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DESCRIPTION

Description

[0001] The present disclosure relates to compositions and methods for increasing the
efficiency of targeted genome modification, targeted transcriptional regulation, or targeted
epigenetic modification.

BACKGROUND

[0002] Programmable endonucleases have increasingly become an important tool for targeted
genome engineering or modification in eukaryotes. Recently, RNA-guided clustered regularly
interspersed short palindromic repeats (CRISPR) systems have emerged as a new generation
of genome modification tools. These new programmable endonucleases provided
unprecedented simplicity and versatility as compared to previous generations of nucleases
such as zinc finger nucleases (ZFNs) and transcription activator-like effector nucleases
(TALENSs). However, chromatin barriers in eukaryotic cells can hinder target access and
cleavage by the prokaryote-derived CRISPR systems (Hinz et al, Biochemistry, 2015, 54:7063-
66; Horlbeck et al., eLife, 2016, 5:e12677).

[0003] In fact, no or low editing activity on certain mammalian genomic sites has been
observed when using Strepfococcus pyogenes Cas9 (SpCas9), which is considered the most
active CRISPR nuclease to date. Moreover, many of the CRISPR nucleases that have been
characterized thus far exhibit no activity in mammalian cells, even though they are active in
bacteria or on purified DNA substrates. Therefore, there is a need to improve the ability of
CRISPR nuclease systems and other programmable DNA modification proteins to overcome
chromatin hindrance to increase the efficiency of targeted genome or epigenetic modification in
eukaryotes.

SUMMARY

[0004] Among the various aspects of the present disclosure is the provision of a fusion protein
comprising a clustered regularly interspersed short palindromic repeats (CRISPR) protein
linked to at least one nucleosome interacting protein domain, wherein the CRISPR protein is a
type Il CRISPR/Cas9 nuclease or nickase, or the CRISPR protein is a type V CRISPR/Cpf1
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nuclease or nickase, and wherein the fusion protein further comprises at least one nuclear
localization signal, and wherein the at least one nucleosome interacting protein domain is a
high mobility group (HMG) box (HMGB) DNA binding domain, a HMG nucleosome-binding
(HMGN) protein, a central globular domain from a histone H1 variant, a DNA binding domain
from a chromatin remodeling complex protein, or a combination thereof. In certain
embodiments, the CRISPR protein can be Streptococcus pyogenes Cas9 (SpCas9),
Streptococcus thermophilus Cas9 (StCas9), Streptococcus pasteurianus (SpaCas9),
Campylobacter jejuni Cas9 (CjCas9), Staphylococcus aureus (SaCas9), Francisella novicida
Cas9 (FnCas9), Neisseria cinerea Cas9 (NcCas9), Neisseria meningitis Cas9 (NmCas9),
Francisella novicida Cpfl (FnCpf1), Acidaminococcus sp. Cpf1 (AsCpf1), or Lachnospiraceae
bacterium ND2006 Cpf1 (LbCpf1).

[0005] In other embodiments, the CRISPR protein has non-nuclease activity. In such iterations,
the CRISPR protein can be a type Il CRISPR/Cas9 protein modified to lack all nuclease activity
and linked to a non-nuclease domain, or a type V CRISPR/Cpf1 protein modified to lack all
nuclease activity and linked to a non-nuclease domain, wherein the non-nuclease domain can
have cytosine deaminase activity, histone acetyltransferase activity, transcriptional activation
activity, or transcriptional repressor activity.

[0006] In certain embodiments, the at least one nucleosome interacting protein domain of the
CRISPR fusion protein can be HMGB1 box A domain, HMGN1 protein, HMIGN2 protein,
HMGNS3a protein, HMGN3b protein, histone H1 central globular domain, imitation switch (ISWI)
protein DNA binding domain, chromodomain-helicase-DNA protein 1 (CHD1) DNA binding
domain, or a combination thereof.

[0007] The at least one nucleosome interacting protein domain can be linked to the CRISPR
protein directly via a chemical bond, indirectly via a linker, or a combination thereof. The at
least one nucleosome interacting protein domain can be linked to the N-terminus, C-terminus,
and/or an internal location of the CRISPR protein. In some embodiments, the fusion protein
comprises at least two nucleosome interacting protein domains linked to the CRISPR protein.

[0008] The CRISPR fusion proteins disclosed herein can further comprise at least one cell-
penetrating domain, at least one marker domain, or a combination thereof.

[0009] In certain embodiments, the CRISPR fusion protein can have an amino acid sequence
having at least about 90% sequence identity with SEQ ID NO:61, SEQ ID NO:62, SEQ ID
NO:63, SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID
NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, SEQ ID NO:74, SEQ ID
NO:75, SEQ ID NO:76, SEQ ID NO:77, SEQ ID NO:78, or SEQ ID NO:79.

[0010] In other embodiments, the CRISPR fusion protein can have an amino acid sequence as
set forth in SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, SEQ
ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ
ID NO:72, SEQ ID NO:73, SEQ ID NO:74, SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, SEQ
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ID NO:78, or SEQ ID NO:79.

[0011] Another aspect of the present disclosure encompasses protein-RNA complexes
comprising at least one of the CRISPR-containing fusion proteins disclosed herein and at least
one guide RNA.

[0012] A further aspect of the present disclosure provides nucleic acids encoding any of the
fusion proteins disclosed herein. The nucleic acids can be codon optimized for translation in a
eukaryotic cell. In some embodiments, the nucleic acids can be part of a vector such as, for
example, a viral vector, a plasmid vector, or a self-replicating RNA.

[0013] Still another aspect of the present disclosure provides a method for increasing
efficiency of targeted genome or epigenetic modification in a eukaryotic cell, the method
comprising introducing into the eukaryotic cell: (a) at least one CRISPR fusion protein as
disclosed herein or nucleic acid encoding said CRISPR fusion protein(s), wherein the CRISPR
protein (i) has nuclease or nickase activity or (ii) is modified to lack all nuclease activity and is
linked to a non-nuclease domain; and (b) at least one guide RNA or nucleic acid encoding at
least one guide RNA; wherein the CRISPR protein of the at least one CRISPR fusion protein is
targeted to a target chromosomal sequence and the at least one nucleosome interacting
protein domain of the at least one CRISPR fusion protein alters nucleosomal or chromatin
structure such that the at least one CRISPR fusion protein has increased access to the target
chromosomal sequence, thereby increasing efficiency of targeted genome or epigenetic
modification, wherein the method does not comprise a method for treatment of the human or
animal body by surgery or therapy.

[0014] In certain embodiments, the methods can further comprise introducing into the
eukaryotic cell at least one donor polynucleotide, the donor polynucleotide comprising at least
one donor sequence.

[0015] The eukaryotic cells used in the methods disclosed herein can be mammalian cells. In
some embodiments, the cells can be human cell. The cells can be in vitro or in vivo.

[0016] Other aspects and features of the disclosure are detailed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 presents the cleavage efficiency (as the percent of indels) of wild-type CjCas9
(CjeCas9), a fusion protein comprising CjCas9 linked to HMGN1 and HMGB1 box A (CjeCas9-
HN1 HB1), and a fusion protein comprising CjCas9 linked to HMGN1 and Histone H1 central
globular domain (CjeCas9-HN1H1G) in the presence of wild-type sgRNA scaffold or modified
sgRNA scaffold.

DETAILED DESCRIPTION
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[0018] The present disclosure provides compositions and methods for increasing the
accessibility of chromosomal DNA to programmable DNA modification proteins which are
CRISPR systems. In particular, the present disclosure provides fusion proteins comprising at
least one nucleosome interacting protein domain linked to a programmable DNA modification
protein which is a CRISPR protein. The nucleosome interacting protein domains alter or
remodel nucleosomal and/or chromatin structure such that the programmable DNA
modification protein has increased access to targeted chromosomal sequences, thereby
increasing the efficiency of targeted genome modification, targeted transcriptional regulation,
or targeted epigenetic modification.

() Fusion Proteins

[0019] One aspect of the present disclosure provides fusion proteins, wherein each fusion
protein comprises at least one nucleosome interacting protein domain linked to a
programmable DNA modification protein. The programmable DNA modification protein can
have nuclease activity (see section (1)(b)(i), below) or non-nuclease activity (see section (I)(b)
(ii) below). Nucleosome interacting protein domains are described below in section (I)(a) and
linkages between the domains are described below in section (1)(c).

(a) Nucleosome Interacting Protein Domains

[0020] Nucleosome interacting protein domains refer to chromosomal proteins or fragments
thereof that interact with nucleosome and/or chromosomal proteins to facilitate nucleosome
rearrangement and/or chromatin remodeling. In some embodiments, the nucleosome
interacting protein domain can be derived from high mobility group (HMG) box (HMGB)
proteins. In other embodiments, the nucleosome interacting protein domain can be HMG
nucleosome-binding (HMGN) proteins or fragments thereof. In further embodiments, the
nucleosome interacting protein domain can be derived from linker histone H1 variants. In still
other embodiments, the nucleosome interacting protein domain can be derived from chromatin
remodeling complex proteins.

(i) HMGB Proteins

[0021] In some embodiments, the at least one nucleosome interacting protein domain can be
derived from an HMGB protein. HMGB proteins interact with nucleosomes and other
chromosomal proteins to regulate chromatin structure and function. Suitable HMGB proteins
include mammalian HMGB1, mammalian HMIGB2, and mammalian HMGB3. For example, the
nucleosome interacting protein domain can be derived from a human HNGB1 (RefSeqGene,
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U51677), human HMGB2 (RefSeqGene, M83665), or human HMGB3 (RefSeqGene,
NM_005342). In other embodiments, the nucleosome interacting protein domain can be
derived from an HMGB protein or HMGB-like protein from other vertebrates, invertebrates
(e.g., Drosophila DSP1), plants, yeast, or other single cell eukaryotes.

[0022] In specific embodiments, the at least one nucleosome interacting protein domain can
be a fragment of an HMGB protein. In particular, the fragment of the HMGB protein is a DNA-
binding domain. HMGB proteins typically contain two DNA-binding domains, which are called
box A and box B. In some embodiments, the nucleosome interacting domain can be a box A
domain or a box B domain from a HMGB protein. In specific embodiments, the nucleosome
interacting domain can be a HMGB1 box A domain, a HMGB2 box A domain, or a HMGB3 box
A domain.

(ii) HMGN Proteins

[0023] In other embodiments, the at least one nucleosome interacting protein domain can be a
HMGN protein or fragment thereof. HMIGN proteins are chromosomal proteins that modulate
the structure and function of chromatin. Suitable mammalian HMGN proteins include HMGN1,
HMGN2, HMGN3, HMGN3, HMGN4, and HMGNS5. In various embodiments, the nucleosome
interacting protein domain can be human HMGN1 (RefSeqGene, M21339), human HMGN2
(RefSeqGene, X13546), human HMGN3a or human HMGN3b (RefSeqGene, L40357), human
HMGN4 (RefSeqGene, NM_030763), human HMGNS (RefSeqGene, NM_016710), a fragment
thereof, or a derivative thereof. In other embodiments, the nucleosome interacting protein
domain can be a non-human HMGN protein, fragment, or derivative thereof. HMGN proteins
are relatively small proteins. As such, the entire HMGN protein can be linked to the
programmable DNA modification protein. In some embodiments, however, a fragment (e.g.,
the centrally-located nucleosome-binding domain) of a HMGN protein can be linked to the
programmable DNA modification protein.

(iii) Histone H1 Variants

[0024] In still other embodiments, the at least one nucleosome interacting protein domain can
be derived from a linker histone H1 variant. For example, nucleosome interacting protein
domain can be a central globular domain from a histone H1 variant. Histone H1 variants bind
to the linker DNA between nucleosomes and the central globular domain (of about 80 amino
acids) binds to the linker DNA at the nucleosome entry and exit sites close to the nucleosome
dyad. Histone H1 variants comprise a large family of related proteins with distinct specificity for
tissues, developmental stages, and organisms in which they are expressed. For example,
human and mouse contain 11 histone H1 variants, chicken has six variants (which are called
histone H5), frog has five variants, nematode has eight variants, fruit fly species have from one
to three variants, and tobacco has six variants. In some embodiments, the histone H1 variant
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can be a human variant as shown below.
* Talbert et al., Epigenetics & Chromatin, 2012, 5:7.

Protein name* Gene Symbol UniProtKB Accession
Histone H1.0 H1FO P07305
Histone H1.1 HIST1H1A Q02539
Histone H1.2 HIST1H1C P16403
Histone H1.3 HIST1H1D P16402
Histone H1.4 HIST1H1E P10412
Histone H1.5 HIST1H1B P16401
Histone H1.6 (testis specific) HISTIHIT P22492
Histone H1.7 (testis specific) H1ENT Q75WM6
Histone H1.8 (oocyte specific) H1FOO Q8IZA3
Histone H1.9 (testis specific) HILS1 P60008
Histone H 1.10 H1FX Q92522

(iv) Chromatin Remodeling Complex Proteins

[0025] In further embodiments, the at least one nucleosome interacting protein domain can be
derived from a chromatin remodeling complex protein. For example, the nucleosome
interacting protein domain can be DNA binding domain from a chromatin remodeling complex
protein. Chromatin remodeling complexes are multi-subunit enzyme complexes with the
capacity to remodel the structure of chromatin. These remodeling complexes use the energy of
ATP hydrolysis to move, destabilize, eject, or restructure nucleosomes.

[0026] Examples of chromatin remodeling complexes include SWI/SNF (SWitch/Sucrose Non-
Eermentable), ISW (Imitation SWitch), CHD (Chromodomain-Helicase-DNA binding), Mi-
2/NuRD (Nucleosome Remodeling and Deacetylase), INO80, SWR1, and RSC complexes. In
various embodiments, the nucleosome interacting protein domain can be derived from an
ATPase, a helicase, and/or a DNA binding protein in the chromatin remodeling complex. In
some embodiments, the nucleosome interacting protein domain can be derived from the
ATPase ISWI from the ISWI complex, the DNA-binding protein CHD1 from the CHD complex,
the ATP-dependent helicase SMARCA4 or the ATPase Snf2 from the SWI/SNF complex,
ATPase Mi-2a or ATPase Mi2-p of the Mi-1/NuRD complex, the RuvB-like AAA ATPase 1 or the
RuvB-like AAA ATPase 2 from the INO80 complex, the ATPase Swr1 from the SWR1 complex,
or the ATPase Rsc1 or ATPase Rcs2 from the RSC complex. In specific embodiments, the
nucleosome interacting protein domain can be a DNA binding domain from ISWI protein or a
DNA binding domain from CHD1 protein.

(b) Programmable DNA Modification Proteins



DK/EP 3988656 T3

[0027] A programmable DNA modification protein is a protein targeted to bind a specific
sequence in chromosomal DNA, where it modifies the DNA or a protein associated with the
DNA at or near the targeted sequence. Thus, a programmable DNA modification protein
comprises a programmable DNA binding domain and a catalytically active modification domain.

[0028] The DNA binding domain of the programmable DNA modification proteins is
programmable, meaning that it can be designed or engineered to recognize and bind different
DNA sequences. In some examples, DNA binding is mediated by interactions between the DNA
modification protein and the target DNA. Thus, the DNA binding domain can be programed to
bind a DNA sequence of interest by protein engineering. In other examples, DNA binding is
mediated by a guide RNA that interacts with the DNA modification protein and the target DNA.
In such instances, the programmable DNA binding protein can be targeted to a DNA sequence
of interest by designing the appropriate guide RNA.

[0029] A variety of modification domains can be included in the programmable DNA
modification protein. In some embodiments, the modification domain has nuclease activity and
can cleave one or both strands of a double-stranded DNA sequence. The DNA break can then
be repaired by a cellular DNA repair process such as non-homologous end-joining (NHEJ) or
homology-directed repair (HDR), such that the DNA sequence can be modified by a deletion,
insertion, and/or substitution of at least one base pair. Examples of programmable DNA
modification proteins having nuclease activity include, without limit, CRISPR nucleases (or
nickases), zinc finger nucleases, transcription activator-like effector nucleases,
meganucleases, and a programmable DNA binding domain linked to a nuclease domain.
Programmable DNA modification proteins having nuclease activity are detailed below in section

(D).

[0030] In other embodiments, the modification domain of the programmable DNA modification
protein has non-nuclease activity (e.g., epigenetic modification activity or transcriptional
regulation activity) such that the programmable DNA modification protein modifies the structure
and/or activity of the DNA and/or protein(s) associated with the DNA. Thus, the programmable
DNA modification protein can comprise a programmable DNA binding domain linked to a non-
nuclease domain linked. Such proteins are detailed below in section (I)(b)(ii).

[0031] The programmable DNA modification proteins can comprise wild-type or naturally-
occurring DNA binding and/or modification domains, modified versions of naturally-occurring
DNA binding and/or modification domains, synthetic or artificial DNA binding and/or
modification domains, and combinations thereof.

(i) Programmable DNA Modification Proteins with Nuclease Activity
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[0032] Examples of programmable DNA modification proteins having nuclease activity include,
without limit, CRISPR nucleases, zinc finger nucleases, transcription activator-like effector
nucleases, meganucleases, and programmable DNA binding domains linked nuclease
domains.

[0033] CRISPR Nucleases. CRISPR nucleases can be derived from a type |, type Il (i.e.,
Cas9), type lll, type V (i.e., Cpf1), or type VI (i.e., Cas13) CRISPR protein, which are present in
various bacteria and archaea. In further examples, the CRISPR nuclease can be derived from
an archaeal CRISPR system, a CRISPR/CasX system, or a CRISPR/CasY system (Burstein et
al., Nature, 2017, 542(7640):237-241). In various embodiments, the CRISPR nuclease can be
from Streptococcus sp. (e.g., S. pyogenes, S. thermophilus, S. pasteurianus), Campylobacter
sp. (e.g., Campylobacter jejuni), Francisella sp. (e.g., Francisella novicida), Acaryochloris sp.,
Acetohalobium sp., Acidaminococcus sp., Acidithiobacillus sp., Alicyclobacillus sp.,
Allochromatium sp., Ammonifex sp., Anabaena sp., Arthrospira sp., Bacillus sp.,
Burkholderiales sp., Caldicelulosiruptor sp., Candidatus sp., Clostridium sp., Crocosphaera sp.,
Cyanothece sp., Exiguobacterium sp., Finegoldia sp., Ktedonobacter sp., Lachnospiraceae sp.,
Lactobacillus sp., Lyngbya sp., Marinobacter sp., Methanohalobium sp., Microscilla sp.,
Microcoleus sp., Microcystis sp., Natranaerobius sp., Neisseria sp., Nitrosococcus sp.,
Nocardiopsis sp., Nodularia sp., Nostoc sp., Oscillatoria sp., Polaromonas sp., Pelotomaculum
sp., Pseudoalteromonas sp., Petrotoga sp., Prevotella sp., Staphylococcus sp., Streptomyces
sp., Streptosporangium sp., Synechococcus sp., Thermosipho sp., or Verrucomicrobia sp.

[0034] The CRISPR nuclease can be a wild type or naturally-occurring protein. Alternatively,
the CRISPR nuclease can be engineered to have improved specificity, altered PAM specificity,
decreased off-target effects, increased stability, and the like.

[0035] In some embodiments, the CRISPR nuclease can be a type || CRISPR/Cas 9 protein.
For example, the CRISPR nuclease can be Streptococcus pyogenes Cas9 (SpCas9),
Streptococcus thermophilus Cas9 (StCas9), Streptococcus pasteurianus (SpaCas9),
Campylobacter jejuni Cas9 (CjCas9), Staphylococcus aureus (SaCas9), Francisella novicida
Cas9 (FnCas9), Nejsseria cinerea Cas9 (NcCas9), or Neisseria meningitis Cas9 (NmCas9). In
other embodiments, the CRISPR nuclease can be a type V CRISPR/Cpf1 protein, e.g.,
Francisella novicida Cpfl (FnCpf1), Acidaminococcus sp. Cpf1 (AsCpf1), or Lachnospiraceae
bacterium ND2006 Cpf1 (LbCpf1).

[0036] In general, the CRISPR nuclease comprises at least one nuclease domain having
endonuclease activity. For example, a Cas9 nuclease comprises a HNH domain, which cleaves
the guide RNA complementary strand, and a RuvC domain, which cleaves the non-
complementary strand, a Cpf1 protein comprises a RuvC domain and a NUC domain, and a
Cas13a nuclease comprises two HNEPN domains. In some embodiments, both nuclease
domains are active and the CRISPR nuclease has double-stranded cleavage activity (i.e.,
cleaves both strands of a double-stranded nucleic acid sequence). In other embodiments, one
of the nuclease domains is inactivated by one or more mutations and/or deletions, and the
CRISPR variant is a nickase that cleaves one strand of a double-stranded nucleic acid
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sequence. For example, one or more mutations in the RuvC domain of Cas9 protein (e.g.,
D10A, D8BA, E762A, and/or D986A) results in an HNH nickase that nicks the guide RNA
complementary strand; and one or more mutations in the HNH domain of Cas9 protein (e.g.,
H840A, H559A, N854A, N856A, and/or N863A) results in a RuvC nickase that nicks the guide
RNA non-complementary strand. Comparable mutations can convert Cpfl and Cas13a
nucleases to nickases.

(iij) Programmable DNA Modification Proteins with Non-Nuclease Activity

[0037] In alternate embodiments, the programmable DNA modification protein can be a
chimeric protein comprising programmable DNA binding domain linked to a non-nuclease
domain. In such cases the programmable DNA binding domain is a catalytically inactive (dead)
CRISPR protein. For example, the catalytically inactive CRISPR protein can be a catalytically
inactive (dead) Cas9 (dCas9) in which the RuvC domain comprises a D10A, D8A, E762A,
and/or D986A mutation and the HNH domain comprises a H840A, H559A, N854A, N865A,
and/or N863A mutation. Alternatively, the catalytically inactive CRISPR protein can be a
catalytically inactive (dead) Cpf1 protein comprising comparable mutations in the nuclease
domains.

[0038] In some embodiments, the non-nuclease domain of the chimeric protein can be an
epigenetic modification domain, which alters DNA or chromatin structure (and may or may not
alter DNA sequence). Non-limiting examples of suitable epigenetic modification domains
include those with DNA methyltransferase activity (e.g., cytosine methyltransferase), DNA
demethylase activityy, DNA deamination (e.g., cytosine deaminase, adenosine deaminase,
guanine deaminase), DNA amination, DNA oxidation activity, DNA helicase activity, histone
acetyltransferase (HAT) activity (e.g., HAT domain derived from E1A binding protein p300),
histone deacetylase activity, histone methyltransferase activity, histone demethylase activity,
histone kinase activity, histone phosphatase activity, histone ubiquitin ligase activity, histone
deubiquitinating activity, histone adenylation activity, histone deadenylation activity, histone
SUMOylating activity, histone deSUMOylating activity, histone ribosylation activity, histone
deribosylation activity, histone myristoylation activity, histone demyristoylation activity, histone
citrullination activity, histone alkylation activity, histone dealkylation activity, or histone oxidation
activity. In specific embodiments, the epigenetic modification domain can comprise cytidine
deaminase activity, histone acetyltransferase activity, or DNA methyltransferase activity.

[0039] In other embodiments, the non-nuclease modification domain of the chimeric protein
can be a transcriptional activation domain or transcriptional repressor domain. Suitable
transcriptional activation domains include, without limit, herpes simplex virus VP16 domain,
VP64 (which is a tetrameric derivative of VP16), VP160, NFkB p65 activation domains, p53
activation domains 1 and 2, CREB (cAMP response element binding protein) activation
domains, E2A activation domains, activation domain from human heat-shock factor 1 (HSF1),
or NFAT (nuclear factor of activated T-cells) activation domains. Non-limiting examples of
suitable transcriptional repressor domains include inducible cAMP early repressor (ICER)



DK/EP 3988656 T3

domains, Kruppel-associated box (KRAB) repressor domains, YY1 glycine rich repressor
domains, Sp1-like repressors, E(spl) repressors, IkB repressor, or methyl-CpG binding protein
2 (MeCP2) repressor. Transcriptional activation or transcriptional repressor domains can be
genetically fused to the DNA binding protein or bound via noncovalent protein-protein, protein-
RNA, or protein-DNA interactions.

[0040] In particular embodiments, the non-nuclease domain of the chimeric protein can
comprise cytidine deaminase activity, histone acetyltransferase activity, transcriptional
activation activity, or transcriptional repressor activity.

[0041] In some embodiments, the chimeric protein having non-nuclease activity can further
comprise at least one detectable label. The detectable label can be a fluorophore (e.g., FAM,
TMR, Cy3, Cy5, Texas Red, Oregon Green, Alexa Fluors, Halo tags, or suitable fluorescent
dye), a detection tag (e.g., biotin, digoxigenin, and the like), quantum dots, or gold particles.

(c) Linkages

[0042] The fusion proteins disclosed herein comprise at least one nucleosome interacting
protein domain linked to a programmable DNA modification protein. The linkage between the
at least one nucleosome interacting protein domain and the programmable DNA modification
protein can be direct via a chemical bond, or the linkage can be indirect via a linker.

[0043] In some embodiments, the at least one nucleosome interacting protein domain can be
linked directly to the programmable DNA modification protein by a covalent bond (e.g., peptide
bond, ester bond, and the like). Alternatively, the chemical bond can be non-covalent (e.g.,
ionic, electrostatic, hydrogen, hydrophobic, Van der interactions, or mw-effects).

[0044] In other embodiments, the at least one nucleosome interacting protein domain can be
linked to the programmable DNA modification protein by a linker. A linker is a chemical group
that connects one or more other chemical groups via at least one covalent bond. Suitable
linkers include amino acids, peptides, nucleotides, nucleic acids, organic linker molecules (e.g.,
maleimide derivatives, N-ethoxybenzylimidazole, biphenyl-3,4',5-tricarboxylic acid, p-
aminobenzyloxycarbonyl, and the like), disulfide linkers, and polymer linkers (e.g., PEG). The
linker can include one or more spacing groups including, but not limited to alkylene,
alkenylene, alkynylene, alkyl, alkenyl, alkynyl, alkoxy, aryl, heteroaryl, aralkyl, aralkenyl,
aralkynyl and the like. The linker can be neutral, or carry a positive or negative charge.
Additionally, the linker can be cleavable such that the linker's covalent bond that connects the
linker to another chemical group can be broken or cleaved under certain conditions, including
pH, temperature, salt concentration, light, a catalyst, or an enzyme.

[0045] In still other embodiments, the at least one nucleosome interacting protein domain can
be linked to the programmable DNA modification protein by peptide linkers. The peptide linker
can be a flexible amino acid linker (e.g., comprising small, non-polar or polar amino acids).
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Non-limiting examples of flexible linkers include LEGGGS (SEQ ID NO:1), TGSG (SEQ ID
NO:2), GGSGGGSG (SEQ ID NO:3), (GGGGS) 1.4 (SEQ ID NO:4), and (Gly)g.g (SEQ ID NO:5).

Alternatively, the peptide linker can be a rigid amino acid linker. Such linkers include (EAAAK).
4 (SEQ ID NO:6), A(EAAAK) - 5A (SEQ ID NO:7), PAPAP (SEQ ID NO:8), and (AP)g.g (SEQ ID

NO:9). Examples of suitable linkers are well known in the art and programs to design linkers
are readily available (Crasto et al., Protein Eng., 2000, 13(5):309-312).

[0046] The at least one nucleosome interacting protein domain can be linked to N-terminus,
the C-terminus, and/or an internal location of the programmable DNA modification protein. In
some embodiments, at least one nucleosome interacting protein domain can be linked to N-
terminus of the programmable DNA modification protein. In other embodiments, the at least
one nucleosome interacting protein domain can be linked to C-terminus of the programmable
DNA modification protein. In still other embodiments, at least one nucleosome interacting
protein domain can be linked to N-terminus and at least one nucleosome interacting protein
domain can be linked to C-terminus of the programmable DNA modification protein.

[0047] In some embodiments, the fusion protein can comprise one nucleosome interacting
protein domain. In other embodiments, the fusion protein can comprise two nucleosome
interacting protein domains. In still other embodiments, the fusion protein can comprise three
nucleosome interacting protein domains. In additional embodiments, the fusion protein can
comprise four, five, or more than five nucleosome interacting protein domains. The one or
more nucleosome interacting protein domains can be the same or they can be different.

[0048] In embodiments in which the fusion protein comprises two or more nucleosome
interacting protein domains, the two or more nucleosome interacting domains can be linked to
either end, both ends, and/or an internal location of the programmable DNA modification
protein. The two or more nucleosome interacting protein domains can be the same or they can
be different. For example, the complex can comprise at least two HMG DNA-binding domains,
at least two HMGN proteins, at least one HMG DNA-binding domain and at least one HMGN
protein, at least one HMG DNA-binding domain or HMGN protein and at least one central
domain from a histone H1 variant, at least one HMG DNA-binding domain or HMGN protein
and at least one domain from a chromatin remodeling complex protein, at least one HMG
DNA-binding domain or HMGN protein, at least one histone H1 variant central domain, and at
least one domain from a chromatin remodeling complex protein, and the like.

(d) Nuclear Localization Signal, Cell-Penetrating Domain, and/or Marker Domain

[0049] The fusion proteins disclosed herein comprise at least one nuclear localization signal,
and can further comprise at least one cell-penetrating domain, and/or marker domain.

[0050] Non-limiting examples of nuclear localization signals include PKKKRKV (SEQ ID
NO:10), PKKKRRV (SEQ ID NO:11), KRPAATKKAGQAKKKK (SEQ ID NO:12),
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YGRKKRRQRRR (SEQ ID NO:13), RKKRRQRRR (SEQ ID NO:14), PAAKRVKLD (SEQ ID
NO:15), RQRRNELKRSP (SEQ ID NO:16), VSRKRPRP (SEQ ID NO:17), PPKKARED (SEQ ID
NO:18), PQPKKKPL (SEQ ID NO:19), SALIKKKKKMAP (SEQ ID NO:20), PKQKKRK (SEQ ID
NO:21), RKLKKKIKKL (SEQ ID NO:22), REKKKFLKRR (SEQ ID NO:23),
KRKGDEVDGVDEVAKKKSKK (SEQ ID NO:24), RKCLQAGMNLEARKTKK (SEQ ID NO:25),
NQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNQGGY (SEQ ID  NO:26), and
RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKDEQILKRRNY (SEQ ID NO:27).

[0051] Examples of suitable cell-penetrating domains include, without limit,
GRKKRRQRRRPPQPKKKRKYV (SEQ ID NO:28), PLSSIFSRIGDPPKKKRKY (SEQ ID NO:29),
GALFLGWLGAAGSTMGAPKKKRKY (SEQ ID NO:30),
GALFLGFLGAAGSTMGAWSQPKKKRKY (SEQ ID NO:31), KETWWETWWTEWSQPKKKRKV
(SEQ ID NO:32), YARAAARQARA (SEQ ID NO:33), THRLPRRRRRR (SEQ ID NO:34),
GGRRARRRRRR (SEQ ID  NO:3%5), RRQRRTSKLMKR  (SEQ ID NO:36),
GWTLNSAGYLLGKINLKALAALAKKIL (SEQ ID NO:37),
KALAWEAKLAKALAKALAKHLAKALAKALKCEA (SEQ ID NO:38), and RQIKIWFQNRRMKWKK
(SEQ ID NO:39).

[0052] Marker domains include fluorescent proteins and purification or epitope tags. Suitable
fluorescent proteins include, without limit, green fluorescent proteins (e.g., GFP, eGFP, GFP-2,
tagGFP, turboGFP, Emerald, Azami Green, Monomeric Azami Green, CopGFP, AceGFP,
ZsGreen1), yellow fluorescent proteins (e.g., YFP, EYFP, Citrine, Venus, YPet, PhiYFP,
ZsYellow1), blue fluorescent proteins (e.g., BFP, EBFP, EBFP2, Azurite, mKalama1, GFPuy,
Sapphire, T-sapphire), cyan fluorescent proteins (e.g., ECFP, Cerulean, CyPet, AmCyan1,
Midoriishi-Cyan), red fluorescent proteins (e.g., mKate, mKate2, mPlum, DsRed monomer,
mCherry, mRFP1, DsRed-Express, DsRed2, DsRed-Monomer, HcRed-Tandem, HcRed1,
AsRed2, eqFP611, mRasberry, mStrawberry, Jred), and orange fluorescent proteins (e.g.,
mOrange, mKO, Kusabira-Orange, Monomeric Kusabira-Orange, mTangerine, tdTomato).

Non-limiting examples of suitable purification or epitope tags include 6xHis, FLAG®, HA, GST,
Myc, and the like.

[0053] The at least one nuclear localization signal, cell-penetrating domain, and/or marker
domain can be located at the N-terminus, the C-terminus, and/or in an internal location of the
fusion protein.

(e) Specific Fusion Proteins

[0054] In general, the at least one nucleosome interacting protein domain of the fusion protein
is chosen from HMGB1 box A domain, HMGN1 protein, HMGN2 protein, HMGN3a protein,
HMGNS3b protein, histone H1 central globular domain, imitation switch (ISW) protein DNA
binding domain, chromodomain-helicase-DNA protein 1 (CHD1) DNA binding domain, or
combinations thereof.
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[0055] The programmable DNA modification protein of the fusion protein is a CRISPR protein.
For example, the CRISPR protein can be Streptococcus pyogenes Cas9 (SpCas9),
Streptococcus thermophilus Cas9 (StCas9), Streptococcus pasteurianus (SpaCas9),
Campylobacter jejuni Cas9 (CjCas9), Staphylococcus aureus (SaCas9), Francisella novicida
Cas9 (FnCas9), Neisseria cinerea Cas9 (NcCas9), Neisseria meningitis Cas9 (NmCas9),
Francisella novicida Cpfl (FnCpf1), Acidaminococcus sp. Cpf1 (AsCpf1), or Lachnospiraceae
bacterium ND2006 Cpf1 (LbCpf1).

[0056] In some embodiments, the fusion protein has an amino acid sequence having at least
about 80% sequence identity with any of SEQ ID NOS:61-79. In general, any amino acid
substitution is conservative, je., limited to exchanges within members of group 1. glycine,
alanine, valine, leucine, and Isoleucine; group 2: serine, cysteine, threonine, and methionine;
group 3: proline; group 4: phenylalanine, tyrosine, and tryptophan; and group 5. aspartate,
glutamate, asparagine, and glutamine. In various embodiments, the amino acid sequence of
fusion protein has at least about 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98, or 99% sequence identity with any of SEQ ID NOS:61-
79. In some embodiments, the fusion protein has an amino acid sequence as set forth in SEQ
ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, SEQ
ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ
ID NO:73, SEQ ID NO:74, SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, SEQ ID NO:78, or
SEQ ID NO:79.

(ll) Complexes

[0057] Another aspect of the present disclosure encompasses complexes comprising at least
one CRISPR system (i.e., CRISPR protein and guide RNA) and at least one nucleosome
interacting protein domain. The at least one nucleosome interacting protein domain is linked to
the CRISPR protein of the CRISPR system (i.e., the complex comprises a CRISPR fusion
protein as described in section (I) above). In other examples, the at least one nucleosome
interacting protein domain can be linked to the guide RNA of the CRISPR system. The linkage
can be direct or indirect, essentially as described above in section (I)(c). For example, a
nucleosome interacting protein domain can be linked to an RNA aptamer binding protein, and
the guide RNA can comprise aptamer sequences, such that binding of the RNA aptamer
binding protein to the RNA aptamer sequence links the nucleosome interacting protein domain
to the guide RNA.

[0058] Nucleosome interacting protein domains are described above in section (l)(a), and
CRISPR proteins are detailed above in section (I)(b). The CRISPR protein can have nuclease
or nickase activity (e.g., can be a type Il CRISPR/Cas9, or type V CRISPR/Cpf1). For example,
a complex can comprise a CRISPR nuclease, or a complex can comprise two CRISPR
nickases. Alternatively, the CRISPR protein can be modified to lack all nuclease activity and
linked to non-nuclease domains (e.g., domains having cytosine deaminase activity, histone
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acetyltransferase activity, transcriptional activation activity, or transcriptional repressor activity).
In some embodiments, the non-nuclease domain also can be linked to an RNA aptamer
binding protein.

[0059] A guide RNA comprises (i) a CRISPR RNA (crRNA) that contains a guide sequence at
the 5' end that hybridizes with a target sequence and (i) a transacting crRNA (tracrRNA)
sequence that interacts with the CRISPR protein. The crRNA guide sequence of each guide
RNA is different (i.e., is sequence specific). The tracrRNA sequence is generally the same in
guide RNAs designed to complex with a CRISPR protein from a particular bacterial species.

[0060] The crRNA guide sequence is designed to hybridize with a target sequence (ie.,
protospacer) that is bordered by a protospacer adjacent motif (PAM) in a double-stranded
sequence. PAM sequences for Cas9 proteins include 5'-NGG, 5'-NGGNG, 5'-NNAGAAW, and
5'-ACAY, and PAM sequences for Cpf1 include 5-TTN (wherein N is defined as any nucleotide,
W is defined as either A or T, and Y is defined an either C or T). In general, the
complementarity between the crRNA guide sequence and the target sequence is at least 80%,
at least 85%, at least 90%, at least 95%, or at least 99%. In specific embodiments, the
complementarity is complete (ie., 100%). In various embodiments, the length of the crRNA
guide sequence can range from about 15 nucleotides to about 25 nucleotides. For example,
the crRNA guide sequence can be about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25
nucleotides in length. In specific embodiments, the crRNA can be about 19, 20, 21, or 22
nucleotides in length.

[0061] The crRNA and tracrRNA comprise repeat sequences that form one or more one stem
loop structures, which can interact with the CRISPR protein. The length of each loop and stem
can vary. For example, the one or more loops can range from about 3 to about 10 nucleotides
in length, and the one or more stems can range from about 6 to about 20 base pairs in length.
The one or more stems can comprise one or more bulges of 1 to about 10 nucleotides.

[0062] The crRNA can range in length from about 25 nucleotides to about 100 nucleotides. In
various embodiments, the crRNA can range in length from about 25 to about 50 nucleotides,
from about 590 to about 75 nucleotides, or from about 75 to about 100 nucleotides. The
tracrRNA can range in length from about 50 nucleotides to about 300 nucleotides. In various
embodiments, the tracrRNA can range in length from about 50 to about 90 nucleotides, from
about 90 to about 110 nucleotides, from about 110 to about 130 nucleotides, from about 130 to
about 150 nucleotides, from about 150 to about 170 nucleotides, from about 170 to about 200
nucleotides, from about 200 to about 250 nucleotides, or from about 250 to about 300
nucleotides.

[0063] The tracrRNA sequence in the guide RNA generally is based upon the coding sequence
of wild type tracrRNA in the bacterial species of interest. In some embodiments, the wild-type
tracrRNA sequence (or the crRNA constant repeat region and the corresponding 5' region of
the tracrRNA that forms a duplex structure with the crRNA constant repeat region) can be
modified to facilitate secondary structure formation, increased secondary structure stability,
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facilitate expression in eukaryotic cells, increase editing efficiency, and so forth. For example,
one or more nucleotide changes can be introduced into the constant guide RNA sequence
(see Example 8, below).

[0064] The guide RNA can be a single molecule (i.e., a single guide RNA or sgRNA), wherein
the crRNA sequence is linked to the tracrRNA sequence. Alternatively, the guide RNA can be
two separate molecules. A first molecule comprising the crRNA guide sequence at the 5' end
and additional sequence at 3' end that is capable of base pairing with the 5' end of a second
molecule, wherein the second molecule comprises 5' sequence that is capable of base pairing
with the 3' end of the first molecule, as well as additional tracrRNA sequence. In some
embodiments, the guide RNA of type V CRISPR/Cpf1 systems can comprise only crRNA.

[0065] In some embodiments, the one or more stem-loop regions of the guide RNA can be
modified to comprise one or more aptamer sequences (Konermann et al., Nature, 2015,
517(7536):583-588; Zalatan et al., Cell, 2015, 160(1-2):339-50). Examples of suitable RNA
aptamer protein domains include MS2 coat protein (MCP), PP7 bacteriophage coat protein
(PCP), Mu bacteriophage Com protein, lambda bacteriophage N22 protein, stem-loop binding
protein (SLBP), Fragile X mental retardation syndrome-related protein 1 (FXR1), proteins
derived from bacteriophage such as AP205, BZ13, f1, f2, fd, fr, ID2, JP34/GA, JP501, JP34,
JP500, KU1, M11, M12, MX1, NL95, PP7, ¢Cb5, ¢Cb8r, ¢Cb12r, ¢Cb23r, QB, R17, SP-B8,
TW18, TW19, and VK, fragments thereof, or derivatives thereof. The length of the additional
aptamer sequence can range from about 20 nucleotides to about 200 nucleotides.

[0066] The guide RNA can comprise standard ribonucleotides, modified ribonucleotides (e.g.,
pseudouridine), ribonucleotide isomers, and/or ribonucleotide analogs. In some embodiments,
the guide RNA can further comprise at least one detectable label. The detectable label can be
a fluorophore (e.g., FAM, TMR, Cy3, Cy5, Texas Red, Oregon Green, Alexa Fluors, Halo tags,
or suitable fluorescent dye), a detection tag (e.g., biotin, digoxigenin, and the like), quantum
dots, or gold particles. Those skilled in the art are familiar with gRNA design and construction,
e.g., gRNA design tools are available on the internet or from commercial sources.

[0067] The guide RNA can be synthesized chemically, synthesized enzymatically, or a
combination thereof. For example the guide RNA can be synthesized using standard
phosphoramidite-based solid-phase synthesis methods. Alternatively, the guide RNA can be
synthesized in vitro by operably linking DNA encoding the guide RNA to a promoter control
sequence that is recognized by a phage RNA polymerase. Examples of suitable phage
promoter sequences include T7, T3, SP6 promoter sequences, or variations thereof. In
embodiments in which the guide RNA comprises two separate molecules (i.e., crRNA and
tracrRNA), the crRNA can be chemically synthesized and the tracrRNA can be enzymatically
synthesized.

[0068] In some embodiments, the complex can comprise at least one nucleosome interacting
protein domain as described above in section (I)(a) linked to any of the programmable DNA
modification proteins as described above in section (I)(b).
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(lll) Nucleic Acids

[0069] A further aspect of the present disclosure provides nucleic acids encoding the fusion
proteins described above in section (I) and the CRISPR complexes described in section (ll).
The CRISPR complexes can be encoded by single nucleic acids or multiple nucleic acids. The
nucleic acids can be DNA or RNA, linear or circular, single-stranded or double-stranded. The
RNA or DNA can be codon optimized for efficient translation into protein in the eukaryotic cell
of interest. Codon optimization programs are available as freeware or from commercial
sources.

[0070] In some embodiments, the nucleic acid encoding the fusion protein or the protein
components of the CRISPR complex or the can be RNA. The RNA can be enzymatically
synthesized in vitro. For this, DNA encoding the protein of interest can be operably linked to a
promoter sequence that is recognized by a phage RNA polymerase for in vitro RNA synthesis.
For example, the promoter sequence can be a T7, T3, or SP6 promoter sequence or a
variation of a T7, T3, or SP6 promoter sequence. The DNA encoding the protein can be part of
a vector, as detailed below. In such embodiments, the in vitro-transcribed RNA can be purified,
capped, and/or polyadenylated. In other embodiments, the RNA encoding the fusion protein or
protein component of the complex can be part of a self-replicating RNA (Yoshioka et al., Cell
Stem Cell, 2013, 13:246-254). The self-replicating RNA can be derived from a noninfectious,
self-replicating Venezuelan equine encephalitis (VEE) virus RNA replicon, which is a positive-
sense, single-stranded RNA that is capable of self-replicating for a limited number of cell
divisions, and which can be modified to code proteins of interest (Yoshioka et al., Cell Stem
Cell, 2013, 13:246-254).

[0071] In other embodiments, the nucleic acid encoding the fusion protein or the CRISPR
protein and guide RNA of complex can be DNA. The DNA coding sequence can be operably
linked to at least one promoter control sequence for expression in the cell of interest. In certain
embodiments, the DNA coding sequence can be operably linked to a promoter sequence for
expression of the protein or RNA in bacterial (e.g., E. coli) cells or eukaryotic (e.g., yeast,
insect, or mammalian) cells. Suitable bacterial promoters include, without limit, T7 promoters,
lac operon promoters, frp promoters, tac promoters (which are hybrids of frp and lac
promoters), variations of any of the foregoing, and combinations of any of the foregoing. Non-
limiting examples of suitable eukaryotic Pol Il promoters include constitutive, regulated, or cell-
or tissue-specific promoters. Suitable eukaryotic constitutive promoter control sequences
include, but are not limited to, cytomegalovirus immediate early promoter (CMV), simian virus
(SV40) promoter, adenovirus major late promoter, Rous sarcoma virus (RSV) promoter, mouse
mammary tumor virus (MMTYV) promoter, phosphoglycerate kinase (PGK) promoter, elongation
factor (ED1)-alpha promoter, ubiquitin promoters, actin promoters, tubulin promoters,
immunoglobulin promoters, fragments thereof, or combinations of any of the foregoing.
Examples of suitable eukaryotic regulated promoter control sequences include without limit
those regulated by heat shock, metals, steroids, antibiotics, or alcohol. Non-limiting examples
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of tissue-specific promoters include B29 promoter, CD14 promoter, CD43 promoter, CD45
promoter, CD68 promoter, desmin promoter, elastase-1 promoter, endoglin promoter,
fibronectin promoter, Flt-1 promoter, GFAP promoter, GPlIb promoter, ICAM-2 promoter, INF-
promoter, Mb promoter, Nphsl promoter, OG-2 promoter, SP-B promoter, SYN1 promoter, and
WASP promoter. The promoter sequence can be wild type or it can be modified for more
efficient or efficacious expression. In some embodiments, the DNA coding sequence also can
be linked to a polyadenylation signal (e.g., SV40 polyA signal, bovine growth hormone (BGH)
polyA signal, efc.) and/or at least one transcriptional termination sequence. The sequence
encoding the guide RNA is operably linked to a Pol Ill promoter control sequence for
expression in eukaryotic cells. Examples of suitable Pol Ill promoters include, but are not
limited to, mammalian U6, U3, H1, and 7SL RNA promoters. In some situations, the fusion
protein or components of the complex can be purified from bacterial or eukaryotic cells.

[0072] In various embodiments, nucleic acid encoding the fusion protein or the CRISPR protein
and guide RNA of the complex can be present in a vector. Suitable vectors include plasmid
vectors, viral vectors, and self-replicating RNA (Yoshioka et al., Cell Stem Cell, 2013, 13:246-
254). In some embodiments, the nucleic acid encoding the fusion protein or the components of
the complex can be present in a plasmid vector. Non-limiting examples of suitable plasmid
vectors include pUC, pBR322, pET, pBluescript, and variants thereof. In other embodiments,
the nucleic acid encoding the fusion protein or the components of the complex or can be part
of a viral vector (e.g., lentiviral vectors, adeno-associated viral vectors, adenoviral vectors, and
so forth). The plasmid or viral vector can comprise additional expression control sequences
(e.g., enhancer sequences, Kozak sequences, polyadenylation sequences, transcriptional
termination sequences, efc.), selectable marker sequences (e.g., antibiotic resistance genes),
origins of replication, and the like. Additional information about vectors and use thereof can be
found in "Current Protocols in Molecular Biology" Ausubel et al., John Wiley & Sons, New York,
2003 or "Molecular Cloning: A Laboratory Manual" Sambrook & Russell, Cold Spring Harbor
Press, Cold Spring Harbor, NY, 3rd edition, 2001.

(IV) Kits

[0073] A further aspect of the present disclosure provides kits comprising the at least one of
the fusion proteins detailed above in section (), at least one of the CRISPR complexes
described above in section (ll), and/or at least one of the nucleic acids described above in
section (lll). The kits can further comprise transfection reagents, cell growth media, selection
media, in-vitro transcription reagents, nucleic acid purification reagents, protein purification
reagents, buffers, and the like. The kits provided herein generally include instructions for
carrying out the methods detailed below. Instructions included in the kits may be affixed to
packaging material or may be included as a package insert. While the instructions are typically
written or printed materials, they are not limited to such. Any medium capable of storing such
instructions and communicating them to an end user is contemplated by this disclosure. Such
media include, but are not limited to, electronic storage media (e.g., magnetic discs, tapes,
cartridges, chips), optical media (e.g., CD ROM), and the like. As used herein, the term
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"instructions” can include the address of an internet site that provides the instructions.

(V) Cells

[0074] The present disclosure also provides cells comprising the at least one of the fusion
proteins detailed above in section (l), at least one of the CRISPR complexes described above
in section (ll), and/or at least one of the nucleic acids described above in section (lll). In
general, the cell is a eukaryotic cell. For example, the cell can be a human cell, a non-human
mammalian cell, a non-mammalian vertebrate cell, an invertebrate cell, an insect cell, a plant
cell, a yeast cell, or a single cell eukaryotic organism.

(V) Methods for Increasing Efficiency of Targeted Genome, Transcriptional, or
Epigenetic Modification

[0075] Another aspect of the present disclosure encompasses methods for increasing the
efficiency of targeted genome modification, targeted transcriptional modification, or targeted
epigenetic modification in eukaryotic cells by increasing the accessibility of a programmable
DNA modification protein to its target sequence in chromosomal DNA. In some embodiments,
the method comprises introducing into the eukaryotic cell of interest at least one of the fusion
proteins described above in section (1), at least one of the CRISPR complexes described above
in section (ll), or nucleic acid encoding the at least one fusion protein or CRISPR complex as
described above in section (lIl), and optionally, a donor polynucleotide.

[0076] The programmable DNA modification protein of the fusion protein is engineered to
recognize and bind to a target sequence in chromosomal DNA, and the one or more
nucleosome interacting protein domains of the fusion protein interact with nucleosomes at or
near the target sequence to alter or remodel nucleosomal and/or chromatin structure. As a
consequence, the DNA modification protein has increased access to the target chromosomal
sequence such that efficiency of modification by the DNA modification protein is increased. In
specific embodiments, the fusion protein comprises at least one nucleosome interacting protein
domain linked to a CRISPR nuclease, such that interactions between the nucleosome
interacting protein domain(s) and nucleosomes/chromatin at or near the target sequence
increases the efficiency to targeted genomic modifications (see, Examples 1-8).

[0077] Thus, the methods disclosed herein can increase the efficiency targeted genome
editing (e.g., gene corrections, gene knock-outs, gene knock-ins, and the like), targeted
epigenetic modifications, and targeted transcriptional regulation.

(a) Introduction into the Cell
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[0078] As mentioned above, the method comprises introducing into the cell at least one fusion
protein, at least one CRISPR complex, or nucleic acid(s) encoding said fusion protein or
CRISPR complex (and, optionally, a donor polynucleotide). The at least one fusion protein,
CRISPR complex, or nucleic acid(s) can be introduced into the cell of interest by a variety of
means.

[0079] In some embodiments, the cell can be transfected with the appropriate molecules (i.e.,
protein, DNA, and/or RNA). Suitable transfection methods include nucleofection (or
electroporation), calcium phosphate-mediated transfection, cationic polymer transfection (e.g.,
DEAE-dextran or polyethylenimine), viral transduction, virosome transfection, virion
transfection, liposome transfection, cationic liposome transfection, immunoliposome
transfection, nonliposomal lipid transfection, dendrimer transfection, heat shock transfection,
magnetofection, lipofection, gene gun delivery, impalefection, sonoporation, optical
transfection, and proprietary agent-enhanced uptake of nucleic acids. Transfection methods
are well known in the art (see, e.g., "Current Protocols in Molecular Biology" Ausubel et al.,
John Wiley & Sons, New York, 2003 or "Molecular Cloning: A Laboratory Manual" Sambrook &
Russell, Cold Spring Harbor Press, Cold Spring Harbor, NY, 3rd edition, 2001). In other
embodiments, the molecules can be introduced into the cell by microinjection. For example,
the molecules can be injected into the cytoplasm or nuclei of the cells of interest. The amount
of each molecule introduced into the cell can vary, but those skilled in the art are familiar with
means for determining the appropriate amount.

[0080] The various molecules can be introduced into the cell simultaneously or sequentially.
For example, the fusion protein or CRISPR complex (or encoding nucleic acids) and the donor
polynucleotide can be introduced at the same time. Alternatively, one can be introduced first
and then the other can be introduced later into the cell.

[0081] In general, the cell is maintained under conditions appropriate for cell growth and/or
maintenance. Suitable cell culture conditions are well known in the art and are described, for
example, in Santiago et al., Proc. Natl. Acad. Sci. USA, 2008, 105:5809-5814; Moehle et al.
Proc. Natl. Acad. Sci. USA, 2007, 104:3055-3060; Urnov et al., Nature, 2005, 435:646-651;
and Lombardo et al., Nat. Biotechnol., 2007, 25:1298-1306. Those of skill in the art appreciate
that methods for culturing cells are known in the art and can and will vary depending on the cell
type. Routine optimization may be used, in all cases, to determine the best techniques for a
particular cell type.

(b) Targeted Genome or Epigenetic Modification

[0082] The one or more nucleosome interacting protein domains of the fusion protein or
CRISPR complex interacts with nucleosomes and/or chromosomal DNA at or near the target
chromosomal sequence such that nucleosomal and/or chromatin structure s
altered/remodeled, thereby increasing accessibility of the programmable DNA modification
protein of the fusion protein or the CRISPR protein of the CRISPR complex to the target
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chromosomal sequence. Increased access to the target chromosomal sequence results in
increased frequency/efficiency of targeted genome, transcriptional, or epigenetic modification.

[0083] In embodiments in which the fusion protein comprises a programmable DNA
modification protein having nuclease activity, the fusion protein can cleave one or both strands
of the targeted chromosomal sequence. Double-stranded breaks can be repaired by a non-
homologous end-joining (NHEJ) repair process. Because NHEJ is error-prone, indels (ie.,
deletions or insertions) of at least one base pair, substitutions of at least one base pair, or
combinations thereof can occur during the repair of the break. Accordingly, the targeted
chromosomal sequence can be modified, mutated, or inactivated. For example, a deletion,
insertion, or substitution in the reading frame of a coding sequence can lead to an altered
protein product, or no protein product (which is termed a "knock out"). In some iterations, the
method can further comprise introducing into the cell a donor polynucleotide (see below)
comprising a donor sequence that is flanked by sequence having substantial sequence identity
to sequences located on either side of the target chromosomal sequence, such that during
repair of the double-stranded break by a homology directed repair process (HDR) the donor
sequence in the donor polynucleotide can be exchanged with or integrated into the
chromosomal sequence at the target chromosomal sequence. Integration of an exogenous
sequence is termed a "knock in."

[0084] In various iterations, therefore, the efficiency of targeted genome modification can be
increased by at least about 0.1-fold, at least about 0.5-fold, at least about 1-fold, at least about
2-fold, at least about 5-fold, at least about 10-fold, or at least about 20-fold, at least about 50-
fold, at least about 100-fold, or more than about 100-fold relative to the parental
programmable DNA modification protein that is not linked to at least one nucleosome
interacting protein domain.

[0085] In embodiments in which the fusion protein comprises a programmable DNA
modification protein having non-nuclease activity, the fusion protein can modify DNA or
associated proteins at the target chromosomal sequence or modify expression of the target
chromosomal sequence. For example, when the programmable DNA modification protein
comprises epigenetic modification activity, the status of histone acetylation, methylation,
phosphorylation, adenylation, efc. can be modified or the status of DNA methylation, amination,
etc. can be modified. As an example, in embodiments in which the programmable DNA
modification protein comprises cytidine deaminase activity, one or more cytidine residues at the
target chromosomal sequence can be converted to uridine residues. Alternatively, when the
programmable DNA modification protein comprises transcriptional activation or repressor
activity, transcription at target chromosomal sequence can be increased or decreased.

[0086] The resultant epigenetic modification or transcriptional regulation can be increased by
at least about 0.1-fold, at least about 0.5-fold, at least about 1-fold, at least about 2-fold, at
least about 5-fold, at least about 10-fold, or at least about 20-fold, at least about 50-fold, at
least about 100-fold, or more than about 100-fold relative to the parental programmable DNA
modification protein that is not linked to at least one nucleosome interacting protein domain.
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[0087] The targeted genome, transcriptional, epigenetic modifications detailed above can be
performed singly or multiplexed (i.e., two or more chromosomal sequences can be targeted
simultaneously).

(c) Optional Donor Polynucleotide

[0088] In embodiments in which the fusion protein comprises a programmable DNA
modification protein having nuclease activity, the method can further comprise introducing at
least one donor polynucleotide into the cell. The donor polynucleotide can be single-stranded
or double-stranded, linear or circular, and/or RNA or DNA. In some embodiments, the donor
polynucleotide can be a vector, e.g., a plasmid vector.

[0089] The donor polynucleotide comprises at least one donor sequence. In some aspects, the
donor sequence of the donor polynucleotide can be a modified version of an endogenous or
native chromosomal sequence. For example, the donor sequence can be essentially identical
to a portion of the chromosomal sequence at or near the sequence targeted by the DNA
modification protein, but which comprises at least one nucleotide change. Thus, upon
integration or exchange with the native sequence, the sequence at the targeted chromosomal
location comprises at least one nucleotide change. For example, the change can be an
insertion of one or more nucleotides, a deletion of one or more nucleotides, a substitution of
one or more nucleotides, or combinations thereof. As a consequence of the "gene correction”
integration of the modified sequence, the cell can produce a modified gene product from the
targeted chromosomal sequence.

[0090] In other aspects, the donor sequence of the donor polynucleotide can be an exogenous
sequence. As used herein, an "exogenous" sequence refers to a sequence that is not native to
the cell, or a sequence whose native location is in a different location in the genome of the cell.
For example, the exogenous sequence can comprise protein coding sequence, which can be
operably linked to an exogenous promoter control sequence such that, upon integration into
the genome, the cell is able to express the protein coded by the integrated sequence.
Alternatively, the exogenous sequence can be integrated into the chromosomal sequence such
that its expression is regulated by an endogenous promoter control sequence. In other
iterations, the exogenous sequence can be a transcriptional control sequence, another
expression control sequence, an RNA coding sequence, and so forth. As noted above,
integration of an exogenous sequence into a chromosomal sequence is termed a "knock in."

[0091] As can be appreciated by those skilled in the art, the length of the donor sequence can
and will vary. For example, the donor sequence can vary in length from several nucleotides to
hundreds of nucleotides to hundreds of thousands of nucleotides.

[0092] Typically, the donor sequence in the donor polynucleotide is flanked by an upstream
sequence and a downstream sequence, which have substantial sequence identity to
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sequences located upstream and downstream, respectively, of the sequence targeted by the
programmable DNA modification protein. Because of these sequence similarities, the upstream
and downstream sequences of the donor polynucleotide permit homologous recombination
between the donor polynucleotide and the targeted chromosomal sequence such that the
donor sequence can be integrated into (or exchanged with) the chromosomal sequence.

[0093] The upstream sequence, as used herein, refers to a nucleic acid sequence that shares
substantial sequence identity with a chromosomal sequence upstream of the sequence
targeted by the programmable DNA modification protein. Similarly, the downstream sequence
refers to a nucleic acid sequence that shares substantial sequence identity with a
chromosomal sequence downstream of the sequence targeted by the programmable DNA
modification protein. As used herein, the phrase "substantial sequence identity" refers to
sequences having at least about 75% sequence identity. Thus, the upstream and downstream
sequences in the donor polynucleotide can have about 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% sequence identity with sequence upstream or downstream to the target
sequence. In an exemplary embodiment, the upstream and downstream sequences in the
donor polynucleotide can have about 95% or 100% sequence identity with chromosomal
sequences upstream or downstream to the sequence targeted by the programmable DNA
modification protein.

[0094] In some embodiments, the upstream sequence shares substantial sequence identity
with a chromosomal sequence located immediately upstream of the sequence targeted by the
programmable DNA modification protein. In other embodiments, the upstream sequence
shares substantial sequence identity with a chromosomal sequence that is located within about
one hundred (100) nucleotides upstream from the target sequence. Thus, for example, the
upstream sequence can share substantial sequence identity with a chromosomal sequence
that is located about 1 to about 20, about 21 to about 40, about 41 to about 60, about 61 to
about 80, or about 81 to about 100 nucleotides upstream from the target sequence. In some
embodiments, the downstream sequence shares substantial sequence identity with a
chromosomal sequence located immediately downstream of the sequence targeted by the
programmable DNA modification protein. In other embodiments, the downstream sequence
shares substantial sequence identity with a chromosomal sequence that is located within about
one hundred (100) nucleotides downstream from the target sequence. Thus, for example, the
downstream sequence can share substantial sequence identity with a chromosomal sequence
that is located about 1 to about 20, about 21 to about 40, about 41 to about 60, about 61 to
about 80, or about 81 to about 100 nucleotides downstream from the target sequence.

[0095] Each upstream or downstream sequence can range in length from about 20
nucleotides to about 5000 nucleotides. In some embodiments, upstream and downstream
sequences can comprise about 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 2200, 2300, 2400, 2500, 2600,
2800, 3000, 3200, 3400, 3600, 3800, 4000, 4200, 4400, 4600, 4800, or 5000 nucleotides. In
specific embodiments, upstream and downstream sequences can range in length from about
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50 to about 1500 nucleotides.

(d) Cell Types

[0096] A variety of cells are suitable for use in the methods disclosed herein. In general, the
cell is a eukaryotic cell. For example, the cell can be a human cell, a non-human mammalian
cell, a non-mammalian vertebrate cell, an invertebrate cell, an insect cell, a plant cell, a yeast
cell, or a single cell eukaryotic organism. In some embodiments, the cell can also be a non-
human one cell embryo. For example, a non-human mammalian embryo including rat,
hamster, rodent, rabbit, feline, canine, ovine, porcine, bovine, equine, and primate embryos. In
still other embodiments, the cell can be a stem cell such as embryonic stem cells, ES-like stem
cells, fetal stem cells, adult stem cells, and the like. In one embodiment, the stem cell is not a
human embryonic stem cell. Furthermore, the stem cells may include those made by the
techniques disclosed in WO2003/046141, or Chung et al. (Cell Stem Cell, 2008, 2:113-117).
The cell can be in vitro. In exemplary embodiments, the cell is a mammalian cell or mammalian
cell line. In particular embodiments, the cell is a human cell or human cell line.

[0097] Non-limiting examples of suitable mammalian cells or cell lines include human
embryonic kidney cells (HEK293, HEK293T); human cervical carcinoma cells (HELA); human
lung cells (W138); human liver cells (Hep G2); human U2-OS osteosarcoma cells, human A549
cells, human A-431 cells, and human K562 cells; Chinese hamster ovary (CHO) cells, baby
hamster kidney (BHK) cells; mouse myeloma NSO cells, mouse embryonic fibroblast 3T3 cells
(NIH3T3), mouse B lymphoma A20 cells; mouse melanoma B16 cells; mouse myoblast C2C12
cells; mouse myeloma SP2/0 cells; mouse embryonic mesenchymal C3H-10T1/2 cells; mouse
carcinoma CT26 cells, mouse prostate DuCuP cells; mouse breast EMT6 cells; mouse
hepatoma Hepalci1c7 cells; mouse myeloma J5582 cells; mouse epithelial MTD-1A cells;
mouse myocardial MyEnd cells; mouse renal RenCa cells; mouse pancreatic RIN-5F cells;
mouse melanoma X64 cells; mouse lymphoma YAC-1 cells; rat glioblastoma 9L cells; rat B
lymphoma RBL cells; rat neuroblastoma B35 cells; rat hepatoma cells (HTC); buffalo rat liver
BRL 3A cells; canine kidney cells (MDCK); canine mammary (CMT) cells; rat osteosarcoma
D17 cells; rat monocyte/macrophage DH82 cells; monkey kidney SV-40 transformed fibroblast
(COS7) cells; monkey kidney CVI-76 cells; African green monkey kidney (VERO-76) cells. An
extensive list of mammalian cell lines may be found in the American Type Culture Collection
catalog (ATCC, Manassas, VA).

(VIl) Methods for Detecting Specific Genomic Loci

[0098] In embodiments in which the fusion protein comprises a programmable DNA
modification having non-nuclease activity or the CRISPR complex comprises a catalytically
inactive CRISPR protein having non-nuclease activity, said fusion protein or CRISPR complex
can be used in methods for detecting or visualizing specific genomic loci in eukaryotic cells. In
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such embodiments, the fusion protein or CRISPR protein of the complex further comprises at
least one detectable label, such as a fluorophore (e.g., FAM, TMR, Cy3, Cy5, Texas Red,
Oregon Green, Alexa Fluors, Halo tags, or suitable fluorescent dye), a detection tag (e.g.,
biotin, digoxigenin, and the like), quantum dots, or gold particles. Alternatively, the guide RNA
of the CRISPR complex can further comprise a detectable label for in situ detection (e.g., FISH
or CISH). The at least one nucleosome interacting protein domain of the fusion protein or
CRISPR complex increases access of the programmable DNA modification protein or CRISPR
protein having non-nuclease activity to the target chromosomal sequence, thereby enhancing
detection of specific genomic loci or targeted chromosomal sequences.

[0099] The method comprises introducing into the eukaryotic cell the detectably labeled fusion
protein, detectably labeled CRISPR complex, or encoding nucleic acid, and detecting the
labeled programmable DNA modification protein or labeled CRISPR protein bound to the target
chromosomal sequence. The detecting can be via dynamic live cell imaging, fluorescent
microscopy, confocal microscopy, immunofluorescence, immunodetection, RNA-protein
binding, protein-protein binding, and the like. The detecting step can be performed in live cells
or fixed cells.

[0100] In embodiments in which the method comprises detecting chromatin structural
dynamics in live cells, the detectably labeled fusion protein or detectably labeled CRISPR
complex can be introduced into the cell as proteins or nucleic acids. In embodiments in which
the method comprises detecting the targeted chromosomal sequence in fixed cells, the
detectably labeled fusion protein or detectably labeled CRISPR complex can be introduced into
the cell as proteins (or protein-RNA complexes). Means for fixing and permeabilizing cells are
well known in the art. In some embodiments, the fixed cells can be subjected to chemical
and/or thermal denaturation processes to convert double-stranded chromosomal DNA into
single-stranded DNA. In other embodiments, the fixed cells are not subjected to chemical
and/or thermal denaturation processes.

(VIll) Applications

[0101] The compositions and methods disclosed herein can be used in a variety of
therapeutic, diagnostic, industrial, and research applications. In some embodiments, the
present disclosure can be used to modify any chromosomal sequence of interest in a cell,
animal, or plant in order to model and/or study the function of genes, study genetic or
epigenetic conditions of interest, or study biochemical pathways involved in various diseases or
disorders. For example, transgenic organisms can be created that model diseases or
disorders, wherein the expression of one or more nucleic acid sequences associated with a
disease or disorder is altered. The disease model can be used to study the effects of mutations
on the organism, study the development and/or progression of the disease, study the effect of
a pharmaceutically active compound on the disease, and/or assess the efficacy of a potential
gene therapy strategy.
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[0102] In other embodiments, the compositions and methods can be used to perform efficient
and cost effective functional genomic screens, which can be used to study the function of
genes involved in a particular biological process and how any alteration in gene expression can
affect the biological process, or to perform saturating or deep scanning mutagenesis of
genomic loci in conjunction with a cellular phenotype. Saturating or deep scanning
mutagenesis can be used to determine critical minimal features and discrete vulnerabilities of
functional elements required for gene expression, drug resistance, and reversal of disease, for
example.

[0103] In further embodiments, the compositions and methods disclosed herein can be used
for diagnostic tests to establish the presence of a disease or disorder and/or for use in
determining treatment options. Examples of suitable diagnostic tests include detection of
specific mutations in cancer cells (e.g., specific mutation in EGFR, HER2, and the like),
detection of specific mutations associated with particular diseases (e.g., trinucleotide repeats,
mutations in B-globin associated with sickle cell disease, specific SNPs, efc.), detection of
hepatitis, detection of viruses (e.g., Zika), and so forth.

[0104] In additional embodiments, the compositions and methods disclosed herein can be
used to correct genetic mutations associated with a particular disease or disorder such as,
e.g., correct globin gene mutations associated with sickle cell disease or thalassemia, correct
mutations in the adenosine deaminase gene associated with severe combined immune
deficiency (SCID), reduce the expression of HTT, the disease-causing gene of Huntington's
disease, or correct mutations in the rhodopsin gene for the treatment of retinitis pigmentosa.
Such modifications may be made in cells ex vivo.

[0105] In still other embodiments, the compositions and methods disclosed herein can be used
to generate crop plants with improved traits or increased resistance to environmental stresses.
The present disclosure can also be used to generate farm animal with improved traits or
production animals. For example, pigs have many features that make them attractive as
biomedical models, especially in regenerative medicine or xenotransplantation.

DEFINITIONS

[0106] Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms
used in this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology (2nd
Ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The
Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the following terms
have the meanings ascribed to them unless specified otherwise.

[0107] When introducing elements of the present disclosure or the preferred embodiments(s)
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thereof, the articles "a", "an", "the" and "said" are intended to mean that there are one or more

of the elements. The terms "comprising”, "including” and "having" are intended to be inclusive
and mean that there may be additional elements other than the listed elements.

[0108] The term "about” when used in relation to a numerical value, x, for example means x +
5%.

[0109] As used herein, the terms "complementary" or "complementarity" refer to the
association of double-stranded nucleic acids by base pairing through specific hydrogen bonds.
The base paring may be standard Watson-Crick base pairing (e.g., 5'-AG T C-3' pairs with the
complementary sequence 3-T C A G-5'). The base pairing also may be Hoogsteen or
reversed Hoogsteen hydrogen bonding. Complementarity is typically measured with respect to
a duplex region and thus, excludes overhangs, for example. Complementarity between two
strands of the duplex region may be partial and expressed as a percentage (e.g., 70%), if only
some (e.g., 70%) of the bases are complementary. The bases that are not complementary are
"mismatched.” Complementarity may also be complete (i.e., 100%), if all the bases in the
duplex region are complementary.

[0110] As used herein, the term "CRISPR system" refers to a complex comprising a CRISPR
protein (i.e., nuclease, nickase, or catalytically dead protein) and a guide RNA.

[0111] The term "endogenous sequence," as used herein, refers to a chromosomal sequence
that is native to the cell.

[0112] As used herein, the term "exogenous" refers to a sequence that is not native to the cell,
or a chromosomal sequence whose native location in the genome of the cell is in a different
chromosomal location.

[0113] A "gene," as used herein, refers to a DNA region (including exons and introns) encoding
a gene product, as well as all DNA regions which regulate the production of the gene product,
whether or not such regulatory sequences are adjacent to coding and/or transcribed
sequences. Accordingly, a gene includes, but is not necessarily limited to, promoter
sequences, terminators, translational regulatory sequences such as ribosome binding sites
and internal ribosome entry sites, enhancers, silencers, insulators, boundary elements,
replication origins, matrix attachment sites, and locus control regions.

[0114] The term "heterologous” refers to an entity that is not endogenous or native to the cell
of interest. For example, a heterologous protein refers to a protein that is derived from or was
originally derived from an exogenous source, such as an exogenously introduced nucleic acid
sequence. In some instances, the heterologous protein is not normally produced by the cell of
interest.

[0115] The term "nickase" refers to an enzyme that cleaves one strand of a double-stranded
nucleic acid sequence (i.e., nicks a double-stranded sequence). For example, a nuclease with
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double strand cleavage activity can be modified by mutation and/or deletion to function as a
nickase and cleave only one strand of a double-stranded sequence.

[0116] The term "nuclease," as used herein, refers to an enzyme that cleaves both strands of
a double-stranded nucleic acid sequence.

[0117] The terms "nucleic acid" and "polynucleotide" refer to a deoxyribonucleotide or
ribonucleotide polymer, in linear or circular conformation, and in either single- or double-
stranded form. For the purposes of the present disclosure, these terms are not to be construed
as limiting with respect to the length of a polymer. The terms can encompass known analogs of
natural nucleotides, as well as nucleotides that are modified in the base, sugar and/or
phosphate moieties (e.g., phosphorothioate backbones). In general, an analog of a particular
nucleotide has the same base-pairing specificity; /.e., an analog of A will base-pair with T.

[0118] The term "nucleotide" refers to deoxyribonucleotides or ribonucleotides. The
nucleotides may be standard nucleotides (i.e., adenosine, guanosine, cytidine, thymidine, and
uridine), nucleotide isomers, or nucleotide analogs. A nucleotide analog refers to a nucleotide
having a modified purine or pyrimidine base or a modified ribose moiety. A nucleotide analog
may be a naturally occurring nucleotide (e.g., inosine, pseudouridine, etc.) or a non-naturally
occurring nucleotide. Non-limiting examples of modifications on the sugar or base moieties of a
nucleotide include the addition (or removal) of acetyl groups, amino groups, carboxyl groups,
carboxymethyl groups, hydroxyl groups, methyl groups, phosphoryl groups, and thiol groups,
as well as the substitution of the carbon and nitrogen atoms of the bases with other atoms
(e.g., 7-deaza purines). Nucleotide analogs also include dideoxy nucleotides, 2'-O-methyl
nucleotides, locked nucleic acids (LNA), peptide nucleic acids (PNA), and morpholinos.

[0119] The terms "polypeptide” and "protein” are used interchangeably to refer to a polymer of
amino acid residues.

[0120] As used herein, the term "programmable DNA modification protein” refers to a protein
that is engineered to bind a specific target sequence in chromosomal DNA and which modifies
the DNA or protein(s) associated with DNA at or near the target sequence.

[0121] The term "sequence identity" as used herein, indicates a quantitative measure of the
degree of identity between two sequences of substantially equal length. The percent identity of
two sequences, whether nucleic acid or amino acid sequences, is the number of exact
matches between two aligned sequences divided by the length of the shorter sequence and
multiplied by 100. An approximate alignment for nucleic acid sequences is provided by the
local homology algorithm of Smith and Waterman, Advances in Applied Mathematics 2:482-
489 (1981). This algorithm can be applied to amino acid sequences by using the scoring matrix
developed by Dayhoff, Atlas of Protein Sequences and Structure, M. O. Dayhoff ed., 5 suppl.
3:353-358, National Biomedical Research Foundation, Washington, D.C., USA, and normalized
by Gribskov, Nucl. Acids Res. 14(6).6745-6763 (1986). An exemplary implementation of this
algorithm to determine percent identity of a sequence is provided by the Genetics Computer
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Group (Madison, Wis.) in the "BestFit" utility application. Other suitable programs for
calculating the percent identity or similarity between sequences are generally known in the art,
for example, another alignment program is BLAST, used with default parameters. For example,
BLASTN and BLASTP can be used using the following default parameters: genetic
code=standard; filter=none; strand=both; cutoff=60; expect=10; Matrix=BLOSUM®62;
Descriptions=50  sequences; sort by=HIGH SCORE; Databases=non-redundant,
GenBank+EMBL+DDBJ+PDB+GenBank CDS translations+Swiss protein+Spupdate+PIR.
Details of these programs can be found on the GenBank website. In general, the substitutions
are conservative amino acid substitutions: limited to exchanges within members of group 1:
glycine, alanine, valine, leucine, and Isoleucine; group 2: serine, cysteine, threonine, and
methionine; group 3: proline; group 4: phenylalanine, tyrosine, and tryptophan; group 5:
aspartate, glutamate, asparagine, and glutamine.

[0122] The terms "target sequence,” "target chromosomal sequence,” and "target site” are
used interchangeably to refer to the specific sequence in chromosomal DNA to which the
programmable DNA modification protein is targeted, and the site at which the programmable
DNA modification protein modifies the DNA or protein(s) associated with the DNA.

[0123] Techniques for determining nucleic acid and amino acid sequence identity are known in
the art. Typically, such techniques include determining the nucleotide sequence of the mRNA
for a gene and/or determining the amino acid sequence encoded thereby, and comparing
these sequences to a second nucleotide or amino acid sequence. Genomic sequences can
also be determined and compared in this fashion.

[0124] In general, identity refers to an exact nucleotide-to-nucleotide or amino acid-to-amino
acid correspondence of two polynucleotides or polypeptide sequences, respectively. Two or
more sequences (polynucleotide or amino acid) can be compared by determining their percent
identity.

[0125] It is intended that all matter contained in the above description and in the examples

given below, shall be interpreted as illustrative and not in a limiting sense.

EXAMPLES

[0126] The following examples illustrate certain aspects of the disclosure. Table 1 lists the
peptide sequences of nucleosome interacting domains and Table 2 presents target
chromosomal sequences used in Examples 1-8 presented below.
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Table 1. Peptide Sequences of Nucleosome Interacting Domains

Nucleosome Sequence (NH,-COOH) SEQ

Interacting ID

Domain NO:

Human 40

HMGB1 box A | MGKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDASVNF

domain (1-84 | SEFSKKCSERWKTMSAKEKGKFEDMAKADKARYEREMK

aa

) TYIPPKGE

Human 41

HMGN1 MPKRKVSSAEGAAKEEPKRRSARLSAKPPAKVEAKPKKA

protein AAKDKSSDKKVQTKGKRGAKGKQAEVANQETKEDLPAE
NGETKTEESPASDEAGEKEAKSD

Human 42

HMGN2 MPKRKAEGDAKGDKAKVKDEPQRRSARLSAKPAPPKPE

protein PKPKKAPAKKGEKVPKGKKGKADAGKE GNNPAENGDAK
TDQAQKAEGAGDAK

Human 43

HMGN3a MPKRKSPENTE GKDGSKVTKQEPTRRSARLSAKPAPPK

protein PEPKPRKTSAKKEPGAKISRGAKGKKEEKQEAGKEGTAP
SENGETKAEEAQKTESVDNEGE

Human 44

HMGN3b MPKRKSPENTEGKDGSKVTKQEPTRRSARLSAKPAPPK

protein PEPKPRKTSAKKEPGAKISRGAKGKKEEKQEAGKEGTEN

Human histone 45

H1 central STDHPKYSDMIVAAIQAEKNRAGSSRQSIQKYIKSHYKVG

globular ENADSQIKLSIKRLVTTGVLKQTKGVGASGSFRLAKSDEP

domain (22-

101 aa)

Yeast ISWI 46

chromatin- LLNPTKRERKENYSIDNYYKDVLNTGRSSTPSHPRMPKP

remo?eling HVFHSHQLQPPQLKVLYEKERMWTAKKTGYVPTMDDVK

complex

ATPase ISW1 | AAYGDISDEEEKKQKLELLKLSVNNSQPLTEEEEKMKAD

DNA binding WESEGFTNWNKLEFRKFITVSGKYGRNSIQAIARELAPGK

domain TLEEVRAYAKAFWSNIERIEDYEKYLKIIENEEEKIKRVKM

QQEALRRKLSEYKNPFFDLKLKHPPSSNNKRTYSEEEDR
FILLMLFKYGLDRDDVYELVRDEIRDCPLFELDFYFRSRTP
VELARRGNTLLQCLEKEFNAGIVLDDATKDRMKKEDENG
KRIREEFADQTANEKENVDGVESKKAKIEDTSNVGTEQLV
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Table 1. Peptide Sequences of Nucleosome Interacting Domains

Nucleosome Sequence (NH,-COOH) SEQ

Interacting ID

Domain NO:
AEKIPENETTH

Yeast chromo 47

domain- DMDSIGESEVRALYKAILKFGNLKEILDELIADGTLPVKSFE

containing KYGETYDEMMEAAKDCVHEEEKNRKEILEKLEKHATAYR

E)é?:ltg?)1DNA AKLKSGEIKAENQPKDNPLTRLSLKKREKKAVLFNFKGVK

binding domain § SLNAESLLSRVEDLKYLKNLINSNYKDDPLKFSLGNNTPK
PVQNWSSNWTKEEDEKLLIGVFKYGYGSWTQIRDDPFL
GITDKIFLNEVHNPVAKKSASSSDTTPTPSKKGKGITGSSK
KVPGAIHLGRRVDYLLSFLRGGLNTKSPS

Table 2. Chromosomal Target Sites

Locus |Site {Sequence (5'-3") SEQID NO:

Streptococcus pyogenes Cas9 (SpCas9)

POR #1 AGCCGTGAGTGGAGGGAGCGTGG 48

POR #2 AGAGGGAGGGGTTGGACTACAGG 49

POR #3 CATTCGCCAGTACGAGCTTGTGG 50

CAR #1 CTTTAATGCGCTGACTTGTGAGG 51

EMX1 #1 GTGGCGCATTGCCACGAAGCAGG 52

EMX1 #2 TTCTTCTTCTGCTCGGACTCAGG 53

Streptococcus pasteurianus Cas9 (SpaCas9)

POR #1 TGCTGGAAAGGGGAGACCAAGGGTGA 54

POR #2 AGAGCTAC GAGAAC CAGAAGC CGTGA 55

Francisella novicida Cpf1 (FnCpf1)

POR #1 TTCCCGGCCTCACCCTTGGTCTCCCC 56

POR #2 TTGGTCTCCCCTTTCCAGCATTCGCC 57

POR #3 TTCCAGCATTCGCCAGTACGAGCTTG 58

Campylobacter jejuni Cas9 (CjCas9)

POR #1 GATCAACATGGGAGACTCCCACGTGGACAC {59

POR #2 AGATACTTCTTCGGCCACCGCCTCGGACAC {60

Example 1. Improvement of Streptococcus pyogenes Cas9 (SpCas9) activity using
human HMGB1 box A domain
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[0127] Ahuman HMGB1 box A domain (SEQ ID NO:40) was fused with SpCas9 (+NLS) at the
nuclease carboxyl terminus with the linker LEGGGS (SEQ ID NO:1) between Cas9 and the

HMGB1 box A domain. Human K562 cells (1 x 10%) were transfected with plasmid DNA
encoding the fusion protein or wild type SpCas9 protein in molar equivalent amounts (5.2 and
5.0 pg for the fusion protein and the wild type Cas9 protein, respectively) in combination with 3
Mg of a sgRNA plasmid for targeting a genomic site (#1) in the human cytochrome p450
oxidoreductase (POR) locus. Transfection was carried out using nucleofection on an Amaxi
nucleofector. Three days after transfection, cells were lysed with a DNA extraction solution

(QuickExtract™) and the targeted genomic region was PCR amplified. Cas9 nuclease target
cleavage activities (% indels) were measured using Cel-l assays. As shown in Table 3, fusion
of the human HMGB1 box A domain with the nuclease increased SpCas9 cleavage efficiency
at the target site.

Table 3. Cleavage Efficiency

Nuclease Target Site Indel (%)
Wild type SpCas9 PORJsite #1 8.5
SpCas9-HMGB1 box A fusion PORJsite #1 21.3

Example 2. Improvement of Streptococcus pyogenes Cas9 (SpCas9) activity using
human HMGN1, HMGN2, HMGN3a, and HMGN3b

[0128] Human HMGN1, HMGN2, HMGN3a, and HMGN3b (SEQ ID NOS:41-44, respectively)
were each fused with SpCas9 (+NLS) at the nuclease carboxyl terminus with the linker
LEGGGS (SEQ ID NO: 1) between Cas9 and each of the HMGN peptides. Human K562 cells

(1 x 108 were transfected with plasmid DNA encoding each of the fusion proteins or the wild
type SpCas9 protein in molar equivalent amounts (5.2 and 5.0 pug for each of the fusion
proteins and the wild type Cas9 protein, respectively) in combination with 3 pg of a sgRNA
plasmid for targeting a genomic site (#1) in the human cytochrome p450 oxidoreductase
(POR) locus. Transfection was carried out using nucleofection on an Amaxi nucleofector. Three

days after transfection, cells were lysed with a DNA extraction solution (QuickExtract™) and the
targeted genomic region was PCR amplified. Cas9 target cleavage activities (% indels) were
measured using Cel-l assays. The results, as summarized in Table 4, show that fusion of each
of the human HMGN peptides with the nuclease increased SpCas9 cleavage efficiency at the
target site.

Table 4. Cleavage Efficiency

Nuclease Target Site Indel (%)
Wild type SpCas9 POR/site #1 8.5
SpCas9-HMGN1 fusion POR/site #1 18.3
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Table 4. Cleavage Efficiency

Nuclease Target Site Indel (%)
SpCas9-HMGN2 fusion POR/site #1 13.3
SpCas9-HMGN3a fusion POR/site #1 13.5
SpCas9-HMGN3b fusion POR/site #1 14.4

Example 3. Improvement of Streptococcus pyogenes Cas9 (SpCas9) activity using
human histone H1 central globular domain

[0129] A human histone H1 central globular domain (SEQ ID NO:45) was fused with SpCas9
(+NLS) at the nuclease carboxyl terminus with the linker LEGGGS (SEQ ID NO:1) between

Cas9 and the globular domain. Human K562 cells (1 x 108) were transfected with plasmid DNA
encoding the fusion protein or the wild type SpCas9 protein in molar equivalent amounts (5.2
and 5.0 ug for the fusion protein and the wild type Cas9 protein, respectively) in combination
with 3 ug of a sgRNA plasmid for targeting a genomic site (#1) in the human cytochrome p450
oxidoreductase (POR) locus. Transfection was carried out using nucleofection on an Amaxi
nucleofector. Three days after transfection, cells were lysed with a DNA extraction solution

(QuickExtract™) and the targeted genomic region was PCR amplified. Cas9 target cleavage
activities (% indels) were measured using Cel-l assays. The results are presented in Table 5.
Fusion of the human histone H1 central globular domain with the nuclease increased SpCas9
cleavage efficiency at the target site.

Table 5. Cleavage Efficiency

Nuclease Target Site Indel (%)
Wild type SpCas9 POR/site #1 8.5
SpCas9-H1 central globular domain fusion POR/site #1 194

Example 4. Improvement of Streptococcus pyogenes Cas9 (SpCas9) activity using a
chromatin remodeling protein DNA binding domain

[0130] SpCas9 (+NLS) was fused with the DNA binding domain of the yeast ISW chromatin-
remodeling complex ATPase ISW1 (SEQ ID NO:46) at the nuclease amino terminus with the
linker TGSG (SEQ ID NO:2) between Cas9 and the DNA binding domain. Independently, the
wild type SpCas9 was fused with the DNA binding domain of the yeast chromo domain-
containing protein 1 (CHD1) (SEQ ID NO:47) at the nuclease carboxyl terminus with the linker
LEGGGS (SEQ ID NO: 1) between Cas9 and the DNA binding domain. Human K562 cells (1 x

10%) were transfected with plasmid DNA encoding each of the fusion proteins or the wild type
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SpCas9 protein in molar equivalent amounts (6.0 and 5.0 ug for each of the fusion proteins
and the wild type Cas9 protein, respectively) in combination with 3 ug of a sgRNA plasmid for
targeting a genomic site (#1) in the human cytochrome p450 oxidoreductase (POR) locus.
Transfection was carried out using nucleofection on an Amaxi nucleofector. Three days after

transfection, cells were lysed with a DNA extraction solution (QuickExtract™) and the targeted
genomic region was PCR amplified. Cas9 target cleavage activities (% indels) were measured
using Cel-l assays. The results, as summarized in Table 6, show that the fusion of each of the
DNA binding domains with the nuclease increased SpCas9 cleavage efficiency at the target
site.

Table 6. Cleavage Efficiency

Nuclease Target Site Indel (%)
Wild type SpCas9 POR/site #1 8.5

ISW1 DNA binding domain-SpCas9 fusion POR/site #1 21.1
SpCas9-CHD1 DNA binding domain fusion POR/site #1 20.8

Example 5. Improvement of Streptococcus pyogenes Cas9 (SpCas9) activity using
combinations of nucleosome interacting domains

[0131] SpCas?9 (+NLS) was fused with the human HMGN1 (SEQ ID N:41) at the nuclease
amino terminus with the linker TGSG (SEQ ID NO:2) between Cas9 and HMGN1 and with the
human HMGB1 box A domain (SEQ ID NO:40) or the human histone H1 central globular
domain (SEQ ID NO: 45) or the yeast chromo domain-containing protein 1 (CHD1) DNA
binding domain (SEQ ID NO:47) at the nuclease carboxyl terminus with the linker LEGGGS

(SEQ ID NO: 1) between Cas9 and each of the protein domains. Human K562 cells (1 x 109)
were transfected with plasmid DNA encoding each of the fusion proteins or the wild type
SpCas9 protein in molar equivalent amounts (5.4 pg for the HMGB1 box A and H1 central
globular domain fusion proteins, 6.0 ug for the CHD1 DNA binding domain fusion protein, and
5.0 ug for the wild type Cas9 protein) in combination with 3 ug of a sgRNA plasmid for targeting
a genomic site (#1, #2, #3) in the human cytochrome p450 oxidoreductase (POR) locus, or a
genomic site (#1) the human nuclear receptor subfamily 1 group | member 3 (CAR) locus, or a
genomic site (#1, #2) the human empty spiracles homeobox 1 (EMX1) locus. Transfection was
carried out using nucleofection on an Amaxi nucleofector. Five days after transfection, cells

were lysed with a DNA extraction solution (QuickExtract™) and each targeted genomic region
was PCR amplified. Cas9 target cleavage activities (% indels) were measured using Cel-I
assays. The results, as summarized in the Table 7, show that the combinatory fusion of these
protein domains with the nuclease increased SpCas9 cleavage efficiency at the target sites.

Table 7. Cleavage Efficiency

Nuclease Target Site Indel (%)
Wild type SpCas9 POR/site #1 3.4
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Table 7. Cleavage Efficiency

Nuclease Target Site Indel (%)
POR/site #2 1.3

POR/site #3 22.2
CAR/site #1 2.1
EMX1/site #1 2.2
EMX1/site #2 1.1
HMGN1-SpCas9-HMGB1 box A fusion POR/site #1 28.2
POR/site #2 8.3
POR/site #3 42.7
CAR/site #1 14.3
EMX1/site #1 29.0
EMX1/site #2 12.1
HMGN1-SpCas9-H1 central globular domain fusion {POR/site #1 243
POR/site #2 6.5
POR/site #3 442
CAR/site #1 23.9
EMX1/site #1 26.9
EMX1/site #2 21.0
HMGN1-SpCas9- CHD1 DNA binding domain fusion { POR/site #1 21.5
POR/site #2 3.6
POR/site #3 39.8
CAR/site #1 9.0
EMX1/site #1 23.5
EMX1/site #2 20.2

Example 6. Improvement of Streptococcus pasteurianus Cas9 (SpaCas9) activity using
combinations of nucleosome interacting domains

[0132] Streptococcus pasteurianus Cas9 (SpaCas9) (+NLS) was fused with the human
HMGN1 (SEQ ID NO:41) at the nuclease amino terminus with the linker TGSG (SEQ ID NO:2)
between Cas9 and HMGN1 and with the human HMGB1 box A domain (SEQ ID NO:41) or the
human histone H1 central globular domain (SEQ ID NO:45) or the yeast chromo domain-
containing protein 1 (CHD1) DNA binding domain (SEQ ID NO:47) at the nuclease carboxyl
terminus with the linker LEGGGS (SEQ ID NO: 1) between Cas9 and each of the protein

domains. Human K562 cells (1 x 10%) were transfected with plasmid DNA encoding each of the
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fusion proteins or the wild type SpaCas9 protein in molar equivalent amounts (5.4 and 5.0 ug
for each of the fusion proteins and the wild type Cas9 protein, respectively) in combination with
3 pg of a sgRNA plasmid for targeting a genomic site (#1, #2) in the human cytochrome p450
oxidoreductase (POR) locus. Transfection was carried out using nucleofection on an Amaxi
nucleofector. Three days after transfection, cells were lysed with a DNA extraction solution

(QuickExtract™) and the targeted genomic region was PCR amplified. Cas9 target cleavage
activities (% indels) were measured using Cel-l assays. As summarized in Table 8, the
combinatory fusion of these protein domains with the nuclease increased SpaCas9 cleavage
efficiency at the target sites.

Table 8. Cleavage Efficiency

Nuclease Target Site Indel (%)

Wild type SpaCas9 PORIJsite #1 16.6
PORIJsite #2 12.9

HMGN1-SpaCas9-HMGB1 box A fusion PORIJsite #1 20.6

PORIJsite #2 35.8
HMGN1-SpaCas9- H1 central globular domain fusion jPOR/site #1 28.6
PORIJsite #2 31.7
HMGN1-SpaCas9-CHD1 DNA binding domain fusion {POR/site #1 19.4
PORIJsite #2 18.5

Example 7. Improvement of Francisella novicida Cpf1 (FnCpf1) activity using
combinations of nucleosome interacting domains

[0133] Francisella novicida Cpf1 (FnCpf1) (+NLS) was fused with the human HMGN1 (SEQ ID
NO:41) at the nuclease amino terminus with the linker TGSG (SEQ ID NO:2) between Cpf1
and HMGN1 and with the human HMGB1 box A domain (SEQ ID NO:40) or the human histone
H1 central globular domain (SEQ ID NO:45) or the yeast chromo domain-containing protein 1
(CHD1) DNA binding domain (SEQ ID NO:47) at the nuclease carboxyl terminus with the linker
LEGGGS (SEQ ID NO: 1) between Cpfl and each of the protein domains. Human K562 cells

(1 x 10%) were transfected with plasmid DNA encoding each of the fusion proteins or the wild
type FnCpf1 protein in molar equivalent amounts (5.4 and 5.0 ug for each of the fusion
proteins and the wild type Cas9 protein, respectively) in combination with 3 pg of a sgRNA
plasmid for targeting a genomic site (#1, #2, #3) in the human cytochrome p450
oxidoreductase (POR) locus. Transfection was carried out using nucleofection on an Amaxi
nucleofector. Three days after transfection, cells were lysed with a DNA extraction solution

(QuickExtract™) and the targeted genomic region was PCR amplified. Cas9 target cleavage
activities (% indels) were measured using Cel-l assays. The results, as summarized in Table 9,
show that the combinatory fusion of these protein domains with the nuclease increased FnCpf1
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cleavage efficiency on the target sites.

Table 9. Cleavage Efficiency

Nuclease Target Site Indel (%)
Wild typeFnCpf1 PORIJsite #1 23
PORIJsite #2 53
PORYJsite #3 3.0
HMGN1-FnCpf1-HMGB1 box A fusion PORIJsite #1 8.2
PORIJsite #2 12.8
PORYJsite #3 13.2
HMGN1-FnCpf1-H1 central globular domain fusion PORIJsite #1 8.7
PORIJsite #2 12.9
PORYJsite #3 13.2
HMGN1-FnCpf1-CHD1 DNA binding domain fusion  {POR/site #1 7.7
PORIJsite #2 7.5
PORYJsite #3 9.4

Example 8. Improvement of Campylobacter jejuni Cas9 (CjCas9) gene editing efficiency

[0134] Campylobacter jejuni Cas9 (CjCas9) (+NLS) was fused with the human HMGN1 (SEQ
ID NO:41) at the nuclease amino terminus with the linker TGSG (SEQ ID NO:2) between Cas9
and HMGN1 and with the human HMGB1 box A domain (SEQ ID NO:40) or the human histone
H1 central globular domain (SEQ ID NO:45) at the nuclease carboxyl terminus with the linker
LEGGGS (SEQ ID NO: 1) between Cas9 and each of the protein domains. The wild type
CjCas9 gRNA was modified by introducing a U to C mutation into the crRNA constant repeat
region and a corresponding A to G mutation into the 5' region of the tracrRNA sequence. The
modified sgRNA sequence is: 5'-

modified sgRNA sequence is: 5'-
NNNNNNNNNNNNNNNNNNNNNNGUUCUAGUCCCUGAAAAGGGACUAGAAUAA
AGAGUUUGCGGGACUCUGCGGGGUUACAAUCCCCUAAAACCGCUUUU-3,

where the mutated nucleotides in the crRNA and tracrRNA moieties are underlined. Guide
sequences targeting two different sites (#1, #2) in the human cytochrome p450 oxidoreductase
gene (POR) were cloned into the wild type and the modified CjCas9 sgRNA scaffold,
respectively. The expression of the sgRNAs was under the control of a U6 promoter. Human

K562 cells (1x 10%) were transfected with 4 pg of CjCas9 plasmid DNA and 3 ug of a sgRNA
plasmid DNA. Transfection was carried out using nucleofection on an Amaxi nucleofector.
Three days after transfection, cells were lysed with QuickExtract and the targeted genomic
regions were PCR amplified. CjCas9 target DNA cleavage activities (% indels) were measured
using Cel-l assays. The results are presented in FIG. 1 and show that the fusion proteins had
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increased cleavage efficiency on the target sites, and that modified CjCas9 sgRNA scaffold
effectively increased CjCas9 cleavage efficiency on target sites.

[0135] Table 10 presents the amino acid sequences of the specific fusion proteins. The
nucleosome interacting protein domains are shown in bold, the linkers are shown in italics, and
the NLS is underlined.

Table 10. CRISPR Fusion Proteins
SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

MDEKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEFDSGETAEA
TRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNI
VDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDK
LEIQLVOTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIAL
SLGLTPNFKSNFDLAEDAKLOLSKDTYDDDLDNLLAQIGDOYADLEFLAAKNLSDAILLSDI
LRVNTEITKAPLSASMIKRYDEHHODLTLLKALVROOLPEKYKEIFEFDOSKNGYAGY IDGG
ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGS IPHOIHLGELHATILRRQOE
DEYPFLKDNREKIEKILTFRIPYYVGPLARGNSREFAWMTRKSEETITPWNFEEVVDKGASA
OSFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATV
DLLFKTNRKVTVEKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITKDKDELDNE
ENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKOLKRRRY TGWGRLSRKLINGIR
DRKOSGKTILDEFLKSDGFANRNEMOQLIHDDSLTEFKEDIQKAQVSGOGDSLHEHIANLAGSPA
IKKGILOQTVKIVDELVKVMGHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQ
ILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFIKDDSIDNK
VLTRSDENRGKSDNVPSEEVVEKMENYWROQLLNAKLITORKEFDNLTKAERGGLSELDKAGE
IKROLVETRQITKHVAQILDSRMNTKYDENDKLIREVEVITLKSKLVSDERKDFQFYKVRE
INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETGKATAKYFE
YSNIMNEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDEFATVRKVLSMPQVNIVKKTE
VOITGGEFSKESILPKRNSDKL IARKKDWDEPKKYGGEDSPTVAY SVLVVARKVEKGKSKKLKSVY
KELLGITIMERSSFERKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQ
KGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDEIIEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHOSITGLYETRIDLSQOLGGDPKKKRKY LEGGGGSMGKGDPKKPRGKMSSYAFEFVQT

CREEHKKKHPDASVNFSEFSKKCSERWKTMSAKEKGKFEDMAKADKARYEREMKTY I PPKG
E

SpCas9-HMGN1 fusion (SEQ ID NO:62)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKEKVLGNTDRHSIKKNLIGALLEDSGETAEA
TRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPIFGNI
VDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLATAHMIKFRGHFLIEGDLNPDNSDVDK
LEFIQLVOTYNOQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIAL
SLGLTPNFKSNEFDLAEDAKLOLSKDTYDDDLDNLLAQIGDOQYADLFLAAKNLSDAILLSDI
LRVNTEITKAPLSASMIKRYDEHHOQDLTLLKALVROQLPEKYKEIFFDOSKNGYAGY IDGG
ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEDNGS IPHOIHLGELHATILRROE
DEYPFLKDNREKIEKILTFRIPYYVGPLARGNSREFAWMTRKSEET ITPWNFEEVVDKGASA
OSFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIV
DLLFKTNRKVITVKQLKEDYFKKIECFDSVEISGVEDRENASLGTYHDLLKIIKDKDELDNE
ENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIR
DKQSCGKTILDFLKSDGFANRNFMOLIHDDSLTFKEDIQKAQVSGQGDSLHEHTANLAGSPA
IKKGILQTVKIVDELVKVMGHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQ
ILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPOSEFIKDDS IDNK

MTTRANKNRAKWATNVDATTINIKKMIN VIRIDNAT TRNTAKT TTARKEMNT TRATDCOT QBT NKACT
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Table 10. CRISPR Fusion Proteins

SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

o W A A 2 T 0 o I 0 A w0t W2 A 0 e W S B s o 73 W N e

IKROQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQEFYKVRE
INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFE
YSNIMNEFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDEFATVRKVLSMPOVNIVEKKTE
VOTGCGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSV
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQ
KGNELALPSKYVNEFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKV LEGGGGSMPKRKVSSAEGAAKEEPKRRSA
RLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGKQAEVANQE TKEDLPAENGE TKT
EESPASDEAGEKEAKSD

SpCas9-HMGN2 fusion (SEQ ID NO:63)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRESIKKNLIGALLEDSGETAEA
TRLKRTARRRYTRRKNRICYLOETFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPTFGN T
VDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDK
LFIQLVOTYNQLFEENPINASGVDAKATLSARLSKSRRLENLTIAQLPGEKKNGLEGNLIATL
SLGLTPNFKSNEFDLAEDAKLOLSKDTYDDDLDNLLAQIGDQYADLEFLAAKNLSDAILLSDI
LRVNTEITKAPLSASMIKRYDEHHODLTLLKALVROOQLPEKYKEIFFDOSKNGYAGY IDGG
ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGS IPHQIHLGELHATILRRQE
DEYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASA
OSFIERMTNEDENLPNERKVLPKHSLLYEYEFTVYNELTKVRKYVTEGMRKPAFLSGEQKKATY
DLLEKTNRKVIVKQLKEDY FKKIECFDSVEISGVEDRENASLGTYHDLLKI IKDKDELDNE
ENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKOLKRRRYTGWGRLSRKLINGIR
DKOSCKTILDFLKSDGFANRNFMOLIHDDSLTFKEDIQKAQVSGQCDSLHEHIANLAGSPA
IKKGILQTVKIVDELVKVMGHKPENIVIEMARENQT TOKGOKNSRERMKRIEEGIKELGSQ
ILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFIKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVEKKMKNYWROLLNAKLITORKFDNLTKAERGGLSELDKAGE
IKROLVETROITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEFQFYKVRE
INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYEF
YSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPOVNIVEKTE
VOTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSY
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQ

KGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDETIIEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLTHOSITGLYETRIDLSQLGGDPKKKRKV LEGGGGSMPKRKAE GDAKGDKAKVKDE PQ
RRSARLSAKPAPPKPE PKPKKAPAKKGEKVPKGKKGKADAGKE GNNPAENGDAKTDQAQKA
EGAGDAK

SpCas9-HMGN3a fusion (SEQ ID NO:64)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIGALLEFDSGETAEA
TRLKRTARRRYTRRKNRICYLOEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNI
VDEVAYHERYPTIYHLRKKLVDSTDKADLRLIYLATAHMIKFRGHFLTIEGDLNPDNSDVDK
LFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIAL
SLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDI
LRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQOLPERYKETFFDOSKNGYAGY IDGG
ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEFDNGS IPHOQTHLGELHATILRRQE
DEYPFLKDNREKIEKILTEFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNEFEEVVDKGASA
QSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATV
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Table 10. CRISPR Fusion Proteins

SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

DLLFKTNRKVITVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKI IKDKDFLDNE
ENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIR
DKOSGKTILDELKSDGEFANRNEFMOLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPA
IKKGILOTVKIVDELVKVMGHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQ
ILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFIKDDS IDNK
VLTRSDENRGKSDNVESEEVVKKMEKNYWROQLLNAKLI TORKEDNLTKAERGGLSELDKAGE
IKROLVETROITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDEFRKDEFQEFYKVRE
INNYHHAHDAYILNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQE IGKATAKYFFE
YSNIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPOVNIVKKTE
VOTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKGKSKKLKSV
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQ
KGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKOLFVEQHKHYLDETIIEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENTI THLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKV LEGGGGSMPKRKSPENTEGKDGSKVTKQE
PTRRSARLSAKPAPPKPE PKPRKTSAKKE PGAKI SRGAKGKKE EKQEAGKEGTAPSENGET
KAEEAQKTESVDNEGE

SpCas9-HMGN3b fusion (SEQ ID NO:65)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSTIKKNLIGALLFDSGETAEA
TRLKRTARRRYTRRKNRICYLOEIFSNEMAKVDDSFEFHRLEESFLVEEDKKHERHPIFGN I
VDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLATAHMIKFRGHFLIEGDLNPDNSDVDK
LEFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIAL
SLGLTPNEFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDOYADLFLAAKNLSDAILLSDI
LRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQOLPEKYKEIFFDQSKNGYAGYIDGG
ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGS IPHOQIHLGELHATILRRQE
DEFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASA
QSFIERMTNEDKNLPNERKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATV
DPLLEKTNRKVIVKQLKEDY FKKIECEFDSVEISGVEDRENASLGTYHDLLKI IKDKDELDNE
ENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIR
DKQSGKTILDFLKSDGFANRNFMOQLIHDDSLTFKEDIQKAQVSGOGDSLHEHIANLAGSPA
IKKGILOTVKIVDELVKVMGHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQ
ILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSEFIKDDS IDNK
VLTRSDENRGKSDNVPSEEVVKKMENYWROLLNAKLITOQRKFDNLTKAERGGLSELDKAGE
IKROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVRE
INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETGKATAKY F'E

YSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVNDKGRDEFATVRKVLSMPOVNIVEKKTE
VOITGGEFSKESILPKRNS DKL IARKKDWDPKKYGGEDSPTVAY SVLVVARKVEKGKSKKLKSV
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLASAGELQ
KGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKOLFVEQHKHYLDEITEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGAPAAFKYEFDTTIDRKRYTSTKEVL
DATLIHQOSITGLYETRIDLSQLGGDPKKKRKV LEGGGGSMPKRKSPENTEGKDGSKVTKQE
PTRRSARLSAKPAPPKPE PKPRKTSAKKE PGAKI SRGAKGKKE EKQEAGKEGTEN

SpCas9-Histone H1 globular fusion (SEQ ID NO:66)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRESTIKKNLIGALLEDSGETAEA
TRLEKRTARRRYTRRKNRICYLOQEIEFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIEFGNI
VDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDK
LEFIQOLVOTYNQLEFEENPINASGVDAKATILSARLSKSRRLENLIAQLPGEKKNGLEGNLIAL
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Table 10. CRISPR Fusion Proteins

SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

SLGLTPNFRSNEFDLAFR DARTOLSKDTYDDDLDNT LAYTGDOYADLFTAAKNLSDAT LS DT
LRVNTEITKAPLSASMIKRYDEHHODLTLLKALVROQQLPERYKETIFEFDOSKNGYAGY IDGG
ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRT FDNGS I PHQIHLGELHAT LRRQE
DEYPFLKDNREKIEKILTFRIPYYVGPLARGNSREAWMTRKSEETITPWNFEEVVDKGASA
QSEFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATV
DLLEFKTNREVTVEKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDELDNE
ENEDILEDIVLTLTLFEDREMIEERLKTYAHLEFDDEKVMKQLKRRRYTGWGRLSRKLINGIR
DKOSGKTILDFLKSDGFANRNFMQLIHDDSLTEFKEDIQKAQVSGOGDSLHEHIANLAGSPA
IKKGILQTVKIVDELVKVMGHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQ
ILKEHPVENTQLONEKLYLYYLONGRDMYVDOELDINRLSDYDVDHIVPQSFIKDDS IDNK
VLTRSDKNRGKSDNVPSEEVVKEMKNYWROLLNAKLITOQRKEFDNLTKAERGGLSELDKAGE
IKROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEFQEYKVRE
INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYEFF
YSNIMNEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDEFATVRKVLSMPOQVNIVKKTE
VOTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSY
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLASAGELQ
KGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDEIIEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHOSITGLYETRIDLSQOLGGDPKKKRKV LEGGGGSSTDHPKY SDMIVAATIQAEKNRA
GSSROSIQKYIKSHYKVGENADSQIKLSIKRLVTTGVLKQTKGVGASGSFRLAKSDEP

ISWI-SpCas9 fusion (SEQ ID NO:67)

LLNPTKRERKENYSIDNYYKDVLNTGRSS TPSHPRMPKPHVFHSHQLOPPQLKVLYEKERM
WTAKKTGYVPTMDDVKAAYGDISDEEEKKQKLE LLKLSVNNSQPLTEEEEKMKADWE SEGF
TNWNKLE FRKFITVSGKYGRNSIQAIARELAPGKTLEEVRAYAKAFWSNIERIEDYEKYLK
ITENEEEKTIKRVKMOQEALRRKLSEYKNPFFDLKLKHPPSSNNKRTYSEEEDRFILLMLEK
YGLDRDDVYELVRDE IRDCPLFELDFYFRSRTPVELARRGNTLLQCLEKE FNAGIVLDDAT
KDRMKKEDENGKRIREEFADQTANEKENVDGVESKKAKIEDTSNVGTEQLVAEKIPENETT
HTGSGMDKKYSIGLDIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIGALLEFDSG
ETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHP
IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDRKADLRLIYLALAHMIKEFRGHELIEGDLNPDN
SDVDKLEIQLVQTYNQLEFEENPINASGVDAKATILSARLSKSRRLENLIAQLPGEKKNGLEG
NLIALSLGLTPNEFKSNEDLAEDAKLOQLSKDTYDDDLDNLLAQIGDQYADLELAAKNLSDATL
LLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVREQOQLPEKYKEIFFDQSKNGYAG
YIDGGASQEEFYKFIKPILERMDGTEELLVKLNREDLLREKQRT EFDNGS IPHQIHLGELHAT
LRRCEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVD
KGASAQSFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQ
KRATIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITIKDKD

FILDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMKQLKRRRY TGWGRLSRKL
INGIRDKQSGKTILDFLKSDGFANRNEFMOLIHDDSLTFKEDIQKAQVSGOGDSLHEHTANL
AGSPATKKGILOQTVKIVDELVKVMGHKPENIVIEMARENQT TOKGORKNSRERMKRIEEGTK
FELGSQILKEHPVENTQLONEXKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFIKDD
SIDNKVLTRSDENRGKSDNVPSEEVVKKMENYWROLINAKLITQRKEDNLTKAERGGLSEL
DKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQF
YRKVREINNYHHAHDAYINAVVGTALIKKYPKLESEEFVYGDYKVYDVRKMIAKSEQETIGKAT
ARYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVHDKGRDFATVRKVLSMPQVNT
VKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSK
KLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLEFELENGRKRMLAS
AGELOQKGNELALPSKYVNELYLASHYEKLKGSPEDNEQRKQLEVEQHKHYLDEIIEQISEES
KRVILADANLDKVLSAYNKHRDKPIREQAENTI THLEFTLTNLGAPAAFKYFDTTIDRKRYTS
TRKEVLDATLIHOSITGLYETRIDLSQLGGDPKKKRKY
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Table 10. CRISPR Fusion Proteins

SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

SpCas9-CHD1 fusion (SEQ ID NO:68)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSTIKKNLIGALLEFDSGETAEA
TRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSFEFHRLEESFLVEEDKKHERHPIFGNI
VDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLATLAHMIKFRGHFLIEGDLNPDNSDVDK
LFIQLVOTYNQLFEENPINASGVDAKATILSARLSKSRRLENLIAQLPGEKKNGLEGNLIAL
SLGLTPNFKSNFDLAEDAKLOLSKDTYDDDLDNLLAQIGDOYADLEFLAAKNLSDAILLSDI
LRVNTEITKAPLSASMIKRYDEHHODLTLLKALVROOLPEKYKEIFFDOSKNGYAGYIDGG
ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKORTFDNGS IPHQIHLGELHATILRROE
DEFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASA
QSFIERMTNEDKNLPNERKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATV
DLLEFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITKDKDEFLDNE
ENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLINGIR
DKOSGKTILDFLKSDGFANRNFMOL ITHDDSLTFKEDIQKAQVSGOGDSLHEHIANTLAGSPA
IKKGILOTVKIVDELVKVMGHRKPENIVIEMARENQT TOKGOKNSRERMKRIEEGIKELGSO
ILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSEFIKDDS IDNK
VLTRSDKNRGKSDNVPSEEVVKKMENYWROQLLNAKLITQRKFDNLTKAERGGLSELDKAGE
IKROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVRE
INNYHHAODAYLNAVVGTALIKKYPRLESEFVYGDYKVYDVRKMIAKSEQEIGKATARY FE
YSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDEFATVRKVLSMPOVNIVKKTE
VQTGGEFSKESILPKRNSDKLIARKKDWDPKEYGGEDSPTVAY SVLVVAKVEKGKSKKLKSV
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLEFELENGRKRMLASAGELQ
KGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKOQLEFVEQHKHYLDEI IEQISEEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHOSITGLYETRIDLSQLGGDPKKKREV LEGGGGSDMDS IGESEVRALYKAILKEGN
LKEILDELIADGTLPVKSFEKYGE TYDEMMEAAKDCVHEEEKNRKE ILEKLEKHATAYRAK
LKSGE IKAENQPKDNPLTRLSLKKREKKAVLFNFKGVKSLNAE SLLSRVEDLKYLKNLINS
NYKDDPLKFSLGNNTPKPVONWS SNWTKEEDEKLLIGVFKYGYGSWTQIRDDPFLGI TDKI
FLNEVHNPVAKKSASSSDTTPTPSKKGKGI TGSSKKVPGATHLGRRVDYLLSFLRGGLNTK
SPS

HMGN1-SpCas9-HMGB1 box A fusion (SEQ ID NO:69)

MPKRKVSSAEGAAKEE PKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMDKKYSIGLDIGTNSVGH
AVITDEYKVPSKKFKVLGNTDRHS IKKNLIGALLEFDSGETAEATRLKRTARRRY TRRKNRI
CYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRK
KLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVOTYNQLFEENPT
NASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNEDLAEDA

KLOLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATLLSDILRVNTEITKAPLSASMIK
RYDEHHODLTLLKALVRQOQLPEKYKEIFFDOSKNGYAGY IDGGASQEEFYKEFIKFP ILEKMD
GTEELLVKLNREDLLRKOQRTEDNGS IPHQIHLGELHATILRRQEDFYPEFLKDNREKIEKILT
FRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEFDKNLPNEK
VLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLFKTNRKVTVKQLKED
YEFKKIECFDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLEFED
REMIEERLKTYAHLFDDKVMKOLKRRRYTGWGRLSRKLINGIRDKQOSGKTILDFLKSDGEA
NRNFMOLTIHDDSLTFKEDIQKAQVSGOGDSLHEHIANLAGSPAIKKGILOTVKIVDELVKY
MGHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQILKEHPVENTOLONEKLY
LYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFIKDDS IDNKVLTRSDKNRGKSDNVPSE
EVVKKMENYWROLLNAKLTITOQRKFDNLTKAERGGLSELDKAGFIKROLVETROQITKHVAQT
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Table 10. CRISPR Fusion Proteins

SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

LDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQFYKVRE INNYHHAHDAYINAVVGT
ALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFFKTEITLANGE
IRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPOVNIVKKTEVQTGGFSKESILPKRNSD
KLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSEFEKNP
IDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELOKGNELALPSKYVNFLYLA
SHYEKLKGSPEDNEQKOLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRID
LSQLGGDPKKKRRKV LEGGGGESGKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDASVNFSEF
SKKCSERWKTMSAKEKGKFEDMAKADKARYEREMKTY I PPKGE

HMGN1-SpCas9-Histone H1 globular fusion (SEQ ID NO:70)

MPKRKVSSAEGAAKEE PKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD I'GSGMDKKYSIGLDIGTNSVGW
AVITDEYKVPSKKFKVLGNTDRHSTKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRT
CYLQETIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRK
KLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLEFEENP T
NASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNFDLAEDA
KLOLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIK
RYDEHHQDLTLLKALVRQOQLPEKYKEIFFDOQSKNGYAGYIDGGASQEEFYKFIKPILEKMD
GTEELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHATILRRQEDFYPFLKDNREKIEKILT
FRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDEKNLPNEK
VLPKHESLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEFKTNRKVTVKQOLKED
YFKKIECFDSVEISGVEDRENASLGTYHDLLKI IKDKDFLDNEENEDILEDIVLTLTLEFED
REMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGEA
NRNFMOLIHDDSLTFKEDIQKAQVSGOGDSLHEHIANLAGSPAIRKGILOTVKIVDELVKVY
MGHKPENIVIEMARENQTTOKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLY
LYYLONGRDMYVDQELDINRLSDYDVDHIVPQSEIKDDS IDNKVLTRSDENRGKSDNVPSE
EVVKKMENYWROQLLNAKLITORKEFDNLTKAERGGLSELDKAGE IKRQLVETRQITKHVAQTL
LDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFOQEFYKVRE INNYHHAHDAYLNAVVGT
ALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYFEYSNIMNEFKTEITLANGE
IRKRPLIETNGETGEIVWDKGRDEFATVRKVLSMPOVNIVKKTEVQTGGESKESILPKRNSD
KLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERS SFEKNP
IDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELOKGNELALPSKYVNFLYLA
SHYEKLKGSPEDNEQKQOLEFVEQHKHYLDEI IEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLTHOSITGLYETRID
LSQLGGDPKKKRKV LEGGGGSSTDHPKY SDMIVAATQAEKNRAGSSROSTQKY IKSHYRVG
ENADSQIKLSIKRLVTTGVLKOTKGVGASGSFRLAKSDEP

HMGN1-SpCas9-CDH1 fusion (SEQ ID NO:71)

MPKRKVSSAEGAAKEE PKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMDKKYSIGLDIGTNSVGHW
AVITDEYKVPSKKFKVLGNTDRHS IKKNLIGALLEFDSGETAEATRLKRTARRRY TRRKNR I
CYLOEIEFSNEMAKVDDSEFFHRLEESFLVEEDKKHERHP I FGNIVDEVAYHEKYPTIYHLRK
KLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVOTYNQLFEENPI
NASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNEFDLAEDA
KLOLSKDTYDDDLDNLLAQIGDOYADLFLAAKNLSDATILLSDILRVNTEITKAPLSASMIK
RYDEHHODLTLLKALVROQLPERYKETFEFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMD
GTEELLVKLNREDLLRKQRTFEFDNGS IPHQIHLGELHATTLRRQEDFYPEFLKDNREKIEKILT
FRIPYYVGPLARGNSREFAWMTRKSEET ITPWNEFEEVVDKGASAQSFIERMTNFDKNLPNEK
VLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLEFKTNRKVTVKQLKED
YFRKIECEDSVEISGVEDREFNASLGTYHDLLKI IKDKDFLDNEENEDILEDIVLTLTLEED
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Table 10. CRISPR Fusion Proteins

SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

REMIEERLKTYAHLEFDDKVMKOLKRRRYTGWGRLSRKLINGIRDKOSGKTILDFLKSDGEA
NRNEMQLIHDDSLTFKEDIQKAQVSGOGDSLHEHIANLAGSPAIKKGILOTVKIVDELVKY
MGHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLY
LYYLONGRDMYVDQELDINRLSDYDVDHIVPQOSFIKDDS IDNKVLTRSDKNRGKSDNVPSE
EVVKKMEKNYWROLLNAKLITQRKEDNLTKAERGGLSELDKAGEF IKRQLVETRQITKHVAQT
LDSRMNTKYDENDKLIREVEKVITLKSKLVSDEFRKDEFQEYKVRE INNYHHAHDAY LNAVVGT
ALIKKYPKLESEFVYGDYKVYDVREKMIAKSEQE IGKATAKYFEYSNIMNEFKTEITLANGE
IRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKES ILPKRNSD
KLIARKKDWDPKKYGGFDSPTVAYSVLVVARVEKGKSKKLKSVKELLGITIMERSSEFEKNF
IDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNEFLYLA
SHYEKLKGSPEDNEQKQLEFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRID
LSOLGGDPKKKRKVLEGGGGSDMDSIGESEVRALYKATLKFGNLKE ILDELIADGTLPVKS
FEKYGE TYDEMMEAAKDCVHEEEKNRKE ILEKLEKHATAYRAKLKSGE IKAENQPKDNPLT
RLSLKKREKKAVLFNFKGVKSLNAE SLLSRVEDLKYLKNLINSNYKDDPLKFSLGNNTPKP
VONWSSNWTKEEDEKLLIGVFKYGYGSWTQIRDDPFLGI TDKI FLNEVHNPVAKKSASSSD
TTPTPSKKGKGITGSSKKVPGAIHLGRRVDYLLSFLRGGLNTKSPS

HMGN1-SpaCas9-HMGB1 box A fusion (SEQ ID NO:72)

MPKRKVSSAEGAAKEE PKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMTNGKILGLDIGIASVGY
GIIEAKTGKVVHANSRLESAANAENNAERRGEFRGSRRLNRRKKHRVKRVRDLEFEKYGIVTD
FRNLNLNPYELRVKGLTEQLKNEELFAALRTISKRRGISYLDDAEDDSTGSTDYAKS IDEN
RRLLKNKTPGQIQLERLEKYGQLRGNETVYDENGEAHRLINVESTSDYEKEARKILETQAD
YNRKKITAEFIDDYVEILTQKRKYYHGPGNEKSRTDYGREFRTDGTTLENIFGILIGKCNEYP
DEYRASKASYTAQEYNFLNDLNNLKVSTETGKLSTEQKESLVEFAKNTATLGPAKLLKETA
KILDCKVDEIKGYREDDKGKPDLHTFEPYRKLKENLESINIDDLSREVIDKLADILTLNTE
REGIEDATKRNLPNQFTEEQISETIKVRKSOSTAFNKGWHSEFSAKLMNELIPELYATSDEQ
MTILTRLEKFKVNKKSSKNTKTIDEKEVTDETIYNPVVAKSVROTIKI INAAVKKYGDFDKT
VIEMPRDKNADDEKKETIDKRNKENKKEKDDALKRAAYLYNSSDKLPDEVFHGNKQLETKIR
LWYQOGERCLYSGKPISIQELVHNSNNFEIDHILPLSLSFDDSLANKVLVYAWTNQERGQOK
TPYQVIDSMDAAWS FREMKDYVLKOKGLGKKKRDYLLTTENIDKIEVKKKFIERNLVDTRY
ASRVVLNSLOSALRELGKDTKVSVVRGOFTSQLRRKWKIDKSRETYHHHAVDALTITAASSQ
LKLWEKQDNPMFVDYGKNQVVDKOTGEILSVSDDEYKELVEFQPPYQOGEVNTISSKGFEDET
LESYQVDSKYNRKVSDATIYSTRKAKIGKDKKEETYVLGKIKDIYSONGFDTEFIKKYNKDK
TOFLMYQKDSLTWENVIEVILRDYPTTKKSEDGKNDVKCNPFEEYRRENGLICKYSKKGKG
TPIKSLKYYDKKLGNCIDITPEESRNKVILOSINPWRADVYFNPETLKYEIMGLKYSDLSE
EKGTGNYHISQEKYDAIKEKEGIGKKSEFKFTLYRNDLILIKDIASGEQEIYRFLSRTMPN
VNHYVELKFPYDKEKFDNVOELVEALGEADKVGRCIKGLNKPNISIYKVRTDVLGNKY FVKK

KGDKPKLDFKNNKKPKKKRKY LEGGGGSGKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDA
SVNFSEFSKKCSERWKTMSAKE KGKFEDMAKADKARYEREMKTY I PPKGE

HMGN1-SpaCas9-Histone H1 globular fusion (SEQ ID NO:73)

MPKRKVSSAEGAAKEEPKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMTNGKILGLDIGIASVGY
GIIEAKTGKVVHANSRLESAANAENNAERRGEFRGSRRLNRRKKHRVKRVRDLEEKYGIVTD
FRNLNLNPYELRVKGLTEQLKNEELFAALRTISKRRGISYLDDAEDDSTGSTDYAKSIDEN
RRLLENKTPGQIQLERLEKYGOLRGNETVYDENGEAHRLINVESTSDYEKEARKILETQAD
YNKKITAEFIDDYVEILTQRKRKYYHGPGNEKSRTDYGRFRTDGTTLENIFGILIGKCNEYP
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Table 10. CRISPR Fusion Proteins

SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

DEYRASKASYTAQEYNFLNDLNNLKVSTETGKLSTEQKESLVEFAKNTATLGPAKLLKETA
KILDCKVDEIKGYREDDKGKPDLHTFEPYRKLKENLESINIDDLSREVIDKLADILTLNTE
REGIEDATKRNLPNQFTEEQISEITKVRKSOSTAFNKGWHSEFSAKLMNELTIPELYATSDEQ
MTILTRLEKFKVNKKSSKNTKTIDEKEVTDEIYNPVVAKSVROTIKIINAAVKKYGDEDKI
VIEMPRDKNADDEKKFIDKRNKENKKEKDDALKRAAYLYNSSDKLPDEVFHGNKOLETKIR
LWYQOGERCLYSGKPISIQELVHNSNNFEIDHILPLSLSEFDDSLANKVLVYAWTNQEKGOK
TPYOVIDSMDAAWS FREMKDY VLKOKGLGKKKRDYLLTTENIDKIEVKKKEFIERNLVDTRY
ASRVVLNSLOSALRELGKDTKVSVVRGOFTSQLRRKWKIDKSRETYHHHAVDALITAASSO
LKLWEKQDNPMEVDYGKNOVVDKOTGEILSVSDDEYKELVEQPPYOGEVNTISSKGFEDE T
LESYQVDSKYNRKVSDATIYSTRKAKIGKDKKEETYVLGKIKDIYSONGEFDTEFIKKYNKDK
TOFIMYQKDSLTWENVIEVILRDYPTTKKSEDGRKNDVKCNPFEEYRRENGLICKY SKKGKG
TPIKSLKYYDKKLGNCIDITPEESRNKVILOSINPWRADVYFNPETLKYEIMGLKYSDLSE
EKGTGNYHISQEKYDAIKEKEGIGKKSEFKETLYRNDLILIKDIASGEQETIYRFLSRTMPN
VNHYVELKPYDKEKFDNVOELVEALGEADKVGRCIKGLNKPNISIYKVRTDVLGNKY FVKK
KGDKPKLDEFKNNKKPKKKRKVLEGGGGSSTDHPKY SDMIVAATQAEKNRAGSSROSIQKY T
KSHYKVGENADSQIKLSIKRLVTTGVLKQTKGVGASGSFRLAKSDEP

HMGN1-SpaCas9-CHD1 fusion (SEQ ID NO:74)

MPKRKVSSAEGAAKEE PKRRSARTL.SAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMTNGKILGLDIGIASVGY
GITIEAKTGKVVHANSRLESAANAENNAERRGFRGSRRLNRRKKHRVKRVRDLEFEKYGIVTD
FRNLNLNPYELRVKGLTEQLEKNEELFAALRTISKRRGISYLDDAEDDSTGSTDYAKS IDEN
RRLLKNKTPGQIQLERLEKYGQLRGNEFTVYDENGEAHRLINVESTSDYEKEARKILETQAD
YNKKITAEFIDDYVEILTOKRKYYHGPGNEKSRTDYGREFRTDGTTLENIFGILIGKCNEYP
DEYRASKASYTAQEYNFLNDLNNLKVSTETGKLS TEQKESLVEFAKNTATLGPAKLLKEIA
KILDCKVDEIKGYREDDKGKPDLHTFEPYRKLKENLESINIDDLSREVIDKLADILTLNTE
REGIEDATKRNLPNQFTEEQISEITIKVRKSOSTAFNKGWHSEFSAKLMNELTIPELYATSDEQ
MTILTRLEKFKVNKKSSKNTKTIDEKEVTDEIYNPVVAKSVROTIKIINAAVKKYGDEDKI
VIEMPRDKNADDEKKFIDKRNKENKKEKDDALKRAAYLYNSSDKLPDEVFHGNKQLETKIR
LWYQQOGERCLYSGKPISIQELVHNSNNFEIDHILPLSLSFDDSLANKVLVYAWTNQEKGQOK
TPYQOVIDSMDAAWSFREMKDYVLKOKGLGKKKRDYLLTTENIDKIEVKEKKFIERNLVDTRY
ASRVVLNSLOSALRELGKDTKVSVVRGOFTSQLRRKWKIDKSRETYHHHAVDALITAASSO
LKLWEKQDNPMEVDYGKNOVVDKOTGEILSVSDDEYKELVEFQPPYOGEVNTISSKGFEDET
LESYQVDSKYNRKVSDATIYSTRKAKIGKDKKEETYVLGKIKDIYSONGFDTFIKKYNKDK
TOFLMYQOKDSLTWENVIEVILRDYPTTKKSEDGKNDVKCNPFEEYRRENGLICKYSKKGKG
TPIKSLKYYDRKLGNCIDITPEESRNKVILOSINPWRADVYFNPETLRKYELMGLKYSDLSFE
ERKGTGNYHISQEKYDAIKEREGIGKKSEFKFTLYRNDLILIKDIASGEQETYRFLSRTMPN
VNHYVELKPYDKEKFDNVQELVEALGEADKVGRCIKGLNKPNISIYKVRTDVLGNKY FVKK
KGDKPKLDEKNNKKPKEKKRKV LEGGGGSDMDSIGESEVRALYKAILKEFGNLKE ILDELIAD
GTLPVKSFEKYGETYDEMMEAAKDCVHEEEKNRKE ILEKLEKHATAYRAKLKSGE IKAENQ
PKDNPLTRLSLKKREKKAVLEFNFKGVKSLNAESLLSRVEDLKY LKNLINSNYKDDPLKFSL

GNNTPKPVONWSSNWTKEEDEKLLIGVFKYGYGSWTQIRDDPFLGITDKIFLNEVHNPVAK
KSASSSDTTPTPSKKGKGI TGSSKKVPGAIHLGRRVDY LLSFLRGGLNTKSPS

HMGN1-FnCpf1-HNGB1 fusion (SEQ ID NO:75)

MPKRKVSSAEGAAKEE PKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMS IYQEFVNKYSLSKTLR
FELTPOGKTLENIKARGLILDDEKRAKDYKKAKQITDKYHOFFIEEILSSVCISEDLLONY
SHVYFKT.KKSDDDNT.OKDFKSAKDT TKKOT SEY TRKDSEKEKNT, FNONT, TDAKKGORSDT. TT,
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Table 10. CRISPR Fusion Proteins
SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

WLKQOSKDNGIELFKANSDITDIDEALETIIKSFKGWTTYFKGFHENRKNVYSSNDIPTSIIY
RIVDDNLPKEFLENKAKYESLKDKAPEAINYEQIKKDLAEELTEFDIDYKTSEVNQRVESLDE
VEFEIANEFNNYLNOSGITKENTIIGGKEVNGENTKRKGINEY INLY SQOINDKTLKKYKMSY
LEKQILSDTESKSEVIDKLEDDSDVVITMOSEYEQIAAFKTVEEKS IKETLSLLEDDLKAQ
KLDLSKIYFKNDKSLTDLSQQOVFDDYSVIGTAVLEYITOQOIAPKNLDNPSKKEQELTIAKKT
EKAKYLSLETIKLALEEFNKHRDIDKQCRFEEILANFAATIPMIFDEIAQNKDNLAQISIKY
ONQGKKDLLOQASAEDDVKAIKDLLDOTNNLLHKLKIFHISQSEDKANILDKDEHEFYLVEEE
CYFELANIVPLYNKIRNYITOKPYSDEKFKLNFENS TLANGWDKNKEPDNTAILEIKDDKY
YLGVMNKKNNKIFDDKAIKENKGEGYKKIVYKLLPGANKMLPKVFESAKSIKFYNFPSEDIL
RIRNHSTHTKNGSPOKGYEKFEFNIEDCRKFIDEYKQOSISKHPEWKDEGFREFSDTQRYNST
DEFYREVENQGYKLTFENISESYIDSVVNOGKLYLFQIYNKDFSAYSKGRPNLHTLYWKAL
FDERNLODVVYKLNGEAELFYRKOSIPKKITHPAKEATIANKNKDNPKKESVEFEYDLIKDKR
FIEDRFFFOCPITINFKSSGANKEFNDE INLLLKEKANDVHILS IDRGERHLAYYTLVDGKG
NITKODTENIIGNDRMKTNYHDKLAATIEKDRDSARKDWKKINNIKEMKEGYLSOVVHEIAK
LVIEYNAIVVFEDLNEFGEFKRGRFKVEKQVYOKLEKMLIEKLNY LVFKDNEFDKTGGVLRAY
QLTAPFETFKEMGKQTGITYYVPAGFTSKICPVTIGEFVNQLYPKYESVSKSQEFFSKEDKIC
YNLDKGYFEFSEFDYKNEGDKAAKGKWT IASFGSRLINFRNSDKNHNWDTREVYPTKELEKL
LKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILOMRNSKTGTELDYLISPVADVNG
NFFDSROAPKNMPODADANGAYHIGLKGLMLLGRIKNNOQEGKKLNLVIKNEEY FEFVONRN
NPKKKRKV LEGGGGSGKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDASVNESEFSKKCSE
RWKTMSAKEKGKFEDMAKADKARYEREMKTY ITPPKGE

HMGN1-FnCpf1 -Histone H1 globular fusion (SEQ ID NO:76)

MPKRKVSSAEGAAKEE PKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMS IYQEFVNKYSLSKTLR
FELTPOGKTLENTIKARGLILDDEKRAKDYKKAKQIIDKYHQFFIEEILSSVCISEDLLONY
SDVYFKLKKSDDDNLQKDFKSAKDT IKKQISEY IKDSEKFRNLENONLIDAKKGQESDLIL
WLKOSKDNGIELFKANSDITDIDEALETTRKSFKGWTTYFRKGFHENRKNVYSSNDIPTSTIY
RIVDDNLPKFLENKARKYESLKDKAPEAINYEQIKKDLAEELTFDIDYKTSEVNQRVESLDE
VFEIANFNNYLNQSGITKENTIIGGKFVNGENTKRKGINEYINLYSQQINDKTLKKYKMSV
LFKOILSDTESKSFVIDKLEDDSDVVTTMOSFYEQIAAFKTVEEKS IKETLSLLEDDLKAQ
KLDLSKIYFKNDKSLTDLSQOVEFDDYSVIGTAVLEYITQOIAPRKNLDNPSKKEQELIAKKT
FKAKYLSLETIKLALEEFNKHRDIDKQCRFEEILANFAAIPMIFDETIAQNKDNLAQISIKY
ONOGKKDLLOQASAEDDVKAIKDLLDOTNNLLHKLKIFHISOSEDKANILDKDEHFYLVEEE
CYFELANIVPLYNKIRNYITOKPYSDEKFKLNFENS TLANGWDKNKEPDNTAILEFIKDDKY
YLGVMNKKNNKIFDDKAIKENKGEGYKKIVYKLLPGANKMLPKVEFFSAKSIKFYNPSEDIL
RIRNHSTHTKNGSPOQKGYEKFEFNIEDCRKEIDEYRQSISKHPEWKDEGFRESDTQRYNST
DEFYREVENQGYKLTEFENISESYIDSVVNQGKLYLFQIYNKDESAYSKGRPNLHTLYWKAL
FDERNLODVVYKLNGEAELFYRKQSIPKKITHPAKEATANKNKDNPKKESVEFEYDLIKDKR
FTEDKEFFFHCPITINFKSSGANKENDEINLLLKEKANDVHILS IDRGERHLAYYTLVDGKG
NITIKQDTENIIGNDRMKTNYHDKLAATIEKDRDSARKDWKKINNIKEMKEGYLSOVVHEIAK
LVIEYNAIVVFEDLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEFDKTGGVLRAY
QLTAPFETFKKMGKQTGIIYYVPAGEFTSKICPVIGEVNQLYPKYESVSKSQEFEFSKEDKIC

YNLDKGYFEFSFDYKNEFGDKAAKGKWT IASFGSRLINFRNSDKNHNWDTREVYPTKELEKL
LKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNT ILOMRNSKTGTELDYLISPVADVNG
NEFEFDSROAPKNMPODADANGAYHIGLKGLMLLGRIKNNQEGKKLNLVIKNEEY FEEFVONRN
NPKKKRKV LEGGGGSSTDHPKY SDMIVAATQAEKNRAGSSROSIQKY TKSHYKVGENADSQ
IKLSIKRLVTTGVLKQTKGVGASGSFRLAKSDEP
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Table 10. CRISPR Fusion Proteins

SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

HVIGNT-FnCpfi-CHD1 fusion (SEQ 1D NO:77)

MPKRKVSSAEGAAKEEPKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMS IYQEFVNKYSLSKTLR
FELIPOGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYHQFFIEEILSSVCISEDLLONY
SDVYFKLKKSDDDNLOKDEFKSAKDT IKKQISEY IKDSEKEFKNLENONLIDAKKGOESDLIL
WLKOSKDNGIELFKANSDITDIDEALEITKSEFKGWTITY FKGFHENRKNVYSSNDIPTSITIY
RIVDDNLPKFLENKAKYESLKDKAPEAINYEQIKKDLAEELTFDIDYKTSEVNQRVESLDE
VEFEIANFNNYLNQSGITKFNTIIGGKEFVNGENTKRKGINEYINLYSQQOINDKTLKKYKMSV
LFKOQILSDTESKSEFVIDKLEDDSDVVTTMOSFYEQIAAFKTVEEKSIKETLSLLEDDLKAQ
KLDLSKIYFKNDKSLTDLSQOVEFDDYSVIGTAVLEY ITQOIAPKNLDNPSKKEQELTAKKT
EKAKYLSLETIKLALEEFNKHRDIDKOCRFEEILANFAATIPMIFDETIAQNKDNLAQISIKY
ONOGKKDLLQASAEDDVKAIKDLLDOTNNLLHKLKIFHISQSEDKANILDKDEHFYLVFEFEE
CYFELANIVPLYNKIRNYITQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKY
YLGVMNKKNNKIFDDKAIKENKGEGYKKIVYKLLPGANKMLPKVEEFSAKSIKEFYNPSEDIL
RIRNHSTHTKNGSPOKGYEKFEINIEDCRKFIDEFYKQSISKHPEWKDEGFRESDTQRYNST
DEFYREVENQGYKLTFENISESYIDSVVNQGKLYLFOIYNKDESAYSKGRPNLHTLYWKAL
FDERNLODVVYKLNGEAELFYRKOSIPKKITHPAKEATANKNKDNPKKESVFEYDLIKDKR
FTEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILS IDRGERHLAYYTLVDGKG
NITKQDTFNIIGNDRMKTNYHDKLAATEKDRDSARKDWKKINNIKEMKEGYLSQVVHETIAK
LVIEYNAIVVFEDLNFGFKRGREFKVEKQVYQKLEKMLIEKLNY LVFKDNEFDKTGGVLRAY
OLTAPFETFKKMGKQTGITIYYVPAGFTSKICPVTGEVNQLYPKYESVSKSQEFFSKEDKIC
YNLDKGYFEFSEFDYKNEGDKAAKGKWTIASFGSRLINFRNSDKNHNWDTREVYPTKELEKL
LKDYSIEYGHGECIKAATICGESDKKFFAKLTSVLNT ILOMRNSKTGTELDYLISPVADVNG
NFFDSROAPKNMPODADANGAYHIGLKGLMLLGRIKNNOQEGKKLNLVIKNEEY FEFVONRN
NPKKKRKV LEGGGGSDMDSIGESEVRALYKAILKFGNLKE ILDELTADGTLPVKSFEKYGE
TYDEMMEAAKDCVHEEEKNRKE I LEKLEKHATAYRAKLKSGE IKAENQPKDNPL TRLSLKK
REKKAVLENFKGVKSINAESLLSRVEDLKYLKNLINSNYKDDPLKFSLGNNTPKPVQONWSS
NWTKEEDEKLLIGVFKYGYGSWTQIRDDPFLGITDKIFLNEVHNPVAKKSASSSDTTPTPS
KKGKGITGSSKKVPGAIHLGRRVDYLLSFLRGGLNTKSPS

HMGN1-CjCas9-HMGB1 box A fusion (SEQ ID NO:78)

MPKRKVSSAEGAAKEE PKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMARILAFDIGISSIGWAE
SENDELKDCGVRIFTKVENPKTGESLALPRRLARSARKRLARRKARLNHLKHLIANEEFKLN
YEDYQSEFDESLAKAYKGSLISPYELRFRALNELLSKQDFARVILHIAKRRGYDDIKNSDDK
FEKGAILKAIKONEEKLANYQSVGEYLYKEYFORFKENSKEFTNVRNKKESYERCIAQSFLK
DELKLIFKKQREFGESFSKKFEEEVLSVAFYKRALKDEFSHLVGNCSFETDEKRAPKNSPLA
IMEVALTRIINLLNNLENTEGILYTKDDLNALLNEVLKNGTLTYKQTKKLLGLSDDYEEFKG
EKGTYFIEFKKYKEFIKALGEHNLSQDDLNETIAKDITLIKDETKLKKALAKYDLNONQIDS
LSKLEFKDHLNISFKALKLVTPLMLEGKKYDEACNELNLKVAINEDKKDFLPAFNETYYKD
EVINPVVLRAIKEYRKVLNALLKKYGKVHKINIELAREVGKNHSQRAKIEKEQNENYKAKK
DAELECEKLGLKINSKNILKLRLFKEQKEFCAYSGEKIKISDLODEKMLEIDHIYPYSRSE
DDSYMNKVLVETKONQEKLNQTPFEAFGNDSAKWOKIEVLAKNLPTKKOKRILDKNYKDKE
OKNEFKDRNLNDTRYIARLVLNY TKDYLDFLPLSDDENTKLNDTOQKGSKVHVEAKSGMLTSA
LRHTWGFSAKDRNNHLHHAIDAVITIAYANNS IVKAFSDEKKEQESNSAELYAKKISELDYK

NKRKFFEPFSGFROKVLDKIDEIFVSKPERKKPSGALHEETFRKEEEFYQSYGGKEGVLKA
LELGKIRKVNGKIVKNGDMEFRVDIFKHKKTNKEFYAVPIYTMDFALKVLPNKAVARSKKGET
KDWILMDENYEFCFSLYKDSLILIQTKDMOEPEFVYYNAFTSSTVSLIVSKHDNKFETLSK
NOKILEFKNANEKEVIAKSIGIQNLKVFEKYIVSALGEVIKAEFROQREDFKKFKKKRKVLEG

O OO TN ATAAC O A TOTRIAMA AT ORI 7 IZTTIN A OO AT OO0 MO 7 A O T DRI MO A T/ 70
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Table 10. CRISPR Fusion Proteins
SpCas9- HMGB1 box A fusion (SEQ ID NO:61)

CUGCOGNKNOD EFRNPFRGINNIOO I AR P VR I URELINNAMNNAPFUASVNE OER P ORRNCOLERWINIMOSAIKE NS

KFEDMAKADKARYEREMKTY I PPKGE

HMGN1-CjCas9-Histone H1 globular fusion (SEQ ID NO:79)

MPKRKVSSAEGAAKEE PKRRSARLSAKPPAKVEAKPKKAAAKDKS SDKKVQTKGKRGAKGK
QAEVANQE TKEDLPAENGE TKTEESPASDEAGEKEAKSD TGSGMARILAFDIGISSIGWAFR
SENDELKDCGVRIFTRKVENPKTGESLALPRRLARSARKRLARRKARLNHLKHLIANEFKLN
YEDYQSFDESLAKAYKGSLISPYELRFRALNELLSKQDFARVILHIAKRRGYDDIKNSDDK
EKGAILKAIKONEEKLANYQSVGEYLYKEYEFQKFKENSKEFTNVRNKKESYERCIAQSEFLK
DELKLIFKKQREFGEFSEFSKKEFEEEVLSVAFYKRALKDEFSHLVGNCSEFEFTDEKRAPKNSPLA
FMEVALTRIINLLNNLENTEGILYTKDDLNALINEVLKNGTLTYKQTKKLLGLSDDYEEFKG
EKGTYFIEFKKYKEFIKALGEHNLSQDDLNETIAKDITLIKDEIKLKKALAKYDLNONQIDS
LSKLEFKDHLNISFKALKLVTPLMLEGKKYDEACNELNLKVAINEDKKDFLPAFNETYYKD
EVINPVVLRAIKEYRKVLNALLKKYGKVHKINIELAREVGKNHS QRAKIEKEQNENYKAKK
DAELECEKLGLKINSKNILKLRLFKEQKEFCAYSGEKIKISDLODEKMLEIDHIYPYSRSE
DDSYMNKVLVEFTKONQEKLNQTPFEAFGNDSAKWOKIEVLAKNLPTKKOKRILDKNYKDKE
QKNEKDRNLNDTRYIARLVLNYTKDYLDEFLPLSDDENTKLNDTQKGSKVHVEAKSGMLTSA
LRHTWGEFSAKDRNNHLHHATDAVITAYANNS IVKAFSDEKKEQESNSAELYAKKISELDYK
NKRKFFEPFSGFROKVLDKIDETFVSKPERKKPSGALHEETFREKEEEFYQSYGGKEGVLKA
LELGKIRKVNGKIVKNGDMFRVDIFKHKKTNKEYAVPTIYTMDFALKVLPNKAVARSKKGE T
KDWITIMDENYEFCEFSLYRKDSLILIQTKDMOQEPEFVYYNAFTSSTVSLIVSKHDNKFETLSK
NOKILFKNANEKEVIAKSIGIONLKVFEKYIVSALGEVTKAEFROREDFKKPKKKRKV LEG
GGGSSTDHPKYSDMIVAATQAEKNRAGSSROSTQKY IKSHYKVGENADSQIKLSIKRLVTT
GVLKQTKGVGASGSFRLAKSDEP
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PATENTKRAYV
1. Fusionsprotein, der omfatter et CRISPR- (clustered regularly interspersed short
palindromic repeats) protein bundet til mindst €t nukleosom-interagerende proteindomane, hvor

CRISPR-proteinet er en type II CRISPR/Cas9-nuklease eller -nickase, eller CRISPR-
proteinet en type V CRISPR/Cpfl-nuklease eller -nickase, og hvor

fusionsproteinet endvidere omfatter mindst €t nukleart lokaliseringssignal, og hvor

det mindst ene nukleosom-interagerende proteindomene er et hgjmobilitetsgruppe-
(HMG)-box-(HMGB) DNA-bindingsdomene, et HMG-nukleosom-bindings- (HMGN) protein,
et centralt globulert domane fra en histon Hl-variant, et DNA-bindingsdomane fra et

chromatin-remodellerings-kompleksprotein, eller en kombination deraf.

2. Fusionsprotein ifelge krav 1, og som endvidere omfatter mindst ét cellepenetrerende

domane, mindst ét markerdomene, eller en kombination deraf.

3. Fusionsprotein ifelge krav 1 eller krav 2, hvor CRISPR-proteinet er et II CRISPR/Cas9-
protein modificeret til at mangle al nukleaseaktivitet og bundet til et ikke-nukleasedomane, eller
et type V CRISPR/Cpfl-protein modificeret til at mangle al nukleaseaktivitet og bundet til et

ikke-nukleasedomane.

4. Fusionsprotein ifelge krav 3, hvor ikke-nukleasedomanet har cytosindeaminaseaktivitet,
histonacetyltransferaseaktivitet, transskriptionel aktiveringsaktivitet eller transskriptionel

repressoraktivitet.

5. Fusionsprotein ifolge et hvilket som helst foregaende krav, hvor mindst ét nukleosom-
interagerende proteindomane er HMGB 1-box-A-domane, HMGN1-protein, HMGN2-protein,
HMGN3a-protein, HMGN3b-protein, histon H1 centralt globulert domane, *imitation switch’-
(ISWI) protein DNA-bindingsdomzane, chromodomain- helicase-DNA protein 1 (CHD1) DNA-

bindingsdomane eller en kombination deraf.
6. Fusionsprotein ifelge et hvilket som helst foregaende krav, hvor det mindst ene
nukleosom-interagerende proteindomane bindes til CRISPR-proteinet direkte via en kemisk

binding, indirekte via en linker, eller en kombination deraf.

7. Fusionsprotein ifelge et hvilket som helst foregaende krav, hvor det mindst ene
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nukleosom-interagerende proteindomene bindes til CRISPR-proteinet ved dets N-terminus, C-

terminus, et internt sted, eller en kombination deraf.

8. Fusionsprotein ifelge et hvilket som helst foregdende krav, hvor CRISPR-proteinet er
Streptococcus  pyogenes Cas9 (SpCas9), Streptococcus thermophilus Cas9 (StCas9),
Streptococcus pasteurianus (SpaCas9), Campylobacter jejuni Cas9 (CjCas9), Staphylococcus
aureus (SaCas9), Francisella novicida Cas9 (FnCas9), Neisseria cinerea Cas9 (NcCas9),
Neisseria meningitis Cas9 (NmCas9), Francisella novicida Cpfl (FnCpfl), Acidaminococcus

sp. Cpfl (AsCpfl) eller Lachnospiraceae-bakterie ND2006 Cpfl (LbCpf1).

9. Fusionsprotein ifalge et hvilket som helst foregaende krav, hvor fusionsproteinet har en
aminosyresekvens med mindst ca. 90 % sekvensidentitet med SEQ ID NO: 61, SEQ ID NO: 62,
SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID
NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73,
SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78 eller SEQ
ID NO: 79.

10.  Fusionsprotein ifelge et hvilket som helst foregaende krav, hvor fusionsproteinet har en
aminosyresekvens ifglge SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64,
SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID
NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75,
SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78 eller SEQ ID NO: 79.

11.  Nukleinsyre, der koder for et fusionsprotein ifalge et hvilket som helst foregadende krav.
12.  Nukleinsyre ifelge krav 11, der er codonoptimeret til translation i1 en eukaryotisk celle.
13.  Nukleinsyre ifelge krav 11 eller 12, der er en del af en virusvektor, en plasmidvektor

eller et selvreplikerende RNA.

14.  Kompleks, der omfatter mindst ét fusionsprotein ifolge et hvilket som helst af krav 1-10
og ¢t guide-RNA.

15.  Kit, der omfatter fusionsproteinet ifelge et hvilket som helst af krav 1-10, nukleinsyren
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ifolge et hvilket som helst af krav 11-13 eller komplekset ifelge krav 14.

16.  Eukaryotisk celle, der omfatter fusionsproteinet ifglge et hvilket som helst af krav 1-10,
nukleinsyren ifelge et hvilket som helst af krav 11-13 eller komplekset ifelge krav 14.

17.  Fremgangsmade til eogning af effektivitet af malrettet genom- eller epigenetisk
modifikation i en eukaryotisk celle, hvilken fremgangsmade omfatter indfering i den
eukaryotiske celle af

(a) mindst ét fusionsprotein eller nukleinsyre, der koder for mindst ét fusionsprotein, hvor
hvert fusionsprotein omfatter et CRISPR-protein bundet til mindst €t nukleosom-interagerende
proteindomene, hvor CRISPR-proteinet (i) har nuklease- eller nickaseaktivitet eller (ii) er
modificeret til at mangle al nukleaseaktivitet og bindes til et ikke-nukleasedomane, hvor
CRISPR-proteinet er en type II CRISPR/Cas9-protein eller en type V CRISPR/Cpf1-protein, og
hvor fusionsproteinet endvidere omfatter mindst €t nukleart lokaliseringssignal;

(b) mindst ét guide-RNA eller en nukleinsyre, der koder for mindst ét guide-RNA;

hvor CRISPR-proteinet af det mindst ene fusionsprotein malrettes til en
malkromosomsekvens og det mindst ene nukleosom-interagerende proteindomeene af det mindst
ene fusionsprotein @ndrer nukleosomal eller chromatinstruktur, saledes at det mindst ene
fusionsprotein har eget adgang til malkromosomsekvensen, hvorved effektiviteten af den
malrettede genom- eller epigenetiske modifikation gges, og

hvor det mindst ene nukleosom-interagerende proteindomane er et hgjmobilitetsgruppe-
(HMG)-box-(HMGB) DNA-bindingsdomzane, et HMG nukleosombindings- (HMGN) protein,
et centralt globulert domane fra en histon Hl-variant, et DNA-bindingsdomane fra et
chromatin-remodellerings-kompleksprotein, eller en kombination deraf,

hvor fremgangsmaden ikke omfatter en fremgangsmade til behandling af menneske- eller

dyrekroppen ved kirurgi eller terapi.

18.  Fremgangsmade ifelge krav 17, hvor fusionsproteinet endvidere omfatter mindst ét

cellepenetrerende domane, mindst ét markerdomane, eller en kombination deraf.

19.  Fremgangsmade ifelge krav 17 eller krav 18, hvor ikke-nukleasedomanet har
cytosindeaminaseaktivitet, histonacetyltransferaseaktivitet, transskriptionel aktiveringsaktivitet

eller transskriptionel repressoraktivitet.
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20.  Fremgangsmade ifelge et hvilket som helst af krav 17-19, hvor det mindst ene
nukleosom-interagerende proteindomane bindes til CRISPR-proteinet direkte via en kemisk
binding, indirekte via en linker, eller en kombination deraf;, og/eller

hvor det mindst ene nukleosom-interagerende proteindomane bindes til CRISPR-

proteinet ved dets N-terminus, C-terminus, et internt sted, eller en kombination deraf.

21.  Fremgangsmade ifolge et hvilket som helst af krav 17-20, hvor nukleinsyre, der koder
for det mindst ene fusionsprotein codonoptimeres for translation i1 den eukaryotiske celle,
og/eller hvor nukleinsyre, der koder for det mindst ene fusionsprotein, er en del af en virusvektor,

en plasmidvektor eller et selvreplikerende RNA.

22.  Fremgangsmade ifelge et hvilket som helst af krav 17-21, hvor fremgangsmaden
endvidere omfatter indfering i den eukaryotiske celle af mindst ét donorpolynukleotid, hvilket

donorpolynukleotid omfatter mindst én donorsekvens.

23.  Fremgangsmade ifolge et hvilket som helst af krav 17-22, hvor den eukaryotiske celle er

en pattedyrecelle eller en menneskecelle.

24.  Fremgangsmade ifolge et hvilket som helst af krav 17-22, hvor cellen er en plantecelle.

25.  Fusionsprotein ifelge et hvilket som helst af krav 1-10 eller fremgangsmade ifelge et

hvilket som helst af krav 17-24, hvor CRISPR-proteinet bindes til to nukleosom-interagerende

proteindomener.
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DRAWINGS
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side
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