiple Cas protein system), such as a Type I, Type 111, or Type IV CRISPR
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system. In some embodiments, the Cas protein is [rom a Class 2 CRISPR system (i.e. single Cas
protein system), such as a Type II, Type V, or Type VI CRISPR system.

[0259] In some embodiments, the Cas protein is derived from a Cas9 protein or variant
thereof, for example as described in WO 2013/176772, WO 2014/152432, WO 2014/093661,
WO 2014/093655, Jinek, M. et al. Science 337(6096):816-21 (2012), Mali, P. et al. Science
339(6121):823-6 (2013), Cong, L. et al. Science 339(6121):819-23 (2013), Perez-Pinera, P. et
al. Nat. Methods 10, 973-976 (2013), or Mali, P. et al. Nat. Biotechnol. 31, 833-838 (2013).
Various CRISPR/Cas systems and associated Cas proteins for use in gene editing and regulation
have been described, for example in Moon et al. Exp. Mol. Med. 51, 1-11 (2019), Zhang, F. Q.
Rev. Biophys. 52, E6 (2019). and Makarova ct al. Mcthods Mol. Biol. 1311:47-75 (2015).

[0260] Typc I CRISPR/Cas systcms cmploy a large multisubunit ribonuclcoprotcin (RNP)
complex called Cascade that recognizes double-stranded DNA (dsDNA) targets. After target
recognition and verification, Cascade recruits the signature protein Cas3, a fused helicase-
nuclease, to degrade DNA.

[0261] In some embodiments, the Cas protein is from a Type II CRISPR system. Exemplary
Cas proteins of a Type II CRISPR system include Cas9. In some embodiments, the Cas protein
is from a Cas9 protein or variant thereof, for example as described in WO 2013/176772, WO
2014/152432, WO 2014/093661, WO 2014/093655, Jinek. et al. Science 337(6096):816-21
(2012), Mali et al. Science 339(6121):823-6 (2013), Cong et al. Science 339(6121):819-23
(2013), Perez-Pinera et al. Nat. Methods 10, 973-976 (2013), or Mali et al. Nat. Biotechnol. 31,
833838 (2013). In Type 11 CRISPR/Cas systems with the Cas protein Cas9, two RNA
molecules and the Cas9 protein form a ribonucleoprotein (RNP) complex to direct Cas9
nuclease activity. The CRISPR RNA (crRNA) contains a spacer sequence that is complementary
to a targct nuclcic acid scquence (target site), and that encodces the scquence specificity of the
complex. The trans-activating crRINA (tractrRINA) base-pairs to a portion of the crRNA and
forms a structure that complexes with the Cas9 protein, forming a Cas/RNA RNP complex.
Cas9 mediates cleavage of target DNA if a correct protospacer-adjacent motif (PAM) is also
present at the 3’ end of the protospacer. For protospacer targeting, the sequence must be
immediately followed by the protospacer-adjacent motif (PAM), a short sequence recognized by
the Cas9 nuclease that is required for DNA cleavage.

[0262] Different Type 1l systems have differing PAM requirements. The S.
pyogenes CRISPR system may have the PAM sequence for this Cas9 (SpCas9) as 5'-NRG-3',
where R is either A or G, and characterized the specificity of this system in human cells. A

unique capability of the CRISPR/Cas9 system is the straightforward ability to simultaneously
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targel multiple distinct genomic loci by co-expressing a single Cas9 protein with two or more
sgRNAs. For example, the Streptococcus pyogenes Type 11 system typically prefers to use an
“NGG” sequence, where “N’” can be any nucleotide, but also accepts other PAM sequences,
such as “NAG” in engineered systems (Hsu et al., Nature Biotechnology (2013)
doi:10.1038/nbt.2647). Similarly, the Cas9 derived from Neisseria meningitidis (NmCas9)
normally has a native PAM of NNNNGATT (SEQ ID NO:160), but has activity across a variety
of PAMs, including a highly degenerate NNNNGNNN PAM (SEQ ID NO:212) (Esvelt et

al. Nature Methods (2013) doi:10.1038/nmeth.2681). In another example, the Cas9 derived from
Campylobacter jejuni typically uses S-NNNNACAC-3' (SEQ ID NO:216) or 5'-NNNNRYAC-
3" (SEQ ID NO:161) PAM scquences, where “N” can be any nucleotide, “R’ can be cither
guaninc (G) or adcnine (A), and “Y”’ can be cither cytosine (C) or thymince (T). In somce aspcects,
the PAM sequences for spacer targeting depends on the type, ortholog, variant or species of the
Cas protein.

[0263] In some embodiments, the Cas9 protein comprises a sequence from a Cas9 molecule
ol S. aureus. In some embodiments, the Cas9 protein comprises a sequence set forth in SEQ ID
NO:99 or SEQ ID NO:113, or a variant thereof, such as an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7 %, 98%, or 99% sequence identity to SEQ ID NO:99
or SEQ ID NO:113. In some embodiments, the Cas9 protein comprises a sequence from a Cas9
molecule of §. pyogenes. In some embodiments, the Cas9 protein comprises a sequence set
forth in SEQ ID NO:96 or SEQ ID NO:112, or a variant thereof, such as an amino acid sequence
that has at least 90%, 91 %, 92%., 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to
SEQ ID NO:96 or SEQ ID NO:112.

[0264] In Type III systems, the RNP complex is multimeric with a helicoid structure similar
to Cascadc. In contrast to Typc I CRISPR/Cas systcms, the Type III RNP complex recognizes
complementary RNA sequences instead of dSDINA. RINA recognition stimulates a nonspecific
DNA cleavage activity of the exemplary Type III Cas10 nuclease that is part of the RNP
complex, such that DNA cleavage is achieved cotranscriptionally.

[0265] In some embodiments, the Cas protein is from a Type V CRISPR system. Exemplary
Cas proteins of a Type V CRISPR system include Cas12a (also known as Cpf1), Cas12b (also
known as C2cl), Casl2e (also known as CasX), Cas12k (also known as C2c5), Casl4a, and
Cas14b. In some embodiments, the Cas protein is from a Cas12 protein (i.e. Cpfl) or variant
thereof, for example as described in WO 2017/189308, W02019/232069 and Zetsche et al. Cell.
163(3):759-71 (2015).

[0266] Exemplary Type V systems include those based on a Cas12 effector, and the C-
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terminus with only one RuvC endonuclease domain is the deflining characteristic of the Type V
systems. The RuvC nuclease domain cleaves dsDNA adjacent to protospacer adjacent motif
(PAM) sequences and single-stranded DNA (ssDNA) nonspecifically. The Type V systems can
be further divided into subtypes, each characterized by different signature proteins, PAM
sequences, and properties. Non-limiting exemplary Cas proteins derived from Type V CRISPR
systems include Cas12a (Cpf1), Un1Cas12f1, Cas12j (CasPhi, such as CasPhi-2), Cas12k, and
CasMini. For example, Type V-A includes, for example, Casl12a, which uses “TTTV” (SEQ ID
NO:164) PAM sequence, where “V” is adenine (A), cytosine (C), or guanine (G). Type V-Fis
includes, for example, Cas12f, which can use “TTTR” (SEQ ID NO:222), where “R” is G or A,
or “TTTN” (SEQ ID NO:215), where *N” is any nuclcotide. Type V-K is includes, for example,
Cas12k, which uscs “GGTT” (SEQ ID NO:217) PAM scqucncc.

[0267] In some embodiments, the Cas12a protein comprises a sequence from a Cas12a
molecule of Acidaminococcus sp, such as an AsCas12a set forth in SEQ ID NO:183 or SEQ 1D
NO:184, or a variant thereof, such as an amino acid sequence that has at least 90%, 91%, 92%,
93%, 94%, 95%, 96%., 97 %, 98%, or 99% sequence identily to SEQ ID NO:183 or SEQ ID
NO:184.

[0268] Non-limiting examples of Cas proteins or Cas orthologs, such as Cas9 orthologs,
from other bacterial strains include but are not limited to, Cas proteins identified in
Acaryochloris marina MBIC11017; Acetohalobium arabaticum DSM 5501; Acidaminococcus
sp.; Acidithiobacillus caldus; Acidithiobacillus ferrooxidans ATCC 23270; Alicyclobacillus
acidocaldarius LAA1; Alicyclobacillus acidocaldarius subsp. acidocaldarius DSM 446;
Allochromatium vinosum DSM 180; Ammonifex degensii KC4; Anabaena variabilis ATCC
29413; Arthrospira maxima CS-328; Arthrospira platensis str. Paraca; Arthrospira sp. PCC
8005; Bacillus pscudomycoides DSM 12442; Bacillus sclenitircducens MLS10; Burkholdcriales
bacterium 1_1_47; Caldicelulosiruptor becscii DSM 6725; Campylobacter jejuni; Candidatus
Desulforudis audaxviator MP104C; Caldicellulosiruptor hydrothermalis 108; Clostridium phage
c-st; Clostridium botulinum A3 str. Loch Maree; Clostridium botulinum Ba4 str. 657;
Clostridium difficile QCD-63q42; Crocosphaera watsonii WH 8501; Cyanothece sp. ATCC
51142; Cyanothece sp. CCY0110; Cyanothece sp. PCC 7424; Cyanothece sp. PCC 7822;
Exiguobacterinm sibiricum 255-15; Finegoldia magna ATCC 29328; Ktedonobacter racemifer
DSM 44963; Lactobacillus delbrueckii subsp. bulgaricus PB2003/044-T3-4; Lactobacillus
salivarius ATCC 11741; Listeria innocua; Lyngbya sp. PCC 8106; Marinobacter sp. ELB17;
Methanohalobium evestigatum Z-7303; Microcystis phage Ma-LMMOI; Microcystis aeruginosa
NIES-843; Microscilla marina ATCC 23134; Microcoleus chthonoplastes PCC 7420; Neisseria
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meningitidis; Nitrosococcus halophilus Nc4; Nocardiopsis dassonvillei subsp. dassonvillei DSM
43111; Nodularia spumigena CCY9414; Nostoc sp. PCC 7120; Oscillatoria sp. PCC 6506;
Pelotomaculum_thermopropionicum SI; Petrotoga mobilis SJ95; Polaromonas
naphthalenivorans CJ2; Polaromonas sp. JS666; Pseudoalteromonas haloplanktis TAC125;
Streptomyces pristinaespiralis ATCC 25486; Streptomyces pristinaespiralis ATCC 25486;
Streptococcus thermophilus; Streptomyces viridochromogenes DSM 40736; Streptosporangium
roseum DSM 43021; Synechococcus sp. PCC 7335; and Thermosipho africanus TCF52B
(Chylinski et al., RNA Biol., 2013; 10(5): 726-737).

[0269] In some embodiments, the DNA-targeting systems or fusion proteins comprise a Cas
protcin, such as a Cas protcin sct forth in any onc of SEQ ID NOS:96, 99, 112, 113, 183, 184,
187-190, and 195-198, or a variant thercof, such as an amino acid scquence that has at lcast
90%, 9%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of SEQ
ID NOS:96, 99, 112, 113, 183, 184, 187-190, and 195-198. In some embodiments, the Cas
protein of any of the DNA-targeting systems or fusion proteins provided herein comprise a
sequence sel forth in any one of SEQ ID NOS:96, 99, 112, 113, 183, 184, 187-190, and 195-198,
or a variant thereof, such as an amino acid sequence that has at least 90%, 91%, 92%., 93 %,
4%, 95%, 96%, 97%, 98 %, or 99% sequence identity to any one of SEQ ID NOS:96, 99, 112,
113, 183, 184, 187-190, and 195-198. In some aspects, the Cas protein lacks an initial
methionine residue. In some aspects, the Cas protein comprises an initial methionine residue.

[0270] In some aspects, in the provided DNA-targeting systems and fusion proteins, the
DNA-targeting domain, e.g., Cas, is a deactivated Cas (dCas), or a nuclease-inactive Cas (iCas).
In some embodiments, the component of the DNA-targeting domain, such as a protein
component, comprises a Cas9 variant such as a deactivated Cas9 or inactivated Cas9. In some
cmbodiments, the componcent of the DNA-targeting domain, such as a protcin componcnt,
comprises a Casl2a variant such as a deactivated Cas12a (Cpf1) or inactivated Cas12a (Cpf1).
In some aspects, the Cas9 protein may be mutated so that the nuclease activity is deactivated or
inactivated (also referred to as dCas9 or iCas9). In some aspects, the Cas protein is a variant that
lacks nuclease activity (i.e. is a dCas protein). In some embodiments, the Cas protein is mutated
so that nuclease activity is reduced or eliminated. Such Cas proteins are referred to as
deactivated Cas or dead Cas (dCas) or nuclease-inactive Cas (iCas) proteins, as referred to
interchangeably herein. In some embodiments, the variant Cas protein is a variant Cas9 protein
that lacks nuclease activity or that is a deactivated Cas9 (dCas9, or iCas9) protein. In some
embodiments, the variant Cas protein is a variant Cpf1l protein that lacks nuclease activity or that

is a deactivated Cas12a (dCas12a, or iCas12a) protein.
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[0271] In some embodiments, Cas proteins are engineered (o be catalytically inactivated or
nuclease inactive to allow targeting of Cas/gRNA RNPs without inducing cleavage at the target
site. Mutations in Cas proteins can reduce or abolish nuclease activity of the Cas protein,
rendering the Cas protein catalytically inactive. Cas proteins with reduced or abolished nuclease
activity are referred to as deactivated Cas (dCas), or nuclease-inactive Cas (iCas) proteins, as
referred to interchangeably herein. In some aspects, the dCas or iCas can still bind to target site
in the DNA in a site- and/or sequence-specific manner, as long as it retains the ability to interact
with the guide RNA (gRNA) which directs the Cas-gRNA combination to the target site.

[0272] In some aspects, the dCas or iCas exhibits reduced or no endodeoxyribonuclease
activity. For cxample, an exemplary dCas or iCas, for example dCas9 or iCas9, cxhibits lcss
than about 20%, lcss than about 15%, 1lcss than about 10%, 1css than about 5%, lcss than about
1%, or less than about 0.1%, of the endodeoxyribonuclease activity of a wild-type Cas protein,
e.g.. a wild-type Cas9 protein. In some embodiments, the dCas or iCas, for example dCas9 or
1Cas9, exhibits substantially no detectable endodeoxyribonuclease activity. In some
embodiments, an exemplary dCas or iCas, for example dCas9 or iCas9, comprises one or more
amino acid mutations, substitutions, deletions or insertions at a position corresponding to a
position selected from D10, G12, G17, E762, H840, N854, N863, H982, H983, A984, D986,
and/or a A987, with reference to a wild-type Streptococcus pyogenes Cas9 (SpCas9), for
example, with reference to numbering of positions of a SpCas9 sequence set forth in SEQ 1D
NO:112. In some aspects, the dCas9 or iCas9 comprises one or more amino acid mutations,
substitutions, deletions or insertions corresponding to D10A, G12A, G17A, E762A, H840A,
N854A, NB63A, HI82A, HI83A, A984A, and/or D986A, with reference to a wild-type
Streptococcus pyogenes Cas9 (SpCas9), for example, with reference to numbering of positions
of a SpCas9 scquence sct forth in SEQ 1D NO:112. Corresponding positions for mutations can
be determined based on sequence alignments and determination of sequence conservation, for
example, as described in WO 2013/171772 for Cas9 proteins from various species. In some
aspects, the Cas protein lacks an initial methionine residue. In some aspects, the Cas protein
comprises an initial methionine residue.

[0273] In some embodiments, the dCas9 protein can comprise a sequence from a Cas9
molecule, or variant thereof. In some embodiments, the dCas9 protein can comprise a sequence
derived from a Cas9 molecule of S. pyogenes, S. thermophilus, S. aureus, N. meningitidis, F.
novicida, S. canis, S. auricularis, or variant thereof. In some embodiments, the dCas9 protein
comprises a sequence from a Cas9 molecule of S. aureus. In some embodiments, the dCas9

protein comprises a sequence from a Cas9 molecule of S. pyogenes. In some embodiments, the
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dCas9 protein comprises a sequence [rom a Cas9 molecule of C. jejuni.

[0274] Exemplary deactivated Cas9 (dCas9) derived from S. pyogenes contains silencing
mutations of the RuvC and HNH nuclease domains (D10A and H840A), for example as
described in WO 2013/176772, WO 2014/093661, Jinek et al. Science 337(6096):816-21
(2012), and Qi et al. Cell 152(5):1173-83 (2013). Exemplary dCas variants derived from the
Cas12 system (i.e. Cpfl) are described, for example in WO 2017/189308 and Zetsche et al. Cell
163(3):759-71 (2015). Conserved domains that mediate nucleic acid cleavage, such as RuvC and
HNH endonuclease domains, are readily identifiable in Cas orthologs, and can be mutated to
produce inactive variants, for example as described in Zetsche et al. Cell 163(3):759-71 (2015).
Other exemplary Cas orthologs or variants include engincered variants based on a Cas12f (also
known as Cas14), including thosc dcscribed in Xu ct al., Mol. Ccell 81(20):4333-4345 (2021).

[0275] In some embodiments, the DNA-targeting domain comprises a Cas-gRNA
combination that includes (a) a Cas protein or a variant thereof and (b) at least one gRNA. In
some embodiments, the variant Cas protein lacks nuclease activity or is a deactivated Cas (dCas)
protein. In some embodiments, the gRNA is capable of complexing with the Cas protein or
variant thereof. In some embodiments, the gRNA comprises a gRNA spacer sequence that is
capable of hybridizing to the target site or is complementary to the target site (e.g., in a MeCP2
locus).

[0276] In some embodiments, the Cas9 protein or variant thereof is a Streprococcus
pyogenes Cas9 (SpCas9) protein or a variant thereof. In some embodiments, the variant Cas9 is
a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least one amino acid
mutation selected from D10A and H840A, with reference to numbering of positions of SEQ ID
NO:96. In some embodiments, the variant Cas9 protein comprises the sequence set forth in SEQ
ID NO:95, or an amino acid scquence that has at Icast 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, or 99% sequence identity thereto. In some embodiments, the variant Cas9 protein
comprises the sequence set forth in SEQ ID NO:95, which lacks an initial methionine residue. In
some embodiments, the variant Cas9 protein comprises the sequence set forth in SEQ ID
NO:190, which includes an initial methionine residue.

[0277] In some embodiments, the Cas protein or a variant thereof is a Cas9 protein or a
variant thereof. In some embodiments, the variant Cas protein is a variant Cas9 protein that lacks
nuclease activity or that is a deactivated Cas9 (dCas9) protein. In some embodiments, the Cas9
protein or a variant thereof is a Staphylococcus aureus Cas9 (SaCas9) protein or a variant
thereof. In some embodiments, the variant Cas9 is a Staphylococcus aureus dCas9 protein

(dSaCas9) that comprises at least one amino acid mutation selected from D10A and N580A,

63

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

with reference to numbering of positions of SEQ ID NO:99. In some embodiments, the variant
Cas9 protein comprises the sequence set forth in SEQ ID NO:98, or an amino acid sequence that
has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% sequence identity
thereto. In some embodiments, the variant Cas9 protein comprises the sequence set forth in SEQ
ID NO:98, which lacks an initial methionine residue. In some embodiments, the variant Cas9
protein comprises the sequence set forth in SEQ ID NO:179, which includes an initial
methionine residue.

[0278] In some embodiments, the Cas9 protein or variant thereof is a Campylobacter jejuni
Cas9 (CjCas9) protein or a variant thereof. In some embodiments, the variant Cas9 comprises at
Ieast onc amino acid mutation comparcd to the scquence sct forth in SEQ 1D NO:195 or 196. In
somc cmbodiments, the variant Cas9 protcin compriscs the scquence sct forth in SEQ ID
NO:193, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 999% sequence identity thereto. In some embodiments, the variant Cas9 protein
comprises the sequence set forth in SEQ ID NO:194, or an amino acid sequence that has at least
90%, 91%, 92%, 93%., 94%, 95%, 96%, 97 %, 98%, or 99% sequence idenlity therelo.

[0279] In some embodiments, the Cas protein or a variant thereof is a Cas12a protein or a
variant thereof. In some embodiments, the variant Cas protein is a variant Cas12a protein that
lacks nuclease activity or that is a deactivated Casl2a (dCas12a) protein. In some embodiments,
the Casl2a protein or variant thereof is a Acidaminococcus sp. Cas12a (AsCasl2a) protein or a
variant thereof. In some embodiments, the variant Cas12ais a Acidaminococcus sp. dCas12a
(dAsCas12a) protein that comprises at least one amino acid mutation compared to the sequence
set forth in SEQ ID NO:183 or 184. In some embodiments, the variant Cas12a protein comprises
the sequence set forth in SEQ ID NO: 181, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 949, 95%, 969, Y7%, 8%, or 99% scquence identity thereto. In some
embodiments, the variant Casl2a protein comprises the sequence set forth in SEQ 1D NO:182,
or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% sequence identity thereto. In some embodiments, the variant Casl2a protein comprises
the sequence set forth in SEQ ID NO:182, which lacks an initial methionine residue. In some
embodiments, the variant Casl12a protein comprises the sequence set forth in SEQ ID NO:181,
which includes an initial methionine residue.

[0280] In some embodiments, the Cas protein or a variant thereof is a CasPhi-2 protein or a
variant thereof. In some embodiments, the variant Cas protein is a variant CasPhi-2 protein that
lacks nuclease activity or that is a deactivated CasPhi-2 (dCasPhi-2) protein. In some

embodiments, the variant CasPhi-2 comprises at least one amino acid mutation compared to the
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sequence sel forth in SEQ ID NO:187 or 188. In some embodiments, the variant CasPhi-2
protein comprises the sequence set forth in SEQ ID NO: 185, or an amino acid sequence that has
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, YT1%, 98 %, or 99% sequence identity thereto. In
some embodiments, the variant CasPhi-2 protein comprises the sequence set forth in SEQ ID
NO: 186, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98% . or 99% sequence identity thereto. In some embodiments, the variant CasPhi-2
protein comprises the sequence set forth in SEQ ID NO: 186, which lacks an initial methionine
residue. In some embodiments, the variant CasPhi-2 protein comprises the sequence set forth in
SEQ ID NO:185, which includes an initial methionine residue.

[0281] In somc ecmbodiments, the Cas protein or a variant thercof is a Un1Cas12f1 protcin
or a variant thercof. In somc ecmbodiments, the variant Cas protcin is a variant Un1Cas12f1
protein that lacks nuclease activity or that is a deactivated Un1Cas12f1 (dUn1Cas12f1) protein.
In some embodiments, the variant Un1Cas12f1 comprises at least one amino acid mutation
compared to the sequence set forth in SEQ ID NO:189 or 190. In some embodiments, the variant
Unl1Cas12[1 protein comprises the sequence set forth in SEQ ID NO:191, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98 %, or 99% sequence
identity thereto. In some embodiments, the variant Un1Cas12f1 protein comprises the sequence
set forth in SEQ ID NO:192, or an amino acid sequence that has at least 90%, 91%, 92%, 93%,
9%, 95%, 96%, 7%, 98 %, or 99% sequence identity thereto. In some embodiments, the
variant Un1Cas12f1 protein comprises the sequence set forth in SEQ ID NO:192, which lacks an
initial methionine residue. In some embodiments, the variant Un1Cas12f1 protein comprises the
sequence set forth in SEQ ID NO: 191, which includes an initial methionine residue.

[0282] In some embodiments, the Cas protein or a variant thereof is a Cas12k protein or a
variant thercof. In some cmbodiments, the Cas12k protein compriscs the secquence sct forth in
SEQ ID NO:197, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity thereto. In some embodiments, the Cas12k protein
comprises the sequence set forth in SEQ ID NO:198, or an amino acid sequence that has at least
90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto. In some
embodiments, the Cas12k protein comprises the sequence set forth in SEQ ID NO:198, which
lacks an initial methionine residue. In some embodiments, the Cas12k protein comprises the
sequence set forth in SEQ ID NO:197, which includes an initial methionine residue.

[0283] In some embodiments, the Cas protein or a variant thereof is a CasMini protein or a
variant thereof, such as an engineered Cas protein or variant based on a Cas12f (also known as

Casl4), including those described in Xu et al., Mol. Cell 81(20):4333-4345 (2021) or set forth in
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SEQ ID NO:213. In some embodiments, the variant Cas protein is a variant CasMini protein that
lacks nuclease activity or that is a deactivated CasMini (dCasMini) protein. In some
embodiments, the variant CasMini comprises at least one amino acid mutation compared to the
sequence set forth in SEQ ID NO:213. In some embodiments, the variant CasMini protein
comprises the sequence set forth in SEQ ID NO:213, or an amino acid sequence that has at least
90%, 91%, 92%, 93%., 94%, 95%, 969, Y7 %, 98%, or 99% sequence identity thereto. In some
embodiments, the CasMini protein comprises the sequence set forth in SEQ ID NO:213. In some
embodiments, the variant CasMini protein comprises the sequence set forth in SEQ ID NO:199
or 200, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7 %,
98%. or 99% scqucnce identity thercto. In some embodiments, the CasMini protein comprises
the scquencce sct forth in SEQ ID NO:199, which lacks an initial mcthionine residuc. In some
embodiments, the CasMini protein comprises the sequence set forth in SEQ ID NO:200, which
includes an initial methionine residue.

[0284] DNA-targeting systems, in some cases comprising a fusion protein, such as dCas-
fusion proteins include fusion of the Cas with an elfector domain, such as a TET domain. Any
of a variety of effector domains, for example those that increase, re-activate or de-repress
transcription from the target locus, e.g., MeCP2 locus, including any described herein, for
example, in Section I1.D, can be used.

[0285] In some aspects, provided is a DNA-targeting system comprising a fusion protein
comprising a DNA-targeting domain comprising a nuclease-inactive Cas protein or variant
thereof, and an effector domain for increasing or inducing transcriptional de-repression or re-
activation (e.g., TET domain) when targeted to a target site in a MeCP2 gene or regulatory
element thereof. In some aspects, the DNA-targeting system also includes one or more gRNA,
provided in combination or as a complex with the dCas protein or variant thercof, for targeting
of the DNA-targeting system to the target site. In some embodiments, the fusion protein is
guided to a specific target site sequence of the target gene by the guide RNA, wherein the
effector domain mediates targeted epigenetic modification to increase, de-repress or promote

transcription of the target gene.

2. Other Domains
[0286] In some of any of the provided embodiments, the DNA-targeting domain comprises a
zinc (inger protein (ZFP); a transcription activator-like e(fector (TALE); a meganuclease; a
homing endonuclease; or an I-Scel enzyme or a variant thereof. In some embodiments, the

DNA-targeting domain comprises a catalytically inactive variant of any of the [oregoing.
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[0287] In some aspects, types of DNA-targeling domains include domains (rom proteins that
can recognize nucleic acid sequences (e.g., target site) in a sequence-specific manner.

[0288] In some embodiments, a “zinc finger DNA binding protein™ (or binding domain) is 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. The term zinc finger
DNA binding protein is often abbreviated as zinc finger protein or ZFP. Among the ZFPs are
artificial, or engineered, ZFPs, comprising ZFP domains targeting specific DNA sequences,
typically 9-18 nucleotides long, generated by assembly of individual fingers. ZFPs include
thosc in which a singlc finger domain is approximately 30 amino acids in length and contains an
alpha hclix containing two invariant histidinc residucs coordinated through zine with two
cysteines of a single beta turn, and having two, three, four, five, or six fingers. Generally,
sequence-specificity of a ZFP may be altered by making amino acid substitutions at the four
helix positions (—1, 2, 3, and 6) on a zinc finger recognition helix. Thus, for example, the ZFP
or ZFP-containing molecule is non-naturally occurring, e.g., is engineered (o bind to a target sile
of choice.

[0289] In some cases, the DNA-targeting system is or comprises a zinc-finger DNA binding
domain fused to an effector domain. In some embodiments, zinc fingers are custom-designed
(i.e. designed by the user), or obtained from a commercial source. Various methods for
designing zinc finger proteins are available. For example, methods for designing zinc finger
proteins to bind to a target DNA sequence of interest are described, for example in Liu, Q. et al.,
PNAS, 94(11):5525-30 (1997); Wright, D.A. et al., Nat. Protoc., 1(3):1637-52 (2006); Gersbach,
C.A.etal., Acc. Chem. Res., 47(8):2309-18 (2014); Bhakta M.S. et al., Methods Mol. Biol.,
649:3-30 (2010); and Gaj ct al., Trends Biotechnol, 31(7):397-405 (2013). In addition, various
web-based tools for designing zinc finger proteins to bind to a DNA target sequence of interest
are publicly available. See, for example, the Zinc Finger Tools design web site from Scripps
available on the world wide web at scripps.edu/barbas/zfdesign/zfdesignhome.php. Various
commercial services for designing zinc finger proteins to bind to a DNA target sequence of
interest are also available. See, for example, the commercially available services or kits offered
by Creative Biolabs (world wide web at creative-biolabs.com/Design-and-Synthesis-of-
Artificial-Zinc-Finger-Proteins.html), the Zinc Finger Consortium Modular Assembly Kit
available from Addgene (world wide web at addgene.org/kits/zfc-modular-assembly/), or the
CompoZr Custom ZFN Service from Sigma Aldrich (world wide web at sigmaaldrich.com/life-

science/zinc-finger-nuclease-technology/custom-zfn.html). For example, platforms for zinc-
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finger construction are available that provide specilically targeted zinc fingers [or thousands of
targets. See, e.g., Gaj et al., Trends in Biotechnology, 2013, 31(7), 397-405. Some gene-
specific engineered zinc fingers are available commercially. In some cases, commercially
available zinc fingers are used or are custom designed.

[0290] In some aspects, the DNA-targeting domain is a domain from Transcription
activator-like effectors (TALEs). TALEs are proteins found in Xanthomonas bacteria. TALESs
comprise a plurality of repeated amino acid sequences, each repeat having binding specificity
for one base in a target sequence. Each repeat comprises a pair of variable residues in position
12 and 13 (repeat variable diresidue; RVD) that determine the nucleotide specificity of the
repeat. In some cmbodiments, RVDs associated with recognition of the different nucleotides arc
HD for recognizing C, NG for recognizing T, NI for recognizing A, NN for recognizing G or A,
NS for recognizing A, C, G or T, HG for recognizing T, 1G for recognizing T, NK for
recognizing GG, HA for recognizing C, ND for recognizing C, HI for recognizing C, HN for
recognizing G, NA for recognizing G, SN for recognizing G or A and YG for recognizing T, TL
for recognizing A, VT [or recognizing A or G and SW [or recognizing A. In some embodiments,
RVDs can be mutated towards other amino acid residues in order to modulate their specificity
towards nucleotides A, T, C and G and in particular to enhance this specificity. Binding domains
with similar modular base-per-base nucleic acid binding properties can also be derived from
different bacterial species. These alternative modular proteins may exhibit more sequence
variability than TALE repeats.

[0291] In some embodiments, a “TALE DNA binding domain” or “TALE” is a polypeptide
comprising one or more TALE repeat domains/units. The repeat domains, each comprising a
repeat variable diresidue (RVD), are involved in binding of the TALE to its cognate target DNA
scqucncee. A single “repeat unit” (also referred to as a “‘repeat”) is typically 33-35 amino acids in
length and exhibits at least some sequence homology with other TALE repeat sequences within
a TALE protein. TALE proteins may be designed to bind to a target site using canonical or non-
canonical RVDs within the repeat units. See, e.g., U.S. Pat. Nos. 8,586,526 and 9,458,205.

[0292] In some embodiments, a TALE is a fusion protein comprising a nucleic acid binding
domain derived from a TALE and an effector domain. In some embodiments, one or more sites
in the MeCP2 locus can be targeted by engineered TALEs.

[0293] Zinc finger and TALE DNA-binding domains can be engineered to bind to a
predetermined nucleotide sequence, for example via engineering (altering one or more amino
acids) of the recognition helix region of a zinc finger protein, by engineering of the amino acids

in a TALE repeat involved in DNA binding (the repeat variable diresidue or RVD region), or by
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systemaltic ordering of modular DNA-binding domains, such as TALE repeats or ZFP domains.
Therefore, engineered zinc finger proteins or TALE proteins are proteins that are non-naturally
occurring. Non-limiting examples of methods for engineering zinc finger proteins and TALEs
are design and selection. A designed protein is a protein not occurring in nature whose
design/composition results principally from rational criteria. Rational criteria for design include
application of substitution rules and computerized algorithms for processing information in a
database storing information of existing ZFP or TALE designs (canonical and non-canonical
RVDs) and binding data. See, for example, U.S. Pat. Nos. 9,458,205; 8,586,526; 6,140,081,
6.453,242; and 6,534,261; see also WO 98/53058; WO 98/53059; WO 98/53060; WO
02/016536 and WO 03/016496.

E. Effector Domains

[0294] In some embodiments, the DNA-targeting system also includes at least one effector
domain. In some embodiments, the DN A-targeting domain or a component thereof is fused to
the at least one effector domain. In some embodiments, provided herein is a DNA-targeting
system comprising a fusion protein comprising: (a) a DNA-targeting domain capable of being
targeled o a target site al a MeCP2 locus or a regulatory element thereol, such as any described
herein, and (b) at least one effector domain. In some aspects, the effector domain leads (o an
increase in transcription of MeCP2, or is capable of increasing transcription of MeCP2. In some
aspects, the effector domain comprises a transcription activation domain. In some aspects, the
effector domain comprises a domain that induces an epigenetic modification, such as
demethylation.

[0295] In some embodiments, the DNA-targeting domain comprises a Cas-gRNA
combination that includes (a) a Cas protein or a variant thereof and (b) at least one gRNA, and
the component thereof fused to the at least one effector domain is the Cas protein or a variant
thercof.

[0296] In somc aspccts, the cffector domain activates, induccs, catalyzces, or lcads to
demethylation, de-repression and/or increased transcription of MeCP2 when ectopically
recruited to MeCP2 or a DNA regulatory element thereof. Exemplary fusion of DNA-targeting
domain and at least one effector domain include fusing dCas9 with TET1 can result in robust
induction of gene expression.

[0297] In some aspects, the elfector domain activates, induces, catalyzes, or leads to
demethylation and/or increased transcription of MeCP2 when ectopically recruited to MeCP2 or

a DNA regulatory element thereof. In some embodiments, the effector domain induces,
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catalyzes or leads (o (ranscriplion aclivation, transcription co-activation, (ranscription
elongation, transcription de-repression, histone modification, nucleosome remodeling, chromatin
remodeling, reversal of heterochromatin formation, DNA demethylation, or DNA base
oxidation. In some embodiments, the effector domain induces, catalyzes or leads to transcription
de-repression, DNA demethylation or DNA base oxidation. In some embodiments, the effector
domain induces transcription de-repression.

[0298] In some embodiments, the effector domain induces transcription activation. In some
embodiments, the effector domain has one of the aforementioned activities itself (i.e. acts
directly). In some embodiments, the effector domain recruits and/or interacts with a polypeptide

domain that has onc of thc aforementioned activitics (i.c. acts indircctly).

1 Exemplary Effector Domains

[0299] In some embodiments, the effector domain induces, catalyzes or leads to
transcription activation, transcription co-activation, transcription elongation, transcription de-
repression, transcription factor release, polymerization, histone modification, histone
acetylation, histone deacetylation, nucleosome remodeling, chromatin remodeling, reversal of
heterochromatin formation, nuclease, signal transduction, proteolysis, ubiquitination,
deubiquitination, phosphorylation, dephosphorylation, splicing, nucleic acid association, DNA
methylation, DNA demethylation, histone methylation, histone demethylation, or DNA base
oxidation. In some embodiments, the effector domain induces, catalyzes or leads to transcription
activation, transcription co-activation, or transcription elongation. In some embodiments, the
effector domain induces transcription de-repression. In some embodiments, the effector domain
activates transcription from one or more regulatory elements (e.g., promoters and/or enhancers)
from the target locus, e.g., MeCP2. In some embodiments, the effector domain induces
transcription activation. In some embodiments, the effector domain has one of the
aforcmentioned activities itself (i.c. acts or catalyzes dircctly). In some cmbodiments, the
cffector domain recruits and/or intcracts with anothcer cellular componcent (c.g., transcription
factor) that has one of the aforementioned activities (i.e. acts or catalyzes indirectly).

[0300] Gene expression of endogenous mammalian genes, such as human genes, can be
achieved by targeting a fusion protein comprising a DNA-targeting domain, such as a dCas9,
and an effector domain, such as a transcription activation domain, to mammalian genes or
regulatory DNA elements thereol (e.g. a promoter or enhancer), e.g. via one or more gRNAs.
Any of a variety of effector domains for transcriptional activation (e.g. transcription activation

domains) are known and can be used in accord with the provided embodiments. Transcription
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aclivation domains, as well as aclivation of target genes by Cas [usion proteins (with a variety of
Cas molecules) and the transcription activation domains, are described, for example, in WO
2014/197748, WO 2016/130600, WO 2017/180915, WO 2021/226555, WO 2021/226077, WO
2013/176772, WO 2014/152432, WO 2014/093661, Adli, M. Nat. Commun. 9, 1911 (2018),
Perez-Pinera et al. Nat. Methods 10, 973-976 (2013), Mali et al. Nat. Biotechnol. 31, 833-838
(2013), and Maeder et al. Nat. Methods 10, 977-979 (2013).

[0301] In some embodiments, the effector domain comprises a transcriptional activator
domain described in WO 2021/226077.

[0302] In some aspects, de-repression, activation or increase in gene expression of MeCP2 is
achicved by targecting a fusion protcin comprising a DNA-targeting domain, such as a dCas9,
and an cffcctor domain, such as a transcription activation domain, to a McCP2 locus or
regulatory DNA elements thereof (e.g. a promoter or enhancer) via one or more gRNAs. In
some aspects, the one or more target sites of the one or more gRNA is at a MeCP2 locus or
regulatory DNA elements thereof (e.g., a promoter or enhancer), for example, as described
herein, for example, in Section IL.A and II.B. Any of a variety of effector domains for
transcriptional activation (e.g. transcription activation domains) are known and can be used in
accord with the provided embodiments.

[0303] In some embodiments, the effector domain may comprise a TET protein (e.g. TET1,
TET2, TET3), VP64, p65, Rta, p300, CBP, HSF1, VPR, VPH, SunTag, a partially or fully
functional fragment or domain thereof, or a combination of any of the foregoing. In some
embodiments, the effector domain comprises a catalytic domain of TET1.

[0304] In some embodiments, the effector domain may have demethylase activity. The
effector domain can include an enzyme that removes methyl (CH3-) groups from nucleic acids,
protcins (in particular histoncs), and othcr molccules. Altcrnatively, the cffector can convert the
methyl group to hydroxymethylcytosine in a mechanism for demethylating DNA. The effector
domain can catalyze this reaction. For example, the effector domain that catalyzes this reaction
may comprise a domain from a TET protein, for example TET1 (Ten-eleven translocation
methylcytosine dioxygenase 1). TET1, including in dCas fusion proteins for gene activation, has
been described, for example, in WO 2021/226555.

[0305] In some embodiments, the effector domain comprises a catalytic domain of a ten-
eleven translocation (TET) family methylcytosine dioxygenase or a portion or a variant thereof.
In some embodiments, the effector domain comprises a catalytic domain of a Ten-eleven
translocation methylcytosine dioxygenase 1 (TET1) or a portion or a variant thereof. An

exemplary TET1 catalytic domain is set forth in SEQ ID NO:93. In some embodiments, the
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ellector domain comprises the sequence set forth in SEQ ID NO:93, or a portion thereof, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%. 98%, or
99% sequence identity to any of the foregoing.

[0306] In some embodiments, the effector domain comprises a catalytic domain of a Ten-
eleven translocation methylcytosine dioxygenase 2 (TET2) or a portion or a variant thereof. An
exemplary TET2 protein is set forth in SEQ ID NO:169. In some embodiments, the effector
domain comprises the sequence set forth in SEQ ID NO: 169, or a portion thereof (such as a
catalytic domain), or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%. 95%,
96%, 97%, 98%, or 99% sequence identity to any of the foregoing.

[0307] In somc ecmbodiments, the cffector domain compriscs a catalytic domain of a Ten-
cleven translocation mcethyleytosine dioxygenasc 3 (TET3) or a portion or a variant thercof. An
exemplary TET3 protein is set forth in SEQ ID NO:170. In some embodiments, the effector
domain comprises the sequence set forth in SEQ ID NO:170, or a portion thereof (such as a
catalytic domain), or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%., 95%,
96%, 97%, 98%, or 99% sequence idenlity Lo any of the [oregoing.

[0308] In some embodiments, the effector domain may comprise a VP64 domain. For
example, dCas9-VP64 can be targeted to a target site by one or more gRNASs to activate a gene.
VP64 is a polypeptide composed of four tandem copies of VP16, a 16 amino acid transactivation
domain of the Herpes simplex virus. VP64 domains, including in dCas fusion proteins, have
been described, for example, in WO 2014/197748, WO 2013/176772, WO 2014/152432, and
WO 2014/093661. In some embodiments, the effector domain comprises at least one VP16
domain, or a VP16 tetramer (*VP64™) or a variant thereof. An exemplary VP64 domain is set
forth in SEQ ID NO:171. In some embodiments, the effector domain comprises the sequence set
forth in SEQ ID NO:171, or a portion thercof, or an amino acid scqucncc that has at Icast 90%,
9%, 92%, 93%, Y4%, 95%, 6%, Y7%, 98%, or 99% sequence identity to any of the foregoing.

[0309] In some embodiments, the effector domain may comprise a p65 activation domain
(p65AD). p65AD is the principal transactivation domain of the 65kDa polypeptide of the
nuclear form of the NF-KB transcription factor. An exemplary sequence of human transcription
factor p65 is available at the Uniprot database under accession number Q04206. p65 domains,
including in dCas fusion proteins, have been described, for example in WO 2017/180915 and
Chavez, A. et al. Nat. Methods 12, 326-328 (2015). An exemplary p65 activation domain is set
forth in SEQ ID NO:172. In some embodiments, the effector domain comprises the sequence set
forth in SEQ ID NO:172, or a portion thereof, or an amino acid sequence that has at least 90%,
N %, 92%, 93%, 94%, 95%, 6%, Y7%, 98%, or 99% sequence identity to any of the foregoing.
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[0310] In some embodiments, the effector domain may comprise a R transactivator (Rta)
domain. Rta is an immediate-early protein of Epstein-Barr virus (EBV), and is a transcriptional
activator that induces lytic gene expression and triggers virus reactivation. The Rta domain,
including in dCas fusion proteins, has been described, for example in WO 2017/180915 and
Chavez, A. et al. Nat. Methods 12, 326-328 (2015). An exemplary Rta domain is set forth in
SEQ ID NO:173. In some embodiments, the effector domain comprises the sequence set forth in
SEQ ID NO:173, or a portion thereof, or an amino acid sequence that has at least 90%. 91%,
92%, 93%, 94%., 95%, 96%, Y7%, 98%, or 99% sequence identity to any of the foregoing.

[0311] In some embodiments, the effector domain may have histone acetyltransferase
activity. For cxample, the cffector domain may comprisc a domain from p300 or CREB-binding
protcin (CBP) protcin. The cffector domain may comprisc a p300 domain. p300 functions as a
histone acetyltransferase that regulates transcription via chromatin remodeling and is involved
with the processes of cell proliferation and differentiation. The p300 domain, including in dCas
fusion proteins for gene activation, has been described, for example, in WO 2016/130600 and
WO 2017/180915. An exemplary p300 domain is set [orth in SEQ ID NO:174. In some
embodiments, the effector domain comprises the sequence set forth in SEQ ID NO:174, or a
portion thereof, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity to any of the foregoing.

[0312] ““p300 protein,” “EP300,” or “E1 A binding protein p300’” as used interchangeably
herein refers to the adenovirus E1A-associated cellular p300 transcriptional co-activator protein
encoded by the EP300 gene. p300 is a highly conserved acetyltransferase involved in a wide
range of cellular processes. p300 functions as a histone acetyltransferase that regulates
transcription via chromatin remodeling and is involved with the processes of cell proliferation
and differentiation.

[0313] The p300 domain, including in dCas fusion proteins for gene activation, has been
described, for example, in WO 2016/130600 and WO 2017/180915. An exemplary p300 domain
sequence is set forth in SEQ ID NO:174. In some embodiments, the effector domain comprises
the sequence set forth in SEQ ID NO: 174, a domain thereof, a portion thereof, or a variant
thereof, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, or 99% sequence identity to any of the foregoing. In some embodiments, the
effector domain comprises p300 or a domain thereof, a portion thereof, or a variant thereof. In
some embodiments, the effector domain comprises the sequence set forth in SEQ ID NO:174, or
a domain thereof, a portion thereof, or a variant thereof, or an amino acid sequence that has at

least 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97 %, 98%, or 99% sequence identity to any of the
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foregoing.

[0314] In some embodiments, the effector domain may comprise a HSF1 domain. HSF1 is a
gene that encodes Heat shock factor protein 1. HSF1, including in dCas fusion proteins for gene
activation, has been described, for example, in WO 2021/226555, WO 2015/089427, and
Konermann et al. Nature 517(7536):583-8 (2015). An exemplary HSF1 domain is set forth in
SEQ ID NO:175. In some embodiments, the effector domain comprises the sequence set forth in
SEQ ID NO:175, or a portion thereof, or an amino acid sequence that has at least 90%. 91%,
92%, 93%, 94%., 95%, 96%, Y7%, 98%, or 99% sequence identity to any of the foregoing.

[0315] In some embodiments, the effector domain may comprise a eukaryotic release factor
domain, for cxample from cukaryotic rcleasc factor 1 (ERF1) or cukaryotic rcleasc factor 3
(ERF3). The cffector domain may have transcription rclecasc factor activity. The cffector domain
may have eukaryotic release factor 1 (ERF1) activity or eukaryotic release factor 3 (ERF3)
activity.

[0316] In some embodiments, the effector domain may comprise the tripartite activator
VP64-p65-Rla (also known as VPR). VPR comprises three transcription activation domains
(VP64, p65, and Rta) fused by short amino acid linkers, and can effectively upregulate target
gene expression. VPR, including in dCas fusion proteins for gene activation, has been described,
for example, in WO 2021/226555 and Chavez, A. et al. Nat. Methods 12, 326-328 (2015). An
exemplary VPR polypeptide is set forth in SEQ ID NO:176. In some embodiments, the effector
domain comprises the sequence set forth in SEQ ID NO:176, or a portion thereof, or an amino
acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99%
sequence identity to any of the foregoing.

[0317] In some embodiments, the effector domain may comprise VPH. VPH is a
polypeptide comprising VP64, mousc p65, and HSF1. VPH, including in dCas fusion protecins
for gene activation, has been described, for example, in WO 2021/226555. An exemplary VPH
polypeptide is set forth in SEQ ID NO:136. In some embodiments, the effector domain
comprises the sequence set forth in SEQ ID NO:136, or a portion thereof, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98 %, or 99% sequence
identity to any of the foregoing.

[0318] In some embodiments, the effector domain may comprise a LSD1 domain. LSD1
(also known as Lysine-specific histone demethylase 1A) is a histone demethylase that can
demethylate lysine residues of histone H3, thereby acting as a coactivator or a corepressor,
depending on the context. LSDI, including in dCas fusion proteins, has been described, for

example, in WO 2013/176772, WO 2014/152432, and Kearns, N. A. et al. Nat. Methods.
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12(5):401-403 (2015). An exemplary LSD1 polypeptide is set forth in SEQ ID NO:123. In some
embodiments, the effector domain comprises the sequence set forth in SEQ ID NO:123, a
domain thereof, a portion thereof, or a variant thereof, or an amino acid sequence that has at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any of the
foregoing.

[0319] In some embodiments, the effector domain may comprise a SunTag domain. SunTag
is a repeating peptide array, which can recruit multiple copies of an antibody-fusion protein that
binds the repeating peptide. The antibody-fusion protein may comprise an additional effector
domain, (e.g. TET1, VP64), to induce increased transcription of the target gene. SunTag,
including in dCas fusion protcins for genc activation, has been described, for example, in WO
2016/011070 and Tancnbaum, M. ct al. Ccell. 159(3):635-646 (2014). An cxcmplary SunTag
effector domain includes a repeating GCN4 peptide having the amino acid sequence
LLPKNYHLENEVARLKKLVGER (SEQ ID NO:137) separated by linkers having the amino
acid sequence GGSGG (SEQ ID NO:138). In some embodiments, the effector domain
comprises the sequence sel [orth in SEQ ID NO:137, or a portion thereof, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98 %, or 99% sequence
identity to any of the foregoing. In some embodiments, the SunTag effector domain recruits an
antibody-fusion protein that comprises a TET protein (e.g. TET1) and binds the GCN4 peptide.
In some embodiments, the SunTag effector domain recruits an antibody-fusion protein that

comprises a transcriptional activator (e.g. VP64) and binds the GCN4 peptide.

F. Fusion Protein

[0320] Provided are fusion proteins that include (1) a DNA-targeting domain or a
component thereof and (2) at least one effector domain, wherein: the DNA-targeting domain or a
component thereof binds to a target site in a regulatory DNA element of a methyl-CpG-binding
protein 2 (McCP2) locus; and the cffector domain inducces, catalyzes or lcads to transcription
activation, transcription co-activation, transcription clongation, transcription dc-repression,
histone modification, nucleosome remodeling, chromatin remodeling, reversal of
heterochromatin formation, DNA demethylation, or DN A base oxidation. Tn some embodiments,
the effector domain induces, catalyzes or leads to transcription de-repression, DNA
demethylation or DNA base oxidation. In some embodiments, the effector domain induces
transcription de-repression. In some embodiments, the [usion protein comprises any ol the
effector domains described herein.

[0321] In some aspects, the elfector domain comprises any one of the effector domains
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described herein.

[0322] In some embodiments, the fusion protein comprises a DNA-targeting domain or a
protein component of the DN A-targeting domain, e.g., a Clustered Regularly Interspaced Short
Palindromic Repeats associated (Cas); a zinc finger protein (ZFP); a transcription activator-like
effector (TALE); a meganuclease; a homing endonuclease; or a I-Scel enzymes or a variant
thereof, such as a catalytically inactive variant of any of the foregoing; and an effector domain,
such as any of the effector domains described herein.

[0323] In some embodiments, binding of the DNA-targeting domain or a component thereof
to the target site does not introduce a genetic distruption or a DNA break at or near the target site.

[0324] In somc ecmbodiments, the DNA-targeting domain compriscs a Clustered Regularly
Interspaced Short Palindromic Repeats associated (Cas)-guide RNA (gRNA) combination that
includes (a) a Cas protein or a variant thereof and (b) at least one gRNA; a zinc finger protein
(ZFP); a transcription activator-like effector (TALE); a meganuclease; a homing endonuclease;
or a I-Scel enzymes or a variant thereof, such as a catalytically inactive variant thereof. In some
embodiments, the DNA-targeting domain comprises a catalytlically inaclive variant of any of the
foregoing.

[0325] In some embodiments, the DNA-targeting domain comprises a Cas-gRNA
combination that includes a Cas protein or a variant thereof (e.g., protein component) and at
least one gRNA, and the component of the DNA-targeting domain is a Cas protein or a variant
thereof. In some embodiments, the variant Cas protein lacks nuclease activity or is a deactivated
Cas (dCas) protein. In some embodiments, the gRNA is capable of complexing with the Cas
protein or variant thereof. In some embodiments, the Cas protein or a variant thereof is a Cas9
protein or a variant thereof. In some embodiments, the variant Cas protein is a variant Cas9
protcin that lacks nuclcasc activity or that is a dcactivated Cas9 (dCas9) protcin or a nuclcasc-
inactive Cas9 (iCas9) protein. In some aspects, the dCas9 or iCas9 component of the fusion
protein includes any described herein, for example, in Section I1.C.1.

[0326] In some embodiments, the Cas9 protein or a variant thereof is a Staphylococcus
aureus Cas9 (SaCas9) protein or a variant thereof. In some embodiments, the variant Cas9 is a
Staphylococcus aureus dCas9 protein (dSaCas9) that comprises at least one amino acid mutation
selected from DI10A and N580A, with reference to numbering of positions of SEQ ID NO:179.
In some embodiments, the variant Cas9 protein comprises the sequence set forth in SEQ ID
NO:98, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%., 95%, 96%,
97%, 98%, or 99% sequence identity thereto.

[0327] In some embodimentss, the Cas9 protein or variant thereof is a Strepiococcus

76

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

pyogenes Cas9 (SpCas9) protein or a variant thereof. In some embodimentss, the variant Cas9 is
a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least one amino acid
mutation selected from D10A and H840A, with reference to numbering of positions of SEQ ID
NO:96. In some embodimentss, the variant Cas9 protein comprises the sequence set forth in
SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%., 98%, or 99% sequence identity thereto.

[0328] In some embodimentss, the Cas9 protein or a variant thereof is a Streptococcus
pyogenes Cas9 (SaCas9) protein or a variant thereof. In some embodimentss, the variant Cas9 is
a Streptococcus pyogenes dCas9 protein (dSaCas9) that comprises at least one amino acid
mutation sclected from D10A and N580A, with reference to numbering of positions of SEQ ID
NO:99. In somc cmbodimentss, the variant Cas9 protcin compriscs the scquence sct forth in
SEQ TD NO:98, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity thereto.

[0329] In some embodiments, the DNA-targeting domain of the fusion protein is a zinc
finger protein (ZFP); a transcription activator-like elfector (TALE); a meganuclease; a homing
endonuclease; or a [-Scel enzymes or a variant thereof, such as a catalytically inactive variant
thereof. In some aspects, the DNA-targeting domain of the fusion protein is targeted to one or
more target sites at a MeCP2 locus, such as one or more target sites described herein, for
example, in Section II.LA. In some aspects, the DNA-targeting domain of the fusion protein is a
zinc finger protein (ZFP); a transcription activator-like effector (TALE); a meganuclease; a
homing endonuclease; or a I-Scel enzymes or a variant thereof that is capable of binding to a
target site at a MeCP2 locus described herein, in a sequence-specific manner.

[0330] In some embodiments, the DNA-binding domain or component thereof targets a
targct sitc is located within the gecnomic coordinatcs human genome assembly GRCh38 (hg38)
chrX:154,097,151-154,098,158, such as any target site in the MeCP2 locus described herein.

[0331] In some embodiments, the fusion protein comprises the sequence set forth in SEQ ID
NO:101, 103, 139-152, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%. or 99% sequence identity thereto. In some embodiments, the NLS
comprises the sequence set forth in SEQ ID NO:101, 103, 139-152, or a portion thereof. In some
embodiments, the NLS comprises the sequence set forth in SEQ ID NO:85 or a portion thereof.

[0332] In some embodiments, the fusion protein comprises the sequence set forth in SEQ ID
NO:91, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%., 95%, 96%.,
97%, 98%, or 99% sequence identity thereto.

[0333] In some embodiments, the fusion protein further comprises one or more linkers
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connecting the DNA-targeting domain or a component thereol to the at least one effector
domain, and/or further comprises one or more nuclear localization signals (NLS).

[0334] In some embodiments, the fusion protein includes at least one linker. A linker may
be included anywhere in the polypeptide sequence of the fusion protein, for example, between
the effector domain and the DNA-targeting domain or a component thereof. A linker may be of
any length and designed to promote or restrict the mobility of components in the fusion protein.

[0335] A linker may comprise any amino acid sequence of about 2 to about 100, about 5 to
about 80, about 10 to about 60, or about 20 to about 50 amino acids. A linker may comprise an
amino acid sequence of at least about 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80 or 85 amino acids. A linker may comprisc an amino acid scquence of less than about
100, 90, 80, 70, 60, 50, or 40 amino acids. A linkcr may includc scquential or tandem repeats of
an amino acid sequence that is 2 to 20 amino acids in length. Linkers may be rich in amino
acids glycine (), serine (S), and/or alanine (A). Linkers may include, for example, a GS linker
such as (Gly-Gly-Gly-Gly-Ser)n. An exemplary GS linker is represented by the sequence
GGGGS (SEQ ID NO:157),). A linker may comprise repealts ol a sequence, [or example as
represented by the formula (GGGGS)n, wherein n is an integer that represents the number of
times the GGGGS sequence is repeated (e.g. between 1 and 10 times). The number of times a
linker sequence is repeated, for example n in a GS linker, can be adjusted to optimize the linker
length and achieve appropriate separation of the functional domains. Other examples of linkers
may include, for example, Gly-Gly-Gly-Gly-Gly (SEQ ID NO:153), Gly-Gly-Ala-Gly-Gly
(SEQ ID NO:154), Gly/Ser rich linkers such as Gly-Gly-Gly-Gly-Ser-Ser-Ser (SEQ ID
NO:155), or Gly/Ala rich linkers such as Gly-Gly-Gly-Gly-Ala-Ala-Ala (SEQ ID NO:156) or
Gly-Ser-Gly-Ser-Gly (SEQ ID NO:206).

[0336] In somc cmbodiments, the linker is an XTEN linker. In some aspects, an XTEN
linker is a recombinant polypeptide (e.g., an unstructured recombinant peptide) lacking
hydrophobic amino acid residues. Exemplary XTEN linkers are described in, for example,
Schellenberger et al., Nature Biotechnology 27, 1186-1178 (2009) or WO 2021/247570. In some
embodiments, an exemplary linker comprises a linker described in WO 2021/247570. In some
aspects, the linker is or comprises the sequence set forth in SEQ ID NO:117 or SEQ ID NO:178,
or a portion thereof, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% sequence identity to any of the foregoing. In some embodiments,
the linker comprises the sequence set forth in SEQ ID NO:117, or a portion thereof, or an amino
acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99%

sequence identity to any of the foregoing. In some aspects, the linker comprises the sequence set
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forth in SEQ ID NO:117, or a contiguous portion of SEQ ID NO:117 of at least 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70 or 75 amino acids. In some aspects, the linker consists of
the sequence set forth in SEQ ID NO:117, or a contiguous portion of SEQ ID NO:117 of at least
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70 or 75 amino acids. In some embodiments, the
linker comprises the sequence set forth in SEQ ID NO:117. In some embodiments, the linker
consist of the sequence set forth in SEQ ID NO:117. In some embodiments, the linker comprises
the sequence set forth in SEQ ID NO: 178, or a portion thereof, or an amino acid sequence that
has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, or 99% sequence identity to any
of the foregoing. In some aspects, the linker comprises the sequence set forth in SEQ ID
NO:178, or a contiguous portion of SEQ ID NO:178 of at lcast 5, 10, or 15 amino acids. In some
aspects, the linker consists of the scquence sct forth in SEQ ID NO:178, or a contiguous portion
of SEQ ID NO:178 of at least 5, 10, or 15 amino acids. In some embodiments, the linker
comprises the sequence set forth in SEQ ID NO:178. In some embodiments, the linker consist of
the sequence set forth in SEQ ID NO:178. Appropriate linkers may be selected or designed
based rational criteria known in the art, for example as described in Chen et al. Adv. Drug Deliv.
Rev. 65(10):1357-1369 (2013). In some embodiments, a linker comprises the sequence set forth
in SEQ ID NO:119, or a portion thereof, or an amino acid sequence that has at least 90%, 91%,
2%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any of the foregoing.

[0337] In some embodiments, a fusion protein described herein comprises one or more
nuclear localization sequences (NLSs), such as about or more than about 1, 2, 3,4,5,6,7, 8,9,
10, or more NLSs. When more than one NLS is present, each may be selected independently of
the others, such that a single NLS may be present in more than one copy and/or in combination
with one or more other NLSs present in one or more copies. Non-limiting examples of NLSs
include an NLS scquence derived from: the NLS of the SV40 virus large T-antigen, having the
sequence PKKKRKY (SEQ 1D NO:103); the NLS from nucleoplasmin (e.g. the nucleoplasmin
bipartite NLS) having the sequence KRPAATKKAGQAKKKK (SEQ ID NO:105); the c-myc
NLS having the sequence PAAKRVKLD (SEQ ID NO:139) or RQRRNELKRSP (SEQ ID
NO:140); the hRNPA1 M9 NLS having the sequence
NQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNQGGY (SEQ ID NO:141); the
sequence RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKDEQILKRRNV (SEQ ID
NO:142) of the IBB domain from importin-alpha; the sequences VSRKRPRP (SEQ ID NO:143)
and PPKKARED (SEQ ID NO:144) of the myoma T protein; the sequence PQPKKKPL (SEQ
ID NO:145) of human p53; the sequence SALIKKKKKMAP (SEQ ID NO:146) of mouse c-abl
1V; the sequences DRLRR (SEQ ID NO:147) and PKQKKRK (SEQ ID NO:148) of the
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influenza virus NS1; the sequence RKLKKKIKKL (SEQ ID NO:149) of the Hepalitis virus
delta antigen; the sequence REKKKFLKRR (SEQ ID NO:150) of the mouse Mx1 protein; the
sequence KRKGDEVDGVDEVAKKKSKK (SEQ ID NO:151) of the human poly(ADP-ribose)
polymerase; and the sequence RKCLQAGMNLEARKTKK (SEQ ID NO:152) of the steroid
hormone receptors (human) glucocorticoid. In general, the one or more NLSs are of sufficient
strength to drive accumulation of the fusion protein in a detectable amount in the nucleus of a
eukaryotic cell. In general, strength of nuclear localization activity may derive from the number
of NLSs in the fusion protein, the particular NLS(s) used, or a combination of these factors.
Detection of accumulation in the nucleus may be performed by any suitable technique. For
cxample, a detectable marker may be fused to the fusion protcin, such that location within a ccll
may be visualized, such as in combination with a mcans for detecting the location of the nucleus
(e.g. a stain specific for the nucleus such as DAPI). Cell nuclei may also be isolated from cells,
the contents of which may then be analyzed by any suitable process for detecting protein, such
as immunohistochemistry, Western blot, or enzyme activity assay. Accumulation in the nucleus
may also be determined indirectly, such as by an assay [or the effect of the fusion protein (e.g.
an assay for altered gene expression activity in a cell transformed with the DNA-targeting
system comprising the fusion protein), as compared to a control condition (e.g. an
untransformed cell).

[0338] In some embodiments, the fusion protein comprises the sequence set forth in SEQ ID
NO:91, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%. or 99% sequence identity thereto.

[0339] In some embodiments, the fusion protein comprises the sequence set forth in SEQ 1D
NO:115, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% scquence identity thereto.

G. Split Fusion Proteins

[0340] In somc cmbodiments, the fusion protein is a split protcin, i.c. compriscs two or morc
separate polypeptide domains that interact or self-assemble to form a functional fusion protein.
In some aspects, the split fusion protein comprises a dCas9 and an effector domain. In some
aspects, the fusion protein comprises a split dCas9-TET1 fusion protein.

[0341] In some embodiments, the split fusion protein is assembled from separate
polypeptide domains comprising trans-splicing inteins. Inteins are internal protein elements that
self-excise from their host protein and catalyze ligation of flanking sequences with a peptide

bond. In some embodiments, the split fusion protein is assembled (rom a [(irst polypeplide
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comprising an N-terminal intein and a second polypeptide comprising a C-terminal intein. In
some embodiments, the N terminal intein is the N terminal Npu Intein set forth in SEQ ID
NO:129. In some embodiments, the C terminal intein is the C terminal Npu intein set forth in
SEQ ID NO:133.

[0342] Also provided are fusion proteins comprising a first polypeptide of a split variant Cas
protein comprising an N-terminal fragment of a Cas protein and an N-terminal Intein, and at
least one effector domain, wherein the effector domain induces transcription activation,
transcription co-activation, transcription elongation, transcription de-repression, histone
modification, nucleosome remodeling, chromatin remodeling, reversal of heterochromatin
formation, DNA demcthylation, or DNA basc oxidation. Also provided arc fusion protcins
comprising a first polypcptide of a split variant Cas protcin comprising an N-tcrminal fragment
of a Cas protein and an N-terminal Intein, and at least one effector domain, wherein the effector
domain increases transcription of the MeCP2 locus. In some aspects, the first polypeptide of the
split variant Cas protein, and a second polypeptide of the split variant Cas protein comprising a
C-lerminal fragment of the variant Cas protein and a C-terminal Intein, are present in proximitly
or present in the same cell, the N-terminal Intein and C-terminal Intein self-excise and ligate the
N-terminal fragment and the C-terminal fragment of the variant Cas9 to form a full-length
variant Cas9 protein.

[0343] Also provided are fusion proteins comprising a second polypeptide of a split variant
Cas protein comprising a C-terminal fragment of a Cas protein and a C-terminal Intein and at
least one effector domain, wherein the effector domain induces transcription activation,
transcription co-activation, transcription elongation, transcription de-repression, histone
modification, nucleosome remodeling, chromatin remodeling, reversal of heterochromatin
formation, DNA demcthylation, or DNA basc oxidation. Also provided arc fusion protcins
comprising a second polypeptide of a split variant Cas protein comprising a C-terminal {fragment
of a Cas protein and a C-terminal Intein and at least one effector domain, wherein the effector
domain increases transcription of the MeCP2 locus. In some aspects, the second polypeptide of
the split variant Cas protein, and a first polypeptide of the split variant Cas protein comprising
an N-terminal fragment of the variant Cas protein and an N-terminal Intein, are present in
proximity or present in the same cell, the N-terminal Intein and C-terminal Intein self-excise and
ligate the N-terminal fragment and the C-terminal fragment of the variant Cas9 to form a full-
length variant Cas9 protein.

[0344] In some embodiments, the split fusion protein comprises a split dCas9-TET1 fusion

protein assembled from two polypeptides. In an exemplary embodiment, the first polypeptide
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comprises a TET1 catalytic domain and an N-terminal [ragment ol dSpCas9, [ollowed by an N
terminal Npu Intein (TET1-dSpCas9-573N; set forth in SEQ ID NO:121), and the second
polypeptide comprises a C terminal Npu Intein, followed by a C-terminal fragment of dSpCas9
(dSpCas9-573C; set forth in SEQ 1D NO:131). The N- and C-terminal fragments of the fusion
protein are split at position 573Glu of the dSpCas9 molecule, with reference to SEQ ID NO:96.
In some aspects, the N-terminal Npu Intein (SEQ ID NO:129) and C-terminal Npu Intein (set
forth in SEQ ID NO:133) may self-excise and ligate the two fragments, thereby forming the full-
length dSpCas9-TET1 fusion protein when expressed in a cell.

[0345] In some embodiments, the polypeptides of a split protein may interact non-covalently
to form a complcx that recapitulates the activity of the non-split protcin. For cxample, two
domains of a Cas cnzymc cxpresscd as scparate polypeptides may be recruited by a gRNA to
form a ternary complex that recapitulates the activity of the full-length Cas enzyme in complex
with the gRNA, for example as described in Wright et al. PNAS 112(10):2984-2989 (2015). In
some embodiments, assembly of the split protein is inducible (e.g. light inducible, chemically
inducible, small-molecule inducible).

[0346] In some aspects, the two polypeptides of a split fusion protein may be delivered
and/or expressed from separate vectors, such as any of the vectors described herein. In some
embodiments, the two polypeptides of a split fusion protein may be delivered to a cell and/or
expressed from two separate AAV vectors, i.e. using a split AAV-based approach, for example
as described in WO 2017/197238.

[0347] Approaches for the rationale design of split proteins and their delivery, including Cas
proteins and fusions thereof, are described, for example, in WO 2016/114972, WO
2017/197238, Zetsche. et al. Nat. Biotechnol. 33(2):139-42 (2015), Wright et al. PNAS
112(10):2984-2989 (2015), Truong. ct al. Nuclcic Acids Res. 43, 6450-6458 (2015), and Finc ct
al. Sci. Rep. 5, 10777 (2015).

H. Exemplary Fusion Proteins
[0348] In some aspects, provided are DNA-targeting systems or fusion proteins that
comprise a Cas protein or a variant thereof and at least one effector domain, wherein the effector
domain increases transcription of the MeCP2 locus.
[0349] In some embodiments, the at least one effector domain is fused to the N-terminus, the
C-terminus, or both the N-terminus and the C-terminus, of the DNA-largeting domain or a
component thereof (such as a protein or polypeptide component thereof, for example, a Cas

component of a Cas-gRNA combination). In some embodiments, the DNA-tlargetling system also

82

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

includes one or more linkers connecting the DNA-targeting domain or a component thereol to
the at least one effector domain, and/or further comprising one or more nuclear localization
signals (NLS).

[0350] In some aspects, the DNA-targeting system or fusion protein comprises one or more
tags, linkers and/or NLS sequences. In some embodiments, exemplary tags, linkers and/or NLS
sequences can be any described herein.

[0351] In some cases, sequences provided herein, including amino acid sequences for the
DNA-targeting systems or fusion proteins provided herein, contain sequences of one or more
tags, linkers and/or NLS sequences. In some aspects, it is understood that the exemplary tags,
linkers and/or NLS scquences arc not required or arc not the sole or cxclusive tags, linkers
and/or NLS scqucenccs that can be employed in the DNA-targeting systcms or fusion protcins. In
some aspects, sequences containing tags, linkers and/or NLS sequences are exemplary, and are
not limited to the specific tags, linkers and/or NLS sequences contained in the described
sequences. In some aspects, alternative tags, linkers and/or NLS sequences can be can be
employed in the DNA-largeling systems or [usion proteins, or the DNA-largeling system or
fusion protein in some cases does not contain or lacks a tag, linker and/or NLS. In some aspects,
alternative tags, linkers and/or NLS sequences include other known tags, linkers and/or NLS
sequences that have similar function or serve similar purposes.

[0352] In some embodiments, the DNA-targeting system or the fusion protein comprises the
sequence set forth in SEQ ID NO:91, or an amino acid sequence that has at least 90%, 91%,
2%, 93%, 94%, 95%, 96%, Y7%, 98%, or 99% sequence identity thereto. In some
embodiments, the DNA-targeting system or the fusion protein comprises the sequence set forth
in SEQ ID NO:115, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% scqucncc identity thercto.

I. Combinations of Fusion Proteins and/or DNA-targeting Systems

[0353] Also provided arc combinations, such as combinations of two or morc DNA-
targeting systems or components thercof. In some aspects, provided herein are combinations of
two or more DNA-targeting systems that independently target different target sites at a MeCP2
locus. In some aspects, the two or more DNA-targeting systems each comprise any of the DNA-
targeting systems described herein.

[0354] In some embodiments, the DNA-targeting domain is a [irst DNA-targeting domain,
and the DNA-targeting system further comprises one or more second DNA-targeting domain.

[0355] In some embodiments, the (irst DNA-targeting domain binds a first target sile in a
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MeCP2 locus; and the second DNA-targeting domain binds a second target site in a MeCP2
locus.

[0356] Also provided herein are DNA-targeting systems that binds to one or more target
sites in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus, the DNA-
targeting system comprising: a first DNA-targeting domain that binds a first target site in a
MeCP2 locus; and a second DNA-targeting domain that binds a second target site in a MeCP2
locus.

[0357] Also provided are combinations, such as combinations of two or more DNA-
targeting domains or fusion proteins or components thereof. In some aspects, provided herein
arc combinations of two or morc DNA-targeting domains or fusion protcins that independently
targcet diffcrent target sitcs at a McCP2 locus. In somc aspcects, the two or morc DNA-targeting
domains or fusion proteins each comprise any of the DN A-targeting domains or fusion proteins
described herein.

[0358] In some embodiments, the DNA-targeting domain is a first DNA-targeting domain,
and the DNA-targeling domain or fusion protein further comprises one or more second DNA-
targeting domains. In some embodiments, the first DNA-targeting domain binds a first target site
in the MECP2 locus, and the second DN A-targeting domain binds a second target site in the
MECP2 locus.

[0359] In some aspects, the provided combination of DNA-targeting domains or fusion
proteins include two or more DNA-targeting domains or fusion proteins, each of which target
particular regions of a MeCP2 locus.

[0360] Also provided herein is a combination, comprising a first DNA-targeting domain or
fusion protein comprising any of the DNA-targeting domains or fusion proteins described
hercin, and onc or morc sccond DNA-targcting domains or fusion protcins that binds to a sccond
target site in a regulatory DNA element of a MeCP2 locus. In some embodiments, the second
DNA-targeting domain or fusion protein comprises any of the DNA-targeting domains or fusion
proteins described herein.

[0361] In some embodiments, the first target site is any described herein, such as in Section
IILA. In some embodiments, the second target site is any described herein, such as in Section
IILA. In some embodiments, the first target site is located within the genomic coordinates human
genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158. In some embodiments, the
second target site is located within the genomic coordinates hg38 chrX:154,097,151-
154,098,158. In some embodiments, the first target site and the second target site independently
are located within the genomic coordinates hg38 chrX:154,097,151-154,098,158. In some
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embodiments, the [irst target site and the second target site are dillerent.

[0362] In some embodiments, the first DNA-targeting domain comprises a first Cas-gRNA
combination that includes (a) a first Cas protein or a variant thereof and (b) a first gRNA that is
capable of hybridizing to the target site or is complementary to the first target site; and the
second DNA-targeting domain comprises a second Cas-gRINA combination that includes (a) a
second Cas protein or a variant thereof and (b) a second gRNA that is capable of hybridizing to
the target site or is complementary to the second target site.

[0363] In some embodiments, the first Cas protein or a variant thereof and/or the second Cas
protein or a variant thereof is a variant Cas9 protein that lacks nuclease activity or thatis a
dcactivated Cas9 (dCas9) protcin.

[0364] In somc cmbodiments, the first variant Cas protcin and/or the sccond variant Cas
protein is a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least one amino
acid mutation selected from D10A and H840A, with reference to numbering of positions of SEQ
ID NO:96; or comprises the sequence set forth in SEQ ID NO:95, or an amino acid sequence
that has at least 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, or 99% sequence idenlily
thereto.

[0365] In some embodiments, the first variant Cas protein and/or the second variant Cas
protein is a Staphylococcus aureus dCas9 protein (dSaCas9) that comprises at least one amino
acid mutation selected from D10A and N580A, with reference to numbering of positions of SEQ
ID NO:99; or comprises the sequence set forth in SEQ ID NO:98, or an amino acid sequence
that has at least 90%, 91 %, 92%, 93%. 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto.

[0366] In some embodiments, the first Cas protein and the second Cas protein are the same.
In some embodiments, the first Cas protein and the sccond Cas protein arc different.

[0367] In some embodiments, the first Cas protein or a variant thereof and/or the second Cas
protein or a variant thereof is fused to at least one effector domain.

[0368] In some embodiments, the effector domain induces, catalyzes or leads to
transcription activation, transcription co-activation, transcription elongation, transcription de-
repression, transcription factor release, polymerization, histone modification, histone
acetylation, histone deacetylation, nucleosome remodeling, chromatin remodeling, reversal of
heterochromatin formation, nuclease, signal transduction, proteolysis, ubiquitination,
deubiquitination, phosphorylation, dephosphorylation, splicing, nucleic acid association, DNA
methylation, DNA demethylation, histone methylation, histone demethylation, or DNA base

oxidation. In some embodiments, the effector domain induces transcription activation.
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[0369] In some aspects, exemplary combination of DNA-targeting systems include: (a) a
fusion protein comprising a Cas protein or a variant thereof and (b) a combination of gRNAs,
such as a first gRNA that is capable of hybridizing to the target site or is complementary to the
first target site and a second gRNA that is capable of hybridizing to the target site or is
complementary to the second target site. In some aspects, also provided herein are combinations
of DNA-targeting systems comprising one type of Cas protein or variant thereof, such as a
dCas9 protein or variant thereof, and two or more different gRNAs, such as a combination of
gRNASs, such as any combination of gRNAs described herein. In some aspects, also provided
herein are combinations of DNA-targeting systems comprising one type of Cas protein or
variant thercof, such as a dCas9 protecin or variant thercof, two or more different types of
cffcctor domains, and two or morc diffecrent gRINAs, such as a combination of gRNAs, such as
any combination of gRNAs described herein. In some aspects, also provided herein are
combinations of DN A-targeting systems comprising two or more different type of Cas protein or
variant thereof, such as a dCas9 protein or variant thereof, and two or more different gRNAs,
such as a combination of gRNAs, such as any combination of gRNAs described herein. In some
aspects, also provided herein are combinations of DNA-targeting systems comprising two or
more different types of DNA-targeting domains and one type of effector domain. In some
aspects, also provided herein are combinations of DNA-targeting systems comprising two or
more different types of DNA-targeting domains and two or more different types of effector
domain.

[0370] In some embodiments, the first DNA-targeting domain comprises a first Cas-gRNA
combination comprising (a) a first Cas protein or a variant thereof and (b) a first gRNA that is
capable of hybridizing to the target site or is complementary to the first target site; and the
sccond DNA-targcting domain compriscs a sccond Cas-gRNA combination comprising (a) a
second Cas protein or a variant thereof and (b) a second gRINA that is capable of hybridizing to
the target site or is complementary to the second target site. In some embodiments, the first
DNA -targeting domain comprises a first Cas-gRNA combination comprising (a) a first Cas
protein or a variant thereof and (b) a first gRNA comprising at least one gRNA spacer sequence
set forth in SEQ ID NO:22 or a contiguous portion thereof of at least 14 nt. In some
embodiments, the second DNA-targeting domain comprises a second Cas-gRNA combination
comprising (a) a second Cas protein or a variant thereof and (b) a second gRNA comprising at
least one gRNA spacer sequence set forth in SEQ ID NO:28 or a contiguous portion thereof of at
least 14 nt.

[0371] In some embodiments, the first Cas-gRNA combination comprises (a) a first Cas
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protein or a variant thereof and (b) a (irst gRNA comprising at least one gRNA spacer sequence
set forth in SEQ ID NO:9 or a contiguous portion thereof of at least 14 nt; and the second Cas-
gRNA combination comprises (a) a second Cas protein or a variant thereof and (b) a second
gRNA comprising at least one gRNA spacer sequence set forth in SEQ ID NO:27 or a
contiguous portion thereof of at least 14 nt.

[0372] In some embodiments, all of the components of the combination of DNA-targeting
systems, DNA-targeting domains or fusion proteins provided herein are encoded in one
polynucleotide. In some embodiments, all of the components of the combination of DNA-
targeting systems, DNA-targeting domains or fusion proteins provided herein are encoded in
multiple individual polynuclcotides, such as a first polynuclcotide and a sccond polynucleotide.
In somc aspcects, first DNA-targceting system, DN A-targeting domain or fusion protcin and the
second DNA-targeting system, DNA-targeting domain or fusion protein are encoded in one
polynucleotide, such as a first polynucleotide. In some embodiments, the first DNA-targeting
system, domain or fusion protein and the second DNA-targeting system, domain or fusion
protein are encoded in one polynucleotide, such as a [irst polynucleotide. In some embodiments,
the first Cas protein and the second Cas protein are encoded in a first polynucleotide. In some
embodiments, the first Cas protein and the second Cas protein are encoded by the same
nucleotide sequence. In some embodiments, the first gRINA and the second gRNA are encoded
in a first polynucleotide. In some embodiments, the first Cas protein and the second Cas protein
are encoded by the same nucleotide sequence, and the Cas protein, the first gRNA, and the
second gRNA are encoded in a first polynucleotide. In some embodiments, the first DNA-
targeting domain is encoded in a first polynucleotide and the second DNA-targeting domain is
encoded in a second polynucleotide. In some embodiments, the first Cas protein is encoded in a
first polynuclcotide and the sccond Cas protein is encoded in a sccond polynucleotide. In some
embodiments, the first gRNA is encoded in a first polynucleotide and the second gRNA is
encoded in a second polynucleotide. In some embodiments, the first Cas protein and the first
gRNA are encoded in a first polynucleotide, and the second Cas protein and the second gRNA

are encoded in a second polynucleotide.

III. POLYNUCLEOTIDES, VECTORS AND DELIVERY OF DNA-TARGETING
SYSTEMS
[0373] Provided are polynucleotides encoding any of the DNA-targeting systems described
herein, any of the gRNAs described herein, any of the combinations described herein, or any of

the [usion proteins described herein, or a portion or a component of any of the foregoing. In
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some ol any embodiments, provided are polynucleotides encoding any of the [usion proteins
described herein. Also provided herein are polynucleotides encoding any of the gRNAs or
combinations of gRNAs described herein.

[0374] The polynucleotides can encode any of the components of the DNA-targeting
systems, and/or any nucleic acid or proteinaceous molecule necessary to carry out the aspects of

the methods of the disclosure can comprise a vector (e.g., a recombinant expression vector).

A, Nucleic Acids

[0375] Provided are polynucleotides encoding any of the DN A-targeting systems described
herein, including a protein component of the DNA-targeting system (e.g., Cas protein or a
variant thereof) and the at least one gRNA, such as one or more RNAs.

[0376] In some embodiments, provided are polynucleotides comprising the gRNAS
described herein. In some embodiments, the gRNA is transcribed from a genetic construct (i.e.
vector or plasmid) in the target cell. In some embodiments, the gRNA is produced by in vitro
transcription and delivered to the target cell. In some embodiments, the gRNA comprises one or
more modified nucleotides for increased stability. In some embodiments, the gRNA is delivered
to the target cell pre-complexed as a RNP with the [usion protein.

[0377] In some embodiments, a provided polynucleotide encodes a [usion protein as
described herein that includes (a) a DNA-targeting domain capable of being targeted to a target
site of a target gene as described; and (b) at least one effector domain capable of reducing
transcription of the gene. In some embodiments, the fusion protein includes a fusion protein of a
Cas protein or variant thereof and at least one effector domain capable of reducing transcription
of a gene. In a particular example, the Cas is a deactivated Cas (dCas), such as dCas9. In some
embodiments, the dCas9 is a dSpCas9. Examples of such domains and fusion proteins include
any as described in Section 1.

[0378] In somc embodiments, the polynucleotide, such as a polynucleotide encoding any of
thc components of the DNA targcting systcm, fusion protcin and/or gRNA, is DNA. In somc
embodiments, the polynucleotide, such as a polynucleotide encoding any of the components of
the DNA targeting system, fusion protein and/or gRNA, is RNA. In some embodiments, the
polynucleotide is mRNA. In some embodiments, the gRNA is provided as RNA and a
polynucleotide encoding the fusion protein is mRNA. In some aspects, the mRNA is 5’ capped
and/or 3' polyadenylated. In some embodiments, a polynucleotide provided herein is DNA. In
some aspects, the DNA is present in a vector.

[0379] In some embodiments, the polynucleotide encodes the [usion protein and one or more
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gRNAs or a combination of gRNAs.

[0380] In some embodiments, the polynucleotide as provided herein can be codon optimized
for efficient translation into protein in the eukaryotic cell or animal of interest. For example,
codons can be optimized for expression in humans, mice, rats, hamsters, cows, pigs, cats, dogs,
fish, amphibians, plants, yeast, insects, and others.

[0381] In some embodiments, the polynucleotide comprises the sequence set forth in SEQ
ID NO:90, or a sequence having at least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity thereto. In some embodiments, the
polynucleotide comprises the sequence set forth in SEQ ID NO:90.

[0382] Also provided arc polynuclcotides encoding a first DNA-targeting system, a first Cas
protcin and/or a first gRNA of any of thc DNA-targcting systcms described hercin or any of the
combinations described herein.

[0383] Also provided herein are pluralities of polynucleotides, comprising: (a) a
polynucleotide encoding a first DNA-targeting system, a first Cas protein and/or a first gRNA of
any of the embodiments disclosed herein or any ol the combinations of gRINAs disclosed herein,
and (b) a polynucleotide encoding a second DNA-targeting system, a second Cas protein and/or
a second gRNA of any of the embodiments disclosed herein or any of the combinations of
gRNAs disclosed herein.

[0384] Provided are polynucleotides encoding a second DNA-targeting system, a second
Cas protein and/or a second gRNA of any of the DNA-targeting systems described herein or any
of the combinations described herein.

[0385] Provided are polynucleotides that include any of the polynucleotides described
herein, and one or more additional polynucleotides encoding an additional portion or an
additional component of any of thc DN A-targcting systems dcscribed herein, any of the gRNAs
described herein, any of the combinations described herein, or any of the fusion proteins
described herein, or a portion or a component of any of the foregoing.

[0386] Provided are pluralities of polynucleotides, that includes a first polynucleotide
comprising any of the polynucleotides described herein; and a second polynucleotide comprising
any of the polynucleotides described herein.

[0387] In some embodiments, the first DNA-targeting domain and the second DNA-
targeting domain are encoded in a first polynucleotide. In some embodiments, the first Cas
protein and the second Cas protein are encoded in a first polynucleotide. In some embodiments,
the first Cas protein and the second Cas protein are encoded by the same nucleotide sequence. In

some embodiments, the first gRNA and the second gRNA are encoded in a first polynucleotide.
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In some embodiments, the first Cas protein and the second Cas protein are encoded by the same
nucleotide sequence, and the Cas protein, the first gRNA, and the second gRNA are encoded in
a first polynucleotide.

[0388] In some embodiments, the first DNA-targeting domain is encoded in a first
polynucleotide and the second DNA-targeting domain is encoded in a second polynucleotide. In
some embodiments, the first Cas protein is encoded in a first polynucleotide and the second Cas
protein is encoded in a second polynucleotide. In some embodiments, the first gRNA is encoded
in a first polynucleotide and the second gRNA is encoded in a second polynucleotide. In some
embodiments, the first Cas protein and the first gRINA are encoded in a first polynucleotide, and

the sccond Cas protein and the sccond gRNA arc cncoded in a sccond polynucleotide.

B. Yectors

[0389] Provided are vectors that include any of the polynucleotides described herein, any of
the pluralities of polynucleotides described herein, or a first polynucleotide or a second
polynucleotide of any of the pluralities of polynucleotides described herein, or a portion or a
component of any of the foregoing. Also provided herein is a vector that comprises or contains
any of the provided polynucleotides. In some embodiments, the veclor comprises a genelic
construct, such as a plasmid or an expression vector. The vector can be a sell-inactivaling vector
that either inactivates the viral sequences or the components of the CRISPR machinery or other
elements.

[0390] In some embodiments, the expression vector comprising the sequence encoding the
fusion protein of a DNA-targeting system provided herein further comprises a nucleic acid
sequence encoding at least one gRNA. In some embodiments, the expression vector comprises a
nucleic acid sequence or combination of nucleic acid sequences encoding two or more gRNAs,
such as two gRNAs. In some embodiments, the expression vector comprises a nucleic acid
sequence or combination of nucleic acid scquences encoding three gRNAs. In some cases, the
scquence cncoding the gRNA is opcrably linked to at lcast onc transcriptional control scquence
or transcriptional regulatory sequence (e.g., cis-regulatory sequence) for expression of the
gRNA in the cell. In some aspects, DNA encoding the gRNA can be operably linked to a
promoter sequence that is recognized by RNA polymerase III (Pol II1). Examples of suitable Pol
IIT promoters include, but are not limited to, mammalian U6, U3, H1, and 7SL RNA promoters,
or variants thereol. In some aspects, if the expression vector comprises nucleic acid sequences
encoding two or more gRNAs, each gRNA is operably linked to an identical Pol III promoter, or

di(ferent Pol III promoters.
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[0391] In some embodiments, provided is a veclor containing a polynucleotide that encodes
a fusion protein comprising a DNA-targeting domain comprising a dCas and at least one effector
domain capable of increasing transcription of a gene, and a polynucleotide or combination of
polynucleotides encoding a gRNA, or a plurality of gRNAs, such as two, three, or four or more
gRNAs, or such as two, three, or four or more different gRNAs. In some embodiments, the
dCas is a dCas9, such as dSaCas9 or dSpCas9. In some embodiments, the polynucleotide
encodes a fusion protein that includes a dSaCas9 set forth in SEQ 1D NO:72. In some
embodiments, the polynucleotide encodes a fusion protein that includes a dSpCas9 set forth in
SEQ ID NO:78. In some embodiments, the polynucleotide(s) encodes one or more a gRNAS
described herein, for cxample in or a plurality of gRNAs, cach gRNA as described in Section
II.B.

[0392] In some examples, a polynucleotide and/or a vector described herein can comprise
one or more transcription and/or translation control elements. Depending on the host/vector
system utilized, any of a number of suitable transcription and translation control elements,
including constitutive and inducible promoters, transcription enhancer elements, (ranscription
terminators, etc. can be used in the expression vector. The vector can be a self-inactivating
vector that either inactivates the viral sequences or the components of the CRISPR machinery or
other elements.

[0393] Non-limiting examples of suitable eukaryotic promoters (i.e., promoters functional in
a eukaryotic cell) include those from cytomegalovirus (CMV) immediate early, herpes simplex
virus (HSV) thymidine kinase, early and late SV40, long terminal repeats (LTRs) from
retrovirus, human elongation factor-1 promoter (EF1), a hybrid construct comprising the
cytomegalovirus (CMV) enhancer fused to the chicken beta-actin promoter (CAG), murine stem
ccll virus promotcr (MSCV), phosphoglyccrate kinasc-1 locus promoter (PGK), and mouse
metallothionein-1.

[0394] For expressing small RNAs, including guide RNAs used in connection with the
DNA -targeting systems, various promoters such as RNA polymerase III promoters, including
for example U6 and H1, can be advantageous. Descriptions of and parameters for enhancing the
use of such promoters are known in art, and additional information and approaches are regularly
being described; see, e.g., Ma, H. et al., Molecular Therapy—Nucleic Acids 3, el61 (2014)
do0i:10.1038/mtna.2014.12.

[0395] The expression vector can also contain a ribosome binding site for translation
initiation and a transcription terminator. The expression vector can also comprise appropriate

sequences for amplifying expression. The expression vector can also include nucleotide
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sequences encoding non-native tags (e.g., histidine tag, hemagglutinin tag, green (luorescent
protein, etc.) that are fused to the site-directed polypeptide, thus resulting in a fusion protein.

[0396] A promoter can be an inducible promoter (e.g., a heat shock promoter, tetracycline-
regulated promoter, steroid-regulated promoter, metal-regulated promoter, estrogen receptor-
regulated promoter, etc.). The promoter can be a constitutive promoter (e.g., CMV promoter,
UBC promoter). In some cases, the promoter can be a spatially restricted and/or temporally
restricted promoter (e.g., a tissue specific promoter, a cell type specific promoter (e.g. nervous
system specific promoter), etc.).

[0397] In some examples, vectors can be capable of directing the expression of nucleic acids
to which they arc opceratively linked. Such vectors arc referred to herein as “recombinant
cxpression vectors”, or more simply “cxpression vectors’”, which serve cquivalent functions.

[0398] Exemplary expression vectors contemplated include, but are not limited to, viral
vectors based on vaccinia virus, poliovirus, adenovirus, adeno-associated virus, SV40, herpes
simplex virus, human immunodeficiency virus, retrovirus (e.g., Murine Leukemia Virus, spleen
necrosis virus, and vectors derived [rom retroviruses such as Rous Sarcoma Virus, Harvey
Sarcoma Virus, avian leukosis virus, a lentivirus, human immunodeficiency virus,
myeloproliferative sarcoma virus, and mammary tumor virus) and other recombinant vectors.
Other vectors contemplated for eukaryotic target cells include, but are not limited to, the vectors
pXTL1, pSGS, pSVK3, pBPV, pMSG, and pSVLSV40 (Pharmacia). Other vectors can be used so
long as they are compatible with the host cell.

[0399] In some embodiments, the vector is a viral vector, such as an adeno-associated virus
(AAV) vector, a retroviral vector, a lentiviral vector, or a gammaretroviral vector. n some
embodiments, the viral vector is an adeno-associated virus (AAYV) vector. In some embodiments,
thc AAYV vcctor is sclected from among an AAV1, AAV2, AAV3, AAV4, AAVS, AAVG,
AAV7, AAVSE, or AAVYY vector. In some embodiments, the vector is a lentiviral vector. In some
embodiments, the vector is a non-viral vector, for example a lipid nanoparticle, a liposome, an
exosome, or a cell penetrating peptide.

[0400] In some embodiments, the vector comprises one vector, or two or more vectors.

[0401] In some aspects, provided herein are pluralities of vectors that comprise any of the
vectors described herein, and one or more additional vectors comprising one or more additional
polynucleotides encoding an additional portion or an additional component of any of the DNA-
targeting systems described herein, any of the gRNAs described herein, any of the combinations
described herein, or any of the fusion proteins described herein, or a portion or a component of

any of the foregoing.
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[0402] Provided are pluralilies of veclors, that include: a first vector comprising any of the
polynucleotides described herein; and a second vector comprising any of the polynucleotides
described herein. Also provided herein are pluralities of vectors, comprising: a first vector
comprising a polynucleotide encoding a first DNA-targeting system, a first Cas protein and/or a
first gRNA of any of the embodiments of a DNA-targeting system described herein or any of the
combinations of gRINAs described herein; and; a second vector comprising a polynucleotide
encoding a second DNA-targeting system, a second Cas protein and/or a second gRNA of any
of the embodiments of a DNA-targeting system described herein or any of the combinations of
gRNAs described herein.

[0403] In somc ecmbodiments, polynucleotides can be cloned into a suitable vector, such as
an cxpression vector or vectors. The cxpression vector can be any suitable recombinant
expression vector, and can be used to transform or transfect any suitable cell. Suitable vectors
include those designed for propagation and expansion or for expression or both, such as
plasmids and viruses.

[0404] In some embodiments, the vector can be a vector of the pUC series (Fermentas Life
Sciences), the pBluescript series (Stratagene, LaJolla, Calif.), the pET series (Novagen,
Madison, Wis.), the pGEX series (Pharmacia Biotech, Uppsala, Sweden), or the pEX series
(Clontech, Palo Alto, Calif.). In some embodiments, animal expression vectors include pEUK-
Cl, pMAM and pMAMneo (Clontech). In some embodiments, a viral vector is used, such as a
lentiviral or retroviral vector. In some embodiments, the recombinant expression vectors can be
prepared using standard recombinant DNA techniques. In some embodiments, vectors can
contain regulatory sequences, such as transcription and translation initiation and termination
codons, which are specific to the type of host into which the vector is to be introduced, as
appropriatc and taking into considcration whcther the vector is DNA- or RNA- bascd. In some
embodiments, the vector can contain a nonnative promoter operably linked to the nucleotide
sequence encoding the recombinant receptor. In some embodiments, the promoter can be a non-
viral promoter or a viral promoter, such as a cytomegalovirus (CMV) promoter, an SV40
promoter, an RSV promoter, and a promoter found in the long-terminal repeat of the murine
stem cell virus. Other promoters known to a skilled artisan also are contemplated.

[0405] In some embodiments, recombinant nucleic acids are transferred into cells using
recombinant infectious virus particles, such as, e.g., vectors derived from simian virus 40
(SV40), adenoviruses, or adeno-associated virus (AAYV). In some embodiments, recombinant
nucleic acids are transferred into cells (e.g. central nervous system cells, such as neurons) using

recombinant lentiviral vectors or retroviral vectors, such as gamma-retroviral vectors (see, e.g.,
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Koste et al. (2014) Gene Therapy 2014 Apr 3. doi: 10.1038/g1.2014.25; Carlens et al. (2000)
Exp Hematol 28(10): 1137-46; Alonso-Camino et al. (2013) Mol Ther Nucl Acids 2, €93; Park
et al., Trends Biotechnol. 2011 November 29(11): 550-557.

[0406] In some embodiments, the retroviral vector has a long terminal repeat sequence
(LTR), e.g., a retroviral vector derived from the Moloney murine leukemia virus (MoMLYV),
myeloproliferative sarcoma virus (MPSV), murine embryonic stem cell virus (MESV), murine
stem cell virus (MSCV), spleen focus forming virus (SFFV), or adeno-associated virus (AAV).
Most retroviral vectors are derived from murine retroviruses. In some embodiments, the
retroviruses include those derived from any avian or mammalian cell source. The retroviruses
typically arc amphotropic, mcaning that they arc capable of infecting host cclls of scveral
spccics, including humans. In onec cmbodiment, the gene to be expressed replacces the retroviral
gag, pol and/or env sequences. A number of illustrative retroviral systems have been described
(e.g., U.S. Pat. Nos. 5,219,740; 6,207,453; 5,219,740; Miller and Rosman (1989) BioTechniques
7:980-990; Miller, A. D. (1990) Human Gene Therapy 1:5-14; Scarpa et al. (1991) Virology
180:849-852; Burns et al. (1993) Proc. Nau. Acad. Sci. USA 90:8033-8037; and Boris-Lawrie
and Temin (1993) Cur. Opin. Genet. Develop. 3: 102-109.

[0407] In some embodiments, the vector is a lentiviral vector. In some embodiments, the
lentiviral vector is an integrase-deficient lentiviral vector. In some embodiments, the lentiviral
vector is a recombinant lentiviral vector. In some embodiments, the lentivirus is selected or
engineered for a desired tropism (e.g. for central nervous system tropism, or tropism for a heart
cell, such as a cardiomyocyte, a skeletal muscle cell, a nervous system cell, such as a neuron, a
fibroblast, or an induced pluripotent stem cell). In some embodiments, the cell for any of the
provided compositions, such as DNA-targeting systems, fusion proteins, gRNAs,
polynucleotides and/or vectors to be delivered is a heart ccll, a skcletal muscle ccll, a nervous
system cell, or an induced pluripotent stem cell. Methods of lentiviral production, transduction,
and engineering are known, for example as described in Kasaraneni, N. et al. Sci. Rep.
8(1):10990 (2018), Ghaleh, H.E.G. et al. Biomed. Pharmacother. 128:110276 (2020), and
Milone, M.C. et al. Leukemia. 32(7):1529-1541 (2018). Additional methods for lentiviral
transduction are described, for example in Wang et al. (2012) J. Immunother. 35(9): 689-701;
Cooper et al. (2003) Blood. 101: 1637- 1644; Verhoeyen et al. (2009) Methods Mol Biol. 506:
97-114; and Cavalieri et al. (2003) Blood. 102(2): 497-505.

[0408] In some embodiments, recombinant nucleic acids are transferred into cells (e.g.
central nervous system cells, such as neurons, or a heart cell, a skeletal muscle cell, a nervous

system cell, or an induced pluripotent stem cell) via electroporation (see, e.g., Chicaybam et al,
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(2013) PLoS ONE 8(3): €60298 and Van Tedeloo et al. (2000) Gene Therapy 7(16): 1431-
1437). In some embodiments, recombinant nucleic acids are transferred into cells via
transposition (see, e.g., Manuri et al. (2010) Hum Gene Ther 21(4): 427-437; Sharma et al.
(2013) Molec Ther Nucl Acids 2, €74; and Huang et al. (2009) Methods Mol Biol 506: 115-
126). Other methods of introducing and expressing genetic material into immune cells include
calcium phosphate transfection (e.g., as described in Current Protocols in Molecular Biology,
John Wiley & Sons, New York. N.Y.), protoplast fusion, cationic liposome-mediated
transfection; tungsten particle-facilitated microparticle bombardment (Johnston, Nature, 346:
776-777 (1990)); and strontium phosphate DNA co-precipitation (Brash et al., Mol. Cell Biol.,
7:2031-2034 (1987)).

1. AAV vectors

[0409] In some embodiments, the viral vector is an AAV vector. In some embodiments, the
AAV vector is selected from among an AAV1, AAV2, AAV3, AAV4, AAVS5, AAV6, AAVT,
AAVE, AAVY9, AAV10, AAV11, AAV12, or an AAV-DIJ vector. In some embodiments, the
AAV vector is an AAV vector engineered for central nervous system (CNS) tropism. In some
embodiments, the AAV vector is selected from among an AAV1, AAV2, AAV3, AAVA4,
AAVS5, AAV6, AAVT7, AAVS, or AAV9 veclor. In some embodiments, the AAV veclor is an
AAVS5 vector or an AAV9 vector. In some aspects, the AAV vector is an AAV9 vector. In some
aspects, the AAV vector is an AAVS vector. In some aspects, the AAV vector is an AAV-DJ
vector.

[0410] In some embodiments, the AAV is selected or engineered for a desired tropism (e.g.
for central nervous system tropism, or tropism for a heart cell, such as a cardiomyocyte, a
skeletal muscle cell, a nervous system cell, such as a neuron, a fibroblast, or an induced
pluripotent stem cell (iPSC)). In some embodiments, the AAYV is exhibits tropism for a
cardiomyocyte. In some cmbodiments, the AAV is exhibits tropism for a nervous system cell. In
somc cmbodiments, thc AAV is cxhibits tropism for a ccll of the central nervous system (CNS).
In some embodiments, the AAYV is exhibits tropism for a neuron. In some embodiments, the
A AV is exhibits trapism for a fibroblast. In some embodiments, the AAYV is exhibits tropism for
an iPSC.

[0411] In some aspects, nucleic acids or polynucleotides encoding any of the DNA-targeting
systems, guide RNAs, (usion proleins, or components, portions or combinations thereof can be
delivered to cells or subjects using gene delivery vectors, such as viral vectors. In some aspects,

provided herein are viral vectors that comprise any of the nucleic acids or polynucleotides
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described herein, any of the pluralities ol nucleic acids or polynucleotides described herein, or a
first polynucleotide or a second polynucleotide of any of the pluralities of polynucleotides
described herein, or a portion or a component of any of the foregoing.

[0412] Examples of virions that can be employed to deliver any of the nucleic acids or
polynucleotides provided herein include but are not limited to retroviral virions, lentiviral
virions, adenovirus virions, herpes virus virions, alphavirus virions, and adeno-associated virus
(AAV) virions. AAV is a 4.7 kb, single-stranded DNA virus. Recombinant virions based on
AAV (rAAYV virions) are associated with excellent clinical safety, since wild-type AAYV is
nonpathogenic and has no etiologic association with any known diseases. In addition, AAV
offers the capability for highly cfficient delivery and sustained expression of the delivered
nuclcic acid, composition or componcnt thercof, in numcrous tissucs, including the nervous
system, eye, muscle, lung and brain.

[0413] A “recombinant AAV vector (recombinant adeno-associated viral vector)” in some
aspects refers to a polynucleotide vector comprising one or more heterologous sequences (i.e.,
nucleic acid sequence not of AAYV origin) that are flanked by at least one AAYV inverted terminal
repeat sequences (ITR). In some aspects, the recombinant nucleic acid is flanked by two
inverted terminal repeat sequences (ITRs). Such recombinant viral vectors can be replicated and
packaged into infectious viral particles when present in a host cell that has been infected with a
suitable helper virus (or that is expressing suitable helper functions) and that is expressing AAV
rep and cap gene products (i.e., AAV Rep and Cap proteins). When a recombinant viral vector is
incorporated into a larger polynucleotide (e.g., in a chromosome or in another vector such as a
plasmid used for cloning or transfection), then the recombinant viral vector may be referred to as
a “pro-vector’” which can be “rescued” by replication and encapsidation in the presence of AAV
packaging functions and suitablc helper functions. A recombinant viral vector can be in any of a
number of forms, including, but not limited to, plasmids, linear artificial chromosomes,
complexed with lipids, encapsulated within liposomes, and encapsidated in a viral particle, for
example, an AAV particle. A recombinant viral vector can be packaged into an AAYV virus
capsid to generate a “recombinant adeno-associated viral particle (recombinant viral particle)”.

[0414] An “rAAYV virus” or “rAAV viral particle” refers to a viral particle composed of at
least one AAV capsid protein and an encapsidated rAAV vector genome.

[0415] “AAYV helper functions” refer to functions that allow AAYV to be replicated and
packaged by a host cell for producing viruses. AAYV helper functions can be provided in any of
a number of forms, including, but not limited to, helper virus or helper virus genes which aid in

AAY replication and packaging. Other AAYV helper functions are known, such as genotoxic
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agents.

[0416] A “helper virus” for AAV refers to a virus that allows AAYV (which is a defective
parvovirus) to be replicated and packaged by a host cell for producing viruses. A helper virus
provides “helper functions’” which allow for the replication of AAV. A number of such helper
viruses have been identified, including adenoviruses, herpesviruses, poxviruses such as vaccinia
and baculovirus. The adenoviruses encompass a number of different subgroups, although
Adenovirus type 5 of subgroup C (AdS) is most commonly used. Numerous adenoviruses of
human, non-human mammalian and avian origin are known and are available from depositories
such as the ATCC. Viruses of the herpes family, which are also available from depositories such
as ATCC, includc, for example, herpes simplex viruscs (HSV), Epstein-Barr viruscs (EBV),
cytomcgaloviruscs (CMV) and pscudorabics viruscs (PRV). Examples of adenovirus helper
functions for the replication of AAV include E1A functions, E1B functions, E2A functions, VA
functions and Edorf6 functions. Baculoviruses available from depositories include Autographa
californica nuclear polyhedrosis virus.

[0417] A preparation o[ TAAYV is said to be “substantially (ree” of helper virus if the ratio of
infectious AAYV particles to infectious helper virus particles is at least about 102:1; at least about
104:1, at least about 106:1; or at least about 108:1 or more. In some aspects, preparations are also
free of equivalent amounts of helper virus proteins (i.e., proteins as would be present as a result
of such a level of helper virus if the helper virus particle impurities noted above were present in
disrupted form). Viral and/or cellular protein contamination can generally be observed as the
presence of Coomassie staining bands on SDS gels (e.g., the appearance of bands other than
those corresponding to the AAYV capsid proteins VP1, VP2 and VP3).

[0418] In some aspects, the recombinant viral particles for delivery of any of the provided
nuclcic acids, compositions or componcents thercof comprisc a sclf-complementary AAV
(SCAAV) genome. In some aspects, the recombinant AAV genome comprises a first
heterologous polynucleotide sequence (e.g.. coding strand) and a second heterologous
polynucleotide sequence (e.g., the noncoding or antisense strand) wherein the first heterologous
polynucleotide sequence can form intrastrand base pairs with the second polynucleotide
sequence along most or all of its length. In some aspects, the first heterologous polynucleotide
sequence and a second heterologous polynucleotide sequence are linked by a sequence that
facilitates intrastrand base-pairing; e.g., a hairpin DNA structure. Hairpin structures are known,
for example in siRNA molecules. In some aspects, the first heterologous polynucleotide
sequence and a second heterologous polynucleotide sequence are linked by a mutated ITR. In

some aspects, the scAAYV viral particles comprise a monomeric form of an scAAV genome. In
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some aspects, the scAAV viral particles comprise the dimeric form of and scAAV genome. In
some aspects, AUC as described herein is used to detect the presence of TAAYV particles
comprising the monomeric form of an sSCAAV genome. In some aspects, AUC as described
herein is used to detect the presence of rAAV particles comprising the dimeric form of an
scAAYV genome. In some aspects, the packaging of scAAV genomes into capsid is monitored
by AUC.

[0419] In some aspects, the rAAYV particles comprise an AAV1 capsid, an AAV2 capsid, an
AAV3 capsid, an AAV4 capsid, an AAVS capsid, an AAV6 capsid (e.g., a wild-type AAV6
capsid, or a variant AAV6 capsid such as ShH10, as described in US 2012/0164106), an AAV7
capsid, an AAVS capsid, an AAVrh8 capsid, an AAVrh8R, an AAVY capsid (c.g., a wild-type
AAVO capsid, or a modificd AAV9 capsid as described in US 2013/0323226), an AAV 10
capsid, an AAVrh10 capsid, an AAV11 capsid, an AAV 12 capsid, a tyrosine capsid mutant, a
heparin binding capsid mutant, an AAV2R471A capsid, an AAVAAV2/2-7m8 capsid, an AAV
DJ capsid (e.g., an AAV-DJ/8 capsid, an AAV-DIJ/9 capsid, or any other AAV-DJ capsid, such
as any of the capsids described, for example, in US 2012/0066783 or Mao, Y. el al., BMC
Biotechnol. 16:1 (2016), an AAV2 N587A capsid, an AAV2 E548A capsid, an AAV2 N708A
capsid, an AAV V708K capsid, a goat AAV capsid, an AAV1/AAV2 chimeric capsid, a bovine
AAYV capsid, a mouse AAV capsid, or an AAV capsid described in US Pat. 8,283,151 or WO
2003/042397. In some of the above embodiments described herein, the rAAYV particles
comprise at least one AAV1 ITR, AAV2 ITR, AAV3 ITR, AAV4 ITR, AAV5 ITR, AAV6 ITR,
AAVT7TITR, AAVE ITR, AAVrh8 ITR, AAV9 ITR, AAV10OITR, AAVrh10 ITR, AAV11 ITR,
AAVI12 ITR, AAV DJ ITR, goat AAV ITR, bovine AAV ITR, or mouse AAV ITR. In some
aspects, the rAAV particles comprise ITRs from one AAV serotype and AAV capsid from
another scrotype. For example, the tAAYV particles may comprisc the nuclcic acid to be
delivered (e.g., encoding any of the DNA-targeting systems, fusion proteins, gRNA,
compositions or components thereof) flanked by at least one AAV?2 ITR encapsidated into an
AAV9O capsid. Such combinations may be referred to as psendotyped rAAYV particles.
Exemplary AAYV vectors include those described, for example, in WO 2020/113034, US
20220001028, US 20220001028, US 20210317474, and US 20160097061.

[0420] In some aspects, the viral particle is a recombinant AAYV particle comprising a
nucleic acid to be delivered flanked by one or two ITRs. The nucleic acid is encapsidated in the
AAYV particle. The AAV particle also comprises capsid proteins. In some aspects, the nucleic
acid comprises the protein coding sequence or RNA-expressing sequences to be delivered (e.g.,

any of the DNA-targeting systems, fusion proteins, gRNA, compositions or components thereof)
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operalively linked components in the direction of transcription, control sequences including
transcription initiation and termination sequences, thereby forming an expression cassette. The
expression cassette is flanked on the 5’ and 3" end by at least one functional AAV ITR
sequences. By “functional AAV ITR sequences” it is meant that the ITR sequences function as
intended for the rescue, replication and packaging of the AAYV virion. See Davidson et al.,
PNAS, 2000, 97(7)3428-32; Passini et al., J. Virol., 2003, 77(12):7034-40; and Pechan et al.,
Gene Ther., 2009, 16:10-16, all of which are incorporated herein in their entirety by reference.
For practicing some aspects of the invention, the recombinant vectors comprise at least all of the
sequences of AAV essential for encapsidation and the physical structures for infection by the
TAAV. AAV ITRs for usc in the vectors of the invention need not have a wild-type nucleotide
scquence (c.g., as described in Kotin, Hum. Gene Ther., 1994, 5:793-801), and may bc altcred
by the insertion, deletion or substitution of nucleotides or the AAV ITRs may be derived from
any of several AAV serotypes. More than 40 serotypes of AAV are currently known, and new
serotypes and variants of existing serotypes continue to be identified. See Gao et al., PNAS,
2002, 99(18): 11854-6; Gao et al., PNAS, 2003, 100(10):6081-6; and Bossis et al., J. Virol.,
2003, 77(12):6799-810. Use of any AAV serotype is considered within the scope of the present
invention. In some aspects, arAAV vector is a vector derived from an AAV serotype, including
without limitation, AAV1, AAV2, AAV3, AAV4, AAVS5, AAV6, AAVT, AAVSE, AAV9,
AAVrh.8, AAVrh.10, AAV11, AAV12, a tyrosine capsid mutant, a heparin binding capsid
mutant, an AAV2R471A capsid, an AAVAAV2/2-TmS8 capsid, an AAV DJ capsid, an AAV2
N587A capsid, an AAV?2 E548A capsid, an AAV2 N708A capsid, an AAY V708K capsid, a
goat AAYV capsid, an AAV1/AAV2 chimeric capsid, a bovine AAV capsid, or a mouse AAV
capsid, or the like. In some aspects, the nucleic acid in the AAV comprises an ITR of AAV1,
AAV2, AAV3, AAV4, AAVS, AAVO, AAVT, AAVSE, AAV9, AAVrh.8, AAVrhl0, AAV1I,
AAV12 or the like. In further embodiments, the rAAYV particle comprises capsid proteins of
AAV1, AAV2, AAV3, AAV4, AAVS5, AAV6, AAVT, AAVE, AAV9, AAVrh.8, AAVrh.10,
AAV11, AAV12 or the like. In further embodiments, the rAAV particle comprises capsid
proteins of an AAYV serotype from Clades A-F (Gao, etal. J. Virol. 2004, 78(12):6381).

[0421] Different AAV serotypes are used to optimize transduction of particular target cells
or to target specific cell types within a particular target tissue (e.g., a diseased tissue). A TtAAV
particle can comprise viral proteins and viral nucleic acids of the same serotype or a mixed
serotype. For example, a rAAYV particle can comprise AAV9 capsid proteins and at least one
AAV2 ITR or it can comprise AAV?2 capsid proteins and at least one AAV9 ITR. In yet another
example, a rAAYV particle can comprise capsid proteins from both AAV9 and AAV?2, and
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further comprise at least one AAV2 ITR. Any combination of AAV serotypes [or production of
aTAAYV particle is provided herein as if each combination had been expressly stated herein.

[0422] In some aspects, the AAV comprises at least one AAV1 ITR and capsid protein from
any of AAV-DJ, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAVSE, AAVY, AAVrh.§,
AAVrh10, AAV11, and/or AAV12. In some aspects, the AAV comprises at least one AAV2
ITR and capsid protein from any of AAV-DJ, AAV1, AAV3, AAV4, AAVS, AAV6, AAV7,
AAVSE, AAVY, AAVrh.8, AAVrhl10, AAV1I, and/or AAV12. In some aspects, the AAV
comprises at least one AAV3 ITR and capsid protein from any of AAV-DJ, AAV1, AAV2,
AAV4, AAVS, AAV6, AAVT, AAVSE, AAV9, AAVTh.8, AAVrhl0, AAV11, and/or AAV12.
In some aspects, the AAV compriscs at lcast onc AAV4 I'TR and capsid protein from any of
AAV-DJ, AAVI1, AAV2, AAV3, AAV5, AAV6, AAV7, AAVSE, AAV9, AAVrh.8, AAVrhl0,
AAV11, and/or AAV12. In some aspects, the AAV comprises at least one AAVS5 ITR and
capsid protein from any of AAV-DJ, AAV1, AAV2, AAV3, AAV4, AAV6, AAVT, AAVS,
AAV9, AAVrh.8, AAVrhl10, AAV11, and/or AAV12. In some aspects, the AAV comprises at
least one AAV6 ITR and capsid protein {rom any of AAV-DJ, AAV1, AAV2, AAV3, AAV4,
AAVS5, AAV7T, AAVSE, AAV9, AAVTh.8, AAVTh10, AAV11, and/or AAV12. In some aspects,
the AAV comprises at least one AAV7 I'TR and capsid protein from any of AAV-DJ, AAVI,
AAV2, AAV3, AAV4, AAVS5, AAVO, AAVS, AAV9, AAVrh.8, AAVrh10, AAV11, and/or
AAV12. In some aspects, the AAV comprises at least one AAVS8 ITR and capsid protein from
any of AAV-DJ, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7T, AAV9Y, AAVrh.§,
AAVrhl10, AAV11, and/or AAV12. In some aspects, the AAV comprises at least one AAV9
ITR and capsid protein from any of AAV-DJ, AAV1, AAV2, AAV3, AAV4, AAVS, AAVG6,
AAVT, AAVE, AAVrh.8, AAVrhl10, AAV1I1, and/or AAV12. In some aspects, the AAV
compriscs at lcast onc AAVrh8 ITR and capsid protcin from any of AAV-DJ, AAV1, AAV2,
AAV3, AAV4, AAVS5, AAVO, AAVSE, AAV9, AAVThl0, AAV1I, and/or AAV12. In some
aspects, the AAV comprises at least one AAVrhl10 ITR and capsid protein from any of AAV-
DI, AAV1, AAV2, AAV3, AAV4, AAVS5, AAV6, AAVT, AAVE, AAV9, AAV11, and/or
AAV12. In some aspects, the AAV comprises at least one AAV11 ITR and capsid protein from
any of AAV-DJ, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, AAVThS,
AAV9, AAVrh10, and/or AAV12. In some aspects, the AAV comprises at least one AAV12
ITR and capsid protein from any of AAV-DJ, AAV1, AAV2, AAV3, AAV4, AAVS, AAVG6,
AAV7T, AAVE, AAV rh8, AAV9, AAVrh10, and/or AAV11. In some aspects, the AAV
comprises at least one AAV-DJ ITR and capsid protein from any of AAV1, AAV2, AAV3,
AAV4, AAVS5, AAVO, AAVT, AAVE, AAV rh8, AAV9, AAVrhl10, and/or AAV11.
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[0423] In some aspects, the viral particles comprise a recombinant sel(-complementing
genome. AAYV viral particles with self-complementing genomes and methods of use of self-
complementing AAV genomes are described in US Patent Nos. 6,596,535; 7,125,717,
7,765,583; 7,785,888; 7,790,154, 7,846,729; 8,093,054; and 8,361,457; and Wang Z., et al.,
(2003) Gene Ther 10:2105-2111, each of which are incorporated herein by reference in its
entirety. A rAAV comprising a self-complementing genome will quickly form a double
stranded DNA molecule by virtue of its partially complementing sequences (e.g.,
complementing coding and non-coding strands). In some aspects, an AAV viral particle
comprises an AAV genome, wherein the rAAYV genome comprises a first heterologous
polynucleotide sequence (c.g., a coding strand) and a sccond heterologous polynucleotide
scquence (c.g., the noncoding or antiscnsc strand) wherein the first hetcrologous polynucleotide
sequence can form intrastrand base pairs with the second polynucleotide sequence along most or
all of its length. In some aspects, the first heterologous polynucleotide sequence and a second
heterologous polynucleotide sequence are linked by a sequence that facilitates intrastrand base-
pairing; e.g., a hairpin DNA structure. Hairpin structures include, for example in siRNA
molecules. In some aspects, the first heterologous polynucleotide sequence and a second
heterologous polynucleotide sequence are linked by a mutated ITR (e.g., the right ITR). The
mutated ITR comprises a deletion of the D region comprising the terminal resolution sequence.
As aresult, on replicating an AAV viral genome, the rep proteins will not cleave the viral
genome at the mutated I'TR and as such, a recombinant viral genome comprising the following
in 5'to 3' order will be packaged in a viral capsid: an AAV ITR, the first heterologous
polynucleotide sequence including regulatory sequences, the mutated AAV ITR, the second
heterologous polynucleotide in reverse orientation to the first heterologous polynucleotide and a
third AAV ITR.

[0424] Methods for production of rAAYV vectors, including transfection, stable cell line
production, and infectious hybrid virus production systems which include adenovirus-AAV
hybrids, herpesvirus-AAV hybrids (Conway, JE et al., (1997) J. Virology 71(11):8780-8789)
and baculovirus-AAYV hybrids can be employed. Typically, rAAYV production cultures for the
production of rAAYV virus particles all require; 1) suitable host cells, including, for example,
human-derived cell lines such as HeLa, A549, or 293 cells, or insect-derived cell lines such as
SF-9, in the case of baculovirus production systems; 2) suitable helper virus function, provided
by wild-type or mutant adenovirus (such as temperature sensitive adenovirus), herpes virus,
baculovirus, or a plasmid construct providing helper functions; 3) AAV rep and cap genes and

gene products; 4) a nucleic acid to be delivered (such as any of the DNA-targeting systems,
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fusion proteins, compositions or components thereol) flanked by at least one AAV ITR
sequences; and 5) suitable media and media components to support rAAV production. In some
aspects, the AAV rep and cap gene products may be from any AAV serotype. In general, but
not obligatory, the AAV rep gene product is of the same serotype as the I'TRs of the rAAV
vector genome as long as the rep gene products may function to replicated and package the
TAAV genome. Suitable media may be used for the production of rAAYV vectors. These media
include, without limitation, media produced by Hyclone Laboratories and JRH including
Modified Eagle Medium (MEM), Dulbecco's Modified Eagle Medium (DMEM), custom
formulations such as those described in U.S. Patent No. 6,566,118, and Sf-900 II SFM media as
described in U.S. Patent No. 6,723,551, In some aspects, the AAV helper functions arc
provided by adcnovirus or HSV. In somc aspects, thc AAV helper functions arc provided by
baculovirus and the host cell is an insect cell (e.g., Spodoptera frugiperda (Sf9) cells).

[0425] Suitable rAAV production culture media of the present invention may be
supplemented with serum or serum-derived recombinant proteins at a level of 0.5%-20% (v/v or
w/v). Allernatively, TAAV vectors may be produced in serum-(ree conditions which may also be
referred to as media with no animal-derived products. Commercial or custom media designed to
support production of TAAV vectors may also be supplemented with one or more cell culture
components, including without limitation glucose, vitamins, amino acids, and or growth factors,
in order to increase the titer of rAAYV in production cultures.

[0426] rAAYV production cultures can be grown under a variety of conditions (over a wide
temperature range, for varying lengths of time, and the like) suitable to the particular host cell
being utilized. rAAYV production cultures include attachment-dependent cultures which can be
cultured in suitable attachment-dependent vessels such as, for example, roller bottles, hollow
fiber filters, microcarricrs, and packed-bed or fluidized-bed biorcactors. rAAV vector production
cultures may also include suspension-adapted host cells such as Hela, 293, and SF-9 cells
which can be cultured in a variety of ways including, for example, spinner flasks, stirred tank
bioreactors, and disposable systems such as the Wave bag system.

[0427] rAAYV vector particles of the invention may be harvested from rAAYV production
cultures by lysis of the host cells of the production culture or by harvest of the spent media from
the production culture, provided the cells are cultured under conditions to cause release of TAAV
particles into the media from intact cells, as described in U.S. Patent No. 6,566,118). Suitable
methods of lysing cells include for example multiple freeze/thaw cycles, sonication,
microfluidization, and treatment with chemicals, such as detergents and/or proteases.

[0428] In some aspects, recombinant viral particles for delivery of the nucleic acids,
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compositions or components thereol are highly purified, suitably buffered, and concentrated. In
some aspects, the viral particles are concentrated to at least about 1 x 10’ vg/mL to about 9 x
10'3 vg/mL or any concentration therebetween.

[0429] In some aspects, adeno-associated virus (AAV)-based vectors are generally used
vector system for neurologic gene therapy, with an excellent safety record established in
multiple clinical trials (Kaplitt et al., (2007) Lancet 369:2097-2105; Eberling et al., (2008)
Neurology 70:1980-1983; Fiandaca et al., (2009) Neuroimage 47 Suppl. 2:T27-35). In some
cases, effective treatment of neurologic disorders has been hindered by problems associated with
the delivery of AAV vectors to affected cell populations. This delivery issue has been especially
problematic for disorders involving the cercbral cortex. Simple injections do not distribute
AAYV vcectors cffectively, relying on diffusion, which is cffective only within a 1- to 3-mm
radius. An alternative method, convection-enhanced delivery (CED) (Nguyen et al., (2003) J.
Neurosurg. 98:584-590), has been used clinically in gene therapy (AAV2-hAADC) for
Parkinson's disease (Fiandaca et al., (2008) Exp. Neurol. 209:51-57). The underlying principle
of CED involves pumping infusate into brain parenchyma under sufllicient pressure (o overcome
the hydrostatic pressure of interstitial fluid, thereby forcing the infused particles into close
contact with the dense perivasculature of the brain. Pulsation of these vessels acts as a pump,
distributing the particles over large distances throughout the parenchyma (Hadaczek et al.,
(2006) Hum. Gene Ther. 17:291-302). To increase the safety and efficacy of CED a reflux-
resistant cannula (Krauze et al., (2009) Methods Enzymol. 465:349-362) can be employed along
with monitored delivery with real-time MRI. Monitored delivery allows for the quantification
and control of aberrant events, such as cannula reflux and leakage of infusate into ventricles
(Eberling et al., (2008) Neurology 70:1980-1983; Fiandaca et al., (2009) Neuroimage 47 Suppl.
2:1T27-35; Saito ct al., (2011) Journal of Ncurosurgery Pediatrics 7:522-526).

[0430] In some aspects, the nucleic acid to be delivered is operably linked to a promoter. In
some aspects, the promoter expresses the nucleic acid to be delivered in a cell of the CNS. In
some aspects, the promoter expresses the nucleic acid to be delivered in a brain cell. In some
aspects, the promoter expresses the nucleic acid to be delivered in a neuron and/or a glial cell. In
some aspects, the neuron is a medium spiny neuron of the caudate nucleus, a medium spiny
neuron of the putamen, a neuron of the cortex layer IV and/or a neuron of the cortex layer V. In
some aspects, the glial cell is an astrocyte. In some aspects, the promoter is a CBA promoter, a
minimum CBA promoter, a CMV promoter or a GUSB promoter. In some aspects, the
promoter is inducible. In further embodiments, the rAAYV vector comprises one or more of an

enhancer, a splice donor/splice acceptor pair, a matrix attachment site, or a polyadenylation
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signal.

[0431] In some aspects, the methods for delivering a recombinant adeno-associated viral
(rAAYV) particle to the central nervous system of a subject involve administering the rAAV
particle to the striatum, wherein the rAAV particle comprises a rAAYV vector encoding a nucleic
acid to be delivered that is expressed in at least the cerebral cortex and striatum of the subject.
In some aspects, methods for delivering a rAAYV particle to the central nervous system of a
subject involve administering the rAAV particle to the striatum, wherein the rAAV particle
comprises an TAAV vector encoding a nucleic acid to be delivered that is expressed in at least
the cerebral cortex and striatum of the subject and wherein the TAAYV particle comprises an
AAV scrotype 1 (AAV1) capsid. In somc aspccts, mcthods for delivering a rAAYV particle to
the central nervous system of a subject comprisc administering the rAAYV particle to the
striatum, wherein the rAAYV particle comprises an rAAYV vector encoding a nucleic acid to be
delivered that is expressed in at least the cerebral cortex and striatum of the subject and wherein
the rAAYV particle comprises an AAV serotype 2 (AAV2) capsid. In some aspects, methods for
trealing a central nervous system-related disease in a subject involve administering a rAAYV
particle to the striatum, wherein the TAAV particle comprises a TAAV vector encoding a nucleic
acid to be delivered that is expressed in at least the cerebral cortex and striatum of the subject.
In some aspects, the subject is a human.

[0432] In some aspects, atAAV particle is administered to one or more regions of the
central nervous system (CNS). In some aspects, the rAAV particle is administered to the
striatum. The striatum is known as a region of the brain that receives inputs from the cerebral
cortex (the term “‘cortex” may be used interchangeably herein) and sends outputs to the basal
ganglia (the striatum is also referred to as the striate nucleus and the neostriatum). In some
aspccts, the striatum controls both motor movements and cmotional control/motivation and has
been implicated in many neurological diseases, such as Huntington’s disease. Several cell types
of interest are located in the striatum, including without limitation spiny projection neurons (also
known as medium spiny neurons), GABAergic interneurons, and cholinergic interneurons.
Medium spiny neurons make up most of the striatal neurons. These neurons are GABAergic
and express dopamine receptors. Each hemisphere of the brain contains a striatum.

[0433] In some aspects, important substructures of the striatum include the caudate nucleus
and the putamen. In some aspects, the TAAV particle is administered to the caudate nucleus (the
term “caudate” may be used interchangeably herein). The caudate nucleus is known as a
structure of the dorsal striatum. The caudate nucleus has been implicated in control of functions

such as directed movements, spatial working memory, memory, goal-directed actions, emotion,
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sleep, language, and learning. Each hemisphere of the brain contains a caudate nucleus.

[0434] In some aspects, the TAAV particle is administered to the putamen. Along with the
caudate nucleus, the putamen is known as a structure of the dorsal striatum. The putamen
comprises part of the lenticular nucleus and connects the cerebral cortex with the substantia
nigra and the globus pallidus. Highly integrated with many other structures of the brain, the
putamen has been implicated in control of functions such as learning, motor learning, motor
performance, motor tasks, and limb movements. Each hemisphere of the brain contains a
putamen.

[0435] In some aspects, TAAYV particles may be administered to one or more sites of the
striatum. In somc aspects, the TAAV particle is administered to the putamen and the caudate
nuclcus of the striatum. In some aspccts, the rAAV particle is administcred to the putamen and
the caudate nucleus of each hemisphere of the striatum. In some aspects, the rAAYV particle is
administered to at least one site in the caudate nucleus and two sites in the putamen.

[0436] In some aspects, the rAAV particle is administered to one hemisphere of the brain.
For example, in some aspects, the rAAYV particle is administered (o both hemispheres of the
brain. In some aspects, the TAAV particle is administered to the putamen and the caudate
nucleus of each hemisphere of the striatum. In some aspects, the composition containing rAAV
particles is administered to the striatum of each hemisphere. In some aspects, the composition
containing tAAYV particles is administered to striatum of the left hemisphere or the striatum of
the right hemisphere and/or the putamen of the left hemisphere or the putamen of the right
hemisphere. In some aspects, the composition containing rAAYV particles is administered to any
combination of the caudate nucleus of the left hemisphere, the caudate nucleus of the right
hemisphere, the putamen of the left hemisphere and the putamen of the right hemisphere.

[0437] In somc aspccts, the mecthods involving administration to CNS an cffcctive amount of
recombinant viral particles to the striatum can be employed for delivery, wherein the rAAYV
particle comprises a rAAV vector encoding a nucleic acid to be delivered that is expressed in at
least the cerebral cortex and striatum. In some aspects, the viral titer of the rAAV particles is at
least about any of 5 x 10'2, 6 x 102, 7 x 10'2, 8 x 10'2, 9 x 10'2, 10 x 10'2, 11 x 10'%, 15 x 10'2,
20 x 10'2, 25 x 102, 30 x 10'%, or 50 x 10'? genome copies/mL. In some aspects, the viral titer
of the rAAYV particles is about any of 5 x 102 to 6 x 10'2, 6 x 10'? to 7 x 10'2, 7 x 10'? to 8 x
10", 8 x 107 t0 9 x 10,9 x 107 t0 10 x 10'%, 10 x 10"% to 11 x 10", 11 x 10 t0 15 x 10'%, 15
x 10" to 20 x 10", 20 x 10'* to 25 x 10'?, 25 x 10" t0 30 x 10'%, 30 x 10" to 50 x 10", or 50 x
10'? to 100 x 10'? genome copies/mL. In some aspects, the viral titer of the rAAV particles is

about any of 5 x 10'% to 10 x 10'%, 10 x 10" to 25 x 10'2, or 25 x 10'? to 50 x 10'? genome
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copies/mL. In some aspects, the viral titer of the TAAV particles is at least about any of 5 x 107,
6 x 10,7 x 10%, 8 x 10%, 9 x 10%, 10 x 107, 11 x 10°, 15 x 10%, 20 x 10%, 25 x 10°, 30 x 10°, or
50 x 10° transducing units/mL. In some aspects, the viral titer of the rAAYV particles is about
any of 5 x 10%t0 6 x 10%, 6 x 10°to 7 x 10°, 7 x 10° to 8 x 10, 8 x 10° to 9 x 10°, 9 x 10° to 10
x 10%, 10 x 10° to 11 x 10%, 11 x 10% to 15 x 10, 15 x 10 to 20 x 10, 20 x 10 to 25 x 10, 25 x
10° to 30 x 10°, 30 x 10° to 50 x 10° or 50 x 10° to 100 x 10° transducing units/mL. In some
aspects, the viral titer of the rAAV particles is about any of 5 x 10° to 10 x 10%, 10 x 10° to 15 x
10%, 15 x 10° to 25 x 10°, or 25 x 10° to 50 x 10° transducing units/mL. In some aspects, the
viral titer of the rAAYV particles is at least any of about 5 x 10°, 6 x 10'°, 7 x 10'°, 8 x 10'°, 9 x
10'%, 10 x 109, 11 x 10", 15 x 10'%, 20 x 10'°, 25 x 10'%, 30 x 10'?, 40 x 10'°, or 50 x 10'°
infcctious units/mL. In somc aspects, the viral titer of the rAAV particles is at lcast any of about
5x100t06x 1019 6 x 101107 x 101, 7 x 101 10 8 x 102, 8 x 10'° 10 9 x 10!, 9 x 10 t0 10
x 1019, 10 x 10 to 11 x 10'°, 11 x 10'% to 15 x 10°, 15 x 10! to 20 x 109, 20 x 10'° to 25 x
10'0, 25 x 10" to 30 x 10", 30 x 10" to 40 x 10'°, 40 x 10" to 50 x 10'°, or 50 x 10'" to 100 x
10" infectious units/mL. In some aspects, the viral titer of the rAAV particles is at least any of
about 5 x 102 to 10 x 10'°, 10 x 10" to 15 x 10'°, 15 x 10'° t0 25 x 10'°, or 25 x 10'° to 50 x
10! infectious units/mL.

[0438] In some aspects, an effective amount of recombinant viral particles is administered to
the striatum, wherein the rAAYV particle comprises a TAAV vector encoding a nucleic acid to be
delivered that is expressed in at least the cerebral cortex and striatum. In some aspects, the dose
of viral particles administered to the individual is at least about any of 1 x 108 to about 1 x 103
genome copies/kg of body weight. In some aspects, the dose of viral particles administered to
the individual is about 1 x 10® to 1 x 10'3 genome copies/kg of body weight.

[0439] In somc aspccts, an cffcctive amount of recombinant viral particles is administered to
the striatum, wherein the TAAYV particle comprises a TAAYV vector encoding a nucleic acid to be
delivered that is expressed in at least the cerebral cortex and striatum. In some aspects, the total
amount of viral particles administered to the individual is at least about 1 x 10° to about 1 x 10!
genome copies. In some aspects, the total amount of viral particles administered to the

individual is about 1 x 10° to about 1 x 10" genome copies.

2. Non-viral vectors
[0440] In some embodiments, the veclor is a non-viral vector. In some aspects, exemplary
non-viral vectors include polymers, lipids, peptides, inorganic materials, and hybrid systems. In

some aspecls, the non-viral vector is a lipid nanoparticle (LNP), a liposome, an exosome, or a
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cell penetrating peptide. In some aspects, the non-viral vector is a lipid nanoparticle (LNP). In
some aspects, the LNP can be used for delivery to the liver. Exemplary non-viral vectors include
those described in WO 2020/051561, US 20210301274, Zu et al., The AAPS Journal volume 23,
Article number: 78 (2021), and Sung et al., Biomaterials Research volume 23, Article number: 8
(2019), Nyamay’ Antu et al., Cell & Gene Therapy Insights 2019; 5(S1):51-57, and Yin et al.,
Nature Reviews Genetics 15:541-555 (2014).

[0441] In some embodiments, the vector is a non-viral vector selected from: a lipid
nanoparticle, a liposome, an exosome, or a cell penetrating peptide

[0442] In some embodiments, a vector described herein is or comprises a lipid nanoparticle
(LNP). In some cmbodiments, any of the epigenctic-modifying DNA-targeting systems, gRNAs,
Cas-gRNA combinations, polynuclcotides, fusion protecins, or components thercof described
herein, are incorporated in lipid nanoparticles (LNPs), such as for delivery. In some
embodiments, the lipid nanoparticle is a vector for delivery. In some embodiments, the
nanoparticle may comprise at least one lipid. The lipid may be selected from, but is not limited
to, DLin-DMA, DLin-K-DMA, 98N12- 5, C12-200, DLin-MC3-DMA, DLin-KC2-DMA,
DODMA, PLGA., PEG, PEG-DMG and PEGylated lipids. In another aspect, the lipid may be a
cationic lipid such as, but not limited to, DLin-DMA, DLin-D-DMA, DLin-MC 3 -DMA, DLin-
KC2-DMA and DODMA.

[0443] Lipid nanoparticles can be used for the delivery of encapsulated or associated (e.g.,
complexed) therapeutic agents, including nucleic acids and proteins, such as those encoding
and/or comprising CRISPR/Cas systems. See, e.g., US Patent No. 10,723,692, US Patent No.
10,941,395, and WO 2015/035136.

[0444] In some embodiments, the provided methods involve use of a lipid nanoparticle
(LNP) comprising mRNA, such as mRNA cncoding a protcin componcnt of any of the provided
DNA-targeting systems, for example any of the fusion proteins provided herein. In some
embodiments, the mRINA can be produced using methods known in the art such as in vitro
transcription. In some embodiments of the method, the mRNA comprises a 5’ cap. In some
embodiments, the 5 cap is an altered nucleotide on the 5 end of primary transcripts such as
messenger RNA. In some aspects, the 5° caps of the mRNA improves one or more of RNA
stability and processing, mRNA metabolism, the processing and maturation of an RNA
transcript in the nucleus, transport of mRNA from the nucleus to the cytoplasm, mRNA stability,
and efficient translation of mRNA to protein. In some embodiments, a 5° cap can be a naturally-
occurring 5° cap or one that differs from a naturally-occurring cap of an mRNA. A 5’ cap may

be any 5" cap known to a skilled artisan. In certain embodiments, the 5' cap is selected from the
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group consisting of an Anti-Reverse Cap Analog (ARCA) cap, a 7-methyl-guanosine (7mG)
cap, a CleanCap® analog, a vaccinia cap, and analogs thereof. For instance, the 5° cap may
include, without limitation, an anti-reverse cap analogs (ARCA) (US7074596), 7-methyl-
guanosine, CleanCap® analogs, such as Cap 1 analogs (Trilink; San Diego, CA), or
enzymatically capped using, for example, a vaccinia capping enzyme or the like. In some
embodiments, the mRINA may be polyadenylated. The mRNA may contain various 5” and 3’
untranslated sequence elements to enhance expression of the encoded protein and/or stability of
the mRNA itself. Such elements can include, for example, posttranslational regulatory elements
such as a woodchuck hepatitis virus post-transcriptional regulatory element (WPRE). In some
cmbodiments, thc mRNA compriscs at lecast onc nuclcoside modification. The mRNA may
contain modifications of naturally-occurring nuclcosides to nuclcosidc analogs. Any nuclcoside
analogs known in the art are envisioned. Such nucleoside analogs can include, for example,
those described in US §8,278,036. In certain embodiments of the method, the nucleoside
modification is selected from the group consisting of a modification from uridine to
pseudouridine and uridine to N1- methyl pseudouridine. In particular embodiments of the
method the nucleoside modification is from uridine to pseudouridine.

[0445] In some embodiments, LNPs useful for in the present methods comprise a cationic
lipid selected from DLin-DMA ( 1,2-dilinoleyloxy-3 -dimethylaminopropane), DLin-MC3 -DM
A (dilinoleylmethyl-4-dimethylaminobutyrate), DLin-KC2-DMA (2,2-dilinoleyl-4-(2-
dimethylaminoethyl)-[1,3]-dioxolane), DODMA (1,2- dioleyloxy-N,N-dimethyl-3-
aminopropane), SS-OP (Bis[2-(4-{2-[4-(cis-9
octadecenoyloxy)phenylacetoxylethyl } piperidinyl)ethyl] disulfide), and derivatives thereof.
DLin-MC3-DMA and derivatives thereof are described, for example, in WO 2010/144740.
DODMA and dcrivatives thercof arc described, for example, in US 7,745,651 and Mok ct al.
(1999), Biochimica et Biophysica Acta, 1419(2): 137-150. DLin-DMA and derivatives thereof
are described, for example, in US 7,799,565. DLin-KC2-DMA and derivatives thereof are
described, for example, in US 9,139,554, SS-OP (NOF America Corporation, White Plains, NY)
is described, for example, at
https://www .nofamerica.com/store/index.php?dispatch=products.view&product_id=962.
Additional and non-limiting examples of cationic lipids include methylpyridiyl-dialkyl acid
(MPDACA), palmitoyl-oleoyl-nor-arginine (PONA), guanidino-dialkyl acid (GUADACA), 1,2-
di-0-octadecenyl-3-trimethylammonium propane (DOTMA), 1,2- dioleoyl-3-
trimethylammonium-propane (DOTAP), Bis{2-[N-methyl-N-(a-D-
tocopherolhemisuccinatepropyl)amino]ethyl } disulfide (SS-33/3APO0S), Bis{2-[4-(a-D-

108

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

tocopherolhemisuccinateethyl)piperidyl] ethyl} disulfide (SS33/4PE15), Bis{2-[4-(cis-9-
octadecenoateethyl)-1-piperidinyl] ethyl} disulfide (SS18/4PE16), and Bis{2-[4-(cis,cis-9,12-
octadecadienoateethyl)-1-piperidinyl] ethyl} disulfide (SS18/4PE13). In further embodiments,
the lipid nanoparticles also comprise one or more non-cationic lipids and a lipid conjugate.

[0446] In some embodiments, the molar concentration of the cationic lipid is from about
20% to about 80%, from about 30% to about 70%, from about 40% to about 60%, from about
459% to about 55%, or about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, or about 80% of the total
lipid molar concentration, wherein the total lipid molar concentration is the sum of the cationic
lipid, the non-cationic lipid, and the lipid conjugate molar concentrations. In certain
cmbodiments, the lipid nanoparticles comprisc a molar ratio of cationic lipid to any of the
polynucleotides of from about 1 to about 20, from about 2 to about 16, from about 4 to about 12,
from about 6 to about 10, or about 1, about 2, about 3, about 4, about 5, about 6, about 7, about
8, about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about
18, about 19, or about 20.

[0447] In some embodiments, the lipid nanoparticles can comprise at least one non-cationic
lipid. In particular embodiments, the molar concentration of the non-cationic lipids is from about
20% to about 80%, from about 30% to about 70%, from about 40% to about 70%, from about
40% to about 60%, from about 46% to about 50%, or about 20%, about 25%, about 30%, about
35%, about 40%, about 45%, about 48.5%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, or about 80% of the total lipid molar concentration. Non-cationic lipids
include, in some embodiments, phospholipids and steroids.

[0448] In some embodiments, phospholipids useful for the lipid nanoparticles described
hercin include, but arc not limitcd to, 1,2-Distcaroyl-sn-glyccro-3-phosphocholine (DSPC), 1,2-
Didecanoyl-sn-glycero-3- phosphocholine (DDPC), 1,2-Dierucoyl-sn-glycero-3-
phosphate(Sodium Salt) (DEPA-NA), 1,2-Dierucoyl-sn-glycero-3-phosphocholine (DEPC), 1,2-
Dierucoyl-sn-glycero-3- phosphoethanolamine (DEPE), 1,2-Dierucoyl-sn-glycero-3[Phospho-
rac-(1-glycerol)(Sodium Salt) (DEPG-NA), 1,2-Dilinoleoyl-sn-glycero-3-phosphocholine
(DLOPQ), 1,2-Dilauroyl-sn- glycero-3-phosphate(Sodium Salt) (DLPA-NA), 1,2-Dilauroyl-sn-
glycero-3-phosphocholine (DLPC), 1,2-Dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE),
1,2-Dilauroyl-sn- glycero-3[Phospho-rac-(1-glycerol.)(Sodium Salt) (DLPG-NA), 1,2-Dilauroyl-
sn-glycero- 3[Phospho-rac-(I-glycerol)(Ammonium Salt) (DLPG-NH4), 1,2-Dilauroyl-sn-
glycero-3- phosphoserine(Sodium Salt) (DLPS-NA), 1,2-Dimyristoyl-sn-glycero-3-
phosphate(SodiumSalt) (DMPA-NA), 1,2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC),
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1,2-Dimyristoyl- sn-glycero-3-phosphoethanolamine (DMPE), 1,2-Dimyristoyl-sn-glycero-
3[Phospho-rac-(1- glycerol)(Sodium Salt) (DMPG-NA), 1,2-Dimyristoyl-sn-glycero-3[Phospho-
rac-(1- glyceroD(Ammonium Salt) (DMPG-NH4), 1,2-Dimyristoyl-sn-glycero-3[Phospho-rac-(1-
glycerol)(Sodium/ Ammonium Salt) (DMPG-NH4/NA), 1,2-Dimyristoyl-sn-glycero-3-
phosphoserine(Sodium Salt) (DMPS-NA), 1,2-Dioleoyl-sn-glycero-3-phosphate(Sodium Salt)
(DOPA-NA), 1,2-Dioleoyl-sn-glycero-3-phosphocholine (DOPC), 1.2-Dioleoyl-sn- glycero-3-
phosphoethanolamine (DOPE), 1,2-Dioleoyl-sn-glycero-3[Phospho-rac-(1- glycerol)(Sodium
Salt) (DOPG-NA), 1.2-Dioleoyl-sn-glycero-3-phosphoserine(Sodium Salt) (DOPS-NA), 1.2-
Dipalmitoyl-sn-glycero-3-phosphate(Sodium Salt) (DPPA-NA), 1,2- Dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC), 1,2-Dipalmitoyl-sn-glyccro-3-phosphocthanolamine (DPPE), 1,2-
Dipalmitoyl-sn-glyccro- 3[Phospho-rac-(1-glyccro)(Sodium Salt) (DPPG-NA), 1,2-Dipalmitoyl-
sn-glycero- 3[Phospho-rac-(I-glycerol)(Ammonium Salt) (DPPG-NH4), 1,2-Dipalmitoyl-sn-
glycero-3- phosphoserine(Sodium Salt) (DPPS-NA), 1,2-Distearoyl-sn-glycero-3-
phosphate(Sodium Salt) (DSPA-NA), 1,2-Distearoyl-sn-glycero-3-phosphoethanolamine
(DSPE), 1,2- Distearoyl-sn-glycero-3[Phospho-rac-(1-glycerol)(Sodium Salt) (DSPG-NA), 1,2-
Distearoyl- sn-glycero-3[Phospho-rac-(1-glycerol)(Ammonium Salt) (DSPG-NH4), 1,2-
Distearoyl-sn- glycero-3-phosphoserine(Sodium Salt) (DSPS-NA), Egg-PC (EPC),
Hydrogenated Egg PC (HEPC), Hydrogenated Soy PC (HSPC), I-Myristoyl-sn-glycero-3-
phosphocholine (LY S OPCM YRIS TIC ), I-Palmitoyl-sn-glycero-3-phosphocholine
(LYSOPCPALMITIC), 1- Stearoyl-sn-glycero-3-phosphocholine (LYSOPC STEARIC), 1-
Myristoyl-2-palmitoyl-sn- glycero3-phosphocholine (MPPC), 1-Myristoyl-2-stearoyl-sn-glycero-
3-phosphocholine (MSPC), 1-Palmitoyl-2-myristoyl-sn-glycero-3-phosphocholine (PMPC), 1-
Palmitoyl-2- oleoyl-sn-glycero-3-phosphocholine (POPC), 1-Palmitoyl-2-oleoyl-sn-glycero-3-
phosphocthanolamine (POPE), [-Palmitoyl-2-olcoyl-sn-glyccro-3[Phospho-rac-(1- glyccrol)]
(Sodium Salt) (POPG-NA), 1-Palmitoyl-2-stearoyl-sn-glycero-3-phosphocholine (PS PC), 1-
Stearoyl-2-myristoyl-sn-glycero-3-phosphocholine (SMPC), 1-Stearoyl-2-oleoyl- sn-glycero-3-
phosphocholine (SOPC), and 1-Stearoyl-2-palmitoyl-sn-glycero-3- phosphocholine (SPPC). In
particular embodiments, the phospholipid is DSPC. In particular embodiments, the phospholipid
is DOPE. In particular embodiments, the phospholipid is DOPC.

[0449] In some embodiments, the non-cationic lipids comprised by the lipid nanoparticles
include one or more steroids. Steroids useful for the lipid nanoparticles described herein include,
but are not limited to, cholestanes such as cholesterol, cholanes such as cholic acid, pregnanes
such as progesterone, androstanes such as testosterone, and estranes such as estradiol. Further

steroids include, but are not limited to, cholesterol (ovine), cholesterol sulfate, desmosterol-do,
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cholesterol-d7, lathosterol-d7, desmosterol, stigmasterol, lanosterol, dehydrocholesterol,
dihydrolanosterol, zymosterol, lathosterol, zymosterol-d5, 14-demethyl-lanosterol, 14-demethyl-
lanosterol-d6, 8(9)- dehydrocholesterol, 8(14)-dehydrocholesterol, diosgenin, DHEA sulfate,
DHEA, lanosterol- d6, dihydrolanosterol-d7, campesterol-d6, sitosterol, lanosterol-95, Dihydro
FF-MAS-d6, zymostenol-d7, zymostenol, sitostanol, campestanol, campesterol, 7-
dehydrodesmosterol, pregnenolone, sitosterol-d7, Dihydro T-MAS, Delta 5-avenasterol,
Brassicasterol, Dihydro FF-MAS, 24-methylene cholesterol, cholic acid derivatives, cholesteryl
esters, and glycosylated sterols. In particular embodiments, the lipid nanoparticles comprise
cholesterol.

[0450] In somc ecmbodiments, the lipid nanoparticles comprisc a lipid conjugate. Such lipid
conjugates include, but arc not limited to, ccramide PEG derivatives such as C8 PEG2000
ceramide, C16 PEG2000 ceramide, C8 PEG5000 ceramide, C16 PEG5000 ceramide, C8
PEG750 ceramide, and C16 PEG750 ceramide, phosphoethanolamine PEG derivatives such as
16:0 PEG5000PE, 14:0 PEG5000 PE, 18:0 PEG5000 PE, 18:1 PEG5000 PE, 16:0 PEG3000 PE,
14:0 PEG3000 PE, 18:0 PEG3000 PE, 18:1 PEG3000 PE, 16:0 PEG2000 PE, 14:0 PEG2000
PE, 18:0 PEG2000 PE, 18:1 PEG2000 PE 16:0 PEG1000 PE, 14:0 PEG1000 PE, 18:0 PEG1000
PE, 18:1 PEG 1000 PE, 16:0 PEG750 PE, 14:0 PEG750 PE, 18:0 PEG750 PE, 18:1 PEG750
PE, 16:0 PEG550 PE, 14:0 PEG550 PE, 18:0 PEG550 PE, 18:1 PEG550 PE, 16:0 PEG350 PE,
14:0 PEG350 PE, 18:0 PEG350 PE, and 18:1 PEG350, sterol PEG derivatives such as Chol-
PEG600, and glycerol PEG derivatives such as DMG-PEGS5000, DSG-PEG5000, DPG-
PEG5000, DMG-PEG3000, DSG-PEG3000, DPG-PEG3000, DMG-PEG2000, DSG- PEG2000,
DPG-PEG2000, DMG-PEG1000, DSG-PEG1000, DPG-PEG1000, DMG- PEG750, DSG-
PEG750, DPG-PEG750, DMG-PEGS550, DSG-PEG550, DPG-PEGS550, DMG-PEG350, DSG-
PEG350, and DPG-PEG350. In somc cmbodiments, the lipid conjugate is a DMG-PEG. In some
particular embodiments, the lipid conjugate is DMG- PEG2000. In some particular
embodiments, the lipid conjugate is DMG-PEGS5000.

[0451] Itis within the level of a skilled artisan to select the cationic lipids, non-cationic
lipids and/or lipid conjugates which comprise the lipid nanoparticle, as well as the relative molar
ratio of such lipids to each other, such as based upon the characteristics of the selected lipid(s),
the nature of the delivery to the intended target cells, and the characteristics of the nucleic acids
and/or proteins to be delivered. Additional considerations include, for example, the saturation of
the alkyl chain, as well as the size, charge, pH, pKa, fusogenicity and toxicity of the selected
lipid(s). Thus, the molar ratios of each individual component may be adjusted accordingly.

[0452] The lipid nanoparticles for use in the method can be prepared by various techniques

111

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

which are known (o a skilled artisan. Nucleic acid-lipid particles and methods of preparation are
disclosed in, for example, U.S. Patent Publication Nos. 20040142025 and 20070042031.

[0453] In some embodiments, the lipid nanoparticles will have a size within the range of
about 25 to about 500 nm. In some embodiments, the lipid nanoparticles have a size from about
50 nm to about 300 nm, or from about 60 nm to about 120 nm. The size of the lipid
nanoparticles may be determined by quasi-electric light scattering (QELS) as described in
Bloomfield, Ann. Rev. Biophys. Bioeng., 10:421A150 (1981). A variety of methods are known
in the art for producing a population of lipid nanoparticles of particular size ranges, for example,
sonication or homogenization. One such method is described in U.S. Pat. No. 4,737,323.

[0454] In somc ecmbodiments, the lipid nanoparticles comprise a ccll targeting molecule
such as, for cxample, a targcting ligand (c.g., antibodics, scFv protcins, DART molcculcs,
peptides, aptamers, and the like) anchored on the surface of the lipid nanoparticle that
selectively binds the lipid nanoparticles to the targeted cell, such as any cell described herein.

[0455] In some embodiments, the vector exhibits tropism for one or more cell types. For
example, the veclor may exhibil liver cell and/or hepatocyle tropism, neural cell (e.g. neuron or
glia) tropism, immune cell tropism, or tropism for any suitable cell type.

[0456] In some aspects, provided herein are pluralities of vectors that comprise any of the
vectors described herein, and one or more additional vectors. In some embodiments, the one or
more additional vectors comprise one or more additional polynucleotides encoding any
additional transcriptional activation domain, multipartite effector such as multipartite activator,
DNA-targeting domain, gRNA, fusion protein, DNA-targeting system, or a portion, component,
or combination thereof. In some aspects, provided are pluralities of vectors, that include: a first
vector comprising any of the polynucleotides described herein; a second vector comprising any
of the polynuclcotides described hercin; and optionally onc or morc additional vectors
comprising any of the polynucleotides described herein.

[0457] In some aspects, vectors provided herein may be referred to as delivery vehicles. In
some aspects, any of the DNA-targeting systems, components thereof, or polynucleotides
disclosed herein can be packaged into or on the surface of delivery vehicles for delivery to cells.
Delivery vehicles contemplated include, but are not limited to, nanospheres, liposomes, quantum
dots, nanoparticles, polyethylene glycol particles, hydrogels, and micelles. As described in the
art, a variety of targeting moieties can be used to enhance the preferential interaction of such
vehicles with desired cell types or locations.

[0458] Methods of introducing a nucleic acid into a host cell are known in the art, and any

known method can be used to introduce a nucleic acid (e.g., an expression construct) into a cell.
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Suitable methods include, include e.g., viral or bacteriophage infection, transfection,
conjugation, protoplast fusion, lipofection, electroporation, calcium phosphate precipitation,
polyethyleneimine (PEI)-mediated transfection, DEAE-dextran mediated transfection, liposome-
mediated transfection, particle gun technology, calcium phosphate precipitation, direct micro
injection, nanoparticle-mediated nucleic acid delivery, and the like. In some embodiments, the
composition may be delivered by mRNA delivery and ribonucleoprotein (RNP) complex
delivery. Direct delivery of the RNP complex, including the DN A-targeting domain complexed
with the sgRNA, can eliminate the need for intracellular transcription and translation and can
offer a robust platform for host cells with low transcriptional and translational activity. The RNP
complexes can be introduced into the host cell by any of the methods known in the art.

[0459] Nuclcic acids or RNPs of the disclosurc can be incorporated into a host using virus-
like particles (VLP). VLPs contain normal viral vector components, such as envelope and
capsids, but lack the viral genome. For instance, nucleic acids expressing the Cas and sgRNA
can be fused to the viral vector components such as gag and introduced into producer cells. The
resulling virus-like particles containing the sgRINA-expressing vectlors can infect the host cell
for efficient editing.

[0460] Introduction of the complexes, polypeptides, and nucleic acids of the disclosure can
occur by protein transduction domains (PTDs). PTDs, including the human immunodeficiency
virus-1 TAT, herpes simplex virus-1 VP22, Drsophila Antennapedia Antp, and the
poluarginines, are peptide sequences that can cross the cell membrane, enter a host cell, and
deliver the complexes, polypeptides, and nucleic acids into the cell.

[0461] Introduction of the complexes, polypeptides, and nucleic acids of the disclosure into
cells can occur by viral or bacteriophage infection, transfection, conjugation, protoplast fusion,
lipofcction, clectroporation, nuclcofection, calcium phosphate precipitation, polycthylencimine
(PED)-mediated transfection, DEAE-dextran mediated transfection, liposome-mediated
transfection, particle gun technology, calcium phosphate precipitation, direct micro-injection,
nanoparticle-mediated nucleic acid delivery, and the like, for example as described in WO
2017/193107, WO 2016/123578, WO 2014/152432, WO 2014/093661, WO 2014/093655, or
WO 2021/226555.

[0462] Various methods for the introduction of polynucleotides are well known and may be
used with the provided methods and compositions. Exemplary methods include those for
transfer of polynucleotides encoding the DNA targeting systems provided herein, including via

viral, e.g., retroviral or lentiviral, transduction, transposons, and electroporation.
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C. Pharmaceutical Compositions and Formulations

[0463] Also provided are compositions, such as pharmaceutical compositions and
formulations for administration, that include any of the DNA-targeting systems described herein,
any of the gRNAs described herein, any of the combinations described herein, any of the fusion
proteins described herein, any of the polynucleotides described herein, any of the pluralities of
polynucleotides described herein, any of the vectors described herein, any of the pluralities of
vectors described herein, or a portion or a component of any of the foregoing. In some aspects,
the pharmaceutical composition comprises one or more pharmaceutically acceptable carriers.

[0464] In some aspects, the pharmaceutical composition contains one or more DNA-
targeting systcms provided hercin or a component thercof. In some aspects, the pharmaccutical
composition compriscs onc or morc vectors, ¢.g., viral vectors that contain polynuclcotides that
encode one or more components of the DNA-targeting systems provided herein. Such
compositions can be used in accord with the provided methods, and/or with the provided articles
of manufacture or compositions, such as in the prevention or treatment of diseases, conditions,
and disorders, or in detlection, diagnoslic, and prognostic methods.

[0465] The term “pharmaceutical formulation” refers to a preparation which is in such form
as to permit the biological activity of an active ingredient contained therein to be effective, and
which contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered.

[0466] A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic to a subject. A pharmaceutically
acceptable carrier includes, but is not limited to, a buffer, excipient, stabilizer, or preservative.

[0467] In some aspects, the choice of carrier is determined in part by the particular cell or
agent and/or by the mcthod of administration. Accordingly, there arc a varicty of suitablc
formulations. For example, the pharmaceutical composition can contain preservatives. Suitable
preservatives may include, for example, methylparaben, propylparaben, sodium benzoate, and
benzalkonium chloride. In some aspects, a mixture of two or more preservatives is used. The
preservative or mixtures thereof are typically present in an amount of about 0.0001% to about
2% by weight of the total composition. Carriers are described, e.g., by Remington’s
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). Pharmaceutically acceptable carriers
are generally nontoxic to recipients at the dosages and concentrations employed, and include,
but are not limited to: buffers such as phosphate, citrate, and other organic acids; antioxidants
including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl

ammonium chloride; hexamethonium chloride; benzalkonium chloride; benzethonium chloride;
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phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars
such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants such as polyethylene glycol
(PEG).

[0468] Thc pharmaccutical composition in some cmbodiments contains components in
amounts cffcctive to treat or prevent the discasc or condition, such as a thcrapcutically cffective
or prophylactically effective amount. Therapeutic or prophylactic efficacy in some
embodiments is monitored by periodic assessment of treated subjects. For repeated
administrations over several days or longer, depending on the condition, the treatment is
repeated until a desired suppression of disease symptoms occurs. However, other dosage
regimens may be useful and can be determined. The desired dosage can be delivered by a single
bolus administration of the composition, by multiple bolus administrations of the composition,
or by continuous infusion administration of the composition.

[0469] The composition can be administered by any suitable means, for example, by bolus
infusion, by injection, e.g., intravenous or subcutaneous injections, intraocular injection,
periocular injection, subretinal injection, intravitreal injection, trans-septal injection, subscleral
injection, intrachoroidal injection, intracameral injection, subconjectval injection, subconjuntival
injection, sub-Tenon’s injection, retrobulbar injection, peribulbar injection, or posterior
juxtascleral delivery. In somc cmbodiments, they arc administered by parenteral,
intrapulmonary, and intranasal, and, if desired for local treatment, intralesional administration.
Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitoneal, or
subcutaneous administration. In some embodiments, a given dose is administered by a single
bolus administration of the composition. In some embodiments, it is administered by multiple
bolus administrations of the composition, for example, over a period of no more than 3 days, or
by continuous infusion administration of the composition.

[0470] For the prevention or treatment of disease, the appropriate dosage may depend on the
type of disease to be treated, the type of agent or agents, the type of cells or recombinant
receptors, the severity and course of the disease, whether the agent or cells are administered for

preventive or therapeutic purposes, previous therapy, the subject’s clinical history and response
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to the agent or the cells, and the discretion of the attending physician. The compositions are in
some embodiments suitably administered to the subject at one time or over a series of
treatments.

[0471] Formulations include those for oral, intravenous, intraperitoneal, subcutaneous,
pulmonary, transdermal, intramuscular, intranasal, buccal, sublingual, or suppository
administration. In some embodiments, the agent or cell populations are administered
parenterally. The term “parenteral,” as used herein, includes intravenous, intramuscular,
subcutancous, rectal, vaginal, and intraperitoneal administration. In some embodiments, the
agent or cell populations are administered to a subject using peripheral systemic delivery by
intravenous, intraperitoncal, or subcutancous injection.

[0472] Compositions in some cmbodiments arc provided as sterile liquid preparations, c.g.,
isotonic aqueous solutions, suspensions, emulsions, dispersions, or viscous compositions, which
may in some aspects be buffered to a selected pH. Liquid preparations are normally easier to
prepare than gels, other viscous compositions, and solid compositions. Additionally, liquid
compositions are somewhal more convenient (o administer, especially by injection. Viscous
compositions, on the other hand, can be formulated within the appropriate viscosity range to
provide longer contact periods with specific tissues. Liquid or viscous compositions can
comprise carriers, which can be a solvent or dispersing medium containing, for example, water,
saline, phosphate buffered saline, polyol (for example, glycerol, propylene glycol, liquid
polyethylene glycol) and suitable mixtures thereof.

[0473] Sterile injectable solutions can be prepared by incorporating the agent or cells in a
solvent, such as in admixture with a suitable carrier, diluent, or excipient such as sterile water,
physiological saline, glucose, dextrose, or the like.

[0474] The formulations to be uscd for in vivo administration arc gencrally sterile. Sterility

may be readily accomplished, e.g., by filtration through sterile filtration membranes.

IV.  METHODS OF MODULATING AND METHODS OF TREATMENT

[0475] Provided herein are methods of treatment, ¢.g., including administering any of the
compositions, such as pharmaceutical compositions described herein. Tn some aspects, also
provided are methods of administering any of the compositions described herein to a subject,
such as a subject that has a disease or disorder. The compositions, such as pharmaceutical
compositions, described herein are uselul in a variety of therapeulic, diagnostic and prophylactic
indications. For example, the compositions are useful in treating a variety of diseases and

disorders in a subject. Such methods and uses include therapeutic methods and uses, [or
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example, involving administration of the compositions, (o a subject having a disease, condilion,
or disorder, such as a tumor or cancer. In some embodiments, the e compositions are
administered in an effective amount to effect treatment of the disease or disorder. Uses include
uses of the compositions in such methods and treatments, and in the preparation of a
medicament in order to carry out such therapeutic methods. In some embodiments, the methods
are carried out by administering the compositions, to the subject having or suspected of having
the disease or condition. In some embodiments, the methods thereby treat the disease or
condition or disorder in the subject. Also provided are therapeutic methods for administering the
cells and compositions to subjects, e.g., patients.

[0476] Provided arc methods for modulating the expression of methyl-CpG-binding protein
2 (McCP2) in a ccll, that involve: introducing any of thec DNA-targcting systcms described
herein, any of the gRNAs described herein, any of the combinations described herein, any of the
fusion proteins described herein, any of the polynucleotides described herein, any of the
pluralities of polynucleotides described herein, any of the vectors described herein, any of the
pluralities of vectlors described herein, or a portion or a component of any of the [oregoing, into
the cell.

[0477] In some embodiments, the cell is from a subject that has or is suspected of having
Rett syndrome.

[0478] Also provided herein are methods for modulating the expression of MeCP2 in a
subject, the method comprising: administering any of the DNA-targeting systems described
herein, any of the gRNAs described herein, any of the combinations of gRNAs described herein,
any of the fusion proteins described herein, any of the polynucleotides described herein, any of
the pluralities of polynucleotides described herein, any of the vectors described herein, any of
the plurality of vectors described herein, or a portion or a componcent of any of the forcgoing, to
the subject.

[0479] In some embodiments, the subject has or is suspected of having Rett syndrome.

[0480] Also provided herein are methods of treating Rett syndrome, the method comprising:
administering any of the DNA-targeting systems described herein, any of the gRNAs described
herein, any of the combinations described herein, any of the fusion proteins described herein,
any of the polynucleotides described herein, any of the pluralities of polynucleotides described
herein, any of the vectors described herein, any of the pluralities of vectors described herein, or a
portion or a component of any of the foregoing, to a subject that has or is suspected of having
Rett syndrome.

[0481] In some embodiments, the cell is a heart cell, a skeletal muscle cell, a nervous system
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cell, or an induced pluripotent stem cell. In some embodiments, the introducing, contacting or
administering is carried out in vivo or ex vivo. In some embodiments, following the introducing,
contacting or administering, the expression of MeCP2 is increased in the cell or the subject. In
some embodiments, the expression of MeCP2 is increased at least about 1.2-fold, 1.25-fold, 1.3-
fold, 1.4-fold, 1.5-fold, 1.6-fold, 1.7-fold, 1.75-fold, 1.8-fold, 1.9-fold, 2-fold, 2.5-fold, 3-fold,
4-fold, or 5-fold. In some embodiments, the expression is increased by less than about 10-fold,
9-fold, 8-fold, 7-fold or 6-fold. In some embodiments, the subject is a human.

[0482] In some embodiments, the cell is from a subject that has or is suspected of having
Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-
X syndrome. In some embodiments, the cell is from a subjcct that has or is suspected of having
Rett syndrome.

[0483] Provided are methods for modulating the expression of methyl-CpG-binding protein
2 {MeCP2) in a subject, that involve: administering any of the DNA-targeting systems described
herein, any of the gRNAs described herein, any of the combinations described herein, any of the
fusion proteins described herein, any of the polynucleotides described herein, any of the
pluralities of polynucleotides described herein, any of the vectors described herein, any of the
pluralities of vectors described herein, or a portion or a component of any of the foregoing, to
the subject.

[0484] In some embodiments, the subject has or is suspected of having Rett syndrome,
MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome. In
some embodiments, the subject has or is suspected of having Rett syndrome.

[0485] Provided are methods of treating Rett syndrome, MeCP2-related severe neonatal
encephalopathy, Angelman syndrome, or PPM-X syndrome, that involve: administering any of
the DNA-targeting systcms described hercin, any of the gRNAs described herein, any of the
combinations described herein, any of the fusion proteins described herein, any of the
polynucleotides described herein, any of the pluralities of polynucleotides described herein, any
of the vectors described herein, any of the pluralities of vectors described herein, or a portion or
a component of any of the foregoing, to a subject that has or is suspected of having Rett
syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X
syndrome.

[0486] Provided are methods of treating Rett syndrome, that involve: administering any of
the DN A-targeting systems described herein, any of the gRNAs described herein, any of the
combinations described herein, any of the fusion proteins described herein, any of the

polynucleotides described herein, any of the pluralities of polynucleotides described herein, any
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of the veclors described herein, any of the pluralities of vectors described herein, or a portion or
a component of any of the foregoing, to a subject that has or is suspected of having Rett
syndrome.

[0487] Provided are pharmaceutical compositions that include any of the DNA-targeting
systems described herein, any of the gRNAs described herein, any of the combinations described
herein, any of the fusion proteins described herein, any of the polynucleotides described herein,
any of the pluralities of polynucleotides described herein, any of the vectors described herein,
any of the pluralities of vectors described herein, or a portion or a component of any of the
foregoing.

[0488] Provided arc pharmaccutical compositions, such as any of the pharmaccutical
compositions described herein, for usc in treating Rett syndrome, McCP2-related scvere
neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome.

[0489] Provided are pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, for use in treating Rett syndrome.

[0490] Provided are pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, for use in the manufacture of a medicament for treating Rett
syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X
syndrome.

[0491] Provided are pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, for use in the manufacture of a medicament for treating Rett
syndrome.

[0492] In some embodiments, the pharmaceutical composition is to be administered to a
subject. In some embodiments, the subject has or is suspected of having Rett syndrome, MeCP2-
rclated scvere nconatal cncephalopathy, Angelman syndrome, or PPM-X syndrome. In somc
embodiments, the subject has or is suspected of having Rett syndrome.

[0493] Provided are uses of pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, for treating Rett syndrome, MeCP2-related severe neonatal
encephalopathy, Angelman syndrome, or PPM-X syndrome.

[0494] Provided are uses of pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, for treating Rett syndrome.

[0495] Provided are uses of pharmaceutical compositions, such as any of the pharmaceutical
compositions described herein, in the manufacture of a medicament for treating Rett syndrome,
MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome.

[0496] Provided are uses of pharmaceutical compositions, such as any of the pharmaceutical
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compositions described herein, in the manulacture of a medicament [(or treating Relt syndrome.

[0497] In some embodiments, the pharmaceutical composition is to be administered to a
subject. In some embodiments, the subject has or is suspected of having Rett syndrome,
MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome. In
some embodiments, the subject has or is suspected of having Rett syndrome.

[0498] Provided are cells comprising any of the DNA-targeting systems described herein,
any of the gRNAs described herein, any of the combinations described herein, any of the fusion
proteins described herein, any of the polynucleotides described herein, any of the pluralities of
polynucleotides described herein, any of the vectors described herein, any of the pluralities of
vectors described herein, or a portion or a component of any of the forcgoing.

[0499] In somc cmbodiments, a ccll in the subjcct compriscs a mutant McCP2 allele in the
active X chromosome. In some embodiments, the mutant MeCP2 allele comprises a mutation
corresponding to R255X. In some embodiments, a cell in the subject comprises a wild-type
MeCP?2 allele in the inactive X chromosome. In some embodiments, a cell in the subject exhibits
reduced or minimal expression of the wild-type MeCP2 compared (o a cell from a normal
subject. In some embodiments, the cell is a nervous system cell, or an induced pluripotent stem
cell.

[0500] In some embodiments, the introducing, contacting or administering is carried out in
vivo or ex vivo.

[0501] In some embodiments, following the introducing, contacting or administering, the
expression of the wild-type MeCP2 allele from the inactive X chromosome is increased in the
cell or the subject. In some embodiments, the expression is increased at least about 2-fold, 2.5-
fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 75-fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-
fold, or 30-fold. In somc cmbodiments, thc cxpression is incrcased by Icss than about 200-fold,
150-fold, or 100-fold. In some embodiments, the expression of the wild-type MeCP2 allele is
increased to at least 20%, 25%. 30%, 40%. 50%, 60%, 70%, 80%, 90%, or 100% of the
expression of the wild-type MeCP2 of a cell from a normal subject.

[0502] In some embodiments, the subject is a human.

[0503] In some aspects, methods of treating of treating a disease or disorder, such as
diseases or disorders associated with dysregulation or reduced activity, function or expression of
MeCP2, such as Rett syndrome, in an individual or a subject, involve administering to the
individual or the subject AAV particles. The AAYV particles may be administered to a particular
tissue of interest, or it may be administered systemically. In some aspects, an effective amount

of the AAYV particles may be administered parenterally. Parenteral routes of administration may
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include without limitation intravenous, intraosseous, intra-arterial, intracerebral, intramuscular,
intrathecal, subcutaneous, intracerebroventricular, and others. In some aspects, an effective
amount of AAV particles may be administered through one route of administration. In some
aspects, an effective amount of AAV particles may be administered through a combination of
more than one route of administration. In some aspects, the individual is a mammal. In some
aspects, the individual is a human.

[0504] An effective amount of AAV particles comprising an oversized AAV genome is
administered, depending on the objectives of treatment. For example, where a low percentage of
transduction can achieve the desired therapeutic effect, then the objective of treatment is
generally to meet or exceed this level of transduction. In some instances, this level of
transduction can bc achicved by transduction of only about 1 to 5% of thc targcet cclls of the
desired tissue type, In some aspects at least about 20% of the cells of the desired tissue type, In
some aspects at least about 50%, In some aspects at least about 8%, In some aspects at least
about 95%, In some aspects at least about 99% of the cells of the desired tissue type. As a
guide, the number of particles administered per injection is generally between about 1 x 10° and
about 1 x 10" particles, between about 1 x 107 and 1 x 10" particles, between about 1 x 10° and
1 x 102 particles or about 1 x 10” particles, about 1 x 10'° particles, or about 1 x 10!! particles.
The rAAV composition may be administered by one or more administrations, either during the
same procedure or spaced apart by days, weeks, months, or years. One or more of any of the
routes of administration described herein may be used. In some aspects, multiple vectors may
be used to treat the human.

[0505] Methods to identify cells transduced by AAYV viral particles can be employed; for
example, immunohistochemistry or the use of a marker such as enhanced green fluorescent
protcin can be uscd to dctect transduction of viral particles; for cxample viral particlcs
comprising a TAAYV capsid with one or more substitutions of amino acids.

[0506] In some aspects the AAV viral particles comprising an oversized AAV genome with
are administered to more than one location simultaneously or sequentially. In some aspects,
multiple injections of rAAYV viral particles are no more than one hour, two hours, three hours,

four hours, five hours, six hours, nine hours, twelve hours or 24 hours apart.

V. KITS AND ARTICLES OF MANUFACTURE
[0507] Also provided are articles of manufacture, systems, apparatuses, and kits useflul in
performing the provided embodiments. In some embodiments, the provided articles of

manufacture or kits contain one or more components of the one or more components of the
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DNA-targeting system provided herein. In some embodiments, the articles of manuflacture or
kits include polypeptides, nucleic acids, vectors and/or polynucleotides useful in performing the
provided methods.

[0508] In some embodiments, the articles of manufacture or kits include one or more
containers, typically a plurality of containers, packaging material, and a label or package insert
on or associated with the container or containers and/or packaging, generally including
instructions for use, e.g., instructions for introducing or administering.

[0509] Also provided are articles of manufacture, systems, apparatuses, and kits useful in
administering the provided compositions, e.g., pharmaceutical compositions, e.g.. for use in
therapy or trcatment. In some cmbodiments, the articles of manufacture or kits provided herein
contain vectors and/or plurality of vectors, such as any vectors and/or plurality of vectors
described herein. In some aspects, the articles of manufacture or kits provided herein can be
used for administration of the vectors and/or plurality of vectors, and can include instructions for
use.

[0510] The articles of manufacture and/or kits containing cells or cell compositions for
therapy, may include a container and a label or package insert on or associated with the
container. Suitable containers include, for example, bottles, vials, syringes, IV solution bags, etc.
The containers may be formed from a variety of materials such as glass or plastic. The container
in some embodiments holds a composition which is by itself or combined with another
composition effective for treating, preventing and/or diagnosing the condition. In some
embodiments, the container has a sterile access port. Exemplary containers include an
intravenous solution bags, vials, including those with stoppers pierceable by a needle for
injection, or bottles or vials for orally administered agents. The label or package insert may
indicatc that thc composition is uscd for trcating a discasc or condition. The articlc of
manufacture may further include a package insert indicating that the compositions can be used
to treat a particular condition. Alternatively, or additionally, the article of manufacture may
further include another or the same container comprising a pharmaceutically-acceptable buffer.
It may further include other materials such as other buffers, diluents, filters, needles, and/or

syringes.

V1. DEFINITIONS
[0511] Unless deflined otherwise, all terms of art, notations and other technical and scientific
terms or terminology used herein are intended to have the same meaning as is commonly

understood by one of ordinary skill in the art to which the claimed subject matter pertains. In
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some cases, lerms with commonly understood meanings are delined herein for clarity and/or for
ready reference, and the inclusion of such definitions herein should not necessarily be construed
to represent a substantial difference over what is generally understood in the art.

s <

[0512] As used herein, the singular forms “a,” “an,” and “‘the” include plural referents unless
the context clearly dictates otherwise. For example, “a” or “an” means ‘“at least one” or “one or
more.” It is understood that aspects and variations described herein include “*consisting’ and/or
“consisting essentially of” aspects and variations.

[0513] Throughout this disclosure, various aspects of the claimed subject matter are
presented in a range format. It should be understood that the description in range format is
mercly for convenience and brevity and should not be construed as an inflexible limitation on
the scopc of the claimed subjcect matter. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible sub-ranges as well as individual
numerical values within that range. For example, where a range of values is provided, it is
understood that each intervening value, between the upper and lower limit of that range and any
other stated or intervening value in that stated range is encompassed within the claimed subject
matter. The upper and lower limits of these smaller ranges may independently be included in
the smaller ranges, and are also encompassed within the claimed subject matter, subject to any
specifically excluded limit in the stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included limits are also included in the
claimed subject matter. This applies regardless of the breadth of the range.

[0514] The term “about” as used herein refers to the usual error range for the respective
value readily known. Reference to “about’” a value or parameter herein includes (and describes)
embodiments that are directed to that value or parameter per se. For example, description
rcferring to “about X includces description of “X’. In some cmbodiments, “about” may rcfer to
*25%, ¥20%, *15%, *10%, *5%, or £1%.

[0515] In some aspects, corresponding positions of the one or more modifications, such as
one or more substitutions, can be determined in reference to positions of a reference amino acid
sequence or a reference nucleotide sequence. As used herein, recitation that nucleotides or
amino acid positions “correspond to” nucleotides or amino acid positions in a disclosed
sequence, such as set forth in the Sequence listing, refers to nucleotides or amino acid positions
identified upon alignment with the disclosed sequence to maximize identity using a standard
alignment algorithm, such as the GAP algorithm or other available algorithms. By aligning the
sequences, corresponding residues can be identified, for example, using conserved and identical

amino acid residues as guides. In general, to identify corresponding positions, the sequences of
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amino acids are aligned so that the highest order malch is obtained (see, e.g. : Compulational
Molecular Biology, Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993;
Computer Analysis of Sequence Data, Part 1, Griffin, A.M., and Griffin, H.G., eds., Humana
Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic
Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton
Press. New York, 1991; Cazrrillo et al. (1988) SIAM J Applied Math 48: 1073). Alignment for
determining corresponding positions can be obtained in various ways, for instance, using
publicly available computer software such as BLAST, BLAST-2, ALIGN or Megalign
(DNASTAR) softwarc. Appropriate paramcters for aligning scquences can be determined,
including any algorithms nceded to achicve maximal alignment over the full length of the
sequences being compared. For example, corresponding residues can be determined by
alignment of a reference sequence that is a wild-type Cas protein by available alignment
methods. By aligning the sequences, one skilled in the art can identify corresponding residues,
for example, using conserved and/or identical amino acid residues as guides.

[0516] The term “vector,” as used herein, refers to a nucleic acid molecule capable of
propagating another nucleic acid to which it is linked. The term includes the vector as a self-
replicating nucleic acid structure as well as the vector incorporated into the genome of a host
cell into which it has been introduced. Certain vectors are capable of directing the expression of
nucleic acids to which they are operatively linked. Such vectors are referred to herein as
“expression vectors.” Among the vectors are viral vectors, such as adenoviral vectors.

[0517] As used herein, “percent (%) amino acid sequence identity” and *“percent identity”
when used with respect to an amino acid sequence (reference polypeptide sequence) is defined
as the percentage of amino acid residucs in a candidate scquence that arc identical with the
amino acid residues in the reference polypeptide sequence, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not
considering any conservative substitutions as part of the sequence identity. Alignment for
purposes of determining percent amino acid sequence identity can be achieved in various known
ways, in some embodiments, using publicly available computer software such as BLAST,
BLAST-2, ALIGN or Megalign (DNASTAR) software. Appropriate parameters for aligning
sequences can be determined, including any algorithms needed to achieve maximal alignment
over the full length of the sequences being compared.

[0518] In some embodiments, “operably linked” may include the association of components,

such as a DNA sequence, e.g. a heterologous nucleic acid) and a regulatory sequence(s), in such
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a way as o permil gene expression when the appropriate molecules (e.g. transcriptional activator
proteins) are bound to the regulatory sequence. Hence, it means that the components described
are in a relationship permitting them to function in their intended manner.

[0519] An amino acid substitution may include replacement of one amino acid in a
polypeptide with another amino acid. The substitution may be a conservative amino acid
substitution or a non-conservative amino acid substitution. Amino acid substitutions may be
introduced into a binding molecule, e.g., antibody, of interest and the products screened for a
desired activity, e.g., retained/improved antigen binding, decreased immunogenicity, or
improved ADCC or CDC.

[0520] Amino acids generally can be grouped according to the following common side-
chain propertics:

(1) hydrophobic: Norlcucine, Met, Ala, Val, Lcu, Ilc;
(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;
(6) aromatic: Trp, Tyr, Phe.

[0521] In somc cmbodiments, conscrvative substitutions can involve the cxchange of a
member of one of these classes for another member of the same class. In some embodiments,
non-conservative amino acid substitutions can involve exchanging a member of one of these
classes for another class.

[0522] As used herein, a composition refers to any mixture of two or more products,
substances, or compounds, including cells. It may be a solution, a suspension, liquid, powder, a
paste, aqueous, non-aqueous or any combination thereof.

[0523] As used herein, a “subject” is a mammal, such as a human or other animal, and

typically is human.

VII. EXEMPLARY EMBODIMENTS
[0524] Among the provided embodiments are:
1. A DNA-targeting system comprising a DNA-targeting domain that binds to a target site in a
regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus.
2. The DNA-targeting system of embodiment 1, wherein binding of the DNA-targeting domain
to the target site does not introduce a genetic disruption or a DNA break at or near the target site.
3. The DNA-targeting system of embodiment 1 or 2, wherein the DNA-targeting domain

comprises a Clustered Regularly Interspaced Short Palindromic Repeats associated (Cas)-guide RNA
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(gRNA) combination comprising (a) a Cas protein or a variant thereof and (b) at least one gRNA; a zinc
finger protein (ZFP); a transcription activator-like effector (TALE); a meganuclease; a homing
endonuclease; or an I-Scel enzyme or a variant thereof, optionally wherein the DNA-targeting domain
comprises a catalytically inactive variant of any of the foregoing.

4. The DNA-targeting system of any of embodiments 1-3, wherein the DNA-targeting domain
comprises a Cas-gRINA combination comprising (a) a Cas protein or a variant thereof and (b) at least one
gRNA.

5. The DNA-targeting system of embodiment 3 or 4, wherein the variant Cas protein lacks
nuclease activity or is a deactivated Cas (dCas) protein.

6. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a variant Cas protein that lacks nuclease activity or that is a deactivated Cas (dCas) protein;
and

(b) at least one gRNA, comprising a gRNA spacer sequence that is capable of hybridizing to a
target site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus or is
complementary to the target site.

7. The DNA-targeting system of any of embodiments 3-6, wherein the at least one gRNA is
capable of complexing with the Cas protein or variant thereof.

8. The DNA-targeting system of any of embodiments 3-5 and 7, wherein the at least one gRNA
comprises a gRINA spacer sequence that is capable of hybridizing to the target site or is complementary
to the target site.

9. The DNA-targeting system of any of embodiments 3-8, wherein the Cas protein or a variant
thereof is a Cas9 protein or a variant thereof.

10. The DNA-targeting system of any of embodiments 4-9, wherein the variant Cas protein is a
variant Cas9 protein that lacks nuclease activity or that is a deactivated Cas9 (dCas9) protein.

11. The DNA-targeting system of embodiment 9 or 10, wherein the Cas9 protein or variant
thereof is a Streptococcus pyogenes Cas9 (SpCas9) protein or a variant thereof.

12. The DNA-targeting system of any of embodiments 9-11, wherein the variant Cas9 is a
Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least one amino acid mutation
selected from D10A and H840A, with reference to numbering of positions of SEQ ID NO:96.

13. The DNA-targeting system of any of embodiments 9-12, wherein the variant Cas9 protein
comprises the sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%,
91%., 92%. 93%. 94%, 95% ., 96%, 97%. 98%. or 99% sequence identity thereto.

14. The DNA-targeting system of embodiment 9 or 10, wherein the Cas9 protein or a variant
thereof is a Staphylococcus aureus Cas9 (SaCas9) protein or a variant thereof.

15. The DNA-targeting system of any of embodiments 9, 10, and 14, wherein the variant Cas9 is

a Staphylococcus aureus dCas9 protein (dSaCas9) that comprises at least one amino acid mutation
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selected from D10A and N580A, with reference to numbering of positions of SEQ ID NO:99.

16. The DNA-targeting system of any of embodiments 9, 10, 14, and 15, wherein the variant
Cas9 protein comprises the sequence set forth in SEQ ID NO:98, or an amino acid sequence that has at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 9T %, 98%, or 99% sequence identity thereto.

17. The DNA-targeting system of any of embodiments 1-16, wherein the target site is located
within the genomic coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-
154.098.158.

18. The DNA-targeting system of any of embodiments 1-17, wherein the target site comprises
the sequence set forth in SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of any of the foregoing.

19. The DNA-targeting systcm of any of embodiments 1-18, wherein the target sitc compriscs
the sequence set forth in SEQ ID NO:9, a contiguous portion thereof of at least 14 nt, or a
complcmentary scquence of any of the forcgoing.

20. The DNA-targeting system of any of embodiments 3-19, wherein the at least one gRNA
comprises a gRNA spacer sequence comprising the sequence set forth in SEQ ID NO:39, or a contiguous
portion thereof of at least 14 nt.

21. The DNA-targeting system of embodiment 20, wherein the at least one gRNA further
comprises the sequence set forth in SEQ ID NO:30.

22. The DNA-targeting system of any of embodiments 3-21, wherein the at least one gRNA
comprises a gRNA that comprises the sequence set forth in SEQ ID NO:69, optionally wherein the at
least one gRNA is the gRNA sequence set forth in SEQ ID NO:69.

23. The DNA-targeting system of any of embodiments 1-18, wherein the target site comprises
the sequence set forth in SEQ ID NO:27, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of any of the foregoing.

24. The DNA-targeting system of any of embodiments 3-18 and 23, wherein the at least one
gRNA comprises a gRNA that comprises a gRNA spacer sequence comprising the sequence set forth in
SEQ ID NO:57, or a contiguous portion thereof of at least 14 nt.

25. The DNA-targeting system of embodiment 24, wherein the at least one gRNA further
comprises the sequence set forth in SEQ ID NO:30.

26. The DNA-targeting system of any of embodiments 3-18 and 23-25, wherein the at least one
gRNA comprises a gRNA that comprises the sequence set forth in SEQ ID NO:87, optionally wherein
the at least one gRNA is the gRNA sequence set forth in SEQ ID NO:87.

27. The DNA-targeting system of any of embodiments 6-26, wherein the gRNA spacer sequence
is between 14 nt and 24 nt, or between 16 nt and 22 nt in length.

28. The DNA-targeting system of any of embodiments 6-27, wherein the gRNA spacer sequence
is 18 nt, 19 nt, 20 nt, 21 nt or 22 nt in length.

29. The DNA-targeting system of any of embodiments 3-28, wherein the gRNA comprises
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modified nucleotides for increased stability.

30. The DNA-targeting system of any of embodiments 1-29, wherein the DNA-targeting system
further comprises at least one effector domain.

31. The DNA-targeting system of embodiment 30, wherein the DNA-targeting domain or a
component thereof is fused to the at least one effector domain.

32. The DNA-targeting system of embodiment 31, wherein the DNA-targeting domain comprises
a Cas-gRNA combination comprising (a) a Cas protein or a variant thereof and (b) at least one gRNA,
and the component thereof fused to the at least one effector domain is the Cas protein or a variant thereof.

33. The DNA-targeting system of any of embodiments 30-32, wherein the effector domain
induces, catalyzes or leads to transcription activation, transcription co-activation, transcription
clongation, transcription de-repression, transcription repression, transcription factor rclcase,
polymerization, histone modification, histone acetylation, histone deacetylation, nucleosome remodeling,
chromatin rcmodcling, hetcrochromatin formation, reversal of heterochromatin formation, nuclcasc,
signal transduction, proteolysis, ubiquitination, deubiquitination, phosphorylation, dephosphorylation,
splicing, nucleic acid association, DNA methylation, DNA demethylation, histone methylation, histone
demethylation, or DNA base oxidation.

34. The DNA-targeting system of any of embodiments 30-33, wherein the effector domain
induces, catalyzes or leads to transcription de-repression, DNA demethylation or DNA base oxidation.

35. The DNA-targeting system of any of embodiments 30-34, wherein the effector domain
induces transcription de-repression.

36. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in SEQ ID
NO:95 fused to at least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in SEQ ID
NO:39.

37. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in SEQ ID
NO:95 fused to at least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in SEQ ID
NO:57.

38. The DNA-targeting system of any of embodiments 30-37, wherein the effector domain
comprises a catalytic domain of a ten-eleven translocation (TET) family methylcytosine dioxygenase or a
portion or a variant thereof.

39. The DNA-targeting system of any of embodiments 30-38, wherein the effector domain

comprises a catalytic domain of a Ten-eleven translocation methylcytosine dioxygenase 1 (TET1) or a
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portion or a variant thereof.

40. The DNA-targeting system of embodiment 39, wherein the effector domain comprises the
sequence set forth in SEQ ID NO:93, or a portion thereof, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any of the foregoing.

41. The DNA-targeting system of any of embodiments 30-40, wherein the at least one effector
domain is fused to the N-terminus, the C-terminus, or both the N-terminus and the C-terminus, of the
DNA-targeting domain or a component thereof.

42. The DNA-targeting system of any of embodiments 30-41, further comprising one or more
linkers connecting the DNA -targeting domain or a component thereof to the at least one effector domain,
and/or further comprising one or more nuclear localization signals (NLS).

43. The DNA-targcting systcm of any of embodiments 39-42, whercin the DNA-targeting system
comprises the sequence set forth in SEQ ID NO:91, or an amino acid sequence that has at least 90%,
91%, 92%, 93%, 94%., 95%, 96%, 97%. 98%, or 99% scquencc identity thereto.

44. The DNA-targeting system of any of embodiments 1-43, wherein the DNA-targeting domain
is a first DNA-targeting domain, and the DNA-targeting system further comprises one or more second
DNA-targeting domain.

45. The DNA-targeting system of embodiment 44, wherein:

the first DNA-targeting domain binds a first target site in the MeCP2 locus; and

the second DNA-targeting domain binds a second target site in the MeCP2 locus.

46. A DNA-targeting system that binds to one or more target sites in a regulatory DNA element
of a methyl-CpG-binding protein 2 (MeCP2) locus, the DNA-targeting system comprising:

a first DNA-targeting domain that binds a first target site in a MeCP2 locus; and

a second DNA-targeting domain that binds a second target site in a MeCP2 locus.

47. The DNA-targeting system of any of embodiments 44-47, wherein the first target site and the
second target site independently are located within the genomic coordinates hg38 chrX:154,097,151-
154,098,158.

48. The DNA-targeting system of any of embodiments 44-47, wherein:

the first DNA-targeting domain comprises a first Cas-gRNA combination comprising (a) a first
Cas protein or a variant thereof and (b) a first gRNA that is capable of hybridizing to the target site or is
complementary to the first target site; and

the second DNA-targeting domain comprises a second Cas-gRNA combination comprising (a) a
second Cas protein or a variant thereof and (b) a second gRNA that is capable of hybridizing to the target
site or is complementary to the second target site.

49. The DNA-targeting system of embodiment 48, wherein the first Cas protein or a variant
thereof and/or the second Cas protein or a variant thereof is a variant Cas9 protein that lacks nuclease
activity or that is a deactivated Cas9 (dCas9) protein.

50. The DNA-targeting system of embodiment 49, wherein the first variant Cas protein and/or

129

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

the second variant Cas protein is a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at
least one amino acid mutation selected from D10A and H840A, with reference to numbering of positions
of SEQ ID NO:96; or comprises the sequence set forth in SEQ ID NO:95, or an amino acid sequence that
has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto.

51. The DNA-targeting system of embodiment 49, wherein the first variant Cas protein and/or
the second variant Cas protein is a Staphylococcus aureus dCas9 protein (dSaCas9) that comprises at
least one amino acid mutation selected from D10A and N580A. with reference to numbering of positions
of SEQ ID NO:99; or comprises the sequence set forth in SEQ ID NO:98, or an amino acid sequence that
has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto.

52. The DNA-targeting system of any of embodiments 48-51, wherein the first Cas protein and
the seccond Cas protein arc the same.

53. The DNA-targeting system of any of embodiments 48-51, wherein the first Cas protein and
the second Cas protcin arc diffcrent.

54. The DNA-targeting system of any of embodiments 48-53, wherein the first Cas protein or a
variant thereof and/or the second Cas protein or a variant thereof is fused to at least one effector domain.
55. The DNA-targeting system of embodiment 54, wherein the effector domain induces,

catalyzes or leads to transcription activation, transcription co-activation, transcription elongation,
transcription de-repression, transcription repression, transcription factor release, polymerization, histone
modification, histone acetylation, histone deacetylation, nucleosome remodeling, chromatin remodeling,
heterochromatin formation, reversal of heterochromatin formation, nuclease, signal transduction,
proteolysis, ubiquitination, deubiquitination, phosphorylation, dephosphorylation, splicing, nucleic acid
association, DNA methylation, DNA demethylation, histone methylation, histone demethylation, or DNA
base oxidation.

56. The DNA-targeting system of embodiment 54 or 55, wherein the effector domain induces
transcription de-repression.

57. The DNA-targeting system of any of embodiments 44-56, wherein the first DNA-targeting
domain and the second DNA-targeting domain are encoded in a first polynucleotide.

58. The DNA-targeting system of any of embodiments 44-57, wherein the first Cas protein and
the second Cas protein are encoded in a first polynucleotide.

59. The DNA-targeting system of any of embodiments 44-52 and 54-58, wherein the first Cas
protein and the second Cas protein are encoded by the same nucleotide sequence.

60. The DNA-targeting system of any of embodiments 44-59, wherein the first gRNA and the
second gRNA are encoded in a first polynucleotide.

61. The DNA-targeting system of any of embodiments 44-52 and 54-60, wherein the first Cas
protein and the second Cas protein are encoded by the same nucleotide sequence, and the Cas protein, the
first gRNA, and the second gRNA are encoded in a first polynucleotide.

62. The DNA-targeting system of any of embodiments 44-56, wherein the first DNA-targeting
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domain is encoded in a first polynucleotide and the second DNA-targeting domain is encoded in a second
polynucleotide.

63. The DNA-targeting system of any of embodiments 44-56 and 62, wherein the first Cas
protein is encoded in a first polynucleotide and the second Cas protein is encoded in a second
polynucleotide.

64. The DNA-targeting system of any of embodiments 44-56, 62, and 63, wherein the first
gRNA is encoded in a first polynucleotide and the second gRNA is encoded in a second polynucleotide.

65. The DNA-targeting system of any of embodiments 44-56, 62, and 63, wherein the first Cas
protein and the first gRNA are encoded in a first polynucleotide, and the second Cas protein and the
second gRNA are encoded in a second polynucleotide.

66. A guide RNA (gRNA) that binds a target sitc located within the genomic coordinates human
genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158.

67. The gRNA of cmbodiment 66, wherein the target sitc compriscs the scquence sct forth in
SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a complementary sequence of any
of the foregoing.

68. The gRNA of embodiment 66 or 67. wherein the target site comprises the sequence set forth
in SEQ ID NO:9, a contiguous portion thereof of at least 14 nt, or a complementary sequence of any of
the foregoing.

69. The gRNA of any of embodiments 66-68, wherein the gRNA comprises a gRNA spacer
sequence comprising the sequence set forth in SEQ ID NO:39, or a contiguous portion thereof of at least
14 nt.

70. The gRNA of any of embodiments 66-68, wherein the gRNA further comprises the sequence
set forth in SEQ ID NO:30.

71. The gRNA of any of embodiments 66-69, wherein the gRNA comprises the sequence set
forth in SEQ ID NO:69, optionally wherein the gRNA sequence is set forth in SEQ ID NO:69.

72. The gRNA of embodiment 66 or 67, wherein the target site comprises the sequence set forth
in SEQ ID NO:27, a contiguous pottion thereof of at least 14 nt, or a complementary sequence of any of
the foregoing.

73. The gRNA of any of embodiments 66, 67, and 72, wherein the gRNA comprises a gRNA
spacer sequence comprising the sequence set forth in SEQ ID NO:57, or a contiguous portion thereot of
at least 14 nt.

74. The gRNA of any of embodiments 66, 67, 72, and 73, wherein the gRNA further comprises
the sequence set forth in SEQ ID NO:30.

75. The gRNA of any of embodiments 66, 67, and 72-74, wherein the gRNA comprises the
sequence set forth in SEQ ID NO:87, optionally wherein the gRNA sequence is set forth in SEQ ID
NO:87.

76. The gRNA of any of embodiments 66-75, wherein the gRNA spacer sequence is between 14
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nt and 24 nt, or between 16 nt and 22 nt in length.

77. The gRNA of any of embodiments 66-76, wherein the gRNA spacer sequence is 18 nt, 19 nt,
20 nt, 21 nt or 22 nt in length.

78. The gRNA of any of embodiments 66-77, wherein the gRNA comprises modified nucleotides
for increased stability.

79. The gRNA of any of embodiments 66-78, wherein the gRNA is capable of complexing with
the Cas protein or variant thereof.

80. The gRNA of any of embodiments 66-79, wherein the gRNA comprises a gRNA spacer
sequence that is capable of hybridizing to the target site or is complementary to the target site.

81. A combination, comprising a first gRNA comprising the gRNA of any of embodiments 66-
80, and onc or morc sccond gRNAs that binds to a sccond target sitc in a regulatory DNA clement of a
methyl-CpG-binding protein 2 (MeCP2) locus.

82. The combination of cmbodiment 81, whercin the second gRINA compriscs thec gRNA of any
of embodiments 66-80.

83. A combination, comprising:

a first gRNA that binds a first target site in a regulatory DNA element of a methyl-CpG-binding
protein 2 (MeCP2) locus, wherein the first target site is located within the genomic coordinates human
genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158; and

a second gRNA that binds a second target site in a regulatory DNA element of a MeCP2 locus,
wherein the second target site is located within the genomic coordinates hg38 chrX:154,097,151-
154,098,158.

84. A fusion protein comprising (1) a DNA-targeting domain or a component thereof and (2) at
least one effector domain, wherein:

the DNA-targeting domain or a component thereof binds to a target site in a regulatory DNA
element of a methyl-CpG-binding protein 2 (MeCP2) locus; and

the effector domain induces, catalyzes or leads to transcription activation, transcription co-
activation, transcription elongation, transcription de-repression, transcription repression, transcription
factor release, polymerization, histone modification, histone acetylation, histone deacetylation,
nucleosome remodeling, chromatin remodeling, heterochromatin formation, reversal of heterochromatin
formation, nuclease, signal transduction, proteolysis, ubiquitination, deubiquitination, phosphorylation,
dephosphorylation, splicing, nucleic acid association, DNA methylation, DNA demethylation, histone
methylation, histone demethylation, or DNA base oxidation.

85. The fusion protein of embodiment 84, wherein binding of the DNA-targeting domain or a
component thereof to the target site does not introduce a genetic disruption or a DNA break at or near the
target site.

86. The fusion protein of embodiment 84 or 85, wherein the DN A-targeting domain comprises a

Clustered Regularly Interspaced Short Palindromic Repeats associated (Cas)-guide RNA (gRNA)
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combination comprising (a) a Cas protein or a variant thereof and (b) at least one gRNA; a zinc finger
protein (ZFP); a transcription activator-like effector (I'ALE); a meganuclease; a homing endonuclease; or
an I-Scel enzyme or a variant thereof, optionally wherein the DNA-targeting domain comprises a
catalytically inactive variant of any of the foregoing.

87. The fusion protein of any of embodiments 84-86, wherein the DNA-targeting domain
comprises a Cas-gRINA combination comprising a Cas protein or a variant thereof and at least one
gRNA, and the component of the DNA-targeting domain is a Cas protein or a variant thereof.

88. A fusion protein comprising (1) a Cas protein or a variant thereof and (2) at least one effector
domain, wherein the effector domain induces, catalyzes or leads to transcription activation, transcription
co-activation, transcription elongation, transcription de-repression, transcription repression, transcription
factor rclcasc, polymerization, histonc modification, histonc acctylation, histonc dcacctylation,
nucleosome remodeling, chromatin remodeling, heterochromatin formation, reversal of heterochromatin
formation, nuclcase, signal transduction, protcolysis, ubiquitination, dcubiquitination, phosphorylation,
dephosphorylation, splicing, nucleic acid association, DNA methylation, DNA demethylation, histone
methylation, histone demethylation, or DNA base oxidation.

89. The fusion protein of any of embodiments 86-88, wherein the variant Cas protein lacks
nuclease activity or is a deactivated Cas (dCas) protein.

90. The fusion protein of any of embodiments 86-89, wherein the Cas protein or a variant thereof
is a Cas9 protein or a variant thereof.

91. The fusion protein of any of embodiments 86-90, wherein the variant Cas protein is a variant
Cas9 protein that lacks nuclease activity or that is a deactivated Cas9 (dCas9) protein.

92. The fusion protein of embodiment 90 or 91, wherein the Cas9 protein or variant thereof is a
Streptococcus pyogenes Cas9 (SpCas9) protein or a variant thereof.

93. The fusion protein of any of embodiments 90-92, wherein the variant Cas9 is a Streptococcus
pyogenes dCas9 (dSpCas9) protein that comprises at least one amino acid mutation selected from D10A
and H840A, with reference to numbering of positions of SEQ ID NO:96.

94. The fusion protein of any of embodiments 90-93, wherein the variant Cas9 protein comprises
the sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto.

95. The fusion protein of embodiment 90 or 91, wherein the Cas9 protein or a variant thereof is a
Streprococcus pyogenes Cas9 (SaCas9) protein or a variant thereof.

96. The fusion protein of any of embodiments 90, 91, and 95, wherein the variant Cas9 is a
Streptococcus pyogenes dCas9 protein (dSaCas9) that comprises at least one amino acid mutation
selected from D10A and N580A, with reference to numbering of positions of SEQ ID NO:99.

97. The fusion protein of any of embodiments 90, 91, 95, and 96, wherein the variant Cas9
protein comprises the sequence set forth in SEQ ID NO:98, or an amino acid sequence that has at least

90%, 91%, 92%, 93%, 949, 959, 96%, 97%, 98%, or 99% sequence identity thereto.
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98. The fusion protein of any of embodiments 84-97, wherein the target site is located within the
genomic coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158.

99. The fusion protein of any of embodiments 84-98, wherein the target site comprises the
sequence set forth in SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of any of the foregoing.

100. The fusion protein of any of embodiments 84-99, wherein the target site comprises the
sequence set forth in SEQ ID NO:9, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of any of the foregoing.

101. The fusion protein of any of embodiments 84-99, wherein the target site comprises the
sequence set forth in SEQ ID NO:27, a contiguous portion thereof of at least 14 nt, or a complementary
scquence of any of the foregoing.

102. The fusion protein of any of embodiments 84-101, wherein the effector domain induces,
catalyzcs or lcads to transcription de-repression, DNA demethylation or DNA basc oxidation.

103. The fusion protein of any of embodiments 84-102, wherein the effector domain induces
transcription de-repression.

104. The fusion protein of any of embodiments 84-103, wherein the effector domain comprises a
catalytic domain of a ten-eleven translocation (TET) family methylcytosine dioxygenase or a portion or a
variant thereof.

105. The fusion protein of any of embodiments 84-104, wherein the effector domain comprises a
catalytic domain of a Ten-eleven translocation methylcytosine dioxygenase 1 (TET1) or a portion or a
variant thereof.

106. The fusion protein of embodiment 105, wherein the effector domain comprises the sequence
set forth in SEQ ID NO:93, or a portion thereof, or an amino acid sequence that has at least 90%, 91%,
92%. 93%, 94%. 95%. 96%. 97%, 98%. or 99% sequence identity to any of the foregoing.

107. The fusion protein of any of embodiments 84-106, wherein the at least one effector domain
is fused to the N-terminus, the C-terminus, or both the N-terminus and the C-terminus, of the DNA-
targeting domain or a component thereof, optionally wherein the at least one effector domain is fused to
the N-terminus, the C-terminus, or both the N-terminus and the C-terminus of the Cas protein or a
variunt thereof.

108. The fusion protein of any of embodiments §4-107, further comprising one or more linkers
connecting the DNA-targeting domain or a component thereof, optionally the Cas protein or variant
thereof, to the at least one effector domain, and/or further comprising one or more nuclear localization
signals (NLS).

109. The fusion protein of any of embodiments 84-108, wherein the fusion protein comprises the
sequence set forth in SEQ ID NO:91, or an amino acid sequence that has at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto.

110. A combination comprising the fusion protein of any of embodiments 85-109 and at least one
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gRNA, optionally wherein the at least one gRNA is a gRNA of any of embodiments 66-8(.

111. A polynucleotide encoding the DNA-targeting system of any of embodiments 1-65, the
gRNA of any of embodiments 66-80, the combination of any of embodiments 80-83 and 110, or the
fusion protein of any of embodiments 84-109, or a portion or a component of any of the foregoing.

112. A polynucleotide encoding a first DNA-targeting system, a first Cas protein and/or a first
gRNA of the DNA-targeting system of any of embodiments 56-90 or the combination of any of
embodiments 80-83 and 110.

113. A polynucleotide encoding a second DN A-targeting system, a second Cas protein and/or a
second gRNA of the DNA-targeting system of any of embodiments 56-90 or the combination of any of
embodiments 80-83 and 110.

114. A plurality of polynuclcotides, comprising the polynuclcotide of any of cmbodiments 111-
113, and one or more additional polynucleotides encoding an additional portion or an additional
component of thec DNA-targeting systcm of any of ecmbodiments 1-65, the gRNA of any of cmbodiments
66-80, the combination of any of embodiments 80-83 and 110, or the fusion protein of any of
embodiments 84-109, or a portion or a component of any of the foregoing.

115. A plurality of polynucleotides, comprising:

a first polynucleotide comprising the polynucleotide of embodiment 112; and

a second polynucleotide comprising the polynucleotide of embodiment 113.

116. A vector comprising the polynucleotide of any of embodiments 111-113, the plurality of
polynucleotides of embodiment 114 or 115, or a first polynucleotide or a second polynucleotide of the
plurality of polynucleotides of embodiment 114 or 115, or a portion or a component of any of the
foregoing.

117. The vector of embodiment 116, wherein the vector is a viral vector, optionally wherein the
viral vector is an AAV vector.

118. The vector of embodiment 117, wherein the viral vector, optionally the AAV vector,
exhibits central nervous system (CNS) tropism.

119. The vector of embodiment 117 or 118, wherein the viral vector is an AAV vector and the
AAYV vector is selected from among AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, or
AAV9 vector, optionally an AAVS vector or an AAV9 vector.

120. The vector of embodiment 116, wherein the vector is a non-viral vector selected from: a
lipid nanoparticle, a liposome, an exosome, or a cell penetrating peptide

121. A plurality of vectors, comprising the vector of any of embodiments 116-120, and one or
more additional vectors comprising one or more additional polynucleotides encoding an additional
portion or an additional component of the DNA-targeting system of any of embodiments 1-65, the gRNA
of any of embodiments 66-80, the combination of any of embodiments 80-83 and 110, or the fusion
protein of any of embodiments §4-109, or a portion or a component of any of the foregoing.

122. A plurality of vectors, comprising:
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a first vector comprising the polynucleotide of embodiment 112; and

a second vector comprising the polynucleotide of embodiment 113.

123. A cell comprising the DNA-targeting system of any of embodiments 1-65, the gRNA of any
of embodiments 66-80, the combination of any of embodiments 80-83 and 110, the fusion protein of any
of embodiments 84-109, the polynucleotide of any of embodiments 111-113, the plurality of
polynucleotides of embodiment 114 or 115, the vector of any of embodiments 116-120, the plurality of
vectors of embodiment 121 or 122, or a portion or a component of any of the foregoing.

124. The cell of embodiment 123, wherein the cell is a nervous system cell, or an induced
pluripotent stem cell.

125. The cell of embodiment 123 or 124, wherein the cell is from a subject that has or is
suspected of having Rett syndrome, McCP2-related scvere nconatal encephalopathy, Angelman
syndrome, or PPM-X syndrome.

126. The ccll of any of embodiments 123-125, whercein the ccll is from a subjcct that has or is
suspected of having Rett syndrome.

127. A method for modulating the expression of methyl-CpG-binding protein 2 (MeCP2) in a
cell, the method comprising:

introducing the DINA-targeting system of any of embodiments 1-65, the gRNA of any of
embodiments 66-80, the combination of any of embodiments 80-83 and 110, the fusion protein of any of
embodiments 84-109, the polynucleotide of any of embodiments 111-113, the plurality of
polynucleotides of embodiment 114 or 115, the vector of any of embodiments 116-120, the plurality of
vectors of embodiment 121 or 122, or a portion or a component of any of the foregoing, into the cell.

128. The method of embodiment 127, wherein the cell is from a subject that has or is suspected
of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-
X syndrome.

129. The method of embodiment 127 or 128, wherein the cell is from a subject that has or is
suspected of having Rett syndrome.

130. A method for modulating the expression of methyl-CpG-binding protein 2 (MeCP2) in a
subject, the method comprising:

administering the DN A-targeting system of any of embodiments 1-65, the gRNA of any of
embodiments 66-80, the combination of any of embodiments 80-83 and 110, the fusion protein of any of
embodiments 84-109, the polynucleotide of any of embodiments 111-113, the plurality of
polynucleotides of embodiment 114 or 115, the vector of any of embodiments 116-120, the plurality of
vectors of embodiment 121 or 122, or a portion or a component of any of the foregoing, to the subject.

131. The method of any of embodiments 128-130, wherein the subject has or is suspected of
having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X
syndrome.

132. The method of any of embodiments 128-131, wherein the subject has or is suspected of
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having Rett syndrome.

133. A method of treating Rett syndrome, MeCP2-related severe neonatal encephalopathy,
Angelman syndrome, or PPM-X syndrome, the method comprising:

administering the DNA-targeting system of any of embodiments 1-65, the gRNA of any of
embodiments 66-80, the combination of any of embodiments 80-83 and 110, the fusion protein of any of
embodiments 84-109, the polynucleotide of any of embodiments 111-113, the plurality of
polynucleotides of embodiment 114 or 115, the vector of any of embodiments 116-120, the plurality of
vectors of embodiment 121 or 122, or a portion or a component of any of the foregoing, to a subject that
has or is suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome.

134. A mcthod of trcating Rett syndrome, the method comprising:

administering the DN A-targeting system of any of embodiments 1-65, the gRNA of any of
cmbodiments 66-80, thc combination of any of cmbodiments 80-83 and 110, the fusion protein of any of
embodiments 84-109, the polynucleotide of any of embodiments 111-113, the plurality of
polynucleotides of embodiment 114 or 115, the vector of any of embodiments 116-120, the plurality of
vectors of embodiment 121 or 122, or a portion or a component of any of the foregoing, to a subject that
has or is suspected of having Rett syndrome.

135. The method of any of embodiments 128-134, wherein a cell in the subject comprises a
mutant MeCP?2 allele in the active X chromosome, optionally wherein the mutant MeCP2 allele
comprises a mutation corresponding to R255X; and/or a cell in the subject comprises a wild-type MeCP2
allele in the inactive X chromosome.

136. The method of any of embodiments 128-135, wherein a cell in the subject exhibits reduced
or minimal expression of the wild-type MeCP2 compared to a cell from a normal subject.

137. The method of any of embodiments 127-136, wherein the cell is a nervous system cell, or an
induced pluripotent stem cell.

138. The method of any of embodiments 127-137, wherein the introducing, contacting or
administering is carried out in Vivo or exX Vivo.

139. The method of any of embodiments 135-138, wherein following the introducing, contacting
or administering, the expression of the wild-type MeCP2 allele from the inactive X chromosome is
increased in the cell or the subject.

140. The method of embodiment 139, wherein the expression is increased at least about 2-fold,
2.5-fold, 3-fold, 4-fold. 5-fold, 6-fold, 7-fold, 75-fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-fold,
or 30-fold.

141. The method of embodiment 139 or 140, wherein the expression is increased by less than
about 200-fold, 150-fold, or 100-fold.

142. The method of any of embodiments 139-141, wherein the expression of the wild-type
MeCP2 allele is increased to at least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% of the
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expression of the wild-type MeCP2 of a cell from a normal subject.

143. The method of any of embodiments 128-143, wherein the subject is a human.

144. A pharmaceutical composition comprising the DNA-targeting system of any of
embodiments 1-65, the gRNA of any of embodiments 66-80, the combination of any of embodiments 80-
83, the fusion protein of any of embodiments 84-109 or 110, the polynucleotide of any of embodiments
111-113, the plurality of polynucleotides of embodiment 114 or 115, the vector of any of embodiments
115-120, the plurality of vectors of embodiment 121 or 122, or a portion or a component of any of the
foregoing.

145. The pharmaceutical composition of embodiment 144, for use in treating Rett syndrome,
MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome.

146. The pharmaccutical composition of embodiment 144, for usc in treating Rett syndromc.

147. The pharmaceutical composition of embodiment 183, for use in the manufacture of a
medicament for treating Rett syndrome, McCP2-related scvere nconatal encephalopathy, Angelman
syndrome, or PPM-X syndrome.

148. The pharmaceutical composition of embodiment 183, for use in the manufacture of a
medicament for treating Rett syndrome.

149. The pharmaceutical composition for use of any of embodiments 145-148, wherein the
pharmaceutical composition is to be administered to a subject, optionally wherein the subject has or is
suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome, optionally Rett syndrome.

150. Use of the pharmaceutical composition of embodiment 144, for treating Rett syndrome,
MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome.

151. Use of the pharmaceutical composition of embodiment 144, for treating Rett syndrome.

152. Use of the pharmaceutical composition of embodiment 144 in the manufacture of a
medicament for treating Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome.

153. Use of the pharmaceutical composition of embodiment 144 in the manufacture of a
medicament for treating Rett syndrome.

154. The use of embodiment 148 or 149, wherein the pharmaceutical composition is to be
administered to a subject, optionally wherein the subject has or is suspected of having Rett syndrome,
MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome, optionally
Rett syndrome.

155. The pharmaceutical composition for use or the use of embodiment 149 or 154, wherein a
cell in the subject comprises a mutant MeCP2 allele in the active X chromosome, optionally wherein the
mutant MeCP2 allele comprises a mutation corresponding to R255X; and/or a cell in the subject
comprises a wild-type MeCP2 allele in the inactive X chromosome.

156. The pharmaceutical composition for use or the use of any of embodiments 149, 154, and
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155, wherein a cell in the subject exhibits reduced or minimal expression of the wild-type MeCP2
compared to a cell from a normal subject.

157. The pharmaceutical composition for use or the use of any of embodiments 155-156, wherein
the cell is a nervous system cell, or an induced pluripotent stem cell.

158. The pharmaceutical composition for use or the use of any of embodiments 149 and 154-157,
wherein the administration is carried out in vivo or ex vivo.

159. The pharmaceutical composition for use or the use of any of embodiments 149 and 154-158,
wherein following the administration, the expression of the wild-type MeCP2 allele from the inactive X
chromosome is increased in the cell or the subject.

160. The pharmaceutical composition for use or the use of embodiment 160, wherein the
cxpression is incrcased at Icast about 2-fold, 2.5-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 75-fold, 8-
fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-fold, or 30-fold.

161. The pharmaccutical composition for usc or the usc of embodiment 159 or 160, whercin the
expression is increased by less than about 200-fold, 150-fold, or 100-fold.

162. The pharmaceutical composition for use or the use of any of embodiments 159-161, wherein
the expression of the wild-type MeCP2 allele is increased to at least 20%, 25%. 30%. 40%. 50%. 60%.
70%, 80%, 90%, or 100% of the expression of the wild-type MeCP2 of a cell from a normal subject.

163. The pharmaceutical composition for use or the use of any of embodiments 149 and 154-162,
wherein the subject is a human.

201. A DNA-targeting system comprising a DNA-targeting domain that binds to a target site in a
regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus.

202. A DNA-targeting system comprising:

(2) a DNA-targeting domain that binds to a target site in a regulatory DNA element of a methyl-
CpG-binding protein 2 (MeCP2) locus; and

(b) at least one effector domain that increases transcription of the MeCP2 locus.

203. The DNA-targeting system of embodiment 201 or 202, wherein binding of the DNA-
targeting domain to the target site does not introduce a genetic disruption or a DNA break at or near the
target site.

204. The DNA-targeting system of any of embodiments 201-203, wherein the DNA-targeting
domain comprises a Clustered Regularly Interspaced Short Palindromic Repeats associated (Cas)-guide
RINA (gRNA) combination comprising (a) a Cas protein or a variant thereof and (b) at least one gRNA; a
zinc finger protein (ZFP); a transcription activator-like effector (TALE); a meganuclease; a homing
endonuclease; or an I-Scel enzyme or a variant thereof, optionally wherein the DNA-targeting domain
comprises a catalytically inactive variant of any of the foregoing.

205. The DNA-targeting system of any of embodiments 201-204, wherein the DNA-targeting
domain comprises a Cas-gRNA combination comprising (a) a Cas protein or a variant thereof and (b) at

least one gRNA.

139

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

206. The DNA-targeting system of embodiment 204 or 205, wherein the variant Cas protein is a
deactivated Cas (dCas) protein.

207. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a deactivated Cas (dCas) protein; and

(b) at least one gRNA comprising a gRNA spacer sequence that is capable of hybridizing to a
target site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus or is
complementary to the target site.

208. The DNA-targeting system of any of embodiments 204-207, wherein the at least one gRNA
is capable of complexing with the Cas protein or variant thereof.

209. The DNA-targeting systcm of any of ecmbodiments 204-206 and 208, whercin the at lcast
one gRNA comprises a gRNA spacer sequence that is capable of hybridizing to the target site or is
complcmentary to the target site.

210. The DNA-targeting system of any of embodiments 204-209, wherein the Cas protein or a
variant thereof is a Cas9 protein or a variant thereof.

211. The DNA-targeting system of any of embodiments 205-210, wherein the variant Cas protein
is a deactivated Cas9 (dCas9) protein.

212. The DNA-targeting system of embodiment 210 or 211, wherein the Cas9 protein or variant
thereof is a Streptococcus pyogenes Cas9 (SpCas9) protein or a variant thereof.

213. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a Streptococcus pyogenes dCas9 (dSpCas9) protein;

(b) at least one effector domain that increases transcription of a methyl-CpG-binding protein 2
(MeCP2) locus; and

(c) at least one gRNA comprising a gRNA spacer sequence that is capable of hybridizing to a
target site in a regulatory DNA element of a MeCP2 locus or is complementary to the target site.

214. The DNA-targeting system of any of embodiments 210-212, wherein the variant Cas9 is a
Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least one amino acid mutation
selected from D10A and H840A, with reference to numbering of positions of SEQ ID NO:96.

215. The DNA-targeting system of any of embodiments 210-212 and 214, wherein the variant
Cas9 protein comprises the sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at
least 90%, 91%, 92%, 93%, 949%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto.

216. The DNA-targeting system of embodiment 210 or 211, wherein the Cas9 protein or a
variant thereof is a Staphylococcus aureus Cas9 (SaCas9) protein or a variant thereof.

217. The DNA-targeting system of any of embodiments 210, 211, and 216, wherein the variant
Cas9 is a Staphylococcus aureus dCas9 protein (dSaCas9) that comprises at least one amino acid

mutation selected from D10A and N580A, with reference to numbering of positions of SEQ ID NO:99.
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218. The DNA-targeting system of any of embodiments 210, 211, 216, and 217, wherein the
variant Cas9 protein comprises the sequence set forth in SEQ ID NO:98, or an amino acid sequence that
has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto.

219. The DNA-targeting system of any of embodiments 210-212, wherein the variant Cas protein
is a split variant Cas protein, wherein the split variant Cas protein comprises a first polypeptide
comprising an N-terminal fragment of the variant Cas protein and an N-terminal Intein, and a second
polypeptide comprising a C-terminal fragment of the variant Cas protein and a C-terminal Intein.

220). The DNA-targeting system of embodiment 219, wherein when the first polypeptide and the
second polypeptide of the split variant Cas protein are present in proximity or present in the same cell,
the N-terminal Intein and C-terminal Intein self-excise and ligate the N-terminal fragment and the C-
terminal fragment of the variant Cas protcin to form a full-length variant Cas protcin.

221. The DNA-targeting system of embodiment 219 or 220, wherein the N-terminal Intein
compriscs an N-tcrminal Npu Intcin, or the sequence sct forth in SEQ ID NO:129, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% sequence identity
thereto, or a portion of any of the foregoing.

222. The DNA-targeting system of any of embodiments 219-221, wherein the N-terminal
fragment of the variant Cas protein comprises:

the N-terminal fragment of variant SpCas9 from the N-terminal end up to position 573 of the
dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 94%, 95%, 969, 97%, 98%, or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:127, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%. or 99% sequence identity thereto, or a portion of any of the
foregoing.

223. The DNA-targeting system of any of embodiments 219-222, wherein the first polypeptide
of the split variant Cas protein comprises the sequence set forth in SEQ ID NO:121, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto, or a portion of any of the foregoing.

224. The DNA-targeting system of any of embodiments 219-223, wherein the C-terminal Intein
comprises a C-terminal Npu Intein, or the sequence set forth in SEQ ID NO:133, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%., 98%, or 99% sequence identity
thereto, or a portion of any of the foregoing.

225. The DNA-targeting system of any of embodiments 219-224, wherein the C-terminal
fragment of the variant Cas protein comprises:

the C-terminal fragment of variant SpCas9 from position 574 to the C-terminal end of the
dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 949, 95%, 96%, 97%, 98%, or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:135, or an amino acid sequence that has at least 90%, 91%,
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92%, 93%, 94%, 95%, 969, 97%, 98%, or 99% sequence identity thereto, or a portion of any of the
foregoing.

226. The DNA-targeting system of any of embodiments 219-225, wherein the second
polypeptide of the split variant Cas protein comprises the sequence set forth in SEQ ID NO:131, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, or 99%
sequence identity thereto, or a portion of any of the foregoing.

227. The DNA-targeting system of any of embodiments 201-226, wherein the target site
comprises the sequence set forth in any one of SEQ ID NOs: 1-29, a contiguous portion thereof of at least
14 nt, or a complementary sequence of any of the foregoing.

228. The DNA-targeting system of any of embodiments 201-227, wherein the target site is
located within the genomic coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-
154.,096,158.

229. The DNA-targeting systcm of any of ecmbodiments 201-228, whercin the target sitc
comprises the sequence set forth in SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or
a complementary sequence of any of the foregoing.

230. The DNA-targeting system of any of embodiments 201-229, wherein the target site
comprises the sequence set forth in SEQ ID NO:9, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of any of the foregoing.

231. The DNA-targeting system of any of embodiments 204-230, wherein the at least one gRNA
comprises a gRNA spacer sequence comprising the sequence set forth in SEQ ID NO:39, or a contiguous
portion thereof of at least 14 nt.

232. The DNA-targeting system of embodiment 231, wherein the at least one gRNA further
comprises the sequence set forth in SEQ ID NO:30.

233. The DNA-targeting system of any of embodiments 204-232, wherein the at least one gRNA
comprises a gRNA that comprises the sequence set forth in SEQ ID NO:69, optionally wherein the at
least one gRNA is the gRNA sequence set forth in SEQ ID NO:69.

234. The DNA-targeting system of any of embodiments 201-229, wherein the target site
comprises the sequence set forth in SEQ ID NO:27, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of any of the foregoing.

235. The DNA-targeting system of any of embodiments 204-229 and 234, wherein the at least
one gRNA comprises a gRNA that comprises a gRNA spacer sequence comprising the sequence set forth
in SEQ ID NO:57, or a contiguous portion thereof of at least 14 nt.

236. The DNA-targeting system of embodiment 235, wherein the at least one gRNA further
comprises the sequence set forth in SEQ ID NO:30.

237. The DNA-targeting system of any of embodiments 204-229 and 234-236, wherein the at
least one gRNA comprises a gRNA that comprises the sequence set forth in SEQ ID NO:87, optionally
wherein the at least one gRNA is the gRNA sequence set forth in SEQ ID NO:87.
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238. The DNA-targeting system of any of embodiments 207-237, wherein the gRNA spacer
sequence is between 14 nt and 24 nt, or between 16 nt and 22 nt in length.

239. The DNA-targeting system of any of embodiments 207-238, wherein the gRNA spacer
sequence is 18 nt, 19 nt, 20 nt, 21 nt or 22 nt in length.

240. The DNA-targeting system of any of embodiments 204-239, wherein the gRNA comprises
modified nucleotides for increased stability.

241. The DNA-targeting system of any of embodiments 201-240, wherein the DNA-targeting
system further comprises at least one effector domain.

242. The DNA-targeting system of embodiment 241, wherein the DNA-targeting domain or a
component thereof is fused to the at least one effector domain.

243, The DNA-targeting system of embodiment 242, wherein the DNA-targeting domain
comprises a Cas-gRNA combination comprising (a) a Cas protein or a variant thereof and (b) at least one
gRNA, and thc componcnt thercof fuscd to the at least onc cffector domain is the Cas protcin or a variant
thereof.

244. The DNA-targeting system of any of embodiments 241-243, wherein the etfector domain
induces transcription activation, transcription co-activation, transcription elongation, transcription de-
repression, histone modification, nucleosome remodeling, chromatin remodeling, reversal of
heterochromatin formation, DNA demethylation, or DNA base oxidation.

245. The DNA-targeting system of any of embodiments 241-244, wherein the effector domain
induces transcription de-repression, DNA demethylation or DNA base oxidation.

246. The DNA-targeting system of any of embodiments 241-245, wherein the effector domain
induces transcription de-repression.

247. A DNA -targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in SEQ 1D
NO:95 fused to at least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in SEQ ID
NO:39.

248. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in SEQ ID
NO:95 fused to at least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in SEQ ID
NO:57.

249. A DNA -targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a first polypeptide of a split variant Cas9 protein comprising an N-terminal fragment of a
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Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein fused to an N-terminal intein and at
least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRINA spacer sequence set forth in SEQ ID
NO:39.

250. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a first polypeptide of a split variant Cas9 protein comprising an N-terminal fragment of a
Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein fused to an N-terminal intein and at
least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in SEQ ID
NO:57.

251. The DNA-targeting system of embodiment 249 or 250, further comprising a second
polypcptide of a split variant Cas9 protcin comprising a C-tcrminal fragment of the dSpCas9 fused to a
C-terminal Intein.

252. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a second polypeptide of a split variant Cas9 protein comprising a C-terminal fragment of a
Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein fused to an C-terminal intein and at
least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRINA spacer sequence set forth in SEQ ID
NO:39.

253. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide RNA
(gRNA) combination comprising:

(a) a second polypeptide of a split variant Cas9 protein comprising a C-terminal fragment of a
Streptococcus pyogenes deactivated Cas9 protein (dSpCas?) protein fused to a C-terminal intein and at
least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in SEQ ID
NO:57.

254. The DNA-targeting system of embodiment 252 or 253, further comprising a first
polypeptide of a split variant Cas9 protein an N-terminal fragment of the dSpCas9 fused to an N-terminal
Intein.

255. The DNA-targeting system of any of embodiments 249-254, wherein when the first
polypeptide and the second polypeptide of the split variant Cas9 are present in proximity or present in the
same cell, the N-terminal Intein and C-terminal Intein self-excise and ligate the N-terminal fragment and
the C-terminal fragment of the variant Cas9 to form a full-length variant Cas9 protein.

256. The DNA-targeting system of embodiment 255, wherein the N-terminal Intein comprises an

N-terminal Npu Intein, or the sequence set forth in SEQ ID NO:129, or an amino acid sequence that has
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at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto, or a
portion of any of the foregoing.

257. The DNA-targeting system of embodiment 255 or 256, wherein the N-terminal fragment of
the variant Cas9 comprises:

the N-terminal fragment of variant SpCas9 from the N-terminal end up to position 573 of the
dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 94%., 95%., 96%., 97% ., 98%. or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:127, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 94%, 95%, 969, 97%, 98%, or 99% sequence identity thereto, or a portion of any of the
foregoing.

258. The DNA-targeting system of any of embodiments 255-257, whercin the first polypeptide
of the split variant Cas9 comprises the sequence set forth in SEQ ID NO:121, or an amino acid sequence
that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% scquence identity thercto, or
a portion of any of the foregoing.

259. The DNA-targeting system of any of embodiments 255-258, wherein the C-terminal Intein
comprises a C-terminal Npu Intein, or the sequence set forth in SEQ 1D NO:133, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto, or a portion of any of the foregoing.

260. The DNA-targeting system of any of embodiments 255-259, wherein the C-terminal
fragment of the variant Cas9 comprises:

the C-terminal fragment of variant SpCas9 from position 574 to the C-terminal end of the
dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 949, 95%, 96%, 97%, 98% ., or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:135, or an amino acid sequence that has at least 90%. 91%.
92%, 93%, 94%, 95%, 969, 97%, 98%. or 99% sequence identity thereto, or a portion of any of the
foregoing.

261. The DNA-targeting system of any of embodiments 255-260, wherein the second
polypeptide of the split variant Cas9 comprises the sequence set forth in SEQ ID NO:131, or an amino
acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% ., 98%, or 99% sequence
identity thereto, or a portion of any of the foregoing.

262. The DNA-targeting system of any of embodiments 241-248, wherein the effector domain
comprises a catalytic domain of a ten-eleven translocation (TET) family methylcytosine dioxygenase or a
portion or a variant thereof.

263. The DNA-targeting system of any of embodiments 241-248 and 262, wherein the effector
domain comprises a catalytic domain of a Ten-eleven translocation methylcytosine dioxygenase 1
(TET1) or a portion or a variant thereof.

264. The DNA-targeting system of embodiment 263, wherein the effector domain comprises the
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sequence set forth in SEQ ID NO:93, or a portion thereof, or an amino acid sequence that has at least
90%., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any of the foregoing.

265. The DNA-targeting system of any of embodiments 241-248 and 262-264, wherein the at
least one effector domain is fused to the N-terminus, the C-terminus, or both the N-terminus and the C-
terminus, of the DNA-targeting domain or a component thereof.

266. The DNA-targeting system of any of embodiments 241-248 and 262-265, further
comprising one or more linkers connecting the DNA-targeting domain or a component thereof to the at
least one effector domain, and/or further comprising one or more nuclear localization signals (NLS).

267. The DNA-targeting system of any of embodiments 263-266, wherein the DNA-targeting
system comprises the sequence set forth in SEQ ID NO:91, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95% , 96%., 97%, 98%, or 99% scquence identity thercto.

268. A combination, comprising:

a first DNA-targcting domain comprising thec DNA targcting domain of any of cmbodiments
201-267, and

one or more second DNA-targeting domains, optionally wherein the one or more second DNA-
targeting domains comprises the DNA targeting domain of any of embodiments 201-267.

269. The combination of embodiment 268, wherein:

the first DNA-targeting domain binds a first target site in the MeCP2 locus; and

the second DNA-targeting domain binds a second target site in the MeCP2 locus.

270. A combination comprising:

a first DNA-targeting domain that binds a first target site in a MeCP2 locus; and

a second DNA-targeting domain that binds a second target site in a MeCP2 locus.

271. The combination of any of embodiments 268-270, wherein the first target site and the
second target site independently are located within the genomic coordinates hg38 chrX:154,097.151-
154,098,158.

272. The combination of any of embodiments 268-271, wherein:

the first DNA-targeting domain comprises a first Cas-gRNA combination comprising (a) a first
Cas protein or a variant thereof and (b) a first gRNA that is capable of hybridizing to the target site or is
complementary to the first target site; and

the second DNA-targeting domain comprises a second Cas-gRNA combination comprising (a) a
second Cas protein or a variant thereof and (b) a second gRINA that is capable of hybridizing to the target
site or is complementary to the second target site.

273. The combination of embodiment 272, wherein the first Cas protein or a variant thereof
and/or the second Cas protein or a variant thereof is a deactivated Cas9 (dCas9) protein.

274. The combination of embodiment 273, wherein the first variant Cas protein and/or the
second variant Cas protein is a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least

one amino acid mutation selected from D10A and H840A, with reference to numbering of positions of
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SEQ ID NO:96; or comprises the sequence set forth in SEQ ID NO:95, or an amino acid sequence that
has at least 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, or 99% sequence identity thereto.

275. The combination of embodiment 273, wherein the first variant Cas protein and/or the
second variant Cas protein is a Staphylococcus aureus dCas9 protein (dSaCas9) that comprises at least
one amino acid mutation selected from D10A and N580A, with reference to numbering of positions of
SEQ ID NO:99; or comprises the sequence set forth in SEQ ID NO:98, or an amino acid sequence that
has at least 90%. 91%. 92%. 93% . 94%. 95%., 96%. 97%. 98%. or 99% sequence identity thereto.

276. The combination of any of embodiments 272-275, wherein the first variant Cas protein
and/or the second variant Cas protein is a split variant Cas9 protein, wherein the split variant Cas9
protein comprises a first polypeptide comprising an N-terminal fragment of the variant Cas9 and an N-
terminal Intcin, and a sccond polypeptide comprising a C-terminal fragment of the variant Cas9 and a C-
terminal Intein.

277. The combination of any of cmbodiments 272-276, whercin the first Cas protein and the
second Cas protein are the same.

278. The combination of any of embodiments 272-276, wherein the first Cas protein and the
second Cas protein are different.

279. The combination of any of embodiments 272-278, wherein the first Cas protein or a variant
thereof and/or the second Cas protein or a variant thereof is fused to at least one effector domain.

280. The combination of embodiment 279, wherein the effector domain induces transcription
activation, transcription co-activation, transcription elongation, transcription de-repression, histone
modification, nucleosome remodeling, chromatin remodeling, reversal of heterochromatin formation,
DNA demethylation, or DNA base oxidation.

281. The combination of embodiment 279 or 280, wherein the effector domain induces
transcription de-repression.

282. The combination of any of embodiments 268-281, wherein the first DNA-targeting domain
and the second DNA-targeting domain are encoded in a first polynucleotide.

283. The combination of any of embodiments 268-282, wherein the first Cas protein and the
second Cas protein are encoded in a first polynucleotide.

284. The combination of any of embodiments 268-277 and 279-283, wherein the first Cas protein
and the second Cas protein are encoded by the same nucleotide sequence.

285. The combination of any of embodiments 268-284, wherein the first gRNA and the second
gRNA are encoded in a first polynucleotide.

286. The combination of any of embodiments 268-277 and 279-285. wherein the first Cas protein
and the second Cas protein are encoded by the same nucleotide sequence, and the Cas protein, the first
gRNA, and the second gRNA are encoded in a first polynucleotide.

287. The combination of any of embodiments 268-281, wherein the first DNA-targeting domain

is encoded in a first polynucleotide and the second DNA-targeting domain is encoded in a second
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polynucleotide.

288. The combination of any of embodiments 268-281 and 287, wherein the first Cas protein is
encoded in a first polynucleotide and the second Cas protein is encoded in a second polynucleotide.

289. The combination of any of embodiments 268-281, 287, and 288, wherein the first gRNA is
encoded in a first polynucleotide and the second gRINA is encoded in a second polynucleotide.

290. The combination of any of embodiments 268-281, 287, and 288, wherein the first Cas
protein and the first gRNA are encoded in a first polynucleotide, and the second Cas protein and the
second gRNA are encoded in a second polynucleotide.

291. A guide RNA (gRINA) that binds a target site located within the genomic coordinates human
genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158.

292. A guide RNA (gRNA) that binds a target sitc comprising the scquence sct forth in any onc
of SEQ ID NOs: 1-29, a contiguous portion thereof of at least 14 nt, or a complementary sequence of any
of the forcgoing.

293. The gRNA of embodiment 291 or 292, wherein the target site comprises the sequence set
forth in SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a complementary sequence
of any of the foregoing.

294. The gRNA of any of embodiments 291-293, wherein the target site comprises the sequence
set forth in SEQ ID NO:9, a contiguous portion thereof of at least 14 nt, or a complementary sequence of
any of the foregoing.

295. The gRNA of any of embodiments 291-294, wherein the gRNA comprises a gRNA spacer
sequence comprising the sequence set forth in SEQ ID NO:39, or a contiguous portion thereof of at least
14 nt.

296. The gRNA of any of embodiments 291-294, wherein the gRNA further comprises the
sequence set forth in SEQ ID NO:30.

297. The gRNA of any of embodiments 291-295, wherein the gRNA comprises the sequence set
forth in SEQ ID NO:69, optionally wherein the gRNA sequence is set forth in SEQ ID NO:69.

298. The gRNA of any of embodiments 291-293, wherein the target site comprises the sequence
set forth in SEQ ID NO:27, a contiguous portion thereof of at least 14 nt, or a complementary sequence
of any of the foregoing.

299. The gRNA of any of embodiments 291-293 and 298, wherein the gRNA comprises a gRNA
spacer sequence comprising the sequence set forth in SEQ ID NO:57, or a contiguous portion thereof of
at least 14 nt.

300. The gRNA of any of embodiments 291-293, 298, and 299, wherein the gRNA further
comprises the sequence set forth in SEQ ID NO:30.

301. The gRNA of any of embodiments 291-293 and 298-3100, wherein the gRNA comprises
the sequence set forth in SEQ ID NO:87, optionally wherein the gRNA is set forth in SEQ ID NO:87.

302. The gRNA of any of embodiments 291-301, wherein the gRNA spacer sequence is between
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14 nt and 24 nt, or between 16 nt and 22 nt in length.

303. The gRNA of any of embodiments 291-302, wherein the gRNA spacer sequence is 18 nt, 19
nt, 20 nt, 21 nt or 22 nt in length.

304. The gRNA of any of embodiments 291-303, wherein the gRNA comprises modified
nucleotides for increased stability.

305. The gRNA of any of embodiments 291-304, wherein the gRNA is capable of complexing
with the Cas protein or variant thereof.

306. The gRNA of any of embodiments 291-305, wherein the gRNA comprises a gRNA spacer
sequence that is capable of hybridizing to the target site or is complementary to the target site.

307. A combination, comprising a first gRNA comprising the gRNA of any of embodiments 291-
306, and onc or morc sccond gRNAs that binds to a sccond target sitc in a regulatory DNA clement of a
methyl-CpG-binding protein 2 (MeCP2) locus.

308. The combination of embodiment 307, whercin the sccond gRNA compriscs the gRNA of
any of embodiments 266-280.

309. A combination, comprising:

a first gRNA that binds a first target site in a regulatory DNA element of a methyl-CpG-binding
protein 2 (MeCP2) locus, wherein the first target site is located within the genomic coordinates human
genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158; and

a second gRNA that binds a second target site in a regulatory DNA element of a MeCP2 locus,
wherein the second target site is located within the genomic coordinates hg38 chrX:154,097,151-
154,098,158.

310. A fusion protein comprising (1) a DNA-targeting domain or a component thereof and (2) at
least one effector domain, wherein:

the DNA-targeting domain or a component thereof binds to a target site in a regulatory DNA
element of a methyl-CpG-binding protein 2 (MeCP2) locus; and

the effector domain increases transcription of the MeCP2 locus.

311. A fusion protein comprising (1) a DNA-targeting domain or a component thereof and (2) at
least one effector domain, wherein:

the DNA-targeting domain or a component thereof binds to a target site in a regulatory DNA
element of a methyl-CpG-binding protein 2 (MeCP2) locus; and

the effector domain induces transcription activation, transcription co-activation, transcription
elongation, transcription de-repression, histone modification, nucleosome remodeling, chromatin
remodeling, reversal of heterochromatin formation, DNA demethylation, or DNA base oxidation.

312. The fusion protein of embodiment 310 or 311, wherein the DNA-targeting domain
comprises a Clustered Regularly Interspaced Short Palindromic Repeats associated (Cas)-guide RNA
(gRNA) combination comprising (a) a Cas protein or a variant thereof and (b) at least one gRNA; a zinc

finger protein (ZFP); a transcription activator-like effector (TALE); a meganuclease; a homing
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endonuclease; or an I-Scel enzyme or a variant thereof, optionally wherein the DNA-targeting domain
comprises a catalytically inactive variant of any of the foregoing.

313. The fusion protein of any of embodiments 310-312, wherein the DNA-targeting domain
comprises a Cas-gRINA combination comprising a Cas protein or a variant thereof and at least one
gRNA, and the component of the DNA-targeting domain is a Cas protein or a variant thereof.

314. The fusion protein of embodiment 313, wherein the gRINA binds to a target site in a
regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus.

315. A fusion protein comprising (1) a Cas protein or a variant thereof and (2) at least one
effector domain, wherein the effector domain increases transcription of the MeCP2 locus.

316. A fusion protein comprising (1) a first polypeptide of a split variant Cas protein comprising
an N-terminal fragment of a Cas protein and an N-terminal Intein, and (2) at lcast onc cffector domain,
wherein the effector domain induces transcription activation, transcription co-activation, transcription
clongation, transcription de-repression, histonc modification, nuclcosome remodceling, chromatin
remodeling, reversal of heterochromatin formation, DNA demethylation, or DNA base oxidation.

317. A tusion protein comprising (1) a first polypeptide of a split variant Cas protein comprising
an N-terminal fragment of a Cas protein and an N-terminal Intein, and (2) at least one effector domain,
wherein the effector domain increases transcription of the MeCP2 locus.

318. The fusion protein of embodiment 317, wherein the first polypeptide of the split variant Cas
protein, and a second polypeptide of the split variant Cas protein comprising a C-terminal fragment of the
variant Cas protein and a C-terminal Intein, are present in proximity or present in the same cell, the N-
terminal Intein and C-terminal Intein self-excise and ligate the N-terminal fragment and the C-terminal
fragment of the variant Cas9 to form a full-length variant Cas9 protein.

319. A fusion protein comprising (1) a second polypeptide of a split variant Cas protein
comprising a C-terminal fragment of a Cas protein and a C-terminal Intein and (2) at least one effector
domain, wherein the effector domain induces transcription activation, transcription co-activation,
transcription elongation, transcription de-repression, histone modification, nucleosome remodeling,
chromatin remodeling, reversal of heterochromatin formation, DNA demethylation, or DNA base
oxidation.

320. A fusion protein comprising (1) a second polypeptide of a split variant Cas protein
comprising a C-terminal fragment of a Cas protein and a C-terminal Intein and (2) at least one etfector
domain, wherein the effector domain increases transcription of the MeCP2 locus.

321. The fusion protein of embodiment 320, wherein the second polypeptide of the split variant
Cas protein, and a first polypeptide of the split variant Cas protein comprising an N-terminal fragment of
the variant Cas protein and an N-terminal Intein, are present in proximity or present in the same cell, the
N-terminal Intein and C-terminal Intein self-excise and ligate the N-terminal fragment and the C-terminal
fragment of the variant Cas9 to form a full-length variant Cas9 protein.

322. The fusion protein of any of embodiments 312-321, wherein the Cas protein or a variant
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thereof is capable of complexing with at least one gRNA, optionally wherein the gRNA binds to a target
site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus.

323. The fusion protein of any of embodiments 310-322, wherein binding of the DNA-targeting
domain or a component thereof targeted to the target site does not introduce a genetic disruption or a
DNA break at or near the target site.

324. The fusion protein of any of embodiments 312-323, wherein the variant Cas protein is a
deactivated Cas (dCas) protein.

325. The fusion protein of any of embodiments 312-324, wherein the Cas protein or a variant
thereof is a Cas9 protein or a variant thereof.

326. The fusion protein of any of embodiments 312-325, wherein the variant Cas protein is a
dcactivated Cas9 (dCas9) protein.

327. The fusion protein of embodiment 325 or 326G, wherein the Cas9 protein or variant thereof is
a Streptrococcus pyogenes Cas9 (SpCas9) protcin or a variant thereof.

328. The fusion protein of any of embodiments 325-327, wherein the variant Cas9 is a
Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least one amino acid mutation
selected from D10A and H840A., with reference to numbering of positions of SEQ ID NO:96.

329. The fusion protein of any of embodiments 325-328, wherein the variant Cas9 protein
comprises the sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%,
1%, 92%, 93%, 94%, 95%, 96% , 97%. 98%, or 99% sequence identity thereto.

330. The fusion protein of embodiment 325 or 326, wherein the Cas9 protein or a variant thereof
is a Streptococcus pyogenes Cas9 (SaCas9) protein or a variant thereof.

331. The fusion protein of any of embodiments 325, 326, and 330, wherein the variant Cas9 is a
Streptococcus pyogenes dCas9 protein (dSaCas9) that comprises at least one amino acid mutation
selected from D10A and N580A. with reference to numbering of positions of SEQ ID NO:99.

332. The fusion protein of any of embodiments 325, 326, 330, and 331, wherein the variant Cas9
protein comprises the sequence set forth in SEQ ID NO:98, or an amino acid sequence that has at least
90%, 91%, 92%., 93%, 94%, 95%, 96%, 97%, 98% . or 99% sequence identity thereto.

333. The fusion protein of any of embodiments 312-326, wherein the variant Cas protein is a
split variant Cas protein, wherein the split variant Cas protein comprises a first polypeptide comprising
an N-terminal fragment of the variant Cas protein and an N-terminal Intein, and a second polypeptide
comprising a C-terminal fragment of the variant Cas protein and a C-terminal Intein.

334. The fusion protein of embodiment 333, wherein when the first polypeptide and the second
polypeptide of the split variant Cas protein are present in proximity or present in the same cell, the N-
terminal Intein and C-terminal Intein self-excise and ligate the N-terminal fragment and the C-terminal
fragment of the variant Cas protein to form a full-length variant Cas protein.

335. The fusion protein of embodiment 333 or 334, wherein the N-terminal Intein comprises an

N-terminal Npu Intein, or the sequence set forth in SEQ ID NO:129, or an amino acid sequence that has
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at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto, or a
portion of any of the foregoing.

336. The fusion protein of any of embodiments 333-335, wherein the N-terminal fragment of the
variant Cas protein comprises:

the N-terminal fragment of variant SpCas9 from the N-terminal end up to position 573 of the
dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%,
92%. 93%, 94%., 95%., 96%., 97% ., 98%. or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:127, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 94%, 95%, 969, 97%, 98%, or 99% sequence identity thereto, or a portion of any of the
foregoing.

337. The fusion protcin of any of cmbodiments 333-336, whercin the first polypeptide of the split
variant Cas protein comprises the sequence set forth in SEQ ID NO:121, or an amino acid sequence that
has at lcast 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, or 99% scqucncc identity thercto, or a
portion of any of the foregoing.

338. The tfusion protein of any of embodiments 333-337, wherein the C-terminal Intein
comprises a C-terminal Npu Intein, or the sequence set forth in SEQ 1D NO:133, or an amino acid
sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
thereto, or a portion of any of the foregoing.

339. The fusion protein of any of embodiments 333-338, wherein the C-terminal fragment of the
variant Cas protein comprises:

the C-terminal fragment of variant SpCas9 from position 574 to the C-terminal end of the
dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 949, 95%, 96%, 97%, 98% ., or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:135, or an amino acid sequence that has at least 90%. 91%.
92%, 93%, 94%, 95%, 969, 97%, 98%. or 99% sequence identity thereto, or a portion of any of the
foregoing.

340. The fusion protein of any of embodiments 333-339, wherein the second polypeptide of the
split variant Cas protein comprises the sequence set forth in SEQ ID NO:131, or an amino acid sequence
that has at least 90%, 91%, 929%, 93%, 9490, 95%, 969, 97%, 98 %, or 99% sequence identity thereto, or
a portion of any of the foregoing.

341. The fusion protein of any of embodiments 310-340, wherein the target site comprises the
sequence set forth in any one of SEQ ID NOs: 1-29, a contiguous portion thereof of at least 14 nt, or a
complementary sequence of any of the foregoing.

342. The fusion protein of any of embodiments 310-341, wherein the target site is located within
the genomic coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158.

343. The fusion protein of any of embodiments 310-342, wherein the target site comprises the

sequence set forth in SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a
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complementary sequence of any of the foregoing.

344. The fusion protein of any of embodiments 310-343, wherein the target site comprises the
sequence set forth in SEQ ID NO:9, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of any of the foregoing.

345. The fusion protein of any of embodiments 310-343, wherein the target site comprises the
sequence set forth in SEQ ID NO:27, a contiguous portion thereof of at least 14 nt, or a complementary
sequence of any of the foregoing.

346. The fusion protein of any of embodiments 310-345, wherein the effector domain induces
transcription de-repression, DNA demethylation or DNA base oxidation.

347. The fusion protein of any of embodiments 310-346, wherein the effector domain induces
transcription de-repression.

348. The fusion protein of any of embodiments 310-347, wherein the effector domain comprises
a catalytic domain of a tcn-cleven translocation (TET) family methylcytosine dioxygenasc or a portion or
a variant thereof.

349. The tusion protein of any of embodiments 310-348, wherein the effector domain comprises
a catalytic domain of a Ten-eleven translocation methylcytosine dioxygenase 1 (TET1) or a portion or a
variant thereof.

350. The fusion protein of embodiment 349, wherein the effector domain comprises the sequence
set forth in SEQ ID NO:93, or a portion thereof, or an amino acid sequence that has at least 90%, 91%,
92%, 93%, 94%, 95%, 969, 97%, 98%, or 99% sequence identity to any of the foregoing.

351. The fusion protein of any of embodiments 310-350, wherein the at least one effector domain
is fused to the N-terminus, the C-terminus, or both the N-terminus and the C-terminus, of the DNA-
targeting domain or 4 component thereof, optionally wherein the at least one effector domain is fused to
the N-terminus, the C-terminus, or both the N-terminus and the C-terminus of the Cas protein or a
variant thereof.

352. The fusion protein of any of embodiments 310-351, further comprising one or more linkers
connecting the DNA-targeting domain or a component thereof, optionally the Cas protein or variant
thereof, to the at least one effector domain, and/or further comprising one or more nuclear localization
signals (NLS).

353. The tusion protein of any of embodiments 310-352, wherein the fusion protein comprises
the sequence set forth in SEQ ID NO:91, or an amino acid sequence that has at least 90%, 91%, 92%,
93%, 94%, 95%., 96%, 97%, 98%, or 99% sequence identity thereto.

354. A combination comprising the fusion protein of any of embodiments 310-353 and at least
one gRNA, optionally wherein the at least one gRNA is a gRNA of any of embodiments 266-280.

355. A polynucleotide encoding the DNA-targeting system of any of embodiments 201-267, the
gRNA of any of embodiments 91-306, the combination of any of embodiments 268-290, 307-309, and

354, or the fusion protein of any of embodiments 310-353, or a portion or a component of any of the
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foregoing.

356. A polynucleotide encoding a first DNA-targeting system, a first Cas protein and/or a first
gRNA of the DNA-targeting system of any of embodiments 201-267 or the combination of any of
embodiments 268-290, 307-309, and 354.

357. A polynucleotide encoding a second DNA-targeting system, a second Cas protein and/or a
second gRNA of the DNA-targeting system of any of embodiments 201-267 or the combination of any of
embodiments 268-290, 307-309, and 354.

358. A plurality of polynucleotides, comprising the polynucleotide of any of embodiments 155-
157, and one or more additional polynucleotides encoding an additional portion or an additional
component of the DNA-targeting system of any of embodiments 201-267, the gRNA of any of
cmbodiments 291-306, the combination of any of cmbodiments 268-290, 307-309, and 354, or the fusion
protein of any of embodiments 310-353, or a portion or a component of any of the foregoing.

359. A plurality of polynuclcotides, comprising:

a first polynucleotide comprising the polynucleotide of embodiment 356; and

a second polynucleotide comprising the polynucleotide of embodiment 357.

360. A vector comprising the polynucleotide of any of embodiments 355-357. the plurality of
polynucleotides of embodiment 358 or 359, or a first polynucleotide or a second polynucleotide of the
plurality of polynucleotides of embodiment 358 or 359, or a portion or a component of any of the
foregoing.

361. The vector of embodiment 360, wherein the vector is a viral vector, optionally wherein the
viral vector is an AAYV vector.

362. The vector of embodiment 361, wherein the viral vector, optionally the AAV vector,
exhibits tropism for a cell of the central nervous system (CNS), a heart cell, optionally a cardiomyocyte,
a skeletal muscle cell, a fibroblast, an induced pluripotent stem cell, or a cell derived from any of the
foregoing.

363. The vector of embodiment 361 or 362, wherein the viral vector is an AAV vector and the
AAV vector is selected from among AAV1, AAV2, AAV3, AAV4, AAVS, AAVG6, AAV7, AAVS, or
AAV9 vector, optionally an AAVS vector or an AAV9 vector.

364. The vector of any of embodiments 361-363, wherein the viral vector is an AAV9 vector.

365. The vector of embodiment 360, wherein the vector is a non-viral vector selected from: a
lipid nanoparticle, a liposome, an exosome, or a cell penetrating peptide.

366. A plurality of vectors, comprising the vector of any of embodiments 360-365, and one or
more additional vectors comprising one or more additional polynucleotides encoding an additional
portion or an additional component of the DNA-targeting system of any of embodiments 201-267, the
gRNA of any of embodiments 291-306, the combination of any of embodiments 268-290, 307-309, and
354, or the fusion protein of any of embodiments 310-353, or a portion or a component of any of the

foregoing.
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367. A plurality of vectors, comprising:

a first vector comprising the polynucleotide of embodiment 356; and

a second vector comprising the polynucleotide of embodiment 357.

368. A cell comprising the DN A-targeting system of any of embodiments 201-267, the gRNA of
any of embodiments 291-306, the combination of any of embodiments 268-290, 307-309, and 354, the
fusion protein of any of embodiments 310-353, the polynucleotide of any of embodiments 355-357, the
plurality of polynucleotides of embodiment 358 or 359, the vector of any of embodiments 360-365, the
plurality of vectors of embodiment 366 or 367, or a portion or a component of any of the foregoing.

369. The cell of embodiment 368, wherein the cell is a nervous system cell, or an induced
pluripotent stem cell.

370. The ccll of embodiment 368 or 369, wherein the ccll is from a subjcct that has or is
suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome.

371. The cell of any of embodiments 368-370, wherein the cell is from a subject that has or is
suspected of having Rett syndrome.

372. A method for modulating the expression of methyl-CpG-binding protein 2 (MeCP2) in a
cell, the method comprising:

introducing the DNA-targeting system of any of embodiments 201-267, the gRNA of any of
embodiments 291-306, the combination of any of embodiments 268-290, 307-309, and 354, the fusion
protein of any of embodiments 310-353, the polynucleotide of any of embodiments 355-357, the plurality
of polynucleotides of embodiment 358 or 359, the vector of any of embodiments 360-365, the plurality of
vectors of embodiment 366 or 367, or a portion or a component of any of the foregoing, into the cell.

373. The method of embodiment 372, wherein the cell is from a subject that has or is suspected
of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-
X syndrome.

374. The method of embodiment 372 or 373, wherein the cell is from a subject that has or is
suspected of having Rett syndrome.

375. A method for modulating the expression of methyl-CpG-binding protein 2 (MeCP2) in a
subject, the method comprising:

administering the DNA-targeting system of any of embodiments 201-267, the gRNA of any of
embodiments 291-306, the combination of any of embodiments 268-290, 307-309, and 354, the fusion
protein of any of embodiments 310-353, the polynucleotide of any of embodiments 355-357, the plurality
of polynucleotides of embodiment 358 or 359, the vector of any of embodiments 360-363, the plurality of
vectors of embodiment 366 or 367, or a portion or a component of any of the foregoing, to the subject.

376. The method of any of embodiments 373-375, wherein the subject has or is suspected of
having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X

syndrome.
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377. The method of any of embodiments 373-376, wherein the subject has or is suspected of
having Rett syndrome.

378. A method of treating Rett syndrome, MeCP2-related severe neonatal encephalopathy,
Angelman syndrome, or PPM-X syndrome, the method comprising:

administering the DNA-targeting system of any of embodiments 201-267, the gRNA of any of
embodiments 291-306, the combination of any of embodiments 268-290, 307-309, and 354, the fusion
protein of any of embodiments 310-353, the polynucleotide of any of embodiments 355-357. the plurality
of polynucleotides of embodiment 358 or 359, the vector of any of embodiments 360-365, the plurality of
vectors of embodiment 366 or 367, or a portion or a component of any of the foregoing, to a subject that
has or is suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome.

379. A method of treating Rett syndrome, the method comprising:

administering the DNA-targeting systcm of any of embodiments 201-267, the gRNA of any of
embodiments 291-306, the combination of any of embodiments 268-290, 307-309, and 354, the fusion
protein of any of embodiments 310-353, the polynucleotide of any of embodiments 355-357, the plurality
of polynucleotides of embodiment 358 or 359, the vector of any of embodiments 360-3635. the plurality of
vectors of embodiment 366 or 367, or a portion or a component of any of the foregoing, to a subject that
has or is suspected of having Rett syndrome.

380. The method of any of embodiments 373-379, wherein a cell in the subject comprises a
mutant MeCP2 allele in the active X chromosome, optionally wherein the mutant MeCP2 allele
comprises a mutation corresponding to R255X; and/or a cell in the subject comprises a wild-type MeCP2
allele in the inactive X chromosome.

381. The method of any of embodiments 373-380, wherein a cell in the subject exhibits reduced
or minimal expression of the wild-type MeCP2 compared to a cell from a normal subject.

382. The method of any of embodiments 372-381, wherein the cell is a nervous system cell, or an
induced pluripotent stem cell.

383. The method of any of embodiments 372-382, wherein the introducing, contacting or
administering is carried out in vivo or ex vivo.

384. The method of any of embodiments 380-383, wherein following the introducing, contacting
or administering, the expression of the wild-type MeCP2 allele from the inactive X chromosome is
increased in the cell or the subject.

385. The method of embodiment 384, wherein the expression is increased at least about 2-fold,
2.5-fold, 3-fold, 4-fold. 5-fold, 6-fold, 7-fold, 75-fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-fold,
or 30-fold.

386. The method of embodiment 384 or 385, wherein the expression is increased by less than
about 200-fold, 150-fold, or 100-fold.

387. The method of any of embodiments 384-386, wherein the expression of the wild-type
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MeCP2 allele is increased to at least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% of the
expression of the wild-type MeCP2 of a cell from a normal subject.

388. The method of any of embodiments 373-387, wherein the subject is a human.

389. A pharmaceutical composition comprising the DNA-targeting system of any of
embodiments 201-267, the gRNA of any of embodiments 291-306, the combination of any of
embodiments 268-290, 307-309, and 354, the fusion protein of any of embodiments 310-353, the
polynucleotide of any of embodiments 355-357, the plurality of polynucleotides of embodiment 358 or
359, the vector of any of embodiments 360-365, the plurality of vectors of embodiment 366 or 367, or a
portion or a component of any of the foregoing.

390. The pharmaceutical composition of embodiment 389, for use in treating Rett syndrome,
McCP2-related scvere nconatal encephalopathy, Angelman syndrome, or PPM-X syndrome.

391. The pharmaceutical composition of embodiment 389 or 390, for use in treating Rett
syndrome.

392. The pharmaceutical composition of embodiment 389, for use in the manufacture of a
medicament for treating Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome.

393. The pharmaceutical composition of embodiment 389 or 392, for use in the manufacture of a
medicament for treating Rett syndrome.

394. The pharmaceutical composition for use of any of embodiments 391-393, wherein the
pharmaceutical composition is to be administered to a subject, optionally wherein the subject has or is
suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome, optionally Rett syndrome.

395. Use of the pharmaceutical composition of embodiment 389, for treating Rett syndrome,
MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome.

396. Use of the pharmaceutical composition of embodiment 389 or 395, for treating Rett
syndrome.

397. Use of the pharmaceutical composition of embodiment 389 in the manufacture of a
medicament for treating Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome.

398. Use of the pharmaceutical composition of embodiment 389 or 397 in the manufacture of a
medicament for treating Rett syndrome.

399. The use of any of embodiments 395-398, wherein the pharmaceutical composition is to be
administered to a subject, optionally wherein the subject has or is suspected of having Rett syndrome,
MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome, optionally
Rett syndrome.

400. The pharmaceutical composition for use or the use of any of embodiments 390-399, wherein

a cell in the subject comprises a mutant MeCP2 allele in the active X chromosome, optionally wherein
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the mutant MeCP2 allele comprises a mutation corresponding to R255X; and/or a cell in the subject
comprises a wild-type MeCP2 allele in the inactive X chromosome.

401. The pharmaceutical composition for use or the use of any of embodiments 390-400, wherein
a cell in the subject exhibits reduced or minimal expression of the wild-type MeCP2 compared to a cell
from a normal subject.

402. The pharmaceutical composition for use or the use of any of embodiments 390-401, wherein
the cell is a nervous system cell, or an induced pluripotent stem cell.

403. The pharmaceutical composition for use or the use of any of embodiments 390-402, wherein
the administration is carried out in vivo or ex vivo.

404. The pharmaceutical composition for use or the use of any of embodiments 390-403, wherein
following thc administration, the expression of the wild-type McCP2 allcle from the inactive X
chromosome is increased in the cell or the subject.

405. The pharmaccutical composition for usc or the usc of cmbodiment 404, whercin the
expression is increased at least about 2-fold, 2.5-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 75-fold, 8-
fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-fold, or 30-fold.

406. The pharmaceutical composition for use or the use of embodiment 404 or 405, wherein the
expression is increased by less than about 200-fold, 150-fold, or 100-fold.

407. The pharmaceutical composition for use or the use of any of embodiments 404-406, wherein
the expression of the wild-type MeCP2 allele is increased to at least 20%, 25%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, or 100% of the expression of the wild-type MeCP2 of a cell from a normal subject.

408. The pharmaceutical composition for use or the use of any of embodiments 390-407, wherein

the subject is a human.

VIII. EXAMPLES
[0525] The following examples are included for illustrative purposes only and are not

intended to limit the scope of the invention.

Example 1: CRISPR/Cas-effector fusion protein-mediated transcriptional activation of

MeCP2 in induced pluripotent stem cells (iPSCs) generated from Rett

syndrome patient
[0526] Transcriptional re-activation (de-repression) of the methyl-CpG-binding protein 2

(MeCP2) allele from the inactive X chromosome in Rett syndrome patient-derived cells by
McCP2-targeting CRISPR/Cas-cffector fusion protcin was asscssed.

[0527] Guide RNAs (gRNAs) targeting the promoter and first exon of human methyl-CpG-
binding protein 2 (MeCP2) gene were generated, and transduced together with nucleic acid

sequences encoding a deactivated Cas9 (dCas9)-TET catalytic domain fusion protein into
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induced pluripotent stem cells (iPSCs) generated [rom a patient with Rett syndrome. Expression

of mutant and wild-type alleles of MeCP2 were assessed by RT-qPCR and flow cytometry.
A. iPSCs generated from Rett Syndrome patients

[0528] Experiments were performed in iPSCs generated from a Rett syndrome patient,
harboring one nonsense mutation allele of MeCP2 (R255X) on the X-chromosome (R255X-
iPSCs). In this cell line, the wild-type (WT) allele was present on the inactive X chromosome
(Xi), and the R255X mutant allele was present on the active X chromosome (Xa), as shown in

FIG. 1A.
B. dSpCas9-TETI1 and gRNA constructs

[0529] Plasmids encoding an exemplary deactivated Cas9 (dCas9)-TET catalytic domain
fusion protein, dSpCas9-TET1 (amino acid secquence sct forth in SEQ ID NO:91) were preparcd.
dSpCas9-TET1 included a fusion of a modified Cas?9 engineered to lack endonuclease activity
(dCas9) from S. pyogenes (dSpCas9) and the catalytic domain of Ten-eleven translocation
methylcytosine dioxygenase 1 (TETT1).

[0530] Plasmids encoding gRNAs targeted to one of multiple sequences in the human
MeCP2 gene promoter and first exon, were also prepared. The gRNAs included a DNA-
targeting spacer sequence and a constant scaffold sequence. gRNAs were designed based on the
SpCas9 protospacer-adjacent motif (PAM) sequence, 5’-NGG-3’. The MeCP2-targeting gRNAs
are indicated in Table E1.

Table E1. MeCP2-targeting gRINAs

SEQ ID NO: gRNA name gRNA spacer sequence

1 gRNA 1 TAAGGATTAATGGACCCTTG
2 gRNA 2 CGCCTCTTTTCCCCAAACGA
3 gRNA 3 CCATCACAGCCAATGACGGG
4 gRNA 4 TCGGTGCATCTGTGGACAGA
5 gRNA S GGGGCGCGACGTCGGCCGTG
6 gRNA 6 TCAGCGGCGATGCCGTCAAT
7 gRNA 7 CGCGGAGGGACTGGTTTAGT
8 gRNA 8 AAGAGGGCGGGGCGCGACGT
9 gRNA 9 GCTGCGAGCCCGCCCGTCAT
10 gRNA 10 ACTTGCCCCAGCATCCGCAA
11 gRNA 11 CCGTTACTCGGCCCCCCCAC
12 gRNA 12 GCGCCCCCTCTCCCGTTACT
13 gRNA 13 GGAGGGGGAGAGCGCGATCC
14 gRNA 14 TCGCCGGGGCTTCGCCTGTC
15 gRNA 15 AGGCGAAGCCCCGGCGACAG
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16 gRNA 16 CCGGGATGCGCGTCGAGGGC
17 gRNA 17 GGACGGTCACCCGCGAGCAG
18 gRNA 18 CGGCCCGTCACCCCTGCTCG
19 gRNA 19 GCCGAGGGGAGAGTCGCCAC
20 gRNA 20 CGGACGACACGGCTGGCGGA
21 gRNA 21 GCCGTGTCGTCCGACCCCGC
22 gRNA 22 CTGACCCCCGCCCCCCGGCA
23 gRNA 23 CGGGCGGGGACCCTTGCCGG
24 gRNA 24 GACTGTGAGTGGGACCGCCG
25 gRNA 25 GGTAAAAGCCGTCCGGAAAA
26 gRNA 26 GCGCGCGCGCTCCCTCCTCT
27 gRNA 27 AATGACGGGCGGGCTCGCAG
28 gRNA 28 TITCCTGTCCATTTCGGCCA
29 gRNA 29 GCTGCTTTCGGCCGTCGTTT

C. Upregulation of WT allele of MeCP2 on the inactive X chromosome in R255X-
iPSCs

[0531] Individual gRNAs targeted to the promoter and first exon of MeCP2, gRNAs 1-10, as
described in Table E1 above, were co-expressed with dSpCas9-TET1 in R255X-iPSCs,
transduced using (wo separate lentiviral vectors.

[0532] Plasmids were prepared using the QIAGEN Plasmid Plus Midi Kit (#12945).
Lentivirus was generated in HEK293FT cells using Lipofectamine 3000 (ThermoFisher
#L.3000015) and concentrated to 50x using Lenti-X Concentrator (Takara #631232). Lentivirus
was added to R255X iPSCs at a 1x final concentration. 48 hours after the addition of lentivirus,
the cells were selected with 0.5 ug/ml puromycin to enrich for cells expressing dSpCas9-TET1
and gRNA. Cells were harvested at day 10 post-transduction for RT-qPCR and flow cytometry.

[0533] Levels of mRNA expression of the mutant and wild-type alleles were assessed by
RT-qPCR, as follows. Total RNA was extracted using a Total RNA Purification Kit (Norgen
Biotek #17200) and reverse transcribed into cDNA using the SuperScript VILO cDNA
Synthesis Kit (Invitrogen #11754050). gqRT-PCR was performed on a Quant Studio 3 using
SYBR green reagents (Quantbio #35054). Data were normalized to a GAPDH loading control
gene and presented as fold change in mRNA expression relative to the average of the control
conditions (Ctrl Tetl and Ctrl VPG64).

[0534] As shown in FIG. 1B, in the R255X-iPSCs, gRNA 9 and dSpCas9-TET1 led to a
greater than 20-fold increase in mRINA expression of the Xi WT allele of MeCP2. Other single
gRNAs did not facilitate a comparable increase in expression of the WT allele. Expression of the
mutant allele was not substantially affected by any of the individual gRNAs, including gRNA 9,
as shown in FIG. 1C.
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[0535] The results support the utility of an exemplary MeCP2-targeting gRNA, together
with a dCas9-TET catalytic domain fusion protein, in reactivating the expression of a WT

MeCP2 allele from an inactive X chromosome.
D. Screening of gRNAs targeting MeCP2

[0536] Additional gRINAs targeting the promoter and first exon of MeCP2 were designed
and tested for upregulation of the Xi WT MeCP2 allele in R255X-iPSCs.

[05371 Twenty-nine (29) total gRNAs, as described in Table E1 above, were screened for
re-activation of the Xi WT MeCP2 allele on the inactive X chromosome by co-expression with
dSpCas9-TET1.

[0538] In addition to gRNA 9, gRNA 27, which targets an overlapping sequence compared
to the gRNA 9 (FIG. 2), was found to increase expression of the Xi W'T MeCP2 allele. These
results show that the region of MeCP2 promoter targeted by gRNA 9 and gRNA 27 represents a
specific regulatory region for reactivation of MeCP2 expression from the Xi.

[0539] The results together support the utility of the MeCP2-targeting gRNAs and dCas9-
effector domain fusion proteins in reactivating a MeCP2 allele on an inactive X chromosome,

and in therapeutic applications [or the treatment of Relt syndrome.

Example 2: Increased expression of MeCP2 over time
[0540] Expression of MeCP2 after transduction with MeCP2-targeting CRISPR/Cas-ellector

fusion protein was assessed over time.

[0541] iPSCs generated from a patient with Rett syndrome expressing a gRNA targeting
MeCP2 and a dCas9-TET catalytic domain fusion protein were assessed over time for
expression of WT and mutant MeCP2 mRINA.

[0542] R255X-iPSCs were transduced using lentivirus with plasmids encoding dSpCas9-
TET1 and an MeCP2 promoter-targeting gRNA 9, generally as described above in Example 1.
Cells were harvested at days 5,9, 13, 17, 21 and 25 post-transduction, and assessed for MeCP2
cxpression by RT-qPCR. qRT-PCR data were normalized to a GAPDH loading control gene and
presented as fold change in mRNA cxpression relative to Day S MECP2 levels with a non-
targeting gRNA.

[0543] As shown in FIG. 3A, expression of the Xi WT MeCP2 allele progressively
increased from 5 to 21 days post-transduction, and did not further increase from 21 to 25 days
post-transduction. In contrast, expression of the Xa mutant MeCP2 allele remained similar

throughout the time course (FIG. 3B), indicating that MeCP2 activation with dSpCas9-TET1
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was specilic to the Xi WT allele. The results showed that the expression of the WT MeCP2
allele increased over time for an extended period of time, such as at least 21 days, after

introduction of a gRNA targeting MeCP2 and a dCas9-TET catalytic domain fusion protein.

Example 3: Single vector delivery for MeCP2 activation

[0544] The effect of MeCP2-targeting CRISPR/Cas-effector fusion protein, delivered using

a dual vector system encoding the Cas-effector fusion protein and gRNA in separate nucleic
acids, compared to a single vector system encoding all components on MeCP2 expression, was
assessed.

[0545] iPSCs generated from a patient with Rett syndrome were transduced with a dCas9-
TET catalytic domain fusion protein and gRNA targeting MeCP2, using a dual vector system or
a single vector system and assessed by flow cytometry for expression of MeCP2.

[0546] A single lentiviral vector was designed to allow co-delivery of dSpCas9-TET1 and
gRNA 9 from the same plasmid.

[0547] R255X-iPSCs were transduced with dSpCas9-TET1 and gRNA 9, generally as
described in Example 1B above, using the one vector system, or using two separate vectors.
Cells were assessed for MeCP2 expression by flow cylomeltry.

[0548] As shownin FIG. 4A, 3.8% of cells expressed MeCP2 when transduced with the (wo
vector system. In comparison, 30.5% of cells expressed MeCP2 when transduced with the single
vector system, as shown in FIG. 4B.

[0549] The results showed that the single vector system substantially increases re-activation
of MeCP2 in R255X-iPSCs, showing approximately a 7.5-fold difference in MeCP2" cells

compared to a two vector system, as assessed by flow cytometry.

Example 4: MeCP2 activation using multiple gRNAs
[0550] The effect of transducing one or two different gRNAs targeting MeCP2 and a Cas-

effector fusion protein on MeCP2 expression was assessed. iPSCs generated from a patient with
Rett syndrome were transduced with a dCas9-TET catalytic domain fusion protcin and onc or
two different gRNAs targeting an overlapping region in McCP2 asscssed by flow cytometry for
expression of MeCP2.

[0551] R255X-iPSCs were transduced with a lentiviral vector encoding dSpCas9-TET1 and
gRNA 9, a lentiviral vector encoding dSpCas9-TET1 and gRNA 27 (see Example 1D), or both
of the aforementioned vectors together, and assessed for MeCP2 expression by flow cytometry

at 20 days afier lentiviral transduction.
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[0552] As shown in FIG. 4C, gRNA 9 and gRNA 27 each individually led to substantial
expression of MeCP2 as assessed by flow cytometry. The percentage of MeCP2 expressing cells
when both gRNA 9 and gRNA 27 were transduced was similar to the percentage of MeCP2 cells
transduced with either of the individual gRNAs. The results indicated that a substantially higher
MeCP2 expression was not observed when two different gRNAs targeting the same region were
transduced together. The results further support that the region of MeCP2 promoter targeted by
gRNA 9 and gRNA 27 represents a specific regulatory region for reactivation of MeCP2
expression, and the substantial MeCP2 reactivation by each of gRNA 9 and gRNA 27.

Example 5: MeCP2 activation in neurons differentiated from iPSCs

[0553] iPSCs generated from a patient with Rett syndrome transduced with a gRNA
targeting MeCP2 and nucleic acid sequences encoding a dCas9-TET catalytic domain fusion
protein were differentiated into neurons, and assessed for neuronal differentiation and MeCP2
expression.

[0554] R255X-iPSCs from a Rett syndrome patient were transduced with dSpCas9-TET1
and gRNA 9 using the one-vector system, generally as described in Example 3 above.

[0555] Plasmids were prepared using the QIAGEN Plasmid Plus Midi Kit (#12945).
Lentivirus was generated in HEK293FT cells using Lipofectamine 3000 (ThermoFisher
#L.3000015) and concentrated to 50x using Lenti-X Concentrator (Takara #631232). Lentivirus
encoding dSpCas9-TET1 and gRNA 9 was added to R255X iPSCs at a 1x final concentration.
48 hours after the addition of lentivirus, the cells were selected with 0.5 pg/ml puromycin to
enrich for cells expressing dSpCas9-TET1 and gRNA.

[0556] At day 10 post transduction, the cells were transduced with a second lentivirus
encoding Ngn2 and switched from iPSC media (mTesR, StemCell Tech #85850 ) to N3
neuronal induction media (DMEM/F12, 1x N2 supplement + 1x B27 supplement). At day 7 post
transduction of Ngn2, the cclls were fixed with 4% paraformaldchyde and stained with TUBB3
(Biolegend #801201) and McCP2 (Cell Signaling #3456) antibodics for immunofluorcscence.

[0557] As shown in FIG. 5, immunofluorescence labeling with antibodies for the neuronal
protein TUBB3 and MeCP2 showed that MeCP2 protein expression was observed in TUBB3*
neurons differentiated from iPSCs.

[0558] The results showed that MeCP2 activation in iPSCs was maintained in differentiated
neurons, further supporting the utility of gRNA targeting MeCP2 and dCas9-effector fusion

proteins in therapeutic applications for treating Rett syndrome.
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Example 6: Targeted demethylation of MeCP2 promoter in R255X-iPSCs

[0559] Methylation status of the promoter region of MeCP2 was assessed by bisulfite
sequencing, in Rett syndrome patient-derived cells transduced with MeCP2 promoter-targeting
gRNA and nucleic acid sequences encoding a Cas-effector fusion protein.

[0560] R255X-iPSCs were transduced using lentivirus with plasmids encoding dSpCas9-
TET1 and either the MeCP2 promoter-targeting gRNA 9, or a control non-targeting gRNA,
generally as described above in Examples 1 and 3. 48 hours after the addition of lentivirus, the
cells were selected with 0.5 ng/ml puromycin to enrich for cells expressing dSpCas9-TETI1 and
gRNA, and cultured until day 12 post-transduction.

[0561] Ceclls were harvested on day 12 post-transduction for bisulfite scquencing to asscss
mcthylation of thc McCP2 promotcr. Harvested cclls transfected with the McCP2 promoter-
targeting gRNA 9 were fixed and stained using the Transcription Factor Staining Kit
{(ThermoFisher #00-5523-00) with a primary conjugated anti-MeCP2 antibody (Cell Signaling
#34113), and sorted by fluorescence-activated cell sorting (FACS) on a Sony Sorter MA900 into
MeCP2* and MeCP2" populations.

[0562] Bisulfite sequencing was performed for cells transduced with the non-targeting
gRNA, and for the sorted populations of cells transduced with the MeCP2 promoter-targeting
gRNA 9. Genomic DNA (gDNA) was extracted using QIAGEN DNeasy Blood and Tissue kit
(#69504). gDNA was bisulfite treated using the ZYMO EZ DNA Methylation-Gold Kit
(#D5005). The CpG island region at the MeCP2 promoter was PCR amplified. Sequencing
libraries were prepared using standard Illumina adapters and barcodes and sequenced on an
Illumina Miseq.

[0563] As shown in FIG. 6, cells transduced with dSpCas9-TET1 and the MeCP2 promoter-
targcting gRNA 9 cxhibited reduced overall methylation of the McCP2 promotcr in comparison
to control cells transduced with a non-targeting gRNA. In addition, the MeCP2" sorted
population had reduced overall methylation in comparison to the MeCP2™ population. The
results show that dSpCas9-TET1 with gRNA 9 leads to demethylation of the MeCP2 promoter,
and that demethylation is associated with increased MeCP2 expression.

[0564] Taken together, the results indicate that dSpCas9-TET1 with a MeCP2 promoter-
targeting gRNA induces demethylation of the MeCP2 promoter to re-activate (e.g., de-repress)
allele-specific ranscription of the Xi WT MeCP2 allele in Retl syndrome patient-derived cells.
The results support the utility of gRNAs targeting MeCP2 and dCas9-effector fusion proteins in

therapeutic applications for treating Rett syndrome.
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Example 7: Improved activation of MeCP2 using a modified linker

[0565] A modified linker and NLS sequence between the TET1 catalytic domain and the
dSpCas9 domain of the dSpCas9-TET1 fusion protein was tested for the effect in MeCP2 re-
activation.

[0566] R255X-iPSCs were transduced using lentivirus with the MeCP2 promoter-targeting
gRNA 9, and either the original dSpCas9-TET1 used in Examples 1-6 above (set forth in SEQ
ID NO:91), which includes a 16 amino acid linker sequence (set forth in SEQ ID NO:119) and
NLS or a modified dSpCas9-TET1 (set forth in SEQ ID NO:114) with a modified longer 80
amino acid linker (set forth in SEQ 1D NO:117) and NLS, as illustrated in FIG. 7A.

[0567] 48 hours after transduction, the cells were sclected with 0.5 pg/ml puromycin to
cnrich for cclls cxpressing dSpCas9-TET1 and gRNA. Cells werc harvested on day 11 (D11)
and day 17 (D17) post-transduction to assess MeCP2 expression.

[0568] MeCP2 expression was assessed by flow cytometry. For flow cytometry, cells were
fixed and stained using the Transcription Factor Staining Kit (ThermoFisher #00-5523-00) with
a primary conjugated MECP2 antibody (Cell Signaling #34113), and analyzed on a Sony Sorter
MA900 to determine the percentage of cells expressing MeCP2.

[0569] As shown in FIG. 7B, cells transduced with dSpCas9-TET1 with the modified longer
linker exhibited increased expression of MeCP2 (as assessed by % MeCP2 positive cells) in
comparison to cells transduced with dSpCas9-TET1 with the original linker. The results support
the improved effector activity of a Cas-effector fusion protein using a modified longer linker

linking the two domains.

Example 8: An engineered self-assembling split dCas9-TET1 for MeCP2 activation

[0570] A self-assembling split dCas9-TET1 fusion protein was engineered and tested in
MeCP2 re-activation.

[0571] A two-vector system was cngincered for expression of a split dCas9-TET1 fusion
protcin, using trans-splicing intcins. Intcins arc intcrnal protcin clements that sclf-cxcisc from
their host protein and catalyze ligation of flanking sequences with a peptide bond. In this two-
vector system, the first vector encoded a polypeptide comprising the TET1 catalytic domain and
an N-terminal fragment of dSpCas9, followed by an N-terminal Npu Intein (TET1-dSpCas9-
573N; set forth in SEQ ID NO:121). The second vector encoded a polypeptide comprising a C-
terminal Npu Intein, followed by a C-terminal fragment of dSpCas9 (dSpCas9-573C; set forth in
SEQ ID NO:131). The N- and C-terminal fragments of the encoded fusion protein were split at
position 573Glu of the dSpCas9 molecule, with reference (o positions of SEQ ID NO:96. The N-
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terminal Npu Intein (SEQ ID NO:129) and C-terminal Npu Intein (set forth in SEQ ID NO:133)
were engineered to self-excise and ligate the N- and C-terminal fragments, thereby forming the
full-length dSpCas9-TET1 fusion protein when expressed in a cell, as illustrated in FIG. 8.

[0572] The split dSpCas9-TET1 fusion protein was assessed for the ability to activate
MeCP2 in R255X-iPSCs. Plasmids were prepared for each of the split dSpCas9-TET1
components, with each plasmid including a gRINA expression cassette for the MeCP2 promoter-
targeting gRNA 9. Plasmids were prepared using a QIAGEN Plasmid Plus Midi Kit (#12945).
Lentivirus was generated in HEK293FT cells using Lipofectamine 3000 (ThermoFisher
#L.3000015) and concentrated to 50x using Lenti-X Concentrator (Takara #631232).

[0573] Lentivirus encoding dSpCas9-573C/gRNA 9 was incubated first with the R255X
iPSCs at a 1x final concentration. 48 hours after the addition of lentivirus, the cells were sclected
with 2 pg/ml blasticidin to enrich for transduced cells. Following selection for 10 days, cells
were then transduced with lentivirus encoding TET1-dCas9-573N/gRNA 9 and selected with 0.5
ng/ml puromycin. Negative control cells were included that were only transduced with the
dSpCas9-573C/gRNA 9 lentivirus, and positive control cells were included that were transduced
with lentivirus encoding a non-split dSpCas9-TET1 fusion protein (set forth in SEQ ID NO:91)
and gRNA 9.

[0574] Cells were harvested to assess MeCP2 expression on day 12 post-transduction of
TET1-dSpCas9-573N. MeCP2 expression was assessed by flow cytometry. For flow cytometry,
cells were fixed and stained using the Transcription Factor Staining Kit (ThermoFisher #00-
5523-00) with a primary conjugated anti-MeCP2 antibody (Cell Signaling #34113), and
analyzed on a Sony Sorter MA900 to determine the percentage of cells expressing MeCPZ2.

[0575] As shown in FIG. 9, the expression of both components of the split dSpCas9-TET1
fusion protcin with gRNA 9 led to activation of McCP2, to an cxtent comparable to the non-split
dSpCas9-TET1 fusion protein.

[0576] The results support the utility of using the dSpCas9-TET1 split fusion protein for
targeted demethylation and activation of MeCP2 in therapeutic applications for treating Rett
syndrome. A two-vector system encoding a split fusion protein is advantageous in some
therapeutic applications. For example, a split fusion protein may assist or improve packaging of
larger components (e.g., larger Cas9-effector fusion proteins) in therapeutic delivery vectors

with limited capacity, such as an adeno-associated virus (AAV) vector.

Example 9: dSpCas9-TET1 mediated activation of MeCP2 in mouse fibroblasts
[0577] Guide RNAs (gRNAs) targeting the mouse methyl-CpG-binding protein 2 (MeCP2)
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gene was designed and screened [or transcriptional re-activation of MeCP2 allele in the inactive
X (Xi) chromosome, using a mouse fibroblast reporter cell line.

[0578] 7 gRNAs were designed to target regulatory region of mouse MeCP2. The mouse
MeCP2-targeting gRNAs are indicated in Table E2.

Table E2. Mouse MeCP2-targeting gRNAs

SEQ ID NO: gRNA name gRINA spacer sequence

223 gRNA m1 GCCGCGCCGAGCGGAGGAGG
224 gRINA m2 CTGGCGTTGTTCCAAGCCAA
225 gRNA m3 AGTGGGACCGCCAAGGCCGC
226 gRNA m4 TGCTGACTGGTATCAGGGTA
227 gRNA m5 GACCGCCAAGGCCGCGGGCG
228 gRNA m6 TTGGAAAAAAGAGGCGGCTA
229 gRNA m7 GGGGCAAAAAGTCACGGAAT
230 Non-targecting gRNA GATCGGTTATGTTTAGGGTT

[0579] Plasmids and lentiviral vectors were generated, generally as described in Example 1.
The gRNAs were then screened for the ability to increase expression of an inactivated allele of
MeCP2 when co-expressed with dSpCas9-TET1 in a mouse fibroblast cell line with a transgenic
inactive X (Xi) allele of MeCP2 with a luciferase reporter, generally as described in Sripathy et
al., PNAS 114(7):1619-1624, 2017. Lentivirus encoding dSpCas9-TET1 and each gRNA ora
non-targeting gRNA was incubated with MeCP2-Luciferase mouse fibroblasts at a 1x final
concentration. 48 hours after the addition of lentivirus, cells were selected with 1 pg/ml
puromycin to enrich for cells expressing dSpCas9-TET1 and gRNA. Cells were harvested on
day 16 and day 29 post-transduction to assess activation of the Xi MeCP2 reporter allele by
gRT-PCR.

[0580] To measure the expression of MeCP2, Xi MeCP2 reporter-allele-specific primers
were designed for qRT-PCR. qRT-PCR was performed, generally as described in Example 1.
Data were normalized to a Gapdh loading control gene, and the fold change in mRNA
expression relative to a non-targeting gRNA control was determined.

[0581] As shown in FIG. 10, several of the mouse MeCP2-targeting gRNAs resulted in an
increase in MeCP2 mRINA expression, including gRNA ml which led to ~3-fold and ~10-fold
increase in the expression of the Xi MeCP2 reporter allele at Day 15 and Day 29 post-
transduction, respectively. The results support the utility of dCas9-TET1 with MeCP2-targeting
gRNAs in reactivating the expression of MeCP2 from an inactive X chromosome in various

different species, such as in a mouse, and in diverse cell types, such as in a fibroblast.
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Example 10: ZFP-mediated transcriptional activation of MeCP2

[0582] Fusion proteins containing DNA-targeting domains based on zinc finger proteins
(ZFP) that target the MeCP2 locus were designed, generated, and assessed for their effect in re-
activation of MeCP2 in cells.

[0583] ZFP-based DNA-targeting domains targeting regulatory elements of MeCP2,
including promoter-targeting and enhancer-targeting ZFP DNA-targeting domains, were
designed, based on available methods for designing ZFP targeting specific target sequences.
Exemplary ZFP DNA-targeting domains target sequences within the genomic coordinates
human genome assembly GRCh38 (hg38) 154,097,151-154,098,158. The exemplary genomic
rcgions specificd above contained multiple scquentially tiled target sites, designing ZFPs
targeting onc of the tiled targct sites in the region. Fusion protcins were designed, cach
comprising one of the designed ZIFP DNA-targeting domains fused to a TET catalytic domain,
such as a TET1 catalytic domain (set forth in SEQ ID NO:93). Exemplary fusion proteins
included MeCP2-targeting ZFP-TET1.

[0584] Viral vectors, including lentiviral vectors, were designed and cloned, each
comprising nucleic acid sequences encoding a MeCP2-targeting ZFP-TET1. Vectors further
encoded a selectable marker (e.g. puromycin resistance cassette).

[0585] R255X-iPSCs, generally as described above in Example 1, are transduced using
lentivirus with plasmids encoding one of the MeCP2-targeting ZFP-TET1, and enriched for
transduced cells (e.g. using puromycin selection). Negative control cells are transduced with a
non-targeting ZFP-TET1 fusion protein, or the ZFP MeCP2-targeting DN A-targeting domains
without TET1. Cells are harvested and assessed for MeCP2 expression by RT-qPCR, generally
as described in Example 1. qRT-PCR data are normalized to a GAPDH loading control gene and
presented as fold change in mRNA cxpression relative to negative control cells.

[0586] Cells transduced with MeCP2-targeting ZFP-TET1 show increased mRNA
expression of the Xi WT allele of MeCP2 compared to the negative control and the expression
of the mutant allele is not substantially affected.

[0587] The results support the utility of an exemplary MeCP2-targeting ZFP-TET1 fusion

protein in reactivating the expression of a WT MeCP?2 allele from an inactive X chromosome.

Example 11: TALE-mediated transcriptional activation of MeCP2

[0588] Fusion proteins containing DNA-targeting domains based on transcription activator-
like effector (TALE) binding domains that target the MeCP2 locus are designed, generated, and

assessed for their effect in re-activation of MeCP2 in cells.
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[0589] TALE-based DNA-targeling domains targeting regulatory elements of MeCP2,
including promoter-targeting and enhancer-targeting TALE DNA-targeting domains, are
designed, based on available methods for designing TALE targeting specific target sequences.
Exemplary TALE DNA-targeting domains target sequences within the genomic coordinates
human genome assembly GRCh38 (hg38) 154,097,151-154,098,158. The exemplary genomic
regions specified above contained multiple sequentially tiled target sites, designing TALEs
targeting one of the tiled target sites in the region. Fusion proteins are designed, each
comprising one of the designed TALE DNA-targeting domains fused to a TET catalytic domain,
such as a TET1 catalytic domain (set forth in SEQ ID NO:93). Exemplary fusion proteins
included McCP2-targeting TALE-TET1.

[0590] Viral vectors, including lentiviral vectors, arc designed and cloned, cach comprising
nucleic acid sequences encoding a MeCP2-targeting TALE-TET1. Vectors further encoded a
selectable marker (e.g. puromycin resistance cassette).

[0591] R255X-iPSCs, generally as described above in Example 1, are transduced using
lentivirus with plasmids encoding one of the MeCP2-largeting TALE-TET1, and enriched for
transduced cells (e.g. using puromycin selection). Negative control cells are transduced with a
non-targeting TALE-TET1 fusion protein, or the TALE MeCP2-targeting DNA-targeting
domains without TET1. Cells are harvested and assessed for MeCP2 expression by RT-qPCR,
generally as described in Example 1. gqRT-PCR data are normalized to a GAPDH loading
control gene and presented as fold change in mRNA expression relative to negative control cells.

[0592] Cells transduced with MeCP2-targeting TALE-TET1 show increased mRNA
expression of the Xi WT allele of MeCP2 compared to the negative control and the expression
of the mutant allele is not substantially affected.

[0593] The results support the utility of an cxemplary McCP2-targeting TALE-TET1 fusion

protein in reactivating the expression of a WT MeCP2 allele from an inactive X chromosome.

[0594] The present invention is not intended to be limited in scope to the particular disclosed
embodiments, which are provided, for example, to illustrate various aspects of the invention.
Various modifications to the compositions and methods described will become apparent from
the description and teachings herein. Such variations may be practiced without departing from
the true scope and spirit of the disclosure and are intended to fall within the scope of the present

disclosure.
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Sequences

# SEQUENCE ANNOTATIO
N

1 TAAGGATTAATGGACCCTTG gRINA 1 spacer
DNA

2 CGCCTCTTTITCCCCARAACGA gRNA 2 spacer
DNA

3 CCATCACAGCCAATGACGGG gRNA 3 spacer
DNA

4 TCGGTGCATCTGTGGACAGA gRINA 4 spacer
DNA

5 GGGGCGOGACGTCGGCCGTG gRNA 5 spacer
DNA

6 TCAGCGGCGATGCCGTICAAT gRNA 6 spacer
DNA

7 CGCGGAGGGACTGGTTITAGT gRNA 7 spacer
DNA

8 AAGAGGGCGGGGCGCGACGT gRNA 8 spacer
DNA

9 GCTGCGAGCCCGCCCGTCAT gRNA 9 spacer
DNA

10 ACTTGCCCCAGCATCCGCAA gRNA 10
spacer DNA

11 CCGTTACTCGGCCCCCCCAC gRNA 11
spacer DNA

12 GCGCCCCCTCTCCCGTTACT gRINNA 12
spacer DNA

13 GGAGGGGGAGAGCGCGATCC gRNA 13
spacer DNA

14 TCGCCGGGGCTTCGCCTGTC gRNA 14
spacer DNA

15 AGGCGAAGCCCCGGCGACAG gRNA 15
spacer DNA

16 CCGGGATGCGCGTCGAGGGC gRNA 16
spacer DNA

17 GGACGGTCACCCGCGAGCAG gRNA 17
spacer DNA

18 CGGCCCGTCACCCCTGCTICG gRNA 18
spacer DNA

19 GCCGAGGGGAGAGTCGCCAC gRNA 19
spacer DNA

20 CGGACGACACGGCTGGCGGA gRNA 20
spacer DNA

21 GCCGTGTCGTCCGACCCCGO gRNA 21
spacer DNA

22 CTGACCCCCGCCeeeeasea gRINNA 22
spacer DNA

23 CGGGCGGGCACCCTTGCCGG gRNNA 23
spacer DNA

24 GACTGTGAGTGGGACCGCCG gRNA 24
spacer DNA

25 GGTAAAAGCCGTCCGGARARAA gRINA 25
spacer DNA

26 GCGCGCGCGCTCCCTCCTICT gRNA 26
spacer DNA

27 AATGACGGGCGGGCTCGCAG gRNA 27
spacer DNA
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28 TTTCCTGTCCATTTCGGCCA gRNA 28
spacer DNA

29 GCTGCTTTCGGCCGTCGTTT gRNA 29
spacer DNA

30 GUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAA | SpCas9 gRNA

CUUGAAAAAGUGGCACCGAGUCGGUGC scaffold

sequence

31 UAAGGAUUAAUGGACCCUUG gRNA 1 spacer
RNA

32 | CGCCUCUUUUCCCCAAACGA gRNA 2 spacer
RNA

33 CCAUCACAGCCAAUGACGGG gRINA 3 spacer
RNA

34 | UCGGUGCAUCUGUGGACAGA ¢RNA 4 spacer
RNA

35 | GGGGCGCGACGUCGGCCGUG gRNA 5 spacer
RNA

36 UCAGCGGCGAUGCCGUCAAU gRNA 6 spacer
RNA

37 CGCGGAGGGACUGGUUUAGU gRNA 7 spacer
RNA

38 BAAGAGGGCGGGGCGCGACGU gRNA 8 spacer
RNA

39 GCUGCGAGCCCGCCCGUCAU gRNA 9 spacer
RNA

40 ACUUGCCCCAGCAUCCGCAA gRNA 10
spacer RNA

41 CCGUUACUCGGCCCCCCCAC gRNA 11
spacer RNA

42 GCGCCCCCUCUCCCGUUACU gRNA 12
spacer RNA

43 GGAGGGGGAGAGCGCGAUCC gRNA 13
spacer RNA

44 UCGCCGGGGCUUCGCCUGUC gRNA 14
spacer RNA

45 AGGCGAAGCCCCGGCGACAG gRNA 15
spacer RNA

46 CCGGGAUGCGCGUCGAGEGC gRNA 16
spacer RNA

47 GGACGGUCACCCGCGAGCAG gRNA 17
spacer RNA

48 CGGCCCGUCACCCCUGCUCG gRNA 18
spacer RNA

49 GCCGAGGGGAGAGUCGCCAC gRNA 19
spacer RNA

50 CGGACGACACGGCUGGCGGA gRNA 20
spacer RNA

51 GCCGUGUCGUCCGACCCCGC gRNA 21
spacer RNA

52 CUGACCCcCCGeeeeeeasea gRNA 22
spacer RNA

53 CGGGCGGGGACCCUUGCCGG gRNA 23
spacer RNA

54 GACUGUGAGUGGGACCGCCG gRNA 24
spacer RNA

55 GGUAAAAGCCGUCCGGAAAA gRNA 25
spacer RNA

56 GCGCGCaCaCucccuccucu gRNA 26
spacer RNA
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agtgatgaagaaaaagttctttgtttggtccggcagecgtacaggecaccactgtccaac
tgctgtgatggtggtgctcatcatggtgtgggatggecatcecctetteccaatggecgace
ggctatacacagagctcacagagaatctaaagtcatacaatgggcaccctaccgacaga
agatgcaccctcaatgaaaatcgtacctgtacatgtcaaggaattgatccagagacttg
tggagcttcattctecttttggctgttcatggagtatgtactttaatggctgtaagtttyg
gtagaagcccaagccccagaagatttagaattgatccaagetctcececcttacatgaaaaa
aaccttgaagataacttacagagtttggctacacgattagetccaatttataagcagta
tgctccagtagcecttaccaaaatcaggtggaatatgaaaatgttgcccgagaatgtegge
ttggcagcaaggaaggtcgacccttctctggggtcactgettgectggacttctgtget
catccccacagggacattcacaacatgaataatggaagcactgtggtttgtaccttaac
tcgagaagataaccgctetttgggtgttattcectcaagatgagcagecteccatgtgetac
ctctttataagectttcagacacagatgagtttggectceccaaggaaggaatggaageccaag
atcaaatctggggccatcgaggtcctggcacceccgoccgcaaaaaaagaacgtgtttcac
tcagcctgttcececcecgttectggaaagaagagggctgecgatgatgacagaggttcecttgecac
ataagataagggcagtggaaaagaaacctattceccccgaatcaageggaagaataacteca
acaacaacaaacaacagtaagccttcgtcactgeccaaccttagggagtaacactgagac
cgtgcaacctgaagtaaaaagtgaaaccgaaccccattttatcttaaaaagttcagaca
acactaaaacttattcgctgatgccatccgetectcacccagtgaaagaggecatctecca
ggcttctcecctggtccecccgaagactgecttcageccacaccagetccactgaagaatgacge
aacagcctcatgcecgggttttcagaaagaagcagecactceccecccactgtacgatgecttcecgg
gaagactcagtggtgccaatgctgcagectgetgatggecectggecatttcacagettgge
gaagtggctcecctctceccccaccectgtectgetectgtgatggagececctcattaattetga
gccttceccactggtgtgactgagecgctaacgecctcatcageccaaaccaccagecctect
tcectcacctectectcaagacettgectetteteccaatggaagaagatgagcagecattet
gaagcagatgagcectceccatcagacgaacccectatetgatgaccecctgtcacctgetyga
ggagaaattgccccacattgatgagtattggtcagacagtgagcacatctttttggatg
caaatattggtggggtggccatcgcacctgctcacggctcggttttgattgagtgtgec
cggcgagagctgcacgctaccactectgttgagecaccceccaaccgtaatcatccaacceyg
cctecteccecttgtcecttttaccagecacaaaaacctaaataagecccaacatggttttgaac
taaacaagattaagtttgaggctaaagaagctaagaataagaaaatgaaggectcagag
caadaagaccaggcagctaatgaaggtccagaacagtecctctgaagtaaatgaattgaa
ccaaattccttctcataaagcattaacattaacccatgacaatgttgtcaccgtgtccce
cttatgctctcacacacgttgecggggecCCTATAACCATTGGGTCAACCCAAAGAAGAAG
CGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCGACAAGAAGTACTCCATTGGGCTCGC
CATCGGCACARAACAGCGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCA
AAAAATTCAAAGTTCTIGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGC
GCCCTCCTGTTCGACTCCGGGGAAACCGCCGAAGCCACGCGGCTCAAARAGARACAGCACG
GCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACCEgcaGGAGATCTITTAGTAATG
AGATGGCTAAGGTGGATGACTCTTTCTICCATAGGCTGGAGGAGTCCTTTITTGGTGGAG
GAGGATAAAAAGCACGAGCGCCACCCAATCTITTGGCAATATCGTGGACGAGGTGGCGTA
CCATGAAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTIGTAGACAGTACTGATA
AGGCTGACTTIGCGGTTGATCTATCTCGCGCTGGCGCATATGATCAAATTTCGGGGACAC
TTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCCA
ACTGGTTCAGACTTACAATCAGCTTTTICGAAGAGAACCCGATCAACGCATCCGGAGTTG
ACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAAACCTCATC
GCACAGCTCCCTIGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTIGTCACT
CGGGCTGACCCCCAACTTTAAATCTAACTTCGACCTGGCCGAAGATGCCAAGCTTCAAC
TGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAG
TACGCAGACCTTTTTTITGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATAT

57 AAUGACGGGCGGGCUCGCAG gRNA 27
spacer RNA
58 UUUCCUGUCCAUUUCGGCCA gRNA 28
spacer RNA
59 GCUGCUUUCGGCCGUCGUUU gRNA 29
spacer RNA
60 ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGA | FLAG-NLS-
CGATGACAAGCACGTTAAGCGACCTGCCGCCACAAAGAAGGCTGGACAGGCTAAGAAGA | TET1-NLS-
AGAAACTGGACGTTICTIGCCCACCTgcagetgtettgatecgagttatacaaaaagacaaa | dSpCas9-NLS-
ggcccatattatacacaccttggggcaggaccaagtgttgetgetgtcagggaaatcat | P2A-PuroR
ggagaataggtatggtcaaaaaggaaacgcaataaggatagaaatagtagtgtacaccyg | vector
gtaaagaagggaaaagctctcatgggtgtccaattgectaagtgggttttaagaagaage | sequence
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TCTGCGAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAGTATGATCAAGCGCT
ATGATGAGCACCACCAAGACTTGACTTITGCTGAAGGCCCTTGTCAGACAGCAACTGCCT
GAGAAGTACAAGGAAATTTTCTTCGATCAGTICTAAAAATGGCTACGCCGGATACATTGA
CGGCGGAGCAAGCCAGGAGGAATTTTACAARATTTATTAAGCCCATCTTGGARAARAATGG
ACGGCACCGAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGC
ACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAACTGCACGCTATCCT
CAGGCGGCAAGAGGATTTICTACCCCTITTITTGAAAGATAACAGGGAAAAGATTGAGAAAA
TCCTCACATTTCGGATACCCTACTATGTAGGCCCCCTCGCCCGGGGAAATTCCAGATTC
GCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGT
GGATAAGGGGGCCTCTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAARAATC
TGCCTAACGAAAAGGTGCTICCTAAACACTCTCTGCTGTACGAGTACTTCACAGTTTAT
AACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCIGTC
TGGAGAGCAGAAGAAAGCTATCGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCG
TGAAACAGCTCAAAGAAGACTATTTCAAAAAGATTGAATGTTITCGACTCTGTTGAAATC
AGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAAT
CATTAAAGACAAGGACTTCCTGGACAATGAGGAGAACGAGGACATTCTTGAGGACATTG
TCCTCACCCTITACGTTIGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAAAACTTAC
GCTCATCTCTTCGACGACAAAGTCATGAAACAGCTCAAGAGGCGCCGATATACAGGATG
GGGGCGGCTGTCAAGAAAACTGATCAATGGgat cCGAGACAAGCAGAGTGGAAAGACAA
TCCTGGATTTTCTTAAGTCCGATGGATTITGCCAACCGGAACTTCATGCAGTTGATCCAT
GATGACTCTICTCACCTTTAAGGAGGACATCCAGAAAGCACAAGTTITCTGGCCAGGGGGA
CAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAAAAAGGGAATAC
TGCAGACCGTTAAGGTCGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAAGCCCGAG
AATATCGTTATCGAGATGGCCCGAGAGAACCAAACTACCCAGAAGGGACAGAAGAACAG
TAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCCTTA
AGGAACACCCAGTTGAAAACACCCAGCTTCAGAATGAGAAGCTCTACCTGTACTACCTG
CAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGGCTCTCCGACTA
CGACGTGGATGCCATCGTGCCCCAGTICTTTICTCAAAGATGATTCTATTGATAATAAAG
TGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGATAACGTCCCCTCAGAAGAAGTT
GTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAACG
GAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGATAAAGCCG
GCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAgcacGTGGCCCAAATT
CTCGATTCACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAA
AGTTATTACTCTGAAGTCTAAGCTGGICTCAGATTTCAGAAAGGACTTTCAGTTTTATA
AGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGGTA
GGCACTGCACTTATCAAAAAATATCCCAAGCTTGAATCTGAATTTIGTTTACGGAGACTA
TAAAGTGTACGATGTITAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCA
CCGCTAAGTACTTCTTITTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTG
GCCAATGGAGAGATTCGGAAGCGACCACTTATCGARACAAACGGAGAAACAGGAGAAAT
CGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATGCCGCAGG
TGAACATCGTTAAAAAGACCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTC
CCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAANGATTGGGACCCCAAGAAATA
CGGCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGA
AAGGGAAGTCTAAAAAACTCAAAAGCGTCAAGGAACTGCTGGGCATCACAATCATGGAG
CGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATAAAGAGGT
CAAAAAAGACCTCATCATTAAGCTTCCCAAGTACTCTCTCTTTGAGCTTGAAAACGGCC
GGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGCACTGCCC
TCTAAATACGTTAATTITCTITGTATCTGGCCAGCCACTATGAARAAGCTCAAAGGGTCTICC
CGAAGATAATGAGCAGAAGCAGCTIGTITCGTGGAACAACACAAACACTACCTTGATGAGA
TCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAACCTCGAT
AAGGTGCTTTCTGCTTACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGCAGAAAA
ACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTG
ATTCATCAGTCAATTACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGG
AGACAAAAGGCCGGCGGCCACGAANAAAGGCCGGCCAGGCAAAAANGAANANGGCLagCG
CAACAAACTTCTCTCTGCTGAAACAAGCCGGAGATGTCGAAGAGAATCCTGGACCGATG
ACCGAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACG
CACCCTCGCCGCCGCGTTCGCCGACTACCCCGCCACGCGCCACACCGTCGATCCGGACC
GCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGAC
ATCGGCAAGGTGTGGGTCGCGGACGACGGCGCCGCGEGGTGGCGGTCTGGACCACGCCGGA
GAGCGTCGAAGCGGGGGCGGTGTTICGCCGAGATCGGCCCGCGCATGGCCGAGTTGAGCG
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GTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCCTCCTGGCGCCGCACCGGCCCAAG
GAGCCCGCGTGGTTCCTGGCCACCGTCGGCGTGTCGCCCGACCACCAGGGCAAGGGTCT
GGGCAGCGCCGTCGTGCTCCCCGGAGTGGAGGCGGLCCGAGCGLGLCCEGEGEETGCCCGLCT
TCCTGGAGACCTCCGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTC
ACCGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCGCAAGCCCGG
TGCCTGA

61 UAAGGAUUAAUGGACCCUUGGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUARA | gRNA 1
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

62 CGCCUCUUUUCCCCAAACGAGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUAAA | gRNA 2
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

63 CCAUCACAGCCAAUGACGGGGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 3
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

64 UCGGUGCAUCUGUGGACAGAGUUUAAGAGCUAUGCUGGARAACAGCAUAGCAAGUUUAAA | gRNA 4
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

65 GGGGCGCGACGUCGGCCGUGGUUUAAGAGCUAUGCUGGARAACAGCAUAGCAAGUUUAAA | gRNA S
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

66 UCAGCGGCGAUGCCGUCAAUGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 6
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

67 CGCGGAGGGACUGGUUUAGUGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUARAA | gRNA 7
UAAGGCUAGUCCGUUAUCAACUUGAAAANAGUGGCACCGAGUCGGUGC

68 AAGAGGGCGGGGCGCGACGUGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUARAA | gRNA 8
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

69 GCUGCGAGCCCGCCCGUCAUGUUUAAGAGCUAUGCUGGARAACAGCAUAGCAAGUUUAAA | gRNA 9
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

70 ACUUGCCCCAGCAUCCGCAAGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 10
UAAGGCUAGUCCGUUAUCAACUUGAAAANGUGGCACCGAGUCGGUGC

71 CCGUUACUCGGCCCCCCCACGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUARAA | gRNA 11
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

72 GCGCCCCCUCUCCCGUUACUGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | ¢gRNA 12
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

73 GGAGGGGGAGAGCGCGAUCCGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 13
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

74 UCGCCGGGGCUUCGCCUGUCGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUAAA | gRNA 14
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

75 AGGCGAAGCCCCGGCGACAGGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | ¢gRNA 15
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

76 CCGGGAUGCGCGUCGAGGGCGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUAAA | gRNA 16
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

77 GGACGGUCACCCGCGAGCAGGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUAAA | gRNA 17
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

78 CGGCCCGUCACCCCUGCUCGGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 18
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

79 GCCGAGGGGAGAGUCGCCACGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUAAA | gRNA 19
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

80 CGGACGACACGGCUGGCGGAGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 20
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

81 GCCGUGUCGUCCGACCCCGCGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUAAA | gRNA 21
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

82 CUGACCCCCGCCCCCCGGCAGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUARR | gRNA 22
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

83 CGGGCGELEGGACCCUUGCCGGGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 23
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

84 GACUGUGAGUGGGACCGCCGGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 24
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

85 GGUAAAAGCCGUCCGGAAAAGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 25
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

86 GCGCGCGCGCUCCCUCCUCUGUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUAAA | gRNA 26
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

87 AAUGACGGGCGGGCUCGCAGGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 27
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC
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88 UUUCCUGUCCAUUUCGGCCAGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 28
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

89 GCUGCUUUCGGCCGUCGUUUGUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAA | gRNA 29
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC

90 ANGCGACCTGCCGCCACAAAGANAGGCTGGACAGGCTAAGAAGAAGAAACTGGACGTTICT | NLS-TETI1-
GCCCACCTgcagctgtcttgatcgagttatacaaaaagacaaaggcccatattatacac | NLS-dSpCas9-
accttggggcaggaccaagtgttgctgctgtcagggaaatcatggagaataggtatggt | NLS (nt)

caaaaaggaaacgcaataaggatagaaatagtagtgtacaccggtaaagaagggaaaag
ctctcatgggtgtccaattgectaagtgggttttaagaagaagcagtgatgaagaaaaag
ttctttgtttggtccggcagecgtacaggeccaccactgtccaactgetgtgatggtggtyg
ctcatcatggtgtgggatggcatccecctcecttccaatggccgaccggectatacacagaget
cacagagaatctaaagtcatacaatgggcaccctaccgacagaagatgcaccctcaatyg
aaaatcgtacctgtacatgtcaaggaattgatccagagacttgtggagcttcattctct
tttggctgttcatggagtatgtactttaatggctgtaagtttggtagaagcccaagece
cagaagatttagaattgatccaagctctcececcttacatgaaaaaaaccttgaagataact
tacagagtttggctacacgattagctccaatttataagcagtatgctceccagtagettac
caaaatcaggtggaatatgaaaatgttgcccgagaatgtcecggcecttggcagcaaggaagyg
tcgaceccttcectetggggtcactgettgectggacttetgtgetecatcecccacagggaca
ttcacaacatgaataatggaagcactgtggtttgtaccttaactcgagaagataaccgc
tctttgggtgttattcctcaagatgagcagectceccatgtgectacctectttataagettte
agacacagatgagtttggctccaaggaaggaatggaagccaagatcaaatctggggcca
tcgaggtcectggecacccecgecgcaaaaaaagaacgtgtttcactcagectgtteceecgt
tctggaaagaagagggctgecgatgatgacagaggttettgcacataagataagggecagt
ggaaaagaaacctattccccgaatcaagcggaagaataactcaacaacaacaaacaaca
gtaageccttcecgtcactgceccaaccttagggagtaacactgagacecgtgcaacctgaagta
aaaagtgaaaccgaaccccattttatcttaaaaagttcagacaacactaaaacttatte
gctgatgceccatcegetectcacccagtgaaagaggecateteccaggettectectggtece
cgaagactgcttcageccacaccagectceccactgaagaatgacgcaacagecctcatgecgygyg
ttttcagaaagaagcagcactccccactgtacgatgecttcgggaagactcagtggtyge
caatgctgcagetgctgatggecctggecatttcacagettggcgaagtggectectetee
ccacccectgtetgetectgtgatggageccctecattaattetgagecttecactggtgtyg
actgagccgctaacgocctcatcagccaaaccaccagcececctecttectcacctaectcactca
agaccttgcctcecttctccaatggaagaagatgagcagcattctgaagcagatgagectce
catcagacgaacccctatctgatgaccececctgtcacctgctgaggagaaattgeccccac
attgatgagtattggtcagacagtgagcacatctttttggatgecaaatattggtggggt
ggccatcgcacctgectcacggeteggttttgattgagtgtgeccggegagagetgecacyg
ctaccactcctgttgagcaccceccaaccgtaatcatccaaccecgectectececttgtettt
taccagcacaaaaacctaaataagccccaacatggttttgaactaaacaagattaagtt
tgaggctaaagaagctaagaataagaaaatgaaggcctcagagcaaaaagaccaggcag
ctaatgaaggtccagaacagtcectctgaagtaaatgaattgaaccaaattecttcectecat
aaagcattaacattaacccatgacaatgttgtcaccgtgteccccecttatgectctcacaca
cgttgcggggcCCTATAACCATTGGGTCAACCCAAAGAAGAAGCGGAAGGTCGGTATCC
ACGGAGTCCCAGCAGCCGACAAGAAGTACTCCATTGGGCTCGCCATCGGCACAAACAGC
GTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCAAAAAATTCAAAGTTCT
GGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTCGACT
CCGGGGAAACCGCCGAAGCCACGCGGCTCAAAAGAACAGCACGGCGCAGATATACCCGC
AGAAAGAATCGGATCTIGCTACCtgcaGGAGATCTTTAGTAATGAGATGGCTAAGGTGGA
TGACTCTTICTTCCATAGGCTGGAGGAGTCCTTTTTGGTGGAGGAGGATAAAAAGCACG
AGCGCCACCCAATCTITITGGCAATATCGTIGGACGAGGTGGCGTACCATGAARAAGTACCCA
ACCATATATCATCTGAGGAAGAAGCTTIGTAGACAGTACTGATAAGGCTGACTTGCGGTT
GATCTATCTCGCGCTGGCGCATATGATCAAATTTCGGGGACACTTICCTCATCGAGGGGG
ACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCCAACTGGTTCAGACTTAC
AATCAGCTITTCGAAGAGAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCT
GAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAARCCTCATCGCACAGCTCCCTGGGG
AGAAGAAGAACGGCCTIGITIGGTAATCTITATCGCCCTGTCACTCGGGCTGACCCCCAAC
TTTAAATCTAACTTCGACCTIGGCCGAAGATGCCAAGCTTCAACTGAGCAAAGACACCTA
CGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTTTTTT
TGGCGGCAAAGAACCTGTCAGACGCCATTICTGCTGAGTGATATTCTGCGAGTGAACACG
GAGATCACCAAAGCTCCGCTGAGCGCTAGTATGATCAAGCGCTATGATGAGCACCACCA
AGACTTGACTTTGCTGAAGGCCCTTGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAA
TTTTCTTCGATCAGTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAG
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GAGGAATTTTACAAATTTATTAAGCCCATCTTGGARAARAATGGACGGCACCGAGGAGCT
GCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATGGAA
GCATCCCCCACCAGATTCACCTGGGCGAACTGCACGCTATCCTCAGGCGGCAAGAGGAT
TTICTACCCCTITTTITGAAAGATAACAGGGAAAAGATTGAGAAAATCCTICACATTITCGGAT
ACCCTACTATGTAGGCCCCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCA
AATCAGAAGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGTGGATAAGGGGGCCTCT
GCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGT
GCTTCCTAAACACTCICTGCTGTACGAGTACTTCACAGTTTATAACGAGCTCACCAAGG
TCAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAA
GCTATCGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGA
AGACTATTTCAAAAAGATTGAATGTTICGACTCTGTTGAAATCAGCGGAGTGGAGGATC
GCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCATTAAAGACAAGGAC
TTCCTGGACAATGAGGAGAACGAGGACATTCTTGAGGACATTGTCCTCACCCTTACGTT
GTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAAAACTTACGCTCATCTCTTCGACG
ACAAAGTCATGAAACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGA
AAACTGATCAATGGgatcCGAGACAAGCAGAGTGGAAAGACAATCCTGGATTTTCTTAA
GTCCGATGGATTTGCCAACCGGAACTTICATGCAGTTGATCCATGATGACTCTCTCACCT
TTAAGGAGGACATCCAGAAAGCACAAGTTTCTGGCCAGGGGGACAGTICTTCACGAGCAC
ATCGCTAATCTTGCAGGTAGCCCAGCTATCAAARAAGGGAATACTGCAGACCGTTAAGGT
CGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGA
TGGCCCGAGAGAACCAAACTACCCAGAAGGGACAGAAGAACAGTAGGGAAAGGATGAAG
AGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGA
AAACACCCAGCTTCAGAATGAGAAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACA
TGTACGTGGATCAGGAACTGGACATCAATCGGCTCTCCGACTACGACGTGGATGCCATC
GTGCCCCAGTICITTTCTCAAAGATGATTCTATTGATAATAAAGTGTTGACAAGATCCGA
TAAAAATAGAGGGAAGAGTGATAACGTCCCCTCAGAAGAAGTTGTCAAGAAAATGAANA
ATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAACGGAAGTTCGATAATCTG
ACTAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCA
GCTTGTTGAGACACGCCAGATCACCAAQCcacGTGGCCCAAATTCTCGATTCACGCATGA
ACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAAAGTTATTACTCTGAAG
TCTAAGCTGGTCTCAGATTTCAGAAAGGACTTTCAGTTTTATAAGGTGAGAGAGATCAA
CAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCA
AAAANTATCCCAAGCTTGAATCTGAATTITGTTITACGGAGACTATAANAGTGTACGATGTT
AGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCACCGCTAAGTACTTICTT
TTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGGCCAATGGAGAGATTC
GGAAGCGACCACTTATCGAAACAAACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGT
AGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATGCCGCAGGTGAACATCGTTAAAAA
GACCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCG
ACAAGCTGATCGCACGCAANAARAAGATTGGGACCCCAAGAAATACGGCGGATTCGATTCT
CCTACAGTCGCTTACAGTIGTACTGGTTGTGGCCAAAGTGGAGAAAGGGAAGTCTAAAARA
ACTCAAAAGCGTCAAGGAACTGCTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAA
AAAACCCCATCGACTTITCTCGAGGCGAAAGGATATAAAGAGGTCAAAANAGACCTCATC
ATTAAGCTTCCCAAGTACTCTCTCTTTIGAGCTTGAAAACGGCCGGAAACGAATGCTCGC
TAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGCACTGCCCTCTAAATACGTTAATT
TCTTGTATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCTCCCGAAGATAATGAGCAG
AAGCAGCTGTTCGTGGAACAACACAAACACTACCTTIGATGAGATCATCGAGCAAATAAG
CGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAACCTCGATAAGGTGCTTTCTGCTT
ACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTIT
ACTCTGACCAACTTGGGCGCGCCTGCAGCCTTCAAGTACTTCGACACCACCATAGACAG
AAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCAATTA
CGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAAAAGGCCGGCG
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KRPAATKKAGQAKKKKLDVLPTCSCLDRVIQKDKGPYYTHLGAGP SVAAVREIMENRYG
QKGNAIRIEIVVYTGRKEGKSSHGCP IAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVY
LIMVYWDGIPLPMADRLYTELTENLKSYNGHPTDRRCTLNENRTCTCQGIDPETCGASE'S
FGCSWSMYENGCKEGRSPSPRRFRIDPSSPLHEKNLEDNLOSLATRLAPIYKQYAPVAY
ONQVEYENVARECRLGSKEGRPEFSGVTACLDFCAHPHRDIHNMNNGSTVVCTLTREDNR
SLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGATIEVLAPRRKKRTCFTQPVPR
SGKKRAAMMTEVLAHKIRAVEKKPIPRIKRKNNSTTTNNSKPSSLPTLGSNTETVQPEV
KSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGESWSPKTASATPAPLKNDATASCG
FSERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPSTGV
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TEPLTPHOPNHOPSFLTSPODLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPH
IDEYWSDSEHIFLDANIGGVAIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVE
YOHKNLNKPQHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSH
KALTLTHDNVVIVSPYALTHVAGPYNHWVNPKKKRKVGIHGVPAADKKYSIGLAIGTNS
VGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIGALLEFDSGETAEATRLKRTARRRYTR
RKNRICYLQEIFSNEMAKVDDSEFEFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYP
TIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFELIEGDLNPDNSDVDKLEFIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPN
FKSNEFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNT
EITKAPLSASMIKRYDEHHODLTLLKALVRQOLPEKYKEIFFDQSKNGYAGYIDGGASQ
EEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEDNGSIPHQIHLGELHAILRRQED
FYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEEEVVDKGAS
AQSFIERMTINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
ATIVDLLEFKINRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMKQLKRRRYTGWGRLSR
KLINGIRDKQSGKTILDFLKSDGEFANRNEFMOQLTHDDSLTFKEDIQKAQVSGQGDSLHEH
IANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQOQKNSRERMK
RIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDATL
VPOSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWROLLNAKLI TORKEDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLK
SKLVSDERKDFQEFYKVREINNYHHAHDAY LNAVVGTALIKKYPKLESEFVYGDYKVYDV
RKMIAKSEQEIGKATAKYFFYSNIMNFEFKTEITLANGETIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPOVNIVKKTEVOTGGE SKESILPKRNSDKLIARKKDWDPKKYGGEDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI
IKLPRKYSLEFELENGRKRMLASAGELQKGNELALP SKYVNEFLYLASHYERLKGSPEDNEQ
KOQLFVEQHKHYILDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFE
TLTNLGAPAAFKYFDTITIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDKRPA
ATKKAGQAKKKK

92

CTGCCCACCTgcagctgtcttgatcgagttatacaaaaagacaaaggceccatattatac
acaccttggggcaggaccaagtgttgectgetgtcagggaaatcatggagaataggtatyg
gtcaaaaaggaaacgcaataaggatagaaatagtagtgtacaccggtaaagaagggaaa
agctctcatgggtgtccaattgctaagtgggttttaagaagaagcagtgatgaagaaaa
agttctttgtttggtccggcagegtacaggeccaccactgtecaactgectgtgatggtgyg
tgctcatcatggtgtgggatggcatcectecttceccaatggecgaccggetatacacagag
ctcacagagaatctaaagtcatacaatgggcaccctaccgacagaagatgecaccctcaa
tgaaaatcgtacctgtacatgtcaaggaattgatccagagacttgtggagcttcattct
cttttggctgttcatggagtatgtactttaatggctgtaagtttggtagaagcccaage
cccagaagatttagaattgatccaagectcecteccttacatgaaaaaaaccttgaagataa
cttacagagtttggctacacgattagectccaatttataagcagtatgectecagtagett
accaaaatcaggtggaatatgaaaatgttgcccgagaatgtecggettggcagcaaggaa
ggtcgacccttctcectggggtcactgettgectggacttctgtgectcatccccacaggga
cattcacaacatgaataatggaagcactgtggtttgtaccttaactcgagaagataacc
gctectttgggtgttattectcaagatgagecagetccatgtgetacctetttataagett
tcagacacagatgagtttggctccaaggaaggaatggaagcecaagatcaaatectgggge
catcgaggtcctggecacccececgeccgcaaaaaaagaacgtgtttcactcagectgtteccecece
gttctggaaagaagagggctgcgatgatgacagaggttcttgcacataagataagggca
gtggaaaagaaacctattcccecgaatcaagecggaagaataactcaacaacaacaaacaa
cagtaagccttegtcactgeccaaccttagggagtaacactgagaccgtgecaacctgaag
taaaaagtgaaaccgaaccccattttatcttaaaaagttcagacaacactaaaacttat
tcgctgatgeccatccgectectcacccagtgaaagaggcatcteccaggettcectectggte
cccgaagactgecttcageccacaccagetceccactgaagaatgacgcaacagectcatgeyg
ggttttcagaaagaagcagcactcececcactgtacgatgecttecgggaagactcagtggt
gccaatgectgecagetgectgatggocectggecatttcacagettggegaagtggetecctet
cceccecaccectgtetgetectgtgatggagececctecattaattectgagectttceccactggtyg
tgactgagccgctaacgecctcatcagecaaaccaccageecctecttecctecacctectect
caagaccttgcecctecttcectceccaatggaagaagatgagcagecattcectgaagcagatgagee
tccatcagacgaacccectatectgatgacceccecectgtcacctgetgaggagaaattgecce
acattgatgagtattggtcagacagtgagcacatctttttggatgcaaatattggtggg
gtggccatcgcacctgctcacggcteggttttgattgagtgtgeccggcgagagectgeca
cgctaccactceccectgttgagcaccccaaccgtaatcatccaaccecgectetececcttgtet
tttaccagcacaaaaacctaaataagccceccaacatggttttgaactaaacaagattaag

TET1 catalytic
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tttgaggctaaagaagctaagaataagaaaatgaaggcecctcagagcaaaaagaccagygcoc
agctaatgaaggtccagaacagtcctcectgaagtaaatgaattgaaccaaattccttcte
ataaagcattaacattaacccatgacaatgttgtcaccgtgtcececttatgetctcaca
cacgttgcggggcCCTATAACCATTGGGTC

93

LPTCSCLDRVIQKDKGPYYTHLGAGP SVAAVREIMENRYGOQKGNAIRIEIVVYTGKEGK
SSHGCPIAKWVLRRSSDEERKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTE
LTENLKSYNGHPTDRRCTLNENRTCTCQGIDPETCGASESEFGCSWSMYFNGCKEGRSPS
PRRFRIDPSSPLHEKNLEDNLQSLATRLAPIYKQYAPVAYQNQVEYENVARECRLGSKE
GRPFSGVTACLDFCAHPHRDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKL
SDTDEFGSKEGMEAKIKSGAIEVLAPRRKKRTCFTQPVPRSGKKRAAMMTEVLAHKIRA
VEKKPIPRIKREKNNSTTTNNSKPSSLPTLGSNTETVQPEVKSETEPHFILKSSDNTKTY
SLMPSAPHPVKEASPGFSWSPKTASATPAPLKNDATASCGF SERSSTPHCTMPSGRLSG
ANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPSTGVTEPLTPHQPNHQPSFLTSP
QDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDEYWSDSEHIFLDANIGG
VAIAPAHGSVLIECARRELHATTPVEHPNRNHP TRLSLVEYQHKNLNKPOQHGFELNKIK
FEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTVSPYALT
HVAGPYNHWV

TET1 catalytic
domain (aa)

94

GACAAGAAGTACTCCATTIGGGCTCGCCATCGGCACAAACAGCGTCGGCTGGGCCGTICAT
TACGGACGAGTACAAGGTGCCGAGCAAAAAATTCAAAGTTCTGGGCAATACCGATCGCC
ACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTCGACTCCGGGGAAACCGCCGAA
GCCACGCGGCTCAAAAGAACAGCACGGCGCAGATATACCCGCAGAANGAATCGGATCTG
CTACCtgcaGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGACTCTITCTTICCATA
GGCTGGAGGAGTCCTTITTTGGTGGAGGAGGATAAARAGCACGAGCGCCACCCAATCTTT
GGCAATATCGTGGACGAGGTGGCGTACCATGAAAAGTACCCAACCATATATCATCTGAG
GAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCGGTTGATCTATCTCGCGCTGG
CGCATATGATCAAATTTCGGGGACACTTCCTCATCGAGGGGGACCTGAACCCAGACAAC
AGCGATGTCGACARAACTCTITATCCAACTGGTTCAGACTTACAATCAGCTTTTICGAAGA
GAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCA
AATCCCGGCGGCTCGAAAACCTCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTG
TTTGGTAATCTTATCGCCCTGTCACTCGGGCTGACCCCCAACTTTAAATCTAACTTCGA
CCTGGCCGAAGATGCCAAGCTTCAACTGAGCAANGACACCTACGATGATGATCTCGACA
ATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTTTTTTTGGCGGCAAAGAACCTG
TCAGACGCCATTCTGCTGAGTGATATTICTGCGAGTGAACACGGAGATCACCAAAGCTCC
GCTGAGCGCTAGTATGATCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGA
AGGCCCTITGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGATCAGTCT
AAAANATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATT
TATTAAGCCCATCTTGGAAAAAATGGACGGCACCGAGGAGCTGCTGGTAAAGCTTAACA
GAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATT
CACCTIGGGCGAACTGCACGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTTTGAA
AGATAACAGGGAAAAGATTGAGAAAATCCTICACATTITCGGATACCCTACTATGTAGGCC
CCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATC
ACTCCCTGGAACTTCGAGGAAGTCGTGGATAAGGGGGCCTCTGCCCAGTCCTTCATCGA
AAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGTGCTTCCTAAACACTICTC
TGCTGTACGAGTACTICACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAA
GGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTATCGTGGACCTCCT
CTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTITCAAAAAGA
TTGAATGTTTCGACTCTGTTGAAATCAGCGGAGTGGAGGATCGCTTCAACGCATCCCTG
GGAACGTATCACGATCTCCTGAAAATCATTAAAGACAAGGACTTCCTGGACAATGAGGA
GAACGAGGACATTICTTIGAGGACATTGTCCTCACCCTTACGTTGTTITGAAGATAGGGAGA
TGATTGAAGAACGCTTGAAAACTTACGCTCATCTICTTCGACGACAAAGTCATGAAACAG
CTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAAACTGATCAATGGgaAt
cCGAGACAAGCAGAGTGGAAAGACAATCCTGGATTITTCTTAAGTCCGATGGATTTGCCA
ACCGGAACTTCATGCAGTTGATCCATGATGACTCTCTCACCTTITAAGGAGGACATCCAG
AAAGCACAAGTTTCTGGCCAGGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGG
TAGCCCAGCTATCAAAAAGGGAATACTGCAGACCGTTAAGGTCGTGGATGAACTCGTCA
AAGTAATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAA
ACTACCCAGAAGGGACAGAAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTAT
ARAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGAAAACACCCAGCTTCAGA
ATGAGAAGCTCTACCTIGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAA
CTGGACATCAATCGGCTCTCCGACTACGACGTGGATGCCATCGTGCCCCAGTCTTTTCT
CAAAGATGATTCTATTIGATAATAAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGA

dSpCas9 (nt)
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GTGATAACGTCCCCTCAGAAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTG
CTGAACGCCAAACTGATCACACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAGG
TGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCC
AGATCACCAAQgCcacGTIGGCCCAAATTCTICGATTCACGCATGAACACCAAGTACGATGAA
AATGACAAACTGATTCGAGAGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGA
TTTCAGAAAGGACTTITCAGTTTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGC
ATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAARAATATCCCAAGCTT
GAATCTGAATTIGTTTACGGAGACTATAAAGTGTACGATGTTAGGAAAATGATCGCAAA
GTCTGAGCAGGAAATAGGCAAGGCCACCGCTAAGTACTTICTTTTACAGCAATATTATGA
ATTTTTTCAAGACCGAGATTACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATC
GAAACAAACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGT
CCGGAAGGTCCTGTCCATGCCGCAGGTGAACATCGTTAAAAAGACCGAAGTACAGACCG
GAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGC
AAAARAGATTGGGACCCCAAGAAATACGGCGGATTCGATTCTCCTACAGTCGCTTACAG
TGTACTGGTTGTIGGCCAAAGTGGAGAAAGGGAAGTCTAAAARAACTCAAAAGCGTCAAGG
AACTGCTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTT
CTCGAGGCGAAAGGATATAAAGAGGTCAAAAAAGACCTCATCATTAAGCTTCCCAAGTA
CTCTCTCTTTGAGCTTGAAAACGGCCGGARAACGAATGCTCGCTAGTGCGGGCGAGCTGC
AGAAAGGTAACGAGCTIGGCACTGCCCICTAAATACGTTAATTTICTTGTATCTGGCCAGC
CACTATGAAAAGCTCAAAGGGTCTCCCGAAGATAATGAGCAGAAGCAGCTGTTICGTGGA
ACAACACAAACACTACCTTGATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAG
TGATCCTCGCCGACGCTAACCTCGATAAGGTGCTTTCTGCTTACAATAAGCACAGGGAT
AAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTTACTCTGACCAACTTIGGG
CGCGCCTGCAGCCTTCAAGTACTTCGACACCACCATAGACAGAAAGCGGTACACCTICTA
CAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCAATTACGGGGCTCTATGAAACA
AGAATCGACCTCTCTCAGCTCGGTGGAGAC

95

DKKYSTGTATGTNSVGWAVTTDEYKVPSKKFKVT.GNTDRHSTKKNT,. TGAT.T.FDSGFRTAFR
ATRLKRTARRRYTRRKNRICYLOEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFE
GNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDN
SDVDKLFIQLVQTYNQLFEENP INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGL
FGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNL
SDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEDQS
KNGYAGY IDGGASQEEFYRKEFIKPILEKMDGTEELLVKLNREDLLRKQRTEDNGSIPHQI
HLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETI
TPWNFEEVVDKGASAQSF IERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTE
GMRKPAFLSGEQKKAIVDLLEKTNRKVIVKQLKEDYFKKIECEFDSVEISGVEDREFNASL
GTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLEFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKOSGKTILDFLKSDGFANRNEMOLIHDDSLTEKEDIQ
KAQVSGOGDSLHEHIANLAGSPATIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTOQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLQNGRDMYVDQE
LDINRLSDYDVDAIVPQOSFLKDDSIDNRKVLTRSDKNRGKSDNVP SEEVVKKMKNYWROL
LNAKLITQRKEDNLTKAERGGLSELDKAGFIKROQLVETRQITKHVAQILDSRMNTKYDE
NDKLIREVKVITLKSKLVSDEFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKL
ESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLI
ETNGETGEIVWDKGRDFATVRKVLSMPOQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNP IDF
LEAKGYKEVKKDLI IKLPKYSLEFELENGRKRMLASAGELQKGNELALP SKYVNELYLAS
HYBEKLKGSPEDNEQKQLEVEQHKHY LDE L 1EQLSEESKRVI1ILADANLDKVLSAYNKHRD
KPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYET
RIDLSQLGGD

dSpCas9 (aa)
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MDKKYSIGLDIGINSVGWAVITDEYRKVPSKKEKVLGNTDRHSIKKNLIGALLEDSGETA
EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHP I
FGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHELIEGDLNPD
NSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNG
LEGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLF LAAKN
LSDATLLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVRQOLPEKYKEIFEDQ
SKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEDNGSIPHQ
IHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET
ITPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVT
EGMRKPAFLSGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENAS
LGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMK
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QLKRRRYTGWGRLSRKLINGIRDKQOSGKTILDF LKSDGFANRNFMOLIHDDSLTFKEDI
QKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVEKVVDELVKVMGRHKPENIVIEMAREN
QTTOKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQ
ELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGEFIKRQLVETRQITKHVAQILDSRMNTKYD
ENDKLIREVKVITLKSKLVSDFRKDFQEFYKVREINNYHHAHDAYLNAVVGTALIKKYPK
LESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEYSNIMNFEFKTEITLANGEIRKRPL
IETNGETGEIVWDKGRDEFATVRKVLSMPOVNIVKKTEVQTGGE SKESILPKRNSDKLIA
RKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPID
FLEAKGYKEVKKDLIIKLPKYSLEELENGRKRMLASAGELQKGNELALPSKYVNEFLYLA
SHYEKLKGSPEDNEQKQLEFVEQHKHYLDEIIEQISEF SKRVILADANLDKVLSAYNKHR
DKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGD

97

AAGCGGAACTACATCCTGGGCCTGGCCATCGGCATCACCAGCGTGGGCTACGGCATCAT
CGACTACGAGACACGGGACGTGATCGATGCCGGCGTGCGGCTGTTCAAAGAGGCCAACG
TGGAAAACAACGAGGGCAGGCGGAGCAAGAGAGGCGCCAGANAGGCTGAAGCGGCGGAGG
CGGCATAGAATCCAGAGAGTGAAGAAGCTGCTGTTCGACTACAACCTGCTGACCGACCA
CAGCGAGCTGAGCGGCATCAACCCCTACGAGGCCAGAGTGAAGGGCCTGAGCCAGAAGC
TGAGCGAGGAAGAGTTCTCTGCCGCCCTGCTGCACCTGGCCAAGAGAAGAGGCGTGCAC
AACGTGAACGAGGTGGAAGAGGACACCGGCAACGAGCTGTCCACCAAAGAGCAGATCAG
CCGGAACAGCAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGCAGCTGGAACGGCTGA
AGAAAGACGGCGAAGTGCGGGGCAGCATCAACAGATTCAAGACCAGCGACTACGTGARA
GAAGCCAAACAGCTGCTGAAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTICAT
CGACACCTACATCGACCTGCTGGAAACCCGGCGGACCTACTATGAGGGACCTGGCGAGG
GCAGCCCCTTCGGCTGGAAGGACATCAAAGAATGGTACGAGATGCTGATGGGCCACTGC
ACCTACTTCCCCGAGGAACTGCGGAGCGTGAAGTACGCCTACAACGCCGACCTGTACAA
ATTACGAGAAGTTCCAGATCATCGAGAACGTGTTCAAGCAGAAGAAGANAGCCCACCCTG
AAGCAGATCGCCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAGAGTGAC
CAGCACCGGCAAGCCCGAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTA
CCGCCCGGARAAGAGATTATTGAGAACGCCGAGCTGCTGGATCAGATTGCCAAGATCCTG
ACCATCTACCAGAGCAGCGAGGACATCCAGGAAGAACTGACCAATCTGAACTCCGAGCT
GACCCAGGAAGAGATCGAGCAGATCTCTAATCTGAAGGGCTATACCGGCACCCACAACC
TGAGCCTGAAGGCCATCAACCTGATCCTGGACGAGCTGTGGCACACCAACGACAACCAG
ATCGCTATCTTCAACCGGCTGAAGCTGGTGCCCAAGAAGGTGGACCTGTCCCAGCAGARD
AGAGATCCCCACCACCCTGGTGGACGACTTCATCCTGAGCCCCGTCGTGAAGAGAAGCT
TCATCCAGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAACGAC
ATCATTATCGAGCTGGCCCGCGAGAAGAACTCCAAGGACGCCCAGAAAATGATCAACGA
GATGCAGAAGCGGAACCGGCAGACCAACGAGCGGATCGAGGAAATCATCCGGACCACCG
GCAAAGAGAACGCCAAGTACCTGATCGAGAAGATCAAGCTGCACGACATGCAGGAAGGC
AAGTGCCTGTACAGCCTGGAAGCCATCCCTCTGGAAGATCTGCTGAACAACCCCTTCAA
CTATGAGGTGGACCACATCATCCCCAGAAGCGTGTCCTTCGACAACAGCTTCAACAACA
AGGTGCTCGTGAAGCAGGAAGAAgcCAGCAAGAAGGGCAACCGGACCCCATTCCAGTAC
CTGAGCAGCAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATCCTGAATCT
GGCCAAGGGCAAGGGCAGAATCAGCAAGACCAAGAAAGAGTATCTGCTGGAAGAACGGG
ACATCAACAGGTTCTCCGTGCAGAAAGACTTCATCAACCGGAACCTGGTGGATACCAGA
TACGCCACCAGAGGCCTGATGAACCTGCTGCGGAGCTACTTCAGAGTGAACAACCTGGA
TTAAGAAAGAGCGGAACAAGGGGTACAAGCACCACGCCGAGGACGCCCTGATCATTGCC
AACGCCGATTTCATCTTCAAAGAGTGGAAGAAACTGGACAAGGCCAAAMANGTGATGGA
AMANCCAGATGTTCGAGGAAAAGCAGGCCGAGAGCATGCCCGAGATCGAMAACCGAGCAGG
AGTACAAAGAGATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAAGGAC
TACAAGTACAGCCACCGGGTGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCT
GTACTCCACCCGGAAGGACGACAAGGGCAACACCCTGATCGTGAACAATCTGAACGGCC
TGTACGACAAGGACAATGACAAGCTGAAAAAGCTGATCAACAAGAGCCCCGAAAAGCTG
CTGATGTACCACCACGACCCCCAGACCTACCAGAAACTGAAGCTGATTATGGAACAGTA
CGGCGACGAGAAGAATCCCCTGTACAAGTACTACGAGGAAACCGGGAACTACCTGACCA
AGTACTCCAAAAAGGACAACGGCCCCGTGATCAAGAAGATTAAGTATTACGGCAACAAA
CTGAACGCCCATCTGGACATCACCGACGACTACCCCAACAGCAGAAACAAGGTCGTIGAA
GCTGTICCCTGAAGCCCTACAGATTCGACGTGTACCTGGACAATGGCGTGTACAAGTTCG
TGACCGTGAAGAATCTGGATGTGATCAAAAAAGAAAACTACTACGAAGTGAATAGCAAG

dSaCas9 (nt)
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TGCTATGAGGAAGCTAAGAAGCTGAAGAAGATCAGCAACCAGGCCGAGTTTATCGCCTC
CTTCTACAACAACGATCTGATCAAGATCAACGGCGAGCTGTATAGAGTGATCGGCGTGA
ACAACGACCTGCTGAACCGGATCGAAGTGAACATGATCGACATCACCTACCGCGAGTAC
CTGGAAAACATGAACGACAAGAGGCCCCCCAGGATCATTAAGACAATCGCCTCCAAGAC
CCAGAGCATTAAGAAGTACAGCACAGACATTICTGGGCAACCTGTATGAAGTGAAATCTA
AGAAGCACCCTCAGATCATCAAAAAGGGC

98

KRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLEKEANVENNEGRRSKRGARRLKRRR
RHRIQRVKKLLEFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVH
NVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVK
EAKQLLKVQKAYHQLDQSFIDTYIDLLETRRTYYEGPGEGSPEFGWKDIKEWYEMLMGHC
TYFPEELRSVKYAYNADLYNALNDLNNLVITRDENEKLEYYEKFQITENVEKOKKKPTL
KOITAKEILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKEITENAELLDQIAKIL
TIYQSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLSLKAINLILDELWHTNDNQ
IATFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAIIKKYGLPND
ITIELARERKNSKDAQKMINEMOKRNRQTNERIEEIIRTTGKENAKYLIEKIKLHDMQEG
KCLYSLEAIPLEDLLNNPENYEVDHITIPRSVSFDNSEFNNKVLVKQEEASKKGNRTPEFQY
LSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVQKDEINRNLVDTR
YATRGLMNLLRSYFRVNNLDVKVKS INGGFTSF LRRKWKFKKERNKGYKHHAEDALITA
NADF IFKEWKKLDKAKKVMENQOMEEEKQAESMPEIETEQEYRKEIFITPHOIKHIKDEKD
YKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEKL
LMYHHDPQTYQKLKLIMEQYGDERNPLYKYYEETGNYLTKY SKKDNGPVIKKIKYYGNK
LNAHLDITDDYPNSRNKVVKLSLKPYREDVYLDNGVYKEVIVKNLDVIKKENYYEVNSK
CYEEAKKLKKISNQAEFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREY
LENMNDKRPPRITIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQIIKKG

dSaCas9 (aa)

99

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLEKEANVENNEGRRSKRGARRLKRR
RRHRIQRVKKLLEDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGV
HNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELOLERLKKDGEVRGSINREFKTSDYV
KEAKQLLKVQKAYHQIDQSFIDTYIDLLETRRTYYEGPGEGSPFGWKD IKEWYEMLMGH
CTYFPEELRSVKYAYNADLYNALNDLNNLVITRDENEKLEYYEKFQIIENVEKQKKKPT
LKQIAKEILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKEITENAELLDQIAKI
LTIYQSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLSLKAINLILDELWHTNDN
QIATFNRLKLVPKKVDLSQQOKEIPTTLVDDFILSPVVKRSFIQSIKVINAT IKKYGLPN
DIIIELAREKNSKDAQKMINEMOKRNROTNERIEEITIRTTGKENAKYLIEKIKLHDMOE
GKCLYSLEAIPLEDLLNNPENYEVDHITIPRSVSEDNSENNKVLVKQEENSKKGNRTPEQ
YLSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVQKDF INRNLVDT
RYATRGLMNLLRSYFRVNNLDVKVKS INGGFTSFLRRKWKFKKERNKGYKHHAEDALTIT
ANADFIFKEWKKLDKAKKVMENQMEEEKQAESMPEIETEQEYREIFITPHQIKHIKDEK
DYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEK
LLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKEKDNGPVIKKIKYYGN
KLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGVYKEVIVKNLDVIKKENYYEVNS
KCYEEAKKLKKISNQAEFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYRE
YLENMNDKRPPRITKTIASKTQSIKKYSTDILGNLYEVKSKKHPQIIKKG

WT Sa Cas9
(aa)

100

AAGCGACCTGCCGCCACAAAGAAGGCTGGACAGGCTAAGAAGAAGAAACTGGAC

NLS sequence
1 (nt)

101

KRPAATKKAGQAKKKKLD

NLS sequence
1 (aa)

102

CCAAAGAAGAAGCGGAAGGTC

NLS sequence
2 (nt)

103

PKKKRKV

NLS sequence
2 (aa)

104

AAAAGGCCGGCGGCCACGAAANAGGCCGGCCAGGCAAAANAGAAANAG

NLS sequence
3 (nt)

105

KRPAATKKAGQAKKKK

NLS sequence
3 (aa)

106

GACTACAAAGACCATGACGGTGATTATARAAGATCATGACATCGATTACAAGGATGACGA
TGACAAG

FLAG epitope
tag (nt)

107

DYKDHDGDYKDHDIDYKDDDDK

FLAG epitope
tag (aa)

108

GCAACAAACTTCTCTCTGCTGAAACAAGCCGGAGATGTCGAAGAGAATCCTGGACCG

P2A sequence
(nt)
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109

ATNFSLLKQAGDVEENPGP

P2A sequence
(aa)

110

ATGACCGAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGT
ACGCACCCTCGCCGCCGCGTTCGCCGACTACCCCGCCACGCGCCACACCGTCGATCCGG
ACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTC
GACATCGGCAAGGTGTGGGTCGCGGACGACGGCGCCGCGGETGGCGGTCTGGACCACGCC
GGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCATGGCCGAGTTGA
GCGGITCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCCTCCTGGCGCCGCACCGGLLC
ANGGAGCCCGCGTGGTTCCTGGCCACCGTCGGCGTGTCGCCCGACCACCAGGGCAAGGG
TCTGGGCAGCGCCGTCGTGCTCCCCGGAGTGGAGGCGGCCGAGCGCGCCGGEGGTGCCCG
CCTTCCTGGAGACCTCCGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACC
GTCACCGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCGCAAGCC
CGGTGCCTGA

Puromycin
resistance gene

(nt)

111

MTEYKPTVRLATRDDVPRAVRTLAAAFADYPATRHTVDPDRHIERVIELQELFLTRVGL
DIGKVWVADDGAAVAVWITPESVEAGAVFAEIGPRMAELSGSRLAAQQOMEGLLAPHRP
KEPAWFLATVGVSPDHQGKGLGSAVVLPGVEAAERAGVPAFLETSAPRNLPFYERLGET
VTADVEVPEGPRTWCMTRKPGA*

Puromycin
resistance gene

(aa)

DKKYSIGLDIGINSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEFDSGETAE
ATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIF
GNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDN
SDVDKLFIQLVQTYNQLFEENP INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGL
FGNLIALSLGLTPNFKSNFDLAEDAKLOLSKDTYDDDILDNLLAQIGDQYADLEFLAAKNL
SDAILLSDILRVNTEITKAPLSASMIKRYDEHHOQDLTLLKALVRQQLPEKYKEIFFDQS
KNGYAGY IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQT
HLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETI
TPWNFEEVVDKGASAQSEF IERMTNEDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTE
GMRKPAFLSGEQKKAIVDLLEKTNRKVIVKQLKEDYFKKIECEDSVEISGVEDRENASL
GTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEMQLIHDDSLTEKEDIQ
KAQVSGOGDSLHEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQ
TTQKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQE
LDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQL
LNAKLITQRKEDNLTKAERGGLSELDKAGFIKROQLVETRQITKHVAQILDSRMNTKYDE
NDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKL
ESEFVYGDYKVYDVREMIAKSEQEIGKATAKYFFYSNIMNEFFKTEITLANGEIRKRPLI
ETNGETGEIVWDKGRDEFATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNP IDF
LEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLASAGELOQKGNELALP SKYVNEFLYLAS
HYEKLKGSPEDNEQKQLEFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRD
KPIREQAENIITHLFTLTNLGAPAAFKYEDTTIDRKRYTSTKEVLDATLIHQSITGLYET
RIDLSQLGGD

W'T Sp Cas9
(aa)

113

KRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRRSKRGARRLKRRR
RHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVH
NVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGS INREFKTSDYVK
EAKQLLKVQOKAYHQLDQSFIDTYIDLLETRRTYYEGPGEGSPEFGWKDIKEWYEMLMGHC
TYFPEELRSVKYAYNADLYNALNDLNNLVITRDENEKLEYYEKFQITIENVFKQKKKPTL
KOQIARKEILVNEEDIKGYRVISTGKPEFTNLKVYHDIKDITARKEITITENAELLDQIAKIL
TIYQOSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLSLKAINLILDELWHTNDNOQ
IATFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAIIKKYGLPND
IIIELARERKNSKDAQKMINEMQKRNRQTNERIEEITRTTGKENAKYLIEKIKLHDMQEG
KCLYSLEAIPLEDLLNNPENYEVDHITIPRSVSFDNSENNKVLVKQEENSKKGNRTPFQY
LSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINREFSVOKDEINRNLVDTR
YATRGLMNLLRSYFRVNNLDVKVKS INGGFTSF LRRKWKEFKKERNKGYKHHAEDALIIA
NADFIFKEWKKLDKAKKVMENOQMEFEERKQAESMPEIETEQEYKEIFITPHQIKHIKDEKD
YKYSHRVDKKPNRELINDTLY STRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEKL
LMYHHDPOQTYQKLKLIMEQYGDERNPLYKYYEETGNYLTKY SKKDNGPVIKKIKYYGNK
LNAHLDITDDYPNSRNKVVKLSLKPYREDVYLDNGVYKEVIVKNLDVIKKENYYEVNSK
CYEEAKKLKKISNQAEFIASEFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREY
LENMNDKRPPRITIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQIIKKG

WT Sa Cas9
(aa)

114

ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGA
CGATGACAAGCACGTTAAGCGACCTGCCGCCACAAAGAAGGCTGGACAGGCTAAGAAGA

TET1-extended
linker-dSpCas9
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AGAAACTGGACGTTCTGCCCACCTgcagctgtecttgatcgagttatacaaaaagacaaa | (nt)
ggcccatattatacacaccttggggcaggaccaagtgttgcectgectgtcagggaaatcat
ggagaataggtatggtcaaaaaggaaacgcaataaggatagaaatagtagtgtacaccy
gtaaagaagggaaaagctctcatgggtgtccaattgetaagtgggttttaagaagaage
agtgatgaagaaaaagttctttgtttggtcecggcagegtacaggecaccactgtccaac
tgctgtgatggtggtgctcatcatggtgtgggatggcatccecctecttccaatggeccgace
ggctatacacagagctcacagagaatctaaagtcatacaatgggcacecctaccgacaga
agatgcaccctcaatgaaaatcgtacctgtacatgtcaaggaattgatccagagacttyg
tggagcttecattctcecttttggectgttcatggagtatgtactttaatggectgtaagtttg
gtagaagcccaagccccagaagatttagaattgatccaagetcteccttacatgaaaaa
aaccttgaagataacttacagagtttggctacacgattagectccaatttataagcagta
tgctccagtagettaccaaaatcaggtggaatatgaaaatgttgecccgagaatgtecgge
ttggcagcaaggaaggtcgacceccttetectggggtcactgettgectggacttetgtget
catccccacagggacattcacaacatgaataatggaagcactgtggtttgtaccttaac
tcgagaagataaccgctectttgggtgttattcectcaagatgagcagectceccatgtgetac
ctctttataagetttcagacacagatgagtttggetccaaggaaggaatggaageccaag
atcaaatctggggccatcgaggtcctggcaccccecgececgcaaaaaaagaacgtgtttcac
tcagcctgttceccececgttectggaaagaagagggcectgcgatgatgacagaggttecttgeac
ataagataagggcagtggaaaagaaacctattccccgaatcaagecggaagaataactca
acaacaacaaacaacagtaagceccttcecgtcactgceccaaccttagggagtaacactgagac
cgtgcaacctgaagtaaaaagtgaaaccgaaccccattttatcttaaaaagttcagaca
acactaaaacttattcgctgatgceccatccgetcectcacccagtgaaagaggecatctceca
ggcttctcecctggtceccecccgaagactgcttcagceccacaccagetccactgaagaatgacyge
aacagcctcatgcgggttttcagaaagaagcagecactceccecceccactgtacgatgecttegyg
gaagactcagtggtgccaatgctgcagectgctgatggeccectggecatttcacagettgge
gaagtggctcctctecccacectgtetgetectgtgatggageccctcattaattetga
gccecttceccactggtgtgactgageccgcectaacgectcatcagecaaaccaccageecctect
tcctcacctcectectcaagaccttgectecttcecteccaatggaagaagatgagcagecattct
gaagcagatgagcctccatcagacgaacccecctatctgatgaccceccecctgtcacctgetga
ggagaaattgccccacattgatgagtattggtcagacagtgagecacatctttttggatyg
caaatattggtggggtggccatcgcacctgectcacggectecggttttgattgagtgtgee
cggcgagagctgcacgctaccactecctgttgagcaccccaaccgtaatcatccaacccy
cctectececcttgtettttaccagecacaaaaacctaaataagecccaacatggttttgaac
taaacaagattaagtttgaggctaaagaagctaagaataagaaaatgaaggcectcagayg
caaaaagaccaggcagctaatgaaggtccagaacagtectetgaagtaaatgaattgaa
ccaaattccttctcataaagcattaacattaacccatgacaatgttgtcaccgtgtcce
cttatgctctcacacacgttgecggggcCCTATAACCATTGGGTCGTTAACGGAGGGCCG
AGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAACATCTACTGA
AGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCACAGAACCAT
CTGAAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAAGAAGGCACG
TCAACCGAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCATCTGAGCCAAA
GAAGAAGCGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCGACAAGAAGTACTCCATTG
GGCTCGCCATCGGCACAAACAGCGTCGGCTGGGCCGETCATTACGGACGAGTACAAGGTG
CCGAGCAAAARATTCARAGTTCTGGGCAATACCGATCGCCACAGCATAAAGAAGAACCT
CATTGGCGCCCTCCTGTTCGACTCCGGGGAAACCGCCGAAGCCACGCGGCTCAAARAGAA
CAGCACGGCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACCtgcaGGAGATCTTT
AGTAATGAGATGGCTAAGGTGGATGACTCTTITCTTCCATAGGCTGGAGGAGTCCTTITTT
GGTGGAGGAGGATAAARAGCACGAGCGCCACCCAATCTTITGGCAATATCGTGGACGAGG
TGGCGTACCATGAAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTGTAGACAGT
ACTGATAAGGCTGACTTGCGGTTGATCTATCTCGCGCTGGCGCATATGATCAAATTTCG
GGGACACTTCCTICATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCT
TITATCCAACTIGGLICAGACTTACAATCAGCLTITTCGAAGAGAACCCGATCAACGCALCC
GGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAAA
CCTCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTGTITTIGGTAATCTTATCGCCC
TGTCACTCGGGCTGACCCCCAACTTTAAATCTAACTTCGACCTGGCCGAAGATGCCAAG
CTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGG
CGACCAGTACGCAGACCTTITTTTTIGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGA
GTGATATTCTGCGAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAGTATGATC
AAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCCCTITGTCAGACAGCA
ACTGCCTGAGAAGTACAAGGAAATTTICTTICGATCAGTCTAAAAATGGCTACGCCGGAT
ACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAA
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ARAATGGACGGCACCGAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAA
ACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAACTGCACG
CTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTITTGAAAGATAACAGGGAAAAGATT
GAGAAAATCCTCACATTTICGGATACCCTACTATGTAGGCCCCCTCGCCCGGGGAAATTC
CAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTCGAGG
AAGTCGTGGATAAGGGGGCCTCTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGAT
AAAANATCTGCCTAACGAAAAGGTGCTICCTAAACACTCTICTGCTGTACGAGTACTTICAC
AGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCAT
TCCTGTCTGGAGAGCAGAAGAAAGCTATCGTGGACCTCCTCTTCAAGACGAACCGGAAA
GTTACCGTGAAACAGCTCAAAGAAGACTATTITCAAAAAGATTGAATGTTTICGACTCTGT
TGAAATCAGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCC
TGAAAATCATTAAAGACAAGGACTTCCTGGACAATGAGGAGAACGAGGACATTICTTIGAG
GACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAA
AACTTACGCTCATCICTTICGACGACAAAGTCATGAAACAGCTCAAGAGGCGCCGATATA
CAGGATGGGGGCGGCTGTCAAGAAAACTGATCAATGGgat cCGAGACAAGCAGAGTGGA
AAGACAATCCTGGATTTTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTT
GATCCATGATGACTCICTCACCTTTAAGGAGGACATCCAGAAAGCACAAGTTTICTGGCC
AGGGGGACAGTCTITCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAARAAAG
GGAATACTGCAGACCGTTAAGGTCGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAA
GCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAMACTACCCAGAAGGGACAGA
AGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAA
ATCCTTAAGGAACACCCAGTTGAAAACACCCAGCTTCAGAATGAGAAGCTCTACCTGTA
CTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGGCTCT
CCGACTACGACGTGGATGCCATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGAT
AATARAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGATAACGTCCCCTCAGA
AGAAGTTGICAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCA
CACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGAT
AAAGCCGGCTTCATCAAAAGGCAGCTTIGTTGAGACACGCCAGATCACCAAgcacGTGGC
CCAAATTCTCGATTCACGCATGAACACCAAGTACGATGAAAATGACAANACTGATTICGAG
AGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAGGACTTTICAG
TTTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGC
AGTGGTAGGCACTGCACTTATCAAAAAATATCCCAAGCTTGAATCTGAATTTGTTTACG
GAGACTATAANGTGTACGATGTTAGGAAAATGATCGCAANAGTCTGAGCAGGAAATAGGC
AAGGCCACCGCTAAGTACTICTTTTACAGCAATATTATGAATTTTTTICAAGACCGAGAT
TACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGARACARACGGAGAAACAG
GAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATG
CCGCAGGTGAACATCGTTAAAAAGACCGAAGTACAGACCGGAGGCTICTCCAAGGAAAG
TATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAAAGATTGGGACCCCA
AGAAATACGGCGGATTICGATTCTCCTACAGTCGCTTACAGTGTACTGGTTIGTGGCCARA
GTGGAGAAAGGGAAGTICTAAAAAACTCAAAAGCGTCAAGGAACTGCTGGGCATCACAAT
CATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATA
AAGAGGTCAAAAAAGACCTCATCATTAAGCTTCCCAAGTACTCTCICTTTGAGCTTIGAA
AACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGC
ACTGCCCTCTAAATACGTTAATTTCTTIGTATCTGGCCAGCCACTATGARAAAGCTCARAAG
GGTCTICCCGAAGATAATGAGCAGAAGCAGCTGTTCGTGGAACAACACAAACACTACCTT
GATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAA
CCTCGATAAGGTGCTTTCTGCTTACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGG
CAGAAAACATTATCCACTIGTTTACTCTGACCAACTTIGGGCGCGCCTGCAGCCTTICAAG
TACTTCGACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGC
CACACTGATTCATCAGTCAATTACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGC
TCGGTGGAGACAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAANAGAMAANG
TGA

115

MDYKDHDGDYKDHDIDYKDDDDKHVKRPAATKKAGOQAKKKKLDVLPTCSCLDRVIQKDK
GPYYTHLGAGPSVAAVREIMENRYGQKGNAIRIEIVVYTGKEGKSSHGCPIAKWVLRRS
SDEERKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSYNGHPTDR
RCTLNENRTCTCQGIDPETCGASESFGCSWSMYENGCKEFGRSPSPRRFRIDPSSPLHEK
NLEDNLQSLATRLAPIYKQYAPVAYQNQVEYENVARECRLGSKEGRPFSGVTACLDFCA
HPHRDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAK
IKSGAIEVLAPRRKKRTCEFTOQPVPRSGKKRAAMMTEVLAHKIRAVEKKPIPRIKRKNNS
TTTNNSKPSSLPTLGSNTETVQPEVKSETEPHF ILKSSDNTKTY SLMP SAPHPVKEASP
GEFSWSPKTASATPAPLKNDATASCGFSERSSTPHCTMPSGRLSGANAAAADGPGISQLG
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(aa)
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EVAPLPTLSAPVMEPLINSEPSTGVTEPLTPHOPNHQPSFLTSPODLASSPMEEDEQHS
EADEPPSDEPLSDDPLSPAEEKLPHIDEYWSDSEHIFLDANIGGVAIAPAHGSVLIECA
RRELHATTPVEHPNRNHP TRLSLVEYQHKNLNKPOQHGFELNKIKFEAKEAKNKKMKASE
QKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVIVSPYALTHVAGPYNHWVVNGGP
SSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTISTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEPKKKRKVGIHGVPAADKKY SIGLAIGINSVGWAVITDEYRV
PSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETIF
SNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDS
TDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLFEENP INAS
GVDARKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAK
LOLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHOQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILE
KMDGTEELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHAITLRRQEDFYPFLKDNREKT
EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSF IERMINED
KNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRK
VIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITKDKDFLDNEENEDILE
DIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNEMQLIHDDSLTEKEDIQKAQVSGQGDSLHEHIANLAGSPAIKK
GILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQOKGOKNSRERMKRIEEGIKELGSQ
ILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSID
NKVLTRSDRKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEDNLTKAERGGLSELD
KAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDERKDFEQ
FYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIG
KATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDEFATVRKVLSM
POVNIVRKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAK
VEKGKSKKLKSVKELLGITIMERSSFEKNP IDFLEAKGYKEVKKDLI IKLPKYSLFELE
NGRKRMLASAGELQKGNELALP SKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYL
DEITIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLETLTNLGAPAAFK
YEDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDKRPAATKKAGQAKKKK

116

GGAGGGCCGAGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAAC
ATCTACTGRAAGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCA
CAGAACCATCTGAAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAA
GAAGGCACGTCAACCGAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCATC
TGAG

extended linker

(nt)

117

GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
EGTSTEPSEGSAPGTSTEPSE

extended linker

(aa)
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AACCCAAAGAAGAAGCGGAAGGTCGGTATCCACGGAGTCCCAGCAGCC

linker (nt)

119

NPKKKRKVGIHGVPAA

linker (aa)

120

ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGA
CGATGACAAGCACGTTAAGCGACCTGCCGCCACAAAGAAGGCTGGACAGGCTAAGAAGA
AGAAACTGGACGTTCTGCCCACCTgcagctgtecttgatcgagttatacaaaaagacaaa
ggcccatattatacacaccttggggcaggaccaagtgttgetgetgtcagggaaatcat
ggagaataggtatggtcaaaaaggaaacgcaataaggatagaaatagtagtgtacaccyg
gtaaagaagggaaaagctctcatgggtgtccaattgctaagtgggttttaagaagaagc
agtgatgaagaaaaagttcectttgtttggtcecggcagegtacaggecaccactgtccaac
tgctgtgatggtggtgctcatcatggtgtgggatggcatcecctcecttccaatggeccgace
ggctatacacagagctcacagagaatctaaagtcatacaatgggcaccctaccgacaga
agatgcaccctcaatgaaaatcgtacctgtacatgtcaaggaattgatccagagacttyg
tggagcttcattctcecttttggectgttcatggagtatgtactttaatggctgtaagtttyg
gtagaagcccaagccccagaagatttagaattgatccaagectcectcecccttacatgaaaaa
aaccttgaagataacttacagagtttggctacacgattagectccaatttataagcagta
tgctccagtagcttaccaaaatcaggtggaatatgaaaatgttgcccgagaatgtecgge
ttggcagcaaggaaggtcgacccttctctggggtcactgettgectggacttectgtget
catccccacagggacattcacaacatgaataatggaagcactgtggtttgtaccttaac
tcgagaagataaccgctcectttgggtgttattectcaagatgagecagectceccatgtgetac
ctctttataagetttcagacacagatgagtttggectccaaggaaggaatggaageccaaqg
atcaaatctggggccatcgaggtcecctggecaccccgcecgcaaaaaaagaacgtgtttcac
tcagcctgttcecececgttctggaaagaagagggctgcgatgatgacagaggttettgecac
ataagataagggcagtggaaaagaaacctattccceccgaatcaagecggaagaataacteca
acaacaacaaacaacagtaageccttcegtcactgeccaaccttagggagtaacactgagac
cgtgcaacctgaagtaaaaagtgaaaccgaaccccattttatcttaaaaagttcagaca
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acactaaaacttattcgctgatgccatccgectectcacccagtgaaagaggecatctcca
ggcttctcecctggtccccgaagactgecttcageccacaccagetccactgaagaatgacge
aacagcctcatgcecgggttttcagaaagaagcagecactceccecccactgtacgatgecttcecgg
gaagactcagtggtgccaatgcectgcagectgetgatggecectggecatttcacagettgge
gaagtggctcctctceccccacecectgtetgectectgtgatggagececctcattaattetga
gccttceccactggtgtgactgageccgctaacgecctcecatcageccaaaccaccagecctect
tcectcacctectectcaagacettgectetteteccaatggaagaagatgagcagecattet
gaagcagatgagcectceccatcagacgaacccectatectgatgaccecctgtcacectgetga
ggagaaattgccccacattgatgagtattggtcagacagtgagcacatctttttggatg
caaatattggtggggtggccatcgcacctygctcacggctcggttttgattgagtgtgec
cggcgagagctgcacgctaccactcecctgttgagcacceccaaccgtaatcatccaacceyg
cctctecececttgtcttttaccagecacaaaaacctaaataagecccaacatggttttgaac
taaacaagattaagtttgaggctaaagaagctaagaataagaaaatgaaggcectcagag
caaaaagaccaggcagctaatgaaggtccagaacagtcctctgaagtaaatgaattgaa
ccaaattccttcectcataaagcattaacattaacccatgacaatgttgtcaccgtgtcecce
cttatgctectcacacacgttgeggggeCCTATAACCATTGGGTCAACCCAAAGAAGAAG
CGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCGACAAGAAGTACTCCATTGGGCTCGC
CATCGGCACAAACAGCGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCA
AAAAATTCAAAGTTCTIGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGC
GCCCTICCTGTTCGACTCCGGGGAAACCGCCGAAGCCACGCGGCTCAAAAGAACAGCALCG
GCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACCEgcaGGAGATCTITTAGTAATG
AGATGGCTAAGGTGGATGACTCTTTCTTICCATAGGCTGGAGGAGTCCTTTITTGGTGGAG
GAGGATAAAAAGCACGAGCGCCACCCAATCTITTGGCAATATCGTGGACGAGGTGGCGTA
CCATGAAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTIGTAGACAGTACTGATA
AGGCTGACTTIGCGGTTGATCTATCTCGCGCTGGCGCATATGATCAAATTTCGGGGACAC
TTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCCA
ACTGGTTCAGACTTACAATCAGCTTTTICGAAGAGAACCCGATCAACGCATCCGGAGTTG
ACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAARAACCTCATC
GCACAGCTCCCIGGGGAGAAGAAGAACGGCCTGTTTIGGTAATCTTATCGCCCTIGTICACT
CGGGCTGACCCCCAACTTTAAATCTAACTTCGACCTGGCCGAAGATGCCAAGCTTCAAC
TGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAG
TACGCAGACCTTTITTITITGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATAT
TCTGCGAGTGAACACGGAGATCACCAANGCTCCGCTGAGCGCTAGTATGATCAAGCGCT
ATGATGAGCACCACCAAGACTTGACTTIGCTGAAGGCCCTTGTCAGACAGCAACTGCCT
GAGAAGTACAAGGAAATTTTCTTCGATCAGTCTAAAAATGGCTACGCCGGATACATTGA
CGGCGGAGCAAGCCAGGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAAAAAATGG
ACGGCACCGAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGC
ACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAACTGCACGCTATCCT
CAGGCGGCAAGAGGATTTICTACCCCTTITTTGAAAGATAACAGGGAAAAGATTGAGAARARA
TCCTCACATTTCGGATACCCTACTATGTAGGCCCCCTCGCCCGGGGAAATTCCAGATTC
GCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTICGAGGAAGTCGT
GGATAAGGGGGCCTCTGCCCAGTCCTTICATCGAAAGGATGACTAACTTTGATAAARAATC
TGCCTAACGAAAAGGTGCTTICCTAAACACTCTICTGCTGTACGAGTACTTCACAGTTITAT
AACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCTIGTC
TGGAGAGCAGAAGAAAGCTATCGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCG
TGAAACAGCTCAAAGAAGACTATTTCAAAAAGATTGAATGCCTGTCCTACGAGACAGAG
ATCCTGACAGTGGAGTATGGCCTGCTGCCAATCGGCAAGATCGTGGAGAAGAGGATCGA
GTGTACCGTIGTACTICIGIGGATAACAATGGCAACATCTATACACAGCCCGTGGCACAGT
GGCACGATAGGGGAGAGCAGGAGGTGTTCGAGTATTGCCTGGAGGACGGCAGCCTGATC
AGGGCAACCAAGGACCACAAGTTCATGACAGTGGATGGCCAGATGCTGCCCATCGACGA
GATTTTCGAGCGGGAGCTGGACCTGATGAGAGTGGATAACCTGCCTAATAGCGGAGGCA
GLAAAAGAACAGCAGACGGGAGTGAGTITTGAGCCCAAGAAAANGAGAAAGGTIGLIGA

121

MDYKDHDGDYKDHDIDYKDDDDKHVKRPAATKKAGOQAKKKKLDVLPTCSCLDRVIQKDK
GPYYTHLGAGPSVAAVREIMENRYGQKGNAIRIEIVVYTGKEGKSSHGCPIAKWVLRRS
SDEERKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSYNGHPTDR
RCTLNENRTCTCQGIDPETCGASESFGCSWSMYENGCKEFGRSPSPRRFRIDPSSPLHEK
NLEDNLQSLATRLAPIYKQYAPVAYQNQVEYENVARECRLGSKEGRPFSGVTACLDFCA
HPHRDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAK
IKSGAIEVLAPRRKKRTCEFTOQPVPRSGKKRAAMMTEVLAHKIRAVEKKPIPRIKRKNNS
TTTNNSKPSSLPTLGSNTETVQPEVKSETEPHF ILKSSDNTKTY SLMP SAPHPVKEASP
GEFSWSPKTASATPAPLKNDATASCGFSERSSTPHCTMPSGRLSGANAAAADGPGISQLG
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EVAPLPTLSAPVMEPLINSEPSTGVTEPLTPHOPNHQPSFLTSPODLASSPMEEDEQHS
EADEPPSDEPLSDDPLSPAEEKLPHIDEYWSDSEHIFLDANIGGVAIAPAHGSVLIECA
RRELHATTPVEHPNRNHP TRLSLVEYQHKNLNKPOQHGFELNKIKFEAKEAKNKKMKASE
QKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVIVSPYALTHVAGPYNHWVNPKKK
RKVGIHGVPAADKKYSIGLAIGTINSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIG
ALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESELVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKEFRGH
FLIEGDLNPDNSDVDKLEFIQLVQTYNQLEFEENP INASGVDAKAILSARLSKSRRLENLI
AQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQ
YADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVRQQLP
EKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQOR
TEDNGSIPHOIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP LARGNSRE
AWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVY
NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIVKQLKEDYFKKIECLSYETE
ILTVEYGLLPIGKIVEKRIECTVYSVDNNGNIYTQPVAQWHDRGEQEVFEYCLEDGSLI
RATKDHKFMTVDGOMLPIDEIFERELDLMRVDNLPNSGGSKRTADGSEFEPKKKRKV

GGCCGCGEGCGELCETCGLELELCe

Cpfl gRNAJ
spacer

123

MLSGKKAAAAAAARAAAAATGTEAGPGTAGGSENGSEVAAQPAGLSGPAEVGPGAVGERT
PRKKEPPRASPPGGLAEPPGSAGPQAGPTVVPGSATPMETGIAETPEGRRT SRRKRAKY
EYREMDESLANLSEDEYYSEEERNAKAEKEKKLPPPPPQAPPEEENESEPEEPSGVEGA
AFQSRLPHDRMTSQEAACEFPDIISGPQOTOKVEFLEIRNRTLOLWLDNPKIQLTEFEATLQ
QLEAPYNSDTVLVHRVHSYLERHGLINFGIYKRIKPLPTKKTGKVIIIGSGVSGLAAAR
QLOSEFGMDVTLLEARDRVGGRVATFRKGNYVADLGAMVVTGLGGNPMAVV SKQVNMELA
KIKQKCPLYEANGQAVPKEKDEMVEQEENRLLEATSYLSHQLDEFNVLNNKPVSLGQALE
VVIQLOEKHVKDEQIEHWKKIVKTQEELKELLNKMVNLKEKIKELHQQYKEASEVKPPR
DITAEFLVKSKHRDLTALCKEYDELAETQGKLEEKLQELEANPP SDVYLSSRDRQILDW
HEANLEFANATPLSTLSLKHWDQDDDFEFTGSHLTVRNGY SCVPVALAEGLDIKLNTAV
ROVRYTASGCEVIAVNTRSTSQTEFIYKCDAVLCTLPLGVLKQOPPAVQEFVPPLPEWKTS
AVORMGFGNLNKVVLCEFDRVEWDPSVNLEGHVGSTTASRGELFLEFWNLYKAPILLALVA
GEAAGIMENISDDVIVGRCLAILKGIFGSSAVPQPKETVVSRWRADPWARGSYSYVAAG
SSGNDYDLMAQPITPGPSIPGAPQP IPRLFFAGEHTIRNYPATVHGALLSGLREAGRIA
DOFLGAMYTLPROATPGVPAQQSPSM

LSD1 (aa)

124

CTGCCCACCTgcagctgtcttgatcgagttatacaaaaagacaaaggcccatattatac
acaccttggggcaggaccaagtgttgetgectgtcagggaaatcatggagaataggtatyg
gtcaaaaaggaaacgcaataaggatagaaatagtagtgtacaccggtaaagaagggaaa
agctctcatgggtgtccaattgctaagtgggttttaagaagaagcagtgatgaagaaaa
agttctttgtttggtccggcagegtacaggeccaccactgteccaactgetgtgatggtgyg
tgctcatcatggtgtgggatggcatccctcecttccaatggeccgaccggectatacacagag
ctcacagagaatctaaagtcatacaatgggcaccctaccgacagaagatgcaccecctcaa
tgaaaatcgtacctgtacatgtcaaggaattgatccagagacttgtggagecttcattet
cttttggctgttcatggagtatgtactttaatggctgtaagtttggtagaagcccaage
cccagaagatttagaattgatccaagetctecccttacatgaaaaaaaccttgaagataa
cttacagagtttggctacacgattagctccaatttataagcagtatgctccagtagett
accaaaatcaggtggaatatgaaaatgttgcccgagaatgtcecggettggcagcaaggaa
ggtcgacccecttectetggggtcactgettgectggacttetgtgetcateccccacaggga
cattcacaacatgaataatggaagcactgtggtttgtaccttaactcgagaagataacc
gctctttgggtgttattcecctcaagatgagecagetccatgtgetacctetttataagett
tcagacacagatgagtttggectccaaggaaggaatggaageccaagatcaaatctgggge
catcgaggtcecctggcaccceccgecgecaaaaaaagaacgtgtttcactcagectgttecee
gttctggaaagaagagggctgcgatgatgacagaggttcttgcacataagataagggea
gtggaaaagaaacctattccccgaatcaagcggaagaataactcaacaacaacaaacaa
cagtaagccttegtcactgeccaaccttagggagtaacactgagacegtgcaacctgaag
taaaaagtgaaaccgaaccccattttatcttaaaaagttcagacaacactaaaacttat
tcgctgatgceccatcecgctectcaceccagtgaaagaggecatcteccaggettctectggte
cccgaagactgcttcageccacaccagectceccactgaagaatgacgcaacagcecctcatgecyg
ggttttcagaaagaagcagcactccecceccactgtacgatgeecttecgggaagactcagtggt
gccaatgctgcagctgctgatggcectggcatttcacagettggecgaagtggectcetet
ccccacccectgtetgetectgtgatggagecectecattaattetgagecttecactggtyg
tgactgagccgctaacgectcatcagecaaaccaccageecctecttectecacctetect
caagaccttgcctcttctccaatggaagaagatgagcagcattctgaagcagatgagee
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tccatcagacgaacccctatctgatgacccececctgtcacctgctgaggagaaattgecce
acattgatgagtattggtcagacagtgagcacatctttttggatgcaaatattggtggyg
gtggccatcgcacctgctcacggecteggttttgattgagtgtgeccggecgagagetgea
cgctaccactcecctgttgagcaccccaaccgtaatcatccaaccegecteteecttgtet
tttaccagcacaaaaacctaaataagecccaacatggttttgaactaaacaagattaag
tttgaggctaaagaagctaagaataagaaaatgaaggcctcagagcaaaaagaccagygc
agctaatgaaggtccagaacagtcctcectgaagtaaatgaattgaaccaaattecttcete
ataaagcattaacattaacccatgacaatgttgtcaccgtgtccecttatgetctcaca
cacgttgcggggcCCTATAACCATTGGGTC

LPTCSCLDRVIQKDKGPYYTHLGAGP SVAAVREIMENRYGQRKGNATIRIEIVVYTGKEGK
SSHGCPIAKWVLRRSSDEERVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTE
LTENLKSYNGHPTDRRCTLNENRTCTCQGIDPETCGASEFSFGCSWSMYEFNGCKEGRSPS
PRRFRIDPSSPLHEKNLEDNLQSLATRLAPIYKQYAPVAYQNQVEYENVARECRLGSKE
GRPFSGVTACLDFCAHPHRDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKL
SDTDEFGSKEGMEAKIKSGAIEVLAPRRKKRTCFTOQPVPRSGKKRAAMMTEVLAHKIRA
VEKKPIPRIKRKNNSTTTNNSKPSSLPTLGSNTETVQPEVKSETEPHF ILKSSDNTKTY
SLMPSAPHPVKEASPGESWSPKTASATPAPLKNDATASCGESERSSTPHCTMPSGRLSG
ANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPSTGVTEPLTPHQPNHQPSFLTSP
ODLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDEYWSDSEHIFLDANIGG
VAIAPAHGSVLIECARRELHATTPVEHPNRNHP TRLSLVEFYQHKNLNKPQHGFELNKIK
FEAKEARKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTIVSPYALT
HVAGPYNHWV

N term TET1
catalytic
domain (aa)

126

GACAAGAAGTACTCCATTGGGCTCGCCATCGGCACAAACAGCGTCGGCTGGGCCGTCAT
TACGGACGAGTACAAGGTGCCGAGCAAAMAATTCAAAGTTCTGGGCAATACCGATCGCC
ACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTCGACTCCGGGGAAACCGCCGAA
GCCACGCGGCTCAAAAGAACAGCACGGCGCAGATATACCCGCAGAAAGAATCGGATCTG
CTACCtgcaGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGACTCTITCTTICCATA
GGCTGGAGGAGTCCTITTTGGTGGAGGAGGATAAAAAGCACGAGCGCCACCCAATCTTT
GGCAATATCGTGGACGAGGTGGCGTACCATGAAAAGTACCCAACCATATATCATCTGAG
GAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCGGTTGATCTATCTCGCGCTGG
CGCATATGATCAAATITCGGGGACACTTCCTCATCGAGGGGGACCTGAACCCAGACAAC
AGCGATGTCGACAAACTCTTITATCCAACTGGTTCAGACTTACAATCAGCTTTTCGAAGA
GAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCA
AATCCCGGCGGCTCGAAAACCTCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTG
TTTGGTAATCTTATCGCCCTIGTCACTCGGGCTGACCCCCAACTTTAAATCTAACTTICGA
CCTGGCCGAAGATGCCAAGCTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACA
ATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTTTITTTTGGCGGCAAAGAACCTG
TCAGACGCCATTCTGCTGAGTGATATICTGCGAGTGAACACGGAGATCACCAAAGCTCC
GCTGAGCGCTAGTATGATCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGA
AGGCCCITGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTITCTTCGATCAGTCT
AAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATT
TATTAAGCCCATCTTGGAAAAAATGGACGGCACCGAGGAGCTGCTGGTAAAGCTTAACA
GAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATT
CACCTGGGCGAACTGCACGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTITTIGAA
AGATAACAGGGAARAAGATTGAGAAAATCCTCACATTTCGGATACCCTACTATGTAGGCC
CCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATC
ACTCCCTGGAACTTCGAGGAAGTCGTGGATAAGGGGGCCTCTGCCCAGTCCTTCATCGA
AAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGTGCTTCCTAAACACTICTC
TGCTGTACGAGTACTTICACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAA
GGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTATCGTGGACCTCCT
CTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTITCAAAAAGA
TTGAA

N term
dSpCas9 N
terminal
fragment (nt)

DKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSTIKKNLIGALLEFDSGETAE
ATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFE
GNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDN
SDVDKLEF IQLVQTYNQLEFEENP INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGL
FGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNL
SDAILLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVRQQLPEKYKEIFFDQS
KNGYAGY IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQT
HLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETI
TPWNFEEVVDKGASAQSF IERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTE

N term
dSpCas9 N
terminal
fragment
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GMRKPAFLSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIE

128

TGCCTGTCCTACGAGACAGAGATCCTGACAGTGGAGTATGGCCTGCTGCCAATCGGCAA
GATCGTGGAGAAGAGGATCGAGTGTACCGTGTACTCTGTGGATAACAATGGCAACATCT
ATACACAGCCCGTGGCACAGTGGCACGATAGGGGAGAGCAGGAGGTGTTCGAGTATTGC
CTGGAGGACGGCAGCCTGATCAGGGCAACCAAGGACCACAAGTTCATGACAGTGGATGG
CCAGATGCTGCCCATCGAC

N term Npu
Intein (nt)

129

CLSYETEILTVEYGLLPIGKIVEKRIECTVYSVDNNGNIYTQPVAQWHDRGEQEVEFEYC
LEDGSLIRATKDHKFMTVDGOMLPID

N term Npu
Intein (aa)

130

ATGAAACGGACAGCCGACGGAAGCGAGTTCGAGTCACCAAAGAAGAAGCGGAAAGTCAT
CAAGATTGCTACACGGAAATACCTGGGAAAGCAGAACGTGTACGACATCGGCGTGGAGC
GGGATCACAACTTCGCCCTGAAGAATGGCTTTATCGCCAGCAATTGTTTCGACTCTGTT
GAAATCAGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCT
GAAANTCATTAAAGACAAGGACTTICCTGGACAATGAGGAGAACGAGGACATTCTTGAGG
ACATTGTCCTCACCCITACGTTGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAAA
ACTTACGCTCATCTCTTCGACGACAAAGTCATGAAACAGCTCAAGAGGCGCCGATATAC
AGGATGGGGGCGGCTGTCAAGAANANCTGATCAATGGgat cCGAGACAAGCAGAGTGGAA
AGACAATCCIGGATTTITCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTTG
ATCCATGATGACTCICTCACCTTTAAGGAGGACATCCAGAAAGCACAAGTTTCTGGCCA
GGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAARAAAGG
GAATACTGCAGACCGTITAAGGTCGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAAG
CCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAANACTACCCAGAAGGGACAGAA
GAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAA
TCCTTAAGGAACACCCAGTTGAAANCACCCAGCTTCAGAATGAGAAGCTCTACCTGTAC
TACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGGCTICTC
CGACTACGACGTGGATGCCATCGTGCCCCAGTCTTITTICTCAAAGATGATTICTATTGATA
ATAAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGATAACGTCCCCTCAGAA
GAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCAC
ACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCCTGTICTGAGTTGGATA
AAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCcacGTGGCC
CAAATTCTCGATTCACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGA
GGTGAAAGTTATTACICTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAGGACTTTCAGT
TTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCA
GTGGTAGGCACTGCACTTATCAAAAAATATCCCAAGCTTGAATCTGAATTTGTTTACGG
AGACTATAAAGTGTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCA
AGCGCCACCGCTAAGTACTICTTTTACAGCAATATTATGAATTTTTTCAACACCGAGATT
ACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAACAANCGGAGAAACAGG
AGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATGC
CGCAGGTGAACATCGTTAAAAAGACCGAAGTACAGACCGGAGGCTTCTCCAAGGARAAGT
ATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAAAGATTGGGACCCCAA
GAAATACGGCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAG
TGGAGAAAGGGAAGTCTAAAANACTCAANAGCGTCAAGGAACTGCTGGGCATCACAATC
ATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATAA
AGAGGTCAAAAAAGACCTCATCATTAAGCTTICCCAAGTACTCTCTICTTTGAGCTTGAAA
ACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGCA
CTGCCCTCTAAATACGTTAATTTCTTGTATCTGGCCAGCCACTATGAARAAGCTCAAAGG
GTCTCCCGAAGATAATGAGCAGAAGCAGCTGTTCGTGGAACAACACAAACACTACCTTG
ATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAAC
CTCGATAAGGTGCTTTCTGCTTACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGC
AGAARAACATTATCCACTTGTITTACTCTIGACCAACTTIGGGCGCGCCTGCAGCCTTCAAGT
ACTTCGACACCACCATAGACAGANNGCGGTACACCTCTACAANGGAGGTCCTGGACGCC
ACACTGATICATCAGTICAATTACGGGGCTCTATGAAACAAGAATCGACCTCTICTCAGCT
CGGTGGAGACAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAMAANGAAAAAGT
GA

dSpCas9-573-
C Intein (nt)

131

MKRTADGSEFESPKKKRKVIKIATRKYLGKONVYDIGVERDHNFALKNGEIASNCEDSV
EISGVEDRENASLGTYHDLLKIIKDKDELDNEENEDILEDIVLTLTLFEDREMIEERLK
TYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGEFANRNEMOL
IHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHK
PENIVIEMARENQTTQKGQOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLY
YLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDS IDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKEFDNLTKAERGGLSELDKAGEF IKROQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNA

dSpCas9-573-
C Intein (aa)
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VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFKTET
TLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKES
ILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITI
MERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY SLEELENGRKRMLASAGELQKGNELA
LPSKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDEITEQISEFSKRVILADAN
LDKVLSAYNKHRDKP IREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDA
TLIHQSITGLYETRIDLSQLGGDKRPAATKKAGQAKKKK

ATCAAGATTGCTACACGGAAATACCTGGGAAAGCAGAACGTGTACGACATCGGCGTGGA
GCGGGATCACAACTTCGCCCTGAAGAATGGCTTTATCGCCAGCAAT

C term Npu
Intein (nt)

133

IKIATRKYLGKOQNVYDIGVERDHNEFALKNGE IASN

C term Npu
Intein (aa)

134

TGTTTCGACTCTGTTGAAATCAGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAAC
GTATCACGATCICCTGAAAATCATTAAAGACAAGGACTTCCTGGACAATGAGGAGAACG
AGGACATTCTITGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATT
GAAGAACGCTTGAAAACTTACGCTCATCTCTITCGACGACAAAGTCATGAAACAGCTCAA
GAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAANCTGATCAATGGgatcCGAG
ACAAGCAGAGTGGAAAGACAATCCTGGATTTITICTITAAGTCCGATGGATTTGCCAACCGG
AACTTCATGCAGTTGATCCATGATGACTCTCTCACCTTTAAGGAGGACATCCAGAAAGC
ACAAGTTTCTGGCCAGGGGGACAGTCTICACGAGCACATCGCTAATCTTGCAGGTAGCC
CAGCTATCAAAAAGGGAATACTGCAGACCGTTAAGGTCGTGGATGAACTCGTCAAAGTA
ATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTAC
CCAGAAGGGACAGAAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATARAAAG
AACTGGGGTCCCARAATCCTTAAGGAACACCCAGTTGAAAACACCCAGCTTCAGAATGAG
AAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGA
CATCAATCGGCTCTCCGACTACGACGTGGATGCCATCGTGCCCCAGTCTTTTCTCAAAG
ATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGAT
AACGTCCCCTCAGAAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAA
CGCCAAACTGATCACACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCC
TGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATC
ACCAAgcacGTGGCCCAAATTCTCGATTCACGCATGAACACCAAGTACGATGAAAATGA
CANNCTGATTCCACAGCTGANNGTTATTACTCTCGANGTCTANGCTGGTCTCAGATTTCA
GAAAGGACTTITCAGTITTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGAT
GCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAAAAATATCCCAAGCTTGAATC
TGAATTTGTTTACGGAGACTATAAAGTGTACGATGTTAGGAARATGATCGCAAAGTCTG
AGCAGGAAATAGGCAAGGCCACCGCTAAGTACTTICTTTTACAGCAATATTATGAATTTT
TTCAAGACCGAGATTACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAAC
AAACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGA
AGGTCCTGTICCATGCCGCAGGTGAACATCGTTAAAAAGACCGAAGTACAGACCGGAGGC
TTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAA
AGATTGGGACCCCAAGAAATACGGCGGATTCGATTCTCCTACAGTICGCTTACAGTGTAC
TGGTTGTGGCCAAAGTGGAGAAAGGGAAGTCTAAAMAACTCAAAAGCGTCAAGGAACTG
CTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTICTCGA
GGCGAAAGGATATAAAGAGGTCAAAAAAGACCTCATCATTAAGCTTCCCAAGTACTCTC
TCTTTGAGCTTGAAAACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAA
GGTAACGAGCTGGCACTGCCCTCTAAATACGTTAATTTCTTGTATCTGGCCAGCCACTA
TGAANNGCTCAANGGGTCTCCCGAAGATAATGAGCAGANGCAGCTGTITCGTGGAACANC
ACAAACACTACCTTGATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATC
CTCGCCGACGCTAACCTCGATAAGGTGCTTTCTGCTTACAATAAGCACAGGGATAAGCC
CATCAGGGAGCAGGCAGAARAACATTATCCACTTGTTTACTCTGACCAACTTGGGCGCGC
CTGCAGCCTTCAAGTACTTCGACACCACCATAGACAGAANGCGGTACACCTCTACAAAG
GAGGTCCTGGACGCCACACTGATTICATCAGTCAATTACGGGGCTCTATGAAACAAGAAT
CGACCTCTCTCAGCTCGGTGGAGAC

C term
dSpCas9 C
terminal
fragment (nt)

135

CEFDSVEISGVEDREFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDEFLKSDGFANR
NEMQLIHDDSLTFKEDIQKAQVSGOGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKV
MGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONE
KLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSD
NVP SEEVVKKMKNYWRQLLNAKLITQRKEDNLTKAERGGLSELDKAGEF IKRQLVETRQTI
TKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDERKDEQFYKVREINNYHHAHD
AYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFE
FKTEITLANGEIRKRPLIETNGETGEIVWDKGRDEFATVRKVLSMPQVNIVEKTEVQTGG

C term
dSpCas9 C
terminal
fragment (aa)
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FSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAY SVLVVAKVEKGKSKKLKSVKEL
LGITIMERSSFERKNPIDFLEAKGYKEVKKDLITKLPKYSLFELENGRKRMLASAGELQK
GNELALPSKYVNELYLASHYEKLKGSPEDNEQKOQLEVEQHKHYLDEITEQI SEFSKRV I
LADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTK
EVLDATLIHQSITGLYETRIDLSQLGGD
136 | DALDDFDLDMLGSDALDDFDLDMLGSDALDDFDLDMLGSDALDDFDLDMLGSLP SASVE | VPH (aa)

FEGSGGPSGQISNQALALAPSSAPVLAQTMVPSSAMVPLAQPPAPAPVLTPGPPQSLSA
PVPKSTOAGEGTLSEALLHLQFDADEDLGALLGNSTDPGVEFTDLASVDNSEFQQLLNQG
VSMSHSTAEPMLMEYPEAITRLVIGSQRPPDPAPTPLGTSGLPNGLSGDEDFSSIADMD
FSALLSQISSSGQOGGGGSGESVDTSALLDLESPSVIVPDMSLPDLDSSLASIQELLSPQ
EPPRPPEAENSSPDSGKQLVHYTAQPLEFLLDPGSVDTGSNDLPVLFELGEGSYE SEGDG
FAEDPTISLLTGSEPPKAKDPTVS

137 | LLPKNYHLENEVARLKKLVGER SunTag GCN4
peptide (aa)

138 | GGSGG GGSGG linker
(aa)

139 | PAAKRVKLD c-myc NLS
(aa)

140 | ROQRRNELKRSP c-myc NLS
(aa)

141 | NOSSNFGPMKGGNEFGGRSSGPYGGGGQYFAKPRNQGGY hRNPA1 M9
NLS (aa)

142 | RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKDEQT LKRRNV importin-alpha
IBB domain
NLS (aa)

143 | VSRKRPRP myoma T
protein NLS
(aa)

144 | PPKKARED myoma T
protein NLS
(aa)

145 | POPKKKPL human p53
NLS (aa)

146 | SALIKKKKKMAP mouse c-abl IV
NLS (aa)

147 | DRLRR influenza virus
NS1 NLS (aa)

148 | PKQKKRK influenza virus
NS1 NLS (aa)

149 | RKLKKKIKKL Hepatitis virus
delta antigen
NLS (aa)

150 | REKKKFLKRR mouse Mx1
protein MNLS
(aa)

151 | KRKGDEVDGVDEVAKKKSKK human
poly(ADP-
ribose)
polymerase
NLS (aa)

152 | RKCLQAGMNLEARKTKK steroid
hormone
receptors
(human)
glucocorticoid
NLS (aa)

153 | GGGGG GGGGQG linker
(ag)

154 | GGAGG GGAGQG linker
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(aa)
155 | GGGGSSS GGGGSSS
linker (aa)
156 | GGGGAAA GGGGAAA
linker (aa)
157 | GGGGS (GGGGS)n
linker (aa), n is
1to 10
158 | NGG, where N is any nucleotide PAM - SpCas9,
F. Novicida
Cas9
159 | NNGRRT, where N is any nucleotide, and R is G or A PAM - SaCas9
160 | NNNNGATT, where N is any nucleotide PAM - N.
meningitidis
Cas9
161 | NNNNRYAC, where N is any nucleotide, R is G or A, and Y is PAM -C.
C or T jejuni Cas9
162 | NNAGAAW, where N is any nucleotide and W is A or T PAM - S.
thermophilus
Cas9
163 | NAAAAC, where N is any nucleotide PAM -T.
denticola Cas9
164 | TTTV, where V 1s A, C, or G PAM -
Cas12a/Cpfl
Cus9
165 | NGAN, where N is any nucleotide Variant PAM -
SpCas9 variant
166 | NGNG, where N 1s any nucleotide Variant PAM -
SpCas9 variant
167 | NGAG, where N is any nucleotide Variant PAM -
SpCas9 variant
168 | NGCG, where N is any nucleotide Variant PAM -
SpCas9 variant
169 | MEQDRTNHVEGNRLSPFLIPSPPICQTEPLATKLONGSPLPERAHPEVNGDTKWHSFKS | TET2

YYGIPCMKGSQNSRVSPDETOESRGY SKCLONGGIKRTIVSEPSLSGLLOIKKLKQODQKA
NGERRNFGVSQERNPGESSQPNVSDLSDKKESVSSVAQENAVKDETSF STHNCSGPENP
ELQILNEQEGKSANYHDKNIVLLKNKAVLMPNGATVSASSVEHTHGELLEKTLSQYYPD
CVSIAVQKTTSHINAINSQATNELSCEITHPSHTSGQINSAQISNSELPPKPAAVVSEA
CDADDADNASKLAAMINTCSFQKPEQLQQQKSVFEICPSPAENNIQGTTKLASGEEFCS
GSSSNLOAPGGSSERYLKQONEMNGAYFKQSSVFTKDSFSATTTPPPPSQLLLSPPPPLP
QVPQLPSEGKSTLNGGVLEEHHHYPNQSNTTLLREVKIEGKPEAPPSQSPNP STHVCSP
SPMLSERPONNCVNRNDIQTAGTMIVPLCSEKTRPMSEHLKHNPFP IFGSSGELODNCQQ
LMRNKEQEILKGRDKEQTRDLVPPTQHYLKPGWIELKAPRFHQAESHLKRNEASLPSIL
QOYQPNLSNQOMTSKQYTGNSNMPGGLPROAYTOKTTOLEHKSQOMYQVEMNQGQSQGTVDQ
HLOFQKP SHOVHFSKTDHLPKAHVOSLCGTRFHFQORADSQTEKLMSPVLKQHLNQQAS
ETEPFSNSHLLOHKPHKQAAQTOPSOSSHLPONQQOOOKLQIKNKEEILQTFPHPQSNN
DQOREGSFFGQTKVEECFHGENQYSKSSEFETHNVOMGLEEVONINRRNSPYSQTMKS S
ACKIQVSCSNNTHLVSENKEQT THPELFAGNKTQNLHHMQOYFPNNVIPKQODLLHRCFQE
QEQKSQOASVLOGYKNRNQDMSGQOAAQLAQORYLIHNHANVEPVPDQGGSHTQTEPQK
DTOKHAALRWHLLOKQEQQQTQQPOTESCHSOMERP IKVEPGCKPHACMHTAPPENKTW
KKVTKQENPPASCDNVQQKSIIETMEQHLKQFHAKSLFDHKALTLKSQKQVKVEMSGPV
TVLTRQTTAAELDSHTPALEQQTTSSEKTPTKRTAASVLNNFIESPSKLLDTPIKNLLD
TPVKTQYDFPSCRCVEQI IEKDEGPFYTHLGAGPNVAAIRE IMEERF GOKGKAIRIERVY
IYTGKEGKSSQGCP IAKWVVRRS SSEEKLLCLVRERAGHTCEAAVIVILILVWEGIPLS
LADKLYSELTETLRKYGTLTNRRCALNEERTCACQGLDPETCGASFSFGCSWSMYYNGC
KFARSKIPRKFKLLGDDPKEEEKLESHLONLSTLMAP TYKKLAPDAYNNQIEYEHRAPE
CRLGLKEGRPFSGVTACLDFCAHAHRDLHNMONGSTLVCTLTREDNREFGGKPEDEQLH
VLPLYKVSDVDEFGSVEAQEEKKRSGAIQVLS SFRRKVRMLAEPVKTCRQRKLEAKKAA
AFKLSSLENSSNKNEKEKSAP SRTKQTENASQOAKQOLAELLRLSGPVMQQSQQPQPLOKQ
PPOPQOQQOQRP QQQOPHHPQTESVNSYSASGSTNPYMRRPNPVSPYPNSSHTSDIYGSTS
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PMNFYSTSSQAAGSYLNSSNPMNPYPGLLNONTQYPSYQCNGNLSVDNCSPYLGSYSPQ
SQPMDLYRYPSQDPLSKLSLPPIHTLYQPREGNSQSFTSKYLGYGNQNMQGDGESSCTI
RPNVHHVGKLPPYPTHEMDGHFMGATSRLPPNLSNPNMDYKNGEHHSP SHI IHNYSAAP
GMFNSSLHALHLONKENDMLSHTANGLSKMLPALNHDRTACVQGGLHKLSDANGQEKQP
LALVQGVASGAEDNDEVWSDSEQSFLDPDIGGVAVAPTHGSILIECAKRELHATTPLKN
PNRNHPTRISLVEYQHKSMNEPKHGLALWEARMAEKAREKEEECEKYGPDYVPQKSHGK
KVKREPAEPHETSEPTYLREIKSLAERTMSVTITDSTVITSPYAFTRVIGPYNRYI

170

MSQFQVPLAVQPDLPGLYDEFPQRQVMVGSFPGSGLSMAGSE SQLRGGGDGRKKRKRCGT
CEPCRRLENCGACTSCTNRRTHQICKLRKCEVLKKKVGLLKEVEIKAGEGAGPWGQGAA
VKTGSELSPVDGPVPGQOMDSGPVYHGDSRQLSASGVPVNGAREPAGP SLLGTGGPWRVD
QKPDWEAAPGPAHTARLEDAHDLVAFSAVAEAVSSYGALSTRLYETEFNREMSREAGNNS
RGPRPGPEGCSAGSEDLDTLOQTALALARHGMKPPNCNCDGPECPDYLEWLEGKIKSVVM
EGGEERPRLPGPLPPGEAGLPAPSTRPLLSSEVPQISPOEGLPLSQSALSIAKEKNISL
QTAIATIEALTQLSSALPQPSHSTPQASCPLPEALSPPAPFRSPQSYLRAPSWPVVPPEE
HSSFAPDSSAFPPATPRTEFPEAWGTDTPPATPRSSWPMPRPSPDPMAELEQLLGSASD
YIQSVFKRPEALPTKPKVKVEAPSSSPAPAPSPVLQREAPTPSSEPDTHQKAQTALQQH
LHHKRSLEFLEQVHDTSFPAPSEPSAPGWWPPPSSPVPRLPDRPPKEKKKKLPTPAGGPV
GTEKAAPGIKPSVRKPIQIKKSRPREAQPLFPPVRQIVLEGLRSPASQEVQAHPPAPLP
ASQGSAVPLPPEPSLALFAPSPSRDSLLPPTOEMRSP SPMTALQOPGSTGPLPPADDKLE
ELIRQFEAEFGDSFGLPGPPSVPIQDPENQQTCLPAPESPFATRSPKQIKIESSGAVTV
LSTTCFHSEEGGQEATPTKAENPLTPTLSGFLESPLKYLDTPTKSLLDTPAKRAQAEEP
TCDCVEQIVEKDEGPYYTHLGSGPTVASIRELMEERYGEKGKAIRIEKVIYTGKEGKSS
RGCPIAKWVIRRHTLEEKLLCLVRHRAGHHCONAVIVILILAWEGIPRSLGDTLYQELT
DTLRKYGNPTSRRCGLNDDRTCACQGKDPNTCGASE SFGCSWSMYFNGCKYARSKTPRK
FRLAGDNPKEEEVLRKSFQDLATEVAPLYKRLAPQAYQONQVTNEEIAIDCRLGLKEGRP
FAGVTACMDEFCAHAHKDQHNLYNGCTVVCTLTKEDNRCVGKIPEDEQLHVLPLYKMANT
DEFGSFENQNAKVGSGATQVT. TAFPREVRRT/PFPAKSCRQROT.FARKAAAFRKKKTQKFK
LSTPEKIKQEALELAGITSDPGLSLKGGLSQQOGLKPSLKVEPONHESSEFKY SGNAVVES
YSVLGNCRPSDPYSMNSVYSYHSYYAQPSLTSVNGEFHSKYALPSEFSYYGEPSSNPVEPS
QFLGPGAWGHSGSSGSFEKKPDLHALHNSLSPAYGGAEFAELP SQAVPTDAHHPTPHHQ
QPAYPGPKEYLLPKAPLLHSVSRDPSPFAQSSNCYNRSIKQEPVDPLTQAEPVPRDAGK
MGKTPLSEVSQONGGP SHLWGQY SGGP SMSPRKRTNGVGGSWGVESSGESPAIVPDKLSSE
GASCLAPSHETDGOQWGLEPGEGQOAASHSGGRLRGKPWSPCKEGNSTSALAGPSLTEKP
WALGAGDFNSALKGSPGFQODKLWNPMKGEEGRIPAAGASQLDRAWQSFGLPLGSSEKLE
GALKSEEKLWDPFSLEEGPAEEPPSKGAVKEEKGGGGAEEEEEELWSDSEHNFLDENIG
GVAVAPAHGSILIECARRELHATTPLKKPNRCHPTRISLVEYQHKNLNQPNHGLALWEA
KMKQLAERARARQEEAARLGLGQOOEAKLY GKKRKWGGTVVAEPQOKEKKGVVPTRQALA
VPTDSAVTVSSYAYTKVTGPYSRWI

TET3

171

DALDDFDLDMLGSDALDDFDLDMLGSDALDDEFDLDMLGSDALDDFDLDM

VP64 (aa)

172

PTOQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVETDLASVDNSEFQQLLNQGIPVAP
HTTEPMLMEYPEATITRLVITGAQRPPDPAPAPLGAPGLPNGLLSGDEDFSSIADMDFE SAL
LSQISS

POSAD (aa)

173

RDSREGMFLPKPEAGSAISDVFEGREVCOPKRIRPFHPPGSPWANRPLPASLAPTP TGP
VHEPVGSLTPAPVPQPLDPAPAVIPEASHLLEDPDEETSQAVKALREMADTVIPQKEEA
ATCGOMDLSHPPPRGHLDELTTTLESMTEDLNLDSPLTPELNEILDTFLNDECLLHAMH
ISTGLSIFDTSLE

Rta domain

(aa)

174

MAENVVEPGPPSAKRPKLSSPALSASASDGTDFGSLFDLEHDLPDELINSTELGLTNGG
DINQLCTSLGMVODAASKHKOLSELLRSGS SPNLNMGVGGPGOVMASQAQQOSSPGLGLI
NSMVKSPMTQAGLT SPNMGMGT SGPNQGP TOSTGMMN SPVNQPAMGMNTGMNAGMNP GM
LAAGNGQGIMPNQVMNGS IGAGRGRONMQOYPNPGMGSAGNLLTEPLOQGSP QMGGQTGL
RGPQPLKMGMMNNPNPYGSPYTONPGQQIGASGLGLOIQTKTVLSNNLSPFAMDKKAVP
GGGMPNMGQOPAPOVQQPGLVTPVAQGMGSGAHTADPEKRKLIQQOLVLLLHAHKCORR
EQANGEVRQCNLPHCRTMKNVLNHMTHCQSGKSCQVAHCAS SRQOIISHWKNCTREDCPV
CLPLKNAGDKRNQQOPILTGAPVGLGNPSSLGVGQQSAPNLSTVSQIDPSSIERAYAALG
LPYQVNQMPTQPQVOAKNQONQQPGQOSPQGMRPMSNMSASPMGVNGGVGVQOTPSLLSDS
MLHSAINSQNPMMSENASVPSMGPMP TAAQPSTTGIRKOWHEDI TODLRNHLVHKLVOA
IFPTPDPAALKDRRMENLVAYARKVEGDMYESANNRAEYYHLLAEKI YKIQKELEEKRR
TRLOKONMLPNAAGMVEVSMNPGPNMGQOP QPGMTSNGPLPDPSMIRGS VPNQMMPRI TP
OSGLNQFGQOMSMAQPP IVPRQTPPLQOHHGQLAQPGALNPPMGYGPRMQQP SNQGQFLPQ
TQFPSQGMNVTNIPLAPSSGQAPVSQAQMSSSSCPVNSP IMPPGSQGSHIHCPQLPQPA
LHONSPSPVPSRTPTPHHTPP S IGAQQPPATTIPAPVPTPPAMPPGPQSQALHPPPROT

p300 domain
(aa)
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PTPPTTQOLPQOOVQP SLPAAPSADOPQOQPRSQOOSTAASVPTPTAPLLPPQPATPLSQOPA
VSIEGQVSNPPSTSSTEVNSQAIAEKQP SQEVKMEAKMEVDQPEPADTQPEDISESKVE
DCKMESTETEERSTELKTEIKEEEDQPSTSATQSSPAPGQSKKKIFKPEELRQALMPTL
EALYRODPESLPFRQPVDPQLLGIPDYFDIVKSPMDLSTIKRKLDTGOYQEPWOYVDDI
WLMFNNAWLYNRKT SRVYKYCSKLSEVFEQEIDPVMQSLGYCCGRKLEFSPQTLCCYGK
QLCTIPRDATYYSYQONRYHFCEKCFNEIQGESVSLGDDPSQPQTTINKEQF SKRKNDTL
DPELFVECTECGRKMHQICVLHHEI IWPAGFVCDGCLKKSARTRKENKFSAKRLPSTRL
GTFLENRVNDFLRRONHPESGEVTIVRVVHASDKTVEVKPGMKARFVDSGEMAESFPYRT
KALFAFEEIDGVDLCFFGMHVQEYGSDCPPPNQRRVY ISYLDSVHFFRPKCLRTAVYHE
ILIGYLEYVKKLGYTTGHIWACPPSEGDDYIFHCHPPDOKIPKPKRLOEWY KKMLDKAV
SERIVHDYKDIFKQATEDRLTSAKELPYFEGDFWPNVLEES IKELEQEEEERKREENTS
NESTDVTKGD SKNAKKKNNKKT SKNKSSLSRGNKKKP GMPNVSNDLSQKLYATMEKHKE
VEFFVIRLIAGPAANSLPP IVDPDPLIPCDLMDGRDAFLTLARDKHLEF SSLRRAQWSTM
CMLVELHTQOSODRFVYTCNECKHHVETRWHCTVCEDYDLCITCYNTKNHDHKMEKLGLG
LDDESNNQQOAAATQOSPGDSRRLSIQRCIQSLVHACQOCRNANCSLP SCOQKMKRVVQHTKG
CKRKTNGGCP ICKQLIALCCYHAKHCOENKCPVPFCLNIKQKLROQOLOHRLOOAQMLR
RRMASMQORTGVVGQOOQGLPSPTPATPTTP TGQQOPTTPQTPQPTSQPQP TPPNSMPPYLP
RTQAAGPVSQGKAAGQVTPPTPPQTAQPPLPGPPPAAVEMAMQIQRAAETQROMAHVQI
FORP ICHOMPPMTPMAPMGMNPPPMTRGP SGHLEPGMGP TGMQQQPPWSQGGLPQPQOL
QSGMPRPAMMSVAQHGQOPLNMAPQOPGLGOVGISPLKPGTVSOQALONLLRTLRSPSSPL
QOQOVLS ILHANPQLLAAF IKQRAAKYANSNPQP IPGQPGMPQGQOPGLQOPP TMPGQQOGV
HSNPAMQONMNPMQAGVQORAGLPQOQOPOQOLOPPMGGMSPQAQQMNMNENTMP SQFRDIL
RROOMMOQQQOQOQGAGPGIGPGMANHNQEQOQOPOGVGYPPOOQORMOHHMOQOMQOQOGNMGO I
GOLPQALGAEAGASLQAYQORLLOQOMGSPVQPNPMSPOQOHMLPNQAQSPHLOGQQIPN
SLSNQVRSPOPVPSPRPQSQOPPESSPSPRMQPQPSPHHVSPQTS SPHP GLVAAQANPME
QGHFASPDONSMLSQLASNPGMANLHGASATDLGLSTDNSDLNSNLSQSTLDIH

175

GFSVDTSATIDTFSPSVTVPDMST/PDTDSSTASTQRT.T.SPQRPPRPPREAFRNSSPDSGKQ
LVHYTAQPLFLLDPGSVDTGSNDLPVLFELGEGSYFSEGDGFAEDPTISLLTGSEPPKA
KDPTVS

HSF1 domain
(aa)

176

DALDDFDILDMLGSDALDDEFDLDMLGSDALDDEDLDMLGSDALDDEDLDMLGSPKKKRKY
GSQYLPDTDDRHRIEEKRKRTYETFKSIMKKSPESGPTDPRPPPRRIAVPSRSSASVPK
PAPQPYPFTSSLSTINYDEFPTMVFPSGQISQASALAPAPPQVLPQAPAPAPAPAMVSA
LAQAPAPVPVLAPGPPOAVAPPAPKPTOAGEGTLSEALLOQLOFDDEDLGALLGNSTDPA
VETDLASVDNSEFQOLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGA
PGLPNGLLSGDEDFSSIADMDF SALLSQISSGSGSGSRDSREGMELPKPEAGSAISDVE
EGREVCQPKRIRPFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAPVPQPLDPAPA
VIPEASHLLEDPDEETSQAVKALREMADTVIPQKEEAATCGOMDLSHPPPRGHLDELTT
TLESMTEDLNLDSPLTPELNEILDTFLNDECLLHAMHISTGLSIFDTSLE

VPR (aa)

177

MVAGMLGLREEKSEDQDLQGLKDKP LKEKKVEKKDKKEEKEGKHEPVQP SAHHSAEPAEA
GKAETSEGSGSAPAVPEASASPKOQRRSIIRDRGPMYDDPTLPEGWTRKLKQRKSGRSAG
KYDVYLINPOQGKAFRSKVELIAYFEKVGDTSLDPNDFDETVTIGRGSP SRREQKPPKKPK
SPKAPGTGRGRGRPKGSGTTRPKAATSEGVQVKRVLEKSPGKLLVKMPFQT SPGGKAEG
GGATTISTQVMVIKRPGRKRKAEADPQAIPKKRGRKPGSVVAAAAAFRARKKAVKESSIRS
VOETVLP IKKRKTRETVS IEVKEVVKPLLVSTLGEKSGKGLKTCKSPGRKSKESSPKGR
SSSASSPPKKEHHHHHHHSESPKAPVPLLPPLPPPPPEPESSEDPTSPPEPQDLSSSVC
KEEKMPRGGSLESDGCPKEPAKTQPAVATAATAAEKYKHRGEGERKDIVSSSMPRPNRE
EPVDSRTPVTERVS

Human MeCP2
isoform A

178

SGSETPGTSESATPES

Linker (aa)

179

MKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRRSKRGARRLKRR
RRHRIQRVKKLLEDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGV
HNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELOLERLKKDGEVRGSINREFKTSDYV
KEAKQLLKVORAYHQLDQSEFIDTYIDLLETRRTYYEGPGEGSPFGWKD IKEWYEMLMGH
CTYFPEELRSVKYAYNADLYNALNDLNNLVITRDENEKLEYYEKFQIIENVEFKQKKKPT
LKQIAKEILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKEIIENAELLDQIAKI
LTIYQSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLSLKAINLILDELWHTNDN
QIATFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAT IKKYGLPN
DITIELAREKNSKDAQKMINEMOKRNRQTNERIEEI IRTTGKENAKYLIEKIKLHDMQE
GKCLYSLEAIPLEDLLNNPENYEVDHIIPRSVSEDNSEFNNKVLVKQEEASKKGNRTPEQ
YLSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERD INRFSVQKDFE INRNLVDT
RYATRGLMNLLRSYFRVNNLDVKVKSINGGFTSFLRRKWKFKKERNKGYKHHAEDALTII
ANADFIFKEWKKLDKAKKVMENQMEFEEKQAESMPEIETEQEYKEIFITPHQIKHIKDEK

dSaCas9 (aa)
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DYKYSHRVDKKPNRELINDTLY STRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEK
LLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGN
KLNAHLDITDDYPNSRNKVVKLSLKPYREDVYLDNGVYKEVITVKNLDVIKKENYYEVNS
KCYEEAKKLKKISNQAEFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYRE
YLENMNDKRPPRITKTIASKTQSIKKYSTDILGNLYEVKSKKHPQIIKKG

180

MDKKYSIGLAIGINSVGWAVITDEYRKVPSKKEFKVLGNTDRHSIKKNLIGALLEFDSGETA
EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFEFHRLEESFLVEEDKKHERHP I
FGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHELIEGDLNPD
NSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNG
LEGNLIALSLGLTPNFKSNEFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLF LAAKN
LSDATLLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVRQOLPEKYKEIFEDQ
SKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQ
IHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET
ITPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVT
EGMRKPAFLSGEQKKAIVDLLFKTINRKVIVKQLKEDYFKKIECFDSVEISGVEDRENAS
LGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMK
QLKRRRYTGWGRLSRKLINGIRDKOSGKTILDF LKSDGEFANRNFMQLIHDDSLTEKEDI
QKAQVSGQOGDSLHEHIANLAGSPATKKGILQTVKVVDELVKVMGRHKPENIVIEMAREN
OQTTORKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQ
ELDINRLSDYDVDAIVPQSEFLKDDSIDNKVLTRSDKNRGKSDNVEPSEEVVKKMKNYWRQ
LLNARKLITQRKFDNLTKAERGGLSELDKAGF IKRQLVETRQITKHVAQILDSRMNTKYD
ENDKLIREVKVITLKSKLVSDFRKDFQEFYKVREINNYHHAHDAYLNAVVGTALIKKYPK
LESEFVYGDYRKVYDVRKMIAKSEQEIGKATAKYFEFYSNIMNFEFKTEITLANGEIRKRPL
IETNGETGEIVWDKGRDFATVREKVLSMPOVNIVKKTEVQTGGE SKESILPKRNSDKLIA
RKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPID
FLEAKGYKEVKKDLIIKLPKYSLEELENGRKRMLASAGELQKGNELALPSKYVNEFLYLA
SHYFKT.KGSPEDNRQKQT.FVFRQHKHYTDRTTRQTSEFSKRVTT,ADANTDKVT,.SAYNKHR
DKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGD

dSpCas9 (aa)

181

MTQFEGEFTNLYQVSKTLRFELIPOQGKTLKHIQEQGF IEEDKARNDHYKELKPIIDRIYK
TYADQCLOLVQLDWENLSAAIDSYRKEKTEETRNALIEEQATYRNATIHDYEFIGRTDNLT
DAINKRHAEIYKGLFKAELFNGKVLKQLGTVTITTEHENALLRSFDKFTTYF SGEFYENRK
NVFSAEDISTAIPHRIVODNEFPKEFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTS
IEEVESFPEFYNQLLTQTQIDLYNOQLLGGI SREAGTEKIKGLNEVLNLATQKNDETAHTT
ASLPHRFIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALEN
ELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRSL
KHEDINLQEIISAAGKELSEAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLD
SLLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEP SLSEYNKARNYATKKPYSVEKE
KLNFOQMPTLASGWDVNKEKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFE
DKMYYDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPE
KEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLG
EYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTG
LESPENLAKTSIKLNGQAELEYRPKSRMKRMAHRLGEKMLNKKLEDQKTPIPDTLYQEL
YDYVNHRLSHDLSDEARALLPNVITKEVSHEITKDRRETSDKEFFHVP ITLNYQAANSP
SKENQRVNAYLKEHPETPIIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKL
DNREKERVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLANLNEFGFKSKR
TGIAEKAVYQQFEKMLIDKLNCLVLKDYPAERKVGGVLNPYQLTDQFTSFAKMGTQSGEL
FYVPAPYTSKIDPLTGEVDPEVWKTIKNHESRKHFLEGEDFLHYDVKTGDF ILHFKMNR
NLSFQRGLPGFMPAWDIVFEKNETQFDAKGTPF IAGKRIVPVIENHRFTGRYRDLYPAN
ELIALLEEKGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINS
PVRDLNGVCEDSREFQONPEWPMDADANGAYHIALKGOLLLNHLKESKDLKLONGI SNQDW
LAYIQELRN

dAsCasl2a (aa)

TOFEGEFTNLYQVSKTLRFELTIPQGKTLKHIQEQGF TEEDKARNDHYKELKPIIDRIYKT
YADQCLOLVQLDWENLSAAIDSYRKEKTEETRNALIEEQATYRNAIHDYFIGRTDNLTD
AINKRHAEIYKGLFKAELEFNGKVLKQLGTIVITTEHENALLRSFDKEFTTYEF SGEFYENRKN
VESAEDISTAIPHRIVODNEFPKFKENCHIFTRLITAVPSLREHFENVKKAIGIEFVSTSI
EEVFSFPEFYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHIIA
SLPHREIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALENE
LNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRSLK
HEDINLQEIISAAGKELSEAFKQOKTSEILSHAHAALDQPLPTTLKKOEEKEILKSQLDS
LLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNYATKKPYSVEKFEK

dAsCasl2a (aa)
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LNFOMPTLASGWDVNKEKNNGAILFVKNGLYYLGIMPKOKGRYKALSFEPTEKTSEGED
KMYYDYFPDAAKMIPKCSTQLRKAVTAHFQTHTTPILLSNNEF IEPLEITKEIYDLNNPEK
EPKKEFQTAYAKKTGDOQKGYREALCKWIDETRDFLSKYTKTTSIDLSSLRPSSQYKDLGE
YYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGL
FSPENLAKTSIKLNGQAELEFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELY
DYVNHRLSHDLSDEARALLPNVITKEVSHEITIKDRREFTSDKEFEFFHVPITLNYQAANSP S
KENQRVNAYLKEHPETPIIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLD
NREKERVAARQAWSVVGTIKDLKOQGYLSQVIHEIVDLMIHYQAVVVLANLNFGEKSKRT
GIAERAVYQOFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQF TSFAKMGTQSGFLE
YVPAPYTSKIDPLTGEVDPEVWKTIKNHESRKHFLEGFDFLHYDVKTGDE I LHF KMNRN
LSFQRGLPGEFMPAWDIVFEKNETQFDAKGTPF IAGKRIVPVIENHRFTGRYRDLYPANE
LIALLEEKGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDY INSP
VRDLNGVCFDSREFQNPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGISNQDWL
AYIQELRN

183

MTQFEGEFTNLYQVSKTLRFELIPOQGKTLKHIQEQGF IEEDKARNDHYKELKPIIDRIYK
TYADQCLQLVQLDWENLSAATIDSYRKEKTEETRNALIEEQATYRNATHDYF IGRTDNLT
DAINKRHAEIYKGLFKAELENGKVLKQLGTVITTEHENALLRSFDKETTYF SGEYENRK
NVFSAEDISTATIPHRIVQODNFPKFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTS
IEEVESFPEFYNQLLTQTQIDLYNOLLGGISREAGTEKIKGLNEVLNLATOQKNDETAHTT
ASLPHRFIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALEN
ELNSIDLTHIFISHRKLETISSALCDHWDTLRNALYERRISELTGKITRKSAKEKVQRSL
KHEDINLQEIISAAGKELSEAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLD
SLLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEP SLSEFYNKARNYATKKPYSVEKE
KLNFOQMPTLASGWDVNKEKNNGAILFVKNGLYYLGIMPKOQKGRYKALSFEP TEKTSEGE
DKMYYDYFPDAAKMIPKCSTQLKAVIAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPE
KEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLG
FYYARTNPT.TL.YHTSFQRTAFRKE TMDAVETGKT.YT.FQTYNKDFAKGHHGKPNT.HTT.YWTG
LESPENLAKTSIKLNGOAELEYRPKSRMKRMAHRLGEKMLNKKLEDQKTPIPDTLYQEL
YDYVNHRLSHDLSDEARALLPNVITKEVSHEITIKDRRFTSDKEFFHVP ITLNYQAANSP
SKENQRVNAYLKEHPETPITIGIDRGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKL
DNREKERVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNEFGFKSKR
TGIAEKAVYQQFEKMLIDKLNCLVLKDYPAERVGGVLNPYQLTDQFTSFAKMGTQSGEL
FYVPAPYTSKIDPLTGEVDPEVWKT IKNHESRKHE LEGEDELHYDVKTGDE ILHFKMNR
NLSFQRGLPGFMPAWDIVFEKNETQFDAKGTPF IAGKRIVPVIENHRFTGRYRDLYPAN
ELIALLEEKGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINS
PVRDLNGVCFEFDSRFQNPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGI SNQDW
LAYIQELRN

WT AsCasl2a
(AsCpfl) (aa)

184

TOQFEGETNLYQVSKTLRFELIPQGKTLKHIQEQGEIEEDKARNDHYKELKPITIDRIYKT
YADQCLQLVQLDWENLSAAIDSYRKEKTEETRNALIEEQATYRNATHDYFIGRTIDNLTD
AINKRHAEIYKGLFKAELFNGKVLKQLGTVITTEHENALLRSFDKEFTITYF SGFYENRKN
VESAEDISTAIPHRIVQDNFPKFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSI
EEVFSFPEFYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHIIA
SLPHRFIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALENE
LNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRSLK
HEDINLQEIISAAGKELSEAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDS
LLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNYATKKPYSVEKEK
LNEFQMPTLASGWDVNRKEKNNGAILEVENGLYYLGIMPKQKGRYKALSFEPTEKTSEGED
KMYYDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEK
EPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLGE
YYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGL
FSPENLAKTSIKLNGQAELEYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELY
DYVNHRLSHDLSDEARALLPNVITKEVSHEIIKDRRFTSDKFEFFHVPITLNYQAANSPS
KENQRVNAYLKEHPETPIIGIDRGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLD
NREKERVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNFGFKSKRT
GIAERAVYQQFERKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQF TSFAKMGTIQSGEFLE
YVPAPYTSKIDPLTGEFVDPEVWKTIKNHE SRKHFLEGFDEFLHYDVKTGDE I LHEKMNRN
LSFOQRGLPGFMPAWDIVFERNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANE
LIALLEEKGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSP
VRDLNGVCEDSREFQNPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGISNQDWL
AYTQELRN

WT AsCasl2a
(AsCptl) (aa)

185

MPKPAVESEF SKVLKKHFPGERFRS SYMKRGGKILAAQGEEAVVAYLQGKSEEEPPNEQ

dCasPhi-2 (aa)
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PPAKCHVVTKSRDFAEWP IMKASEAIQRYIYALSTTERAACKPGKSSESHAAWFAATGV
SNHGYSHVQGLNLIFDHTLGRYDGVLKRKVQLRNEKARARLESINASRADEGLPEIKAEE
EEVATNETGHLLOQPPGINPSEYVYQTISPQAYRPRDEIVLPPEYAGYVRDPNAPIPLGV
VRNRCDIQKGCPGY IPEWQREAGTAISPKTGKAVIVPGLSPKKNKRMRRYWRSEKEKAQ
DALLVTVRIGTDWVVIDVRGLLRNARWRTIAPKDISLNALLDLFTGDPVIDVRRNIVTE
TYTLDACGTYARKWILKGRKQTKATLDKLTATQTVALVAIALGQTNPISAGISRVTQENG
ALQCEPLDRFTLPDDLLKDISAYRIAWDRNEEELRARSVEALPEAQQOAEVRATLDGVSKE
TARTQLCADFGLDPKRLPWDKMSSNTTEFISEALLSNSVSRDQVEFTPAPKKGAKKKAPV
EVMRKDRTWARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIE
KTRRRTQCQIVIPVIEDLNVRFFHGSGKRLPGWDNEF TAKKENRWEFIQGLHKAFSDLRT
HRSFYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVATHNLTQVAL
TGKTMPKREEPRDAQGTAPARKTKKASKSKAPPAEREDQTPAQEPSQTSGSGPKKKRKV
EDPKKKRKV

186

PKPAVESEFSKVLKKHFPGERFRSSYMKRGGKILAAQGEEAVVAYLQGKSEEEPPNEFQP
PAKCHVVTKSRDFAEWPIMKASEATIQRYIYALSTTERAACKPGKSSESHAAWEAATGVS
NHGYSHVQGLNLIFDHTLGRYDGVLKKVQLRNEKARARLESINASRADEGLPEIKAEEE
EVATNETGHLLQPPGINPSEYVYQTISPQAYRPRDEIVLPPEYAGYVRDPNAPIPLGVV
RNRCDIQKGCPGYIPEWQREAGTAI SPKTGKAVIVPGLSPKKNKRMRRYWRSEKEKAQD
ALLVTVRIGIDWVVIDVRGLLRNARWRTIAPKDISLNALLDLETGDPVIDVRRNIVTET
YTLDACGTYARKWILKGKQTKATLDKLTATQTVALVAIALGQTNPISAGISRVIQENGA
LOCEPLDRETLPDDLLKDISAYRIAWDRNEEELRARSVEALPEAQQAEVRALDGVSKET
ARTQLCADFGLDPKRLPWDKMS SNTTFISEALLSNSVSRDQVFFTPAPKKGAKKKAPVE
VMRKDRTWARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIEK
TRRRTQCQIVIPVIEDLNVREFFHGSGKRLPGWDNEFEFTAKKENRWEIQGLHKAFSDLRTH
RSEYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVATHNLTQVALT
GKTMPKREEPRDAQGTAPARKTKKASKSKAPPAEREDQTPAQEP SQTSGSGPKKKRKVE
NPKKKRKV

dCasPhi-2 (aa)

187

MPKPAVESEF SKVLKKHEFPGERFRS SYMKRGGKILAAQGEEAVVAYLQGKSEEEPPNEQ
PPAKCHVVTKSRDFAEWP IMKASEAIQRYIYALSTTERAACKPGKSSESHAAWEAATGV
SNHGYSHVQOGLNLIFDHTLGRYDGVLKKVQLRNEKARARLESINASRADEGLPEIKAEE
EEVATNETGHLLOQPPGINPSEYVYQTISPQAYRPRDEIVLPPEYAGYVRDPNAPIPLGV
VRNRCDIQKGCPGYIPEWQREAGTAISPKTGKAVIVPGLSPKKNKRMRRYWRSEKEKAQ
DALLVTVRIGTIDWVVIDVRGLLRNARWRT IAPKDISLNALLDLFTGDPVIDVRRNIVTE
TYTLDACGTYARKWTLKGKOQTKATLDKLTATOQTVALVAIDLGOTNPISAGISRVTQENG
ALQCEPLDRFTLPDDLLKDISAYRIAWDRNEEELRARSVEALPEAQQAEVRALDGVSKE
TARTQLCADFGLDPKRLPWDKMSSNTTEFISEALLSNSVSRDQVFFTPAPKKGAKKKAPY
EVMRKDRTWARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIE
KTRRRTQCQIVIPVIEDLNVRFFHGSGKRLPGWDNEF TAKKENRWEIQGLHKAF SDLRT
HRSEFYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVATHNLTQVAL
TGKTMPKREEPRDAQGTAPARKTKKASKSKAPPAEREDQTPAQEFPSQTS

WT CasPhi-
2 (aa)

188

PKPAVESEFSKVLKKHFPGERFRSSYMKRGGKILAAQGEEAVVAYLOGKSEEEPPNEFQP
PAKCHVVTKSRDFAEWPIMKASEAIQRYIYALSTTERAACKPGKSSESHAAWFAATGVS
NHGYSHVQGLNLIFDHTLGRYDGVLKKVQLRNEKARARLES INASRADEGLPEIKAEEER
EVATNETGHLLQPPGINPSEYVYQTISPQAYRPRDEIVLPPEYAGYVRDPNAPIPLGVV
RNRCDIQKGCPGYIPEWQREAGTAI SPKTGKAVIVPGLSPKKNKRMRRYWRSEKEKAQD
ALLVIVRIGTDWVVIDVRGLLRNARWRTIAPKDISLNALLDLF TGDPVIDVRRNIVTET
YTLDACGTYARKWILKGKQTKATLDKLTATQTVALVAIDLGQTNPISAGISRVIQENGA
LOCEPLDREFTLPDDLLKDISAYRIAWDRNEEELRARSVEALPEAQQAEVRALDGVSKET
ARTQLCADFGLDPKRLPWDKMS SNTTFISEALLSNSVSRDQVEFTPAPKKGAKKKAPVE
VMRKDRTWARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIEK
TRRRTQCQIVIPVIEDLNVREFFHGSGKRLPGWDNEFEFTARKKENRWE IQOGLHKAFSDLRTH
RSFYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVATHNLTQVALT
GKTMPKREEPRDAQGTAPARKTKKASKSKAPPAEREDQTPAQEPSQTS

WT CasPhi-2
(aa)

189

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAY
CTTQVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISE IFRQLOKQAAETIYNQSLI
ELYYEIFIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKN
MKSGLPTTKSDNEFP IPLVKQKGGQYTGFEISNHNSDF IIKIPFGRWOVKKE IDKYRPWE
KFDFEQVQKSPKPISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSY IEVKRGSK
IGEKSAWMLNLSIDVPKIDKGVDPSIIGGIDVGVKSPLVCAINNAFSRYSISDNDLFHE
NKKMFARRRILLKKNRHKRAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIK
NKVGTVQOMENLESMKRKEDSYFNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTS

WwWT
UnlCasl2fl
(aa)
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KTCSKCGHLNNYFNFEYRKKNKFPHFKCEKCNFKENADYNAALNISNPKLKSTKEEP

190

ARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYC
TTOQVERNACLFCKARKLDDKEYQKLRGQFPDAVFWQEISEIFRQLOKQAAETIYNQSLIE
LYYEIFIKGKGIANASSVEHYLSDVCYTRAAELFKNAATASGLRSKIKSNFRLKELKNM
KSGLPTTKSDNFPIPLVKQKGGQYTGFEISNHNSDFIIKIPFGRWQVKKEIDKYRPWEK
FDFEQVOKSPKPISLLLSTOQRRKRNKGWSKDEGTEAE IKKVMNGDYQTSYIEVKRGSKI
GEKSAWMLNLSIDVPKIDKGVDPSIIGGIDVGVKSPLVCAINNAFSRYSISDNDLEHEN
KKMFARRRILLKKNRHKRAGHGAKNKLKP ITILTEKSERFRKKLIERWACEIADFFIKN
KVGTVOMENLESMKRKED SYENIRLRGEWPYAEMONKIEFKLKQYGIEIRKVAPNNTSK
TCSKCGHLNNYFNFEYRKKNKFPHERKCEKCNEFKENADYNAALNI SNPKLKSTKEEP

WT
UnlCas12f1
(aa)

191

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAY
CTTQVERNACLFCKARKLDDKFYQKLRGOFPDAVEFWQEISE IFRQLOKQAAETIYNQSLI
ELYYEIFIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKN
MKSGLPTTKSDNFP IPLVKQKGGQY TGFEISNHNSDF I TKIPFGRWQVKKE IDKYRPWE
KFDFEQVQKSPKPISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSY IEVKRGSK
IGEKSAWMLNLSIDVPKIDKGVDPSI IGGIAVGVKSPLVCAINNAFSRYSI SDNDLEHE
NKKMFARRRILLKKNRHKRAGHGAKNKLKP ITILTEKSERFRKKLIERWACEIADFFIK
NKVGTVOMENLESMKRKEDSYFNIRLRGEFWPYAEMONKIEFKLKQYGIEIRKVAPNNTS
KTCSKCGHLNNYFNFEYRKKNKFPHFKCEKCNFKENAAYNAALNI SNPKLKSTKEEP

dUn1Cas12f1
(aa)

192

AKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYC
TTQVERNACLFCKARKLDDKFYQOKLRGQFPDAVFWQOEISEIFROLOKQAAE IYNQSLIE
LYYEIFIKGKGIANASSVEHYLSDVCYTRAAELFKNAATIASGLRSKIKSNFRLKELKNM
KSGLPTTKSDNFPIPLVKQKGGOYTGFEI SNHNSDF T IKIPFGRWOVKKE I DKYRPWEK
FDFEQVQKSPKPISLLLS TORRKRNKGWSKDEGTEAE IKKVMNGDYQTSYIEVKRGSKI
GEKSAWMLNLS IDVPKIDKGVDPSI IGGIAVGVKSPLVCAINNAFSRY SISDNDLEHEN
KKMFARRRILLKKNRHKRAGHGAKNKLKP ITILTEKSERFRKKLIERWACE IADFF IKN
KVGTVCMENLESMKRKEDSYFNIRLRGEFWP YAEMONK IEFKLKQYGIEIRKVAPNNTSK
TCSKCGHLNNYFNFEYRKKNKFPHFKCEKCNFKENAAYNAALNI SNPKLKSTKEEP

dUn1Cas12f1
(aa)

193

MARILAFAIGISSIGWAF SENDELKDCGVRIFTKVENPKTGESLALPRRLARSARKRLA
RRKARLNHLKHLIANEFKLNYEDYQSFDESLAKAYKGSLISPYELRFRALNELLSKQDEFE
NRVILHIAKRRGYDDIKNSDDKEKGAILKATKQNEEKLANYQSVGEYLYKEYFQKEFKEN
SKEFINVRNKKESYERCIAQSFLKDELKLIFKKQREFGESEFSKKFEEEVLSVAFYKRAL
KDF SHLVGNCSFFTDEKRAPKNSPLAFMFVALTRIINLLNNLKNTEGILYTKDDLNALL
NEVLKNGTLTYKQTKKLLGLSDDYEFKGEKGTYFIEFKKYKEF IKALGEHNLSQDDLNE
IAKDITLIKDEIKLKKALAKYDLNQNQIDSLSKLEFKDHLNISFKALKLVTPLMLEGKK
YDEACNELNLKVAINEDKKDELPAFNETYYKDEVINPVVLRAIKEYRKVLNALLKKYGK
VHKINIELAREVGKNHSQRAKIEKEQNENYKAKKDAELECEKLGLKINSKNILKLRLEK
EQKEFCAYSGEKIKISDLODEKMLEIDAIYPYSRSFDDSYMNKVLVETKONQEKLNQTP
FEAFGNDSAKWQRIEVLARKNLP TKKQKRILDENYKDKEQKNEFKDRNLNDTRYIARLVLN
YTKDYLDFLPLSDDENTKLNDTQKGSKVHVEAKSGMLTSALRHTWGE SAKDRNNHLHHA
IDAVITAYANNSIVKAFSDEFKKEQESNSAELYAKKISELDYKNKRKEFEPF SGERQKVL
DKIDEIFVSKPERKKPSGALHEETFRKEEEFYQSYGGKEGVLKALELGKIRKVNGKIVK
NGDMEFRVDIFKHKKTNKEYAVP IYTMDFALKVLPNKAVARSKKGEIKDWILMDENYEEC
FSLYKDSLILIQTKDMQEPEFVYYNAFTSSTVSLIVSKHDNKEFETLSKNQKILEKNANE
KEVIAKSIGIONLKVFEKYIVSALGEVTKAEFROREDEFKK

dCjCas9 (aa)

194

ARILAFAIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRLARSARKRLAR
RKARLNHLKHLIANEFKLNYEDYQSFDESLAKAYKGSLISPYELRFRALNELLSKQDFA
RVILHIAKRRGYDDIKNSDDKEKGAILKAIKONEEKLANYQSVGEYLYKEYFOKFKENS
KEFTNVRNKKESYERCIAQSFLEKDELKLIFKKQREFGFSEFSKKFEEEVLSVAFYKRALK
DESHLVGNCSFFTIDEKRAPKNSPLAFMEVALTRIINLLNNLKNTEGILYTKDDLNALLN
EVLKNGTLTYKQTKKLLGLSDDYEFKGEKGTYF IEFKKYKEFIKALGEHNLSQDDLNET
AKDITLIKDEIKLKKALAKYDLNONQIDSLSKLEFKDHLNISEKALKLVTPLMLEGKKY
DEACNELNLKVAINEDKKDFLPAENETYYKDEVINPVVLRAIKEYRKVLNALLKKYGKVY
HKINIELAREVGRKNHSQRAKIEKEQONENYKAKKDAELECEKLGLKINSKNILKLRLEFKE
QKEFCAYSGEKIKISDLOQDEKMLEIDAIYPYSRSFDDSYMNKVLVEF TKOQNQEKLNQTPFE
EAFGNDSAKWOKIEVLAKNLP TKKOKRILDKNYKDKEQKNFKDRNLNDTRY IARLVLNY
TKDYLDFLPLSDDENTKLNDTQKGSKVHVEAKSGMLT SALRHTWGEF SAKDRNNHLHHAT
DAVIIAYANNSIVKAFSDFKKEQESNSAELYAKKISELDYKNKRKFFEPESGEFRQKVLD
KIDEIFVSKPERKKPSGALHEETEFRKEEEFYQSYGGKEGVLKALELGKIRKVNGKIVKN
GDMFRVDIFKHKKTNKFYAVPIYTMDFALKVLPNKAVARSKKGEIKDWILMDENYEFCFE
SLYKDSLILIQTKDMQEPEFVYYNAFTSSTVSLIVSKHDNKFETLSKNQKILEKNANEK

dCjCas9 (aa)
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EVIAKSIGIONLKVFEKY IVSALGEVTKAEFRQREDFKK

195

MSSGSGHMARILAFDIGISSIGWARSENDELKDCGVRIEFTKVENPKTGESLALPRRLAR
SARKRLARRKARLNHLKHLIANEFKLNYEDYQSEFDESLAKAYKGSLISPYELREFRALNE
LLSKQDFARVILHIAKRRGYDDIKNSDDKEKGAILKAIKONEEKLANYQSVGEYLYKEY
FOQKFKENSKEFTNVRNKKESYERCIAQSFLKDELKLIFKKQREFGFSFSKKFEEEVLSV
AFYKRALKDF SHLVGNCSFEFTDEKRAPKNSPLAFMEVALTRIINLLNNLKNTEGILYTK
DDLNALLNEVLENGTLTYKQTKKLLGLSDDYEFKGEKGTYF IEFKKYKEF IKALGEHNL
SOQDDLNETAKDITLIKDEIKLKKALAKYDLNQNQIDSLSKLEFKDHLNISFKALKLVTP
LMLEGKKYDEACNELNLKVAINEDKKDEFLPAFNETYYKDEVTITNPVVLRAIKEYRKVLNA
LLKKYGKVHKINIELGGGSGGY IARLVLNYTKDYLDFLPLSDDENTKLNDTQKGSKVHV
EAKSGMLTSALRHTWGE SAKDRNNHLHHAIDAVITIAYANNS IVKAFSDEFKKEQESNSAE
LYAKKISELDYKNKRKFFEPFSGFRQKVLDKIDEIFVSKPERKKPSGALHEETFRKEEE
FYQSYGGKEGVLKALELGKIRKVNGKIVKNGDMEFRVD IFKHKKTNKEYAVP IYTMDFAL
KVLPNKAVARSKKGEIKDWILMDENYEFCFSLYKDSLILIQTKDMQEPEFVYYNAFTSS
TVSLIVSKHDNKFETLSKNQKILEKNANEKEVIAKSIGIONLKVFEKYIVSALGEVTKA
EFRQREDFKK

WT CjCas9
(aa)

196

SSGSGHMARILAFDIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRLARS
ARKRLARRKARLNHLKHLIANEFKLNYEDYQSFDESLAKAYKGSLISPYELRFRALNEL
LSKQDFARVILHIAKRRGYDDIKNSDDKEKGAILKAIKONEEKLANYQSVGEYLYKEYF
QKFKENSKEFTNVRNKKESYERCIAQSFLKDELKLIFKKQREFGFSESKKFEEEVLSVA
FYKRALKDEFSHLVGNCSFFTDEKRAPKNSPLAFMEVALTRI INLLNNLKNTEGILYTKD
DLNALLNEVLKNGTLTYKQTKKLLGLSDDYEFKGEKGTYFIEFKKYKEFIKALGEHNLS
QDDLNEIAKDITLIKDEIKLKKALAKYDLNONQIDSLSKLEFKDHLNISFKALKLVTPL
MLEGKKYDEACNELNLKVAINEDKKDFLPAFNETYYKDEVINPVVLRAIKEYRKVLNAL
LKKYGKVHKINIELGGGSGGY IARLVLNYTKDYLDFLPLSDDENTKLNDTQKGSKVHVE
AKSGMLTSALRHTWGE SAKDRNNHLHHAIDAVIIAYANNS IVKAFSDFKKEQESNSAEL
YAKKISELDYKNKRKEFFEPFSGFROQKVLDKIDEIFVSKPERKKP SGALHEETFRKEEEF
YOSYGGKEGVLKALELGKIRKVNGKIVKNGDMFRVDIFKHKKTNKEYAVPIYTMDFALK
VLPNKAVARSKKGE IKDWILMDENYEFCEFSLYKDSLILIQTKDMQEPEEVYYNAEFTSST
VSLIVSKHDNKFETLSKNQKILEFKNANEKEVIAKSIGIQNLKVFEKYIVSALGEVTKAE
FROQREDFKK

wT
CjCas9 (aa)

197

MSSTSGKNPTNPIVRTISCNLSAKEDVLRKVWEEMSOKNTPLIVOLLKSVSEQPEFEAN
KENGTITKKEITELRRDITEDSDLKKQSGRLRSSADSLVTEVY S SWLRLYQVRKNKKEG
KEYFLNNILKSDVELVEQSNCDLOTIRCKAKEILSQVEEF IEQVNNKPKINKTTSAKKK
INKSNKNNKAIEEILNRFFIGNIDKTLTNTLYE IHRKSPDILTQCAVAYLIKNDNKVSE
AEENLTOLNKRSSAKEIEIKRLETQIQNTRLPNGRDI TGEKYSQAFEKLVNQVEQDNEE
FAEWIAILLKKVSSLPYPILYSSGDLSWYKDEKGNIFVYFNGWAEYHFQICCDKRQLRF
FERFLKYYKALKASEKGEEKLSGSLVTLRSAHLLWRQGKGKGEPWKVNKLALHCTYDAR
LWIAEGTEEVRQEKTDKAQAEVNQAESNENIDSKQQOKKLTKNKS SLSRLKNSFARP SKP
LYRGQSNIIVGISFHPVELATLVVVDINTKEILICKIVKELLGDAFPLLSRRRROQQVHE
RKEREKAQKKDSPCDLGE SKLGEYVDRLLAKRIVEVAKEYQASCIVLPGLKGIREIRTS
VIQAKAETKFPGDINAQELYVKEYNRQIHNWSYSRLOESIKSRAAELKISIKFGKQPSH
STLOEQAINLALSA

WT Casl12k
(aa)

198

SSTSGKNPTNPIVRTISCNLSAKEDVLRKVWEEMSQKNTPLIVQOLLKSVSEQPEFEANK
ENGTITKKEITELRRDITEDSDLKKQSGRLRSSADSLVTEVYSSWLRLYQVRKNKKEGK
EYFLNNILKSDVELVEQSNCDLQTIRCKAKEILSQVEEF IEQVNNKPK INKTTSAKKKI
NKSNKNNKAIEEILNREFIGNIDKTLINTLYEIHRKSPDILTQCAVAYLIKNDNKVSEA
EENLTQLNKRSSAKEIEIKRLETQIQONTRLPNGRDITGEKYSQAFEKLVNQVPODNEEFE
AFWIAILLKKVSSLPYPILYSSGDLSWYKDEKGNIFVYFNGWAEYHFQICCDKRQLREF
ERFLKYYKALKASEKGEEKLSGSLVTLRSAHLLWRQGKGKGEPWKVNKLALHCTYDARL
WIAEGTEEVRQEKTDKAQAEVNQAESNENIDSKQQOKKLTKNKSSLSRLKNSFARPSKPL
YRGQOSNIIVGISFHPVELATLVVVDINTKEILICKTVKELLGDAFPLLSRRRROQOVHER
KEREKAQKKDSPCDLGESKLGEYVDRLLAKRIVEVAKEYQASCIVLPGLKGIREIRTSV
IQAKAETKEFPGDINAQELYVKEYNRQIHNWSYSRLOESIKSRAAELKI SIKFGKQPSHS
TLOEQAINLALSA

WT Casl2k
(aa)

199

MGPKKKRKVGSGSAKNTITKTLKLRIVRPYNSAEVEKIVADERNNREKIALEKNKDKVK
EACSKHLKVAAYCTTQVERNACLECKARKLDDKFYQKLRGQFPDAVEWQEISEIFRQLQ
KOAAEIYNQSLIELYYEIFIKGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSK
IKSNERLKELKNMKSGLPTTKSDNEFPIPLVKOKGGQYTGFEISNHNSDEIIKIPEFGRWQ
VKKEIDKYRPWEKFDFEQVQKSPKPISLLLSTQRRKRNKGWSKDEGTEAEIKKVMNGDY
QTSYIEVKRGSKICEKSAWMLNLSIDVPKIDKGVDPSIIGGIAVGVRSPLVCAINNAES

CasMini
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RYSISDNDLEFHFNKKMFARRRILLKKNRHKRAGHGAKNKLKPITILTEKSERFRKKLIE
RWACEIADFFIKNKVGTVQOMENLESMKRKEDSYFNIRLRGEWPYAEMONKIEFKLKQYG
IEIRKVAPNNTSKTCSKCGHLNNYEFNEFEYRKKNKEPHFKCEKCNEFKENAAYNAALNISN
PKLKSTKERPAKRPAATKKAGQAKKKK

PAKCHVVTKSRDFAEWP IMKASEATIQRYIYALSTTERAACKPGKSSESHAAWEAATGVS
NHGYSHVQGLNLIFDHTLGRYDGVLKKVQLRNEKARARLESINASRADEGLPEIKAEEE
EVATNETGHLLQPPGINPSEYVYQTISPQAYRPRDEIVLPPEYAGYVRDPNAPIPLGVV
RNRCDIQKGCPGYIPEWQREAGTAISPKTIGKAVIVPGLSPKKNKRMRRYWRSEKEKAQD
ALLVIVRIGTDWVVIDVRGLLRNARWRTIAPKDISLNALLDLFTGDPVIDVRRNIVTET
YTLDACGTYARKWTILKGKQTKATLDKLTATQTVALVAIALGOQTNPISAGISRVIQENGA
LOCEPLDRFTLPDDLLKDISAYRIAWDRNEEELRARSVEALPEAQQAEVRALDCVSKET
ARTQLCADFGLDPKRLPWDKMS SNTTFISEALLSNSVSRDQVEFFTPAPKKGAKKKAPVE
VMRKDRTWARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIEK
TRRRTQCQIVIPVIEDLNVREFFHGSGKRLPGWDNEFEFTAKKENRWEFIQGLHKAFSDLRTH
RSEYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVATHNLTQVALT
GKTMPKREEPRDAQGTAPARKTKKASKSKAPPAEREDQTPAQEPSQTS

200 | GPKKKRKVGSGSAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKTIALEKNKDKVKE | CasMini
ACSKHLKVAAYCTTOVERNACLFCKARKLDDKF YOKLRGOQFPDAVEFWQETISEIFRQLOK
QAAFRTIYNQSLIELYYEIFIKGKGIANASSVEHYLSRVCYRRAAELFKNAATASGLRSKI
KSNFRLKELKNMKSGLPTTKSDNEP IPLVKQOKGGQYTGFEISNHNSDFITKIPEGRWOV
KKEIDKYRPWEKFDFEQVQKSPKPISLLLSTQRRKRNKGWSKDEGTEAETIKKVMNGDYQ
TSYIEVKRGSKICEKSAWMLNLSIDVPKIDKGVDPSIIGGIAVGVRSPLVCAINNAFSR
YSISDNDLEFHFNKKMEFARRRILLKKNRHKRAGHGAKNKLKPITILTEKSERFRKKLIER
WACETIADFEFIKNKVGTVOMENLESMKRKEDSYFNTIRLRGFWPYAEMONKIEFKLKQYGT
EIRKVAPNNTSKTICSKCGHLNNYENFEYRKKNKFPHFKCEKCNEFKENAAYNAALNISNP
KLKSTKERPAKRPAATKKAGQAKKKK

201 | gaaacaccguaauuucuacucuuguagau dAsCasl12a

gRNA scaffold

202 | CAACGAUUGCCCCUCACGAGGGGAC dCasPhi-2

gRNA scaffold

203 | ACCGCUUCACUUAGAGUGAAGGUGGGCUGCUUGCAUCAGCCUAAUGUCGAGAAGUGCUU | UnlCasl2f1
UCUUCGGAAAGUAACCCUCGAAACAAAGARA gRNA scaffold

204 | GGRAAUGAAC Unl1Cas12f1

gRNA scaffold

205 | UUUUAUUUU Un1Cas12f1

gRINA scaffold

206 | GCGGUUUUAGGGGAUUGUAACCCCGCAGAGUCCCGCAAACUCUUUAUUUUAGUCCCUUU | CjCas9 gRNA
UCAGGGACUARAAC scaffold

207 | AUAUUAAUAGCGCCGCAAUUCAUGCUGCUUGCAGCCUCUGAAUUUUGUUAAAUGAGGGU | CaslZk gRNA
UAGUUUGACUGUAUAAAUACAGUCUUGCUUUCUGACCCUGGUAGCUGCUCACCCUGAUG | scaffold
CUGCUGUCAAUAGACAGGAUAGGUGCGCUCCCAGCAAUAAGGGCGCGGAUGUACUGCUG
UAGUGGCUACUGAAUCACCCCCGAUCAAGGGGGAACCCUCCAAAAGGUGGGUUGAAAG

208 | GGGCUUCACUGAUAAAGUGGAGAACCGCUUCACCAAAAGCUGUCCCUUAGGGGAUUAGA | CasMini gRNA
ACUUGAGUGAAGGUGGGCUGCUUGCAUCAGCCUAAUGUCGAGAAGUGCUUUCUUCGGAA | scaffold
AGUAACCCUCGAARACARAUUCAUUUGAAUGAAGGAAUGCAAC

209 | GSGSG linker (aa)

210 | MPKPAVESEF SKVLKKHFPGERFRSSYMKRGGKILAAQGEEAVVAYLQGKSEEEPPNEQ | dCasPhi-2
PPAKCHVVTKSRDFAEWP IMKASEATQRYIYALSTTERAACKPGKSSESHAAWEFAATGV
SNHGYSHVQGLNLIFDHTLGRYDGVLEKVQLRNEKARARLESINASRADEGLPEIKAEE
EEVATNETGHLLOQPPGINPSEYVYQTISPQAYRPRDEIVLPPEYAGYVRDPNAPIPLGV
VRNRCDIQKGCPGY TPEWQRFEAGTATSPKTGKAVIVPGLSPKKNKRMRRYWRSEKEKAQ
DALLVITVRIGIDWVVIDVRGLLRNARWRTIAPKDISLNALLDLFTGDPVIDVRRNIVTE
TYTLDACGTYARKWTLKGKOQTKATLDKLTATQTVALVATIALGOQTNPISAGISRVTQENG
ALQCEPLDRFTLPDDLLKDISAYRIAWDRNEEELRARSVEALPEAQQOAEVRALDGVSKE
TARTQLCADFGLDPKRLPWDKMSSNTTFISEALLSNSVSRDQVFFTPAPKKGAKKKAPVY
EVMRKDRTWARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIE
KTRRRTQCQIVIPVIEDLNVRFFHGSGRKRLPGWDNEFTAKKENRWE IQGLHKAFSDLRT
HRSEFYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVATHNLTQVAL
TGKTMPKREEPRDAQGTAPARKTKKASKSKAPPAEREDQTPAQEPSQTS

211 PKPAVESEFSKVLKKHFPGERFRSSYMKRGGKILAAQGEEAVVAYLOGKSEEEPPNFQP dCasPhi-2
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212 | NNNNGNNN, where N is any nucleotide N. meningitidis
Cas9 PAM
213 | AKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYC | CasMini
TTOVERNACLEFCKARKLDDKEYQKLRGOFPDAVEFWOEISEIFROLOKQAAEIYNQSLIE | Casl2{/D326A/
LYYEIFIKGKGIANASSVEHYLSRVCYRRAAELFKNAATASGLRSKIKSNFRLKELKNM | D510A/D143R
KSGLPTTKSDNFPIPLVKQKGGQYTGFEISNHNSDEFIIKIPFGRWQVKKEIDKYRPWEK | /T147R/K330R
FDFEQVOKSPKPISLLLSTQRRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKI | /E528R (aa)
CEKSAWMLNLSIDVPKIDKGVDPSIIGGIAVGVRSPLVCAINNAFSRYSISDNDLEHEN
KKMFARRRILLKKNRHKRAGHGAKNKLKP ITILTEKSERFRKKLIERWACEIADFF IKN
KVGTVOMENLE SMKRKED SYFNIRLRGEWPYAEMONKIEFKLKQYGIETRKVAPNNTSK
TCSKCGHLNNYFNFEYRKKNKFPHEKCEKCNEKENAAYNAALNI SNPRKLKSTKERP
214 | TBN, where N is any nucleotide, and B is G, T, or C PAM - CasPhi
215 | TTTN, where N is any nucleotide PAM -
Unl1Cas12f1
216 | NNNNACAC, where N is any nucleotide PAM - CjCas9
217 | GGTT PAM — Cas12k
218 | GTTTTAGTACTCTGGAAACAGAATCTACTAARACAAGGCAAAATGCCGTGTTTATCTCG | SaCas9 gRNA
TCAACTTGTTGGCGAGA scaffold DNA
219 | GUUUUAGUACUCUGGAAACAGAAUCUACUAAAACAAGGCAAAAUGCCGUGUUUAUCUCG | SaCas9 gRNA
UCAACUUGUUGGCGAGA scaffold
sequence
220 | GTTTAAGAGCTATGCTGGAAACAGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAA | SpCas) gRNA
CTTGAAAAAGTGGCACCGAGTCGGTGC scaffold DNA
221 | MAAAAAAAPSGGGGGGEEERLEEKSEDOD LOGLKDKP LKEKKVKKDKKEEKEGKHEPVQ | Human MeCP2
PSAHHSAEPAEAGKAETSEGSGSAPAVPEASASPKQOQRRSIIRDRGPMYDDPTLPEGWTR | isoform B
KLKORKSGRSAGKYDVYLINPQGKAFRSKVELIAYFEKVGDTSLDPNDEDEFTVIGRGSP
SRREQKPPKKPKSPKAPGTGRGRGRPKGSGTTRPKAATSEGVQVKRVLEKSPGKLLVKM
PEQTSPGGKAEGGGATTSTQVMVIKRPGRKRKAEADPQATPKKRGRKPGSVVAAAAAEA
KKKAVKESSIRSVQETIVLPIKKRKTRETVSIEVKEVVKPLLVSTLGEKSGKGLKTCKSP
GRKSKESSPKGRSSSASSPPKKEHHHHHHHSESPKAPVPLLPPLPPPPPEPESSEDPTS
PPEPQODLSSSVCKEEKMPRGGSLESDGCPKEPAKTQPAVATAATAAEKYKHRGEGERKD
IVSSSMPRPNREEPVDSRTPVTERVS
222 | TTTR, where R is G or A PAM - Casl2f
223 | GCCGCGCCGAGCGGAGGAGG gRNA ml
spacer
224 | CTGGCGTTGTTCCAAGCCAA gRNA m?2
spacer
225 | AGTGGGACCGCCAAGGCCGC gRNA m3
spacer
226 | TGCTGACTGGTATCAGGGTA gRINA m4
spacer
227 | GACCGCCAAGGCCGCGGGELCG gRNA m5S
spacer
228 | TTGGAAAARAGAGGCGGCTA gRNA m6
spacer
229 | GGGGCAAAAAGTCACGGAAT gRNA m7
spacer
230 | GATCGGTTATGTITTAGGGTT Non-targeting
gRNA spacer
231 | CGGGGTCGGACGACACGGCTG SaCas9 gRNA
A spacer
232 | TTCACTTGCCCCAGCATCCGC SaCas9 gRNA
B spacer
233 | GTTAAGGATTAATGGACCCTT SaCas9 gRNA
C spacer
234 | AGTGGGCGGAATTTGAATGTT SaCas9 gRNA
D spacer
235 | GACTGGITTAGTGGGCGGAAT SaCas9 gRNA
E spacer
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236 | CGGGGACCCTTGCCGGGGGGC SaCas9 gRNA
IF spacer

237 | CGAGGACGGTCACCCGCGAGC SaCas9 gRNA
G spacer

238 | CGGAGGGACTGGTTTAGTGGG SaCas9 gRNA
H spacer

239 | AGGAGGCGAGGAGGAGAGACT SaCas9 gRNA
I spacer

240 | CTCGGCCCGTCACCCCTIGCTIC SaCas9 gRNA
J spacer

241 | GTGGGCGGAATTTGAATGTTAAG Cpfl gRNA A
spacer

242 | CCTGGCCGAAATGGACAGGAAAT Cpfl gRNA B
spacer

243 | AATGTTAAGGATTAATGGACCCT Cpfl gRNAC
spacer

244 | CCCARAACGACGGCCGAAAGCAGC Cpfl gRNAD
spacer

245 | CCACAGCCCTCTCTCCGAGAGGA Cpfl gRNAE
spacer

246 | GGGAAAAGAGGCGGCITGEGGCGC Cpfl gRNAF
spacer

247 | CTGTCCATTTCGGCCAGGGAAAA Cpfl gRNA G
spacer

248 | CGCTGCTCTGAGGGGCGATTGAC Cpfl gRNA H
spacer

249 | GGCCGTCGTTTGGGGAAAAGAGG Cpfl gRNAT
spacer
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1. A DNA-targeting system comprising a DNA-targeting domain that binds to a
target site in a regulatory DNA element ol a methyl-CpG-binding protein 2 (MeCP2) locus.

2. The DNA-targeting system of claim 1, further comprising at least one effector

domain that increases transcription of the MeCP2 locus.

3. A DNA-targeting system comprising:
(a) a DNA-targeting domain that binds Lo a target site in a regulatory DNA element of a
methyl-CpG-binding protein 2 (MeCP2) locus; and

(b) at least one effector domain that increases transcription of the MeCP2 locus.

4. The DNA-targeting system of any of claims 1-3, wherein binding of the DNA-
targeting domain to the target site does not introduce a genetic disruption or a DNA break at or

near the target site.

5. The DNA-targeting system of any of claims 1-4, whercin the DNA-targeting
domain compriscs a Clustered Regularly Interspaced Short Palindromic Repeats associated
(Cas)-guide RNA (gRNA) combination comprising (a) a Cas protein or a variant thereof,
optionally wherein the Cas protein or a variant thereof is a deactivated Cas (dCas) protein, and
(b) at least one gRNA; a zinc finger protein (ZFP); a transcription activator-like effector
(TALE); a meganuclease; a homing endonuclease; or an I-Scel enzyme or a variant thereof,
optlionally wherein the DNA-(argeling domain comprises a catalytically inactive variant ol any

of the foregoing.

6. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a deactivated Cas (dCas) protein; and

(b) at least one gRNA comprising a gRNA spacer sequence that is capable of hybridizing
to a target site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus

or is complementary to the target site.

7. The DNA-targeting system of claim 5 or 6, wherein the at least one gRNA is

203

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

capable of complexing with the Cas protein or variant thereol or the dCas protein.

8. The DNA-targeting system of any of claims 5-7, wherein the at least one gRNA
comprises a gRNA spacer sequence that is capable of hybridizing to the target site or is

complementary to the target site.

9. The DNA-targeting system of any of claims 5-8, wherein the Cas protein or
variant thereof is a deactivated Cas9 (dCas9) protein, optionally a Staphylococcus aureus dCas9

(dSaCas9) protein or a Streptococcus pyogenes dCas9 (dS9Cas9) protein.

10. A DNA-targcting systcm comprising a DNA-targcting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a Streptococcus pyogenes dCas9 (dSpCas9) protein;

(b) at least one effector domain that increases transcription of a methyl-CpG-binding
protein 2 (MeCP2) locus; and

(c) at least one gRNA comprising a gRNA spacer sequence that is capable of hybridizing
to a target site in a regulatory DNA element of a MeCP2 locus or is complementary to the target

site.

11. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a Streptococcus pyogenes dCas9 (dSpCas9) protein; and

(b) at least one gRNA comprising a gRNA spacer sequence that is capable of hybridizing
to a targct sitc in a regulatory DNA clement of a McCP2 locus or is complementary to the target

site.

12 The DNA-targeting system of claim 11, further comprising at least one effector

domain that increases transcription of a methyl-CpG-binding protein 2 (MeCP2) locus.

13. The DNA-targeting system of any of claims 5 and 7-12, wherein the Cas protein
or a variant thereof is a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least
one amino acid mutation selected from D10A and H840A, with reference to numbering of
positions of SEQ ID NO:96, and/or the variant Cas9 protein comprises the sequence set forth in
SEQ ID NO:95, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%,
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96%, 97%, 98%, or 99% sequence idenlity thereto.

14. The DNA-targeting system of any of claims 5 and 7-9, wherein the Cas protein or
a variant thereof is a Staphylococcus aureus dCas9 protein (dSaCas9) that comprises at least one
amino acid mutation selected from D10A and N580A, with reference to numbering of positions
of SEQ ID NO:99, and/or the variant Cas9 protein comprises the sequence set forth in SEQ ID
NO:98, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%. 96%,
97%, 98%, or 99% sequence identity thereto.

15. The DNA-targeting system of any of claims 5 and 7-14, whercin the Cas protcin
or variant thereof is a split variant Cas protcin, whercin the split variant Cas protcin compriscs a
first polypeptide comprising an N-terminal fragment of the variant Cas protein and an N-
terminal Intein, and a second polypeptide comprising a C-terminal fragment of the variant Cas
protein and a C-terminal Intein, wherein when the first polypeptide and the second polypeptide
of the split variant Cas protein are present in proximity or present in the same cell, the N-
terminal Intein and C-terminal Intein self-excise and ligate the N-terminal fragment and the C-

terminal fragment of the variant Cas protein to form a full-length variant Cas protein.

16. The DNA-targeting system of claim 15, wherein:

the N-terminal Intein comprises an N-terminal Npu Intein, or the sequence set forth in
SEQ ID NO:129, or an amino acid sequence that has at least 90%. 91%, 92%, 93%, 94%, 95%,
96%, 97%. 98%, or 99% sequence identity thereto, or a portion of any of the foregoing; and

the N-terminal fragment of the variant Cas protein comprises:

the N-tcrminal fragment of variant SpCas9 from the N-tcrminal end up to position 573 of
the dSpCas9 sequence set forth in SEQ 1D NO:95, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95%, 969, 97 %, 98%, or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:127, or an amino acid sequence that has at least
90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto, or a
portion of any of the foregoing; and/or the C-terminal Intein comprises a C-terminal Npu Intein,
or the sequence set forth in SEQ ID NO:133, or an amino acid sequence that has at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto, or a portion of
any of the foregoing; and

the C-terminal fragment of the variant Cas protein comprises:

the C-terminal fragment of variant SpCas9 from position 574 to the C-terminal end of
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the dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:135, or an amino acid sequence that has at least
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% sequence identity thereto, or a

portion of any of the foregoing.

17. The DNA-targeting system of any of claims 1-16, wherein the target site
comprises the sequence set forth in any one of SEQ ID NOs: 1-29, a contiguous portion thereof

of at least 14 nt, or a complementary sequence of any of the foregoing.

18. Thc DNA-targeting systcm of any of claims 1-17, whercin the target site is
located within the genomic coordinates human genome assembly GRCh38 (hg38)

chrX:154,097,151-154,098,158.

19. The DNA-targeting system of any of claims 1-18, wherein the target site
comprises the sequence set forth in SEQ ID NO: 9 or 27, a contiguous portion thereof of at least

14 nt, or a complementary sequence of any of the foregoing.

20. The DNA-targeting system of any of claims 1-19, wherein:

the target site comprises the sequence set forth in SEQ ID NO: 9, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of any of the foregoing; and/or

the at least one gRNA comprises a gRINA spacer sequence comprising the sequence set

forth in SEQ ID NO:39, or a contiguous portion thereof of at least 14 nt.

21. The DNA-targeting system of claim 20, wherein the at least one gRNA further
comprises the sequence set forth in SEQ ID NO:30, and/or wherein the at least one gRNA
comprises a gRNA that comprises the sequence set forth in SEQ ID NO:69, optionally wherein
the at least one gRINA is the gRNA sequence set forth in SEQ ID NO:69.

22 The DNA-targeting system of any of claims 1-19, wherein:

the target site comprises the sequence set forth in SEQ ID NO: 27, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of any of the foregoing; and/or

the at least one gRNA comprises a gRNA that comprises a gRNA spacer sequence

comprising the sequence set forth in SEQ ID NO:57, or a contiguous portion thereof of at least
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14 nt.

23. The DNA-targeting system of claim 22, wherein the at least one gRNA further
comprises the sequence set forth in SEQ ID NO:30; and/or wherein the at least one gRNA
comprises a gRNA that comprises the sequence set forth in SEQ ID NO:87, optionally wherein
the at least one gRINA is the gRNA sequence set forth in SEQ ID NO:87.

24. The DNA-targeting system of any of claims 6-23, wherein the gRNA spacer
sequence is between 14 nt and 24 nt, or between 16 nt and 22 nt in length, optionally wherein

the gRINA spacer sequence is 18 nt, 19 nt, 20 nt, 21 nt or 22 nt in length.

25. The DNA-targeting system of any of claims 5-24, wherein the gRNA comprises

modified nucleotides for increased stability.

26. The DNA-targeting system of any of claims 1-25, wherein the DNA-largeling
system further comprises at least one effector domain, optionally wherein the DNA-targeting
domain or a component thereof is fused to the at least one effector domain, optionally wherein
the DNA-targeting domain comprises a Cas-gRNA combination comprising (a) a Cas protein or
a variant thereof and (b) at least one gRNA, and the component thereof fused to the at least one

effector domain is the Cas protein or a variant thereof.

27. The DNA-targeting system of claim 26, wherein the effector domain induces
transcription activation, transcription co-activation, transcription elongation, transcription de-
repression, histonc modification, nuclcosome remodceling, chromatin remodcling, reversal of

heterochromatin formation, DNA demethylation, or DNA base oxidation.

28. The DNA-targeting system of claims 26 or 27, wherein the effector domain

induces transcription de-repression.

29. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in
SEQ ID NO:95 fused to at least one effector domain that induces transcription de-repression;

and
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(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set [orth in
SEQ ID NO:39.

30. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein set forth in
SEQ ID NO:95 fused to at least one effector domain that induces transcription de-repression;
and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in
SEQ ID NO:57.

31. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a first polypeptide of a split variant Cas9 protein comprising an N-terminal fragment
ol a Srreprococcus pyogenes deaclivated Cas9 protein (dSpCas9) protein fused to an N-terminal
intein and at least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in
SEQ ID NO:39.

32. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a first polypeptide of a split variant Cas9 protein comprising an N-terminal fragment
of a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein fused to an N-terminal
intcin and at lcast onc cffcctor domain that induccs transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in
SEQ ID NO:57.

33. The DNA-targeting system of claim 31 or 32, further comprising a second
polypeptide of a split variant Cas9 protein comprising a C-terminal fragment of the dSpCas9

fused to a C-terminal Intein.

34. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a second polypeptide of a split variant Cas9 protein comprising a C-terminal fragment
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ol a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein fused to an C-terminal
intein and at least one effector domain that induces transcription de-repression; and

(b) at least one gRNA that is a gRNA comprising a gRNA spacer sequence set forth in
SEQ ID NO:39.

35. A DNA-targeting system comprising a DNA-targeting domain that is a Cas-guide
RNA (gRNA) combination comprising:

(a) a second polypeptide of a split variant Cas9 protein comprising a C-terminal fragment
of a Streptococcus pyogenes deactivated Cas9 protein (dSpCas9) protein fused to a C-terminal
intcin and at lcast onc cffcctor domain that induces transcription de-repression; and

(b) at Icast onc gRNA that is a gRNA comprising a gRNA spaccr scquence sct forth in
SEQ ID NO:57.

36. The DNA-targeting system of claim 34 or 35, further comprising a first
polypeptide of a split variant Cas9 protein an N-terminal (ragment of the dSpCas9 [used (o an

N-terminal Intein.

37. The DNA-targeting system of any of claims 31-36, wherein when the first
polypeptide and the second polypeptide of the split variant Cas9 are present in proximity or
present in the same cell, the N-terminal Intein and C-terminal Intein self-excise and ligate the N-
terminal fragment and the C-terminal fragment of the variant Cas9 to form a full-length variant

Cas9 protein.

38. The DNA-targeting system of claim 37, wherein:

the N-terminal Intein comprises an N-terminal Npu Intein, or the sequence set forth in
SEQ ID NO:129, or an amino acid sequence that has at least 90%. 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% ., or 99% sequence identity thereto, or a portion of any of the foregoing; and

the N-terminal fragment of the variant Cas9 comprises:

the N-terminal fragment of variant SpCas9 from the N-terminal end up to position 573 of
the dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:127, or an amino acid sequence that has at least
0%, 91%, 92%, 93%, 94%, 95%, 96%, Y7 %, 98%, or 99% sequence identity thereto, or a

portion of any of the foregoing; and/or the C-terminal Intein comprises a C-terminal Npu Intein,
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or the sequence set [orth in SEQ ID NO:133, or an amino acid sequence that has at least 90%,
91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, or 99% sequence identity thereto, or a portion of
any of the foregoing; and

the C-terminal fragment of the variant Cas9 comprises:

the C-terminal fragment of variant SpCas9 from position 574 to the C-terminal end of
the dSpCas9 sequence set forth in SEQ ID NO:93, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 949%, 95%, 96%, 97 %, 98%, or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:135, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 5%, Y69, Y7 %, 98%, or 99% sequence identity thereto, or a

portion of any of the forcgoing.

39. The DNA-targeting system of any of claims 2-38, wherein the effector domain
comprises a catalytic domain of a ten-eleven translocation (TET) family methylcytosine

dioxygenase or a portion or a variant thereof.

40. The DNA-targeting system of any of claims 2-39, wherein the effector domain
comprises a catalytic domain of a Ten-eleven translocation methylcytosine dioxygenase 1
(TET1) or a portion or a variant thereof, and/or the effector domain comprises the sequence set
forth in SEQ ID NO:93, or a portion thereof, or an amino acid sequence that has at least 90%,
9%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any of the foregoing.

41. The DNA-targeting system of any of claims 2-40, wherein the at least one
effector domain is fused to the N-terminus, the C-terminus, or both the N-terminus and the C-

tcrminus, of the DNA-targeting domain or a componcnt thercof,

42. The DNA-targeting system of any of claims 2-41, further comprising one or more
linkers connecting the DNA-targeting domain or a component thereof to the at least one effector

domain, and/or further comprising one or more nuclear localization signals (NLS).

43. The DNA-targeting system of any of claims 1-42, wherein the DNA-targeting
system comprises the sequence set forth in SEQ ID NO:91, or an amino acid sequence that has

at least 90%, 91%, 92%, 93%, 94%., 95%., 96%, 97%, 98% ., or 99% sequence identity thereto.

44. A combination, comprising:
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a [irst DNA-largeting domain comprising the DNA targeting domain of any of claims 1-
43, and
one or more second DNA-targeting domains, optionally wherein the one or more second

DNA-targeting domains comprises the DNA targeting domain of any of claims 1-43.

45, The combination of claim 44, wherein:
the first DN A-targeting domain binds a first target site in the MeCP2 locus; and
the second DN A-targeting domain binds a second target site in the MeCP2 locus.

46. The combination of claim 44 or 45, wherein the first target sitc and the sccond
targcet sitc independently arc located within the genomic coordinates hg38 chrX:154,097,151-
154,098,158.

47. The combination of any of claims 44-46, wherein the first Cas protein or a variant
thereol and/or the second Cas protein or a variant thereol is a deactivated Cas9 (dCas9) protein,
optionally a Staphviococcus aureus dCas9 (dSaCas9) protein or a Streprococcus pyogenes dCas9

(dS9Cas9) protein.

48. The combination of claim 47, wherein the first variant Cas protein and/or the
second variant Cas protein is a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises
at least one amino acid mutation selected from D10A and H840A, with reference to numbering
of positions of SEQ ID NO:96; or comprises the sequence set forth in SEQ ID NO:95, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%, 949, 95%, 96 %, 97%., 98%, or
99% scquencce identity thercto.

49. The combination of claim 47, wherein the first variant Cas protein and/or the
second variant Cas protein is a Staphylococcus aureus dCas9 protein (dSaCas9) that comprises
at least one amino acid mutation selected from D10A and N580A, with reference to numbering
of positions of SEQ ID NO:99; or comprises the sequence set forth in SEQ ID NO:98, or an
amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, or

99% sequence identity thereto.

50. The combination of any of claims 44-49, wherein the first variant Cas protein

and/or the second variant Cas protein is a split variant Cas9 protein, wherein the split variant
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Cas9 prolein comprises a [irst polypeptide comprising an N-terminal [ragment of the variant
Cas9 and an N-terminal Intein, and a second polypeptide comprising a C-terminal fragment of

the variant Cas9 and a C-terminal Intein.

51. The combination of any of claims 44-50, wherein the first Cas protein and the

second Cas protein are the same.

52. The combination of any of claims 44-50, wherein the first Cas protein and the

second Cas protein are different.

53. Thc combination of any of claims 44-52, whcerein the first Cas protcin or a variant
thereof and/or the second Cas protein or a variant thereof is fused to at least one effector
domain, optionally wherein the effector domain induces transcription activation, transcription
co-activation, transcription elongation, transcription de-repression, histone modification,
nucleosome remodeling, chromalin remodeling, reversal of heterochromaltin formation, DNA
demethylation, or DNA base oxidation, optionally wherein the effector domain induces

transcription de-repression.

54. The combination of any of claims 44-53, wherein the first Cas protein and the
second Cas protein are encoded in a first polynucleotide and/or the first gRNA and the second

gRNA are encoded in a first polynucleotide.

55. The combination of any of claims 44-53, wherein the first Cas protein is encoded
in a first polynuclcotide and the sccond Cas protein is cncoded in a sccond polynuclcotidc;
and/or wherein the first gRNA is encoded in a first polynucleotide and the second gRNA is
encoded in a second polynucleotide, optionally wherein the first Cas protein and the first gRNA
are encoded in a first polynucleotide, and the second Cas protein and the second gRNA are

encoded in a second polynucleotide.

56. A guide RNA (gRNA) that binds a target site located within the genomic
coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158.

57. A guide RNA (gRNA) that binds a target site comprising the sequence set forth

in any one of SEQ ID NOs: 1-29, a contiguous portion thereof of at least 14 nt, or a
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complementary sequence of any of the [oregoing.

58. The gRNA of claim 56 or 57, wherein the target site comprises the sequence set
forth in SEQ ID NO: 9 or 27, a contiguous portion thereof of at least 14 nt, or a complementary

sequence of any of the foregoing.

59. The gRNA of any of claims 56-58, wherein:

the target site comprises the sequence set forth in SEQ ID NO: 9, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of any of the foregoing; and/or

the gRNA compriscs a gRNA spaccr scquence comprising the sequence sct forth in SEQ
ID NO:39, or a contiguous portion thercof of at Icast 14 nt.

60. The gRNA of any of claims 56-59, wherein the gRNA further comprises the
sequence set forth in SEQ ID NO:30, optionally wherein the gRNA comprises the sequence set
forth in SEQ ID NO:69, optionally wherein the gRINA sequence is set forth in SEQ ID NO:69.

61. The gRNA of any of claims 56-58, wherein:

the target site comprises the sequence set forth in SEQ ID NO: 27, a contiguous portion
thereof of at least 14 nt, or a complementary sequence of any of the foregoing; and/or

the gRNA comprises a gRNA spacer sequence comprising the sequence set forth in SEQ

ID NO:57, or a contiguous portion thereof of at least 14 nt.

62. The gRNA of any of claims 56-58, and 61, wherein the gRNA further comprises
the scquence set forth in SEQ ID NO:30, optionally wherein the gRNA compriscs the sequence
set forth in SEQ 1D NO:87, optionally wherein the gRNA sequence is set forth in SEQ 1D
NO:87.

63. The gRNA of any of claims 56-62, wherein the gRNA spacer sequence is
between 14 nt and 24 nt, or between 16 nt and 22 nt in length, optionally wherein the gRNA

spacer sequence is 18 nt, 19 nt, 20 nt, 21 nt or 22 nt in length.

64. The gRNA of any of claims 56-63, wherein the gRINA comprises modified

nucleotides for increased stability.
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65. The gRNA of any of claims 56-64, wherein the gRNA is capable of complexing

with the Cas protein or variant thereof.

66. A combination, comprising a first gRNA comprising the gRNA of any of claims
56-65, and one or more second gRNAs that binds to a second target site in a regulatory DNA

element of a methyl-CpG-binding protein 2 (MeCP2) locus.

67. The combination of claim 66, wherein the second gRNA comprises the gRNA of
any of claims 56-65.

68. A combination, comprising:

a first gRN A that binds a first target site in a regulatory DNA element of a methyl-CpG-
binding protein 2 (MeCP2) locus, wherein the first target site is located within the genomic
coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-154,098,158; and

a second gRNA that binds a second target sile in a regulatory DNA element of a MeCP2
locus, wherein the second target site is located within the genomic coordinates hg38

chrX:154,097,151-154,098,158.

69. A Tfusion protein comprising (1) a DNA-targeting domain or a component thereof
and (2) at least one effector domain, wherein:

the DNA-targeting domain or a component thereof binds to a target site in a regulatory
DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus; and

the effector domain increases transcription of the MeCP2 locus.

70. A Tusion protein comprising (1) a DNA-targeting domain or a component thereof
and (2) at least one effector domain, wherein:

the DNA-targeting domain or a component thereof binds to a target site in a regulatory
DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus; and

the effector domain induces transcription activation, transcription co-activation,
transcription elongation, transcription de-repression, histone modification, nucleosome
remodeling, chromatin remodeling, reversal of heterochromatin formation, DNA demethylation,

or DNA base oxidation.

71. The fusion protein of claim 69 or 70, wherein the DNA-targeting domain

214

CA 03227105 2024-1-25



WO 2023/010135 PCT/US2022/074355

comprises a Clustered Regularly Interspaced Short Palindromic Repeats associated (Cas)-guide
RNA (gRNA) combination comprising (a) a Cas protein or a variant thereof and (b) at least one
gRNA; a zinc finger protein (ZFP); a transcription activator-like effector (TALE); a
meganuclease; a homing endonuclease; or an I-Scel enzyme or a variant thereof, optionally
wherein the DNA-targeting domain comprises a catalytically inactive variant of any of the

foregoing.

72. The fusion protein of any of claims 69-71, wherein the DNA-targeting domain
comprises a Cas-gRINA combination comprising a Cas protein or a variant thercof and at least
onc gRNA, and the component of the DNA-targeting domain is a Cas protcin or a variant

thercof.

73. A fusion protein comprising (1) a Cas protein or a variant thereof and (2) at least

one effector domain, wherein the effector domain increases transcription of the MeCP2 locus.

74. A fusion protein comprising (1) a first polypeptide of a split variant Cas protein
comprising an N-terminal fragment of a Cas protein and an N-terminal Intein, and (2) at least
one effector domain, wherein the effector domain induces transcription activation, transcription
co-activation, transcription elongation, transcription de-repression, histone modification,
nucleosome remodeling, chromatin remodeling, reversal of heterochromatin formation, DNA

demethylation, or DNA base oxidation.

75. A fusion protein comprising (1) a first polypeptide of a split variant Cas protein
comprising an N-tecrminal fragment of a Cas protcin and an N-terminal Intcin, and (2) at Icast

one effector domain, wherein the effector domain increases transcription of the MeCP2 locus.

76. A fusion protein comprising (1) a second polypeptide of a split variant Cas
protein comprising a C-terminal fragment of a Cas protein and a C-terminal Intein and (2) at
least one effector domain, wherein the effector domain induces transcription activation,
transcription co-activation, transcription elongation, transcription de-repression, histone
modification, nucleosome remodeling, chromatin remodeling, reversal of heterochromatin

formation, DNA demethylation, or DNA base oxidation.

77. A fusion protein comprising (1) a second polypeptide of a split variant Cas
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protein comprising a C-terminal fragment of a Cas protein and a C-terminal Intein and (2) at
least one effector domain, wherein the effector domain increases transcription of the MeCP2

locus.

78. The fusion protein of any of claims 71-77, wherein the Cas protein or a variant

thereof is capable of complexing with at least one gRNA.

79. The fusion protein of any of claims 71-77, wherein the gRNA binds to a target
site in a regulatory DNA element of a methyl-CpG-binding protein 2 (MeCP2) locus.

80. The fusion protcin of any of claims 69-79, wherein binding of thc DNA-targeting
domain or a component thereof targeted to the target site does not introduce a genetic disruption

or a DNA break at or near the target site.

81. The [usion protein of any of claims 71-80, wherein the Cas prolein or variant

thereof is a deactivated Cas (dCas) protein.

82. The fusion protein of any of claims 71-81, wherein the Cas protein or variant
thereof is a deactivated Cas9 (dCas9) protein, optionally a Staphylococcus aureus dCas9

(dSaCas9) protein or a Streptococcus pyogenes dCas9 (dS9Cas9) protein.

83. The fusion protein of any of claims 71-82, wherein the Cas protein or variant
thereof is a Streptococcus pyogenes dCas9 (dSpCas9) protein that comprises at least one amino
acid mutation sclected from D10A and H840A, with reference to numbcering of positions of SEQ
1D NO:96; and/or the variant Cas9 protein comprises the sequence set forth in SEQ 1D NO:95,
or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

or 99% sequence identity thereto.

84. The fusion protein of any of claims 71-82, wherein the Cas protein or variant
thereof is a Streptococcus aureus dCas9 protein (dSaCas9) that comprises at least one amino
acid mutation selected from D10A and N580A, with reference to numbering of positions of SEQ
ID NO:99; and/or the variant Cas9 protein comprises the sequence set forth in SEQ ID NO:98,
or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

or 99% sequence identity thereto.
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83. The fusion protein of any of claims 71-84, wherein the Cas protein or variant
thereof is a split variant Cas protein, wherein the split variant Cas protein comprises a first
polypeptide comprising an N-terminal fragment of the variant Cas protein and an N-terminal
Intein, and a second polypeptide comprising a C-terminal fragment of the variant Cas protein
and a C-terminal Intein, wherein when the first polypeptide and the second polypeptide of the
split variant Cas protein are present in proximity or present in the same cell, the N-terminal
Intein and C-terminal Intein self-excise and ligate the N-terminal fragment and the C-terminal

fragment of the variant Cas protein to form a full-length variant Cas protein.

86. The fusion protcin of claim 85, whercin:

the N-terminal Intein comprises an N-terminal Npu Intein, or the sequence set forth in
SEQ ID NO:129, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity thereto, or a portion of any of the foregoing; and

the N-terminal fragment of the variant Cas protein comprises:

the N-terminal fragment of variant SpCas9 from the N-terminal end up to position 573 of
the dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:127, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% sequence identity thereto, or a
portion of any of the foregoing; and/or the C-terminal Intein comprises a C-terminal Npu Intein,
or the sequence set forth in SEQ ID NO:133, or an amino acid sequence that has at least 90%,
91%, 92%, 93%, 949, 95%, 96%, Y7%, 98%, or 99% sequence identity thereto, or a portion of
any of the forcgoing; and the C-terminal fragment of the variant Cas protcin compriscs:

the C-terminal fragment of variant SpCas9 from position 574 to the C-terminal end of
the dSpCas9 sequence set forth in SEQ ID NO:95, or an amino acid sequence that has at least
90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto; or

the sequence set forth in SEQ ID NO:135, or an amino acid sequence that has at least
90%, 91%, 92%, 93%, 949%, 95%, 96%, 97%, 98%, or 99% sequence identity thereto, or a
portion of any of the foregoing.

87. The fusion protein of any of claims 69-86, wherein the target site is located
within the genomic coordinates human genome assembly GRCh38 (hg38) chrX:154,097,151-
154,098,158.
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38. The fusion protein of any of claims 69-87, wherein the target site comprises the
sequence set forth in any one of SEQ ID NOS:1-29, a contiguous portion thereof of at least 14

nt, or a complementary sequence of any of the foregoing.

89. The fusion protein of any of claims 69-88, wherein the target site comprises the
sequence set forth in SEQ ID NO:9 or 27, a contiguous portion thereof of at least 14 nt, or a

complementary sequence of any of the foregoing.

90. The fusion protcin of any of claims 69-89, wherein the cffector domain induces

transcription de-repression, DNA demcthylation or DNA basc oxidation.

91. The fusion protein of any of claims 69-90, wherein the effector domain comprises
a catalytic domain of a Ten-eleven translocation (TET) family methylcytosine dioxygenase or a
portion or a variant thereol, or the effector domain comprises a catalylic domain of a Ten-eleven
translocation methylcytosine dioxygenase 1 (TET1) or a portion or a variant thereof, optionally
wherein the effector domain comprises the sequence set forth in SEQ ID NO:93, or a portion
thereof, or an amino acid sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, or 99% sequence identity to any of the foregoing.

92. The fusion protein of any of claims 69-91, wherein the at least one effector
domain is fused to the N-terminus, the C-terminus, or both the N-terminus and the C-terminus,
of the DNA-targeting domain or a component thereof, optionally wherein the at least one
cffector domain is fusced to the N-terminus, the C-terminus, or both the N-tcrminus and the C-

terminus of the Cas protein or a variant thereof.

93. The fusion protein of any of claims 69-92, further comprising one or more linkers
connecting the DNA-targeting domain or a component thereof, optionally the Cas protein or
variant thereof, to the at least one effector domain, and/or further comprising one or more

nuclear localization signals (NLS).

94. The fusion protein of any of claims 69-93, wherein the fusion protein comprises
the sequence set forth in SEQ ID NO:91, or an amino acid sequence that has at least 90%, 91%,
2%, 93%, 94%, 95%, 96%, V7%, 98%, or 99% sequence identity thereto.
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95. A combination comprising the fusion protein of any of claims 69-94, and at least

one gRNA, optionally wherein the at least one gRNA is a gRNA of any of claims 56-65.

96. A polynucleotide encoding the DNA-targeting system of any of claims 1-43, the
gRNA of any of claims 56-65, the combination of any of claims 44-55, 66-68, and 95, or the

fusion protein of any of claims 69-94, or a portion or a component of any of the foregoing.

97. A polynucleotide encoding a first DNA-targeting system, a first Cas protein
and/or a first gRNA of thc DNA-targcting system of any of claims 1-43 or the combination of
any of claims 44-55, 66-68, and 95.

98. A polynucleotide encoding a second DNA-targeting system, a second Cas protein
and/or a second gRNA of the DNA-targeting system of any of claims 1-43 or the combination of
any ol claims 44-55, 66-68, and 95.

99. A plurality of polynucleotides, comprising the polynucleotide of any of claims
96-98, and one or more additional polynucleotides encoding an additional portion or an
additional component of the DNA-targeting system of any of claims 1-43, the gRNA of any of
claims 56-65, the combination of any of claims 44-55, 66-68, and 95, or the fusion protein of

any of claims 69-94, or a portion or a component of any of the foregoing.

100. A plurality of polynucleotides, comprising:
a first polynuclcotide comprising the polynucleotide of claim 97; and

a second polynucleotide comprising the polynucleotide of claim 98.

101. A vector comprising the polynucleotide of any of claims 96-98, the plurality of
polynucleotides of claim 99 or 100, or a first polynucleotide or a second polynucleotide of the
plurality of polynucleotides of claim 99 or 100, or a portion or a component of any of the

foregoing.

102.  The vector of claim 101, wherein the vector is a viral vector, optionally wherein

the viral vector is an AAV vector.
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103.  The vector of claim 102, wherein the viral vector, optionally the AAV vector,
exhibits tropism for 4 nervous system cell, optionally a neuron, a heart cell, optionally a
cardiomyocyte, a skeletal muscle cell, a fibroblast, an induced pluripotent stem cell, or a cell
derived from any of the foregoing, and/or wherein the viral vector is an AAV vector and the
AAYV vector is selected from among AAV1, AAV2, AAV3, AAV4, AAVS5, AAV6, AAV7,
AAVSE, AAV9, AAV10, AAVI1I, AAV12, or AAV-DJ vector, optionally an AAV9 vector.

104. The vector of claim 101, wherein the vector 1s a non-viral vector selected from: a

lipid nanoparticle, a liposome, an exosome, or a cell penetrating peptide.

105. A plurality of vectors, comprising the vector of any of claims 101-104, and onc
or more additional vectors comprising one or more additional polynucleotides encoding an
additional portion or an additional component of the DN A-targeting system of any of claims 1-
43, the gRNA of any of claims 56-65, the combination of any of claims 44-55, 66-68, and 95, or

the [usion protein of any of claims 69-94, or a portion or a component ol any of the [oregoing.

106. A plurality of vectors, comprising:
a first vector comprising the polynucleotide of claim 97; and

a second vector comprising the polynucleotide of claim 98.

107. A cell comprising the DNA-targeting system of any of claims 1-43, the gRNA of
any of claims 56-63, the combination of any of claims 44-55, 66-68, and 95, the fusion protein
of any of claims 69-94, the polynucleotide of any of claims 96-98, the plurality of
polynucleotides of claim 99 or 100, the vector of any of claims 101-104, the plurality of vectors

of claim 105 or 106, or a portion or a component of any of the foregoing.

108.  The cell of claim 107, wherein is a nervous system cell, optionally a neuron, a
heart cell, optionally a cardiomyocyte, a skeletal muscle cell, a fibroblast, an induced pluripotent
stem cell, or a cell derived from any of the foregoing, optionally a nervous system cell,
optionally a neuron, or an induced pluripotent stem cell, optionally a nervous system cell,

optionally a neuron, or an induced pluripotent stem cell.

109. The cell of claim 107 or 108, wherein the cell is from a subject that has or is

suspected of having that has or is suspected of having Rett syndrome, MeCP2-related severe
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neonatal encephalopathy, Angelman syndrome, or PPM-X syndrome, optionally wherein the cell

is from a subject that has or is suspected of having Rett syndrome.

110. A pharmaceutical composition comprising the DNA-targeting system of any of
claims 1-43, the gRNA of any of claims 56-65, the combination of any of claims 44-55, 66-68,
and 93, the fusion protein of any of claims 69-94, the polynucleotide of any of claims 96-98, the
plurality of polynucleotides of claim 99 or 100, the vector of any of claims 101-104, the

plurality of vectors of claim 105 or 106, or a portion or a component of any of the foregoing.

111. A mcthod for modulating the cxpression of methyl-CpG-binding protcin 2
(McCP2) in a ccll, thc mcthod comprising:

introducing the DN A-targeting system of any of claims 1-43, the gRNA of any of claims
56-65, the combination of any of claims 44-55, 66-68, and 95, the fusion protein of any of
claims 69-94, the polynucleotide of any of claims 96-98, the plurality of polynucleotides of
claim 99 or 100, the vector of any of claims 101-104, the plurality of vectors of claim 105 or 106
the pharmaceutical composition of claim 110, or a portion or a component of any of the

foregoing, into the cell.

112. The method of claim 111, wherein the cell is from a subject that has or is
suspected of having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman
syndrome, or PPM-X syndrome, optionally wherein the cell is from a subject that has or is

suspected of having Rett syndrome.

113. A mcthod for modulating the cxpression of methyl-CpG-binding protcin 2
{MeCP2) in a subject, the method comprising:

administering the DN A-targeting system of any of claims 1-43, the gRNA of any of
claims 56-65, the combination of any of claims 44-55, 66-68, and 95, the fusion protein of any
of claims 69-94, the polynucleotide of any of claims 96-98, the plurality of polynucleotides of
claim 99 or 100, the vector of any of claims 101-104, the plurality of vectors of claim 105 or
106the pharmaceutical composition of claim 110, or a portion or a component of any of the

foregoing, to the subject.

114.  The method of claim 112 or 113, wherein the subject has or is suspected of

having Rett syndrome, MeCP2-related severe neonatal encephalopathy, Angelman syndrome, or
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PPM-X syndrom, optionally wherein the subject has or is suspected of having Rell syndrome.

115. A method of treating Rett syndrome, MeCP2-related severe neonatal
encephalopathy, Angelman syndrome, or PPM-X syndrome, the method comprising:

administering the DNA-targeting system of any of claims 1-43, the gRNA of any of
claims 56-65, the combination of any of claims 44-55, 66-68, and 95, the fusion protein of any
of claims 69-94, the polynucleotide of any of claims 96-98, the plurality of polynucleotides of
claim 99 or 100, the vector of any of claims 101-104, the plurality of vectors of claim 105 or 106
the pharmaceutical composition of claim 110, or a portion or a component of any of the
forcgoing, to a subjcct that has or is suspccted of having Rett syndrome, McCP2-related scvere

nconatal ecnccphalopathy, Angclman syndrome, or PPM-X syndromc.

116. A method of treating Rett syndrome, the method comprising:

administering the DNA-targeting system of any of claims 1-43, the gRNA of any of
claims 56-635, the combination of any of claims 44-55, 66-68, and 95, the (usion protein of any
of claims 69-94, the polynucleotide of any of claims 96-98, the plurality of polynucleotides of
claim 99 or 100, the vector of any of claims 101-104, the plurality of vectors of claim 105 or 106
the pharmaceutical composition of claim 110, or a portion or a component of any of the

foregoing, to a subject that has or is suspected of having Rett syndrome.

117.  The method of any of claims 111-116, wherein:

a cell in the subject comprises a mutant MeCP2 allele in the active X chromosome,
optionally wherein the mutant MeCP2 allele comprises a mutation corresponding to R255X;
and/or a ccll in the subject compriscs a wild-typec McCP2 allcle in the inactive X chromosomc;
and/or

a cell in the subject exhibits reduced or minimal expression of the wild-type MeCP2

compared to a cell from a normal subject.

118. The method of any of claims 111-116, wherein the cell is a nervous system cell,
optionally a neuron, a heart cell, optionally a cardiomyocyte, a skeletal muscle cell, a fibroblast,
an induced pluripotent stem cell, or a cell derived from any of the foregoing, optionally a

nervous system cell, optionally a neuron, or an induced pluripotent stem cell.

119.  The method of any of claims 111-118, wherein the introducing, contacting or
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administering is carried out in vivo or ex vivo.

120. The method of any of claims 111-119, wherein following the introducing,
contacting or administering, the expression of the wild-type MeCP2 allele from the inactive X
chromosome is increased in the cell or the subject, optionally wherein:

the expression is increased at least about 2-fold, 2.5-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-
fold, 75-fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-fold, or 30-fold; and/or the expression
is increased by less than about 200-fold, 150-fold, or 100-fold; and/or

the expression of the wild-type MeCP2 allele is increased to at least 20%, 25%, 30%,
40%, 50% ., 60%, 70%, 80%, 90%, or 100% of the cxpression of the wild-type McCP2 of a cell

from a normal subjcct.

121.  The method of any of claims 111-120, wherein the subject is a human.
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