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CAS9 EFFECTOR PROTEINS WITH ENHANCED STABILITY

FIELD OF THE INVENTION

[0001] The present disclosure provides Cas9 effector proteins having enhanced stability.
Embodiments of the Cas9 effector proteins have a first nuclear localization signal attached
to the N-terminus and a second nuclear localization signal attached to the C-terminus. The
present disclosure also provides Cas9 systems comprising such Cas9 effector proteins and
a guide polynucleotide that forms a complex with the Cas9 effector protein. The present
disclosure further provides methods for providing site-specific modification of a target

sequence in a eukaryotic cell using the Cas9 effector proteins.
BACKGROUND

[0002] The use of the CRIPR/Cas gene editing technology has revolutionized biotechnology. The
CRISPR-Cas9 gene editing system has been used successfully in a wide range of organisms
and cell lines, both in order to induce double stranded break (DSB) formation in DNA
using the wild type Cas9 protein or to nick a single DNA strand using a mutant protein
termed Cas9n/Cas9 D10A (see, e.g., Mali et al., Science, 339 (6121): 823-826 (2013) and
Sander and Joung, Nature Biotechnology 32(4). 347-355 (2014), each of which i1s
incorporated by reference herein in its entirety). While DSB formation results in creation
of small insertions and deletions (indels) that can disrupt gene function, the Cas9n/Cas9
D10A nickase avoids indel creation (the result of repair through non-homologous end-
joining) while stimulating the endogenous homologous recombination machinery. Thus,
the Cas9n/Cas9 D10A nickase can be used to insert regions of DNA into the genome with
high-fidelity.

[0003] In addition to genome editing, the CRISPR system has a multitude of other applications,
including regulating gene expression, genetic circuit construction, and functional

genomics, amongst others (reviewed in Sander and Joung, 2014).
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[0004] While the Cas9 protein has been shown to be effective in a wide variety of in vivo and in
vitro applications, as a protein, it is susceptible to potential degradation, particularly in the

cellular environment.
SUMMARY OF THE INVENTION

[0005] The present disclosure is directed to a Cas9 effector protein comprising: a) a first nuclear
localization signal attached to the N-terminus of the Cas9 effector protein; and b) a second

nuclear localization signal attached to the C-terminus of the Cas9 effector protein.

[0006] In some embodiments of the protein, the first nuclear localization signal is a monopartite
nuclear localization signal. In some embodiments, the first nuclear localization signal is a
bipartite nuclear localization signal. In some embodiments, the second nuclear localization
signal 1s a monopartite nuclear localization signal. In some embodiments, the second
nuclear localization signal is a bipartite nuclear localization signal. In some embodiments,
the first nuclear localization signal is a bipartite nuclear localization signal and the second

nuclear localization signal is a monopartite nuclear localization signal.

[0007] In some embodiments, the monopartite nuclear localization signal i1s SV40 Large T-
Antigen, nucleoplasmin, EGL-13, ¢c-Myc, TUS-protein nuclear localization signal, or
combinations thereof. In some embodiments, the bipartite nuclear localization signal is
classical bipartite nuclear localization signal. In some embodiments, the first nuclear
localization signal is classic bipartite nuclear localization signal and the second nuclear

localization signal is SV40 Large T-Antigen nuclear localization signal.

[0008] In some embodiments of the protein, the first nuclear localization signal is directly attached
to the Cas9 effector protein. In some embodiments, the first nuclear localization signal is
attached to the Cas9 effector protein via a linker. In some embodiments, the second nuclear
localization signal is directly attached to the Cas9 effector protein. In some embodiments,
the second nuclear localization signal is attached to the Cas9 effector protein via a linker.

In some embodiments, the linker is a peptide linker having from 2 to 30 residues.

[0009] In some embodiments, the protein comprises two copies of the first nuclear localization

signal. In some embodiments, the protein comprises three copies of the first nuclear
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localization signal. In some embodiments, the protein comprises two copies of the second
nuclear localization signal. In some embodiments, the protein comprises three copies of

the second nuclear localization signal.

[0010] In some embodiments, the Cas9 effector protein is derived from a bacterial species having
a Type II-B CRISPR system. In some embodiments, the Cas9 effector protein comprises a
polypeptide sequence having at least 95% identity to any one of SEQ ID NOs: 10-97. In
some embodiments, the Cas9 effector protein comprises a domain that matches a
TIGRO3031 protein family with an E-value cut-off of 1E-5. In some embodiments, the
Cas9 effector protein comprises a polypeptide sequence at least 90% identical to SEQ ID
NO: 98. In some embodiments, the Cas9 effector protein comprises a modified polypeptide
of SEQ ID NO: 98, wherein one or more modifications are selected from N1164R,
N1265R, N1300R, N1412R, N347R, N651A, D1266R, D309R, D345R, D487R, D60O7TR,
Q1129R, Q1381A, QI381A, QI38IR, Q661A, Q713R, Q734R, E1032G, E1032R,
E1409A, E436R, E611R, E691R, E697R, G1335R, L125R, L1264S, 1.1299S, K1031R,
K490R, K615R, K656R, F636R, S1334A, S1334A, S1334R, S1380R, S1410R, S1413R,
S634R, S638R, S7I1R, S1006R, S1017R, T1267A, T1267R, TS5IR, Y1338A, Y1338R,
V12738, V12748, V486R, V644R, V736R and V736Y.

[0011] The present disclosure is also directed to a CRISPR-Cas system comprising: a) a Cas9
effector protein comprising: 1) a first nuclear localization signal attached to the N-terminus
of the Cas9 effector protein; and 11) a second nuclear localization signal attached to the C-
terminus of the Cas9 effector protein; and b) a guide polynucleotide comprising a guide
sequence and forms a complex with the Cas9 effector protein, wherein the guide sequence

is capable of hybridizing with a target sequence in a eukaryotic cell.

[0012] The present disclosure is further directed to a CRISPR-Cas system comprising: a) a nucleic
acid sequence encoding a Cas9 effector protein comprising: 1) a first nuclear localization
signal attached to the N-terminus of the Cas9 effector protein; and 11) a second nuclear
localization signal attached to the C-terminus of the Cas9 effector protein; and b) a nucleic

acid sequence encoding a guide polynucleotide that comprises a guide sequence and forms
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a complex with the Cas9 effector protein, wherein the guide sequence is capable of

hybridizing with a target sequence in a eukaryotic cell.

[0013] In some embodiments of the systems, the nucleotide sequences of (a) and (b) are under
control of a eukaryotic promoter. In some embodiments, the nucleic acid sequences of (a)

and (b) are in a single vector.

[0014] The present disclosure is further directed to a CRISPR-Cas system comprising one or more
vectors comprising: a) a regulatory element operably linked to one or more nucleotide
sequences encoding a Cas9 effector protein comprising: 1) a first nuclear localization signal
attached to the N-terminus of the Cas9 effector protein; and 11) a second nuclear localization
signal attached to the C-terminus of the Cas9 effector protein, and b) a guide
polynucleotide that comprises a guide sequence and forms a complex with the Cas9
effector protein, wherein the guide sequence is capable of hybridizing with a target

sequence in a eukaryotic cell.

[0015] In some embodiments of the systems, the regulatory element is a eukaryotic regulatory

element.

[0016] In some embodiments of the systems, the first nuclear localization signal is a monopartite
nuclear localization signal. In some embodiments, the first nuclear localization signal is a
bipartite nuclear localization signal. In some embodiments, the second nuclear localization
signal 1s a monopartite nuclear localization signal. In some embodiments, the second
nuclear localization signal is a bipartite nuclear localization signal. In some embodiments,
the first nuclear localization signal is a bipartite nuclear localization signal and the second
nuclear localization signal is a monopartite nuclear localization signal. In some
embodiments, the first nuclear localization signal and the second nuclear localization signal

are each bipartite nuclear localization signals.

[0017] In some embodiments, the monopartite nuclear localization signal i1s SV40 Large T-
Antigen, nucleoplasmin, EGL-13, ¢c-Myc, TUS-protein nuclear localization signal, or
combinations thereof. In some embodiments, the bipartite nuclear localization signal is

classical bipartite nuclear localization signal. In some embodiments, the first nuclear
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localization signal is classic bipartite nuclear localization signal and the second nuclear

localization signal is SV40 Large T-Antigen nuclear localization signal.

[0018] In some embodiments of the systems, the first nuclear localization signal is directly
attached to the Cas9 effector protein. In some embodiments, the first nuclear localization
signal is attached to the Cas9 effector protein via a linker. In some embodiments, the second
nuclear localization signal is directly attached to the Cas9 effector protein. In some
embodiments, the second nuclear localization signal is attached to the Cas9 effector protein
via a linker. In some embodiments, the linker is a peptide linker having from 2 to 30

residues.

[0019] In some embodiments of the systems, the protein comprises two copies of the first nuclear
localization signal. In some embodiments, the protein comprises three copies of the first
nuclear localization signal. In some embodiments, the protein comprises two copies of the
second nuclear localization signal. In some embodiments, the protein comprises three

copies of the second nuclear localization signal.

[0020] In some embodiments of the systems, the Cas9 effector protein is derived from a bacterial
species having a Type II-B CRISPR system. In some embodiments, the Cas9 effector
protein comprises a polypeptide sequence having at least 95% identity to any one of SEQ
ID NOs: 10-97. In some embodiments, the Cas9 effector protein comprises a domain that
matches a TIGRO3031 protein family with an E-value cut-off of 1E-5. In some
embodiments, the Cas9 effector protein comprises a polypeptide sequence at least 90%

identical to SEQ ID NO: 98.

[0021] In some embodiments of the systems, the guide polynucleotide is an RNA. In some
embodiments, the guide sequence is from 19 to 30 bases in length. In some embodiments,
the guide sequence is from 19 to 25 bases in length. In some embodiments, the guide
sequence is from 21 to 26 bases in length. In some embodiments, the guide polynucleotide

further comprises a tracrRNA sequence.

[0022] In some embodiments of the systems, the Cas9 effector protein generates cohesive ends.

In some embodiments, the cohesive ends comprise a single-stranded polynucleotide
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overhang of 1 to 10 nucleotides. In some embodiments, the cohesive ends comprise a
single-stranded polynucleotide overhang of 2 to 6 nucleotides. In some embodiments, the

cohesive ends comprise a single-stranded polynucleotide overhang of 3 to 5 nucleotides.

[0023] The present disclosure provides a eukaryotic cell comprising a protein as described above.
The present disclosure further provides a eukaryotic cell comprising a system as described

above.

[0024] The present disclosure provides a delivery particle comprising a protein as described above.
The present disclosure further provides a delivery particle comprising a system. In some
embodiments of the delivery particles, the Cas9 effector protein and the guide
polynucleotide are in a complex. In some embodiments, the complex further comprises a
polynucleotide comprising a tractrRNA sequence. In some embodiments, the delivery

particle further comprises a lipid, a sugar, a metal, or a protein.

[0025] The present disclosure provides a vesicle comprising a protein as described above. The
present disclosure further provides a vesicle comprising a system as described above. In
some embodiments of the vesicles, the Cas9 effector protein and the guide polynucleotide
are in a complex. In some embodiments, the vesicle further comprises a polynucleotide
comprising a tractfRNA sequence. In some embodiments, the vesicle is an exosome or a

liposome.

[0026] The present disclosure provides a viral vector comprising a protein as described above. The
present disclosure further provides a viral vector comprising a system as described above.
In some embodiments, the viral vector further comprises a nucleic acid sequence encoding
a tractrRNA sequence. In some embodiments, the viral vector is an adenovirus particle, an

adeno-associated virus particle or a herpes simplex virus particle.

[0027] The present disclosure also provides a method for providing site-specific modification of

a target sequence in a eukaryotic cell, the method comprising:

a) introducing into the cell: 1) a nucleotide encoding a Cas9 effector protein comprising:
A) a first nuclear localization signal attached to the N-terminus of the Cas9 effector protein;

and B) a second nuclear localization signal attached to the C-terminus of the Cas9 effector
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protein; and 11) a nucleotide encoding a guide polynucleotide that forms a complex with
the Cas9 effector protein and comprises a guide sequence, wherein the guide sequence is

capable of hybridizing with a target sequence in host polynucleotide;

b) generating cohesive ends in the host polynucleotide with the Cas9 effector protein and

the guide polynucleotide; and

c) ligating 1) the cohesive ends of (b) together, or 1) a 3” end of a polynucleotide sequence
of interest to one cohesive end, and a 5’ end of the polynucleotide sequence to one cohesive

end; thereby modifying the target sequence.

[0028] In some embodiments of the methods, the first nuclear localization signal is a monopartite
nuclear localization signal. In some embodiments, the first nuclear localization signal is a
bipartite nuclear localization signal. In some embodiments, the second nuclear localization
signal 1s a monopartite nuclear localization signal. In some embodiments, the second
nuclear localization signal is a bipartite nuclear localization signal. In some embodiments,
the first nuclear localization signal is a bipartite nuclear localization signal and the second
nuclear localization signal is a monopartite nuclear localization signal. In some
embodiments, the monopartite nuclear localization signal is SV40 Large T-Antigen,
nucleoplasmin, EGL-13, c-Myc, TUS-protein nuclear localization signal, or combinations
thereof. In some embodiments, the bipartite nuclear localization signal is classical bipartite
nuclear localization signal. In some embodiments, the first nuclear localization signal and
the second nuclear localization signal are each a bipartite nuclear localization signal. In
some embodiments, the first nuclear localization signal is classic bipartite nuclear
localization signal and the second nuclear localization signal is SV40 Large T-Antigen

nuclear localization signal.

[0029] In some embodiments of the methods, the first nuclear localization signal is directly
attached to the Cas9 effector protein. In some embodiments, the first nuclear localization
signal is attached to the Cas9 effector protein via a linker. In some embodiments, the second
nuclear localization signal is directly attached to the Cas9 effector protein. In some

embodiments, the second nuclear localization signal is attached to the Cas9 effector protein
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via a linker. In some embodiments, the linker is a peptide linker having from 2 to 30

residues.

[0030] In some embodiments of the methods, the protein comprises two copies of the first nuclear
localization signal. In some embodiments, the protein comprises three copies of the first
nuclear localization signal. In some embodiments, the protein comprises two copies of the
second nuclear localization signal. In some embodiments, the protein comprises three

copies of the second nuclear localization signal.

[0031] In some embodiments of the methods, the Cas9 effector protein is derived from a bacterial
species having a Type II-B CRISPR system. In some embodiments, the Cas9 effector
protein comprises a polypeptide sequence having at least 95% identity to any one of SEQ
ID NOs: 10-97. In some embodiments, the Cas9 effector protein comprises a domain that

matches a TIGR03031 protein family with an E-value cut-off of 1E-5.

[0032] In some embodiments of the methods, the guide polynucleotide is an RNA. In some
embodiments, the guide polynucleotide is from 19 to 30 bases in length. In some
embodiments, the guide polynucleotide is from 19 to 25 bases in length. In some
embodiments, the guide polynucleotide is from 21 to 26 bases in length. In some

embodiments, the guide polynucleotide further comprises a tracrRNA sequence.

[0033] In some embodiments of the methods, the Cas9 effector protein generates cohesive ends.
In some embodiments, the cohesive ends comprise a single- stranded polynucleotide
overhang of 1 to 10 nucleotides. In some embodiments, the cohesive ends comprise a
single- stranded polynucleotide overhang of 2 to 6 nucleotides. In some embodiments, the
cohesive ends comprise a single- stranded polynucleotide overhang of 3 to 5 nucleotides.
In embodiments, the cohesive ends are blunt ends. In embodiments, the cohesive ends have
a 5' single-stranded polynucleotide overhang. In embodiments, the cohesive ends have a 3'

single-stranded polynucleotide overhang.

[0034] In some embodiments of the method, the eukaryotic cell is an animal or human cell. In
some embodiments, the eukaryotic cell is a human cell. In some embodiments, the

eukaryotic cell is a plant cell.
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[0035] In some embodiments of the method, the modification is deletion of at least part of the
target sequence. In some embodiments, the modification is mutation of the target sequence.
In some embodiments, the modification is inserting a sequence of interest into the target

sequence.

[0036] The present disclosure also provides a method for reducing degradation of Cas9 effector
protein in a cell comprising a) attaching a first nuclear localization signal to the N-terminus
of the Cas9 effector protein; and b) attaching a second nuclear localization signal to the

C-terminus of the Cas9 effector protein.

[0037] In embodiments of the method, the first nuclear localization signal is a monopartite nuclear
localization signal. In embodiments, the first nuclear localization signal is a bipartite
nuclear localization signal. In embodiments, the second nuclear localization signal is a
monopartite nuclear localization signal. In embodiments, the second nuclear localization
signal 1s a bipartite nuclear localization signal. In embodiments, the first nuclear
localization signal is a bipartite nuclear localization signal and the second nuclear
localization signal is a monopartite nuclear localization signal. In embodiments, the
monopartite nuclear localization signal is SV40 Large T-Antigen, nucleoplasmin, EGL-13,
c-Myc, TUS-protein nuclear localization signal, or combinations thereof. In embodiments,
the bipartite nuclear localization signal is classical bipartite nuclear localization signal. In
embodiments, the first nuclear localization signal is classic bipartite nuclear localization
signal and the second nuclear localization signal is SV40 Large T-Antigen nuclear

localization signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The following drawings form part of the present specification and are included to further

demonstrate exemplary embodiments of certain aspects of the present invention.

[0039] FIG. 1 provides amino acid sequences of Cas9 proteins that can be used in the Cas9 effector

proteins described herein.
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[0040] FIG. 2 provides additional amino acid sequences of Cas9 proteins that can be used in the

Cas9 effector proteins described herein.

[0041] FIG. 3A is a western blot showing expression of MHCas9 in the absence or presence of
the inhibitors: 1) proteasome inhibitor MG132 at a concentration of 5 uM; 2) lysosomal
vATPase inhibitor bafilomycin Al at a concentration of 20 nM ; or 3) nuclear export
inhibitor leptomycin B at a concentration of 10 nM as described in Example 1. FIG. 3B is
a bar graph of quantification of the western blot using MAPK for normalization for each

inhibitor and control.

[0042] FIG. 4 is a western blot showing expression of the Cas9 constructs: 1) 3xSV40-MHCas9;
2) MHCas9-NLSSV40; 3) 3XNLSSV40-MHCas9-NLSSV40; and 4) bpNLS-MHCas9-
SLSSV40 (SpOT-ON) as described in Example 2. GFP expressed by the cloning vector is

detected as a transfection control, while tubulin is detected as a gel loading control.

[0043] FIG. 5 shows western blots of the expression of SpOT-ON (5A) or bpNLS-SpCas9-
NLSSV40 (5B) as described in Example 3. The Cas9 constructs were tested in the absence
or presence of the inhibitors: 1) proteasome inhibitor MG132 at a concentration of 5 uM;
2) lysosomal vATPase inhibitor bafilomycin Al at a concentration of 20 nM ; or 3) nuclear

export inhibitor leptomycin B at a concentration of 10 nM.

[0044] FIG. 6 shows plots of titrations of DNA cleavage activity at different sites with either
SpOT-ON (MHCas9) or SpCas9 as desribed in Example 4.

[0045] FIG. 7 shows a bar graph of the DNA cleavage speed constant k when different protospacer

lengths are used as described in Example 5.

[0046] FIG. 8 shows bar graphs plotting show the mean percentage of mutated reads in mapped
reads for different protospacer lengths at the EMXI1 site (8A) and the CD34 site (8B) as
described in Example 6. Bar graphs represent average editing efficiency of HEK293T-cells
+SD of n=3 different PBMC donors targeting CD34 or EMXI1 as assessed through
Amplicon-Seq and RIMA analysis. Allele frequency <0.1% were excluded from the

analysis.

10
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[0047] FIG. 9 shows a plot of the percentage of modified reads at off-target sites for SpOT-ON
and SPCas9 as described in Example 7.

[0048] FIG. 10 shows a bar graph plotting cleavage speed constants for DNA substrates having

mismatches at positions 1, 2 and 3 from the PAM as described in Example 8.

[0049] FIG. 11 shows a bar graphs of the mean percentage of mutated reads in mapped reads at
different positions for mismatch editing of EMX1 was tested with a 23 nucleotide guide
RNA as described in Example 9. Bar graphs represent average editing efficiency of
HEK?293T-cells £SD of n=3 different PBMC donors targeting EMX1 as assessed through
Amplicon-Seq and RIMA analysis. Allele frequency <0.1% were excluded from the

analysis.

[0050] FIG. 12 shows qualitative analysis of DNA editing at the EMX locus (FIG. 12A) and CD34
locus (FIG. 12B) as described in Example 10. FIG. 12C shows qualitative analysis of the
comparison of DNA repair after SpCas9 DNA cleavage at the CD34 locus.

[0051] FIG. 13 is a bar graph showing the percentage of non-homologous end joining (NHEJ)
knock-in at the CD34 locus for substrates having different overhangs as shown.
Experiments were performed as in Example 11. Plots are shown for both potential
directionalities of the insert, with dark grey representing forward (expected) insertion and

light grey representing reverse insertion.

[0052] FIG. 14 is a bar graph showing the percentage of NHEJ knock-in at the STAT1 locus for
substrates having different overhangs as shown. Experiments were performed as in
Example 11. Plots are shown for both potential directionalities of the insert, with dark grey

representing forward (expected) insertion and light grey representing reverse insertion.
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DETAILED DESCRIPTION OF THE INVENTION

[0053] The present disclosure provides Cas9 effector proteins having enhanced stability which
comprise a nuclear localization signal on both the N-terminus and the C-terminus of the
Cas9 effector protein. The present disclosure also provides systems comprising a Cas9
effector protein having enhanced stability and a nucleic acid guide sequence that
complexes with the Cas9 effector protein. The present disclosure also provides methods
for site-specific modification of a target sequence in a eukaryotic cell using a Cas9 effector
protein having enhanced stability. The present disclosure further provides methods for
enhancing the stability of Cas9 effector proteins by attaching nuclear localization signals

to both the N-terminus and the C-terminus of the protein.

[0054] Without wishing to be bound by theory, it is thought that the presence of additional nuclear
localization signals on the Cas9 effector protein lead to enhanced nuclear import of the
protein. This enhanced nuclear import causes the Cas9 effector protein to spend less time
in the cytoplasm, where it can be a substrate for lysosomal degradation, which is a common
breakdown pathway for cytosolic proteins. In embodiments, the Cas9 effector proteins
described herein have enhanced stability but retain significant Cas9 effector activity

compared to Cas9 proteins not having enhanced stability.

[0055] As used herein, a protein having "enhanced stability" means a protein with a longer life in
an in vivo environment, e.g., a cell, or inside of an in vitro environment. In some
embodiments, a protein having "enhanced stability”" can be more resistant to degradation
in the environment, by having less exposure to factors that degrade proteins, such as
proteases, and/or by being a poorer substrate to a factor that degrades proteins, e.g., by
being more resistant to the cleavage of bonds within the protein. In embodiments, the
"enhanced stability" is enhanced compared to a protein in an unmodified state. In
embodiments, the "enhanced stability" of a Cas9 effector protein as described herein is
enhanced compared to a Cas9 effector protein that does not have a nuclear localization
signal. In embodiments, the "enhanced stability" of a Cas9 effector protein as described
herein is enhanced compared to a Cas9 effector protein that only has one nuclear

localization signal. In embodiments, the "enhanced stability" of a Cas9 effector protein as

12
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described herein is enhanced compared to a Cas9 effector protein that only has one nuclear
localization signal that is attached the N-terminus of the Cas9 effector protein. In some
embodiments, the stability of the Cas9 effector protein is enhanced greater than 10%,
greater than 20%, greater than 30%, greater than 40%, greater than 50%, greater than 60%,
greater than 70%, greater than 80%, greater than 90%, greater than 100%, greater than
120%, greater than 140%, greater than 160%, greater than 180%, greater than 200%,
greater than 300%, or greater than 400% after 30 minutes of expression, 60 minutes of
expression, 90 minutes of expression, 120 minutes of expression, 150 minutes of
expression, 120 minutes of expression, as measured by means known to the skill artisan
for determining the quantity of a protein (e.g., Western blot) or by means known to the
skilled artisan for determining the quantity of a protein by measuring the activity of the

protein (e.g., the activity assays described herein).

[0056] As used herein, “a” or “an” may mean one or more. As used herein, when used in
C_ 2

conjunction with the word “comprising,” the words “a” or “an” may mean one or more

than one. As used herein, “another” or “a further” may mean at least a second or more.
2

[0057] Throughout this application, the term “about” is used to indicate that a value includes the
inherent variation of error for the method/device being employed to determine the value,
or the variation that exists among the study subjects. Typically, the term “about” is meant
to encompass approximately or less than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19% or 20% or higher variability, depending
on the situation. In embodiments, one of skill in the art will understand the level of
variability indicated by the term “about,” due to the context in which it is used herein. It
should also be understood that use of the term “about” also includes the specifically recited

value.

[0058] The use of the term “or” in the claims is used to mean “and/or,” unless explicitly indicated
to refer only to alternatives or the alternatives are mutually exclusive, although the

disclosure supports a definition that refers to only alternatives and “and/or.”

[0059] As used herein, the terms “comprising” (and any variant or form of comprising, such as

“comprise” and “comprises”), “having” (and any variant or form of having, such as “have”
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and “has”), “including” (and any variant or form of including, such as “includes” and
“include”) or “containing” (and any variant or form of containing, such as “contains” and
“contain”) are inclusive or open-ended and do not exclude additional, unrecited elements

or method steps.

[0060] The use of the term “for example” and its corresponding abbreviation “e.g.” (whether
italicized or not) means that the specific terms recited are representative examples and
embodiments of the disclosure that are not intended to be limited to the specific examples

referenced or cited unless explicitly stated otherwise.

[0061] As used herein, “between” is a range inclusive of the ends of the range. For example, a
number between x and y explicitly includes the numbers x and y, and any numbers that fall

within x and y.
Cas9 Lffector Proteins

[0062] In embodiments, the present disclosure provides a Cas9 effector protein having enhanced
stability. In embodiments, the present disclosure provides a Cas9 effector protein
comprising more than one nuclear localization signal. In embodiments, the present
disclosure provides a Cas9 effector protein comprising: a) a first nuclear localization signal
attached to the N-terminus of the Cas9 effector protein; and b) a second nuclear localization

signal attached to the C-terminus of the Cas9 effector protein.

[0063] As described herein, Cas proteins are components of the CRISPR-Cas system, which can
be used for, inter alia, genome editing, gene regulation, genetic circuit construction, and
functional genomics. While the Casl and Cas2 proteins appear to be universal to all the
presently identified CRISPR systems, the Cas3, Cas9, and Cas10 proteins are thought to
be specific to the Type I, Type II, and Type III CRISPR systems, respectively.

[0064] Following initial publications around the CRISPR-Cas9 system (Type II system), Cas9
variants have been identified in a range of bacterial species and a number have been
functionally characterized. See, e.g., Chylinski et al., “Classification and evolution of type
I CRISPR-Cas systems”, Nucleic Acids Research 42(10): 6091-6105 (2014), Ran et al.,
“In vivo genome editing using Staphylococcus aureus Cas9”, Nature 520(7546): 186-91
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(2015), and Esvelt et al., “Orthogonal Cas9 proteins for RNA-guided gene regulation and
editing”, Nature Methods 10(11): 1116-1121 (2013), each of which is incorporated by

reference herein in its entirety.

[0065] The present disclosure encompasses novel effector proteins of CRISPR-Cas9 systems
having enhanced Cas9 stability. The terms “Cas9,” “Cas 9 protein” and “Cas9 effector
protein” are interchangeable and are used herein to describe effector proteins which are
capable of providing cohesive ends, blunt end or nicked dsDNA when used in the CRISPR-
Cas9 system.

[0066] In embodiments, the nuclear localization signals are monopartite nuclear localization
signals, bipartite nuclear localization signals or combinations thereof. A nuclear
localization signal, also called a nuclear localization sequence or NLS, is an amino acid
sequence that causes a protein having the sequence to be imported into the cell nucleus. In
embodiments, a monopartite nuclear localization signal is a signal having a single
contiguous sequence that is recognized for nuclear import. In embodiments, a bipartite
nuclear localization signal is a signal having two sequences that are recognized for nuclear
import separated by a spacer sequence. Examples of both monopartite and bipartite nuclear

localization signals are provided herein.

[0067] In embodiments of the Cas9 effector protein, the first nuclear localization signal is a
monopartite nuclear localization signal. In embodiments, the first nuclear localization
signal 1s a bipartite nuclear localization signal. In embodiments, the second nuclear
localization signal is a monopartite nuclear localization signal. In embodiments, the second

nuclear localization signal is a bipartite nuclear localization signal.

[0068] In embodiments, the first and second nuclear localization signals can both be monopartite,
both be bipartite or can be a mixture of monopartite and bipartite. In embodiments, the first
nuclear localization signal is a bipartite nuclear localization signal and the second nuclear
localization signal is a monopartite nuclear localization signal. In embodiments, the first
nuclear localization signal is a monopartite nuclear localization signal and the second
nuclear localization signal 1s a bipartite nuclear localization signal. In embodiments, the

first nuclear localization signal is a monopartite nuclear localization signal and the second
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nuclear localization signal is a monopartite nuclear localization signal. In embodiments,
the first nuclear localization signal is a bipartite nuclear localization signal and the second

nuclear localization signal is a bipartite nuclear localization signal.

[0069] In embodiments, the monopartite nuclear localization signal is a monopartite nuclear
localization signal known in the art. In embodiments, the monopartite nuclear localization
signal is one of the monopartite nuclear localization signals listed in Table 1, or

combinations thereof.

Table 1 — Monopartite Nuclear Localization Signals

NLS Name Sequence SEQ ID NO:
SV40 Large T-Antigen | PKKKRKV 1
SV40 Large T-Antigen | PKKKRRYV 2
Nucleoplasmin AVKRPAATKKAGQAKKKKLD 3
EGL-13 MSRRRKANPTKLSENAKKLAKEVEN | 4
c-Myc PAAKRVKLD 5
TUS-protein KLKIKRPVK 6

[0070] In embodiments, the bipartite nuclear localization signal is a bipartite nuclear localization
signal known in the art. In embodiments, the bipartite nuclear localization signal is a
classical bipartite nuclear localization signal. In embodiments, the bipartite nuclear
localization signal is one of the bipartite nuclear localization signals listed in Table 2, or

combinations thereof.

Table 2 — Bipartite Nuclear Localization Signals

NLS Name Sequence SEQ ID NO:

Classical Bipartite | KRTADGSEFESPKKKRKYV | 7
Classical Bipartite | KRPAATKKAGQAKKKK | 8
Classical Bipartite | KRPAATKKAGQAKKK 9
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[0071] In embodiments of the protein, the first nuclear localization signal is classic bipartite
nuclear localization signal (SEQ ID NO: 7) and the second nuclear localization signal is

SV40 Large T-Antigen nuclear localization signal (SEQ ID NO: 1).

[0072] In embodiments, the nuclear localization signals are attached to the Cas9 effector protein
using standard methods in the art. In embodiments, nucleic acid sequences encoding for
the nuclear localization signals are placed upstream and downstream from a nucleic acid
sequence encoding the Cas9 effector protein using standard molecular biology methods
such as restriction enzyme digestion and ligation, so that a nucleic acid is formed that
encodes the Cas9 effector protein comprising a nuclear localization signal on its N-
terminus and C-terminus. This nucleic acid can then be subsequently expressed in a cell,
e.g., a eukaryotic cell. In other embodiments, the Cas9 effector protein comprising nuclear
localization signals on its N-terminus and C-terminus is fully or partially synthesized using

solid-phase protein synthesis methods.

[0073] In embodiments of the protein, the first nuclear localization signal is directly attached to
the Cas9 effector protein. In embodiments, the first nuclear localization signal is attached
to the Cas9 effector protein via a linker. In embodiments, the second nuclear localization
signal is directly attached to the Cas9 effector protein. In embodiments, the second nuclear

localization signal is attached to the Cas9 effector protein via a linker.

[0074] In embodiments where a linker is used, the linker is a peptide linker having from 2 to 30
residues. In embodiments, linker is a peptide linker having from 2 to 20 residues. In
embodiments, linker is a peptide linker having from 2 to 15 residues. In embodiments,
linker 1s a peptide linker having from 2 to 10 residues. In embodiments, linker is a peptide
linker having from 2 to 5 residues. In embodiments, the linker is a substituted or

unsubstituted C2-Cao alkyl, alkene or alkynyl chain.

[0075] In embodiments, the Cas9 effector protein comprises more than one copy of a nuclear
localization signal on its N-terminus. In embodiments, the Cas9 effector protein comprises
more than one type of nuclear localization signal on its N-terminus. In embodiments, the

Cas9 effector protein comprises more than one copy of a nuclear localization signal on its

17



WO 2022/248645 PCT/EP2022/064368

C-terminus. In embodiments, the Cas9 effector protein comprises more than one type of

nuclear localization signal on its C-terminus.

[0076] In embodiments, the protein comprises two copies of the first nuclear localization signal.
In embodiments, the protein comprises three copies of the first nuclear localization signal.
In embodiments, the protein comprises two copies of the second nuclear localization signal.
In embodiments, the protein comprises three copies of the second nuclear localization

signal.

[0077] The Cas9 portion of the Cas9 protein comprising a first and a second nuclear localization
signal can be derived from any Cas9 effector domain known in the art. In embodiments,
the Cas9 effector protein is derived from a bacterial species having a Type II-B CRISPR
system. Examples of suitable Type II-B Cas9 proteins are described in W(Q/2019/099943,
which is hereby incorporated by reference herein. In embodiments, suitable Type II-B
Cas9are capable of generating cohesive ends. As described herein, Type 1I-B CRISPR
systems are identified, inter alia, by the presence of a cas4 gene on the cas operon, and
Type II-B Cas9 proteins i1s of the TIGR03031 TIGRFAM protein family. Thus, in
embodiments, the Cas9 portion is of the TIGR03031 TIGRFAM protein family. In
embodiments, the Cas9 portion comprises a domain that matches the TIGR03031 protein
family with an E-value cut-off of 1E-5. In embodiments, the site-specific nuclease
comprises a domain that matches the TIGR03031 protein family with an E-value cut-off
of 1E-10. Type II-B CRISPR systems are found in bacterial species such as, e.g.,
Legionella pneumophila, Francisella novicida, gamma proteobacterium HTCCS5015,
Parasutterella excrementihominis, Sutterella wadsworthensis, Sulfurospirillum sp.
SCADC, Ruminobacter sp. RM87, Burkholderiales bacterium 1 1 47, Bacteroidetes oral
taxon 274 str. FO058, Wolinella succinogenes, Burkholderiales bacterium YL45,
Ruminobacter amylophilus, Campylobacter sp. PO111, Campylobacter sp. RM9261,
Campylobacter lanienae strain RMS8001, Camplylobacter lanienae strain PO121,
Turicimonas muris, Legionella londiniensis, Salinivibrio sharmensis, Leptospira sp.
isolate FW.030, Moritella sp. 1solate NORP46, Endozoicomonassp. S-B4-1U,
Tamilnaduibacter salinus, Vibrio natriegens, Arcobacter skirrowii, Francisella

philomiragia, Francisella hispaniensis, or Parendozoicomonas haliclonae.
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[0078] In some embodiments, the Cas9 is capable of generating a double-stranded
polynucleotide cleavage, e.g., a double-stranded DNA cleavage. In some embodiments, a
Cas9 can include one or more nuclease domains, such as RuvC and HNH, and can cleave
double-stranded DNA. In some embodiments, a Cas9 can comprises a RuvC domain and
an HNH domain, each of which cleaves one strand of double-stranded DNA. In some
embodiments, the Cas9 generates blunt ends. In some embodiments, the RuvC and HNH
of a Cas nuclease cleaves each DNA strand at the same position, thereby generating blunt
ends. In some embodiments, the Cas9 generates cohesive ends. In some embodiments,
the RuvC and HNH of a Cas9 cleaves each DNA strand at different positions (i.e., cut at
an “offset”), thereby generating cohesive ends. As used herein, the terms “cohesive

2 <

ends,” “staggered ends,” or “sticky ends” refer to a nucleic acid fragment with strands of
unequal length. In contrast to “blunt ends,” cohesive ends are produced by a staggered cut
on a double-stranded nucleic acid (e.g., DNA). A sticky or cohesive end has protruding

singles strands with unpaired nucleotides, or “overhangs,” e.g., a 3’ or a 5’ overhang.

[0079] In embodiments, the term Cas9 refers to engineered Cas9 variants, such as, e.g., deadCas9-
FokI, Cas9nP'%A-Fokl, and CasOn'®*A_FokI. In embodiments of the disclosure, the Cas9
effector proteins comprise: a) a first nuclear localization signal attached to the N-terminus
of the Cas9 effector protein; and b) a second nuclear localization signal attached to the C-

terminus of the Cas9 effector protein.

[0080] In some embodiments, the Cas9 (e.g., the Cas9 domain of the fusion protein) comprises a
nuclease-inactivated Cas9 (e.g., a Cas9 lacking DNA cleavage activity; "dCas9") that
retains RNA (gRNA) binding activity and is thus able to bind a target site complementary
to a gRNA. In embodiments, the fusion protein comprises a linker between the dCas9
domain and the transcriptional regulator domain. In embodiments, the dCas9 domain is
fused with a transcriptional activator or repressor domain, forming a dCas9 transcriptional
regulator that can be directed to a specific target site through a complementary gRNA
sequence. Examples of linkers are described herein. In embodiments, the fusion protein of
a dCas9 domain and transcriptional regulator domain has a nuclear localization signal, as
described herein, attached to the N-terminus of the dCas9 domain and nuclear localization

signal attached to the C-terminus of the transcriptional regulator domain.
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[0081] In embodiments, the dCas9 domain i1s a dCas9 domain that functions as a roadblock
blocking transcription. In embodiments, the dCas9 domain can sterically block the

transcriptional elongation of RNA polymerase.

[0082] In embodiments, the dCa9 domain is fused to a VP64 transcriptional activation domain. In
embodiments, the dCas9 domain is modified using the SunTag gene activating system
where tandem repeats of a small peptide GCN4 are utilized to recruit multiple copies of
single-chain variable fragments in fusion with the transcriptional activator VP64. In
embodiments, the dCas9 domain is modified using the synergistic activation mediator
(SAM) system where the dCas9 is fused to VP64 and the sgRNA has been modified to
contain two MS2 RNA aptamers to recruit the MS2 bacteriophage coat protein (MCP),
which 1s fused to the transcriptional activators p65 and heat shock factor 1 (HSF1). In
embodiments, the dCas9 domain is modified with VP64—p65-Rta (VPR) for gene
activation, where the dCas9 is fused to the combinatory VPR transcriptional activator
domains to amplify the activation effects. In embodiments, the dCas9 domain is modified
with scRNA for simultaneous gene activation and repression, where a hybrid RNA scaffold
coupling an sgRNA and an RNA aptamer (e.g., MS2, com, PP7) can recruit RNA-binding
proteins s (e.g., MCP, COM, PCP) tethered to either a transcriptional activator or repressor.

[0083] In embodiments, the dCas9 domain is modified with a chemical or light controlled
dimerization systems, where chemical or light induced dimerizers (e.g., PYL1::ABI,
GID::GAI and PhyB::PIF) are fused to dCas9 and transcriptional effectors, respectively.
In these embodiments, the addition of corresponding chemical (e.g., abscisic acid [ABA],
or gibberellin [GA]) or light can induce the gene regulation. In embodiments, the dCas9
domain is modified using a split dCas system or a receptor-coupled systems: I/O molecular

devices.

[0084] In embodiments, the dCas9 is a second generation or third generation transcriptional
regulator as described in Xu et al., "A CRISPR—dCas Toolbox for Genetic Engineering and
Synthetic Biology," J. Mol. Biol., 2019, 431:34-47, which is hereby incorporated by

reference herein.
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[0085] In embodiments, the dCas9 is a dCas9 fusion protein for epigenome engineering. In
embodiments, the dCas9 for epigenome engineering is a dCas9 fusion protein as described
in Xu et al., J. Mol. Biol,, 2019, 431:34-47, which is hereby incorporated by reference
herein. In embodiments, the dCas9 is fused to a methyltransferase, e.g., DNMT3A,
DNMT3B or DNMT3L. In embodiments, the dCas9 1s fused to a KRAB domain. In
embodiments, the dCas9 is fused to a DNA demethylase, e.g. TET1. In embodiments, the
dCas9 is fused to a histone methyltransferase, e.g., PRDM9 or DOTI1L. In embodiments,
the dCas9 is fused to a histone demethylase, e.g. LSD1. In embodiments, the dCas9 is fused
to a histone acetyltransferase, e.g., p300. In embodiments, the dCas9 is fused to a histone
deacetylase, e.g., HDAC1, HDAC2, HDAC3, HDAC4, HDACS, HDAC6, HDAC7,
HDACS, HDACY9, HDAC 10 or HDACI1I1, or SIRT1, SIRT2, SIRT3, SIRT4, SIRTS,
SIRT6 or SIRT7.

[0086] In embodiments, the dCas9 is a dCas9 fusion protein for genome imaging. In embodiments,
the dCas9 for genome imaging is a dCas9 fusion protein as described in Xu et al., J. Mol.
Biol., 2019, 431:34-47, which is hereby incorporated by reference herein. In embodiments,
the dCas9 is fused to a fluorescent protein, e.g., a green fluorescent protein, a yellow
fluorescent protein, a blue fluorescent protein, a cyan fluorescent protein, an orange

fluorescent protein or a red fluorescent protein.

[0087] In embodiments, the dCas9 is a dCas9 fusion protein for base editing. In embodiments, the
dCas9 1s fused to a cytosine base editor. In embodiments, the dCas9 is fused to an adenine
base editor. In embodiments, the dCas9 is fused to a uracil base editor. In embodiments,
the dCas9 is fused to a cytidine deaminase. In embodiments, the dCas9 is fused to an

adenine deaminase. In embodiments, the dCas9 is fused to a uracil DNA glycosylase.

[0088] In embodiments, the Cas9 domain is a Cas9 nickase fusion protein for base editing. A
"Cas9 nickase" as used herein is a Cas9 protein that only cleaves one strand of the target
DNA. In embodiments, the Cas9 nickase is fused to a cytosine base editor. In embodiments,
the Cas9 nickase is fused to an adenine base editor. In embodiments, the Cas9 nickase is
fused to a uracil base editor. In embodiments, the Cas9 nickase is fused to a cytidine

deaminase. In embodiments, the Cas9 nickase is fused to an adenine deaminase. In
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embodiments, the Cas9 nickase is fused to a uracil DNA glycosylase. In embodiments, the
Cas9 domain is a Cas9 nickase fusion for base editing as described in US2018/0312828,
US2018/0237787 and US2020/0010835, each of which is hereby incorporated by

reference herein.

[0089] In embodiments, the Cas9 domain 1s a Cas9 nickase fusion protein for prime editing. In
embodiments, the Cas9 nickase is fused to a reverse transcriptase. In embodiments the
Cas9 domain is a Cas9 nickase fusion for prime editing as described in W02020/191248,

which is hereby incorporated by reference herein.

[0090] In embodiments, the Cas9 effector protein comprises a polypeptide sequence having at
least 95% identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2. In
embodiments, the Cas9 effector protein comprises a polypeptide sequence having at least
90% identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2. In
embodiments, the Cas9 effector protein comprises a polypeptide sequence having at least
98% identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2. In
embodiments, the Cas9 effector protein comprises a polypeptide sequence having at least
99% 1identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2. In
embodiments, the Cas9 effector protein comprises a polypeptide selected from one of SEQ

ID NOs: 10-97 as shown in FIG. 1 and FIG. 2.

[0091] In embodiments, the Cas9 effector protein comprises a polypeptide sequence having at
least 95% 1dentity to SEQ ID NO: 71. In embodiments, the Cas9 effector protein comprises
a polypeptide sequence having at least 90% identity to SEQ ID NO: 71. In embodiments,
the Cas9 effector protein comprises a polypeptide sequence having at least 98% identity to
SEQ ID NO: 71. In embodiments, the Cas9 effector protein comprises a polypeptide
sequence having at least 99% identity to SEQ ID NO: 71. In embodiments, the Cas9
effector protein comprises SEQ ID NO: 71.

[0092] In embodiments of the protein, the Cas9 effector protein comprises a polypeptide sequence
at least 90% identical to SEQ ID NO: 98. In embodiments, the Cas9 effector protein
comprises a polypeptide sequence at least 95% identical to SEQ ID NO: 98. In

embodiments, the Cas9 effector protein comprises a polypeptide sequence at least 98%
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identical to SEQ ID NO: 98. In embodiments, the Cas9 effector protein comprises a
polypeptide sequence at least 99% identical to SEQ ID NO: 98. In embodiments, the Cas9
effector protein comprises SEQ ID NO: 98.

SEQID NO: 98 | MKRTADGSEFESPKKKRKVTGTVKSTLAVDMGGRYTGIFSYTTDS
GFPKAKEARAYVLNMPDNDALTYSMAARTQTRHRIRSQQRFVLA
RRLTYILIEGKLKRKLSPREKEAISSLLRRRGYSRLESELDLSVLQGV
ESGFFKCFLPNFDEDENLLTQWTSLTDGYLQNNSDSRRQIQIFLESS
KDSKEFLTVVKSQHQDTKEYKNALKVMRDDAESMIEQSMFGHKH
RRLYLEAIAQDIPRDSRLKPIIEAFSGVEKFHHFIGNLSNLQLRALRW
YFNDPSMKNNVFDKERLKSVLVRAYQFFHYPKDLTQQRAEVLNA
YEGATDILETLQTLNPELTIPPYEDQNNRRPPLDQTLWLSPRLLDQR
YGDTWEIWVQNLLRSPLSKGIDENLDTILITTDRKARLLERQSGRLI
HYTSQKLYHSYVLQRLLDRTVENDAYLLKTLVSSNRGNSNEIHQA
QERLTRDLGSQHIKKFLDFVRQYYDEVDKAKRGLWFIVEKPLMER
ADIHPPMKNDSVILRLVGNILCVSDLVDLSFWTRKVKGQSTVRSLC
TAIEKTRKEYGNSFNYLYQRALYLQSKGKKLSAEDKDFIKLQSNVL
LVSDVIAEALDIKEEQKKKFANPFSLAQLYNIIETEKSGFISTTLAAV
DENAWRNNLQGKARCVQLCADTVRPFDGALRNILDRQAYEIAKL
KAEELLSTELKNQTIDLVVLLESNQFAFSASLAEVKKSANTAAIRQ
KVAKAQKRQQDRWLSKDERIKSASRGLCPYTGKNLGDKGEVDHII
PRSLSMNYMGSILNSEANLIYCSQEGNQLKLNGRKKLSDLADNYL
KVVFGTADRGTICKYIEKSVSELTDAKIVQFELLDRSQQDAVRHAL
FLEDFSEARRRIIRLLGKINTARVNGTQAWFAKSFITKLRELTKEWC
ANNQITLAFDLYRLDAQTVSQDYRKKFALINKDWAKPDDKKQPIA
SHAIDAFCVFAAAKDKRNIANVLGVFDEVAEEQNLK TIAQLMPSE
VNLISPKRKSILDKNEVGSRALMKEGIFAEHFLPILVRGDDCRIGFD
WSESGSVKVKDADKLFGVLDGLLKQSQKRSVNGFETYTVDRIKAF
ELLHDVFIRPCSQKMLEQAEVLEKLHYITQNISVTSVYDAVNRQFK
CREEILKDKDFDIKVDLGNRFGSAKGKITLPAKREWEKLVNRSELK
NLIKDKLSDKGSEKTPDGETLIYDIFRSIPVQKLSHKATRRVWSLPKI
PSISSGVRIKRKDSNGNDIYQLYMLNDTKCKGFVVNEKGVIDWSSD
LVADLYKQPTLTILNGRYLKADQYVRMDQWYEVDCGRDDVIVK
MCPGTSGRRYIEITQSKKQFEDWTGYISGSFWNYPVTIKLSSQQIAN
FVKNSQMPLLGKPRSGQITVITLGNTLKYWYCVESKNSMMNEAYQ
KAYLVHFNQGTPKKKRKV

[0093] In some embodiments, the Cas9 effector protein comprises SEQ ID NO: 98 including an
amino acid modification at one or more position of R1336, R1389, R668, N1164, N1265,
N1300, N1412, N347, N348, N562, N565, N618, N651, D1266, D309, D345, D487, D607,
D30, Q1129, Q1381, Q624, Q661, Q713, Q734, E1032, E1409, E436, E610, E611, E691,
E697, G1245, G1335, H777, 11242, L125, L1162, L1264, L1299, K1031, K443, K490,

23



WO 2022/248645 PCT/EP2022/064368

K615, K656, F1035, F620, F636, F670, S1243, S1334, S1380, S1410, S1413, S634, S638,
S711, S1006, S1017, T1267, T1333, T551, T639, T639, T640, T666, T897, Y1338, Y343,
Y566, V1273, V1274, V486, V644, V660, V667, V736 of SEQ ID NO:98, or combinations
thereof.

[0094] In some embodiments, the amino acid modification includes one or more of the following
mutations R668A, N1164R, N1265R, N1300R, N1412R, N347R, N348R, N562R, N565R,
N618R, N651A, N651R, DI1266R, D309R, D345R, D487R, D607R, Q1129R, Q1381A,
Q1381A, Q1381R, Q624R, Q661A, Q661R, Q713R, Q734R, E1032G, E1032R, E1409A,
E1409R, E436R, E610R, E611R, E69IR, E697R, G1245R, G1335R, H777A, 112428,
L125R, L125Y, L1162S, L1264S, 11299S, K1031R, K443R, K490R, K615R, K656R,
F1035R, F620R, F636R, F670Y, S1243R, S1334A, S1334A, S1334R, S1380R, S1410R,
S1413R, S634R, S638A, S638R, S711R, S1006R, SI017R, T1267A, T1267R, T1333A,
T1333R, TSSIR, T639A, T639R, T640R, T666R, TSO7R, Y1338A, Y1338R, Y343R,
Y566R, V12738, V1274S, V486R, V644R, V660R, V660Y, V667R, V667S, VT36R or
V736Y. In some embodiments, the amino acid modification includes one or more of the
following mutations N1164R, N1265R, N1300R, N1412R, N347R, N651A, D1266R,
D309R, D345R, D487R, D607R, Q1129R, Q1381A, Q1381A, Q1381R, Q661A, Q713R,
Q734R, E1032G, E1032R, E1409A, E436R, E611R, E691R, E697R, G1335R, L125R,
L1264S, L1299S, K1031R, K490R, K615R, K656R, F636R, S1334A, S1334A, S1334R,
S1380R, S1410R, S1413R, S634R, S638R, S711R, S1006R, S1017R, T1267A, T1267R,
TSS1R, Y1338A, Y1338R, V12738, V1274S, V486R, V644R, V736R or V736Y. In some
embodiments, the amino acid modification includes one or more of the following mutations
N1265R, N1300R, N1412R, D1266R, E436R, G1335R, S1334R, S1380R, S1017R,
TI1267R, V736R or V736Y.

[0095] In some embodiments, the amino acid modification results in an increased binding affinity

between Cas9 effector protein and DNA.
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CRISPR-Cas Systems

[0096] In embodiments, the present disclosure provides a CRISPR-Cas system comprising a Cas9

effector protein having enhanced stability.

[0097] In general, a CRISPR or CRISPR-Cas or CRISPR system is characterized by elements that
promote the formation of a CRISPR complex at the site of a target sequence (also referred
to as a protospacer in the context of an endogenous CRISPR system). In the context of
formation of a CRISPR complex, “target sequence” refers to a sequence to which a guide
polynucleotide is designed to target, e.g. have complementarity, where hybridization
between a target sequence and a guide polynucleotide promotes the formation of a CRISPR
complex. The section of the guide polynucleotide through which complementarity to the
target sequence can be important for cleavage activity is referred to herein as the guide
sequence. A target sequence may comprise any polynucleotide, such as DNA or RNA
polynucleotides and can be located within a target locus of interest. In embodiments, a
target sequence is located in the nucleus or cytoplasm of a cell. In embodiments, the target
sequence is located on the chromosome (TSC). In embodiments, the target sequence is

located on a vector (TSV).
[0098] In embodiments, the present disclosure provides a CRISPR-Cas system comprising:

a) a Cas9 effector protein comprising: 1) a first nuclear localization signal attached to the
N-terminus of the Cas9 effector protein; and 1i1) a second nuclear localization signal

attached to the C-terminus of the Cas9 effector protein; and

b) a guide polynucleotide comprising a guide sequence and forms a complex with the Cas9
effector protein, wherein the guide sequence is capable of hybridizing with a target

sequence in a eukaryotic cell.
[0099] In embodiments, the present disclosure provides a CRISPR-Cas system comprising:

a) a nucleic acid sequence encoding a Cas9 effector protein comprising: 1) a first nuclear
localization signal attached to the N-terminus of the Cas9 effector protein; and 11) a second

nuclear localization signal attached to the C-terminus of the Cas9 effector protein; and
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b) a nucleic acid sequence encoding a guide polynucleotide that comprises a guide
sequence and forms a complex with the Cas9 effector protein, wherein the guide sequence

is capable of hybridizing with a target sequence in a eukaryotic cell.

[00100] In embodiments of this system, the nucleotide sequences of (a) and (b) are under
control of the same promoter. In embodiments, the nucleotide sequences of (a) and (b) are

under control of different promoters.

2 ¢

[00101] As used herein, “promoter,” “promoter sequence,” or “promoter region” refers to a
DNA regulatory region/sequence capable of binding RNA polymerase and involved in
initiating transcription of a downstream coding or non-coding sequence. In some examples
of the present disclosure, the promoter sequence includes the transcription initiation site
and extends upstream to include the minimum number of bases or elements used to initiate
transcription at levels detectable above background. In embodiments, the promoter
sequence includes a transcription initiation site, as well as protein binding domains
responsible for the binding of RNA polymerase. Eukaryotic promoters will often, but not

always, contain “TATA” boxes and “CAT” boxes. Various promoters, including inducible

promoters, may be used to drive the various vectors of the present disclosure.

[00102] In embodiments, the nucleotide sequences of (a) and (b) are under control of a
eukaryotic promoter. In embodiments, the nucleotide sequences of (a) and (b) are under
control of two different eukaryotic promoters. In embodiments, at least one of the
eukaryotic promoters is a promoter that is active in human induced pluripotent stem cells.
In embodiments at least one of the eukaryotic promoters is EFlalpha (EFla). In
embodiments at least one of the eukaryotic promoters is human cytomegalovirus (CMV)
promoter. In embodiments at least one of the eukaryotic promoters is doxycycline
regulatable promoter TRE3G. In embodiments, the nucleotide sequences of (a) and (b) are
under control of a bacterial promoter. In embodiments, the nucleotide sequences of (a) and
(b) are under control of two different bacterial promoters. In embodiments, the nucleotide
sequences of (a) and (b) are under control of a viral promoter. In embodiments, the

nucleotide sequences of (a) and (b) are under control of two different viral promoters.
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[00103] In embodiments, the nucleic acid sequences of (a) and (b) are in a single vector. In

embodiments, the nucleic acid sequences of (a) and (b) are in separate vectors.

[00104] In embodiments, the present disclosure provides a CRISPR-Cas system comprising

one or more vectors comprising:

a) a regulatory element operably linked to one or more nucleotide sequences encoding a
Cas9 effector protein comprising: 1) a first nuclear localization signal attached to the N-
terminus of the Cas9 effector protein; and 11) a second nuclear localization signal attached

to the C-terminus of the Cas9 effector protein; and

b) a guide polynucleotide that comprises a guide sequence and forms a complex with the
Cas9 effector protein, wherein the guide sequence is capable of hybridizing with a target

sequence in a eukaryotic cell.

[00105] In embodiments of this system, the regulatory element is a eukaryotic regulatory
element. In embodiments of this system, the regulatory element is a prokaryotic regulatory

element.

[00106] In embodiments, the nucleotide encoding a Cas9 effector protein and a guide
polynucleotide is on a single vector. In embodiments, a nucleotide encoding a Cas9 effector
protein, a guide polynucleotide (or nucleotide that can be transcribed into a guide
polynucleotide), and a tracrRNA are on a single vector. In embodiments, the nucleotide
encoding a Cas9 effector protein, a guide polynucleotide (or nucleotide that can be
transcribed into a guide polynucleotide), a tractRNA, and a direct repeat sequence are on
a single vector. In embodiments, the vector 1s an expression vector. In embodiments, the
vector is a mammalian expression vector. In embodiments, the vector is a human

expression vector. In embodiments, the vector is a plant expression vector.

[00107] In embodiments, the nucleotide encoding a Cas9 effector protein and a guide
polynucleotide is a single nucleic acid molecule. In embodiments, the nucleotide encoding
a Cas9 effector protein, a guide polynucleotide, and a tracrRNA 1is a single nucleic acid
molecule. In embodiments, the nucleotide encoding a Cas9 effector protein, a guide

polynucleotide, a tracrRNA, and a direct repeat sequence is a single nucleic acid molecule.
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In embodiments, the single nucleic acid molecule is an expression vector. In embodiments,
the single nucleic acid molecule is a mammalian expression vector. In embodiments, the
single nucleic acid molecule is a human expression vector. In embodiments, the single

nucleic acid molecule is a plant expression vector.

[00108] “Operably linked” means that the nucleotide of interest, i.e., the nucleotide encoding a
Cas9 effector protein, is linked to the regulatory element in a manner that allows for
expression of the nucleotide sequence. Thus, In embodiments, the vector is an expression

vector.

[00109] In embodiments, the regulatory element is a promoter. In embodiments, the regulatory
element is a bacterial promoter. In embodiments, the regulatory element is a viral promoter.
In embodiments, the regulatory element is a eukaryotic regulatory element, ie., a
eukaryotic promoter. In embodiments, the eukaryotic regulatory element is a mammalian

promoter.

[00110] In embodiments of any of the above systems, the first nuclear localization signal is a
monopartite nuclear localization signal. In embodiments, the first nuclear localization
signal 1s a bipartite nuclear localization signal. In embodiments, the second nuclear
localization signal is a monopartite nuclear localization signal. In embodiments, the second

nuclear localization signal is a bipartite nuclear localization signal.

[00111] In embodiments, the first and second nuclear localization signals can both be
monopartite, both be bipartite or can be a mixture of monopartite and bipartite. In
embodiments, the first nuclear localization signal is a bipartite nuclear localization signal
and the second nuclear localization signal is a monopartite nuclear localization signal. In
embodiments, the first nuclear localization signal is a monopartite nuclear localization
signal and the second nuclear localization signal is a bipartite nuclear localization signal.
In embodiments, the first nuclear localization signal is a monopartite nuclear localization
signal and the second nuclear localization signal is a monopartite nuclear localization
signal. In embodiments, the first nuclear localization signal is a bipartite nuclear
localization signal and the second nuclear localization signal is a bipartite nuclear

localization signal.
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[00112] In embodiments of any of the above systems, the monopartite nuclear localization
signal is a monopartite nuclear localization signal known in the art. In embodiments, the
monopartite nuclear localization signal is one of the monopartite nuclear localization

signals listed in Table 1 above (SEQ ID NOs: 1-6), or combinations thereof.

[00113] In embodiments of any of the above systems, the bipartite nuclear localization signal
is a bipartite nuclear localization signal known in the art. In embodiments, the bipartite
nuclear localization signal is a classical bipartite nuclear localization signal. 1In
embodiments, the bipartite nuclear localization signal is one of the bipartite nuclear

localization signals listed in Table 2 above (SEQ ID NOs: 7-9), or combinations thereof.

[00114] In embodiments of any of the above systems, the first nuclear localization signal is
classic bipartite nuclear localization signal (SEQ ID NO: 7) and the second nuclear

localization signal 1s SV40 Large T-Antigen nuclear localization signal (SEQ ID NO: 1).

[00115] In embodiments of any of the above systems, the first nuclear localization signal is
directly attached to the Cas9 effector protein. In embodiments, the first nuclear localization
signal is attached to the Cas9 effector protein via a linker. In embodiments, the second
nuclear localization signal is directly attached to the Cas9 effector protein. In embodiments,

the second nuclear localization signal is attached to the Cas9 effector protein via a linker.

[00116] In embodiments where a linker is used, the linker is a peptide linker having from 2 to
30 residues. In embodiments, linker is a peptide linker having from 2 to 20 residues. In
embodiments, linker is a peptide linker having from 2 to 15 residues. In embodiments,
linker 1s a peptide linker having from 2 to 10 residues. In embodiments, linker is a peptide
linker having from 2 to 5 residues. In embodiments, the linker is a substituted or

unsubstituted C2-Cao alkyl, alkene or alkynyl chain.

[00117] In embodiments of any of the above systems, the Cas9 effector protein comprises
more than one copy of a nuclear localization signal on its N-terminus. In embodiments, the
Cas9 effector protein comprises more than one type of nuclear localization signal on its N-

terminus. In embodiments, the Cas9 effector protein comprises more than one copy of a

29



WO 2022/248645 PCT/EP2022/064368

nuclear localization signal on its C-terminus. In embodiments, the Cas9 effector protein

comprises more than one type of nuclear localization signal on its C-terminus.

[00118] In embodiments of any of the above systems, the protein comprises two copies of the
first nuclear localization signal. In embodiments, the protein comprises three copies of the
first nuclear localization signal. In embodiments, the protein comprises two copies of the
second nuclear localization signal. In embodiments, the protein comprises three copies of

the second nuclear localization signal.

[00119] In embodiments of any of the above systems, the Cas9 portion of the Cas9 protein
comprising a first and a second nuclear localization signal can be derived from any Cas9
effector domain known in the art. In embodiments, the Cas9 effector protein is derived
from a bacterial species having a Type II-B CRISPR system. Examples of suitable Type
II-B Cas9 proteins are described above. In embodiments, the Cas9 portion comprises a
domain that matches the TIGR03031 protein family with an E-value cut-off of 1E-5. In
embodiments, the site-specific nuclease comprises a domain that matches the TIGR03031

protein family with an E-value cut-off of 1E-10.

[00120] In embodiments of any of the above systems, the Cas9 effector protein comprises a
polypeptide sequence having at least 95% identity to any one of SEQ ID NOs: 10-97 as
shown in FIG. 1 and FIG. 2. In embodiments, the Cas9 effector protein comprises a
polypeptide sequence having at least 90% identity to any one of SEQ ID NOs: 10-97 as
shown in FIG. 1 and FIG. 2. In embodiments, the Cas9 effector protein comprises a
polypeptide sequence having at least 98% identity to any one of SEQ ID NOs: 10-97 as
shown in FIG. 1 and FIG. 2. In embodiments, the Cas9 effector protein comprises a
polypeptide sequence having at least 99% identity to any one of SEQ ID NOs: 10-97 as
shown in FIG. 1 and FIG. 2. In embodiments, the Cas9 effector protein comprises a

polypeptide selected from one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2.

[00121] In embodiments of any of the above systems, the Cas9 effector protein comprises a
polypeptide sequence having at least 95% identity to SEQ ID NO: 71. In embodiments, the
Cas9 effector protein comprises a polypeptide sequence having at least 90% identity to

SEQ ID NO: 71. In embodiments, the Cas9 effector protein comprises a polypeptide
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sequence having at least 98% identity to SEQ ID NO: 71. In embodiments, the Cas9
effector protein comprises a polypeptide sequence having at least 99% identity to SEQ ID
NO: 71. In embodiments, the Cas9 effector protein comprises SEQ ID NO: 71.

[00122] In embodiments of any of the above systems, the Cas9 effector protein comprises a
polypeptide sequence at least 90% identical to SEQ ID NO: 98. In embodiments, the Cas9
effector protein comprises a polypeptide sequence at least 95% identical to SEQ ID NO:
98. In embodiments, the Cas9 effector protein comprises a polypeptide sequence at least
98% identical to SEQ ID NO: 98. In embodiments, the Cas9 effector protein comprises a
polypeptide sequence at least 99% identical to SEQ ID NO: 98. In embodiments, the Cas9
effector protein comprises SEQ ID NO: 98.

[00123] In other embodiments of any of the above systems, the Cas9 portion of the Cas9
effector protein comprises a dCas9, i.e., a deactivated or "dead" Cas9 lacking DNA double
strand break activity. In embodiments, the dCas9 can be fused with other active domains,
such as transcriptional regulators, epigenetic regulator proteins or fluorescent proteins as
described elsewhere herein. In embodiments where a dCas9 is fused to another active
domain, the nuclear localization signals described herein are present at the N-terminus and

C-terminus of the overall Cas9 effector protein construct.

[00124] In other embodiments of any of the above systems, the Cas9 portion of the Cas9
effector protein comprises a Cas9 nickase, 1.e., a Cas9 protein that only cleaves one strand
of the DNA double strand. In embodiments, the Cas9 nickase can be fused with other active
domains, such as transcriptional regulators, epigenetic regulator proteins or fluorescent
proteins as described elsewhere herein. In embodiments where a Cas9 nickase is fused to
another active domain, the nuclear localization signals described herein are present at the

N-terminus and C-terminus of the overall Cas9 effector protein construct.

[00125] The systems and methods described herein can comprise a guide polynucleotide. In
embodiments, the guide polynucleotide is an RNA. The RNA that binds to CRISPR-Cas9
components and targets them to a specific location within the target DNA is referred to
herein as “guide RNA,” “gRNA,” or “small guide RNA” and may also be referred to herein
as a “DNA-targeting RNA.” A guide polynucleotide, e.g., guide RNA, comprises at least
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two nucleotide segments: at least one “DNA-binding segment” and at least one
“polypeptide-binding segment.” By “segment” is meant a part, section, or region of a
molecule, e.g., a contiguous stretch of nucleotides of guide polynucleotide molecule. The
definition of “segment,” unless otherwise specifically defined, is not limited to a specific

number of total base pairs.

[00126] In embodiments, the DNA-binding segment of the guide polynucleotide hybridizes
with a target sequence in a eukaryotic cell, but not a sequence in a bacterial cell. A sequence
in a bacterial cell, as used herein, refers to a polynucleotide sequence that is native to a
bacterial organism, i.e., a naturally-occurring bacterial polynucleotide sequence, or a
sequence of bacterial origin. For example, the sequence can be a bacterial chromosome or
bacterial plasmid, or any other polynucleotide sequence that is found naturally in bacterial

cells.

[00127] In embodiments, the polypeptide-binding segment of the guide polynucleotide binds to

a Cas9 effector protein having enhanced stability as described herein.

[00128] In embodiments, the guide polynucleotide is 10 to 150 nucleotides. In embodiments,
the guide polynucleotide is 20 to 120 nucleotides. In embodiments, the guide
polynucleotide is 30 to 100 nucleotides. In embodiments, the guide polynucleotide is 40 to
80 nucleotides. In embodiments, the guide polynucleotide is 50 to 60 nucleotides. In
embodiments, the guide polynucleotide 1s 10 to 35 nucleotides. In embodiments, the guide
polynucleotide is 15 to 30 nucleotides. In embodiments, the guide polynucleotide 1s 20 to

25 nucleotides.

[00129] The guide polynucleotide, e.g., guide RNA, can be introduced into the target cell as
an isolated molecule, e.g., RNA molecule, or is introduced into the cell using an expression

vector containing DNA encoding the guide polynucleotide, e.g., guide RNA.

[00130] The “DNA-binding segment” (or “DNA-targeting sequence”) of the guide
polynucleotide, e.g., guide RNA, comprises a nucleotide sequence that is complementary

to a specific sequence within a target DNA.
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[00131] The guide polynucleotide, e.g., guide RNA, of the present disclosure can include a

polypeptide-binding sequence/segment. The polypeptide-binding segment (or “protein-
binding sequence”) of the guide polynucleotide, e.g., guide RNA, interacts with the
polynucleotide-binding domain of a Cas protein of the present disclosure. Such
polypeptide-binding segments or sequences are known to those of skill in the art, e.g., those
disclosed in U.S. patent application publications 2014/0068797, 2014/0273037,
2014/0273226, 2014/0295556,  2014/0295557, 2014/0349405, 2015/0045546,
2015/0071898, 2015/0071899, and 2015/0071906, the disclosures of which are

incorporated herein in their entireties.

[00132] In some embodiments, the polypeptide-binding segment has been modified to

improve binding to a polypeptide of the invention. Methods modify polypeptide-binding
segments to improve binding are described in Riesenberg et al. (Nature Communications,
2021) and references therein. Optimized polypeptide-binding segments of guide RNAs
suitable for SEQ ID NO. 98 are shown in Table 3 as SEQ ID NO: 100-107. SEQ ID NO:99
is a polypeptide-binding segment sequence suitable for SEQ ID NO:98 before
optimization. In some embodiments, the guide RNA comprises a sequence selected from
SEQ ID NO. 99, SEQ ID NO. 100, SEQ ID NO. 101, SEQ ID NO. 102, SEQ ID NO. 103,
SEQ ID NO. 104, SEQ ID NO. 105, SEQ ID NO. 106, or SEQ ID NO. 107.

Table 3

SEQ ID NO: 99 | GUUUCAGUUAUUCGUGAAAACGAAUGAAGUCACUCUUAAAGU

GAGCUGAAAUCACUAAAAAUUAAGAUUGAACCCGGCUACUGA
CUCUGUCAUCCGGGUUUACUUAUUU

SEQ ID NO: 100 | AUGUCACCUCCAAUGACUAGGGGUUUCAGUUAUUCGUGAAAA

CGAAUGAAGUCACUCUUAAAGUGAGCUGAAAUCACUAAAAAU
UAAGAUUGAACCCGGCUACUGACUCUGUCAUCCGGGUUU
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SEQ ID NO: 101 | AUGUCACCUCCAAUGACUAGGGGUUUCAGUUAUUCGUGAAAA
CGAAUGAAGUCACUCUUAAAGUGAGCUGAAAUCACUAAAAAU
UAAGAUUGAACCCGGCUACUGACUCUGUCAUCCGGGUU

SEQ ID NO: 102 | AUGUCACCUCCAAUGACUAGGGGUUUCAGUUAUUCGUGAAAA
CGAAUGAAGUCACUCUUAAAGUGAGCUGAAAUCACUAAAAAU
UAAGAUUGAACCCGGCUACUGACUCUGUCAUCCGGGU

SEQ ID NO: 103 | AUGUCACCUCCAAUGACUAGGGGUUUCAGUUAUUCGUGAAAA
CGAAUGAAGUCACUCUUAAAGUGAGCUGAAAUCACUAAAAAU
UAAGAUUGAACCCGGCUACUGACUCUGUCAUCCGGG

SEQ ID NO: 104 | AUGUCACCUCCAAUGACUAGGGGUUUCAGUUAGAAAUGAAGU
CACUCUUAAAGUGAGCUGAAAUCACUAAAAAUUAAGAUUGAA
CCCGGCUACUGACUCUGUCAUCCGGGUUU

SEQ ID NO: 105 | AUGUCACCUCCAAUGACUAGGGGUUUCAGUUAUGAAGUCACU
CUUAAAGUGAGCUGAAAUCACUAAAAAUUAAGAUUGAACCCG
GCUACUGACUCUGUCAUCCGGGUUU

SEQ ID NO: 106 | AUGUCACCUCCAAUGACUAGGGGUUUCAGUUAUGAAGUCACU
GAAAAGUGAGCUGAAAUCACUAAAAAUUAAGAUUGAACCCGG
CUACUGACUCUGUCAUCCGGGUUU

SEQ ID NO: 107 | AUGUCACCUCCAAUGACUAGGGGUUUCAGUUGAAAGAAGUCA
CUCUUAAAGUGAGCUGAAAUCACUAAAAAUUAAGAUUGAACC
CGGCUACUGACUCUGUCAUCCGGGUUU

[00133] In embodiments of the present disclosure, the Cas9 effector protein and the guide
polynucleotide can form a complex. A “complex” is a group of two or more associated
nucleic acids and/or polypeptides. In embodiments, a complex is formed when all the

components of the complex are present together, i.e., a self-assembling complex. In
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embodiments, a complex is formed through chemical interactions between different
components of the complex such as, for example, hydrogen-bonding. In embodiments, a
guide polynucleotide forms a complex with a Cas9 effector protein through secondary
structure recognition of the guide polynucleotide by the Cas9 effector protein. In
embodiments, a Cas9 effector protein is inactive, i.e., does not exhibit nuclease activity,
until it forms a complex with a guide polynucleotide. Binding of guide RNA induces a
conformational change in Cas9 effector protein to convert the Cas9 effector protein from

the inactive form to an active, i.e., catalytically active, form.

[00134] In embodiments of any of the above systems, the guide sequence is from 19 to 30
bases in length. In embodiments, the guide sequence is from 19 to 25 bases in length. In

embodiments, the guide sequence is from 21 to 26 bases in length.

[00135] In embodiments of any of the above systems, the guide polynucleotide further
comprises a tractrRNA sequence. A “tractrRNA,” or trans-activating CRISPR-RNA, forms
an RNA duplex with a pre-crRNA, or pre-CRISPR-RNA, and is then cleaved by the RNA-
specific ribonuclease RNase III to form a crRNA/tracrRNA hybrid. In embodiments, the
guide RNA comprises the crRNA/tracrRNA hybrid. In embodiments, the tracrRNA
component of the guide RNA activates the Cas9 effector protein.

[00136] In embodiments of the systems disclosed herein, the Cas9 effector protein, guide

polynucleotide, and tracrRNA are capable of forming a complex.

[00137] In embodiments of any of the above systems, the Cas9 effector protein generates
cohesive ends. In embodiments, the cohesive ends generated by the Cas9 effector protein
comprise a 5” overhang. In embodiments, the cohesive ends generated by the Cas9 effector
protein comprise a 3’ overhang. In embodiments, the cohesive ends comprise a single-
stranded polynucleotide overhang of 1 to 10 nucleotides. In embodiments, the cohesive
ends comprise a single-stranded polynucleotide overhang of 2 to 6 nucleotides. In
embodiments, the cohesive ends comprise a single-stranded polynucleotide overhang of 3

to 5 nucleotides.
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[00138] In embodiments, the Cas9 effector protein prefers cohesive ends with multiple

nucleotides on the 5' end. In embodiments, the Cas9 effector protein prefers cohesive ends
with 3 nucleotides on the 5' end. In embodiments, the Cas9 effector protein prefers cohesive
ends with 2, 3, 4, 5 or 6 nucleotides on the 5' end. In embodiments, this preference is in
contrast to traditionally used S. pyogenes Cas9 (SpCas9), which prefers a single nucleotide

5' cohesive end.

[00139] In embodiments, the presence of a single nucleotide 5' cohesive end can be used to

Cells

direct insertion of a nucleic acid of interest in a specific orientation. In embodiments, the
presence of three nucleotides on the 5' cohesive end can be used to direct insertion of a
nucleic acid of interest in a specific orientation. In embodiments, the presence of two, three,
four, five or six nucleotides on the 5' cohesive end can be used to direct insertion of a

nucleic acid of interest in a specific orientation.

[00140] In embodiments, the present disclosure provides a eukaryotic cell comprising a Cas9

effector protein as described herein. In embodiments, the present disclosure also provides
a eukaryotic cell comprising a system comprising a Cas9 effector protein as described

herein.

[00141] In embodiments, the eukaryotic cell is an animal or human cell. In embodiments, the

eukaryotic cell is a human or rodent or bovine cell line or cell strain. Examples of such
cells, cell lines, or cell strains include, but are not limited to, mouse myeloma (NSO)-cell
lines, Chinese hamster ovary (CHO)-cell lines, HT1080, H9, HepG2, MCF7, MDBK
Jurkat, NIH3T3, PC12, BHK (baby hamster kidney cell), VERO, SP2/0, YB2/0, YO, C127,
L cell, COS, e.g., COS1 and COS7, QC1-3, HEK-293, VERO, PER.C6, HeLA, EBI, EB2,
EB3, oncolytic or hybridoma-cell lines. In embodiments, the eukaryotic cells are CHO-cell
lines. In embodiments, the eukaryotic cell is a CHO cell. In embodiments, the cell is a
CHO-K1 cell, a CHO-K1 SV cell, a DG44 CHO cell, a DUXB11 CHO cell, a CHOS, a
CHO GS knock-out cell, a CHO FUT8 GS knock-out cell, a CHOZN, or a CHO-derived
cell. The CHO GS knock-out cell (e.g., GSKO cell) is, for example, a CHO-K1 SV GS
knockout cell. The CHO FUT8 knockout cell is, for example, the Potelligent® CHOK1 SV
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(Lonza Biologics, Inc.). Eukaryotic cells can also be avian cells, cell lines or cell strains,

such as for example, EBx® cells, EB14, EB24, EB26, EB66, or EBvI3.

[00142] In embodiments, the eukaryotic cell is a human cell. In embodiments, the human cell
is a stem cell. The stem cells can be, for example, pluripotent stem cells, including
embryonic stem cells (ESCs), adult stem cells, induced pluripotent stem cells (iPSCs),
tissue specific stem cells (e.g., hematopoietic stem cells) and mesenchymal stem cells
(MSCs). In embodiments, the human cell 1s a differentiated form of any of the cells
described herein. In embodiments, the eukaryotic cell is a cell derived from any primary

cell in culture. In embodiments, the cell is a stem cell or stem cell line.

[00143] Inembodiments, the eukaryotic cell is a hepatocyte such as a human hepatocyte, animal
hepatocyte, or a non-parenchymal cell. For example, the eukaryotic cell can be a plateable
metabolism qualified human hepatocyte, a plateable induction qualified human hepatocyte,
plateable Qualyst Transporter Certified™ human hepatocyte, suspension qualified human
hepatocyte (including 10-donor and 20-donor pooled hepatocytes), human hepatic kupffer
cells, human hepatic stellate cells, dog hepatocytes (including single and pooled Beagle
hepatocytes), mouse hepatocytes (including CD-1 and CS57BI/6 hepatocytes), rat
hepatocytes (including Sprague-Dawley, Wistar Han, and Wistar hepatocytes), monkey
hepatocytes (including Cynomolgus or Rhesus monkey hepatocytes), cat hepatocytes
(including Domestic Shorthair hepatocytes), and rabbit hepatocytes (including New
Zealand White hepatocytes).

[00144] In embodiments, the eukaryotic cell is a plant cell. For example, the plant cell can be
of a crop plant such as cassava, corn, sorghum, wheat, or rice. The plant cell can be of an
algae, tree, or vegetable. The plant cell can be of a monocot or dicot or of a crop or grain
plant, a production plant, fruit, or vegetable. For example, the plant cell can be of a tree,
e.g., a citrus tree such as orange, grapefruit, or lemon tree; peach or nectarine trees; apple
or pear trees; nut trees such as almond or walnut or pistachio trees; nightshade plants, i.e.,
potatoes; plants of the genus Brassica, plants of the genus Lactuca; plants of the genus

Spinacia; plants of the genus Capsicum; cotton, tobacco, asparagus, carrot, cabbage,
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broccoli, cauliflower, tomato, eggplant, pepper, lettuce, spinach, strawberry, blueberry,

raspberry, blackberry, grape, coffee, cocoa, etc.
Delivery Particles

[00145] In embodiments, the present disclosure provides a delivery particle comprising a
Cas9 effector protein as described herein. In embodiments, the present disclosure also
provides a delivery particle comprising a system comprising a Cas9 effector protein as

described herein.

[00146] In embodiments where the delivery particle comprises a system as described herein,
the Cas9 effector protein and the guide polynucleotide are in a complex. In embodiments,

the complex further comprises a polynucleotide comprising a tractrRNA sequence.

[00147] In embodiments, the delivery particle is a lipid-based system, a liposome, a micelle, a
microvesicle, an exosome, or a gene gun. In embodiments, the delivery particle comprises
a Cas9 effector protein and a guide polynucleotide. In embodiments, the delivery particle
comprises a Cas9 effector protein and a guide polynucleotide, wherein the Cas9 effector
protein and the guide polynucleotide are in a complex. In embodiments, the delivery
particle comprises a polynucleotide encoding a Cas9 effector protein, a polynucleotide
encoding a guide polynucleotide, and a polynucleotide comprising a tracrRNA. In
embodiments, the delivery particle comprises a Cas9 effector protein, a guide
polynucleotide, and a tracrRNA. In embodiments, the delivery particle comprises a
polynucleotide encoding one or more Cas9 effector protein, a polynucleotide encoding one

or more guide polynucleotides, and a polynucleotide encoding a tracrRNA.

[00148] In embodiments, the delivery particle further comprises a lipid, a sugar, a metal or a
protein. In embodiments, the delivery particle is a lipid envelope. In embodiments, the
delivery particle is a sugar-based particle, for example, GalNAc. In embodiments, the
delivery particle is a nanoparticle. Examples of nanoparticles are described herein.
Preparation of delivery particles is further described in U.S. Patent Publication Nos.
2011/0293703, 2012/0251560, and 2013/0302401; and U.S. Patent Nos. 5,543,158,
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5,855,913, 5,895,309, 6,007,845, and 8,709,843, each of which is incorporated by

reference herein in its entirety.
Vesicles

[00149] In embodiments, the present disclosure provides a vesicle comprising a Cas9 effector
protein as described herein. In embodiments, the present disclosure also provides a vesicle

comprising a system comprising a Cas9 effector protein as described herein.

[00150] In embodiments where the vesicle comprises a system as described herein, the Cas9
effector protein and the guide polynucleotide are in a complex. In embodiments, the

complex further comprises a polynucleotide comprising a tracrRNA sequence.

[00151] A “vesicle” is a small structure within a cell having a fluid enclosed by a lipid bilayer.
Examples of vesicles are provided herein. In embodiments, the vesicle comprises a Cas9
effector protein and a guide polynucleotide. In embodiments, the vesicle comprises a Cas9
effector protein and a guide polynucleotide, wherein the Cas9 effector protein and the guide
polynucleotide are in a complex. In embodiments, the vesicle comprises a polynucleotide
encoding a Cas9 effector protein, a polynucleotide encoding a guide polynucleotide, and a
polynucleotide comprising a tractRNA. In embodiments, the vesicle comprises a Cas9
effector protein, a guide polynucleotide, and a tracrRNA. In embodiments, the vesicle
comprises a polynucleotide encoding one or more Cas9 effector protein, a polynucleotide

encoding one or more guide polynucleotides, and a polynucleotide encoding a tracrRNA.

[00152] In embodiments, the vesicle is an exosome or a liposome. In embodiments, the Cas9
effector protein is delivered into the cell via an exosome. Exosomes are endogenous nano-
vesicles (i.e., having a diameter of about 30 to about 100 nm) that transport RNAs and
proteins, and which can deliver RNA to the brain and other target organs. Engineered
exosomes for delivery of exogenous biological materials into target organs is described,
for example, by Alvarez-Erviti et al., Nature Biotechnology 29: 341 (2011), El-Andaloussi
et al., Nature Protocols 7. 2112-2116 (2012), and Wahlgren et al., Nucleic Acids Research
40(17): e130 (2012), each of which is incorporated by reference herein in its entirety.
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[00153] In embodiments, Cas9 effector protein is delivered into the cell via a liposome.
Liposomes are spherical vesicle structures having at least one lipid bilayer and can be used
as a vehicle for administration of nutrients and pharmaceutical drugs. Liposomes are often
composed of phospholipids, in particular phosphatidylcholine, but also other lipids such as
egg phosphatidylethanolamine. Types of liposomes include, but are not limited to,
multilamellar vesicle, small unilamellar vesicle, large unilamellar vesicle, and cochleate
vesicle. See, e.g., Spuch and Navarro, “Liposomes for Targeted Delivery of Active Agents
against Neurodegenerative Diseases (Alzheimer’s Disease and Parkinson’s Disease),
Journal of Drug Delivery 2011, Article ID 469679 (2011). Liposomes for delivery of
biological materials such as CRISPR-Cas components are described, for example, by
Morrissey et al., Nature Biotechnology 23(8): 1002-1007 (2005), Zimmerman et al.,
Nature Letters 441: 111-114 (2006), and Li et al., Gene Therapy 19: 775-780 (2012), each

of which is incorporated by reference herein in its entirety.
Viral Vectors

[00154] In embodiments, the present disclosure provides a viral vector comprising a Cas9
effector protein as described herein. In embodiments, the present disclosure also provides

a viral vector comprising a system comprising a Cas9 effector protein as described herein.

[00155] In embodiments where the viral vector comprises a system as described herein, the
Cas9 effector protein and the guide polynucleotide are in a complex. In embodiments, the

complex further comprises a polynucleotide comprising a tracrRNA sequence.

[00156] In embodiments, the viral vector is an adenovirus particle, an adeno-associated virus
particle or a herpes simplex virus particle. In embodiments, the viral vector is of an
adenovirus, a lentivirus, or an adeno-associated virus. Examples of viral vectors are
provided herein. Viral transduction with adeno-associated virus (AAV) and lentiviral
vectors (where administration can be local, targeted or systemic) have been used as
delivery methods for in vivo gene therapy. In embodiments of the present disclosure, the

Cas effector protein is expressed intracellularly by transduced cells.
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[00157] In embodiments, the viral vector comprises a Cas9 effector protein and a guide
polynucleotide. In embodiments, the viral vector comprises a Cas9 effector protein and a
guide polynucleotide, wherein the Cas9 effector protein and the guide polynucleotide are
in a complex. In embodiments, the viral vector comprises a polynucleotide encoding a Cas9
effector protein, a polynucleotide encoding a guide polynucleotide, and a polynucleotide
comprising a tractrRNA. In embodiments, the viral vector comprises a Cas9 effector
protein, a guide polynucleotide, and a tracrRNA. In embodiments, the viral vector
comprises a polynucleotide encoding one or more Cas9 effector protein, a polynucleotide

encoding one or more guide polynucleotides, and a polynucleotide encoding a tracrRNA.
Methods for Providing Site-Specific Modification of a Target Sequence

[00158] In embodiments, the present disclosure provides a method for providing site-specific

modification of a target sequence in a eukaryotic cell, the method comprising:
a) introducing into the cell:
1) a nucleotide encoding a Cas9 effector protein comprising:

A) a first nuclear localization signal attached to the N-terminus of the Cas9 effector protein;

and

B) a second nuclear localization signal attached to the C-terminus of the Cas9 effector

protein; and

11) a nucleotide encoding a guide polynucleotide that forms a complex with the Cas9
effector protein and comprises a guide sequence, wherein the guide sequence is capable of

hybridizing with a target sequence in host polynucleotide;

b) generating cohesive ends in the host polynucleotide with the Cas9 effector protein and the

guide polynucleotide; and
c) ligating

1) the cohesive ends of (b) together, or
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1) a 3’ end of a polynucleotide sequence of interest to one cohesive end, and a 5” end of

the polynucleotide sequence to one cohesive end; thereby modifying the target sequence.

[00159] A “modification” of a target sequence encompasses single-nucleotide substitutions,
multiple-nucleotide substitutions, insertions (7.e., knock-in) and deletions (i.e., knock-out)

of a nucleic acid, frameshift mutations, and other nucleic acid modifications.

[00160] In embodiments, the modification is a deletion of at least part of the target sequence. A
target sequence can be cleaved at two different sites and generate complementary cohesive
ends, and the complementary cohesive ends can be re-ligated, thereby removing the

sequence portion in between the two sites.

[00161] In embodiments, the modification is a mutation of the target sequence. Site-specific
mutagenesis in eukaryotic cells is achieved by the use of site-specific nucleases that
promote homologous recombination of an exogenous polynucleotide template (also called
a “donor polynucleotide” or “donor vector”) containing a mutation of interest. In

embodiments, a sequence of interest (Sol) comprises a mutation of interest.

[00162] Inembodiments, the modification is inserting a sequence of interest (Sol) into the target
sequence. The Sol can be introduced as an exogenous polynucleotide template. In
embodiments, the exogenous polynucleotide template comprises cohesive ends. In
embodiments, the exogenous polynucleotide template comprises cohesive ends

complementary to cohesive ends in the target sequence.

[00163] The exogenous polynucleotide template can be of any suitable length, such as about or
at least about 10, 15, 20, 25, 50, 75, 100, 150, 200, 250, 500 or 1000 or more nucleotides
in length. In embodiments, the exogenous polynucleotide template is complementary to a
portion of a polynucleotide comprising the target sequence. When optimally aligned, the
exogenous polynucleotide template overlaps with one or more nucleotides of a target
sequence (e.g., about or at least about 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80,
90, or 100 or more nucleotides). In embodiments, when the exogenous polynucleotide
template and a polynucleotide comprising the target sequence are optimally aligned, the

nearest nucleotide of the exogenous polynucleotide template is within about 1, 5, 10, 15,
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20, 25, 50, 75, 100, 200, 300, 400, 500, 100, 1500, 2000, 2500, 5000, 10000 or more

nucleotides from the target sequence.

[00164] In embodiments, the exogenous polynucleotide is DNA, such as, e.g., a DNA plasmid,
a bacterial artificial chromosome (BAC), a yeast artificial chromosome (YAC), a viral
vector, a linear piece of single-stranded or double-stranded DNA, an oligonucleotide, a
PCR fragment, a naked nucleic acid, or a nucleic acid complexed with a delivery vehicle

such as a liposome.

[00165] In embodiments, the exogenous polynucleotide is inserted into the target sequence
using an endogenous DNA repair pathway of the cell. Endogenous DNA repair pathways
include the Non-Homologous End Joining (NHEJ) pathway, Microhomology-Mediated
End Joining (MMEJ]) pathway, and the Homology-Directed Repair (HDR) pathway.
NHEJ, MME]J, and HDR pathways repair double-stranded DNA breaks. In NHEJ, a
homologous template is not required for repairing breaks in the DNA. NHEJ repair can be
error-prone, although errors are decreased when the DNA break comprises compatible
overhangs. NHEJ and MMEJ are mechanistically distinct DNA repair pathways with
different subsets of DNA repair enzymes involved in each of them. Unlike NHEJ, which
can be precise as well as error-prone, MMEJ is always error-prone and results in both
deletion and insertions at the site under repair. MMElI-associated deletions are due to the
micro-homologies (2-10 base pairs) at both sides of a double-strand break. In contrast,
HDR requires a homologous template to direct repair, but HDR repairs are typically high-
fidelity and less error-prone. In embodiments, the error-prone nature of NHEJ and MMEJ
repairs i1s exploited to introduce non-specific nucleotide substitutions in the target
sequence. In embodiments, the Cas9 effector protein cuts the target sequence in a manner

that facilitates HDR repair.

[00166] During the repair process, an exogenous polynucleotide template comprising the Sol
can be introduced into the target sequence. In embodiments, an exogenous polynucleotide
template comprising the Sol flanked by an upstream sequence and a downstream sequence
1s introduced into the cell, wherein the upstream and downstream sequences share sequence

similarity with either side of the site of integration in the target sequence. In embodiments,
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the exogenous polynucleotide comprising the Sol comprises, for example, a mutated gene.
In embodiments, the exogenous polynucleotide comprises a sequence endogenous or
exogenous to the cell. In embodiments, the Sol comprises polynucleotides encoding a
protein, or a non-coding sequence such as, e.g., a microRNA. In embodiments, the Sol is
operably linked to a regulatory element. In embodiments, the Sol is a regulatory element.
In embodiments, the Sol comprises a resistance cassette, e.g., a gene that confers resistance
to an antibiotic. In embodiments, the Sol comprises a mutation of the wild-type target
sequence. In embodiments, the Sol disrupts or corrects the target sequence by creating a
frameshift mutation or nucleotide substitution. In embodiments, the Sol comprises a
marker. Introduction of a marker into a target sequence can make it easy to screen for
targeted integrations. In embodiments, the marker is a restriction site, a fluorescent protein,
or a selectable marker. In embodiments, the Sol is introduced as a vector comprising the

Sol.

[00167] The upstream and downstream sequences in the exogenous polynucleotide template are
selected to promote homologous recombination between the target sequence and the
exogenous polynucleotide. The upstream sequence is a nucleic acid sequence that shares
sequence similarity with the sequence upstream of the targeted site for integration (i.e., the
target sequence). Similarly, the downstream sequence is a nucleic acid sequence that shares
sequence similarity with the sequence downstream of the targeted site for integration. Thus,
in embodiments, the exogenous polynucleotide template comprising the Sol is inserted into
the target sequence by homologous recombination at the upstream and downstream
sequences. In embodiments, the upstream and downstream sequences in the exogenous
polynucleotide template have at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity with the upstream and downstream sequences of the targeted genome sequence,
respectively. In embodiments, the upstream or downstream sequence has about 20 to 2000
base pairs, or about 50 to 1750 base pairs, or about 100 to 1500 base pairs, or about 200 to
1250 base pairs, or about 300 to 1000 base pairs, or about 400 to about 750 base pairs, or
about 500 to 600 base pairs. In embodiments, the upstream or downstream sequence has
about 50, about 100, about 250, about 500, about 100, about 1250, about 1500, about 1750,
about 2000, about 2250, or about 2500 base pairs.

44



WO 2022/248645 PCT/EP2022/064368

[00168] In embodiments, the modification in the target sequence is inactivation of expression
of the target sequence in the cell. For example, upon the binding of a CRISPR complex to
the target sequence, the target sequence is inactivated such that the sequence is not
transcribed, the coded protein is not produced, or the sequence does not function as the
wild-type sequence does. For example, a protein or microRNA coding sequence may be

inactivated such that the protein is not produced.

[00169] In embodiments, a regulatory sequence can be inactivated such that it no longer
functions as a regulatory sequence. Examples of a regulatory sequence include a promoter,
a transcription terminator, an enhancer, and other regulatory elements described herein.
The inactivated target sequence may include a deletion mutation (i.e., deletion of one or
more nucleotides), an insertion mutation (7.e., insertion of one or more nucleotides), or a
nonsense mutation (i.e., substitution of a single nucleotide for another nucleotide such that
a stop codon is introduced). In embodiments, the inactivation of a target sequence results

in “knockout” of the target sequence.

[00170] In embodiments of the method, the first nuclear localization signal is a monopartite
nuclear localization signal. In embodiments, the first nuclear localization signal is a
bipartite nuclear localization signal. In embodiments, the second nuclear localization signal
is a monopartite nuclear localization signal. In embodiments, the second nuclear

localization signal is a bipartite nuclear localization signal.

[00171] In embodiments of the method, the first and second nuclear localization signals can
both be monopartite, both be bipartite or can be a mixture of monopartite and bipartite. In
embodiments, the first nuclear localization signal is a bipartite nuclear localization signal
and the second nuclear localization signal is a monopartite nuclear localization signal. In
embodiments, the first nuclear localization signal is a monopartite nuclear localization
signal and the second nuclear localization signal is a bipartite nuclear localization signal.
In embodiments, the first nuclear localization signal is a monopartite nuclear localization
signal and the second nuclear localization signal is a monopartite nuclear localization
signal. In embodiments, the first nuclear localization signal is a bipartite nuclear

localization signal and the second nuclear localization signal is a bipartite nuclear
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localization signal.

[00172] In embodiments of the method, the monopartite nuclear localization signal is a
monopartite nuclear localization signal known in the art. In embodiments, the monopartite
nuclear localization signal is one of the monopartite nuclear localization signals listed in

Table 1 above (SEQ ID NOs: 1-6), or combinations thereof.

[00173] In embodiments of the method, the bipartite nuclear localization signal is a bipartite
nuclear localization signal known in the art. In embodiments, the bipartite nuclear
localization signal is a classical bipartite nuclear localization signal. In embodiments, the
bipartite nuclear localization signal is one of the bipartite nuclear localization signals listed

in Table 2 above (SEQ ID NOs: 7-9), or combinations thereof.

[00174] In embodiments of the method, the first nuclear localization signal is classic bipartite
nuclear localization signal (SEQ ID NO: 7) and the second nuclear localization signal is

SV40 Large T-Antigen nuclear localization signal (SEQ ID NO: 1).

[00175] In embodiments of the method, the first nuclear localization signal is directly attached
to the Cas9 effector protein. In embodiments, the first nuclear localization signal is attached
to the Cas9 effector protein via a linker. In embodiments, the second nuclear localization
signal is directly attached to the Cas9 effector protein. In embodiments, the second nuclear

localization signal is attached to the Cas9 effector protein via a linker.

[00176] In embodiments where a linker is used, the linker is a peptide linker having from 2 to
30 residues. In embodiments, linker is a peptide linker having from 2 to 20 residues. In
embodiments, linker is a peptide linker having from 2 to 15 residues. In embodiments,
linker 1s a peptide linker having from 2 to 10 residues. In embodiments, linker is a peptide
linker having from 2 to 5 residues. In embodiments, the linker is a substituted or

unsubstituted C2-Cao alkyl, alkene or alkynyl chain.

[00177] In embodiments of the method, the Cas9 effector protein comprises more than one
copy of a nuclear localization signal on its N-terminus. In embodiments, the Cas9 effector
protein comprises more than one type of nuclear localization signal on its N-terminus. In

embodiments, the Cas9 effector protein comprises more than one copy of a nuclear
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localization signal on its C-terminus. In embodiments, the Cas9 effector protein comprises

more than one type of nuclear localization signal on its C-terminus.

[00178] In embodiments of the method, the protein comprises two copies of the first nuclear
localization signal. In embodiments, the protein comprises three copies of the first nuclear
localization signal. In embodiments, the protein comprises two copies of the second nuclear
localization signal. In embodiments, the protein comprises three copies of the second

nuclear localization signal.

[00179] In embodiments of the method, the Cas9 portion of the Cas9 protein comprising a
first and a second nuclear localization signal can be derived from any Cas9 effector domain
known in the art. In embodiments, the Cas9 effector protein is derived from a bacterial
species having a Type II-B CRISPR system. Examples of suitable Type II-B Cas9 proteins
are described above. In embodiments, the Cas9 portion comprises a domain that matches
the TIGR03031 protein family with an E-value cut-off of 1E-5. In embodiments, the site-
specific nuclease comprises a domain that matches the TIGR03031 protein family with an

E-value cut-off of 1E-10.

[00180] In embodiments of the method, the Cas9 effector protein comprises a polypeptide
sequence having at least 95% identity to any one of SEQ ID NOs: 10-97 as shown in FIG.
1 and FIG. 2. In embodiments, the Cas9 effector protein comprises a polypeptide sequence
having at least 90% identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG.
2. In embodiments, the Cas9 effector protein comprises a polypeptide sequence having at
least 98% identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2. In
embodiments, the Cas9 effector protein comprises a polypeptide sequence having at least
99% 1identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2. In
embodiments, the Cas9 effector protein comprises a polypeptide selected from one of SEQ

ID NOs: 10-97 as shown in FIG. 1 and FIG. 2.

[00181] In embodiments of the method, the Cas9 effector protein comprises a polypeptide
sequence having at least 95% identity to SEQ ID NO: 71. In embodiments, the Cas9
effector protein comprises a polypeptide sequence having at least 90% identity to SEQ ID

NO: 71. In embodiments, the Cas9 effector protein comprises a polypeptide sequence
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having at least 98% identity to SEQ ID NO: 71. In embodiments, the Cas9 effector protein
comprises a polypeptide sequence having at least 99% identity to SEQ ID NO: 71. In
embodiments, the Cas9 effector protein comprises SEQ ID NO: 71.

[00182] In embodiments of the method, the Cas9 effector protein comprises a polypeptide
sequence at least 90% identical to SEQ ID NO: 98. In embodiments, the Cas9 effector
protein comprises a polypeptide sequence at least 95% identical to SEQ ID NO: 98. In
embodiments, the Cas9 effector protein comprises a polypeptide sequence at least 98%
identical to SEQ ID NO: 98. In embodiments, the Cas9 effector protein comprises a
polypeptide sequence at least 99% identical to SEQ ID NO: 98. In embodiments, the Cas9
effector protein comprises SEQ ID NO: 98.

[00183] In other embodiments of the method, the Cas9 portion of the Cas9 effector protein
comprises a dCas9, 1.e., a deactivated or "dead" Cas9 lacking DNA double strand break
activity. In embodiments, the dCas9 can be fused with other active domains, such as
transcriptional regulators, epigenetic regulator proteins or fluorescent proteins as described
elsewhere herein. In embodiments where a dCas9 is fused to another active domain, the
nuclear localization signals described herein are present at the N-terminus and C-terminus

of the overall Cas9 effector protein construct.

[00184] In other embodiments of the method, the Cas9 portion of the Cas9 effector protein
comprises a Cas9 nickase, i.e., a Cas9 protein that only cleaves one strand of the DNA
double strand. In embodiments, the Cas9 nickase can be fused with other active domains,
such as transcriptional regulators, epigenetic regulator proteins or fluorescent proteins as
described elsewhere herein. In embodiments where a Cas9 nickase is fused to another
active domain, the nuclear localization signals described herein are present at the N-

terminus and C-terminus of the overall Cas9 effector protein construct.

[00185] In embodiments, the method comprises use of a guide polynucleotide as described

herein. In embodiments of the method, the guide polynucleotide is an RNA.

[00186] In embodiments of any of the above systems, the guide sequence is from 19 to 30

bases in length. In embodiments, the guide sequence is from 19 to 25 bases in length. In
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embodiments, the guide sequence is from 21 to 26 bases in length.

[00187] In embodiments of any of the above systems, the guide polynucleotide further
comprises a tracrRNA sequence as described herein. In embodiments of the systems
disclosed herein, the Cas9 effector protein, guide polynucleotide, and tracrRNA are

capable of forming a complex.

[00188] In embodiments of the method, the Cas9 effector protein generates cohesive ends. In
embodiments, the cohesive ends generated by the Cas9 effector protein comprise a 5’
overhang. In embodiments, the cohesive ends generated by the Cas9 effector protein
comprise a 3’ overhang. In embodiments, the cohesive ends comprise a single-stranded
polynucleotide overhang of 1 to 10 nucleotides. In embodiments, the cohesive ends
comprise a single-stranded polynucleotide overhang of 2 to 6 nucleotides. In embodiments,
the cohesive ends comprise a single-stranded polynucleotide overhang of 3 to 5

nucleotides.

[00189] In embodiments of the method, the eukaryotic cell is an animal or human cell. In
embodiments, the eukaryotic cell is an animal cell as described herein. In embodiments,
the eukaryotic cell is a human cell. In embodiments, the eukaryotic cell is a human cell as
described herein. In embodiments, the eukaryotic cell is a plant cell. In embodiments, the

eukaryotic cell is a plant cell as described herein.

[00190] In embodiments of the method, the modification is deletion of at least part of the
target sequence. In embodiments, the modification is mutation of the target sequence. In
embodiments, the modification is inserting a sequence of interest into the target sequence.

In embodiments, the modification is a modification as described herein.

[00191] In embodiments of the method, the modification is provided with reduced off-target
effects. In embodiments of the method, the modification is provided with reduced off-target

effects compared to off-target effects provided with S. pyogenes Cas9 (SpCas9).

[00192] The present disclosure also provides a method for providing site-specific
modification of a target sequence in a eukaryotic cell with reduced off-target effects, the

method comprising;:
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a) introducing into the cell: 1) a nucleotide encoding a Cas9 effector protein comprising:
A) a first nuclear localization signal attached to the N-terminus of the Cas9 effector protein;
and B) a second nuclear localization signal attached to the C-terminus of the Cas9 effector
protein; and 11) a nucleotide encoding a guide polynucleotide that forms a complex with
the Cas9 effector protein and comprises a guide sequence, wherein the guide sequence is

capable of hybridizing with a target sequence in host polynucleotide;

b) generating cohesive ends in the host polynucleotide with the Cas9 effector protein and

the guide polynucleotide; and

c) ligating 1) the cohesive ends of (b) together, or 1) a 3” end of a polynucleotide sequence
of interest to one cohesive end, and a 5’ end of the polynucleotide sequence to one cohesive

end; thereby modifying the target sequence with reduced off-target effects.

[00193] In embodiments of the method, the modification is provided with reduced off-target
effects compared to off-target effects provided with S. pyogenes Cas9 (SpCas9). In
embodiments of the method, the modification is provided with reduced off-target effects

compared to off-target effects provided with wild-type S. pyogenes Cas9 (SpCas9).
Methods for Reducing Degradation of a Cas9 Lffector Protein

[00194] In embodiments, the present disclosure provides a method for reducing degradation

of Cas9 effector protein in a cell comprising:

a) attaching a first nuclear localization signal to the N-terminus of the Cas9 effector protein;

and
b) attaching a second nuclear localization signal to the C-terminus of the Cas9 effector protein.

[00195] In embodiments, the attaching can be performed as described herein. In
embodiments, nucleic acid sequences encoding for the nuclear localization signals are
placed upstream and downstream from a nucleic acid sequence encoding the Cas9 effector
protein using standard molecular biology methods such as restriction enzyme digestion and
ligation, so that a nucleic acid is formed that encodes the Cas9 effector protein comprising

a nuclear localization signal on its N-terminus and C-terminus. This nucleic acid can then
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be subsequently expressed in a cell, e.g., a eukaryotic cell. In other embodiments, the Cas9
effector protein comprising nuclear localization signals on its N-terminus and C-terminus

is fully or partially synthesized using solid-phase protein synthesis methods.

[00196] In embodiments of the method, the first nuclear localization signal is a monopartite
nuclear localization signal. In embodiments, the first nuclear localization signal is a
bipartite nuclear localization signal. In embodiments, the second nuclear localization signal
is a monopartite nuclear localization signal. In embodiments, the second nuclear

localization signal is a bipartite nuclear localization signal.

[00197] In embodiments of the method, the first and second nuclear localization signals can
both be monopartite, both be bipartite or can be a mixture of monopartite and bipartite. In
embodiments, the first nuclear localization signal is a bipartite nuclear localization signal
and the second nuclear localization signal is a monopartite nuclear localization signal. In
embodiments, the first nuclear localization signal is a monopartite nuclear localization
signal and the second nuclear localization signal is a bipartite nuclear localization signal.
In embodiments, the first nuclear localization signal is a monopartite nuclear localization
signal and the second nuclear localization signal is a monopartite nuclear localization
signal. In embodiments, the first nuclear localization signal is a bipartite nuclear
localization signal and the second nuclear localization signal is a bipartite nuclear

localization signal.

[00198] In embodiments of the method, the monopartite nuclear localization signal is a
monopartite nuclear localization signal known in the art. In embodiments, the monopartite
nuclear localization signal is one of the monopartite nuclear localization signals listed in

Table 1 above (SEQ ID NOs: 1-6), or combinations thereof.

[00199] In embodiments of the method, the bipartite nuclear localization signal is a bipartite
nuclear localization signal known in the art. In embodiments, the bipartite nuclear
localization signal is a classical bipartite nuclear localization signal. In embodiments, the
bipartite nuclear localization signal is one of the bipartite nuclear localization signals listed

in Table 2 above (SEQ ID NOs: 7-9), or combinations thereof.
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[00200] In embodiments of the method, the first nuclear localization signal is classic bipartite
nuclear localization signal (SEQ ID NO: 7) and the second nuclear localization signal is

SV40 Large T-Antigen nuclear localization signal (SEQ ID NO: 1).

[00201] In embodiments of the method, the first nuclear localization signal is directly attached
to the Cas9 effector protein. In embodiments, the first nuclear localization signal is attached
to the Cas9 effector protein via a linker. In embodiments, the second nuclear localization
signal is directly attached to the Cas9 effector protein. In embodiments, the second nuclear

localization signal is attached to the Cas9 effector protein via a linker.

[00202] In embodiments where a linker is used, the linker is a peptide linker having from 2 to
30 residues. In embodiments, linker is a peptide linker having from 2 to 20 residues. In
embodiments, linker is a peptide linker having from 2 to 15 residues. In embodiments,
linker 1s a peptide linker having from 2 to 10 residues. In embodiments, linker is a peptide
linker having from 2 to 5 residues. In embodiments, the linker is a substituted or

unsubstituted C2-Cao alkyl, alkene or alkynyl chain.

[00203] In embodiments of the method, the Cas9 effector protein comprises more than one
copy of a nuclear localization signal on its N-terminus. In embodiments, the Cas9 effector
protein comprises more than one type of nuclear localization signal on its N-terminus. In
embodiments, the Cas9 effector protein comprises more than one copy of a nuclear
localization signal on its C-terminus. In embodiments, the Cas9 effector protein comprises

more than one type of nuclear localization signal on its C-terminus.

[00204] In embodiments of the method, the protein comprises two copies of the first nuclear
localization signal. In embodiments, the protein comprises three copies of the first nuclear
localization signal. In embodiments, the protein comprises two copies of the second nuclear
localization signal. In embodiments, the protein comprises three copies of the second

nuclear localization signal.

[00205] In embodiments of the method, the Cas9 portion of the Cas9 protein comprising a
first and a second nuclear localization signal can be derived from any Cas9 effector domain

known in the art. In embodiments, the Cas9 effector protein is derived from a bacterial
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species having a Type II-B CRISPR system. Examples of suitable Type II-B Cas9 proteins
are described above. In embodiments, the Cas9 portion comprises a domain that matches
the TIGR03031 protein family with an E-value cut-off of 1E-5. In embodiments, the site-
specific nuclease comprises a domain that matches the TIGR03031 protein family with an

E-value cut-off of 1E-10.

[002006] In embodiments of the method, the Cas9 effector protein comprises a polypeptide
sequence having at least 95% identity to any one of SEQ ID NOs: 10-97 as shown in FIG.
1 and FIG. 2. In embodiments, the Cas9 effector protein comprises a polypeptide sequence
having at least 90% identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG.
2. In embodiments, the Cas9 effector protein comprises a polypeptide sequence having at
least 98% identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2. In
embodiments, the Cas9 effector protein comprises a polypeptide sequence having at least
99% 1identity to any one of SEQ ID NOs: 10-97 as shown in FIG. 1 and FIG. 2. In
embodiments, the Cas9 effector protein comprises a polypeptide selected from one of SEQ

ID NOs: 10-97 as shown in FIG. 1 and FIG. 2.

[00207] In embodiments of the method, the Cas9 effector protein comprises a polypeptide
sequence having at least 95% identity to SEQ ID NO: 71. In embodiments, the Cas9
effector protein comprises a polypeptide sequence having at least 90% identity to SEQ ID
NO: 71. In embodiments, the Cas9 effector protein comprises a polypeptide sequence
having at least 98% identity to SEQ ID NO: 71. In embodiments, the Cas9 effector protein
comprises a polypeptide sequence having at least 99% identity to SEQ ID NO: 71. In
embodiments, the Cas9 effector protein comprises SEQ ID NO: 71.

[00208] In embodiments of the method, the Cas9 effector protein comprises a polypeptide
sequence at least 90% identical to SEQ ID NO: 98. In embodiments, the Cas9 effector
protein comprises a polypeptide sequence at least 95% identical to SEQ ID NO: 98. In
embodiments, the Cas9 effector protein comprises a polypeptide sequence at least 98%
identical to SEQ ID NO: 98. In embodiments, the Cas9 effector protein comprises a
polypeptide sequence at least 99% identical to SEQ ID NO: 98. In embodiments, the Cas9
effector protein comprises SEQ ID NO: 98.
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[00209] All references cited herein, including patents, patent applications, papers, textbooks
and the like, and the references cited therein, to the extent that they are not already, are

hereby incorporated herein by reference in their entirety.
EXAMPLES

Example 1 — Cas9 Is a Substrate for Lysosomal Degradation

[00210] Cas9 protein from the sequence gut metagenome MH0245 (MHCas9) - as described
in W02019099943, which is hereby incorporated by reference herein — was cloned into a
plasmid encoding three copies of SV40 monopartite nuclear localization signal (NLS; SEQ
ID NO: 1) to form 3xSV40-MHCas9, a Cas9 protein with three SV40 NLS attached to its

N-terminus.

[00211] The plasmid was transfected into HEK293T cells. Cells were cultured in DMEM +
10%FBS medium for 24 hours before addition to the cell culture of either: 1) proteasome
inhibitor MG132 at a concentration of 5 uM; 2) lysosomal vATPase inhibitor bafilomycin
Al at a concentration of 20 nM ; or 3) nuclear export inhibitor leptomycin B at a
concentration of 10 nM. Untreated cells were used as a control. The cells were harvested

followed by total protein extraction.

[00212] HEK293T cells were seeded at a density of 25,000 cells per well on a 96-well plate
the day prior to transfection. 20 hours following seeding, the cells were transfected with
the plasmids described above. 48 hours after transfection, 100 pL of media was added to

the cells. Cells were harvested 60 hours following transfection.

[00213] After harvest, western blots were used to analyze total levels of 3xSV40-MHCas9
compared to blots of mitogen-activated protein kinase (MAPK) for normalization of band
intensity. The blots are shown in FIG. 3A. The western blots were quantified and

normalized protein expression was plotted as shown in FIG. 3B.

[00214] As can be seen in FIG. 3B, blocking lysosomal function with bafilomycin Al lead to
increased MHCas9 levels, suggesting that MHCas9 was being degraded in the lysosome.

54



WO 2022/248645 PCT/EP2022/064368

Example 2 — Addition of NLS to Cas9 Prevents Degradation

[00215] MHCas9 as described in Example 1 was cloned into plasmids encoding nuclear
localization signals to form four different Cas9 effector protein constructs: 1) 3xSV40-
MHCas9 as described in Example 1; 2) an MHCas9 having a single SV40 NLS at the C-
terminus (MHCas9-NLSSV40); 3) an MHCas9 having three SV40 NLS at the N-terminus
and a single SV40 NLS at the C-terminus (3XNLSSV40-MHCas9-NLSSV40); and 4) an
MHCas9 having a single bipartite NLS (SEQ ID NO: 7) at the N-terminus and a single
SV40 NLS at the C-terminus (bpNLS-MHCas9-SLSSV40). The plasmids expressed green

fluorescent protein (GFP) which was detected for normalization of transfection.

[00216] HEK?293T cells were transfected and grown as described in Example 1 but were not
treated with any inhibitors. Cells were harvested and western blots performed, with tubulin
detected as a gel loading control and GFP used for normalization of transfection amounts.
The blots are shown in FIG. 4. As can be seen, the additional of a NLS on the C-terminus
of Cas9 increases the stability of the protein in vivo. The bpNLS-MHCas9-SLSSV40
protein was chosen for further study and named SpOT-ON.

Example 3 — Cas9 Constructs With NLS on Both Terminals Avoid Lysosomal Degradation

[00217] To test the effect of NLS on other Cas9 proteins, S. pyogenes Cas9 (SpCas9) was
cloned into the same vector as construct 4 in Example 2 to form a bpNLS-SpCas9-

NLSSV40 construct.

[00218] Cells expressing SpOT-ON and bpNLS-SpCas9-NLSSV40 were either left untreated
or grown in the presence of the inhibitors MG132, bafilomycin Al of leptomycin at the
same concentrations used in Example 1. Cells were harvested and western blots were
performed using MAPK for normalization of band intensity as described in Example 1.
Blots for SpOT-ON are shown in FIG. SA and blots for bpNLS-SpCas9-NLSSV40 are
shown in FIG. 5B.

[00219] As can be seen in the blots, similar levels of protein are detected regardless of whether
the sample is treated with an inhibitor or treated with an inhibitor that did not significantly

slow degradation in Example 1 (MG132 and leptomycin B). The enhanced nuclear
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important provided by the additional NLS signals likely prevents protein degradation in
the cytoplasm. Further, the additional of NLS signals at the N- and C- termini leads to
enhanced stability for both MHCas9 and SPCas9, suggesting that this technique should be
generally applicable to enhance stability of all types of Cas9 proteins.

Example 4 —-SpOT-ON Has Similar DNA Cleavage Activity to Unmodified Cas9

[00220] The DNA cleavage activity of SpOT-ON was compared to Cas9 lacking a NLS and

was found to be similar.

[00221] Cleavage activity of SpOT-On and Streptococcus pyogenes Cas9 protein (SpyCas9)
were measured in vitro. Cas9 ribonucleoproteins (RNPs) targeting a 20 nt protospacer were
mixed with fluorescently labelled target DNA and loading control lacking protospacer
adjacent motifs (PAMs). Reactions were incubated at 37 C, aliquots were taken at different
time-points, quenched and resolved using capillary electrophoresis. The fraction of DNA
digested was quantified, normalized to the loading control and zero timepoint, and then
plotted against time. Both enzymes digested the target DNA to the same extent. Analysis
of the data (not shown) determined a rate constant (k) for: SpyCas9, k=0.224 and SpOT-
ON, k=0.004.

[00222] The results showed that SpOT-On Cas9 was capable of digesting targeted DNA to
the same extent as SpyCas9 in vitro. However, as seen in the different rate constants, this

cleavage happens slower with SpOT-On Cas9 than with SpyCas9.
Example 5 —SpOT-ON Has Similar Editing Activity to Unmodified Cas9

[00223] The gene editing activity of SpOT-ON was compared to Cas9 lacking a NLS and was

found to be similar.

[00224] Gene editing activity was compared for SpOT-ON and SpCas9. HEK293T cells were
transfected by expression vectors expressing the Cas9 variant and the guideRNA for
HEK3, HEK4, EMX1 and FANCF. CD34 was used as the insertion site and STAT1 was
used as the deletion site. Cells were cultured for 72 hours and then lysed to obtain DNA.
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Deep amplicon sequencing was performed to evaluate editing that had occurred. As can be

seen in FIG. 6, editing efficiency was similar for SpOT-ON and SpCas®9.
Example 6 —Determining Optimal Protospacer Length for SpOT-ON

[00225] It was hypothesized that the slow cleavage of DNA by SpOT-On Cas9 seen in
Example 4 was caused by suboptimal sgRNA design, in particular protospacer length. The
in vitro cleavage experiment of Example 4 was repeated for SpOT-On Cas9 RNPs formed
with a series of sgRNAs with varying protospacer targeting sequence length targeting the

same sequence.

[00226] In order to optimize reaction efficiency, cleavage activities for guide RNAs having
varying spacer lengths were determined using the methods described in Example 4 and
plotted. The bars represent computed speed constant and error bars represent standard error

of fitting. Results are shown in FIG. 7.

[00227] As can be seen in FIG. 7, SpOT-On Cas9 targeting shorter protospacers (18-20 nt) is
less efficient in DNA cleavage. However, RNPs with longer guides digest DNA 10-50
times faster, suggesting that an at least 21 nucleotide target sequence is required for optimal

activity of SpOT-On Cas9.

[00228] Further studies were performed to determine the optimal protospacer length in vivo.

Cleavage activity was tested in vivo at two different target sites: EMX1 and CD34.

[00229] HEK293T cells were seeded at a density of 25,000 cells per well on a 96-well plate
the day prior to transfection. 20 hours following seeding, the cells were transfected with
the plasmids described above. 48 hours after transfection, 100 pL of media was added to
the cells. Cells were harvested 60 hours following transfection using QuickExtract DNA
extraction solution (Lucigen). Deep targeted amplicon sequencing was performed. The bar-
graphs shown in FIG. 8 show the mean percentage of mutated reads in mapped reads.
Number of replicates n = 3 (cells were separated into three stocks, then transfected and

analyzed separately).
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[00230] As can be seen in FIG. 8, optimal protospacer length for SpOT-ON is between 19-23

nucleotides, with 21 nucleotides showing peak activity.
Example 7 — SpOT-ON Shows Reduced Off-Target DNA Editing

[00231] Gene editing activity was compared for SpOT-ON and SpCas9 using methods similar
to those described in Example 5. HEK293T cells were transfected by expression vectors
expressing the Cas9 variant and the guideRNA for HEK3, HEK4, EMX1 and FANCF.
Cells were cultured for 72 hours and then lysed to obtain DNA. Deep amplicon sequencing
was performed to evaluate editing that had occurred. Analysis of off-target editing was
performed using Crispresso2 pooled analysis. The 14 off-target sites analyzed were those
determined by Tsai et al. (Nat Biotechnol. 2015 Feb; 33(2): 187-197). A plot of the off-
target analysis is shown in FIG. 9.

[00232] As can be seen in FIG. 9, SpOT-ON showed a greatly reduced percentage of editing
at the off-target sites than SpCas9, showing that SpOT-ON is better at discriminating on

and off-target sequences.
Example 8 — Analysis of Off-Target DNA Editing

[00233] Further studies were performed to investigate how mismatches in the substrate DNA
affect the kinetics of DNA cleavage. DNA substrates carrying single base pair substitutions
in the target sequence were generated to study specificity of SpyCas9 and SpOT-ON.
Activity of Cas9 enzymes was measured for perfectly matched and mismatched DNA
substrates at positions 1, 2 and 3 from PAM. The experiments were performed as described
in the above Examples with optimal guides. Cleavage speed constants for each DNA

substrate were calculated and are plotted in FIG. 10.

[00234] As shown in FIG. 10, Cas9 enzymes digest mismatched DNA substrates slower than
perfectly matched ones. A mismatch immediately adjacent to the PAM results in a dramatic
reduction in cleavage speeds for both SpyCas9 and SpOT-On Cas9. More distal
mismatches slow down Spy Cas9 activity only marginally whereas SpOT-On Cas9 was

inhibited at least 10 times. These data suggests that SpOT-On Cas9 is a more specific
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enzyme than Spy Cas9 in vitro, potentially explaining low off-target genome editing

activity of SpOT-On Cas9 in vivo.
Example 9 — Mismatch Tolerance In Vivo

[00235] The in vivo mismatch tolerance of SpOT-ON, mismatch editing of EMX1 was tested
with a 23 nucleotide guide RNA in HEK293T cells.

[00236] HEK293T cells were seeded at a density of 25,000 cells per well on a 96-well plate
the day prior to transfection. 20 hours following seeding, the cells were transfected with
the plasmids described above. 48 hours after transfection, 100 pL of media was added to
the cells. Cells were harvested 60 hours following transfection using QuickExtract DNA
extraction solution (Lucigen). Deep targeted amplicon sequencing was performed. Bar-
graphs in FIG. 11 show the mean percentage of mutated reads in mapped reads. Number
of replicates n = 3 (cells were separated into three stocks, then transfected and analyzed

separately).

[00237] As can be seen from FIG. 11, mismatches at position 1 -10 (with 1 closest to the
PAM) are not tolerated and result in no or very low editing (>0,7%). Mismatches between
position 11-21 showed medium editing efficiency of up to 20%. A mismatch at position 22

resulted in similar editing efficiency than the sgRNA without mismatch (~55%).
Example 10 — DNA Editing and Analysis of Cut Site

[00238] DNA editing at the EMX and CD34 loci was further analyzed for qualitative
assessment of the DNA repair outcome. Cells were seeded and grown as described in
Example 9. NGS results of Amplicon-sequencing analyzed using RIMA are shown in FIG.
12A for EMX1, FIG. 12B for CD34 and FIG. 12C for a CD34 control with SpCas9.

[00239] These results demonstrated that SpOT-ON cuts DNA to generate a 3 nucleotide
overhang in HEK293T cells.

Example 11 — Knock-In Experiments
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[00240] Experiments were performed to evaluate the efficiency of directional non-
homologous end joining (NHEJ) mediated knock-in of oligos with blunt ends or different
overhangs at two target sites: CD34 and STATI1. DNA PK (M9831/VX-984) inhibitor was
added to half the samples at a final concentration of 1 uM as an NHEJ inhibitor to
demonstrate that NHEJ was occurring. SpOT-ON Cas9 and SpCas9 were compared. Cells
were seeded and grown at described in Example 9. DNA was analyzed using deep targeted

amplicon sequencing.

[00241] Results for knock-in at the CD34 locus are shown in FIG. 13. Results for knock-in at
the STAT1 locus are shown in FIG. 14. As can be seen in FIG. 13 and FIG. 14, SpOT-ON
shows best activity with its preferential substrate of a 3 nucleotide 5' overhang (grey box),
while SpCas9 shows best activity with it preferential substrate of a 1 nucleotide 5' overhang
(white box). Plots are shown for both potential directionalities of the insert, with dark grey
representing forward (expected) insertion and light grey representing reverse insertion. As
seen in the DNAPK columns, DNA-PK inhibitor treatment completely inhibits oligo donor
insertion, proving that knock-in is NHEJ-mediated.

[00242] As is seen from the data, blunt ended dsDNA oligos are incorporated in the forward
and reverse direction, after introducing a double-strand break with SpCas9 or SpOT-ON
Cas9. Insertion via NHEJ is still seen when short homology arms of 3 nucleotides are

introduced at both ends of the oligo.

[00243] SpOT-ON Cas9 enables targeted integration of dsDNA oligos with 5° overhangs with
1 bp, 3 nucleotide and 4 nucleotide overhangs efficiently, with the highest efficiency for 3
nucleotide overhangs in a directional manner. SpCas9 shows high efficiency of dsDNA
integration with 1 nucleotide overhangs, whereas dsDNA with 3 nucleotide or 4 nucleotide
overhangs are integrated with low efficiency. These results suggest that SpOT-ON Cas9
DSB mainly leads to 3 nucleotide 5’ overhangs and SpCas9 shows staggered cuts with 1

nucleotide overhangs.

[00244] The efficiency of in cooperation of dsDNA oligos with 3” overhangs (3 nucleotide)
is lower than 5 % for SpCas9 and SpOT-ON Cas9. This further supports the theory that of

5’ overhangs are generated.
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Example 12 comparison of different SpOT-ON enzymes

[00245]

by introducing single amino acid substitutions at the residues in the vicinity of the DNA
binding site. The SpOT-ON residues nearby the DNA binding site were defined by
modelling the SpOT-ON structure with Alpha Fold2 (Jumper et al, Nature 2021) (see Table
Figl6A). A subset of the residues for follow-up studies and mutagenesis was selected. For
example, negative charges (aspartic acid (ASP or D) or glutamic acid (GLU or E)) were
removed and/or positive charges (arginine (ARG or R) or lysine (LYS or K)) were
introduced to increase the binding of the SpOT-ON complex to its target DNA. The SpOT-
ON variants were generated by mutagenesis and transfected to cells as described in
Example 5. Table 3 shows mutations that were tested for their impact on SpOT-ON

activity. Overall, mutations in the vicinity of PAM-interacting regions (CTD domain) as

Experiments were performed to improve the genome editing efficiency of SpOT-ON

PCT/EP2022/064368

well as in the REC3 domain of SpOT-ON show improved activity of the enzyme.

Table 4
Spot-ON

Example mutant activity
1 R1336A 0
2 R1336K 0
3 R1389A 0
4 R1389K 0
5 R668A +
6 N1164R +++
7 N1265R +H+4+
8 N1300R +H+4+
9 N1412R +H+4+
10 N347R +++
11 N348R +
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12 N562R +
13 N565R +
14 N618R +
15 N651A +++
16 N651R +
17 D1266R +H+4+
18 D309R +++
19 D345R +++
20 D487R +++
21 D607R +++
22 D30A 0
23 Ql1129R +++
24 Q1381A +++
25 Q1381A +++
26 Q1381R +++
27 Q624R +
28 Q661A +++
29 Q661R +
30 Q713R +++
31 Q734R +++
32 E1032G +++
33 E1032R +++
34 E1409A +++
35 E1409R +
36 E436R +H+4+
37 E610R +
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38 E611R +++
39 E691R +++
40 E697R +++
411 G1245R +
42 G1335R +H+4+
43 H777A +
44 11242S +
45 L125R +++
46 L125Y +
47 L1162S +
48 L1264S +++
49 L1299S +++
50 K1031R +++
51 K443R +
52 K490R +++
53 K615R +++
54 K656R +++
55 F1035R +
56 F620R +
57 F636R +++
58 F670Y +
59 S1243R +
60 S1334A +++
61 S1334A +++
62 S1334R +H+4+
63 S1380R +H+4+
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64 S1410R +++
65 S1413R +++
66 S634R +++
67 S638A +
68 S638R +++
69 S711R +++
70 S1006R +++
71 S1017R +H+4+
72 T1267A +++
73 T1267R +H+4+
74 T1333A +
75 T1333R +
76 T551R +++
77 T639A +
78 T639R +
79 T640R +
80 T666R +
81 T897R +
82 Y1338A +++
83 Y1338R +++
84 Y343R +
85 Y566R +
86 V1273S +++
87 V1274S +++
88 V486R +++
89 V644R +++
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90 V660R +
91 V660Y +
92 V667R +
93 V667S +
94 V736R +H+4+
95 V736Y +H+4+
WILD-TYPE ++
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CLAIMS
What 1s claimed is:

1. A Cas9 effector protein comprising:

a) a first nuclear localization signal attached to the N-terminus of the Cas9 effector
protein; and

b) a second nuclear localization signal attached to the C-terminus of the Cas9 effector

protein.

2. The protein of claim 1, wherein the first nuclear localization signal is a monopartite

nuclear localization signal.

3. The protein of claim 1, wherein the first nuclear localization signal is a bipartite nuclear

localization signal.

4. The protein of any of claims 1 to 3, wherein the second nuclear localization signal is a

monopartite nuclear localization signal.

5. The protein of any of claims 1 to 3, wherein the second nuclear localization signal is a

bipartite nuclear localization signal.

6. The protein of claim 1, wherein the first nuclear localization signal is a bipartite nuclear
localization signal and the second nuclear localization signal is a monopartite nuclear

localization signal.

7. The protein of any of claims 2, 4 or 6, wherein the monopartite nuclear localization signal
1s SV40 Large T-Antigen, nucleoplasmin, EGL-13, c-Myc, TUS-protein nuclear localization

signal, or combinations thereof.

8. The protein of any of claims 3, 5 or 6, wherein the bipartite nuclear localization signal is

classical bipartite nuclear localization signal.
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9. The protein of claim 6, wherein the first nuclear localization signal is classic bipartite
nuclear localization signal and the second nuclear localization signal is SV40 Large T-Antigen

nuclear localization signal.

10. The protein of any of claims 1 to 9, wherein the first nuclear localization signal is directly

attached to the Cas9 effector protein.

11. The protein of any of claims 1 to 9, wherein the first nuclear localization signal is

attached to the Cas9 effector protein via a linker.

12. The protein of any of claims 1 to 11, wherein the second nuclear localization signal is

directly attached to the Cas9 effector protein.

13. The protein of any of claims 1 to 11, wherein the second nuclear localization signal is

attached to the Cas9 effector protein via a linker.

14. The protein of claim 11 or 13, wherein the linker is a peptide linker having from 2 to 30

residues.

15. The protein of any of claims 1 to 14, wherein the protein comprises two copies of the first

nuclear localization signal.

16. The protein of any of claims 1 to 14, wherein the protein comprises three copies of the

first nuclear localization signal.

17. The protein of any of claims 1 to 14, wherein the protein comprises two copies of the

second nuclear localization signal.

18. The protein of any of claims 1 to 14, wherein the protein comprises three copies of the

second nuclear localization signal.

19. The protein of any of claims 1 to 18, wherein the Cas9 effector protein comprises a

polypeptide sequence having at least 95% identity to any one of SEQ ID NOs: 10-97.

20. The protein of any of claims 1 to 18, wherein the Cas9 effector protein comprises a

domain that matches a TIGR03031 protein family with an E-value cut-off of 1E-5.
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21. The protein of any of claims 1 to 18, wherein the Cas9 effector protein comprises a

polypeptide sequence at least 90% identical to SEQ ID NO: 98.

22. The protein of claim 21, wherein the polypeptide contains one or more modifications
selected from N1164R, N1265R, N1300R, N1412R, N347R, N651A, D1266R, D309R, D345R,
D487R, D607R, Q1129R, Q1381A, Q1381A, Q138IR, Q661A, Q713R, Q734R, E1032G,
E1032R, E1409A, E436R, E611R, E691R, E697R, G1335R, L125R, L1264S, 1L1299S, K1031R,
K490R, K615R, K656R, F636R, S1334A, S1334A, S1334R, S1380R, S1410R, S1413R, S634R,
S638R, S711R, S1006R, S1017R, T1267A, T1267R, T551R, Y1338A, Y1338R, V12738,
V12748, V486R, V644R, V736R and V736Y.

23. A CRISPR-Cas system comprising:
a) a Cas9 effector protein comprising:
1) a first nuclear localization signal attached to the N-terminus of the Cas9 effector
protein; and
11) a second nuclear localization signal attached to the C-terminus of the Cas9
effector protein; and
b) a guide polynucleotide comprising a guide sequence and forms a complex with the
Cas9 effector protein, wherein the guide sequence is capable of hybridizing with a target

sequence in a eukaryotic cell.

24. A CRISPR-Cas system comprising:
a) a nucleic acid sequence encoding a Cas9 effector protein comprising;
1) a first nuclear localization signal attached to the N-terminus of the Cas9 effector
protein; and
11) a second nuclear localization signal attached to the C-terminus of the Cas9
effector protein; and
b) a nucleic acid sequence encoding a guide polynucleotide that comprises a guide
sequence and forms a complex with the Cas9 effector protein, wherein the guide sequence is

capable of hybridizing with a target sequence in a eukaryotic cell.
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25. The system of claim 24, wherein the nucleotide sequences of (a) and (b) are under control of

a eukaryotic promoter.

26. The system of claim 24, wherein the nucleic acid sequences of (a) and (b) are in a single

vector.

27. A CRISPR-Cas system comprising one or more vectors comprising:
a) a regulatory element operably linked to one or more nucleotide sequences encoding a
Cas9 effector protein comprising:
1) a first nuclear localization signal attached to the N-terminus of the Cas9 effector
protein; and
11) a second nuclear localization signal attached to the C-terminus of the Cas9
effector protein; and
b) a guide polynucleotide that comprises a guide sequence and forms a complex with the
Cas9 effector protein, wherein the guide sequence is capable of hybridizing with a target

sequence in a eukaryotic cell.

28. The system of claim 27, wherein the regulatory element is a eukaryotic regulatory
element.
29. The system of any of claims 23 to 28, wherein the first nuclear localization signal is a

monopartite nuclear localization signal.

30. The system of any of claims 23 to 28, wherein the first nuclear localization signal is a

bipartite nuclear localization signal.

31. The system of any of claims 23 to 30, wherein the second nuclear localization signal is a

monopartite nuclear localization signal.

32 The system of any of claims 23 to 30, wherein the second nuclear localization signal is a

bipartite nuclear localization signal.

33. The system of any of claims 23 to 28, wherein the first nuclear localization signal is a
bipartite nuclear localization signal and the second nuclear localization signal is a monopartite
nuclear localization signal.
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34. The system of any of claims 23 to 28, wherein the first nuclear localization signal and the

second nuclear localization signal are each bipartite nuclear localization signals.

35. The system of any of claims 29, 31 or 33, wherein the monopartite nuclear localization
signal is SV40 Large T-Antigen, nucleoplasmin, EGL-13, c-Myc, TUS-protein nuclear

localization signal, or combinations thereof.

36. The system of any of claims 30, 32 or 33, wherein the bipartite nuclear localization signal

is classical bipartite nuclear localization signal.

37. The system of claim 33, wherein the first nuclear localization signal is classic bipartite
nuclear localization signal and the second nuclear localization signal is SV40 Large T-Antigen

nuclear localization signal.

38. The system of any of claims 23 to 37, wherein the first nuclear localization signal 1s

directly attached to the Cas9 effector protein.

39. The system of any of claims 23 to 37, wherein the first nuclear localization signal 1s

attached to the Cas9 effector protein via a linker.

40. The system of any of claims 23 to 39, wherein the second nuclear localization signal is

directly attached to the Cas9 effector protein.

41. The system of any of claims 23 to 39, wherein the second nuclear localization signal is

attached to the Cas9 effector protein via a linker.

42. The system of claim 39 or 41, wherein the linker is a peptide linker having from 2 to 30

residues.

43. The system of any of claims 23 to 42, wherein the protein comprises two copies of the

first nuclear localization signal.

44, The system of any of claims 23 to 42, wherein the protein comprises three copies of the

first nuclear localization signal.
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45. The system of any of claims 23 to 44, wherein the protein comprises two copies of the

second nuclear localization signal.

46. The system of any of claims 23 to 44, wherein the protein comprises three copies of the

second nuclear localization signal.

47. The system of any of claims 23 to 46, wherein the Cas9 effector protein is derived from

a bacterial species having a Type II-B CRISPR system.

48. The system of any of claims 23 to 46, wherein the Cas9 effector protein comprises a

polypeptide sequence having at least 95% identity to any one of SEQ ID NOs: 10-97.

49. The system of any of claims 23 to 47, wherein the Cas9 effector protein comprises a

domain that matches a TIGR03031 protein family with an E-value cut-off of 1E-5.

50. The system of any of claims 23 to 49, wherein the Cas9 effector protein comprises a

polypeptide sequence at least 90% identical to SEQ ID NO: 98.

S1. The system of any of claims 23 to 50, wherein the guide polynucleotide is an RNA.

52. The system of claim 51, wherein the guide sequence is from 19 to 30 bases in length.
53. The system of claim 51, wherein the guide sequence is from 19 to 25 bases in length.
54. The system of claim 51, wherein the guide sequence is from 21 to 26 bases in length.
55. The system of any of claims 23 to 54, wherein the guide polynucleotide further comprises

a tractrRNA sequence.

56. The system of any of claims 23 to 55, wherein the Cas9 effector protein generates

cohesive ends.

57. The system of any of claim 56, wherein the cohesive ends comprise a single-stranded

polynucleotide overhang of 1 to 10 nucleotides.

58. The system of any of claim 56, wherein the cohesive ends comprise a single-stranded

polynucleotide overhang of 2 to 6 nucleotides.
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59. The system of any of claim 57, wherein the cohesive ends comprise a single-stranded

polynucleotide overhang of 3 to 5 nucleotides.

60. A eukaryotic cell comprising the protein of any of claims 1 to 22.
61. A eukaryotic cell comprising the system of any of claims 23 to 59.
62. A delivery particle comprising the protein of any of claims 1 to 22.
63. A delivery particle comprising the system of any of claims 23 to 59.

64. The delivery particle of claim 63, wherein the Cas9 effector protein and the guide

polynucleotide are in a complex.

65. The delivery particle of claim 64, wherein the complex further comprises a

polynucleotide comprising a tracrRNA sequence.

66. The delivery particle of any of claims 62 to 65, further comprising a lipid, a sugar, a

metal, or a protein.

67. A vesicle comprising the protein of any of claims 1 to 22.
68. A vesicle comprising the system of any of claims 23 to 59.
69. The vesicle of claim 68, wherein the Cas9 effector protein and the guide polynucleotide

are in a complex.

70. The vesicle of claim 68, further comprising a polynucleotide comprising a tracrRNA
sequence.

71. The vesicle of any of claims 67 to 70, wherein the vesicle is an exosome or a liposome.
72. A viral vector comprising the protein of any of claims 1 to 22.

73. A viral vector comprising the system of any of claims 23 to 59.
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74. The viral vector of claim 73, further comprising a nucleic acid sequence encoding a

tractrRNA sequence.

75. The viral vector of any of claims 72 to 74, wherein the viral vector is an adenovirus

particle, an adeno-associated virus particle or a herpes simplex virus particle.

76. A method for providing site-specific modification of a target sequence in a eukaryotic
cell, the method comprising:
a) introducing into the cell:
1) a nucleotide encoding a Cas9 effector protein comprising;
A) a first nuclear localization signal attached to the N-terminus of the
Cas9 effector protein; and
B) a second nuclear localization signal attached to the C-terminus of
the Cas9 effector protein; and
11) a nucleotide encoding a guide polynucleotide that forms a complex with the
Cas9 effector protein and comprises a guide sequence, wherein the guide
sequence is capable of hybridizing with a target sequence in host polynucleotide;
b) generating cohesive ends in the host polynucleotide with the Cas9 effector protein and
the guide polynucleotide; and
c) ligating
1) the cohesive ends of (b) together, or
i1) a 3' end of a polynucleotide sequence of interest to one cohesive end, and a 5’
end of the polynucleotide sequence of interest to one cohesive end; thereby modifying the

target sequence.

77. The method of claim 76, wherein the first nuclear localization signal is a monopartite

nuclear localization signal.

78. The method of claim 76, wherein the first nuclear localization signal is a bipartite nuclear

localization signal.

79. The method of any of claims 76 to 78, wherein the second nuclear localization signal is a

monopartite nuclear localization signal.
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80. The method of any of claims 76 to 78, wherein the second nuclear localization signal is a

bipartite nuclear localization signal.

81. The method of any of claims 76 to 80, wherein the first nuclear localization signal is a
bipartite nuclear localization signal and the second nuclear localization signal is a monopartite

nuclear localization signal.

82. The method of any of claims 77, 79 or 81, wherein the monopartite nuclear localization
signal is SV40 Large T-Antigen, nucleoplasmin, EGL-13, c-Myc, TUS-protein nuclear

localization signal, or combinations thereof.

83. The method of any of claims 78, 80 or 81, wherein the bipartite nuclear localization

signal is classical bipartite nuclear localization signal.

84. The method of any of claims 76 to 83, wherein the first nuclear localization signal and

the second nuclear localization signal are each a bipartite nuclear localization signal.

85. The method of claim 81, wherein the first nuclear localization signal is classic bipartite
nuclear localization signal and the second nuclear localization signal is SV40 Large T-Antigen

nuclear localization signal.

86. The method of any of claims 76 to 85, wherein the first nuclear localization signal is

directly attached to the Cas9 effector protein.

87. The method of any of claims 76 to 85, wherein the first nuclear localization signal is

attached to the Cas9 effector protein via a linker.

88. The method of any of claims 76 to 87, wherein the second nuclear localization signal is

directly attached to the Cas9 effector protein.

89. The method of any of claims 76 to 87, wherein the second nuclear localization signal is

attached to the Cas9 effector protein via a linker.

90. The method of claim 87 or 89, wherein the linker is a peptide linker having from 2 to 30

residues.
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91. The method of any of claims 76 to 90, wherein the protein comprises two copies of the

first nuclear localization signal.

92. The method of any of claims 76 to 90, wherein the protein comprises three copies of the

first nuclear localization signal.

93. The method of any of claims 76 to 92, wherein the protein comprises two copies of the

second nuclear localization signal.

94, The method of any of claims 76 to 92, wherein the protein comprises three copies of the

second nuclear localization signal.

95. The method of any of claims 76 to 94, wherein the Cas9 effector protein is derived from

a bacterial species having a Type II-B CRISPR system.

96. The method of any of claims 76 to 95, wherein the Cas9 effector protein comprises a

polypeptide sequence having at least 95% identity to any one of SEQ ID NOs: 10-97.

97. The method of any of claims 76 to 95, wherein the Cas9 effector protein comprises a

domain that matches a TIGR03031 protein family with an E-value cut-off of 1E-5.
98. The method of any of claims 76 to 97, wherein the guide polynucleotide is an RNA.

99. The method of claim 98, wherein the guide polynucleotide is from 19 to 30 bases in
length.

100. The method of claim 98, wherein the guide polynucleotide is from 19 to 25 bases in
length.

101.  The method of claim 98, wherein the guide polynucleotide is from 21 to 26 bases in
length.

102.  The method of any of claims 76 to 101, wherein the guide polynucleotide further

comprises a tractRNA sequence.
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103.  The system of any of claims 76 to 102, wherein the Cas9 effector protein generates

cohesive ends.

104.  The method of any of claims 76 to 103, wherein the cohesive ends comprise a single-

stranded polynucleotide overhang of 1 to 10 nucleotides.

105.  The method of any of claims 76 to 104, wherein the cohesive ends comprise a single-

stranded polynucleotide overhang of 2 to 6 nucleotides.

106. The method of any of claims 76 to 105, wherein the cohesive ends comprise a single-

stranded polynucleotide overhang of 3 to 5 nucleotides.
107.  The method of any of claims 76 to 106, wherein the cohesive ends are blunt ends.

108.  The method of any of claims 76 to 106, wherein the cohesive ends have a 5' single-

stranded polynucleotide overhang.

109.  The method of any of claims 76 to 106, wherein the cohesive ends have a 3' single-

stranded polynucleotide overhang.

110.  The method of any one of claims 76 to 109, wherein the eukaryotic cell is an animal or

human cell.
111.  The method of any one of claims 76 to 109, wherein the eukaryotic cell is a human cell.
112.  The method of any one of claims 76 to 109, wherein the eukaryotic cell is a plant cell.

113.  The method of any one of claims 76 to 112, wherein the modification is deletion of at

least part of the target sequence.

114. The method of any one of claims 76 to 112, wherein the modification is mutation of the

target sequence.

115.  The method of any one of claims 76 to 112, wherein the modification is inserting a

sequence of interest into the target sequence.

116. A method for reducing degradation of Cas9 effector protein in a cell comprising
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a) attaching a first nuclear localization signal to the N-terminus of the Cas9 effector
protein; and
b) attaching a second nuclear localization signal to the C-terminus of the Cas9

effector protein.

117.  The method of claim 116, wherein the first nuclear localization signal is a monopartite

nuclear localization signal.

118.  The method of claim 116, wherein the first nuclear localization signal is a bipartite

nuclear localization signal.

119.  The method of any of claims 116 to 118, wherein the second nuclear localization signal is

a monopartite nuclear localization signal.

120.  The method of any of claims 116 to 118, wherein the second nuclear localization signal is

a bipartite nuclear localization signal.

121.  The method of claim 116, wherein the first nuclear localization signal is a bipartite
nuclear localization signal and the second nuclear localization signal is a monopartite nuclear

localization signal.

122.  The method of any of claims 117, 119, or 121, wherein the monopartite nuclear
localization signal 1s SV40 Large T-Antigen, nucleoplasmin, EGL-13, c-Myc, TUS-protein

nuclear localization signal, or combinations thereof.

123.  The method of any of claims 118, 120, or 121, wherein the bipartite nuclear localization

signal is classical bipartite nuclear localization signal.

124.  The method of claim 121, wherein the first nuclear localization signal is classic bipartite
nuclear localization signal and the second nuclear localization signal is SV40 Large T-Antigen

nuclear localization signal.
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FIG. 1

1. Amino acid sequence of Sufterella wadsworthensis 3_1 45B Cas9 protein (SwCas9) (SEQ ID NO: 10).
MITQSERREFSCSIGIDMGAKYTGVEYALFDREELPTNLNSKAMTLVMPETGPRYVOAQRTAVRHRLRGOKRYTLARKL
AFLVVDDMIKEKQEKRLTDEEWKRGREALSGLLKRRGYSRPNADGEDLTPLENVRADVEFAAHPAFSTYFSEVRSLAEQ
WEEFTANISNVEKFLGDPNIPADKEFIEFAVAEGLIDKTERKAYQSALSTLRANANVLTGLROMGHKPRSEYFRKATLE
ADLKEKDSRLAKINEAFGGAERLARLLGNLSNLOLRAERWYFNAPDIMKDRGWEPDREFKKTLVRAFKEFHPAKDONEKQ
HLELIKQIENSEDIIETLCTLDPNRTIPPYEDONNRRPPLDOTLLLSPEKLTROYGEIWKTWSARLTSAEPTLAPAA
EILERSTDRKSRVAVNGHEPLPTLAYQLSYALORAFDRSKALDPYALRALAAGSKSNKLTSARTALENCIGGONVKT
FLDCARRYYREADDARKVGLWEFDNADGLLERSDLHPPMKKKILPLLVANILQTDETTGOKFLDEIWRKOIKGRETVAS
RCARIETVRKSEFGGGENIAYNTAQYREVNKLPRNAQDKELLTIRDRVAETADF IAANLGLSDEQKRKEFANPESLAQE
YTLIETEVSGESATTLAVHLENAWRMT I KDAVINGETVRAAQCSRLPAETARPEDGLVRRLVDROAWETAKRYSTDT
OSKVDESNGIVDVSIEFVEENKFEFSASVADLKKNKRVEDKMLS EAEKLETRWLIKNERIKKASRGTCPYTGDRLAEG
GEIDHILPRSLIKDARGIVENAEPNLIYASSRGNOLKKNQRYSLSDLKANYRNEIFKTSNIAATITAEIEDVVTRLQQ
THRLKEFFDLLNEHEQDCVRHALFLDDGSEARDAVLELLATORRTRVNGTQIWMIKNLANKIREELONWCKTTNNRLH
FOAAATNVSDAKNLRLKLAONQPDFEKPDIQPIASHSIDALCSFAVGSADAERDONGEDYLDGKTVLGLYPOSCEV L
HLOARKPOEEKSHEDSVAIFREGIYAEQFLPIFTINEKIWIGYETLNAKGERCGAT EVSGKOPKELLEMLAPFENKPV
GDLSAHATYRILKKPAYEFLARKAALQPLSAEEKRLAALLDALRYCTSRKSLMS LEMAANGKS LKKREDVLKPKLEQL
KVELKGEKSFKLNGSLTLPVKQDWLRICDSPELADAFGKPCSADELTSKLARIWKRPVMRDLAHAPVRREFSLPAID
NPSGGEFRIRRTNLEGNELYQVHAINARKKYRGFASAGSNVDWSKGILENELOHENLTECGGREITSADVTPMSEWRKY
VAEDNLSIWIAPGTEGRRYVRVETTEFIQASHWEEQSVENWALITSPLSLPASFKVDRKPAEFQRAVGTELSELLGOQPRS
EIFIENVGNAKHIRFWYIVVSSNRKKMNESYNNVSKS

2). Amino acid sequence of Francisella tularensis subsp. tularensis WY 96-3418 Cas9 protein (SEQ ID NO:
1D
MNVEILPIATIDLDVENTGVESAFYQKGTSLEKLDNENGKVYELSKDSYTLLMNNRTARRHQRRGIDRRKQLVKRLEFKL
VWITEQLNLEWDKDTQOAISEFLENRRGESFITDGYSTEYLNIVPEQVEKATIMDIFDDYNGEDDLDSY LELATEQRESKT
SEIYNKIMOKILEFKLRRKLCTDIKDDKVSTKTLKEITSYEFELLADYLANYSESLKIQKESYTDKOQGNLKELSYYHH
DRKYNIQEFLERHATINDEILDTLLTDDFDIWNENFEKFDEFDKNEEKLONQEDKDHTQAHLHHEFVEAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGYLKNFCENLHNKKYSNLSVENLVNLYVGNLSNLELKPLREYFNDKITHARKADHWDE
ORFTETYCHWILGEWRVGVKDODKKDGAKY SYKDLCNELKQRKVTRKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPRKFLDNQYPNWOOYLOELKKLOSIODYLDSFETDLEKDLKSSKDOPYEVEYKS SNQOMASGORDYKDLDARTILO
FIFDRVEASDELLINEIYFQAKKLKQRASSELEKLESSKKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNQLLSSVEEWFQQ
AQRVGEISKSODEQIFEWLKSFRKIASYCRKAAVEMOKOYRGTLEKNAIQTATIFROSENINKNKNEKNTGNQOOALSENSK
DVKSLTADEKKLLKLIENIAKASQKIGESLGLNDKQIKKENSIYSFAQIQOQIAFAERKGNANTCAVCSADNAHRMQO
IKITELVEDNKDNITLSAKAQRLPAIPTRIVDGAVEKEKMAT I LAKNIVDDNWONIKQVLSAKHQLHI PIITESNAFEE
EPALADVKGKSLEKDRREKKALERISPENIFKDKNNRIKEFAKGISAYSGANLTDGDFPGAKEELDHI IPRSHKKYGTL
NDEANLICVTRDDNENIFAIDTSKWEEIETPSDLRDIGVATIOYKIDNNSRPKVRVELDYVIDDDSKINYFMNHSLL
KSRYPDRKVLEILKQSTIIEFESSGENKTIKEMLGMT LAGIYNETSNN

3). Amino acid sequence of Francisella tularensis subsp. tularensis MA00-2987 Cas9 protein (SEQ 1D NO:
12
Mﬁ;KILPIAIDLDVKNTGVFSAFYQKGTSLEKLDNKNGKVYELSKDSYTLLMNNRTARRHKRRGIDRKQLVKRLFKL
VWIEQLNLEWDKDTQOAISEFLEFNRRGESEFITDGYSTEYLNIVPEQVEATILMDI FDDYNGEDDLDSY LKLATEQRESKT
SEIYNKIMOKILEFKLRKLCTDIKDDKVSTKTLKEITSYEFELLADYLANYSESLKTOKESYTDKOQGNLKELSYYHH
DKYNIQEFLKRHATINDEILGTLLTDDFDIWNENFEREFDEFDKNEEKLONQEDKDHTQAHLHHEVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGYLENFCENLHNKKYSNLSVENLVNLVGNLSNLELKPLRKYEFNDKIHAKADHWDE
ORFTETYCHWILGEWRVGVEDODKKDGAKY SYKDLCNELKOQRKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPRKFLDNQYPNWOOYLOELKKLOSIQDYLDSFETDLKDLKSSKDOPYEVEYKS SNQOMASGORDYKDLDARILO
FIFDRVEKASDELLINEIYFQAKKLKOKASSELERLESSKRKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNOQLLSSVEEWEQQ
AQRVGEISKSODEQIFEWLKSFRKIASYCRAAVEMOKOQYRGTLKNATIQTATIFROSENINKNENTGNQQOALSENSKDYV
KSLTADEKKLLKLIENIAKASQKIGESLGLNDKQIKKENSIYSFAQIQOTAFAKRKGNANTCAVCSADNAHRMQOTK
ITELVEDNEKDNIILSAKAQRLPAIPTRIVDGAVEKMATI LAKNIVDDNWONIKOVLSAKHQLHIPIITESNAFEFEP
ALADVKGEKSLKDRRKKALERISPENI FKDKNNRIKEFAKGISAYSGANLTDGDEFDGAKEELDHITPRSHKKYGTLND
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EANLICVTRDDNKNIFAIDTSKWEFEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYFMNHSLLKS
RYPDRVLEILRKOSTIITEFESSGENKTIKEMLGMTLAGIYNETSNN

). Amino acid sequence of Francisella tularensis subsp. tularensis strain FSC 198 Cas9 protein (SEQ 1D NO:
13)
MNVEILPIATDLDVENTGVESAFYQKGTSLEKLDNENGKVYELSKDSYTLLMNNRTARRHKRRGIDREQLVKRLEKL
VWITEQLNLEWDKDTQOQAISFLENRRGESFITDGYSTEYLNIVPEQVKAILMDIEFDDYNGEDDLDSYLKLATEQESKT
SEIYNKILMOKILEFKLRKLCTDIKDDKVSTKTLRKEITSYEFELLADYLANYSESLKTOKESYTDKOQGNLKELSYYHH
DKYNIQEFLEKRHATINDEILGTLLTDDFDIWNENFEKFDEDKNEEKLONQEDKDHTQAHLHHEVEVVNKIKSEMASG
GRHRSQOYFQEITNVLDENNHOQEGYLKNFCENLHNKKYSNLSVENLVNLVGNLSNLELKPLRKYFNDKITHAKADHWDE
QORFTETYCHWILGEWRVGVEDODKKDGAKY SYKDLCNELKQRKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPKFLDNQYPNWOOYLOELKKLOSIQDYLDSFETDLKDLKSSKDQPYEFVEYKS SNQOMASGORDYKDLDARILO
FIFDRVEASDELLLNEIYFQAKKLKQKASSELERKLESSKEKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
ORORARDSRLY IMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYOQLLNDLAGVLOVSRNQLLSSVEEWEQQ
AQRVGEISKSODEQIFEWLKSFRIASYCRKAAVEMOKOYRGTLENAIQTATFROSENINKNEKNTGNQQOALSENSKDY
KSLTADEKKLLEKLIENIARKASOKIGESLGLNDKQIKKENSIYSFAQIQQIAFAKRKGNANTCAVCSADNAHRMOOIK
ITELVEDNEDNITILSAKAQRLPAIPTRIVDGAVEKKMATI LAKNIVDDNWONIKOQVLSAKHOLHIPIITESNAFEFEP
ALADVKGKSLEDRRKKALERISPENI FKDKNNRIKEFAKGISAYSGANLTDGDFDGAKEELDHITPRSHKKYGTLND
EANLICVTRDDNENIFAIDTSKWEEIETPSDLRDIGVATIQYRIDNNSRPKVRVKLDYVIDDDSKINYFMNHS LLKS
RYPDKVLEILKOSTIITEFESSGENKTIKEMLGMTLAGIYNETSNN

S). Amino acid sequence of Sutterella wadsworthensis CAG:135 Cas9 protein (SEQ ID NO: 14)
MRPISMEDRGWEPDREFKKTLVRAFKEFFHPAKDONKOQHLELIKQIENSEDITETLCTLDPNRTIPPYEDONNRRPPLD
OTLLLSPEKLTROYGEIWKTWSARLTSDEPTLAPAAETILERSTDRKSRVAVNGHEPQPTLAYQLSYATLQRAFDRSKA
LDPYALRALAAGSKSNEKLTSARTALENCIGGONVEKFLDCARRYYREADDAKVGLWEDNAEGLLERSDLHPPMKKKT
LPLILVANILOQTDETTGOKFLDEIWRKQIKGRETVASRCARIETVRKSEFGGGENIAYNTAQYREVNKLPRNAQDKELL
ITIRDRVAETADFIAANLGLSDEQKRKFANPEFSLAQFYTLIETEVSGESATTLAVHLENAWRMT TKDAVINGETVRAA
QCSRLPAETARPFDGLVRRLVDROQAWEIAKRASTDIQSKVDESNGIVDVSITI FVEENKFEFSASVADLKEKNKRVKDEKM
LSEAEKLETRWLNENERIKKASRETCPYTGDRLARGGEIDHILPRSLIKDARGIVENAEPNLIYASSRGNQLKKNQR
YSLSKLDPDYLNKVEKTSNIAATITAETEDVVTKLOQTHRLKEFFDLLNEHEQDCVRHALF LDDGSEARNAVLELLATQ
RRTRVNGTQIWMIKSLANKIREELODWCRTTNNRLHFOQAAATDVSTAKNLRLKLAQNOPNFEKPDIQPTASHSIDAL
CSFAVGSADAERDQDGEFDYLDGKAVLGLYPOSCEVIRLOAKPOEEKSHEDSVATIFKEGIYAEQFLPIFTINGRIWIG
YETLDSKGERCGAIEVSGKKPEELLSMIAPFFNKPVGDLSAHATYRIQKKPAYEFLAKAATLQPLSAEFKRLAATLDA
LRYCTSRKSLKSEFFMAANGKS LKKREDLLKPKLEFQLEVELKGEKAFKINGSLTLPMKODWLRICNSPELADAFGNPC
SADELTSKLAQIWKRPVMRDLAHAPVRREFSLPVIDNPSGGFRIRRTNLEFGNELYQVHAINAKKYRGEFASADSNVDW
ANGILENELQHENLTECCGREFITSADVTPMSEWRKVVTEDNLRIWIAPGTEGRRYVRVETTEFIQASHWEFEQSVENWA
ITSPLSLPASFRVDRKPAEFQKAVGTELSELLGOPRSEIFIESVGNAKHIRFWY IVVSSNKKMNESYNNASKS

6). Amino acid sequence of Francisella tularensis subsp. tularensis 831 Cas9 protein (SEQ ID NO: 15)
MNVEILPIAIDLDVENTGVESAFYQKGTSLEKLDNEKNGKVYELSKDSYTLLMNNRTARRHQRRGIDREQLVEKRLEKL
VWTEQLNLEWDKDTQOAISFLEFNRRGESFITDGYSTEYLNIVPEQVEKATLMDI FDDYNGEDDLDSYLKLATEQRESKT
SEIYNKIMOKILEFRKLRKLCTDIKDDRKVSTKTLKEITSYEFELLADYLANYSESLKIQKESYTDKQGNLEKELSYYHH
DKYNIQEFLKRHATINDEILDTLLTDDFDIWNENFEKFDEDKNEERKLONQEDKDHTQAHLHHFVEFAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHOEGYLKNFCENLHNKKYSNLSVENLVNLYVGNLSNLELEKPLREYEFNDKIHAKADHWDE
QKEFTETYCHWILGEWRVGVEDQDKKDGARKY SYKDLCNELKQRVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPKFLDNQYPNWOOYLOELKKLOSIODYLDSFETDLKDLKSSKDOPYEFVEYKS SNQOMASGORDYKDLDARTI LY
FIFDRVKASDELLINEIYFQAKKLKOKASSELERLESSKELDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QORORARDSRLY IMPEYRYDKKLDEKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNQLLS SVEEWEQQ
AQRVGEISKSODEQIFEWLKSFRIASYCKAAVEMORKOYRGTLKNATQTATFROSENINKNKNKNTGNQQOALSENSK
DVKSLTAPEKKLLKLIENIAKASQRKIGESLGLNDKQIKKENSIYSFAQIQOQIAFAERKGNANTCAVCSADNAHRMOQ
ITKITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVKEMATI LAKNIVDDNWONIKQVLSAKHQLHIPIITESNAFEE
EPALADVKGKSLEDRREKKALERISPENIFKDENNRIKEFAKGI SAYSGANLTDGDFDGAKEELDHIITPRSHKKYGTL
NDEANLICVTRDDNENIFATIDTSKWEEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYFMNHSLL
KSRYPDRVLEILKQSTIIEFESSGENKTIKEMLGMT LAGIYNETSNN

. Amino acid sequence of Legionella pneumophila subsp. pneumophila strain ATCC 43703 Cas9 protein
(SEQ ID NO: 16).
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MESSQILSPIGIDLGGKETGVCLSHLEAFAELPNHANTKYSVILIDHNNFQLSQAQRRATRHRVRNKKRNQEVKRVA
LOLFOHILSRDINAKEETALCHY LNNRGYTYVDTDLDEY IRKDETTINLLKELLPSESEHNFIDWELOKMOSSEFRK T
LVSKVEEKKDDKELKNAVENIKNFITGEFEKNSVEGHRHRKVYFENI KSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPKOFDEQTEFGNEF LRMLKNFRHLKGSQESLAVRNLIQOLEQSODYISTILEKTPPEITIPPYEAR
TNTGMEKDQS LLLNPEKILNNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKOQDEKRDSYILORYLDLNK
KIDKEFKIKKOLSEFLGOGRKKLPANLIETOQKEMETHENSLLVSVLIQIASAYNKEREDAAQGIWEDNAFRLCELSNINP
PRKOKILPLLVGAILSEDFINNKDKWAKEFKNEFWNTHKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSQALIYHNPEFSLSQLYTI LETKRDGEFHKNCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPEFDGVLARMMORLAYEIAMARKWEQIKHIPDNSSLLIPIYLEONRFEFEESEFKKIKGGSSDKTLEQAT
EKONIQWEEKFQRIINASMNICPYKGASIGGOGEIDHIYPRSLSKKHEGVIENSEANLIYCSSQGNREKKEEHYLLE
HLSPLYLKHOEFGTDNVSDIRKNEFISONVANIKKYISFHLLTPEQQRKAARHALEFLDYDDEAFKTITKELMSQOKARVNG
TORKFLGKQIMEFLSTLADSKOLOLEFSIKQITAEEVHDHRELLSKQEPKLVKSQQOSEFPSHAIDATLTMSIGLKEERP
QFSOELDNSWEINHLMPDEVHLNPVRSKEKYNKPNISSTPLEKDSLYAERFIPVWVRKGETFAIGESEKDLEEIKPSN
KEKLFTLLKTYSTENPGESLOELOAKSKAKWLY FPINKTLALEFLHHYFHKEIVITPDDTTVCHEFINSLRYYTKKEST
TVKILKEPMPVLSVREFESSKKNVLGSFKHT IALPATKDWERLEFNHPNELALKANPAPNPKEENEFIRKYEFLSDNNEN
SDIPNNGHNIKPOKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKOEVLIMDA
YRTRNLSTIDGINNSEGOAYATEFDNWLTLPVSTFKPEI IKLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKPSDS
IDDPLNMPNEIVCEKNRKLEFGNELKPRDGEMKIVSTGKIVIYEFESDSTPOWIQTLYVTOLEKKQP

8). Amino acid sequence of Legionella pneumophila strain Ymg289 Cas9 protein (SEQ ID NO: 17).
MESSCILSPIGIDLGGKETGVCLSHLEAFARLPNHANTKYSVILIDHNNEFQLSQAQRRATRHRVRNKKRNOEFVKRVA
LOLFOHILSRDINAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNFIDWELOEMQSSEFRKT
LVSKVERKKDDKELKNAVEKNIKNFITGEFERNSVEGHRHRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLAKNPROFDEQTEFGNEF LRMLKNFRHLKGSQESLAVRNLIQOLEQSODYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPERKINNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKODEKRDSYILORYLDLNK
KIDKEFKIKKOLSEFLGOGKOLPANLIETQRKEMETHENSSLVSVLIQIASAYNKEREDAAQGIWEDNAFSLCELSNINP
PRKORILPLLVGAILSEDFINNKDKWAKEKIFWNTHRKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSQALIYHNPEFSLSQLYTILETKRDGEFHENCVAVTCENYWRSQKTEIDPELISY
ASRLPADSVRPEFDGVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEQONRFEFEESFKKIKGSSSDKTLEQAT
EKONIQWEERKEFORIINASMNICPYKGASIGGQGEIDHIYPRSLEKKHEGVIENSEVNLIYCSSQGNREKKEEHYLLE
HLSPLYLKHQFGTDNVSDIKNEISONVANIKKY ISFHLLTPEQOQKAARHALFLDYDDEAFKTITKELMSQOKARVNG
TOKFLGKOQIMEFLSTLADSKOLOLEFSIKQITAEEVHDHRELLSKQEPKLVKSROOSEFPSHAIDATLTMSIGLKEERP
QFSQELDNSWEINHLMPDEVHLNPVRSKEKYNKPNISSTPLEKDSLYAERFIPVWVRKGETFAIGESEKDLEFEIKPSN
KEKLFTLLKTYSTRNPGESLOELOAKSKAKWLY FPINKT LALEFLHHYFHKEIVTPDDTTVCHEINSLRYYTKKES L
TVKILKEPMPVLSVEFESSKKNVLGSFRKHTIALPATKDWERLFNHPNEFLALKANPAPNPKEENEFIRKYEFLSDNNEPN
SDIPNNGHNIKPOKHKAVRRKVESLPVIPGNAGTMMRIRRKDNKGOQPLYQLOTIDDTPSMGIQINEDRLVKQEVLMDA
YKTRNLSTIDGINNSEGOAYATEDNWLTLPVSTFKPEI IKLEMKPHSKTRRYIRITOQSLADEFIKTIDEALMIKESDS
IDDPLNMPNEIVCKNKLEGNELKPRDGKMKIVSTGKIVITYEFESDSTPOWIQTLYVTOLKKQP

). Amino acid sequence of Francisella tularensis subsp. novicida D9876 Cas9 protein (SEQ ID NO: 18).

MNEFKILPIAIDLGVENTGVESAFYQOKGTSLERLDNKNGKVYELSKDSYTLLMNNRTARRHQRRGIDREKQLVKKLEFKL
IWTEQLNLEWDKDTQQALISFLENRRGESEFITDGYSPEYLNIVPEQVRKATI LMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKIMOKILEFKLRRKLCTDIKDDRKVSTKTLKEITSYEFELLADYLANY SESLKTOKESYTDRKOGNLRKELSYYHH
DRKYNIQEFLKRHATINDEILDTLLTDDLDIWNENFEKEDFDEKNERKLONOEDKDHTQAHLHHEVEAVNKIKSEMASG
GRHRGOYFPOQEITNVLDENNHOEGYLKNFCENLHNKKYSNLSVENLVNLIGNLSNLELKPLRKYFNDKIHAKADHWDE
QKFTETYCHWI LGEWRVGLKDODKKEGAKYSYKDLCNELKQKVINAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPKEFLDNQYPNWOOYLOELKKLOIIQODYLESFETDLKVLKSSKDOQPYEFVEYRKSSNOQIASGORDYKDLDART LO
FIFDRVKASDELLLNEIYFOQAKKLKOKASSELEKLESSKKLDEVIANSQLSKI LKSOHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGVLOVSPNFLKDKIGSDDDL
FISKWLVEHIRGFREACEDSLKIQKDNRGLLNHKINIARNTKGKCEREIFNLICKIEGSEDKKGNY KHGLAYELGVL
LEGEPNEASKPEFDRKIKKENSIYSFAQIQOIAFAERKGNANTCAVCSADNAHRMOQIKITEPVEDNKDKIILSAKA
QRLPAIPTRIVDGAVKEMAT I LAKNIVDDNWONIKQVLSAKHOLHIPIITESNAFEFEPALADVKGKSLKDRRKKAL
ERISPENIFKDKNNRIKEFAKGISAYSGANLTDGDEDGAKEELDHITPRSHKKYGTLNDEANLICVTRDDNEKNKGNR
IFCLHDLANNYRKLKOQFETTDDLEIEKKIADT IWDASKKDEKFGNYRSEFINLTPOEOKAFRHALFLADENPIKQAVIR
AINNRNRTEVNGTORY FAEVLANNIYLRAKKENLNTDKISFDYFGIPTIGNGRGIAEIRQLYERKVDSDIOVYAKGDK
POASYSHLIDAMLAFCIAADEHRNDGS IGLEIDKNY SLYPLDENTGEVETKDIFSQIKITDNEFSDKKLVRKEATEG
FNTHROMTIRDGIYAENYLPILIHKELDEVRRKGYTWENSEELIKIFKGKKYDIQQLNNLLYCLKEVDKPISIDIQISTL
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EELRNILTTNNIAATAEYYYINLKTQKLHEYYIENYNTALGYKKYTKEMEFLRSLAYRSERVKIKS IDDVKQVLDKD
SNETIGKITLPEFKKEWORLYREWONTTIKDDYEFLKSEFENVKS ITKLHKKVREDES LPI STNEGKELVEKRKTWDNNE
IYQILNDSDSRVDGTKPEFIPAFDISKNEIVEATIIDSEFTSKNIEFWLPKNIELOKVDNKNIFAIDTSKWEEVETPSDLR
DIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYFTNHSLLKSRYPDKVLEILKOSTITIEFESSGENKTIKEMLGM
TLAGIYNETSNN

(16).  Amino acid sequence of Legionella pneumophila strain Leg01/11 Cas9 protein (SEQ ID NO: 19).
MESSQILSPIGIDLGGKETGVCLSHLEAFAELPNHANTKYSVILIDHNNFQLSOQACRRATRHRVRNKKRNQEVKRVA
LOLFOHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNFIDWEFLOKMOQSSEFRKT
LVSKVEEKKDDKELKNAVENIKNFITGEFERNSVEGHRHRKVY FENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPROEFDEQTEFGNEFLRMLENFRHLKGSQESLAVRNLIQQLEQSODY ISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKLNNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRERIISPSKQDEKRDSYILORYLDLNK
KIDKFKIKKQLSFLGOGROLPANLIETOKEMETHENSSLVSVLIQIASAYNKEREDAAQGIWEDNAFSLCELSNINP
PRKOKILPLLVGAILSEDF INNKDKWAKEKI FWNTHRKIGRTSLEKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIOSHLGHNDSQALIYHNPFSLSQLYTI LETKRDGEFHEKNCVAVTCENYWRSOKTEIDPEISY
ASRLPADSVRPFDGVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEONREFEFEESFKKIKGSSSDKTLEQAT
ERKONIQWEERKFOQRIINASMNICPYKGASIGGQGEIDHIYPRSLSKKHEGVIENSEVNLIYCSSQGNREKKEEHYLLE
HLSPLYLKHQEFGTDNVSDIKNEFISONVANIKKY ISFHLLTPEQOQKAARHALFLDYDDEAFKTITKELMSQOKARVNG
TOKFLGKOIMEFLSTLADSKQLOLEFSIKQITAEEVHDHRELLSKOEPKLVKSROOSFPSHAIDATLTMSIGLKERP
QESOELDNSWEINHLMPDEVHLNPVRSKEKYNKENISSTPLEKDSLYAERFIPVWVRKGETFAIGESEKDLEEIKPSN
REKLFTLLKTYSTENPGESLOELOQAKSKARKWLYFPINKTLALEFLHHYFHKEIVTPDDTTVCHFINSLRYYTKKEST
TVRKILKEPMPVLSVEFESSKEKNVLGS FKHTIALPATKDWERLENHPNEFLALKANPAPNPKEENEFIRKYEFLSDNNEN
SDIPNNGHNIKPOKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGQPLYQLOTIDDTPSMGIQINEDRLVKQEVIMDA
YRTRNLSTIDGINNSEGOAYATEDNWLTLPVSTFKPEIIKLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKESDS
IDDPLNMPNEIVCENKLEGNELKPRDGKMKIVSTGKIVTYEFESDSTPOWIQTLYVTQLEKKQP

(11).  Amino acid sequence of Legionella pneumophila strain 121004 Cas9 protein (SEQ ID NO: 20).
MESSOILSPIGIDLGGKETGVCLSHLEAFARLPNHANTKYSVILIDHNNEFQLSQAQRRATRHRVRNKKRNOEVERVA
LOLFOQHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNFIDWELOKMOSSEFRK T
LVSKVEEKKDDKELKNAVENIKNFITGEFERNSVEGHRHRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLAKNPROFDEQTEFGNEF LRMLENFRHLKGSQESLAVRNLIQOLEQSODYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKLNNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKOQDEKRDSYILORYLDLNK
KIDKEFKIKKQLSFLGQGRKOLPANLIETORKEMETHFNSSLVSVLIQIASAYNKEREDAAQGIWEDNAFSLCELSNINP
PRKOKILPLLVGAILSEDFINNKDKWAKEFKIFWNTHRKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSQALIYHNPEFSLSQLYTI LETKRDGEFHENCVAVTCENYWRSQRKTEIDPEISY
ASRLPADSVRPEFDGVLARMMORLAYEIAMARKWEQIKHIPDNSSLLIPIYLEQONRFEFEESEFKKIKGSSSDRKTLEQAT
EKONIQWEEKFORIINASMNICPYKGASIGGOGEIDHIYPRSLSKKHEGVIENSEVNLIYCSSOGNREKKEEHYLLE
HLSPLYLKHQFGTDNVSDIKNEFISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTITKFLMSQOKARVNG
TORFLGKOIMEFLSTLADSKOLOLEFSIKOITAEEVHDHRELLSKOEPKLVKSROOSFPSHAIDATLTMS IGLKEEFP
OFSOELDNSWEINHLMPDEVHINPVRSKEKYNKEPNISSTPLEKDSLYAERFIPVWVKGETFAIGESEKDLEEIKPSN
KEKLFTLLKTYSTKNPGESLOELOAKSKAKWLYFPINKT LALEFLHHYFHRKEIVTPDDTTVCHEINSLRYYTKKES T
TVKILKEPMPVLSVREESSKENVLGSFRKHTIALPATKDWERLFNHPNFLALKANPAPNPREFNEFTRKYFLSDNNPN
SDIPNNGHNIKPOKHKAVREVESLPVIPGNAGTMMRIRRKDNKGOPLYOLOTIDDTPSMGIQINEDRLVKOEVILMDA
YKTRNLSTIDGINNSEGOCAYATEDNWLTLPVSTFKPEI I KLEMKPHSKTRRYIRITOSLADEFIKTIDEALMIKPSDS
IDDPLNMPNEIVCKNKLEFGNELKPRDGKMKIVSTGKIVIYEFESDSTPOWIQTLYVTQLKKQCP

(12).  Amino acid sequence of Legionella pneumophila serogroup 1 strain TUM 13947 Cas9 protein (SEQ 1D
NO: 21).
MESSQILSPIGIDLGGKETGVCLSHLEAFARLPNHANTKYSVILIDHNNEFQLSQAQRRATRHRVRNKKRNOEVERVA
LOLFOHILSRDINAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNEFIDWEFLORKMOS SEFRKT
LVSKVEEKKDDRELEKNAVENIKNFITGFERNSVEGHRHRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPKOFDEQTEFGNEF LRMLEKNFRHLKGSQESLAVRNLIQQOLEQSODYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKLNNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDREKRIISPSKQDEKRDSYILORYLDLNK
KIDKFKIKKQLSFLGOGRKOLPANLIETORKEMETHENSSLVSVLIQIASAYNKEREDAAQGIWEFDNAFSLCELSNINP
PREKOKILPLLVGAILSEDF INNKDKWAKFKIFWNTHRKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSQALIYHNPEFSLSQLYTI LETKRDGEFHKNCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPFDGVLARMMORLAYEIAMARKWEQI KHIPDNSSLLIPIYLEONRFEFEESFKKIKGSSSDKTLEQAT
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ERKONIQWEEKFQRIINASMNICPYKGASIGGOGEIDHIYPRSLSKKHEGVIFNSEVNLIYCSSQGNREKKEEHYLLE
HLSPLYLKHOQFGTDNVSDIKNFISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTITKFLMSQOKARVNG
TOKFLGKOIMEFLSTLADSKQLOLEFSIKQITAEEVHDHRELLSKOEPKLVESROOQSEFPSHAIDATLTMSIGLKEEP
OFSQELDNSWEINHLMPDEVHLNPVRSKEKYNKEPNISSTPLERKDSLYAERFIPVWVKGETFAIGESEKDLEEIKPSN
KEKLFTLLKTYSTKNPGESLOELOAKSKAKWLYFPINKTLALEFLHHEYFHKEIVIPDDTTVCHEFINSLRYYTKKES T
TVKILKEPMPVLSVRKEFESSKENVLGSFRKHT IALPATKDWERLFNHPNFLALKANPAPNPKEFNEFIRKYFLSDNNPN
SDIPNNGHNIKPOKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKOQEVIMDA
YKTRNLSTIDGINNSEGOAYATEDNWLTLPVSTFKPEIITKLEMKPHSKTRRYIRITOQSLADFIKTIDEALMIKEPSDS
IDDPLNMPNEIVCENKLEGNELKPRDGEMKIVSTGKIVIYEFESDSTPOWIQTLYVTOLKKQP

(13).  Amino acid sequence of Legionella pneumophila serogroup 1 isolate ID120371 Cas9 protein (SEQ ID NO:
22).
MESSQILSPIGIDLGGKETGVCLSHLEAFAELPNHANTKYSVILIDHNNEQLSQAQRRATRHRVRNKKRNQEFVKRVA
LOLFOQHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNFIDWELOKMOSSEFRKT
LVSKVEEKKDDKELENAVENIKNFITGFERNSVEGHRHRKVYFENIKSDITKDNQLDS IKKKIPSVCLSNLLGHLSN
LOWKNLHRYLAKNPRKOEFDEQTEFGNEF LRMLENFRHLKGSQESLAVRNLIQOLEQSODYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKINNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKQDEKRDSY ILORYLDLNK
KIDKFRKIKROLSFLGOGRKKLPANLIETQKEMETHENSLLVSVLIQIASAYNKEREDAAQGIWEDNAFRLCELSNINP
PRKOKILPLLVGAILSEDFINNKDKWAKEFKNFWNTHRIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSQALIYHNPFSLSQLYTI LETKRDGEFHKNCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPFDGVLARMMORLAYEIAMAKWEGIKHIPDNSSLLIPIYLEONRFEFEESFKKIKGGSSDKTLEQAT
EKONIQWEEKFORIINASMNICPYKGASIGGOQGEIDHIYPRSLSKKHEGVIEFNSEANLIYCSSOGNREKKEEHYLLE
HLSPLYLKHQFGTDNVSDIKNEFISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTITKEFLMSQQKARVNG
TOKFLGKOIMEFLSTLADSKOLOLEFSIKQITAEEVHDHRELLSKOQEPKLVKSQOOSEFPSHAIDATLTMSIGLEKEEP
QFSQELDNSWEINHLMPDEVHLNPVRSKEKYNKPNISSTPLEKDS LYAERFIPVWVRKGETFAIGESEKDLEEIKPSN
KEKLFTLLKTYSTRKNPGESLOELCAKSKAKWLY FPINKT LALEFLHHYFHRKEIVTPDDTTVCHEFINSLRYYTKKES T
TVKILKEPMPVLSVKEESSKENVLGS FRKHTIALPATKDWERLENHPNEFLALKANPAPNPKEENEFTRKYFLSDNNEN
SDIPNNGHNIKPOKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKOEVLMDA
YKTRNLSTIDGINNSEGOQAYATEDNWLTLPVSTFKPEI IKLEMKPHSKTRRYIRITQSLADFIKTIDEALMIKEPSDS
IDDPLNMPNEIVCEKNKLEGNELKPRDGEMKIVSTGKIVIYEFESDSTPOWIQTLYVTQLKKQP

(14).  Amino acid sequence of Legionella pneumophila strain Nagoya-1 Cas9 protein (SEQ ID NO: 23).
MESSQILSPIGIDLGGKETGVCLSHLEAFAELPNHANTKYSVILIDHNNEFQLSOQAQRRATRHRVRNKKRNQEVKRVA
LOLFOHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNFIDWELOKMQSSEFRKT
LVSKVEEKKDDKELKNAVENIKNFITGFERKNSVEGHRHRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLAKNPKQEFDEQTEFGNEF LRMLENEFRHALKGSCES LAVRNLIQOLEQSODY ISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKLNNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRITISPSKODERKRDSYILORYLDLNK
KIDKEFKIKKOLSFLGOGKKLPANLIETOQRKEMETHENSLLVSVLIQIASAYNKEREDAAQGIWEDNAFRLCELSNINP
PRKOKILPLLVGAILSEDFINNKDKWAKEFKNEFWNTHRKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSQALIYHNPEFSLSQLYTI LETKRDGEFHKNCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPFDGVLARMMORLAYEIAMARKWEQIKHIPDNSSLLIPIYLEONRFEFEESFRKKIKGGSSDKTLEQAT
EKONIQWEERKFORIINASMNICPYKGASIGGQGEIDHIYPRSLEKKHEGVIEFNSEANLIYCSSOGNREKKEEHYLLE
HLSPLYLKHOFGTDNVSDIKNFISONVANIKKYISFHLLTPEQOKAARHALFLDYDDEAFKTITKEFLMSQOKARVNG
TORFLGKOIMEFLSTLADSKOLOLEFSIKOITAEEVHDHRELLSKQEPKLVKSQOQOSFPSHAIDATLTMSIGLKEEFP
OFSQELDNSWEINHLMPDEVHLINPVRSKEKYNKPNISSTPLEKDSLYAERFIPVWVEKGETFAIGESEKDLEEIKPSN
KEKLFTLLKTYSTKNPGESLOELOAKSKAKWLYFPINKTLALEFLHHYFHRKEIVTPDDTTVCHEFINSLRYYTKKEST
TVKILKEPMPVLSVRKEFESSKENVLGSFKHTIALPATKDWERLFNHPNFLALKANPAPNPKEENEFIRKYFLSDNNEPN
SDIPNNGHNIKPOKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKOEVIMDA
YKTRNLSTIDGINNSEGOAYATEDNWLTLPVSTEFKPEIITKLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKESDS
IDDPLNMPNEIVCKNKLEFGNELKPRDGEKMKIVSTGKIVIYEFESDSTPOWIQTLYVTQLKKQP

(15).  Amino acid sequence of Francisella tularensis subsp. novicida U112 Cas9 protein (SEQ ID NO: 24).

MNFRILPIAIDLGVENTGVESAFYQRKGTSLERLDNKNGKVYELSKDSYTLILMNNRTARRHQRRGI DRKOLVEKRLEFKL
IWTEQLNLEWDKDTOQOATSFLENRRGESFITDGYSPEYLNIVPEQVKATI LMDI FDDYNGEDDLDSY LKLATEQESKT
SEIYNKLMOKILEFKLMKLCTDIKDDKVSTKTLKEITSYEFELLADYLANYSESLKTOKESYTDKQGNLKELSYYHH
DEKYNIQEFLKRHATINDRILDTLLTDDLDIWNENFERKFDEDKNEEKLONQEDKDHIQAHLHHEVEFAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHOQEGYLEKNFCENLHNKKYSNLSVENLYVNLIGNLSNLELKPLRKY FNDKIHAKADHWDE
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QKFTETYCHWILGEWRVGVKDODKKDGAKY SYKDLCNELKQKVITKAGLVDFLLELDPCRTIPPYLDNNNRKFPPKCQS
LILNPKEFLDNQYPNWOOYLOELKKLOSIONYLDSFETDLKVLKSSKDOPYEFVEYRKSSNQOIASGORDYKDLDARILO
FIFDRVEKASDELLLNEIYFOAKKLKOKASSELEKLESSKKLDEVIANSQLSQILKSCHTNGIFEQGTFLHLVCKYYK
ORORARDSRLYIMPEYRYDKKLHKYNNTGREDDDNQLLTYCNHEKPRORKRYQLLNDLAGVLOVSPNFLKDKIGSDDDL
FISKWLVEHIRGFKKACEDS LKIQKDNRGLLNHKINIARNTKGKCEREIFNLICKIEGSEDKKGNY KHGLAYELGVL
LEGEPNEASKPEFDRKIKKENSIYSFAQIQOIAFARRKGNANTCAVCSADNAHRMOQIKITEPVEDNKDRKI ILSAKA
QRLPAIPTRIVDGAVKEKMATILAKNIVDDNWONIKQVLSAKHOLHIPIITESNAFEFEPALADVKGKSLKDRRKKAL
ERISPENIFKDKNNRIKEFAKGISAYSGANLTDGDEFDGAKEELDHI T PRSHKKYGTLNDEANLICVTRGDNKNKGNR
IFCLRDLADNYRKLEQFETTDDLEI EKKIADTIWDANKKDEFRFGNYRSEFINLTPOQEQKAFRHALFLADENPIKQAVIR
AINNRNRTEVNGTQRYFAEVLANNIYLRAKKENLNTDKISFDYFGIPTIGNGRGIAEIRQLYEKVDSDIQAYAKGDK
POASYSHLIDAMLAFCIAADEHRNDGSIGLEIDKNYSLYPLDKNTGEVETKDIFSQIKITDNEFSDKKLVRKEALEG
ENTHROMTRDGIYAENYLPILIHKELNEVRKGYTWEKNSEEIKIFKGKKYDIQQLNNLYVYCLKEVDKPISIDIQISTL
EELRNILTTNNIAATAEYYYINLKTOQKLHEYYIENYNTALGYKKYSKEMEFLRSLAYRSERVKIKSIDDVKOVLDKD
SNEILIGKITLPEFKKEWORLYREWONT TIKDDYEFLKSEFENVKSITKLHKKVRKDESLPI STNEGKELVKRKTWDNNE
IYQILNDSDSRADGTKPFIPAEDISKNEIVEATIIDSEFTSKNIFWLPKNIELOKVDNKNIFAIDTSKWEEVETPSDLR
DIGIATIQYKIDNNSRPRKVRVEKLDYVIDDDSKINYEFMNHSLLKSRYPDRKVLEILKOSTIIEFESSGENKTIKEMLGM
KLAGIYNETSNN

(16).  Amino acid sequence of Francisella tularensis subsp. novicida strain FAT Cas9 protein (SEQ ID NO: 25).
MNVEILPIATDLGVENTGVESAFYOKGTSLERLDNENGKVYELSKDSYTLIMNNRTARRHQRRGIDREQ LVKRLEKL
IWTEQLNLEWDKDTOOATSFLENRRGESFITDGYSPEYLNIVPEQVEATIIMDIFDDYNGEDDLDSYLEKLATEQESKT
SEIYNKLIMOKILEFKLRKLCTDIKDDRKVSTKTLEKEITSYEFELLADYLANYSEILKTOKESYTDKQGNLKELSYYHH
DRKYNIQEFLKRHATINDEILDTLLTDDLDIWNENFEKFDEDKNEEKLONQEDKDHTQAHLHHEVEFAVNKIKSEMASG
GRHRGOYFQEITNVLDENNHQEGYLKNFCENLHNKKYSNLSVENLYVNLIGNLSNLELKPLRKYFNDKIHAKADHWDE
QRFTETYCHWILGEWRVGVKDODKKDGARKYSYKDLCNELKOQKVTKAGLVDEFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPKFLDNQYPNWOOYLOELKKLOSIONYLESFETDLRKVLKSSKDOPYEVEYKS SNOQIASGORDYKDLDARI LY
FIFDRVKASDELLINEIYFQAKKLKORASSELERKLESSKEKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGVLOVSPNFLKDKIGSDDDL
FISKWLVEHIRGFKKACEDSLKIQKDNRGLLNHKINIARNTKGKCEKEI FNLICKIEGSEDKKGNY KHGLAYELGVL
LEGEPNEASKPEFDRKIKKENSIYSFAQIQQIAFAFRKGNANSCAVCSADNAHRMOQIKITEPVEDNKDKIILSAKA
QRLPATPTRIVDGAVKEMATILAKNIVDDNWON TKQVLSAKHQLHIPI ITESNAFEFEPALADVEKGKSIKDRRKEAL
ERISPENIFKDKNNRIKEFAKGISAYSGDNLASGDEFDGAKEELDHITPRSHKKYGTLNDEANLICVTRDDNKNKGNR
TFCLHDLANNYRLKOFETTDDLEIEKKIADTIWDASKKDFKFGNYRSEFINLTPOEQKAFRHALFLADENPIKQAVIR
AINNRNRTEVNGTOQRYFAEVIANNIYLRAKKENLNTDKISFDYFGIPTIGNGRGIAEIRQLYEKVDSDIQAYAKGDK
POASYSHLIDAMLAFCIAADEHRNDGSIGLEIDENYSLYPLDENTGEVETKDIFSQIKITNNEFSDKKLVREKEATEG
FNTHROMTRDGIYAENYLPI LIHKELDEVRKGYTWGNSEELKIHKGKKYDIQQINNLVYCLKEFIDKSISIDIQISTL
EELRNILTTNNIATTAERYYYINLKTOQKLHEYYTENYNTALGYKKYTKEMEFLRSLAYRSERVKIKS IDRDVKQVLDEKD
SNEITIGKITLPFKKEWQRLYREWONTTIKDDYEFLKSEFFNVEKS ITKLHEKKVRKDESLPISTNEGKE LVKRKTWDNNE
IYQILNDSDSRVDGTKPFIPAFDISKENEIVEATIDSFTSENIFWLPKNIELOKVDNKNIFATIDTSKWEFEVETPSDLR
DIGVATIQYKIDNNSRPKVRVELDYVIDDDSKINYEFTNHSLLKSRYPDKVLEILKOSTI IEFESSGENKTIKEMLGM
TLAGIYNETSNN

(17y.  Amino acid sequence of Francisella tularensis subsp. tularensis 80700075 contig_04 Cas9 protein (SEQ
ID NO: 26).
MNVEILPIAIDLDVENTGVESAFYQKGTSLEKLDNEKNGKVYELSKDSYTLLMNNRTARRHKRRGIDREKQLVKRLEKL
VWIEQLNLEWDKDTQOAISEFLEFNRRGESEFITDGYSTEYLNIVPEQVRATIMDIFDDYNGEDDLDSY LKLATEQRESKT
SEIYNKLIMOKILEFKLRELCTDIKDDRVSTKTLKEITSYEFELLADYLANYSESLKTOKESYTDKOQGNLKELSYYHH
DRYNIQEFLKRHATINDEILGTLLTDDFDIWNENFEKFDFDENEEKLONQEDKDHTQAHLHHEVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGYLKNFCENLHNKKYSNLSVENLVNLYVGNLSNLELKPLRKY FNDKIHAKADHWDE
QOREFTETYCHWILGEWRVGVEDODKKDGARKY SYKDLCNELKOQRKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCOS
LILNPKFLDNQYPNWOOQYLOELKKLOSIQDYLDSFETDLKDLKSSKDOPYEVEYKSSNOQOMASGORDYKDLDARILO
FIFDRVEASDELLINEIYFQAKKLKOQKASSELEKLESSKEKLDEVIANSQLSQILEKSQHTNGIFEQGTFLHLVCKYYK
ORORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNQLLSSVEEWEQQ
AQRVGEISKSODEQIFEWLKSFKIASYCKAAVEMOKOQYRGTLENAIQTATIFROSENINKNKNTGNQQOALSENSKDY
KSLTADEKKLLKLIENIAKASOKIGESLGLNDRQIKKENSIYSFAQIQOTAFAKRKGNANTCAVCSADNAHRMOQIK
ITELVEDNEDNIILSAKAQRLPAIPTRIVDGAVEKKMATI LAKNIVDDNWONIKOQVLSAKHQLHIPI ITESNAFEFEP
ALADVKGKSLEKDRRKKALERISPENI FKDKNNRIKEFAKGISAYSGANLTDGDFDGAKEELDHITPRSHKKYGTLND
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EANLICVTRDDNKNIFAIDTSKWEFEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYFMNHSLLKS
RYPDRVLEILRKOSTIITEFESSGENKTIKEMLGMTLAGIYNETSNN

(18).  Amino acid sequence of Francisella tularensis subsp. holarctica LVS Cas9 protein (SEQ ID NO: 27).
MNVEILPIAIDLDVENTGVESAFYQKGTSLEKLDNKNGKVYELSKDSYTLIMNNRTAQRHQRRGIDRKOQLVKRLEKL
VWTEQLNLEWDKDTQOAISEFLENRRGESFITDGYSTEYLNIVPEQVEATIMDI FDDYNGEDDLDSY LKLATEQESKT
SEIYNKLMOKILEFKLRKLCTDIKDDRKVSTKTLKEITSYEFELLADYLANYSESLKTQRESYTDERQGNLKELSYYHH
DKYNIQEFLKRHATINDEILDTLLTDDFDIWNENFEKFDEFDKNEERKLOSQEDKDHTQAY FHHEVFAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHOQEGY LENFCENLHNKKYSNLSVENLYVNLVGNLSNLELKPLREYFNDKNLITGMSKSL
OKLIATGY

(19).  Amino acid sequence of Legionella pneumophila strain Leg01/53 Cas9 protein (SEQ ID NO: 28).
METHENSSLVSVLIQIASAYNKEREDAAQGIWEDNAFSLCELSNINPPRKOKI LPLLVGAILSEDEINNKDKWAKEK
IFWNTHKIGRTSLKSKCREIEEARKNSGNAFKIDYEEALNHPEHSNNRKALIKIIQTIPDITQATIOSHLGHNDSQALT
YHNPESLSQLYTILETKRDGEFHENCVAVTCENYWRSQKTEIDPEISYASRLPADSVRPEDGVLARMMORLAYETAMA
KWEQIKHIPDNSSLLIPIYLEONRFEFEESFRRKIKGSSSDKTLEQATIEKONIQWEEKFQRIINASMNICPYKGASIG
GOGEIDHIYPRSLSKKHFGVIEFNSEVNLIYCSSQGNREKKEEHY LLEHLSPLY LKHOFGTDNVSDIRKNEISONVANT
KKYISFHLLTPEQOKAARHALFLDYDDEAFKT I TKELMSQOKARVNGTORKEFLGKOIMEFLSTLADSKQLOLEFSTIKQO
ITAEEVHDHRELLSKQEPKLVKSROOSEFPSHAIDATLTMSIGLKEFPOFSOELDNSWEINHLMPDEVHLNPVRSKEK
YNKPNISSTPLERKDSLYAERFIPVWVKGETFAIGESERDLFEIKPSNKEKLETLLKTYSTEKNPGES LOQELOAKSKAK
WLYFPINKTLALEFLHHYFHKEIVTPDDTTVCHEINSLRYYTKKESITVKILKEPMPVLSVKEESSKENVLGSFKHT
IALPATKDWERLFNHPNFLALKANPAPNPKEFNEFIRKYFLSDNNPNSDIPNNGHNI KPOKHKAVRKVESLPVIPGN
AGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKOEVIMDAYKTRNLSTI DGINNSEGOAYATFDNWLTLP
VSTPFRPEIIKLEMKPHSKTRRYIRITOSLADFIKTIDEAIMIKPSDSIDDPLNMPNEIVCKNKLEFGNELKPRDGKMEK
IVSTGKIVTYEFESDSTPOWIQTLYVITQOLKKOP

(20).  Amino acid sequence of Francisella tularensis subsp. novicida GA99-3548 Cas9 protein (SEQ ID NO: 29).
MNFEILPIAIDLGVENTGVESAFYQKGTSLERLDNKNGKVYELSKDSYTLLMNNRTARRHQRRGIDREKQLVKKLEKL
IWTEQLNLEWDKDTOQQATSFLENRRGEFSFITDGYSPEYLNIVPEQVKATIMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKLMOKILEFKLRRKLCTDIKDDRVSTKTLRKEITSYEFELLADYLANYSESLKTORKESYTDKQGNLKELSYYHH
DKYNIQEFLKRHATINDEILDTLLTDDLDIWNENFEKFDEDKNEEKLONQEDKDHTQAHLHHEVEFAVNKIKSEMASG
GRHRGOYFQEITNVLDENNHOQEGYLENFCENLHNKKYSNLSVENLVNLIGNLSNLELKPLREKYFNDKIHAKADHWDE
QRETETYCHWILGEWRVGLKDODKKEGAKYSYKDLCNELKQRKVTNAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPRKFLDNQYPNWOOYLOELKKLOITQDYLESFETDLEVLEKSSKDOPYEFVEYRKS SNQQIASGORDYKDLDARILO
FIFDRVEASDELLINEIYFQAKKLKOKASSELEKLESSKEKLDEVIANSOLSKILKSQHTNGIFEQGTFLHLVCKYYK
QORORARDSRLY IMPEYRYDKKLDKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGV LOQVSPNFLKDKIGSDDDL
FISKWLVEHIRGFKEKACEDSLKIQKDNRGLLNHKINIARNTKGKCEKEI FNLICKIEGSEDKKGNY KHGLAYELGVL
LEGEPNEASKPEFDREIKKENSIYSFAQIQQIAFAERRKGNANTCAVCSADNAHRMOQIKITEPVEDNKDKITILSAKA
QRLPATIPTRIVDGAVKEMAT I LAKNIVDDNWON TKQVLSAKHQLHIPIITESNAFEFEPALADVKGKSLKDRRKKAL
ERISPENIFKDENNRIKEFAKGISAYSGANLTDGDEDGAKEELDHITPRSHKKYGTLNDEANLICVTRDDNENKGNR
ITFCLHDLANNYRLKOFETTDDLEIEKKIADTIWDASKKDFKEGNYRSEFINLTPOQEQKAFRHALFLADENPIKOAVIR
AINNRNRTEVNGTORYFAEVILANNIYLRAKKENLNTDKISFDYFGIPTIGNGRGIAEIRQLYERKVDSDIQVYAKGDK
POASYSHLIDAMLAFCIAADEHRNDGSIGLEIDENYSLYPLDENTGEVETKDIFSQIKITDNEFSDKEKLVRKEKATEG
FNTHROMTRDGIYAENYLPILIHKELDEVREKGYTWENSEEIKIFKGKKYDIQQINNLLYCLKEFVDKPISIDIQISTL
EELRNILTTNNIAATAEYYYINLKTOQKLHEYYIENYNTALGYRKYTKEMEFLRSLAYRSERVKIKS IDDVKQVLDKD
SNEITIGKITLPFKKEWQRLYREWONTTIKDDYEFLKSEFFNVKS ITKLHKKVRKDESLPISTNEGKFLVKRKTWDNNE
IYQILNDSDSRVDGTKPEFIPAFDISKNEIVEATIDSEFTSKNIFWLPEKNIELOKVDNKNIFAIDTSKWEFEVETPSDLR
DIGVATIQYKIDNNSRPKVRVELDYVIDDDSKINYFTNHSLLKSRYPDKVLEILKQSTI IEFESSGENKTIKEMLGM
TLAGIYNETSNN

(21).  Amino acid sequence of Legionella pneumophila strain ATCC35289% Cas9 protein (SEQ ID NO: 30).

MESSQILSPIGIDLGGRETGVCLSHLEAFAELPNHANTKYSVILIDHNNFQLSOQAQRRATRHRVRNKKRNOEVERVA
LOLFOHILSRDINARKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNFIDWELOKMOSSEFRKT
LVSKVEEKKDDKELKNAVKN IKNFITGFERKNSVEGHRHRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPROFDEQTEFGNEF LRMLKNFRELKGSQESLAVRNLIQQLEQSODYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPERKLNNLYPNWRNLI PGIIDAHPFLEKDLEHTKLRDRKRIISPSKQDEKRDSYILORYLDLNK
KIDKFKIKKQLSEFLGOGROQLPANLIETOKEMETHENSSLVSVLIQIASAYNKEREDAAQGIWEDNAFSLCELSNINP
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PRKOKILPLLVGAILSEDFINNKDKWAKEFKIFWNTHKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDITOQAIQSHLGHNDSQCALIYHNPEFSLSQLYTILETKRDGEFHENCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPEDGVLARMMOQRLAYE IAMAKWEQIKHIPDNSSLLIPIYLEONRFEFEESFKKIKGSSSDKTLEQAT
EKONIQWEEKFORIINASMNICPYKGASIGGQGEIDHIYPRSLSKKHEFGVIENSEVNLIYCSSQGNREKKEEHYLLE
HLSPLYLKHOFGTDNVSDIKNEFISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTITKFLMSQQKARVNG
TORKFLGKOQIMEFLSTLADSKOLOLEFSIKQITAREVHDHRELLSKQEPKLVKSROOSEFPSHAIDATLTMSIGLKERP
QFSOELDNSWEINHLMPDEVHLNPVRSKEKYNKPNISSTPLERKDSLYAERFIPVWVRGETFAIGESEKDLEEIKPSN
KEKLFTLLKTYSTRNPGESLOELOAKSKAKWLYFPINKTLALEFLHHYFHRKEIVTPDDTTVCHEFINSLRYYTKKES T
TVKILKEPMPVLSVKEESSKKNVLGSFRHT IALPATKDWERLFNHPNEFLALKANPAPNPRKEENEFIRKYFLSDNNEPN
SDIPNNGHNIKPORKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKQEVIMDA
YKTRNLSTIDGINNSEGOAYATEFDNWLTLPVSTFKPEI IKLEMKPHSKTRRYIRITOSLADEIKTIDEALMIKESDS
IDDPLNMPNEIVCEKNKLEFGNELKPRDGKMKIVSTGKIVIYEFESDSTPOWIQTLYVTOLKKQP

(22).  Amino acid sequence of Francisella tularensis TIGB03 Cas9 protein (SEQ ID NO: 31).
MNVEILPIATIDLDVENTGVESAFYQOKGTSLEKLDNKNGKVYELSKDSYTLLMNNRTARRHKRRGIDREQLVEKRLEKL
VWIEQLNLEWDKDTQOATISFLEFNRRGESFITDGYSTEYLNIVPEQVEATIMDI FDDYNGEDDLDSYLKLATEQRESKT
SEIYNKIMOKILEFKLREKLCTDIKDPDRKVSTKTLEKEITSYEFELLADYLANYSESLKTQKESYTDKQGNLKELSYYHH
DKYNIQEFLEKRHATINDEILGTLLTDDFRDIWNENFEKEFDEDKNEEKLONQEDKDHTQAHLHHEVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGY LKNFCENLHNKKYSNLSVENLYVNLVGNLSNLELKPLRKYEFNDKIHAKADHWDE
ORETETYCHWILGEWRVGVEDODKKDGAKY SYKDLCNELKQRVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPKFLDNQYPNWOOYLOELKKLOSIQDYLDSFETDLEDLKSSKDOPYEVEYRKS SNQOMASGOQRDYKDLDARI LY
FIFDRVEASDELLINEIYFQAKKLEKQKRASSELEKLESSKKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
ORORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROEKRYQLLNDLAGVLOVSRNQLLS SVEEWFQQ
AQRVGEISKSODEQIFEWLKSFKIASYCKAAVEMOKQYRGTLENAIQTAIFROSENINKNKNTGNQQOALSENSKDY
KSLTADEKKLLKLIENIAKASOKIGESLGLNDEKQIKKENSIYSFAQIQQIAFAKRKGNANTCAVCSADNAHRMOOQI K
ITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVEKKMATI LAKNIVDDNWONIKOVLSAKHOILHIPITTESNAFEFEP
ALADVKGKSLEDRRKKALERISPENI FKDEKNNRIKEFAKGISAYSGANLTDGDFDGAKEELDHITPRSHKKYGTLND
EANLICVTRDDNENIFAIDTSKWEEIETPSDLRDIGVATIQYRIDNNSRPKVRVKLDYVIDDDSKINYFMNHSLLKS
RYPDRKVLEILKQSTIIEFESSGENKTIKEMLGMTLAGIYNETSNN

(23).  Amino acid sequence of Francisella tularensis subsp. tularensis 70102010 Cas9 protein (SEQ ID NQO: 32).
MNVKILPIAIDLDVENTGVESAFYQKGTSLEKLDNKNGKVYELSKDSYTLLMNNRTARRHOQRRGIDRKQLVEKRLEKL
VWTEQLNLEWDKDTOQOAISEFLENRRGESFITDGYSTEYLNIVPEQVEKAIIMDIFDDYNGEDDLDSYLKLATEQESKT
SEIYNKIMOKILEFKLRKLCTDIKDDKVSTRKTLKEITSYEFELLADY LANY SESLKIQKEFSYTDKQGNLKELSYYHH
DEYNIQEFLKRHATINDEILDTILLTDDEDIWNENFEKEFDFDEKNEEKLONQEDKDHTOQAHLHHEVEAVNKIKSEMASG
GRHRSOYFQEITNVLDENNHOQEGY LKNFCENLHNKKYSNLSVENLVNLVGNLSNLELKPLRKYFNDKIHAKADHWDE
QKFTETYCHWI LGEWRVGVEKDODKKDGAKY SYKDLCNELRKQRVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPKEFLDNQYPNWOOYLOELKKLOSIODYLDSFETDLKDLEKSSKDOPYEFVEYKS SNOOMASGORDYKDLDARI LY
FIFDRVKASDELLLNEIYFOAKKLKOKASSELEKLESSKKLDEVIANSOLSQI LKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVILOVSRNQLLSSVEEWEQQ
AQRVGEISKSQDEQIFEWLKSFKIASYCKAAVEMOKQYRGTLKNAIQTATIFROSENINKNKNKNTGNQOOALSENSK
DVKSLTADERKKLLKLIENIAKASQKIGESLGLNDKOIKKENSIYSFAQIQOIAFARRKGNANT CAVCSADNAHRMOQO
IKITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVKEKMATILAKNIVDDNWONIKOVLSAKHOQLHIPIITESNAFEE
EPALADVKGKSLKDRRKKALERI SPENIFKDKNNRIKEFAKGISAYSGANLTDGDFDGAKEELDHI ITPRSHKKYGTL
NDEANLICVTRDDNKNIFAIDTSKWEEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYFMNHSLL
KSRYPDRVLEILKOSTIIEFESSGENKTIKEMLGMT LAGIYNETSNN

24). Amino acid sequence of Sulfurospirillum sp. SCADC Cas9 protein (SSCas9) (SEQ ID NO: 33).

MASLISLDLGGKNTGFESFTAKDVSIIDTFQSGTIIYDESEFVLSQVARRGKRHGKRNNLRNTLVKRLFLLLLOKHYG
LSLDFLPDEILGLENKRGYTYASFEIKEDEKENLESDILKEFLNDKLNYTIQNDDEVEEFLNQIASNEETFKNYKKD
FENLFGASTHQPKKQIELIDEIKKDLEKEDAKELLDGLKVIKKI IDEFHKQONQGNLPRAKYFEELYLEIEYNLKIQ
KFFTCNHLHINDMQYLIGNLSNYQLKELRRYFNDEAMAKEDFWSCEKLHRITWRFIQSWHPKS PEDKQROKENLANL
KTKSIIEFLTTTNPLMTIPPYDDMNNRGAVKCQTLRLNEEY LDKHLPHWRAIAHTLASETQKENLEGVIVKGYSEDS
TLLHRILDTSSIIDPYRLRSDEIDSYCDVLTKDNAFALKKFAKEYYQLVKEKVRTGIWTKDDDMEFKKCDHNPPHKNN
QIHNLVAGILGKPIAKERFEAFENELWNVKFGNKKLSSYCKNI EEFRKSNGNLFKQIVELGEDKEVOKYQKELNEWY
RKIGEFENIETPYRARENNLFSMAQLHTIIDTTRSGENATCKWCSCENQYRASTRIEIDEQTGEITTNANCCRLPAD
TOQRPFSGKIERYIDKLGYRIAKVKAKELEGIKEDTIDLKI I LEQNAFAYERSI RNAKIKNANAKAKKALERAQKRGL
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ENIEDKTKRIKDESNSICPYCGOSLGEDGEIDHILSRSYTLKKYDTVENSEGNLLYVHQRKCNQAKLAKTDYSLODLK
IDISORKWIEEQIATIKTYRKTEFSVLTQEQOKAFKYALFLDNSNEAYOKVISWLRTDOQSSRVNGTOQKY LAKKIQEKLKA
MPPAKTENFEFILADANDVHDLRIKAYQLPEKPKDSKQETYSHTIDAVMSLVSVWDKVLPKTERKPTKEDI LKFANVE
NWSALNNEFLTKGKSANQKIEEMIQANDEFGOKNMROVESKP IFKDESIGERYKPEVRYHNQEFYIGYPISITKDGYDMO
HCOAMISKNDISRVEEILKDTSLCTLLKERNGIKLYSINKOSINELSNOQFFNLNYONLNDAQKKKSELAEFVINHCK
YYVKRKTSVINAPQFIDKDSMKPY PEFYRKDWORFHEAYKKELDAEPKTKKDNGKLVYDISGIDDEWIEFCKKYFGIKTK
DNRNKARKVESIVALTSAPGTVEFRIKRKTPKGHIYOATAIDNQOI SGDYANVLLAGNSKTLALAGOKPSSDLKKELS
VKESKDIRDIKLEPSREFKEGEDCRGIEVIVNKTSATIKNFPLTKIDKKIKKLIFKTLEEKKDGKROROKTSISLKE
ENTMOETLEKKLLKDSIKVTIRDGSISGIEISKKTVNETLPFRKSENLAKLLDDKRPAATKKAGOARKKEKGSLEYPYDV
PDYAYPYDVPDYAYPYDVPDYALE

(25).  Amino acid sequence of Legionella pneumophila 130b Cas9 protein (SEQ ID NO: 34).
MESSQILSPIGIDLGGKETGVCLSHLEAFARLPNHANTKYSVILIDHNNEFQLSOQAQRRATRHRVRNKKRNOEVKRVA
LOLFOHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNFIDWELOKMQSSEFRKT
LVSKVEEKKDDRELENAVENIKNFITGFERNSVEGHRHARKVYFENI KSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPROFDEQTEFGNEFLRMLENFRHLKGSQESLAVRNLIQOLEQSODY ISILEKTPPEITIPPYEAR
TNTGMERKDGS LLLNPEKLNNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKODEKRDSYILORYLDLNK
KIDKFKIKKOLSFLGOGKOLPANLIETOKEMETHENSSLVSVLIQIASAYNKEREDAAQGIWEDNAFSLCELSNINP
PREKOKILPLLVGAILSEDFINNKDKWAKEFKNEWNTHRKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSOQALIYHNPEFSLSQLYTI LETKRDGEFHKNCVAVTCENYWRSOKTEIDPEISY
ASRLPADSVRPFDGVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEONRFEFEESFRKKIKGGSSDKTLEQAT
EKONIQWEERKFOQRIINASMNICPYKGASIGGOGEIDHIYPRSLSKKHEGVIENSEANLIYCSSQGNREKKEEHYLLE
HLSPLYLKHOFGTDNVSDIKNFISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTITKFLMSQOKARVNG
TOKFLGKOIMEFLSTLADSKOLOLEFSIKQITAEEVHDHRELLSKOQEPKLVKSROOSEFPSHAIDATLTMSIGLKEEFP
OEFSQELDNSWEINHLMPDEVHLNPVRSKEKYNKPNISSTPLERKDSLYARERFIPVWVRKGETFAIGESEKDLFEIKPSN
KEKLFTLLKTYSTKNPGESLOELOAKSKARKWLYFPINKTLALEFLHHYFHEKEIVTPDDTTVCHEINSLRYYTKKEST
TVRKILKEPMPVLSVRKEFESSKEKNVLGSFRHTIALPATKDWERLENHPNFLALKANPAPNPKEFNEFTRKYFLSDNNPN
SDIPNNGHNIKPORKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKOEVIMDA
YKTRNLSTIDGINNSEGOAYATEFDNWLTLPVSTFKPEITKLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKESDS
IDDPLNMPNEIVCEKNKLEGNELKPRDGKMKIVSTGKIVIYEFESDSTPOWIQTLYVTQLRKKQP

(26).  Amino acid sequence of Francisella tularensis subsp. tularensis 70001275 Cas?9 protein (SEQ ID NO: 35).
MNVEILPIATIDLDVENTGVESAFYQOKGTSLEKLDNEKNGKVYELSKDSYTLIMNNRTARRHORRGIDRKOLVEKRLEFKL
VWIEQLNLEWDKDTOQOATISEFLEFNRRGESEFITDGYSTEYLNIVPEQVEKATIMDI FDDYNGEDDLDSYLKLATEQRESKT
SEIYNKIMOKILEFKLRKLCTDIKDPDKVSTKTLKEITSYEFELLADYLANYSESLKIQKESYTDKOQGNLKELSYYHH
DKYNIQEFLKRHATINDEILDTLLTDDFDIWNENFEKFDEDKNEEKLONQEDKDHTQAHLHHEVEFAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHOQEGYLKNFCENLHNKKYSNLSVENLYVNLYVGNLSNLELKPLREKYFNDKIHAKADHWDE
QORFTETYCHWILGEWRVGVKDODKKDGAKYSYKDLCNELKOQRKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPKFLDNQYPNWOQOYLOELKKLOSIQDYLDSFETDLEDLKSSKDOPYEFVEYKSSNOQOMASGORDYKDLDARILO
FIFDRVEASDELLINEIYFQAKKLEKOKASSELEKLESSKELDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNQLLSSVEEWEFQQ
AQRVGEISKSODEQIFEWLKSFRIASYCRKAAVEMOKQYRGTLENAIQTATIFROSENINKNKNENTGNQOOALSENSK
DVKSLTADEKKLLKLIENIAKASQRKIGESLGLNDRKQIKKENSIYSFAQIQOQIAFAERKGNANTCAVCSADNAHRMOO
ITRITELVEDNKDNIILSAKAQRLPATI PTRIVDGAVKEMATI LAKNIVDDNWONIKQVLSAKHQLHIPITITESNAFEE
EPALADVKGKSLKDRREKALERISPENIFKDEKNNRIKEFAKGI SAYSGANLTDGDFDGAKEELDHI IPRSHKKYGT L
NDEANLICVTRDDNENIFATIDTSKWEEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYEFMNHSLL
KSRYPDRVLEILKOSTIIEFESSGENKTIKEMLGMTLAGIYNETSNN

27).  Amino acid sequence of Francisella tularensis subsp. novicida FTE Cas9 protein (SEQ ID NO: 36).

MNFEILPIAIDLGVENTGVESAFYQKGTSLERLDNKNGKVYELSKDSYTLLMNNRTARRHQRRGIDREQLVKRLEKL
IWTEQLNLEWDEDTQOATSEFLENRRGESFITDGYSPEYLNIVPEQVKAILMDIFDDYNGEDDLDSYLKLATEQESKT
SEIYNKLIMOKILEFKIMKLCTDIKPDRVSTKTLEKEITSYEFELLADYLANYSESLKTOKESYTDKQGNLKELSYYHH
DEKYNIQEFLERHATINDRILDTLLTDDLDIWNENFEKFDEDKNEEKLONOQEDKDHIQAHLHHEVFAVNKIKSEMASG
GRHRSQYFOEITNVLDENNHQEGYLKNFCENLHNKKYSNLSVENLYVNLIGNLSNLELKPLREKYEFNDKIHAKADHWDE
OREFTETYCHWILGEWRVGVKDODKKDGAKYSYKDLCNELKOQRKVTKAGLVDEFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPRFLDNQYPNWOOYILOQELKKLOSIQNYLDSFETDLEVLKSSKDOPYEFVEYKS SNQOQIASGORDYKDLDARI LY
FIFDRVEASDELLINEIYFQAKKLKOQRKASSELERKLESSKELDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
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QRORARDSRLYIMPEYRYDKKLHKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGVLOVSPNEFLKDKIGSDDDL
FISKWLVEHIRGFKKACEDSLKIQKDNRGLLNHKINIARNTKGKCEKEIFNLICKIEGSEDKKGNYKHGLAYELGVL
LEGEPNEASKPEFDRKIKKENSIYSFAQIQOIAFAERKGNANTCAVCSADNAHRMOQIKITEPVEDNRKDKITILSAKA
QRLPAIPTRIVDGAVKEMATI LAKNIVDDNWONIKQVLSAKHOQLHIPI ITESNAFEFEPALADVKGKS LKDRRKEAL
ERISPENIFKDKNNRIKEFAKGI SAYSGANLTDGDEDGAKEELDHI IPRSHKKYGTLNDEANLICVTRGDNKNKGNR
IFCLRDLADNYKLEQFETTDDLEIEKKIADTIWDANKKDEFRFGNYRSFINLTPOEOKAFRHALFLADENPIKOAVIR
AINNRNRTEVNGTQRY FAEVLANNIYLRAKKENLNTDKISFDYEFGIPTIGNGRGIAEIRQLYEKVDSDIQAYAKGDK
POASYSHLIDAMLAFCIAADEHRNDGSIGLEIDKNY SLYPLDENTGEVETKDIFSQIKITDNEFSDEKKLVRKKATEG
FNTHROMTIRDGIYAENYLPILIHKELNEVREKGYTWKNSEEIKIFKGKKYDIQQLNNLVYCLKEVDKPISIDIQISTL
EELRNILTTNNIAATAEYYYINLKTQRKLHEYY ITENYNTALGYKKYSKEMEFLRSLAYRSERVKIKS IDDVKQVLDKD
SNEITIGKITLPFKEKEWORLYREWONT TIKDDYEFLKSEENVKSITKLHKKVRKDESLPI STNEGKELVKRKTWDNNE
IYQILNDSDSRADGTKPEFIPAFDISKNEIVEATIDSEFTSKNIFWLPKNIELOQRKVDNKNIFAIDTSKWEEVETPSDLR
DIGIATIQYKIDNNSRPRKVRVELDYVIDDDSKINYEMNHSLLKSRYPDKVLEILKOSTITEFESSGENKTIKEMLGM
KLAGIYNETSNN

(28).  Amino acid sequence of Legionella pneumophila subsp. fraseri strain ATCC 35251 Cas9 protein (SEQ ID
NO: 37).

MESSQLLSPIGIDLGGKETGVCLSHLESFAELPNHANTKYSVI IMDENNEFQLSQAQRRITRHRVRNKKRNOQEVKRVA
LOLFOHMLSRELNVKEEIALCHY LNNRGYTYVDTDLDEY LKDETTVNLLKELLPPESEHNEFIDWLLOKMOSSKERETL
LGSRVEEKKDDKELEKNAVKNIKNFITGEFERNSVEGHRHRKVYFENIKSDITNDNQLDGIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLAKNPKQEFDEQTEFGNEF LRMLEKNFKHLKGSQESLAVRDLIQQLEQSKDYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKLNNLYPKWRNLIPGIIDAHPFLEKDLEHTKLRDRKRITISPSKODEKRDSYILORYLDLNK
KIDKEFKIKROQLSFLGOGKOLPANLIETHKEMETHESSSLVSALIQIASAYNRKEREDAAQGIWEDNAFSLCELSNINP
PRKOKILPLLVGAILSEDFINNKDKWAKEKSEWNTHRKIGRTLLKYKCKEIEEARKNSGNAFKI DYEEALNHPEHSNN
KALTKIIQTIPDIICQAIQSHLGHNDSQALIYNNPEFSLSQLYTI LETKRDGEFHENCVAVTCENYWRSOKTEIDPREISY
ASRLPADSVRPEFDGVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEQONRFEFEESFKKIKGISRDKTLEQAT
EKONIRWEERKFQRIINASMNVCPYKGTLIGGOGEIDHIYPRSLSKKHEGTIFNSEANLIYCSSQGNREKKEEHYLLE
HLSPIYLKHQFGTDNVSDIKNEFISONVANIKKYISFHLLTPEQOKAARHALFLDYDDEAFKTVTRKELMSQOKARVNG
TOKFLGKOIMEFLSTLADSKOLOLEFSIKQINAEEVHNHRELLSKQEPKLAKSQOQOSEFPSHAIDATLTMGIGLKERP
OFSOELDNSWEINHLMPDEVHLNPVOSKEKYNKPNISSIPLEKDSLYAERFIPVWVRKGETFAIGESEKDLEFEIKPSN
KERLFTLLKTYSTRKNPGESLOELOAL SKAKWLYFPINKT LALEFLHHYFHKETVTPDDTTVCHEINSLRYYTKKEST
TVKILKESMPVLSVREFESSKENVLGTFRKHTIALPATKDWERLFNHPNFLALKANPNPNPKEFNEFTKKYEFLSENNEN
SDIPNNDHTIKPORKHKTVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEGKLVKOEVLMDA
YKTRNLSTIDGINNSERQAYAAFDNWLTLPVSTFKPEI ITKLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKPSDS
IDDPLNMPNEIVCENKLEFGNELKPRDGKMKIVSTGKTVIYEFESDSTPOWIQKLYVTOLKKHP

(29).  Amino acid sequence of Francisella tularensis subsp. tularensis 80700103 Cas9 protein (SEQ ID NO: 38)
MNVEKILPIAIDLDVENTGVESAFYQKGTSLEKLDNKNGKVYELSKDSYTLLMNNRTARRHOQRRGIDRKQLVKRLEKL
VWTEQLNLEWDKDTOQOAISEFLENRRGESFITDGYSTEYLNIVPEQVRKATIIMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKLMOKILEFKLRKLCTDIKDDEVSTKTLRKEITSYEFELLADYLANYSESLKIQKESYTDKQGNLKELSYYHH
DKYNIQEFLKRHATINDEILDTLLTDDFDIWNENFERFDEDRNEEKLONOQEDKDHTQAHLHHFVEFAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGY LKNFCENLHNKKYSNLSVENLVNLVGNLSNLELKPLRKYFNDKIHAKADHWDE
QREFTETYCHWILGEWRVGVEDODKKDGAKYSYKDLCNELKQKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPRKFLDNQYPNWOOYLQELKKLOSIODYLDSFETDLEDLKSSKDQPYEVEYKSSNQOMASGORDYKDLDART IO
FIFDRVEASDELLINEIYEFQAKKLKOKASSELEKLESSKELDEVIANSQLSOQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROEKRYQLLNDLAGVLOQVSRNQLLSSVEEWEFQQ
AQRVGEISKSODEQIFEWLKSFRKIASYCKAAVEMOKQYRGTLENAIQTATIFROSENINKNKNENTGNQOOQALSENSK
DVKSLTADEKKLLKLIENIAKASQRKIGESLGLNDEKQIKKENSIYSFAQIQQIAFAERRKGNANTCAVCSADNAHRMOO
IKITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVKEMAT I LAKNIVDDNWONIKOVLSAKHOQLHI PIITESNAFEE
EPALADVKGKSLEDRRKKALERISPENIFKDEKNNRIKEFAKGI SAYSGANLTDGDFDGAKEELDHI IPRSHKKYGTL
NDEANLICVTRDDNENIFAIDTSKWEEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYEFMNHSLL
KSRYPDKVLEILKQSTIIEFESSGENKTIKEMLGMT LAGIYNETSNN

(30).  Amino acid sequence of Legionella pneumophiia subsp. strain PtVF89/2014 Contig 56 Cas9 protein (SEQ
ID NO: 39).

MESSQLLSPIGIDLGGKETGVCLSHLESFAELPNHANTKYSVILMDHNNEQLSQAQRRITRHRVRNKKRNQEVKRVA
LOLFOHMLSREINVKEEIALCHY LNNRGYTYVDTDLDEYLEKDETTVNLLKELLPPESEHNFIDWLLOKMOSSKERETL
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LGSRVEEKKDDKELKNAVENIKNFITGEFEKNSVEGHRHRKVYFENIKSDITNDNQLDGIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPROFDEQTEFGNEF LRMLENFKHLKGSQESLAVRDLIQOLEQSKDY ISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKINNLYPKWRNLIPGIIDAHPFLEKDLEHTKLRDRKRLISPSKOQDEKRDSYILORYLDLNK
KIDKEFRKIKKQLSFLGOGKOLPANLIETHKEMETHEFSSSLVSALIQIASAYNKEREDAAQGIWEDNAFSLCELSNINP
PREOKILPLLVGAILSEDFINNKDKWAKFKSFWNTHRKIGRTLLKYRKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALTKIIQTIPDIIQAIQSHLGHNDSQALIYNNPEFSLSQLYTILETKRDGEFHKNCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPFDGYVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEONRFEFEESFRKKIKGISRDKTLEQAT
EKONIRWEEKEFQRIINASMNVCPYKGTLIGGOQGEIDHIYPRSLSKKHEGTIENSEANLIYCSSQGNREKKEEHYLLE
HLSPIYLKHQFGIDNVSDIKNEFISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTVTKEFLMSQOKARVNG
TORKFLGKOIMEFLSTLADSKOLOLEFSIKQINAEEVHNHRELLSKQEPKLAKSQOOSEFPSHAIDATLTMGIGLKEEP
QFSQELDNSWEINHLMPDEVHLNPVOSKEKYNKPNISSIPLEKDSLYAERFIPVWVRKGETFAIGESEKDLEEIKPSN
KEKLFTLLKTYSTKNPGESLOELOATI SKAKWLYFPINKTLALEFLHHYFHRKETVTPDDTTVCHEINSLRYYTKKEST
TVKILKESMPVLSVREESSKENVLGTFRKHT IALPATKDWERLENHPNFLALKANPNPNPKEFNEFITKKYFLSENNEN
SDIPNNDHTIKPORKHKTVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEGKLVKOEVILMDA
YKTRNLSTIDGINNSERQAYAAFDNWLTLPVSTFKPELI IKLEMKPHSKTRRYIRITOSLADEFIKTIDEALMIKPSDS
IDDPLNMPNEIVCENKLEGNELKPRDGEMKIVSTGKTVIYEFESDSTPOQWIQKLYVTOLKKHP

(31).  Amino acid sequence of Legionella pneumophila HO4020049 Cas9 protein (SEQ ID NO: 40).
MESSQILSPIGIDLGGKETGVCLSHLEAFARELPNHANTKYSVILIDHNNEFQLSOQAQRRATRHRVRNKKRNQEVKRVA
LOLFOHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNEFIDWELOKMQSSEFRKT
LVSKVEEKKDDKELKNAVENIKNFITGFERNSVEGHRHRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLAKKPKOQFDEQTEFGNEF LRMLENEFRHLKGSQEFLAVRNLIQOLEQSODYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKLNNLYPNWRNLIMPGI I DAHPFLEKDLEHTKLRDRKRIISPSKODEKRDSYILORYLDLNK
KIDKEFKIKKOLSFLGOGROQLPANLIETOQRKEMETHENSSLVSVLIQIASAYNKEREDAAQGIWEFDNAFSLCELSNINP
PREKOKILPLLVGAILSEDFINNKDKWAKEFKDEWNTHRKIGRTSLKSKCKETEEARKNSGNAFKIDYEEALNHPEHSNN
KTLIKIIQTIPDIIQAIOSHLGHNDSQALIYHNPFSLSQLYTI LETKRDGEFHKNCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPFDGVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEQNRFEFERSFKKIKGSSSDKTLEQAT
EKONIQWEERKFORIINASMNICPYKGASIGGOGEIDHIYPRSLSKKHEGVIEFNSEANLIYCSSOQGNREKKEEHYLLE
HLSPLYLKHQFGITDNVSDIKNEFISONVANIKKY ISFHLLTPEQOKASRHALFLDYDDEAFKTITKFLMSQOKARVNG
TORKFLGKOIMEFLSTLADSKOLOLEFSIKQITAEEVHDHRELLSKQEPKLVKSROQOSEFPSHAIDATLTMSIGLKEEP
QFSQELDNSWEINHLMPDEVHLINPVRSKEKYNKPNISSTPLEKDSLYAERFIPVWVRKGETFAIGESEKDLEFEIKPSN
KERLFTLLRKTYSTEKNPGESLOELOAKSKARKWLYFP INKTLALEFLHHYFHKEIVTPDDTTVCHEINSLRYYTKKEST
TVKILKEPMPVLSVEFESSKKNVLGSFRKHTIALPATKDWERLFNHPNEFLALKANPAPNPKEENEFIRKYFLSDNNEPN
SDIPNNGHNIKPOQKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKQEVLIMDA
YKTRNLSTIDGINNSEGOAYATEDNWLTLPVSTFKPEI I KLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKESDS
IDDPLNMPNEIVCENKLEGNELKPRDGEKMKEKIVSTGKIVIYEFESDSTPOWIQTLYVTQLEKKQP

(32).  Amino acid sequence of Legionella pneumophila subsp. strain PtVF89/2014 Contig 45 Cas9 protein (SEQ
ID NO: 41).
MESSQLLSPIGIDLGGKETGVCLSHLESFARLPNHANTKYSVILMDHNNEQLSQAQRRITRHRVRNKKRNOEFVKRVA
LOLFOHMLSRELNVKEEIALCHY LNNRGYTYVDTDLDEY LKDETTVNLLKELLPPESEHNFIDWLLOKMOSSKERETL
LGSRVEEKKDDKELKNAVENIKNFITGEFERNSVEGHRHRKVYFENIKSDITNDNQLDGIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLAKNPKOFDEQTEFGNEF LRMLEKNFKHLKGSQESLAVRDLIQQLEQSKDYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKLNNLYPKWRNLIPGIIDAHPFLEKDLEHTKLRDRERLISPSKODEKRDSYILORYLDLNK
KIDKFRKIKKOLSEFLGQGRKOLPANLIETHKEMETHESSSLVSALIQIASAYNKEREDAAQGIWEDNAFSLCELSNINP
PRKOKILPLLVGAILSEDFINNKDKWAKFKSFWNTHKIGRTLLKYRKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALTKIIQTIPDIIQAIQSHLGHNDSQALIYNNPEFSLSQLYTILETKRDGEFHENCVAVTCENYWRSQKTEIDPELISY
ASRLPADSVRPFDGVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEONRFEFEESFKKIKGISRDKTLEQAT
EKONIRWEEKEFOQRIINASMNVCPYKGTLIGGOGEIDHIYPRSLSKKHFGTIENSEANLIYCSSOGNREKKEEHYLLE
HLSPIYLKHOFGTDNVSDIKNEISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTVTKEFLMSQOKARVNG
TORFLGKOIMEFLSTLADSKOLOLEFSIKQINAEEVHNHRELLSKOEPKLAKSQOOSFPSHAIDATLTMGIGLKELRP
OFSOELDNSWEINHLMPDEVHLNPVOSKEKYNKPNISSIPLEKDSLYAERFIPVWVRKGETFAIGESEKDLEFEIKPSN
KERLFTLLRKTYSTKNPGESLOELOALI SKAKWLYFPINKT LALEFLHHYFHKETVIPDDTTVCHEFINSLRYYTKKEST
TVKILKESMPVLSVREFESSKEKNVLGTEFKHTIALPATKDWERLENHPNEFLALKANPNPNPKEENEFIKKY FLSENNEN
SDIPNNDHTIKPOKHKTVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEGKLVKOEVIMDA
YKTRNLSTIDGINNSERQAYAAFDNWLTLPVSTFKPEI ITKLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKEPSDS
IDDPLNMPNEIVCKNKLEGNELKPRDGEMKIVSTGKTVIYEFESDSTPOWIQKLYVTQLKKHP
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(33).  Amino acid sequence of Francisella novicida Cas9 protein (FnCas9) (SEQ ID NO: 42).
MNFKILPIAIDLGVENTGVESAFYQRKGTSLERLDNEKNGKVYELSKDSYTLIMNNRTARRHQRRGIDRKQLVKRLEFKL
IWTEQLNLEWDKDTQOAISFLENRRGESEFITDGYSPEYLNIVPEQVKAILMDIFDDYNGEDDLDSYLKLATEQESKT
SEIYNKIMOKILEFKLMKLCTDIKDDKVSTKTLKEITSYEFELLADYLANYSESLKTQKESYTDKOQGNLKELSYYHH
DEKYNIQEFLKRHATINDRILDTLLTDDLDIWNEFNFEKFDFDKNEEKLONQEDKDHIQAHLHHEVEAVNKIKSEMASG
GRHRSQYFOEITNVLDENNHOQEGY LKNFCENLHNKKYSNLSVENLVNLIGNLSNLELKP LRKY ENDKITHAKADHWDE
ORFTETYCHWI LGEWRVGVEDQDKKDGAKYSYKDLCNELKQKVTKAGLVDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPKELDNQYPNWQOYLOELKKLOSIONYLDSFETDLKVLKSSKDQPYEFVEYKSSNOQIASGORDYKDLDARILO
FIFDRVEASDELLINEIYFQAKKLKOKASSELEKLESSKKLDEVIANSQLSQI LKSQHTNGIFEQGTEFLHLVCKYYK
ORORARDSRLYIMPEYRYDKKLHKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGVLOVSPNEFLKDKIGSDDDL
FISKWLVEHIRGFKKACEDSLKIQKDNRGLLNHKINIARNTKGKCERKETI FNLICKIEGSEDKKGNYKHGLAYELGVL
LEGEPNEASKPEFDRKIKKENSIYSFAQIQQOIAFAERKGNANTCAVCSADNAHRMOOIKITEPVEDNKDKI ILSAKA
QRLPATPTRIVDGAVKKMAT I LAKNIVDDNWON I KOQVLSAKHQLHIPIITESNAFEFEPALADVKGKS LKDRRKKAL
ERISPENIFKDKNNRIKEFAKGI SAYSGANLTDGDEDGAKEELDHI IPRSHEKKYGTLNDEANLICVTRGDNKNKGNR
ITFCLRDLADNYKLEQFETTDDLEIEKKIADTIWDANKEDFRKEGNYRSFINLTPQEQKAFRHALFLADENPIKQAVIR
AINNRNRTEVNGTQRYPFAEVLANNIYLRAKKENLNTDKISEFDYFGIPTIGNGRGIAEIRQLYEKVDSDIQAYAKGDK
POASYSHLIDAMLAFCIAADEHRNDGS IGLEIDKNYSLYPLDENTGEVETKDIFSQIKITDNEFSDKKLVREEKATIEG
FNTHROMTRDGIYAENYLPI LIHKELNEVRKGYTWKNSEETIKI FKGKKYDIQQLNNLVYCLKFVDKPISIDIQISTL
EELRNILTTNNIAATAEYYYINLKTQRKLHEYYIENYNTALGYKKYSKEMEFLRSLAYRSERVKIKS IDDVKQVLDKD
SNEIIGKITLPEFRKKEWQRLYREWONTTIKDDYEFLKSEFENVKSITKLHKEKVRKDEFSLPISTNEGKEFLVKRKTWDNNE
IYQILNDSDSRVDGTKPEFIPAFDISKNEIVEATIIDSEFTSENIFWLPENIELORKVDNENI FAIDTSKWEFEVETPSDLR
DIGVATIQYKIDNNSRPRKVRVKLDYVIDDDSKINYEFTNHSLLKSRYPDRVLEILKQSTTIEFESSGENKTIKEMLGM
TLAGIYNETSNN

(34).  Amino acid sequence of Parasutterella exrementihominis Cas9 protein (PeCas®) (SEQ ID NQO: 43).
MGKTHIIGVGLDLGGTYTGTEFITSHPSDEAEHRDHSSAFTVVNSERKLSEFSSKSRTAVRHRVRSYKGEFDLRRRLLLLY
ARYQLLOKKOTLAPEERENLRIALSGYLKRRGYARTEAETDTSVLESLDPSVESSAPSETNEFNDSEPLNIQWEATA
NSPETTKALNKELSGOKEADFKKYIKTSEFPEYSAKETILANYVEGRRATLDASKYIANLOSLGHKHRSKYLSDILODM
KRDSRITRLSEAFGSTDNLWRIIGNISNLOERAVRWYEFNDAKFEQGOEQLDAVKLENVLVRALKYLRSDDKEWSASQ
KOITQOSLEQSGDVLDVLAGLDPDRTIPPYEDOQNNRRPPEDOTLYILNPKALSSEYGEKWKSWANKFAGAYPLLTEDLT
EILENTDREKSRIKIRSDVLPDSDYRLAYILORAFDRSIALDECSIRRTAEDFENGVVIKNEKLEDVLSGHOLEEFLE
FANRYYQETAKAKNGLWEFPENALLERADLHPPMENKILNVIVGOQALGVSPARGTDEFIEEIWNSKVKGRSTVRSICNA
ITENERKTYGPYFSEDYKFVKTALKEGKTEKELSKKFAAVIKVLEKMVSEVVPEFIGRKELRLSDEAQSKEFDNLYSLAQLY
NLIETERNGESKVSLAAHLENAWRMTMTDGSAQCCRLPADCVRPEFDGEFIRKAIDRNSWEVAKRIAEEVKKSVDETNG
TVKIPVAIEANSENFTASLTDLKYIQLKEQKLEKKKLEDIQRNEENQEKRWLSKEERIRADSHGICAYTGRPLDDVGE
IDHIITPRSLTLEKSESIYNSEVNLIEFVSAQGNOQEKKNNIYLLSNLAKNYLAAVEGTSDLSOITNEI ESTVLOQLKAAG
RLGYFDLLSEKERACARHALFINSDSEARRAVIDVLGSRREASVNGTQAWEVRSIEFSKVROQATAAWTOETGNELIED
AISVPAADSSEMRERFAEYRPEFRKPRKVOPVASHSIDAMCIYLAACSDPEFRTKRMGSQLAIYEPINFDNLETGSCOV
TONTPRNESDKTNIANSPIFRKETIYAERFLDITIVSRGEIFIGYPSNMPEFEEKPNRISIGGKDPEFST LSVLGAY LDKA
PSSEREKLTIYRVVENKAFELFSKVAGSKEFTAEEDKAAKT LEALHEVIVKODVAATVSDLIKSKKELSKDSIENLAK
OKGCLKKVEYSSKEFKFKGSLITPAAVEWGKVIWNVEKENTAEELKDENALRKALEAAWPSSFGTRNLHSKAKRVES
LPVVATQSGAVRIRRKTAFGDEVYQSODTNNLYSSEFPVENGKLDWS SPI THPALONRNLTAYGYREVDHDRSISMSE
FREVYNKDDLMRIELAQGTSSRRYLRVEMPGEKFLAWEFGENSISLGSSFKESVSEVEDNKIYTENAEFTKEFLPKPRE
DNKHNGTIFFELVGPRVIFNYIVGGAASSLKEIFSEAGKERS

35s). Amino acid sequence of Ruminobacter sp. RM87 Cas? protein (RRCas9) (SEQ ID NQO 44).

MGGKYTGEFISYTSNDLPDSENVEAAL TEMPDDGSVINYTVENRTAVRHHLRANNRY KKARKLIFTILADTIKRNLTO
SEQEATSSIMLRRGYTRLETEIDLEQLKECPVDLEFQCCPGLEFTGDVPLYDQFINNCNDDTVYVYRESLSSIKETVS
NLSDKTEKSMYGSALKTMVDEVDKEFIDOKEFGHKHRTEYLANIRKDIQKDSRLNDLIKLISGEERLYNCIGNISNLQ
LRALRWYEFNDRGMSGRKAVEDKKREFKDVWYRAYRKYFHYTAGSNQEKDNAEKVDI TKKENEFLKRIEQTENITGLLLAQD
PVEFTIPPYEDONNRRPEPVDOTLLLSPOQSLDAHYPGKWELWVQKEFMDYGSGSYSSLSDELEQIVEKLTDRSSRLOSAGG
KOSDHIASYTEQKLIHSYYLOQRLLDITYNRGNPESQIRKWAQNPNSCSATNAVIKNILGESDIDSFFELANNYYMEV
SLSKKGLWSIVEHPLLEISGIHPPMKSKMLEELVAGVLNIRKGEFNLERFKEVWNSTVEKGKSTVRSLCSYIEKTRKKY
GNCEFKQEYRNVCRYEELENKASEVHESSDIKIDKEVVKVYEYTKNLSKEFIGEKLELSTDQOSKEFANPEFSLAQLYTI L
ENDVHGESGNCKAVCLENTCRMOMSDKGNALCCRLPAESTRPEDGSLGNILDROQAYEIAKTIKIAEIKELSALKNTRV
KLSVLVEENSFEFSSSLSTIKKS LEAKQLREFALKAEKTEREKWKSKDERLENDSHNICAYTGMALSDDLSENDHIV
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SRSETKESYGTIYNSEFNLIRVSRRGNQLKGNNIYTLDNLNPKYLEAVEGTSDTAIITTRIRETLNRLLISNPNLNI
DIMTEEERQCCRHALFTSRTGVPEFNQIIQATSKOYRARVNGTQAWEVENLIAKIDEGLREWKS INNITVEYNAYKID
AGSTSEIRHDIGKLDARYERKKDIQPITSHAIDAVCLLGNASTQOEISEEISGNNEISVLSDVKELIKLIPDREDIIR
ISSINFAEKNNPESKOLEKDTIYAREHFLCIMEKDDTVRVGEDEGSNSIQIVKGGKOQLLSCLANYLESPRKONETTGER
TYRVCKTAAFKLEFERFYRGLVAEGSDEELAYLAIMS LRYTTLHODVES LLYDVKSKKFAAKKDILEKNLDIKISEPSY
LKLKTDEASLVLPSENEWAHIASIFEDYLGKKDEQESGY DKLEKQYLGTI LNKT INKNHAKSKRVYSLPVVASPS GGV
RIKRLTHTHGDIYQLVAANTPVTSISKGFASADNGDVILWDEAVMVDSYTTKNLTVINKKISGDKNEVSMDEQRLVYE
SPDERVYMTPATDIRRGITIEQRKFEKFVYCIDQONIYKSFHDLPTEIKTDPKIFMERLNIDICGKPRGNLKILSIGN
ITIKYSYMVESSNRVMNOVYNNPIDKGTIEFKSN

(36).  Amino acid sequence of Francisella cf. novicida Fx1 Cas9 protein (SEQ ID NO: 45).
MNFRILPIAIDLGVENTGVESAFYQKGTSLERLDNENGKVYELSKDSYTLLMNNRTARRHQRRGIDREKQLVKRLEKL
IWTEQLNLEWDKDTQOQATSFLENRRGEFSEFITDGYSPEYLNIVPEQVKATI IMDIFDDYNGEDDLDSY LELATEQESKT
SEIYNKLIMOKILEFKLREKLCTDIKDDRVSTKTLEKEITSYEFELLADYLANYSEILKTOQKESYTDKQGNLKELSYYHH
DRKYNIQEFLKRHATINIQILDTLLTDDLDIWNENFEKFDEDRNEERKLONOQEDKDHIQAHLHHEVEFAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGY LKNFCENLHNKKYSNLSVENLVNLIGNLSNLELKPLRKY FNDKIHAKADHWDE
ORETETYCHWILGEWRVGVEDODKKDGARKY SYKDLCNELKQRKVTRKAGLVDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPKFLDNQYPNWOOYLOELKKLOSIONYLESFETDLEKVLKSSKDOPYEVEYRS SNOQOQIASGORDYKDLDARI LY
FIFDRVEKASDELLINEIYFQAKKLKOQKASSELEKLESSKKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLHKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGVLOQVSPNFLKDKIGSDDDL
FISKWLVEHIRGFKEACEDSLKIQKDNRGLLNHKINIARNTKGKCEKEIFNLICKIEGSEDKKGNYKHGLAYELGVL
LEGEPNEASKPEFDREIKKENSIYSFAQIQOIAFAERKGNANTCAVCSADNAHRMOOQIKITEPVEDNKDKITILSAKA
QRLPAITTRIVDGAVKKMAT ILAKNIVDDNWONITKQVLSAKHQLHIPTIITESNAFEFEPALADVKGKS LKDRRKEKAL
ERISPENIFKDENNRIKEFAKGISAYSGANLTDGDEDGAKEELDHI ITPRSHKKYGTLNDEANLI CVITRGDNENKGNR
ITFCLRDLANNYRKLKOQFETTDDLEIEKKIADTIWDANKKDEFKFGNYRSEFINLTPOEQKAFRHALFLADENPIKQAVIR
AINNRNRTEVNGTORYFAEVLANNIYLRAKKENLNTDKISFDYFGIPTIGNGRGIAEIRQLYEKVDSDIQAYAKGDK
POASYSHLIDAMLAFCIAADEHRNDGSIGLEIDKNYSLYPLDEKNTGEVETEDIFSQIKITDNEFSDRKKLVRKEATEG
FNTHROMTRDGIYAENYLPI LIHKELDEVRKGYTWENSEEIKIFRKGKKYDIQQINNLLYCLKFVDKPISIDIQISTL
EELRNILTTNNIAATAEYYYINLKTQKLHEYYIENYNTALGYKKYTKEMEFLRSLAYRSERVKIKS IDDVEKQVLDKD
SNETIGKITLPFKKEWQRLYREWONITIKDDYEFLKSFFNVKS ITKLHKKVRKDESLPISTNEGKE LVEKRKTWDNNE
IYQILNDSDSRVDGTKPFIPAFDISKNEIVEATIDSFTSENIFWLPKNIELOKVDNKNIFAIDTSKWEFEVETPSDLR
DIGVATIQYKIDNNSRPEKVRVEKLDYVIDDDSKINYEFTNHSLLKSRYPDKVLEILKOSTI IEFESSGENKTIKEMLGM
TLAGIYNETSNN

(37).  Amino acid sequence of Francisella tularensis subsp. tularensis 80700075 contigf0018 Cas9 protein (SEQ
ID NO: 46).
MNVEILPIAIDLDVENTGVESAFYQOKGTSLEKLDNEKNGKVYELSKDSYTLLMNNRTARRHKRRGIDREKQLVERLEKL
VWTEQLNLEWDKDTQOATISEFLENRRGESEFITDGYSTEYLNIVPEQVKATIMDI FDDYNGEDDLDSYLEKLATEQESKT
SEIYNKLMOKILEFKLRKLCTDIKPDRKVSTKTLKEITSYEFELLADYLANYSESLKTOKESYTDKQGNLKELSYYHH
DKYNIQEFLKRHATINDEILGTLLTDDFDIWNENFEKFDEDKNEEKLONQEDKDHTQAHLHHEFVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGY LKNFCENLHNKKYSNLSVENLYVNLVGNLSNLELKPLRKYFNDKIHAKADHWDE
QREFTETYCHWILGEWRVGVEDODKKDGAKY SYKDLCNELKQRKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPKFLDNQYPNWOOYLOELKKLOSIQDYLDSFETDLKDLKSSKDOPYEFVEYKS SNOQCOMASGORDYKDLDARILO
FIFDRVEASDELLINEIYFQAKKLKOQKASSELERKLESSKKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLY IMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOQVSRNQLLSSVEEWEQQ
AQRVGEISKSODEQIFEWLKSFKIASYCKAAVEMORKQYRGTLKNAIQTAIFROSENINKNENTGNQOQQALSENSKDY
KSLTADEKKLLELIENIAKASOKIGESLGLNDEQIKKENSIYSFAQIQQITAFAKRKGNANTCAVCSADNAHRMOOI K
ITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVKKMATI LAKNIVDDNWONIKQVLSAKHOLHIPI ITESNAFEFEP
ALADVKGKSLEKDRREKKALERISPENI FKDKNNRIKEFAKGISAYSGANLTDGDFDGAKEELDHITPRSHKKYGTLND
EANLICVITRDDNENIFAIDTSKWEEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYFMNHSLLKS
RYPDKVLEILKQSTIITEFESSGENKTIKEMLGMTLAGIYNETSNN

(38).  Amino acid sequence of Francisella tularensis subsp. novicida F6168 Cas9 protein (SEQ ID NO: 47).

MNVEILPIAIDLGVENTGVESAFYQKGTSLERLDNENGKVYELSKDSYTLIMNNRTARRHORRGIDREQLVKRLEKL
IWTEQLNLEWDKDTQQATSFLENRRGESFITDGYSPEYLNIVPEQVEAT IMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKIMOKILEFKLRKLCTDIKPDRKVSTKTLRKEITSYEFELLADYLANYSEILKTOKESYTDKOQGNLKELSYYHH
DKYNIQEFLKRHATINDEILDTLLTDDLDIWNENFEKFDFDKNEEKLONQEDKDHTOQAHLHHFVEFAVNRKIKSEMASG
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GRHRGOYFQEITNVLDENNHOEGYLKNFCENLHNKKYSNLSVENLVNLIGNLSNLELKPLRKYFNDKIHAKADHWDE
ORFTETYCHWI LGEWRVGVKDODKKDGAKY SYKDLCNELKOQRVITKAGLVDFLLELDPCRTIPPYLDNNNRKPPKCOS
LILNPKELDNQYPNWOQOYLOELKKLOSIONYLESFETDLKVLEKSSKDOPYEFVEYKSSNQOIASGORDYKDLDARILY
FIFDRVEKASDELLLNEIYFOAKKLKORKASSELEKLESSKKLDEVIANSQLSQI LKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGVLOVSPNFLKDKIGSDDDL
FISKWLVEHIRGFEKKACEDSLKIQKDNRGLLNHKINIARNTKGKCEKEIFNLICKIEGSEDKKGNYKHGLAYELGVL
LEGEPNEASKPEFDRKIKKENSIYSFAQIQQIAFAERRKGNANTCAVCSADNAHRMOQIKITEPVEDNKDKIILSAKA
QORLPAIPTRIVDGAVKEMAT I LAKNIVDDNWONIKOVLSAKHOQLHIPIITESNAFEFEPALADVKGKSI KDRRKKAL
ERISPENIFKDENNRIKEFAKGISAYSGDNLASGDEFDGAKEELDHI IPRSHKKYGTLNDEANLICVTRDDNEKNKGNR
IFCLHDLANNYKLKQFETTDDLEIEKKIADT IWDASKKDEKFGNYRSEFINLTPOEQKAFRHALFLADENPIKQAVIR
AINNRNRTEVNGTQRYFAEVLANNIYLRAKKENLNTDKISEFDYEFGIPTIGNGRGIVEIRQLYERKVDSDIQAYAKGDK
POASYSHLIDAMLAFPCIAADEHRNDGSIGLEIDKNY SLYPLDKNTGEVETKDIFSQIKITNNEFSDKKLVRKEATEG
ENTHROMTRDGIYAENYLPILIHKELDEVREKGYTWGNSEELKIHKGRKKYDIQOLNNLVYCLKEIDKSISIDIQISTL
EELRNILTTNNIATTAEYYYINLKTOKLHEYYTENYNTALGYKKYTKEMEFLRSLAYRSERVKIKS IDDVKQVLDKD
SNEILIIGKITLPEFKEKEWQRLYREWONT TIKDDYEFLKSEENVKSITKLHKKVRKDESLPI STNEGKELVKRKTWDNNE
IYQILNDSDSRVDGTKPEFIPAFDISKNEIVEATIIDSEFTSKNIFWLPKNIELOQKVDNKNIFAIDTSKWEEVETPSDLR
DIGVATIQYKIDNNSRPRKVRVKLDYVIDDDSKINYEFTNHSLLKSRYPDKVLEILKOSTITIEFESSGENKTIKEMLGM
TLAGIYNETSNN

(39).  Amino acid sequence of Francisella tularensis subsp. holarctica 257 Cas9 protein (SEQ ID NO: 48).
LILNDLAGVLOVSRNQLLSSVEEWFQOQAQRVGEISKSODEQIFEWLKSFKIASYCKAAVEMORKOYRGTLENATQTATE
ROSENINENENENEKNTGNOQOOALSENSKDVKSLTADEKKLLKLIENTIAKASQKIGESLGLNDKQIKKENSIYNFAQT
QOIAFAERKGNANTCAVYSADNAHRMOOTKITELVEDNKDNII LSAKAQRLPATPTRIVDGAVEKRMATI LAKNIVDD
NWONIKQVLSARKHOQLHIPIITESNAFEFEPATLADVEKGKS LKDRREKKALERISPENI FKDKNNRIKEFAKGISAYSGA
NLTDGDEFDGAKEELDHITPRSYKKYGTLNDEVNLICVTRDDNKNKGKRI FCLNDLANNYKLKQFETTDDLEIEKKIA
DTIWDASKQDFKEFGNYRSEFINLIPOQEQKAFRYALFLADENSIKOAVIRATNNRNRT FVNGTQRYFAEVLANNIYLRA
KKENLNTDKISEDYFGIPTIGNGRGIADIRQLYERKVDSDIQAYAKGDKPOASY SHLIDAMIAFCVAADEHRNDGSIG
LEIDKNYSLYPLDENTGEVETEDIFSQIKITDNEFSDEKLVRKKATEGENTHROMTRDGIYAENY LPI LIHKELDEY
RKGYTWGNSEELKIHKGKEYNIQOLNNIVYCLKEFIDKSISIDIQISTLEELRNILTTNNIAATAEYYYINLEKNQKLH
EYYTENYNTALDYKKYSKEMEFLRSLAYRSERVKIKSIDDVKOVLDEDSNEIIGKITLPFRKKEWOQRLYLEWONTTIK
DDYEFLKSEFENVKSINKLHKKVRKDESLPI STNEGKEFLYEKRKTWDNNEIYQILNDSDSRVDGTKPFIPAFDISKNEL
VEATIDSEFTSENIFWLPENIELOKVDKIFLL

(40).  Amino acid sequence of Legionella londiniensis strain ATCC 49505 Cas9 protein (SEQ ID NO: 49).
MESSOILSPIGIDLGGKETGVCLSHLEAFAELPNHANTKYSVILIDHNNEFQLSOQAQRRATRHRVRNKKRNOEVEKRVA
LOLFOHILSRDLINAKEETALCHY LNNRGYTYVATDLDEY IKDETTINLLKELLPSESEHNFIDWELOKMOSSEFRKT
LVSKVEEKKDDKELKNAVENIKNFITGEFERKNSVEGHRHRKVY FENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPKOQEFDEQTEFGNEF LRMLENFRHLKGSQESLATRNLIQOLEQSODYISILERKTPPEITIPPYEAR
TNTGMERKDOS LLLNPEKINNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKQDEKRDSY ILORYLDLNK
KIDKFKIKRKOLSFLGOGRKKLPANLIETQRKEMETHENSSLVSVLIQIASAYNKEREDAAQGIWEDNAFRLCELSNINP
PRKOKILPLLVGAILSEDFINNKDEKWAKEKNEWNTHRKIGRTSLEKSKCKEITEEARKNSGNAFKI DYEEALNHPEHSNN
KALIKIIQTIPDIIQAIOSHLGHNDSQALIYHNPFSLSQLYTILETKRDGEFHKNCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPEFDGVLARMMORILAYEIAMAKWEQIKHIPDNSSLLIPIYLEONRFEFEESFKKIKGGSSDRTLEQAT
ERKONIQWEEKFORIINASMNICPYKGTSIGGOGEIDHIYPRSLSKKHEGVIENSEANLIYCSSOGNREKKEEHYLLE
HLSPLYLKHQFGTDNVSDIKNEFISONVANIKKYISFHLLTPEQOKAARHALFLDYDDEAFKTITKELMSQOKARVNG
TORKFLGKOQITEFLSTLADSKOLOLEFSIKQITAEEVHDHRELLSKQEPKLVKNRQOSFPSHAIDATLTMSIGLKEEP
QEFSOQELDNSWEINHLMPDEVHLNPVRSKEKYNKPNISSTPLEKDSLYAERFIPVWVKGETFAIGESEKDLEFEIKPSN
KEKLFTLLKTYSTKNPGESLOELOAKSKAKWLYFPINKT LALEFLHHYFHKEIVTPDDTIVCHEFINSLRYYTKKEST
TVKILKEPMPVLSVRKEPESSKENVLGS FKHT IALPATKDWERLENHPNFLALKANPAPNPKEFNEFIRKYELSGNNPN
SDISNNGNNIKPOKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKOEVIMDA
YKTRNLSTIDGINNSEGOQAYATEDNWLTLPVITFKPEIITKLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKPSDS
IDDPLNMPNEIVCENKLEGNELKPRDGKMKIVSTGKIVIYEFESDSTPOWIQTLYVTOLKKOP

(41). Amino acid sequence of Francisella tularensis subsp. tularensis NE061598 Cas9 protein (SEQ ID NO: 50).
MNVKILPIAIDLDVENTGVESAFYQKGTSLEKLDNEKNGEKVYELSKDSYTLLMNNRTARRHKRRGIDRKQLVERLEFKL
VWTEQLNLEWDKDTQOALISELENRRGESEFITDGYSTEYLNIVPEQVEKATIIMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKIMOKILEFKLRKLCTDIKDDRKVSTRKTLKEITSYEFELLADY LANYSESLKTOKESYTDKOQGNLKELSYYHH
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DRKYNIQEFLKRHATINDEILGTLLTDDEDIWNENFEKEDEFDKNEEKLONQEDKDHTOQAHLHHEVEVVNKIKSEMASG
GRHRSOYFQEITNVLDENNHOEGY LKNFCENLHNKKYSNLSVENLVNLYVGNLSNLELKPLREKYFNDKIHAKADHWDE
QRETETYCHWI LGEWRVGVRKDODKKDGAKY SYKDLCNELKOKVITKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPRKEFLDNQYPNWOOYLOELKKLOSIODYLDSFETDLKDLKSSKDQPYEVEYKS SNQOMASGORDYKDLDARILY
FIFDRVKASDELLLNEIYFQAKKLKOKASSELEKLESSKKLDEVIANSQLSQI LKSQHTNGIFEQGTFLHLVCKYYK
ORORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNQLLS SVEEWEQQ
AQRVGEISKSODEQIFEWLKSFKIASYCKAAVEMOKOYRGTLEKNAIQTATFROSENINKNEKNTGNQQOALSENSKDYV
KSLTADERKLLEKLIENIAKASQKIGESLGLNDRKQIKKENSIYSFAQIQQIAFAKRKGNANTCAVCSADNAHRMOQIK
ITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVKEKMATI LAKNIVDDNWONIKQVLSAKHOQLHIPIITESNAFEFEP
ALADVKGKSLEKDRRKKALERISPENIFKDKNNRIKEFAKGISAYSGANLTDGDEDGARKEELDHIITPRSHKKYGTLND
EANLICVTRDDNKNIFAIDTSKWEEIETPSDLRDIGVAT IQYKIDNNSRPRKVRVKLDYVIDDDSKINYEMNHSLLKS
RYPDRKVLEILKOSTIITEFESSGENKTIKEMLGMTLAGIYNETSNN

(42).  Amino acid sequence of Legionella pneumophila subsp. fraseti strain ATCC 33216 Cas9 protein (SEQ ID
NQO: 51).
MESSQLLSPIGIDLGGKETGVCLSHLESFAELPNHANTKYSVIIMDHNNEFQLSQAQRRITRHRVRNKKRNOEVEKRVA
LOLFOHMLSRELNVKEEIALCHY LNNRGYTYVDTDLDEY LKDETTVNLLKELLPPESEHNFIDWLLOKMOSSKERETL
LGSRVEEKKDDKELKNAVENIEKENFITGEFERNSVEGHRHRKVYFENIKSDITNDNOQLDGIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLAKNPROFDEQTEFGNEE LRMLENFRKHLKGSQESLAVRDLIQOLEQSKDYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKINNLYPKWRNLIPGIIDAHPFLEKDLEHTKLRDRKRLISPSKODEKRDSY LI LORYLDILNK
KIDKFKIKKQLSEFLGOGRKOLPANLIETHKEMETHFSSSLVSALIQIASAYNKEREDAAQGIWEDNAFSLCELSNINE
PREKOKILPLLVGAILSEDPFINNKDKWARKFKSEWNTHRKIGRTLLKYKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALTRKIIQTIPDIIQAIGSHLGHNDSQALIYNNPESLSQLYTI LETKRDGFHENCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPFDGVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEONRFEFEESFRKKIKGISRDKTLEQAT
EKONIRWEEKEFQRIINASMNVCPYKGTLIGGOGEIDHIYPRSLSKKHEGTIFNSEANLIYCSSQGNREKKEEHYLLE
HLSPIYLKHQFGTDNVSDIKNFISONVANIKKY ISFHLLTPEQOKAARHALEFLDYDDEAFKTVTKELMSQOKARVNG
TOKFLGKOIMEFLSTLADSKOQLOLEFSIKQINAEEVHNHRELLSKQEPKLAKSQOOSEFPSHAIDATLTMGIGLKEEP
QFSQELDNSWEINHLMPDEVHINPVOSKEKYNKEPNISSTI PLEKDSLYAERFIPVWVKGETFAIGEFSEKDLEEIKPSN
REKLFTLLKTYSTKNPGESLOELOATI SKAKWLYFPINKT LALEFLHHYFHRKETVTPDDTTVCHEINSLRYYTKKEST
TVKILKESMPVLSVREESSKENVLGT FRKHTIALPATKDWERLFNHPNEFLALKANPNPNPKEENEFIKKYFLSENNPN
SDIPNNDHTIKPOKHKTVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEGKLVKOEVIMDA
YKTRNLSTIDGINNSERQAYAAFDNWLTLPVSTFKPELI ITKLEMKPHSKTRRYIRITOSLADEFIKTIDEALMIKESDS
IDDPLNMPNEIVCENKLEGNELKPRDGEMKIVSTGKTVIYEFESDSTPOWIQKLYVTOQLKKHP

43).  Amino acid sequence of Francisella tularensis subsp. tularensis MA00-2987 Cas9 protein (SEQ ID NO:
52).
MﬁQKILPIAIDLDVKNTGVFSAFYQKGTSLEKLDNKNGKVYELSKDSYTLLMNNRTARRHKRRGIDRKQLVKRLFKL
VWTEQLNLEWDKDTQOATISFLENRRGESEFITDGYSTEYLNIVPEQVREATIMDI FDDYNGEDDLDSY LKLATEQESKT
SEIYNKLMOKILEFKLRKLCTDIKDDRVSTKTLRKEITSYEFELLADYLANYSESLKTOKESYTDKQGNLKELSYYHH
DRYNIQEFLEKRHATINDEILGTLLTDDFDIWNENFEKFDEDENEEKLONQEDKDHTQAHLHHEVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGY LKNFCENLHNKKYSNLSVENLVNLVGNLSNLELKPLREYEFNDKITHAKADHWDE
QRETETYCHWILGEWRVGVKDODKKDGAKYSYKDLCNELKOQRKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPEFLDNQYPNWOOYLOELKKLOSIQODYLDSFETDLEKDLKSSKDQPYEVEYKS SNOQOMASGORDYKDLDARTI LY
FIFDRVKASDELLINEIYFQAKKLKQKASSELEKLESSKRKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOQVSRNQLLSSVEEWEQCQ
AQRVGEISKSQDEQIFEWLKSFRKIASYCKAAVEMOKQYRGTLENAIQTATIFROSENINKNKNTGNQQOQALSENSKDY
KSLTADERKKLLEKLIENIARKASOQKIGESLGLNDKQIKKENSIYSFAQIQQIAFAKREKGNANTCAVCSADNAHRMOQI K
ITELVEDNEDNIILSAKAQRLPAIPTRIVDGAVEKMATI LAKNIVDDNWONIKOQVLSAKHOLHIPIITESNAFEFEP
ALADVKGKSLEKDRRKKALERISPENI FKDEKNNRIKEFAKGISAYSGANLTDGDEFDGAKEELDHITPRSHKKYGTLND
EANLICVITRDDNENIFAIDTSKWEEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYEFMNHSLLKS
RYPDKVLEILKQSTITEFESSGENKTIKEMLGMTLAGIYNETSNN

(44).  Amino acid sequence of Legionella pneumophiia strain Leg01/20 Cas9 protein (SEQ ID NO: 33).

MESSQILSPIGIDLGGRETGVCLSHLEAFAETLPNHANTKYSVILIDHNNEFQLSQAQRRATRHRVRNKKRNOEVERVA
LOLFOHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNEFIDWELOEMOSSEFRKT
LVSKVEERKKDDKELKNAVKNIKNFITGEFERNSVEGHRHRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPKOEFDEQTEFGNEE LRMLKNFRHLKGSQESLAVRNLIQOLEQSODYISILEKTPPEITIPPYEAR
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TNTGMEKDGSLLLNPEKLNNLYPNWRNLIPGI IDAHPFLEKDLEHTKLRDRKRITISPSKQDEKRDSYILORYLDLNK
KNR

45). Amino acid sequence of Burkholderiales bacterium 1 1 47 Cas9 protein (BBCas9) (SEQ ID NO: 54).
MGKTHI IGVGLDLGGTYTGTFITSHPSDEAEHRDHS SAFTVVNSEKLSEFSSKSRTAVRHRVRSYKGFDLRRRLLLLV
ARYQLLOKKQTLAPEERENLRIALSGYLKRKGYARTEAETDTSVLESLDPSVESSAPSETNEFEFNDSEPLNIQWEATA
NSPETTKALNKELSGOKEADFRKKYIKTSFPEYSAKEILANYVEGRRATILDASKYIANLQSLGHKHRSKYLSDI LODM
KRDSRITRLSEAFGSTDNLWRIIGNISNLOERAVRWYEFNDAKFEQGOQEQLDAVKLENVLVRALKYLRSDDKEWSASQ
KOTIQSLEQSGDVLDVLAGLDPDRTIPPYEDONNRRPPEDQTLYLNPKALSSEYGEKWKSWANKFAGAYPLLTEDLT
EILKNTDRKSRIKIRSDVLPDSDYRLAYILQRAFDRSIALDECSIRRTAEDFENGVVIKNEKLEDVLSGHQLEEFLE
FANRYYQETAKAKNGLWEPENALLERADLHPPMEKNKILNVIVGQALGVSPAEGTDFIEEIWNSKVKGRSTVHS ICNA
ITENERKTYGPYFSEDYKEVKTALKEGKTERKELSKKFAAVIKVLKMVSEVVPEFIGKELRLSDEAQSKEDNPYSLAQLY
NLIETERNGESKVSLAAHLENAWRMIMTDGSAQCCRLPADCVRPEDGEFIRKAIDRNSWEVAKRIAEEVKKSVDETNG
TVEIPVATEANSENEFTASLTDLKYIQLKEQKLKKKLEDIQRNEENQEKRWLSKEERIRADSHGICAYTGRELDDVGE
IDHIITPRSLTLKKSESIYNSEVNLIEFVSAQGNQEKKNNIYLLSNLAKNY LAAVEFGASDLSQITNEIESTVLOLKAAG
RLGYPFDLLSEKERACARHALFLNSDSEARRAVI DVLGSRREASVNGTQAWEFVRSIFSKVROALAAWTQETGNELIEFD
ATLSVPAADSSEMREKRFAEYRPEFRKPKVOQPVASHSIDAMCIYLAACSDPEFKTKRMGSQLATIYEPINFDNLETGSCQOV
IONTPRNEFSDKTNIANSPIFKET IYAERFLDIIVSRGEIFIGYPSNMPFEEKPNRISIGGKDPESIT LSVLGAY LDKA
PSSEREKLTIYRVVENRKAFELFSKVAGSKEFTAEEDKAAKI LEALHEVIVKODVAATVSDLIKSKKELSKDS TENLAK
QRGCLKKVEYSSKEFKFKGSLI T PAAVEWGKVLWNVERKENTAEELKDENALRKALEAAWPSSEFGTRNLHSKAKRVES
LEVVATOSGAVRIRRKTAFGDEVYQSODTNNLYSSEPVENGKLDWSSPITHPALOQNRNLTAYGYREFVDHDRSI SMSE
FREVYNKDDLMRIELAQGTSSRRYLRVEMPGEKEFLAWFGENS I SLGSSFRESVSEVEDNKIYTENAREFTKELPKPRE
DNKHNGTIFFELVGPRVIENYIVGGAASSLKEIFSEAGKERS

(46).  Amino acid sequence of Francisella tularensis subsp. tularensis SCHU S4 Cas9 protein (SEQ ID NQO: 55).
MNVEILPIAIDLDVENTGVESAFYQKGTSLEKLDNEKNGKVYELSKDSYTLIMNNRTARRHKRRGIDREKQLVEKRLEKL
VWITEQLNLEWDKDTQOAISFLENRRGESEFITDGYSTEYLNIVPEQVEKATIIMDI FDDYNGEDDLDSY LKLATEQRESKT
SEIYNKLIMOKILEFKLRKLCTDIKDDRVSTKTLEKEITSYEFELLADYLANYSESLKTOKESYTDKOQGNLKELSYYHH
DKYNIQEFLKRHATINDEILGTLLTDDFDIWNENFEKEDEFDENEEKLONQEDKDHTOQAHLHHFVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGYLEKNFCENLHNKKY SNLSVENLYVNLVGNLSNLELKPLREYFNDKIHAKADHWDE
QORFTETYCHWILGEWRVGVEDODKKDGAKY SYKDLCNELKQRKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPRKFLDNQYPNWOOYLOELKKLOSIQDYLDSFETDLEKDLKSSKDOQPYEVEYRKSSNQOMASGORDYKDLDART IO
FIFDRVEKASDELLINEIYFQAKKLKOQKASSELEKLESSKKLDEVIANSQLSQI LKSQHTNGIFEQGTFLHLVCKYYK
ORORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNQLLSSVEEWEQQ
AQRVGEISKSODEQIFEWLKSFRIASYCRKAAVEMOKQYRGTLENAIQTATIFROSENINKNENTGNQOQOQATLSENSKDV
KSLTADERKLLELIENIARKASORKIGESLGLNDKQIKKENSIYSFAQIQOQIAFAKRKGNANTCAVCSADNAHRMOQT K
ITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVEKKMATI LAKNIVDDNWONIKOVLSAKHOLHIPIITESNAFEFEP
ALADVKGESLEKDRRKKALERISPENT FKDKNNRIKEFAKGISAYSGANLTDGDFDGAKEELDHITPRSHKKYGTLND
EANLICVITRDDNENIFAIDTSKWEFEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINY FMNHSLLKS
RYPDKVLEILKQSTIITEFESSGENKTIKEMLGMTLAGIYNETSNN

@7).  Amino acid sequence of Francisella tularensis subsp. novicida U112 Cas9 protein (SEQ ID NO: 56).

MNFEILPIATDLGVENTGVESAFYQKGTSLERLDNKNGKVYELSKDSYTLLMNNRTARRHQRRGIDREQLVKRLEFKL
IWTEQLNLEWDEKDTOQATSEFLFNRRGESFITDGYSPEYLNIVPEQVKATILMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKIMOKILEFKIMKLCTDIKDDKVSTKTLEKEITSYEFELLADYLANYSESLKTOKESYTDRKOQGNLKELSYYHH
DEYNIQEFLEKRHATINDRILDTLLTDDLDIWNENFEKEFDEFDENEEKLONQEDKDHIQAHLHHEVEFAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHOQEGYLKNFCENLHNKKYSNLSVENLVNLIGNLSNLELKPLRKYEFNDKITHAKADHWDE
ORFTETYCHWILGEWRVGVEDODKKDGAKY SYKDLCNELKQRKVTKAGLVDEFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPRKFLDNQYPNWOOYLOELKKLOSIONYLDSFETDLEKVLEKSSKDOPYEVEYKSSNOQQIASGORDYKDLDARTLO
FIFDRVEASDELLINEIYFQAKKLKQKASSELEKLESSKELDEVIANSQLSQILKSQHTNGIFEQGTEFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLHKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGVLOVSPNEFLKDKIGSDDDL
FISKWLVEHIRGEFKKACEDRSLKIQKDNRGLINHKINIARNTKGKCERKEI FNLICKIEGSEDKKGNY KHGLAYELGVL
LEGEPNEASKPEFDREKIKKENSIYSFAQIQOIAFAERKGNANTCAVCSADNAHRMOO ITKITEPVEDNKDKIILSAKA
QRLPATPTRIVDGAVKEMAT I LAKNIVDDNWON I KQVLSAKHQLHIPTI ITESNAFEFEPALADVKGKSLKDRRKKAL
ERISPENIFKDENNRIKEFAKGISAYSGANLTDGDEDGAKEELDHI IPRSHKKYGTLNDEANLICVTRGDNENKGNR
ITFCLRDLADNYKLKQFETTDDLEIEKKIADTIWDANKKDFKEFGNYRSEFINLTPOQEQKAFRHALFLADENPIKQAVIR
AINNRNRTEVNGTOQRYFAEVLANNIYLRAKKENLNTDKISEFDYFGIPTIGNGRGIAEIRQLYERKVDSDIQAYAKGDK
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POASYSHLIDAMLAFCIAADEHRNDGSIGLEIDKNY SLYPLDKNTGEVETKDIFSQIKITDNEFSDKKLVRKEKAIEG
FNTHROMTRDGIYAENYLPILIHKELNEVRKGYTWKNSEEIKIFKGKKYDIQOQLNNLVYCLKEFVDKPISIDIQISTL
EELRNILTTNNIAATAEYYY INLKTQRKLHEYYIENYNTALGYKKYSKEMEFLRSLAYRSERVKIKSIDDVKQVLDEKD
SNEILIGKITLPFKEKEWQRLYREWONT TIKDDYEFLKSEENVKSITKLHRKKVREDES LPI STNEGKELVEKRKTWDNNE
IYQILNDSDSRADGTKPEFIPAFDISKNEIVEALIIDSFTSKNIFWLPRKNIELOKVDNKNIFAIDTSKWEFEVETPSDLR
DIGIATIQYKIDNNSRPRKVRVKLDYVIDDDSKINYFMNHSLLKSRYPDKVLEILKOQSTITEFESSGENKT I KEMLGM
KLAGIYNETSNN

(48).  Amino acid sequence of Francisella tularensis subsp. tularensis 79201237 Cas9 protein (SEQ ID NQO: 57).
MNVKILPIAIDLDVENTGVESAFYQKGTSLEKLDNKNGEKVYELSKDSYTLLMNNRTARRHKRRGIDRRKQLVKRLEFKL
VWIEQLNLEWDKDTQQAISEFLENRRGESFITDGYSTEYLNIVPEQVKAIIMDIFDDYNGEDDLDSYLKLATEQESKT
SEIYNKIMOKILEFKLRKLCTDIKDDKVSTRTLKEITSYEFELLADYLANYSESLKTQRKESYTDRKOGNLKELSYYHH
DEYNIQEFLEKRHATINDEILGTLLTDPDEDIWNEFNFEKFDEFDENEEKLONQEDKDHTOQAHLHHEVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHOEGY LKNFCENLHNKKYSNLSVENLVNLYGNLSNLELKPLRKYFNDKITHAKADHWDE
ORFTETYCHWI LGEWRVGVKDODKKDGAKY SYKDLCNELKQKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCOS
LILNPKEFLDNQYPNWOOYLOELKKLOSIODYLDSFETDLKDLEKSSKDQPYEFVEYKS SNQOMASGORDYKDLDARILO
FIFDRVKASDELLLNEIYFQAKKLKOKASSELEKLESSKKLDEVIANSOLSQI LKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNQLLS SVEEWEQQ
AQRVGEISKSQDEQIFEWLKSFKIASYCKAAVEMOKQYRGTLENAIQTATFROSENINKNKNTGNQOQOALSENSKDY
KSLTADERKKLLKLIENIAKASQKIGESLGLNDKOIKKENSIYSFAQIQOQIAFAKRKGNANTCAVCSADNAHRMOQOIK
ITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVKKMATILARKNIVDDNWONIKOVLSAKHOQLHIPIITESNAFEFEP
ALADVKGKSLKDRRKKALERISPENIFKDKNNRIKEFAKGISAYSGANLTDGDEDGAKEELDHIITPRSHKKYGTLND
EANLICVTRDDNKNIFAIDTSKWEFEIETPSDLRDIGVATIQYKIDNNSRPRKVRVKLDYVIDDDSKINYEMNHS LLKS
RYPDEVLEILKOSTIIEFESSGENKTIKEMLGMTLAGIYNETSNN

(49).  Amino acid sequence of Francisella tularensis subsp. tularensis AS 713 Cas9 protein (SEQ ID NO: 58).

MNVEILPIAIDLDVENTGVESAFYQKGTSLEKLDNKENGKVYELSKDSYTLIMNNRTARRHQRRGIDREQLVKRLEKL
VWIEQLNLEWDKDTOOAISEFLENRRGESEFITDGYSTEYLNIVPEQVEATIIMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKIMOKILEFKLRKLCTDIKDDRKVSTKTLEEITSYEFELLADYLANYSESLKIQKESYTDKQGNLKELSYYHH
DEKYNIQEFLKRHATINDEILDTLLTDDFDIWNENFEKFDEFDENEEKLONQEDKDHTQAHLHHFVEFAVNRKIKSEMASG
GRHRSOYFQEITNVLDENNHQEGY LKNFCENLHNKKYSNLSVENLVNLVGNLSNLELKPLREKYFNDKIHAKADHWDE
QOREFTETYCHWILGEWRVGVKDODKKDGARKY SYKDLCNELKOQKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPRFLDNQYPNWOOYILOELKKLOSIQDYLDSFETDLEDLKSSKDOPYEFVEYKSSNQOMASGORDYKDLDART IO
FIFDRVEASDELLINEIYFQAKKLKOKASSELERKLESSKEKLDEVIANSQLSOILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLOVSRNOQLLSSVEEWEQQ
AQRVGEISKSODEQIFEWLKSFRKIASYCKAAVEMOKQYRGTLENATIQTATFROSENINKNKNKNTGNQOOQALSENSK
DVKSLTADEKKLLKLIENIAKASQRKIGESLGLNDKQIKKENSIYSFAQIQQIAFARRKGNANTCAVCSADNAHRMOO
IKITELVEDNKDNITLSAKAQRLPAIPTRIVDGAVEEMAT I LAKNIVDDNWONIKQVLSAKHQLHIPIITESNAFEE
EPALADVKGKSLEDRREKKALERISPENIFKDEKNNRIKEFAKGI SAYSGANLTDGDFDPGAKEELDHI IPRSHKKYGTL
NDEANLICVTRDDNENIFAIDTSKWEEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYFMNHSLL
KSRYPDRVLEILKQSTIIEFESSGENKTIKEMLGMT LAGIYNETSNN

(30).  Amino acid sequence of gammaproteobacterium HTCCS015 Cas9 protein (SEQ ID NO: 59).

MTKNYISPIAIDLGAKFTGVALYQYLEGADCTQEVAKGLLVDDRGNVTWSQEGRRGKRHQVRGYKRRKMAKRLLWLI
LDSEYGIKREEVIEPLLKFINGLLNRRGYTYISEEVDEESMNVSPLPFSEMMPDYFNSSAPLLEQLAKLLSDKNKLY
RFRAEGKIPSNKNEFKKLLDTALDGKYKDEKKELSEAWGNI LIASENVLKSTVDGHKSRSEYLANIKEDIKSNEELE
KQISSKEIDGFYNLVGHLSNFQLRLLRKYFNDPNMSGVS YWDEKRLEKY FYOWVOGWHTKGGTDEAEKKNI I LKTKG
APLLKTLKSLSADLTIPPYEDONNRRPPKCQOSVLLSDEKLTMHY PKWKEWVGOLVKONDNAYLNENVTLANALHRIV
ERSRSIDPYQLRLLISITDAEKRNDLAGYKRLKLSLGSEVDEFLLLVKNIVDETKEAREGLWEFETENKLFFKCGKTP
PRKEKLKSTLLSAVLGKNLSDDEQSSFIEEFWKSGTPKIERRNVRGWCRLASQVOKTYGVYLKEYGLOQLHKLEAGK
KLDDKPLALLYKNSGLIASKIGEALNIEPDEVSRFASPHSLAQIFNIIEGDVAGFNKTCRACTYENIWRMOEEKVES
LLTNQLLSEIHGERKVPLKSAMCTRLSADSTRPFDGOMAST IEHIARKIAQHKIAQINDVPKEFSIDIPIIIESNQF
SFTAELEEIKRGRGSAKAKKAKELGEKSKAGWVSKTERIKTSSEGICPYTGAPLGGSGEIDHI I PRSLTGRTKKTVE
NSEANLIYCSSKGNHDKGNRVYVIEQLNDKYLKKQFSTSDVNLIKKKIKTTIQRFTEGGEKLRSFSELSREDQKAFR
HALFVPELKSEVTSLLAVENITRVNGTQAWLAKKIASLLAEHLDKQGRDYTLSAHQIDPWSVSKQRKMLASAEPTWA
KKDPQPAASHVVDAVCTFLEALEQPHTASRLKTISSTSFEKTGWRSALI PDLIKVDALDRRPKYRRYNIGSTSLEKD
GIYAERFLPILIDENGLMAGYDIDNSLKAKGADVVFESLSPFLLFKGEEVGAQSLSDWQERIDGRYLYMSIDKVKAF
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DYLOEKVGEKDIAAELLNSTHFTORKTELRAKESDDSGKKMKTLDAIRKSLKLTVIVNEIGKRKEKCGESGTIGIPA
KSAWENLLDEPLLETYWGTRKMPPOEIWEKVYRKHFPRNI PNOAHRKVRKDESLPVVDSVSGGERVKRKTPNGYNYQL
LAIDGYSAVGEKKEGDNVDEFKSPALVPOQIAESKSVIPISSELVHLDEKNEIVYFDEWRKIDISDSDLKQEVSS LELAP
GSONREYIRFIVDEDQFERHFKSALRVNGIQDLDTVNKTFDWNREIPSLLIPPRSNLFLLETGORKITEFEY IANGANA
EVKKAYSLRRA

(31).  Amino acid sequence of Francisella tularensis subsp. tularensis 3571 Cas9 protein (SEQ ID NO: 60).
MNVEILPIAIDLDVENTGVESAFYQKGTSLEKLDNKNGKVYELSKDSYTLIMNNRTARRHQRRGIDREQLVERLEKL
VWIEQLNLEWDKDTQOAISFLEFNRRGESFITRGYSTEYLNIVPEQVEAILMDIFDDYNGEDDLDSYLRKLATEQESKT
SEIYNKIMOKILEFKLRKLCTDIKDDRKVSTKTLEEITSYEFELLADYLANYSESLKIQKESYTDRKOQGNLKELSYYHH
DRKYNIQEFLKRHATINDEILDTLLTDDFRIWNENFEKFDEDEKNEEKLONQEDKDHTQAHLHHEVEFAVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGYLEKNFCENLHNKKYSNLSVENLYVNLYGNLSNLELKPLRKYFNDKIHAKADHWDE
QRFTETYCHWILGEWRVGVEDODKKDGAKY SYKDLCNELKQKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPKFLDNQYPNWOOYLOFELKKLOSIQODYLDSFETDLKDLKSSKDOPYEVEYKS SNOQOMASGOQRDYKDLDARI LY
FIFDRVEASDELLLINEIYFQAKKLKOKRASSELERKLESSKKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
ORORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGYVLOVSRNQLLSSVEEWEQQ
AQRVGEISKSODEQIFEWLKSFKIASYCKAAVEMOKQYRGTLENAIQTATIFROSENINKNKNENTGNQOOQALSENSK
DVKSLTADEKKLLKLIENIAKASQKIGESLGLNDKQIKKENSIYSFAQIQOQTAFAERKGNANTCAVCSADNAHRMOO
IKITELVEDNKDNITLSAKAQRLPAIPTRIVDGAVKEMAT I LAKNIVDDNWONIKOVLSAKHQLHIPI ITESNAFEE
EPALADVKGKSLEKDRRKKALERISPENIFKDKNNRIKEFAKGI SAYSGANLTDGDFDGAKEELDHI IPRSHKKYGT L
NDEANLICVTRDDNENIFATIDTSKWEEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYEFMNHSLL
KSRYPDRVLEILKQSTIIEFESSGENKTIKEMLGMT LAGIYNETSNN

(32).  Amino acid sequence of Francisella tularensis subsp. tularensis FSCO033 Cas9 protein (SEQ ID NO: 61).

MNVEILPIAIDLDVENTGVESAFYQKGTSLEKLDNKNGKVYELSKDSYTLIMNNRTARRHKRRGIDRROQLVKRLEKL
VWIEQLNLEWDKDTOOAISFLENRRGESFITDGYSTEYLNIVPEQVEATIMDI FDDYNGEDDLDSY LKLATEQRESKT
SEIYNKIMOKILEFKLRKLCTDIKDDKVSTKTLEEITSYEFELLADYLANYSESLKTOKESYTDKOQGNLKELSYYHH
DKYNIQEFLEKRHATINDEILGTLLTDDFDIWNEFNFEKFDEFDKNEEKLONQEDKDHTQAHLHHEVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGYLEKNFCENLHNKKYSNLSVENLYVNLVGNLSNLELKPLREKYFNDKIHAKADHWDE
ORFTETYCHWILGEWRVGVEDODKKDGAKY SYRDLCNELKOQKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPRKFLDNQYPNWOOYLOELKKLOSIQODYLDSFETDLEDLKSSKDOPYEVEYKS SNQOMASGORDYKDLDARTLO
FIFDRVEKASDELLINEIYFQAKKLEKOQKASSELEKLESSKKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QORORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLQVSRNQLLSSVEEWEQQ
AQRVGEISKSODEQIFEWLKSFKIASYCKAAVEMOKQYRGTLEKNAIQTATFROSENINKNENTGNOQOATLSENSKDV
KSLTADERKKLLEKLIENIARASQRKIGESLGLNDKQIKKENSIYSFAQIQOQIAFAKRKGNANTCAVCSADNAHRMQOITK
ITELVEDNEDNITILSAKAQRLPATIPTRIVDGAVKRKMATI LAKNIVDDNWONIKOQVLSAKHOLHIPIITESNAFEFEP
ALADVKGESLEDRRKKALERISPENIT FKDKNNRIKEFAKGISAYSGANLTDGDFDGAKEELDHITPRSHKKYGTLND
EANLICVTRDDNENIFAIDTSKWEEIETPSDLRDIGVATIQYRKIDNNSRPKVRVKLDYVIDDDSKINYFMNHS LLKS
RYPDKVLEILKQSTIIEFESSGENKTIKEMLGMTLAGIYNETSNN

(83).  Amino acid sequence of Francisella tularensis subsp. novicida strain DPG 3A-IS Cas9 protein (SEQ ID
NO: 62).
MNVEILPIAIDLGVENTGVESAFYQKGTSLERLDNKNGKVYELSKDSYTLLMNNRTARRHQRRGIDRKOLVKRLEKL
IWTEQLNLEWDKDTQOQATSFLENRRGESEFITDGYSPEYLNIVPEQVKATILMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKLMOKILEFKLRKLCTDIKDDKVSTKTLEKEITSYEFELLADYLANYSETI LKTQKESYTDROGNLKELSYYHH
DKYNIQEFLEKRHATINDEILDTLLTDDLDIWNENFEKFDEDRKNEEKLONQEDKDHTQAHLHHEVEFAVNKIKSEMASG
GRHRGOYFQEITNVLDENNHQEGY LKNFCENLHNKKYSNLSVENLVNLIGNLSNLELKPLRKYEFNDKIHAKADHWDE
ORFTETYCHWILGEWRVGVEDODKKDGARKY SYKDLCNELKQRKVTKAGLVDFLLELDPCRTIPPYLDNNNRKPPKCQS
LILNPRFLDNQYPNWOOYLOELKKLOSIONYLESFETDLEKVLKSSKDOQPYEVEYKS SNOQQIASGORDYKDLDARILO
FIFDRVEKASDELLINEIYFQAKKLKOKASSELEKLESSKELDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDDNQLLTYCNHKPROKRYQLLNDLAGVLOVSPNFLKDKIGSDDDL
FISKWLVEHIRGEFKEACEDSLKIQKDNRGLINHEKINIARNTKGKCERKEIFNLICKIEGSEDKKGNYKHGLAYELGVL
LEGEPNEASKPEFDREKIKEKENSIYSFAQIQOIAFAFRRKGNANSCAVCSADNAHRMOOIKITEPVEDNKDKIILSAKA
QRLPATIPTRIVDGAVKKMAT I LAKNIVDDNWON T KQVLSAKHQLHIPIITESNAFEFEPALADVKGKSTKDRRKEAL
ERISPENIFKDENNRIKEFAKGISAYSGDNLASGDEFDGAKEELDHI TPRSHKKYGTLNDEANLICVTRDDNENKGNR
ITFCLHDLANNYRLKOQFETTDDLEIEKKIADTIWDASKKDFKEGNYRSEFINLTPQEQKAFRHALFLADENPIKQAVIR
AINNRNRTEVNGTORYFAEVLANNIYLRAKKENLNTDKISEFDYFGIPTIGNGRGIAEIRQLYEKVDSDIQAYAKGDK
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POASYSHLIDAMLAFCIAADEHRNDGSIGLEIDKNY SLYPLDKNTGEVETKDIFSQIKITNNEFSDKKLVRKEKATEG
FNTHROMTRDGIYAENYLPILIHKELDEVRKGYTWGNSEELKIHKGKKYDIQOQLNNLVYCLKFIDKSISIDIQISTL
EELRNILTTNNIATTAEYYY INLKTQKLHEYYITENYNTALGYKKYTKEMEFLRSLAYRSERVKIKS IDDVKQVLDKD
SNEILIGKITLPFRKEKEWQRLYREWONT TIKDDYEFLKSEENVKS ITRKLHKKVRKDESLPI STNEGKFLVEKRKTWDNNE
IYQILNDSDSRVDGTKPFIPAFDISKNEIVEATLIDSEFTSKNIFWLPKNIELOKVDNKNIFAIDTSKWEEVETPSDLR
DIGVATIQYKIDNNSRPRKVRVKLDYVIDDDSKINYEFTNHSLLKSRYPDKVLEILKOSTIIEFESSGENKTIKEMLGM
TLAGIYNETSNN

B4). Amino acid sequence of Succinatimonas sp. CAG:777 Cas9 protein (SEQ ID NO: 63).
MSKEKTVYSNIAIDLGGKYTGCVSYTSSILPSADDINAFITEMPDDGNGIRKYTVRKDRTQRKRHMIRALDRFKKARKLIY
LVISSVIHRELTADERKESISSIMKRRGYTRLEAREIDLDILKECPVDLEFASYIKDLERPESQSLYDOFNOQKCCDLDSAK
AMKEALSSEELKQAMDSSELDKIEKKIYRSAFDVMVKAAENTI INTCEFGNEHREQYLSDIKADINKDSRLADIVESE
DGNEKLFKCVGNISNLQLRALRWYFNDINMKGNPKWI PERFKKVWARAYKYFHYPKEDQOQKARELIKNLEI SNDVTS
LILCSIDPLDTIPPYEDONNRNPPTDLTLLLSPKALDKKY TNLWEKWAEKFAKLYPNLKYQLEDIVKISDREKSRIDVK
SSSSYTOSKVENSYVMORLEDLAADKNEPITLLRSWVRDPSNSKLADTVRKIIQSVVEDREDDEFYKLAQSYYNEVEMA
KSGLWSVIDDPLLEISGIHPPMEKNKVISTLVGNVLGINNDFDYEKFLEVWRAP IKGRKTLKSVCEDIEGLRKEYGNT
FRKIEYDYANYSAKEKKERLTADQKKLVEINKITEEISPLVRNSISQDPLSETKENNPESESQLYTLIETDTLGESSN
CVAVNMENNARMOFLLGNHALCSRLPTESVRPEFDGALGKILERQAYEITARKVKSAETIKELDSLNETVINVGILIEQNK
FEFTESTAKIKKSKLLEKIKKRSQOSGVSROLKEKWENKEKRIKSASRGVCPYTGERISETNGEIDHI IPRSEFTKSSMG
TIFNSEANLIFCRLTGNRNKDENMYTLRELSPRKYLNAVEFGTANIVQIQONIEGTVAKISSKNPRELEFDMMDOKEQDC
CRHALFMPHSKAYQIVVSAMARSYSTRVNGTOQSYEVNAI ISKLENELSSWLKSNRNTLNFFAYKVDPSDVHSTRDDL
SKLNTLLKKQENQPITSHATI DALCVLASASTNERISENISKESCLAKISNTGNLLKLEPHEFKILRIEKKDESDEND
DESRKLEFNDTIYAEHFLPVMVMKDOVKIGESWNSSKEGNSITEIVKDOHKFLELLAPFEFNKATIESSCKEITYRKINKKK
AFDFIHRYIHOQEVDVNDCALIVKILESLRYTTVNTDVCDIYNDREKRFKSKSETILTNKNFELNFSLPRKPFKILACKK
IYLPSENEWSKITEKESDYLGKDNIKNWKELIIYNSLNLNRKTTKKLNHAGTEKRVYSLPILENASGGIRIKRYTDEME
EEYQLLEVNTPOQTVKRKGFALSEKGEVMWNKPITVDSYIGEKNLTLLEKNYKNVCIGDNEVPMKENRMVYKNEKTEVY
ISPSSDSRRLVIIKOQPEFDEFNKCLENKYRKNYLELPSTLVLSGDEIKIYVEKNMENDEIGNPRVETKNNKKTGKIVMLS
IGKLVRYCYMSTTCDSILMKTAYDCALS

(85). Amino acid sequence of Bacferoidetes oral taxon 274 str. FO038 Cas9 protein (BFCas9) (SEQ ID NO:
64).

MENILGLDLGTNS IGWAYVKQAQONDSEKSEIAELGVRVNPLTVDEKTNFEKGKPISTNADRTLKRGARRNLORYKLR
ROELIELLEKDYQVISDKTILAEDGKETTFETLRLRVEKSAKEQVSLEELARILILMINKKRGYKS SRKAKNEDEGQLI D
GMEIARRLYDENLTTGOLSLOLLKEGKKSLPDYYRSDLOHELDRKVWNEQRQFHPDI LTDEFYTSIQGKGQKATRESE
SSKYGIDTAENKGSREEKKLCAYOWRADATHKELTKEELAFVITEINNNINNSSGYLGAISDRSKELI FANETVGEY
LWKQIQONDPHTSLKNQVEYRQDYFDEFERIWETQSGEYPQILTESLKNELRDILIFYQRKLKSQKALVS ICEFESKE
IPLEKDKQGNPISKNGI PVIKLVGPKVAPKSSPLEFQEFKIWONLNNVLVRPKGSRERKVITTNQOSTLLEGQEPVERELN
LEQKELLFEELNLKGNLKTDYCLELIGYSAKEWEMNYPT LEGNKTNKALYEAYLKIIDSEGYDARKKLLKVKTDKDDI
NLDDIKVSASEIKTMISDIFNELGINTKILDFDAELERKQFEAQASYRLWHLLYSYEGDDSKSGNELLYRLLEDKEG
FKREHSKTLANVSLLSDYGNLSTKAIRTIYPYIKENKEFSTACELAGYRHSKLSISKEENENRT LKDTLDVLKEKNSLR
QPVVEKILNQMINLINELIEKHSEKDEKGN IVKYFKFDEIHIELARELKKNAEERRELDSKVREGKDRNEKIITILK
SEFGLPYPTKNDITRYRLYEELKDNGYKDLYTNTYIPREKLESKEIDIEHITPKSRLENDSESNKTICYRODNLNKG
ERTAYDYIEGLGKTQLDEYLNRVENLYTNKEITKAKYRNLLKKESEIGDGFIERDLRETOY ITAKKARKEMLLOITRAV
VSTTGSITDRLRDDWELVNVMRELNLPKYKVLGLTEIQERKNGOTVEVITDWTKRNDHRHHAMDALTVAFTKHSHIQ
YLNFLNARKDEKHKEYSNIMGIQOQLETEKTTDKDGKDRRVEKTPI PNFROVAKEHLES I LI SHKTKNKVVTRATNKI
AGSKEKQOETLSPRGOLHKETVYGKYRRYVOKEEKIGSKEDLOTIERVANPLYRKRLLTKRLEENGGDPKKAFTGKNAL
ARKSPIYLDETQTQOLPEKVKLVWLETDEFSIRKDITPDNFKDEKSIDRKVLDEGI KRILKDRLKS FDGDAKRAFTDLEQ
NPIWLNKEKGIAIKRVTISGVSNAEP LHTKKDHLGNEIFDDTGKPIPVDYVSTGNNHHIATYRDENGNLOQEKAVSEE
EAVTRANQGLPTVDKTYNQHLGWQFLEFITMKONEMEVEPNKETGFDPQEIDLLDPEKNKEKLISPNLEFRVOKISTENYFE
RHHLETSVETHNALNGVIYKSQLGLNGITDIIKVRINHLGDIVHIGEY

(86).  Amino acid sequence of Francisella tularensis subsp. tularensis 80700069 Cas9 protein (SEQ ID NO: 65).
MNVEILPIAIDLDVENTGVESAFYQKGTSLEKLDNKNGKVYELSKDSYTLLMNNRTARRHKRRGIDREKOQLVKRLEKL
VWIEQLNLEWDKDTOQOAISELEFNRRGESFITDGYSTEYLNIVPEQVEKATIMDI FDDYNGEDDLDSY LEKLATEQRESKT
SEIYNKLMOKILEFKLRKLCTDIKDDRKVSTKTLEKEITSYEFELLADYLANYSESLKTQKESYTDRKOGNLKELSYYHH
DRYNIQEFLKRHATINDEILGTLLTDDFDIWNENFEKFDEDKNEEKLONQEDKDHTQAHLHHEVEVVNRKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGYLKNFCENLHNKKYSNLSVENLVNLYGNLSNLELKPLREYFNDKIHAKADHWDE
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QKFTETYCHWILGEWRVGVKDODKKDGAKY SYKDLCNELKQKVTKAGLIDFLLELDPCRTIPPYLDNNNRKFPPKCQS
LILNPKEFLDNQYPNWOOYLOELKKLOSIQODYLDSFETDLKDLKSSKDOPYEFVEYRKSSNQOMASGORDYKDLDARI LY
FIFDRVEKASDELLLNEIYFOQAKKLKOKASSELEKLESSKKLDEVIANSQLSQI LKSQHTNGIFEQGTFLHLVCKYYK
QORORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHEKPRORKRYOQLLNDLAGVLOVSRNOQLLS SVEEWEQQO
AQRVGEISKSODEQIFEWLKSFRKIASYCKAAVEMORKOYRGTLENAIQTATIFROSENINKNKNTGNQOQOALSENSKDY
KSLTADEKKLLKLIENIAKASCKIGESLGLNDRKQIKKENSIYSFAQIQOIAFAKRKGNANTCAVCSADNAHRMOOIK
ITELVEDNKDNITILSAKAQRLPAIPTRIVDGAVKKMATI LAKNIVDDNWONIKQVLSAKHOQLHIPIITESNAFEFEP
ALADVKGKSLEDRREKKALERISPENI FKDKNNRIKEFAKGISAYSGANLTDGDEDGARKEELDHIIPRSHKKYGTLND
EANLICVTRDDNENIFAIDTSKWEFEIETPSDLRDIGVATIOYKIDNNSRPKVRVKLDYVIDDDSKINYEFMNHSLLKS
RYPDRVLEILKOSTITEFESSGENKTIKEMLGMTLAGIYNETSNN

(37).  Amino acid sequence of Legionella pneumophila subsp. pneumophila JCM 7571 Cas9 protein (SEQ ID
NQ: 66).
MESSQILSPIGIDLGGKRKETGVCLSHLEAFAELPNHANTKYSVILIDHNNEFQLSQAQRRATRHRVRNKKRNOQEVKRVA
LOLFOHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNEFIDWELORKMOSSEEFRK L
LVSKVEEKKDDRELKNAVENIKNFITGFERKNSVEGHRHRRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPROFDEQTEFGNEF LRMLENFRHLKGSQESLAVRNLIQOLEQSODYISILEKTPPEITIPPYEAR
TNTGMERKDOS LLLNPEKINNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKQDEKRDSYILORYLDLNK
KIDKFRKIKKOLSFLGOGRKOLPANLIETOQKEMETHENSSLVSVLICIASAYNKEREDAAQGIWEDNAFSLCELSNINP
PRKOKILPLLVGAILSEDFINNKDKWAKEKIFWNTHKIGRTSLEKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSQALIYHNPEFSLSQLYTI LETKRDGEFHKNCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPFDGVLARMMORLAYEIAMARKWEQIKHIPDNSSLLIPIYLEQNRFEFERESFKKIKGSSSDKTLEQAT
EKONIQWEEKEFORIINASMNICPYKGASIGGQGEIDHIYPRSLSKKHEGVIENSEVNLIYCSSOQGNREKKEEHYLLE
HLSPLYLKHQFGTDNVSDIKNEISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTITKELMSQOKARVNG
TORFLGKQIMEFLSTLADSKOLOLEFSIKQITAEEVHDHRELLSKOQEPKLVKSROOSEFPSHAI DATLTMSIGLKERP
OFSQELDNSWEINHLMPDEVHLNPVRSKEKYNKPNISSTPLFKDS LYAERFIPVWVKGETFAIGESEKDLEFEIKPSN
KEKLFTLLKTYSTKNPGESLOELQAKSKAKWLY FPINKTLALEFLHHYFHRKEIVTPDDTTVCHEFINSLRYYTKKEST
TVRKILKEPMPVLSVREFESSKENVLGSFRKHTIALPATKDWERLEFNHPNFLALKANPAPNPKEENEFIRKYFLSDNNEPN
SDIPNNGHNIKPOQRKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOQPLYQLOTIDDTPSMGIQINEDRLVKOEVLMDA
YKTRNLSTIDGINNSEGOAYATEFDNWLTLPVSTFKPEIITKLEMKPHSKTRRYIRITOSLADFIKTIDEALMIKPSDS
IDDPLNMPNEIVCENKLEGNELKPRDGEMKIVSTGKIVIYEFESDSTPOWIQTLYVTOLKKQP

(58). Amino acid sequence of Wolinella succinogenes Cas9 protein (WsCas9) (SEQ ID NO: 67).
MLVSPISVDLGGKNTGEFFSEFIDSLDNSQSGTVIYDESEVLSOVGRRSKRHSKRNNLRNKLVKRLEFLLILOEHHGLS T
DVLPDEIRGLENKRGYTYAGFELDEKKKDALESDTLKEFLSERKLOSIDRDSDVEDELNQIASNAESFKDYKKGEEAV
FASATHSPNKKLELKDELKSEYGENAKELLAGLRVTKEI LDEFDRKOQENQGNLPRAKYFEELGEYTATNEKVKSEFEDS
NSLKLTDMTKLIGNISNYQLKELRRYFNDKEMEKGDIWI PNKLHKITERFVRSWHPKNDADRQRRAEIMKDLKSKETL
MELLTTTEPVMTIPPYDDMNNRGAVKCQT LRLNEEY LDKHLPNWRDIAKRLNHGKENDDLADSTVKGYSEDSTLLHR
LLDTSKEIDIYELRGKEKPNELLVKTLGOSDANRLYGFAQNYYELIRQKVRAGIWVPVENKDDS LNLEDNSNMLKRCN
HNPPHKKNQIHNLVAGILGVKLDEAKFARFEKELWSAKVGNKKLSAYCKNIEELRKTHGNTFKIDIEELRKKDPAEREL
SKEEKAKLRLTDDVILNEWSQKIANEFEFDIDDEKHROQRENNLESMAQLHTVIDTPRSGESSTCKRCTAENRERSETARY
NDETGEFHEKKATATCOQRLPADTOQRPESGKIERYIDKLGY ELAKI KAKELEGMEAKEIKVPI I LEQNAFEYEESLRKS
KTGSNDRVINSKKDRDGKKLAKAKENAEDRLEKDEDKRIKAFSSGICPYCGDTIGDDGEIDHILPRSHTLKIYGTVEN
PEGNLIYVHQKCNQAKADS IYKLSDIKAGVSAQWIEEQVANI KGYKTEFSVLSAEQOKAFRYALFLONDNEAYKKVVD
WLRTDOSARVNGTOQRKY LAKKIQEKLTKMLPNKHLSFEFI LADATEVSELRROYARONPLLAKAEKQAPSSHATDAVM
APFVARYQKVEKDGTPPNADEVAKLAMLDSWNPASNEPLTKGLSTNQRKIEKMI KSGDYGOQKNMREVEGKSIFGENATG
ERYKPIVVOEGGYYIGYPATVKEKGYELKNCKVVISKNDIARLEKITKNQDLISLEKENQYIKIFSINKQTISELSNRY
FNMNYKNLVERDKEIVGLLEFIVENCRYYTKKVDVKFAPKYITHETKYPEYDDWRREDEAWRY LOENQNKTSSKDREV
IDKSSLNEYYQPDENEYKLDVDTQPIWDDECRWYEFLDRYKTANDKKSIRIKARKTEFSLLAESGVQGKVERAKRKIPT
GYAYQALPMDNNVIAGDYANI LLEANSKTLSLVPKSGISIERKQLDKKLDVIKKTDVRGLAIDNNSEFENADFDTHGIR
LIVENTSVKVGNEFPISAIDKSAKRMI FRALFEKEKGKRKKKTTISFKESGEPVODY LKVELEKKIVRKIQLRTDGSISNI
VVRKNAADFTLSFRSEHIQKLLK

(59).  Amino acid sequence of Legionella pneumophila subsp. pneumophila JCM 7571 Cas9 protein (SEQ ID
NO: 68).
MESSQILSPIGIDLGGKETGVCLSHLEAFAELPNHANTKYSVILIDHNNEFQLSOQAQRRATRHRVRNKKRNGEFVERVA
LOLFOHILSRDLNAKEETALCHY LNNRGYTYVDTDLDEY IKDETTINLLKELLPSESEHNEFIDWEFLOKMOSSEFRKT
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LVSKVEEKKDDKELKNAVENIKNFITGEFEKNSVEGHRHRKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSN
LOWKNLHRYLARKNPROFDEQTEFGNEF LRMLENFRHLKGSQESLAVRNLIQOLEQSODYISILEKTPPEITIPPYEAR
TNTGMEKDOS LLLNPEKILNNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKODEKRDSYILORYLDLNK
KIDKEFKIKKQLSFLGOGKOLPANLIETOKEMETHEFNSSLVSVLIQIASAYNKEREDAAQGIWEDNAFSLCELSNINP
PRKOKILPLLVGAILSEDFINNKDKWAKEFKIFWNTHRKIGRTSLKSKCKEIEEARKNSGNAFKIDYEEALNHPEHSNN
KALIKIIQTIPDIIQAIQSHLGHNDSQALIYHNPEFSLSQLYTI LETKRDGEFHENCVAVTCENYWRSQKTEIDPEISY
ASRLPADSVRPFDGYVLARMMORLAYEIAMAKWEQIKHIPDNSSLLIPIYLEQNRFEFEESFRKKIKGSSSDKTLEQAT
EKONIQWEEKEFQRIINASMNICPYKGASIGGQGEIDHIYPRSLSKKHEGVIENSEVNLIYCSSQGNREKKEEHYLLE
HLSPLYLKHQFGIDNVSDIKNEFISONVANIKKY ISFHLLTPEQOKAARHALFLDYDDEAFKTITKEFLMSQOKARVNG
TORFLGKOQIMEFLSTLADSKQLOLEFSIKQITAEEVHDHRELLSKOQEPKLVKSROOSFPSHAI DATLTMSIGLKERP
QFSQELDNSWEINHLMPDEVHLNPVRSKERKYNKPNISSTPLEKDSLYAERFIPVWVEKGETFAIGESEKDLEFEIKPSN
KEKLFTLLKTYSTKNPGESLOELOAKSKAKWLYFPINKT LALEFLHHYFHKEIVTPDDTTVCHEF INSLRYYTKKEST
TVKILKEPMPVLSVREKEESSKENVLGSFKHT IALPATKDWERLFNHPNEFLALKANPAPNPKEFNEFIRKYEFLSDNNEN
SDIPNNGHNIKPORKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGOPLYQLOTIDDTPSMGIQINEDRLVKOEVIMDA
YKTRNLSTIDGINNSEGOAYATEDNWLTLPVSTFKPEI IKLEMKPHSKTRRYIRITOSLADEFIKTIDEALMIKPSDS
IDDPLNMPNEIVCEKNKLEFGNELKPRDGKMKIVSTGKIVTYEFESDSTPOWIQTLYVTQLEKKQP

(60).  Amino acid sequence of Francisella tularensis subsp. tularensis 1378 Cas9 protein (SEQ ID NO: 69).
MNVKILPIAIDLDVENTGVESAFYQKGTSLEKLDNKNGRKVYELSKDSYTLLMNNRTARRHKRRGIDRKOLVKRLEKL
VWITEQLNLEWDKDTQOATI SELENRRGESEFITDGYSTEYLNIVPEQVEATIIMDIFDDYNGEDDLDSYLKLATEQESKT
SEIYNKIMOKILEFKLRKLCTDIKDDRKVSTRKTLKEITSYEFELLADYLANYSESLKTORKESYTDKOGNLKELSYYHH
DKYNIQEFLKRHATINDEILGTLLTDDEDIWNENFEKEDEDENEEKLONQEDKDHTQAHLHHEFVEVVNKIKSEMASG
GRHRSOYPQEITNVLDENNHOEGY LKNFCENLHNKKYSNLSVENLVNLVGNLSNLELKPLRKYFNDKIHAKADHWDE
ORFTETYCHWI LGEWRVGVEDODKKDGAKY SYKDLCNELKOQRKVITKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCGS
LILNPKELDNQYPNWQOYLOELKKLOSIODYLDSFETDLKDLKSSKDOPYEVEYKS SNOQOMASGORDYKDLDARILO
FIFDRVKASDELLLNEIYFOQAKKLEKOKASSELEKLESSKKLDEVIANSQLSQI LKSQHTNGIFEQGTFLHLVCKYYK
ORORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHEKPROKRYQLLNDLAGVLOVSRNOLLS SVEEWEQQ
AQRVGEISKSODEQIFEWLKSFKIASYCKAAVEMOROYRGTLENAIQTATIFROSENINKNKNTGNQQOALSENSKDY
KSLTADEKRKLLKLIENIAKASQKIGESLGLNDKOIKKENSIYSFAQIQQIAFAKRKGNANTCAVCSADNAHRMOOIK
ITELVEDNKDNIILSAKAQRLPAIPTRIVDGAVKKMATI LAKNIVDDNWONIKOVLSAKHOQLHIPITITESNAFEFEP
ALADVKGKSLEKDRRKKALERISPENI FRKDEKNNRIKEFARKGISAYSGANLTDGDEDGAKEELDHITPRSHKKYGTLND
EANLICVTRDDNENIFAIDTSKWEFEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYEMNHS LLKS
RYPDREVLEILKQSTIITEFESSGENKT IKEMLGMTLAGIYNETSNN

(61).  Amino acid sequence of Francisella tularensis TI0902 Cas9 protein (SEQ ID NO: 70).
MNVEILPIATIDLDVENTGVESAFYQKGTSLEKLDNKNGKVYELSKDSYTLLMNNRTARRHEKRRGIDREKQLVKRLEKL
VWIEQLNLEWDKDTQOAISEFLFNRRGESFITDGYSTEYLNIVPEQVEKATLMDIFDDYNGEDDLDSY LKLATEQESKT
SEIYNKLMOKILEFRKLREKLCTDIKDDRKVSTKTLREITSYREFELLADYLANYSESLKTOQKESYTDKOQGNLKELSYYHH
DKYNIQEFLKRHATINDEILGTLLTDDFDIWNENFEKFDEFDKNEEKLONQEDKDHTQAHLHHEVEVVNKIKSEMASG
GRHRSQYFQEITNVLDENNHQEGY LKNFCENLHNKKYSNLSVENLVNLYGNLSNLELKPLREYEFNDKIHAKADHWDE
QORFTETYCHWILGEWRVGVEDODKKDGAKY SYKDLCNELKQRKVTKAGLIDFLLELDPCRTIPPYLDNNNRKPPKCQOS
LILNPRKFLDNQYPNWOOYLOELKKLOSIQDYLDSFETDLEDLKSSKDOPYEVEYKS SNOQOMASGORDYKDLDARTLO
FIFDRVEASDELLINEIYFQARKKLKOKASSELERKLESSKELDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKYYK
QRORARDSRLYIMPEYRYDKKLDKYNNTGREDDNNQLLTYCNHKPROKRYQLLNDLAGVLQVSRNQLLS SVEEWEQQ
AQRVGEISKSOQDEQIFEWLKSFKIASYCKAAVEMOKQYRGTLENAIQTATFROSENINKNKNTGNQQQATLSENSKDY
KSLTADEKKLLEKLIENIAKASQKIGESLGLNDKQIKKENSIYSFAQIQOTIAFAKRKGNANTCAVCSADNAHRMQQI K
ITELVEDNKDNIILSAKAQRLPATIPTRIVDGAVKKMATI LAKNIVDDNWONIKOQVLSAKHOQLHIPIITESNAFEFEP
ALADVKGEKSLKDRRKEKALERISPENI FKDKNNRIKEFAKGISAYSGANLTDGDFDGAKEELDHITPRSHKKYGTLND
EANLICVTRDDNENIFAIDTSEKWEFEIETPSDLRDIGVATIQYKIDNNSRPKVRVKLDYVIDDDSKINYEFMNHSLLKS
RYPDKVLEILKQSTITEFESSGENKTIKEMLGMTLAGIYNETSNN

(62).  Amino acid sequence of MHO0245 GLO0161830 1 Cas9 protein (MH0245Cas9) (SEQ ID NO: 71).

VCITVKAQGLY LFASQTEVLEVKLIHNRENIHIREHKMIVKSTLAVDMGGRYTGIEFSYTTDSGFPKAKEARAYVILNMP
DNDALTYSMAARTQTRHRIRSQORFVILARRLTY ILIEGKLKRKLSPREKEATISSLLRRRGYSRLESELDLSVLOGVE
SGEFRKCFLPNEFDEDENLLTOQWISLTDGYLONNSDSRROQIQIFLESSKDSKEFLTVVKSQHODTKEY KNALKVMRDDA
ESMIEQSMFGHKHRRLYLEATAQDIPRDSRLKPITEAFSGVERKFHHEIGNLSNLOLRALRWYEFNDPSMEKNNVEDKER
LESVLVRAYQFFHYPRKDLTQORAEVLNAYEGATDI LETLOQTILNPELTIPPYEDOQNNRRPPLDOTLWLSPRLLDQRYG
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DTWEIWVONLLRSPLSKGIDENLDTILITTDRKARLLERQSGRLIHYTSQKLYHSYVLORLLDRTVENDAYLLKTLV
SSNRGNSNEITHOAQERLTRDLGSQHI KKELDEVROYYDEVDRKAKRGLWE IVEKPLMERADIHP PMKNDSVILRLVGN
ILCVSDLVDLSEFWTREVKGOSTVRSLCTATEKTREEYGNSENY LYQRALYLOSKGKKLSAEDKDEFIKLOSNVLLVSD
VIAEALDIKEEQKKKEFANPEFSLAQLYNIIETERKSGEISTTLAAVDENAWRNNLOGKARCVOLCADTVRPEFDGALRNT
LDROAYEIAKLKAERELLSTELEKNQTIDLVVLLESNOFAFSASLAEVEKSANTAATI RORKVAKAQKROODRWLSKDERT
KSASRGLCPYTGENLGDKGEVDHIIPRSLSMNYMGSILNSEANLIYCSQEGNQLKLNGRKKLSDLADNY LKVVEGTA
DRGTICKYIEKSVSELTDAKIVOFELLDRSQODAVRHALFLEDEFSEARRRITRLLGKINTARVNGTQAWFAKSEFITK
LRELTKEWCANNQITLAFDLYRLDAQTVSQODYRKKFALINKDWARKPDDKKOQPIASHATDAFCVEAAARKDKRNIANVL
GVFDEVAEEONLKTIAQIMPSEVNLISPRKRKSILDKNEVGSRAIMKEGI FAEHFLPILVRGDDCRIGEFDWSESGSVK
VEDADKLFGVLDGLLEKOSOKRSVNGEETYTVDRIKAFELLHDVEIRPCSOKMLECAEVLEKLHYITONISVISVYDA
VNRQFRKCREEILKDKDEDIKVDLGNREGSAKGKITLPAKREWEKLYVNRSELKNLIKDKLSDKGSERTPDGETLIYDI
FRSIPVORKLSHKATRRVWSLPKIPSISSGVRIKREKDSNGNDIYQLYMINDTRKCRKGEVVNEKGVIDWSSDLVADLYKQ
PTLTILNGRYLKADQYVRMDOWYEVDCGRDDVIVKMCPGTSGRRYIEITOSKKOFEDWTGYISGSEWNYPVTIKLSS
QOIANEFVKNSOMP LLGKPRSGOITVITLGNTLKYWYCVESKNSMMNEAYQKAY LVHENQ

(63).  Amino acid sequence of 02.UC1-1_(GL.0148428 1 Cas9 protein (SEQ ID NO: 72).
MTQSERRFSCSIGIDMGAKYTGVEYALFDREELPTNLNSKAMT LVMPETGPRYVQOAQRTAVRHRLRGOKRYTLARKL
AFLVVDDMIKKQEKRLTDEEWKRGREALSGLLKRRGYSRPNADGEDLTPLENVRADVFARHPAFSTYFREVRSLAEQ
WEEFTANIGNVEKFLGDENI PADKEFIEFAVAEGLI DKTEKKAYQSALSTMRANANVLTGLROMGHKPRSEYFKATE
ADLKKDSRLAKISEAFGGAKRLARLLGNLSNLOLRAERWYFNAPDIMKDRGWEPDRFKKTLVRAFKFFHPAKDONKQ
HLELIKQIENSEDIIETLCTLDPNRTIPPYEDONNRRPPLDOTLLLSPEKLTROYGEIWKTWSARLTSAEPTLAPAA
EILERSTDRKSRVAVNGHEPQPTLAYQLSYALQRAFDRSKALDPYALRALAAGSKSNKLTSARTALENCIGGONVEK
FLDCARRYYREADDAKVGLWFDNADGLLERSDLHPPMKKKI LPLLVANI LOQTDETTGQKFLDEIWRKQIKGRETVAS
RCARIETVRKSFGGYFNTAYNTAQYREVNKLPRNAQDKELLTIRDRVAETADE IAANMGLSDEQKRKFANPFSLAQFE
YTLIETEVSGFSATTLAVHLENAWRMTIKDAVINGETVRAAQCSRLPAETARPFDGLVRRLVDRQAWETAKRASTDT
ONKVDFSNGIVDVSIFVEENKFEFSASVADLKNSQHAKD TKKNKRTKNKMLSEAEKLETRWLNKNERIKKASRETCP
YTGQORLAEGGEIDHILPRSLIKDARGIVFNSEPNLIYVSSRGNQFKKDORYSLSNLHTDYLKKIFKTSNIAATITAET
EDVVTKLQQOTHRLKFFDLLNEHEQDCVRHALFLDDGSEARNAVLELLATQRRTRVNGTQTWMI KNLANKI REELQDW
CRTTNNRLHFQAAATDVSTAKNLRLKLAQNQPDFEKPDIQPIASHSIDALCSFAVGSADAERDODGEDY LDGKAVLG
LYPOSCEVIHLOAKPOEEKSHFDSVAIFKEGI YAEQFLPIFTLNGKIWIGYETLDAKGERCGATIEVSGKQPEELLTM
LTPFFNKPVGDLSAHATYRIQKKPAYEFIAKAALOPLSAEEKRLAALLDALRYCTSRKS LKSLFMAANGKSLKKQED
VILNPELFQLLFOLRVELKGEKAFKLNGSLKLPVEQDWIRICNSPELIDAFGKACTDAELTSKIARIWKRSATRDLAH
APVRREFSLPVIDKPSGGFRIRRTNLEFGDELYQVHAINAKKYRGFASADCNVDWSKGI LENELQHENLTECGGRFT T
SADETSMSDWRKVLSEDNLGIWIAPGTERRRYVRVETTEF IQANHWFKQSVENWAITSPLSLPASFKIDKPAEFKKAV
GTELSELLGQOPRDKIFIENIVNAKRIREWYTVRNSNKKMNESYNNASKS

(64).  Amino acid sequence of MHO275 GL0111719 1 Cas? protein (SEQ ID NO: 73).

MGKTHI IGVGLDLGGTYTGTEFITSHPSDEAEHRDHSSAFTVVNSERKLSESSKSRTAVRHRVRSYRKGEDLRRRLLLLY
ARYQLLORKKOTLAPEERENLRIALSGYLKRRGYARTEAETDTSVLETLDPSVESSAPSETNEENDSEPLNIOQWEATA
NSPETTKALNKELSGOKEADFKKYIKTSFPEYSAKEILANYVEGRRATILDASKYIANLOSLGHKHRSKYLSDI LODM
KRDSRITRLSEAFGSTDNLWRIIGNISNLOERAVRWY FNDAKFEQGOEQLDAVKLEKNVLVRALKYLRSDDKEWSASQ
KQITQSLEQSGDVLDVLAGLDPDRTIPPYEDOQNNRRPPEDOTLYLNPKALSSEYGERKWKSWANKFAGAYPLLTEDLT
EILKNTDRKSRIKIRSDVLPDSDYRLAYILORAFDRSIALDECSIRRTAEDFENGVVIEKNERLEDVLSGHOLEEFLE
FANRYYQETAKAKNGLWEFPENALLERADLHPPMENKILNVIVGQALGVS PAEGTDEIEEIWNSKVKGRSTVRS ICNA
TENERKTYGPYFSEDYKFVKTALKEGKTERELSKKFAAVIKVLEKMVSEVVPEFIGKELRLSDEAQSKFDNPYSLAQLY
NLIETERNGESEVSLAAHLENAWRMTMTDGSAQCCRLPADCVRPFDGEIRKAIDRNSWEVAKRIAEEVEKSVDETNG
TVKIPVAIEANSENEFTASLTDLKYIQLKEQKLKKKLEDIQRNEENQERKRWLSKEERTIRADSHGICAYTGRPLDDVGE
IDHIIPRSLTLKKSESIYNSEVNLIFVSAQGNQEKEKNNIYLLSNLAKNYLAAVEGTSDLSQITNEIESTVLOLKAAG
RLGYFDLLSEKERACARHALFINSDSEARRAVIDVLGSRRKASVNGTQAWEVRSIFSKVROALAAWTQETGNELIFD
AISVPAADSSEMRRKRIFAEYRPEFRKPRKVOPVASHSIDAMCIYLAACSDPEFRKTKRMGSQLAIYEPINFDNLETGSCOV
IONTPRSESDKTNIANSPIFKETIYAERFLDITIVSRGEIFIGYPSNMPEFEEKPNRISIGGKDPEFSILSVLGAYLDKA
PSSEKEKLTIYRVVENKAFELFSKVAGSKEFTAEEDKAAKT LEALHEVIVEODVAATVSDLIKSKKELSKDSIENLAK
ORKGCLKKVEYSSKEFKFKGSLI T PAAVEWGKVIWNVEKENTAEELKDENALRKALEAAWPSSEGTRNLHSKAKRVES
LPVVATQSGAVRIRRKTAFGDEVYQSODTNNLYSSEFPVKNGKLDWSSPI THPALONRNLTAYGYREVDHDRSISMSE
FREVYNKDDLMRIELAQGTSSRRYLRVEMPGERFLAWEFGENSI SLGSSEFKESVSEVEDNKIYTENAEFTKELPKPRE
DNKHNGTIFFELVGPRVIFNYIVGGAASSLKEIFSEAGKERS
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(65).  Amino acid sequence of MH0221 GL0020823 1 Cas9 protein (SEQ ID NO: 74).

MGKTHI IGVGLDLGGTYTGTEFITSHPSDETEHGDHS SAFTVVNSEKLSESSKSRTAVRHRVRSYKGEDLRRRLLLLY
AEYQLFOKKOQALTPEERENLRIALSSYLKRRGYARTEAETDVSVLESLDPSVESSAPGETNEFNDSEPLNIOWKVIS
NSPETARALNKAVSGOKEADFRKRKYVKTSEFPEYSAKEILANYVEGRRAILDASKYIANLOSLGHKHRSKYLSDILODM
KRDSRISRLSEAFGSIDNLWRIIGNISNLOERAVRWYENDAKFECGOEQLDADKLENVLIRALKYLRSDDKKWSASQ
KOIIQSLEQSGDVLDVLAVLDPDRTIPPYEDONNRRPPEDOTLYLNPRALSSEYGDKWKSWANKEFAAAYPLLTDDLA
EILKNTDREKSRIKIRSDALPDSDYRLTYILORALDRSIALDECSIRRTAEDFENGVVIKNERKLEEVLSGHQLEEFLE
FANRYYQETAKAKNGLWEPENALLERADLHPPMENKILNVIVGOALGVSPAKGTEFIEEIWNREKVKGRSTVRS ICNA
ITENERKTYGPYEFSDDYKEVKTALKEGKTEKELSKKFASVIKVLKMVNEVVPEIGKELRLSDEAQSKEFDNPYSLAQLY
NLIETERNGESKVSLAAHLENAWRMTMTDGSAQCCRLPADCVRPEDGEFIRKAIDRNSWEVAKRIAEEVEKSVDETNG
TVKIPVAVEANSENFTASLTDLEKY [QLKEQKLKKKLEDIQORNEENQERKRWLSKEERIRADSHGICAYTGRPLDDVGE
IDHIIPRSLTLEKSESIYNSEVNLIEFVSAQGNQEKKNNIYLLSNLAKNY LAAVEGTSDLNQITNEIESTVLOLKAAG
RLGYFDLLSEKERACARHALFLNSDSEARRAVIDVLGSRREKASVNGTOQAWEVRS IFSKVROQALAAWICETGNELVED
AISVPAADSSEMRKRFAEYRPEFRKAKVOPVASHSIDAMCIYLAACSDPFRTKRMGSQLAIYEPINEDNLETGSCOV
VONTPRSFTDRKITNIANSPIFKETIYAERFLDITIVSRGEIFIGYPSNMPFERKKPNRISIGGKDPESILSVLGAY LNKA
PSSEKEKLTIYRVERKNKAFELLSKVAGSKEFTAEEDKAAKILEALHFVIVKODVAATVSDLVKSKKELSKDSTEDLAK
OKGCLKKVEYSSKEFKEFKGSLIIPTAVEWGKVLWNVERKENTAEELKDENVLRKALEAAWPSSEGTRNLHSKAKRVES
LPVVATQSGAVRIRRKTAFGNEVYQSODTNNLY SSEPVENGKLDWS SPI IHPALONRNLTAYGYREVDHDRSISMSE
FRVIYNKDDLRIELAQGTSSRRYLRVEMPGEKEFLAWEGENS I SLGSSFKESVSEVEFDNKIYTENAEFTKELPKPRED
NEKHNGTIFFELVGPRVIENYIVGGAASSLKEIFSEAGKERS

(66).  Amino acid sequence of MH0246 GL0016360 1 Cas9 protein (SEQ ID NO: 75).
MITQSERREFSCSIGIDMGAKYTGVEYALFDREELPTNLNS KAMT LVMPETGPRYVOAQRTAVRHRLRGOKRY TLARKL
TEFLVVDDMIKKQEKRLTDEEWKRGREALSGLLKRRGYSRPNADGEDLTPLENVRADVEAAHPAFSTYESEVRSLAREQ
WEEFTANIGNVEKFLGDPNIPADKEFIEFAVAEGLI DKTERKKAYQSALSTMRANANVLTGLROMGHKPRSEYFKALE
ADLKKDSRLAKIREAFGGAERLARLLGNLSNLOLRAERWYFNAPDIMKDRGWEPDREFKKTLVRAFKEFHPAKDONKQ
HLELIKQIENSEDITETLCTLDPNRTIPPYEDONNRRPPLDOTLLLSPEKLTROYGEIWKTWSARLTSSEPTLAPAA
EILERSTDRKSRVAVNGHEPLPTLAYQLSYALQRAFDRSKALDPYALRALAAGSKSNKLTSARTALENCIGGONVEK
FLDCARRYYREADDAKVGLWEFDNADGLLERSDLHPPMKKKILPLLVANI LOTDETTGOKEFLDKIWRKOIKGRETVAS
RCARIETVREKSFGGGENIAYNTAQYRKVNKLPRNAODKELLTIRDRVAETADFIAANLGLSDEQKRKFANPFSLAQE
YTLIETEVSGESATTLAIHLENAWRMT IKDAVINGETVRAAQCSRLPAETARPFDGLVRRLVDROAWETIAKRASTDT
OSKVDESNGIVDVSIEFVEENKFEEFSASVADLKKNKRVEKDEKMLSEAEKLETRWLNKNERTIKKASRETCPYTGDRLARG
GEIDHILPRSLIKDARGIVENAEPNLIYASSRGNOQLKKNQRYSLSKLDPDYILNKVEKTSNIAATITAEIEDVVTRKLQQ
THRLKFFDLLNEHEQDCVRHALFLDDGSEARNAVLELLATORRTRVNGTQIWMIKS LANKIREELODWCRTTNNRLH
FOAAATDVSTARNLRLKLAONQPNFERPDIQPIASHSIDALCSFAVGSADAERDODGEDYLDGKAVLGLYPQSCEVI
RLOAKPOEEKSHEDSVAIFKEGIYAEQFLPIFTLNGRIWIGYETLDSKGERCGALIEVSGKKPEELLSMLAPFFNKPV
GDLSAHATYRIQKKPAYEFLARKAALQPLSAEEKRLAALLDALRYCTSRKSLKSEFFMAANGKSLKKREDLLKPKLEQL
KVELKGERKAFKLNGSLTLPMRKODWLRICNSPELADAFGNPCSADELTSKLAQIWKRPVMRDLAHAPVRREFSLPVID
NPSGGFRIRRTNLEGNELYQVHAINAKKYRGFASADSNVDWANGILENELQHENLTECCGREITSADVIT PMSEWRKY
VITEDNLRIWIAPGTEGRRYVRVETTEIQASHWEFEQSVENWAITSPLSLPASFKVDKPAEFORAVGTELSELLGQPRS
EIFIESVGNAKHIRFWYIVVSSNKEMNESYNNASKS

(67).  Amino acid sequence of MH0124 GL0052249 1 Cas9 protein (SEQ ID NO: 76).

MSKKIVYSNIAIDLGGRKYTGCVSYTSSILPSADDINAFI TEMPDDGNGIKYTVKDRTOKRHMI RALDRERKKARKLIY
LVISSVIHRELTADERESISSLMKRRGYTRLEAEIDLDILKECPVDLEASYIKDLFDESQSLYDOFNQKCCDLDSAK
AMRKRALSSEELKOAMDS SELDKIEKKIYKSAFDVMVEKAAENTI INTCEFGNKHRKQYLSDIKADINKDSRLADIVKSE
DGNEKLEFEKCVGNISNLOLRALRWYENDINMKGNPKWIPERFKKVWARAYKYFHYPRKEDQOQKARELIKNLEISNDVTS
LLCSIDPLDTIPPYEDONNRNPPTDLTLLLSPRKALDKKYITNLWEKWAEKFAKLYPNLKYQLEDIVKISDRKSRIDVK
SSSSYTQSKVENSYVMORLEDLAADKNEPITLLRSWVRDPSNSKLADTVKITIQOSVVEDREDDEYRKLAQSYYNEVEMA
KSGLWSVIDDPLLEISGIHPPMENKVISTLVGNVLGINNDFDYERKFLEVWRAP ITKGRKTLKSVCKDIEGLRKEYGNT
FRIEYDYANYSAKEKKERLTADCKKLVEINKIIEEISPLVRNSISOQDPLSEIKEFNNPESESQLYTLIETDTLGESSN
CVAVNMENNARMOFLLGNHALCSRLPTESVRPFDGALGKILERQAYEIARKVKSAEIKELDSLNETVINVGI LIEQNK
FEFTESIAKIKKSKLLEKIKKRSOSGVSROLKKWENKERRIKSASRGVCPYTGERISETNGEIDHIIPRSEFTKSSMG
TIFNSEANLIFCRLTGNRNKDENMYTLRELSPRKYLNAVEGTANIVOIQONIEGTVAKISSKNPRELEDMMDOKEQDC
CRHALFMPHSKAYQIVVSAMARSYSTRVNGTOSYEFVNATL I SKLKNELSSWLKSNRNTLNFFAYRVDPSDVHSTRDDL
SKINTLLEKKQENQPITSHAIDALCVLASASTNERISENISKESCLAKISNTGNLLKLEPHEFKILRIEKKDESDKND
DESRKLENDTIYAEHFLPVMVMKDOVKIGESWNSSKEGNSIEIVRDOHKFLELLAPFFNKAIESSCKEFITYKINKKK
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AFDFIHRYIHQEVDVNDCALIVKILESLRYTTVNTDVCDIYNDREKRFKSKSEILTNKNFELNFSLPKPFKILACKK
IYLPSKNEWSKITERKEFSDYLGEKDNIKNWKETI IYNSLNLNRKTTKKLNHAGTKRVYSLPI LEKNASGGIRIKRYTDEME
EEYQLLEVNTPOTVKRKGFALSERGEVMWNKP ITVDSYIGKNLTLLEKNYKNVCIGDNEVPMKENRMVY KNEKTEVY
ISPSSDSRRLVIIKQPEFDEFNKCLENKYKNYLELPSTLVLSGDEIKIYVENMENDE IGNPRVETKNNKKTGKIVMLS
IGKLVRYCYMSTTCDSILMKTAYDCALS

(68).  Amino acid sequence of T2D-113A GL0099135 1 Cas9 protein (SEQ ID NO: 77).
MEKSTLAIDLGGRYTGVVSYTSEFGLPSADSLKAYVINTPNNDELTVSVKSRTQVRHRLRSOQKRFKLARQILMTLIVQOH
KVARNLSNSEKEALFGLLKRRGY SRYDSELDLSCLOSIETEPFQSFIPEISEDESLLTOWESFRAGYSTGNVDCINI
VRSFASLPDAKQEFKEHLKQYSLSKEEVKDYLTALSVLREDALLVEQOQSLFGHKHRTQFFDDIYGDIPKDSRLKTIVN
DEGGLEPEFYRTIGNICNLOLRALRWYENDPSMENPYYDDKRLEKSVLSRAYHFFHYPKEELEKCRDILSAIESADSAL
AFLASFDPEKTIPPYEDONNRKPPLDOQTLLINPRALDLRYGSRWELWVNNLLRAPESKGIDDOLDVILASTDRKSRL
QERQTGOIVHYTSKKLYNAYVLHRLLDRTLDNDPYSLRLISKERIGOSNDIHEAMSRLTKDLGSQHLKEFLEFARNY
YNEVELAKRGIWS IVOTPLLERADIHPPMKKGTIISRLINNVLCTENVS ISQFWHLRVKGTSTVKSICASIERTREKE
YGNFFNAEYKKALAKHRVKEKLDAQDKEFIKIADNVQLTSOQRIAQALNLSEEQREKFANPEFSLAQLYTI IETEPNGE
IKTSVAVNDENAWRTNLAGHARCVRLSSDTVRPEFDGAVKKTLERQAYELAKLKESELONSVENDCTVDVTLLIESNE
FAFTSSMAEI KKSDRKAKATRNKADRAMKRODORWONEKNNRIKTASRGLCPYTGOPLGDNGEIDHIVSRSASIMLYGD
ILNSEPNLIYCSQRGNQLKSNRIKTIODLASNY LEKVEGTSNESAVEELICSTVSRLSDNDIVQFDSLTOOEQDAVR
HSLELNSANPVNRRVROALAKQFKSRVNGTQAWFARQFIKTLOELSANWCKTNNISLTEFDVYRLPSQSVQGDYRAKT
ATSAPELAKPDSAQPIGSHAIDALCVEGAALDNQKIAKRMGLDNLTLSDSLEHLTALLPOSVDIINIKRKSLEDKDD
LOSISWEKETIYAEEFLPIMVEKKDETRIGESWNDOY SLKVKHGDILIKTLSSEFLNEAKPVREYEIQTEFTINRERKAFE
LLHRKVETAPCTSEECOQIADLLEGMSYVIQKTPISDEFDEKSRSFEKLNKADKLESIKIKLDRRFGASGTIFLPCQKDW
ENEIKKINQFTGOLSNSONGODVVLSMEKKNLKRSALKHRRTRRVWSMPIVPSGLSAATIRLNRKSHDGRNIYQLOMIK
NAKYKGLCVDNEGQIDWNOLLVADIYRKONSLTLRAERYLDSQRKFISMDHWLDIDIGI PEVKVRMSPGEANRRHICIT
QSROOFENWIGCTLGSMWIMPATKKLNEEELANFIKNANSPILGSPRDGVIKFARLGET ITYYYCSQSANAOMENAY
OKAYLASLAK

(69).  Amino acid sequence of MH0426_GL0066699 1 Cas9 protein (SEQ ID NO: 78).
MONLHRTAVGIDLGARKYTGVMIADTVPGISLROQEDLTAFTVVMPDAEKMMLAQTOQRTATRHRLRGKKREFNLARRLT L
LVINEKLTAAGVVLPETVRLRMI EAVNGLLRRRGYSRIESEVNLOQVLEDLDPOQCFAECDLLKSEFEFSEATRS LMDOWE
ELTNDMGRIRDLDRVLODOTKODVEKEAFKQOGLEKEMLKSAMEAVASVEKEAAHDLVTQOQFMGHKPRATY LOHLLSDL
KRGDSRLTKVIEAFGGVERFHHVIGNISNLOLRAERWYEFNAPHMIKGDCWEPCRLEKQSVIRAFKYFHPSQEGNEKTR
LAELIRELESTDDILEALCTIDPQRTIPPYEDOQNNRRPPVDOQTLYLSPEKLNDRLGERWMIWAKSFAKADPCLEEEL
DEILDLTDRRSRIARDGTLVLSVLOYREFSYVLORVLDRSKLLDPFATRALAHGAVLSASRHQLAMVIGGQHVDEFLA
FAAEYYREIEGAKSGLWMPOTGSYLERSDLHPPMKKKILPILVGNVLOKTDKEGERFMADIWNAKVGGRSTVRSVCA
VIEKTREKDNGGDENRLYQRALLRRKLGOKLSKEDKVEFAALSDKVDAVTEVIANTLGLSEDEAAKFANPYSLSQLYNL
ITETERDGEFTSVSVAAHRENNWRMRLTECTDKDGSKTWSANCSRLPADAARPEFDGVVRRVIDREKAWEIAKRVAESVRR
HVTFONGTVEIPLEVEENRFEFSASLAELKHNAAARKKMLDRSEGOTKRWOSKIERIKAASRGVCPYSGKATKANGE
IDHIITPRSLTKENAGTIFNAEPNLIYVSQEGNQRKGNQGYRLSDLNATYLTAVERTNSVSEAQATIEKTVINLOKQG
RILVFFDLLSESEQDCVRHALFLEDFNPAKLAVLEMLGNQRKARVNGTOMWLVRCLVERKLGEELASWCERTGNQIQFN
ATAVLPEVSMQLREALGEVDATMKKTDVQPVASHTIDAFCALAVGCDGLEVDEPDLAVPENMVALYPENCSIVQIQR
KPLEEKSQFGGVPLEFKDGIYAEHYVPLEFTLDGRIYAGY ISKPSEDGVMPGAVEVCGKDEPVOLLOTLSPYLTRPEFEGE
VSKNESYRVDRLKAAALLAEVAHQCS SEQKVAAAGVLEGLSYCTKRCPVIGAFWDSVEKKLVAEDVALKDDKEFEVEQ
CERRPGHHVLLARNLSSEKPATETSGSDNGRSGIRGACNLSSEKPATETTSLLEFRTWCATTCNLSSESYFSKLRLH

(70).  Amino acid sequence of DOMO012_GL0013449 1 Cas9 protein (SEQ ID NO: 79).

VVHSKKITTHPQTEFIMNKKTVYSNIAIDLGGKYTGCVSYTSSILPSADDINAFTI TEMPDDGNGIKYTVKDRTQKRH
VVRSLDRFKEKARKLIYLVISSIIRRELTADENEATISSIMEKRRGYTRLEAEIDLDILEKDCPIDLEFASYMKDLEDESQS
LYEQFNQRKCCDLDSAKAMKKALSSEELKQAMDS SELDKIERKKIYKSAENTMVEAADNI INTCEFGNKHRKQYLSDIK
VDINKDSRLTDIVEAFASSEKLYRCIGNISNLOLRALRWYENDIDMEGEPKWI SERFKEKVWARAYKYFHYPKEDQTK
ARELIKKIESSEDAISLLSSIDPLKTIPPYEDONNRNPPTDLTLLLSPKALDDKYADLWDAWAEKFANLYPNLTYQL
KDIVKATDRKSRIEQENSSSYTOSKIFNSYVIQRLLDLSTNEDEPITLLRKWVRDPSNPNLARTVKIIQSVVEDHED
DEYRKLAQSYYNEVEKAKSGLWSVVEDPLLEISGIHPPMENEKVI STLVGNVLGINNDEFDYEKFLEVWKSPIKGRKTLK
SICRDIEELRKDYGNTEFRKVEYDYATIYSAKDEKKKTLTSDORKKLVEIYKTIEEISPLLWSNISQDPLSEIKFNNPESLS
OLYTLIETDTLGESSNCVAVNKENNARMOFLSGNCALCSRLPTESVRPEFDGAVGKI LERQAYEIAKAKSSETIKELDG
INDAVINVGILIEQNKEFEYSASLATIKNSKYKKKIQKRAKSGVSROLEQWKSKEQRIKDASRDLCPYTGEPISELSN
GEIDHITPRSEFTKASMGTIEFNSEANLIFCSKDGNQTKKENVYTLRDLSPNYLNEIFGLSDILKIQQEIECTVANVNE
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ENPRELEDMMTPKEQVCCRHALFMPOSKAYRLVVSSLARSYSTRVNGTQSYFVKVIISRLRNELSSWLKSNRNTLNE
FAYRVDPSDVHSTRDDLSKLNALLKKOKNOQPITSHAIDALCVLSAASTVEYISENISENGKISFLSNIENLKKVVPN
OYRVMRIEKNHCLIKMELNOQVNSLKIRYMOSISLLL

(71).  Amino acid sequence of MH0053 GL0028252 1 CasY protein (SEQ ID NO: 80).
MSKKITVYSNIAIDLGGKYTGCVSYTSSILPSADDENAFT IEMPDDGNGIKYTVKDRTOKRHMYVRSLDREKKARKLIY
LVITASTIRRELSSDEREATISSIMKRRGYTRLEAEIDLDILKECPVDLETLYLNDLFDENQSLYDQFNOQKCCDLDTAK
AMKRALASEELSIALKSSDLGKTEKTLYKSAFNTMVEAADNI INTCEFGNKHRKOYLSDIRFDINKDSRLTDIVNGL
GNSEKLYRCIGNISNLOLRALRWYEFNDISMKGNPKWIPEKFKKVWVRAYKYFHYPKEDQLKARALIDNLESREDATS
LLESIDPLDTIPPYEDONNRNPPTDLTLLLSPKALDARY SKVWENWAEKFASLYPNLTYQLEDIVENTDRKSRIELK
NSNSYTKSKVLHSYILORLEDLSANKDEPVITLLRSWVKDPSNSKLLSTAKI THSVVGEREDDEFYKLAQSYYNEVEMA
KSGLWTVVESPLLEISEIHPPMENKVISTLVGNVLGINNDEFDYERFLEVWKSPIKGRKTLKSICRDIEELRKNYGNT
FRVEYDYAIYSAKDKKKTLTSDOKKLVEIYRTIEEISPLIWSNISODSLSEIKENNPESLSQLYTLIETDTLGESSN
CVAVNKENNARMOFLSGNCALCSRLPTESVRPFDGAVGKILERQAYEIAKAKSSEIKELDGLNDAVINVGI LIEQNK
FEYSASLATIKNSKYKKKIQOKRAKSGVSROLEOQWKSKEQRIKDASRDLCPYTGEPISELSNGEIDHIIPRSETKASM
GTIENSEANLIFCSKDGNQTRKRENVYTLRDLSPRKYLNAVEGTADSVRKIKQEIDSTVAILSDENPRLLEDMMNOQREQD
CCRHALFMPHSKAYQIVVSALARSYSTRVNGTOSYEVKAIISKLRNELS SWLKTHNSTLNFFAYKVDPSDVHSTREN
LSKSNPFLKKQENQPITSHAIDAMCVLSAASNVESISENISENGSIA
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FIG. 2

(1) Amino acid sequence of Burkholderiales bacterium YL45 Cas9 protein (SEQ ID NO: 81)
MESSKYIFPVGIDMGAKYTGVEMLSHLDGVLPTAADATAMTIVNSDRKIHYSMKHRTAVRHRVRSKKRFVLARRLLNL
IVDHOLMKAGEVLSAQERKSOQLTEALSGYLKRRGYSRIETEIDLDSLNDVDPIVEAMCPGEFEDFFSSDIELLTOQWNSL
TADLSEVNKINSNKKIPDVKTEFEKKYVKDNEPDYSSKESLERYLEARKTIIEAARQI SELTSLGHLHREKYLDNILHD
MGRDSRLKKIGEAFGGICREWNLIGNLSNLOLRALRWY FNDPWIEKVKPVETENSQPLNEQKLKDIWVRAYKYFHPD
PENKARISDVIRALSKADDIIDCLCELDCKSTIPPYEDONNRRPPLDYTLYLNPAKLTEVYGDSWRSWASRLVNADS
DLODNLDVILONRDRKSRRTTODRSLDEFRLSYILORALDRSKVNDIFEIRKILSSPTLYSEAATRNLLLEKTLEEQNE
GPFLDFARRYFYEVARKAQRKGLWNEKESILERSDLHPKOKKEKVLDRLVANVLRVDEETAKRFIADVWNGRKVEGNSTVEK
SICTRIEQLRKDRGSAFNLEYQSALTKAALGNEKLDSEEREYVKLKQDVSLTAAFIGEQLGLSDEQRTKEFANPESLA
QIYTIITETERSGETKITTAALLENAWRLTFKNGAAQCGPLPADSVRPFDGYMRRVLERNAREVGEKRLIEKIKRDTQD
QGAEIVVPILVEENKENFTASLLELKRLELSDSRLEKKQEKIEKAGEAQKKKWLSKEERIKDDAKGICAYTGAPLNS
EGEVDHITPRSKTIKNYSSIFNSEVNLIEFVSROGNAAKKENLY FLEKOQLNSAYLTAVEGTSDESTIESKIESTVOOLT
ENKRLGYLDLLSQEERNCVRHALFLNPGSDARKEVLSVLGARRKTVVNGSCAWEFIRTLRSYLENGLONWLTETGNKL
SEDAFSIPAVIVSSLRSQLGELENSMEFKEDIQSVSSHSVDAMCVYAAACGDASAECVLHGDALLADSHSMRAAQLLK
KLYPETCOQVVOISPKSEFSOKDRINNSATFKDT IYAERFINIYKKKEEVEVGEDNDKKGSNERKESLTOQVKGENPHLLL
QILEPFFEKRNESKDEGTYRIDKTKAFQIMGKAGCALLSNDESROLSLINQLHYTTLKQEVLTELVDTASKKIKLKS
KYQSNEFRREFLLKLELRDRERQEFSAKGNIVYPSYKRWOELSEELSNFLTACPEGGLEEVNARLSSILWITTSEKSSVRH
KEKVEKRSMSLPMLASQOSGAVRIRRKDERDGYVYQSIDANQLYYGESKEDGRILENSPLPHPRLTTENLKIYEYQYQPY
NECVEMDEWKTVYEREGVIVEHAPGTKARRY IRATLPFDLYLLWDKELOQKAKDKSSLTLPSKVIRETKDFFEEGIYEK
NEELAQFFPKPRENNKKFIMNIELVGSTVRESYVTA

(2) Amino acid sequence of Campylobacter sp. P0111 ERR460672.12216 2 83.14 Cas9 protein (SEQ ID NO: 82)
MYELSINVDMGAANNGVEIAITNENSIIYRKNAFNIYFDENLTESKSDRTARRHARRSYDRDREILRLLNEILPIDGL
SOSQIETIYGLERKNRGENYHNIEFNESLDDDVVEFLNGLDRYIFGLSKNKDEFEQI INEIVVDHSNDELIKKILDTOS
QILINIDKENKKAIRKASKNIOSLIQOSICNEIDKNNKHRI SYLKDIKELIYRDCEFIIQKSDKEDNLDEFYNEFVGNI S
NEFQTRILRRYEFNNKYLDNINFDDAKLKENIIRNINYMEYITDIONNNKLNMLNSLKTKSALEYLKSIDPVITIPPYE
NRENEKNPOKCNTLMINIDKITPSLANLTYKILNSDDEFTHIRRDENGQLI SLNDINENNIAKYLQRVLDISKESLIDV
ALYPRALDNNSKIFADTFRLNSDEIREFKEFARRYYNEVDNAKKGIITNDLLI PCGEKNTPHRNRNKNELISALEFGKN
ITKDDVINLEEFMLENKIKGNRSYKGFERDLNELKKSYONSEYHNLNNDEINDRDIQTILELYPKVAQNINNHNSVE
EFKHPEFDENNLNTNINYLGOLGDIIYDERKNHGEF LKTCKCHTLENLIRSGSONAICTRLPANSARLINGKIEMY LNRL
AYEISTAIKPEILKDISYITINVEMNRKESFENSASDLNLISKROKSKDMICPYSGOKIDEINCEYDHILPRSKGLYN
SRANLIPASSTANLOKGNOSYTLENLHONYLNS IYKITKVONLDEFENFIDTOMAKININKETNFDNLNSIEQIALR
HALFYRNSDSFTKALEILKLDRIKTHSNGTORKREFVNLLIQKVKDKLNKLNQDIEFSVNEFINAELVSAIRSELSKEDK
ELOKAKIQODSHSHCIDASIVEYYANSKLIKNSKGOREFKYNYNHIKPEY SNKMTMOSKKYLELNSNKISRKKLEDDG
VYSLVYENANI LKDRKEANILLDLGLLHTKENGKKVAITSDFKSGRKEYISTHRKVEDLLFRKAFNEGDI KLLNKLKELDN
HLCSYIRKDIFAIIKDEDKS SMEENNKNELKVPDARKIKTKNIDKEYHI LKANESKITETKDGRNI LOHQEIKELEFKE
CEYTEQAKRSRNKSRIIYSLPIKAIKSPNYI IRONGGYAGLYVNSDIATKTYIDLDSKNIIKIPFFSKNILPRKIADT
INITELKSKNIKQIYKLLVTKNLPSATIIKLEFIISQOANRHNIEVEFDKSQIGDYNLLDOTSRDEFIDKY LKGEFKEL
LGEPRDEKITIIKDTENSLIITYCTOTSAIHKKIMLDNLIDETSSS

(3) Amino acid sequence of Campylobacter sp. RM9261 RM926 1contig00003 Cas9 protein (SEQ ID NO: 83)

MNELSINIDMGAANNGVEFIATITNEDSIVYRKNAFNIYFDENLTESKNDRTARRHARRSYDRDREFILRLLNEILPINSL
SOSOKEMIYGLERKNRGENYHNIEFNESLDDDVVKELNSLDGY IFGLSKNKDEFEQVINEIVVDHSNDELIKEILETQS
QILSNIDKENKEAIKASKNIQSLLOSIRNEIDKNNKHRISYLKDIKELIYKDCEFIIQKSDKEDNLDEEFYNEVGNIA
NEFQTRILRRYEFNNKYLDNINFDDAKLKENIIRNINYMEY ITDIQKSNKLNMLNS LKTKSALEYLKSIDPVITIPPYE
NREKNKNPOKCNTLILNIDKITPSLVNSTYKILNSDDETHIRRDENGQLISINDIDENNIAKYLORVLDISKESLIMDT
ALYPRTLDNNSKIFADTFRLNSDEIREFKEFARRYYNEVDSAKKGIITNDLLIPCGKNTPHRKNRNKNELISALEGKN
ITKDDVISLEEFMLEKNKIKGNRGYKGFEFENLNELKKSYONSEFYHNLNNDEINDKDIQAT LELY PKVAONISNHNSIF
EFKLPFDKSNLNTNINYLSQLGDIIYDEKNRGEFLKTCKCHTLENLIRSGSONAICTRLPSNSARLINGKIEMY LNRL
AYEISTALKPEILODISYISINVEMNKESFENSASNLNLISKROKARKEI ICPYSGORKIDESNCEYDHILPRSKGLYN
SRANLIPASSTANLOQKSNOSYTLENLDORKYLDSIYEKIKVENLDEFKNFIDTOMAKININKETNFDNLSSLEQIALR
HALFYKDSNSFARALEILKLDRIKTHSNGTQRREFVNLLIOKIKDRLNSSNONLEFSVNEINAELVSATRNELSKEDK
ELOKAKIODSHSHCIDASIVEYYANSKLINNSKGOREFKYDYNHIKPEYSNKITMOSKKYLELNSNKIARKKLEDDG
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VYSLVYENANILKDKEASILLDLGLLHTKENGKKVAITSDLKS SKEYISTHRKVEDLLFKAFNDSDIKLLNKLKELDD
HLSEFYIRKDIFAIIKDKDKS SMEEFTNKNELKEPDTKIKTENIDKEYHI LKANESKI TETKDDKNILEKHQEIKELFKE
CEYTKEAKRSRNKSRIIYSLPIKAIKSPNYI IRONGGYAGLSNSATIATKTYIDLDSKNIIKIPFESKNILPCKIADI
INIIKSKSKNIKQIYKLLVIKNLPSAITKLEFIISOANRHDIEVEFDKSQIGDYNLLDQTSRDEFIDKYLNGEFKEL
LGKPRDEKITIIKDTKDSLIIKYCTQTSAIHOQKIMLDNLIDETSSS

(4) Amino acid sequence of Campylobacter lanienae strain RM8001 RM8001contigh0026 Cas9 protein (SEQ ID NO:
84)
MEKSLSINIDMGAINNGIFIATCODDKIIDKNAFDIKEFDKGKINEFSKIDRTLRRHTRRSFDRDREVLRLLGETILPLEN
LSNNQKEKLEFGLEKNRGENYILNVNENAEIDSDNLEI LNALDRYYFKDCRVLSDEFENSISKIFNELENNEI LAFLDDQ
AQTIILNQAKEHKNKILNKNINATLEFLESIKNES FKNNKHRKSY LKDIKNEIENSFRKDI I LKLKIFENSQELYYEFIGN
IANFOTRILRRYFNAKFDLVEDDAKLKKNILRNINYLDEFISTDEKANKNKILENLNAFSTLEFLENTDPIVIIPPYE
NARKNKKPQSCOALVINDEKITPSLKDIAHKILSNSNEFECLKTDENGVLADNIKDNEIAKYLORILDISKGILDDREL
YPRLLEKDENAKIFAQEIRLNSVELKEFKDEFAKKYYDEVNLAKKGI IKNELLEKPCCLHTPHKNKNKNALISALFLKS
ITOREITENLEDFFANNKI SGNQTFRGFFERLSELKKRYONRFFHI LEHEPTKELEGI LKNYKKVMEKIVEHNSNESE
KAPFDDSTISTNENYLTOLGDIIFDEKSRGEFAKTCREFHTLENLIRSSAKSATASRLASNSARLINGRKIEMYLDRLAH
EITKKIDETDIYNVQINVEMNKENFESNLSKLGLAKEROQKDEESEFICPYSGAKISOQTNCEYDHILPRSKGLYNSLAN
LIPTSSTSNOIKSNTRKYLLSNLDENY LKYTFAKTOTTDLNSFKAFIDENISKIDENDFTNEFRNLSFEFREQIAFRHALE
LDTDENSFRKRKALRLLEKLDTIKTHSNGTQRKREINILIEKI SKLTKSGIDLNFIDSKLVSSTRKDLAONDTSIAKQEIQ
DSHSHCVDASIVEYLANSKIIKGQIEPDYDYFKDIYPKDSDIILPOSKOYLELNQKSOQKSKKLEFDDSVY SLVYREGKE
DEKQRKKILTOYELLKENGEVDTHRVEELIFKSFKDKDTIVLKDLEKELDNHLKSYIRKDIFPSIFFNEKGELKEARKELK
SATKNIDKEYTILSONODKIYTIKLDERAKEKKTLORNKVIELYKEIFYTKNAKPRARGENRVTFSLPVYAKDAKYA
IRKRNSGEFAGLKNKDIATKTYIDIDSREILKIPYYSTNVLPIRISDILEILSLOSKNAKQIYRKIKIQODNLPRKQIVSLD
FILSOANRHEVLVSEFDKSKLEIQNINDDNGENTEFIQRKYLCDDEFKEFLGKPRDNKIEIITKNNDDILATKYCVESTSKA
NKEIIVKALSDETPSA

(5) Amino acid sequence of Campylobacter lanienae strain P0121 ERR460911.12227 1 93.7 Cas9 protein (SEQ ID
NO: 85)
MKSLSINIDMGAINNGIFIATCODDRKIIDKNAFDIKEFDRKGKINESKIDRTLRRHTRRSEFDRDRFVLRLLGEILPLEN
LSNNQRKEKLEFGLEENRGENYLNVNESAEIDSDSLEI LNALDGYYFKDCRVESDFENSISKIFNELENDEILAFLDDQ
AQTILNQAKEHKNKILNEKNINATILEFLESITENESFEKNNKHRKSYLEKDIKNEIENSFRDITLKLKIFRKNSQEFYYEFIGN
IANFOTRILRRYFNARFDLVEDDARKLKKNI LRNINYLDFISTDERKANKSKILENLNAFSALEFLKNTEPIITIPPYE
NAKNKKPOQSCOQALVINDEKITPSLEDIARKILSNSNFERLKTDENGVLADNIKDNEIAKYLORILDISKGILDDRKEL
YPRLLEKDENAKIFAQEIRLNSTELKEFKDEFAKKYYDEVNLAKKGI IKNELLKPCCLHTPHKNKNKNALI SALFLKS
ITOKEIENLEDFFANNKISGNQT FRGFFERLSELKKRYONRFYHI LEHEPTRELEGI LKNYKKVMEKIVEHNSNESE
KAPFDDSTISTNENYLTOLGDITFDEKSRGEAKTCKEFHTLENLIRSSAKSATASRLASNSARLINGKIEMYLDRLAH
EITKKIDEIDIYNVOINVEMNKENFESNLSKLGLAKERQKDEESEFICPYSGAKISQTNCEYDHILPRSKGLYNSLAN
LIPTSSTONQIKSNTKYLLSNLDENYLKYIFARKTOTTDLNSEFKAFIDENISKIDENDFTNEFKNLSFEEQIAFRHALE
LDTDDNSEFKRALRLLKLDTIKTHSNGTOQRKREINILIEKI SKLTKSGIDLNFIDSKLYVSSTRKDLAQONDINIAKQEIQ
DSHSHCVDASIVEYLANSKIIKGQIEPDYDYFRKDIYPRNSDIILPOSKRKYLELNQKSOKSKKLEFDDSVY SLVYEGKE
DEROKKILTOYELLKENGEVDTHRVEELIFKSFKDKDTSVLKDIKEFLDNHLKSYIRKDIFPSIFENEKGELKEAKELK
SATKNIDKEYTILSONODKIYTIKLDEKARKEKKILORNKVIELYKEIFYTKNAKPRARGENRVTEFSLPVYSKDAKYA
IRRNSGFAGLENANIATKTYINIDSIEILKIPYYSTNVLPISISDILEILSLOSKNAKQIYKIKIVDNLPKOQIVSLD
FILSOANRHEVLVSFDKSKLEIONIHDDNDENAFIQKYLCDDFRKEFLGKPENNKIEIIKNSDDILATKYRVDRSSKA
NEKEIIVKALSDEAPSA

(6) Amino acid sequence of Turicimonas muris strain YL45 Cas9 protein (SEQ ID NO: 86)

MESSKYIFPVGIDMGAKYTGVEMLSHLDGVLPTAADATAMTIVNSDKIHYSMKHRTAVRHRVRSKKREFVIARRLLNL
IVDHOIMKAGEVLSAQEKSQLTEALSGYLKRRGYSRIETEIDLDSLNDVDPIVEFAMCPGEFEDFFSSDIELLTOWNSL
TADLSEVNKINSNKKI PDVKTEFRKRKYVEKDNEPDYSSKESLERYLEARKTIIEAARQISELTSLGHLHREKYLDNILHD
MGRDSRLKKIGEAFGGICREWNLIGNLSNLOLRALRWYEFNDPWIERVKPVETENSQPLNEQKLKDIWVRAYKYFHPD
PENKARISDVIRALSKADDIIDCLCELDCKSTIPPYEDONNRRPPLDYTLYLNPAKLTEVYGDSWRSWASRLVNADS
DLODNLDVILONRDRKSRRTTODSLDEFRLSYILORALDRSKVNDIFEIRKILSSPTLYSEAATRNLLLEFKTLEEQNE
GPFLDFARRY FYEVARKAQRKGILWNEKESILERSDLHPKOKKEVLDRLVANVLRVDEETAKREFIADVWNGKVEGNSTVK
SICTRIEQLRKDRGSAFNLEYQSALTKAALGNEKLDSEEKEYVKLKQDVSLTAAFIGEQLGLSDEQRTKEANPEFSLA
QIYTITETERSGEFTKITTAALLENAWRLTFKNGAAQCGPLPADSVRPFDGYMRRVLERNAREVGKRLIEKIKRDTOD
QGAEIVVPILVEENKENFTASLLELKRLELSDSRLEKKKQEKIEKAGEAQKKKWLSKEERIKDDAKGICAYTGAPLNS
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EGEVDHIIPRSKTIKNYSSIENSEVNLIFVSROGNAAKKENLYFLKQLNSAYLTAVEGTSDESTIESKIRESTVOQOLT
ENKRLGYLDLLSQEERNCVRHALFLNPGSDARKEVLSVLGARRKIVVNGSQAWEF I RTLRSY LENGLONWLTETGNKL
SFDAFSIPAVIVSSLRSQLGELENSMEFKEDIQSVSSHSVDAMCVYAAACGDASAECVLHGDALLADSHSMRAAQLLEK
KLYPETCOVVQISPRKSEFSQKDRINNSAIFKDTIYAERFLNIYKKKEEVEVGEDNDKKGSNERKESLTQVKGKNPHLLL
QILEPFFERRNESKDEGTYRIDKTRKAFQIMGRKAGCALLSNDESROLSLLNQLHYTTLKOQEVLTELVDTASKKIKLKS
KYQSNFRKREFLLKLELRDRERQESAKGNIVYPSYKRWQELSEELSNFLTACPEGGLEEVNARLSSLWITSEKSSVRH
KKVKRSMSLPMLASQSGAVRIRREDERDGYVYQSIDANQLYYGESKKDGKILENSPLPHPRLTTKNLKIYEYQYQOPY
NECVEMDEWKTVYERKEGVIVEHAPGTKARRY IRATLPFDLYLLWDKELOKAKDKSSLTLPSKVIRETKDEFFEEGIYK
NEELAQFFPRKPRENNKKETMNIELVGSTVKESYVTA

(7) Amino acid sequence of Salinivibrio sharmensis strain CBH463 scaffold11.1 Cas9 protein (SEQ ID NO: 87)
MSDNALIFPVAIDLGAKTTGVYAAGY SPNTHVGQENSDSVEKTGEVAEVDDGOTGYQLLOTORTSTRHARRSRTRNR
QAKRLIMIMLECCLGEFDTDKHQIAISHEINRRGYSYVETNIDEAAINEIASDNLGTFFHVLESNGHEALSELLTOTM
PVDGLPLEFDALORIAEDKQOLITLOTELOAFTRODKEKQORALLPLSKAVDEFLIAEQSSGAKHRREYFEKNIRSDLKEKL
SDHPERHCRRLFHALHHHKKTTGSDTEDSEFYQLLCHINNFDLKLLNSILEKRVKSTQSGEQIEVIVAEKFGKWLTEQW
RLSSANGADRLOQOIRDVOHAWKDYRAQNPOSVIGEFFLDTPPECTVPPYESHTNRRPPSCOQTLTLNPDLLSRDYPOWR
DWLAWLSSTPAMANAVOAYRTOLVAVESAKGNTLIQTDELDARTLOFIFDSAQDKDPEFKLNAIWGTWKEQROQQOROG
DEHDKTTDKLAKLLVOSALPASLTENEFTSHPVPGDEWHLINRYFQSRRRAREGRY FLHYDNHY PRKOHRWORDGKLLY
MCQHRPROQLKHQATRDIAVLLGVPOTOLOOAVDNGQCDDNKALFAKVKGLOAACRQAYQAQKAWGPDLKAMMYSDPE
LKKLARRKILAPLTAKVATQLALRDEQYDSFCERNOQSVETFAQLFOLVWGDRSGFAKTCPVCSADNANRMAGEDGQPHA
ARLNTLTMRLIDGGLKRLLTHOQAHHIANRLWDHIEHIGOQSADTITVPEVIEQONREDFTENLPTLKGLNKPKPQPOKT
NPEQAKKDRIKHASQGLCPYSAGSSVGDNGDIDHITPRSGOYGVLNDEANLIYSSIKGNROVKEDROLTLTDLNPDY
LKAQFGTADPIATITQOIETTLCGDDADRESFGRYSQPFAALSAEQOTAFRHALFLSAEHP LRMOVI SAMOHRNKAKVN
GTOQRFMAQLLADI LTKKAKQKGLAARLKEFDYFOQVSANGODEDSTVALRRIMRDLHAGTKYDIQPFEKGKERKQHAYSH
VIDATLAFMIAAERKHOQGEGALNIHEFDENVS IWGQVDENGVLSDALFPOIAVAPENLAPNVRVGPOSNEHRARQLLAG
KKPHOQVEFSQPIFRONALGLEFYRLAVIDGOLYKGEVEGEDKHF TKANEKVVDRKQILNTEFLYAVSHHEHYYRLIQSSDIQV
YTADKHKLTALLEFETLAAAKDATTEDSNAEANKLARWVCGKSAGSLYFYSTSAGLEEAPSVVKKOPNSRERKOWLAH
YOSWOAKHPDTPERKNGMWI I PTELEADWRQHCDWYLGRPTDDQOPDHRAVESDTMRAETKS SGAMALVRROSOGKAT
YOLLALDTORKVPKDHSAATLATLASPNLVLLDKATFTRKGYQTKVEEQOPLAGKTIESSAFFDOQATI SEQWQLDISTLOVA
IVSNTNVOITGLHKDWVAEHLILSGEDSERKAWTKLTSIATISDEAQVMDVEAKASLKAWLTAPCRNDKSVRVKLDDDO
VSLTLPYKQPQLRKLVD

(8) Amino acid sequence of Lepfospira sp. isolate FW.030 FD_1000036_ 176051 Cas9 protein (SEQ ID NO: 88)
MREGEGEFDMGKEVISPIAIDLGARKNTGVEFAATYVPGEFLTNPDI IKEGY LLOMGDIQLSOQADRTVKRHOLRGNRRKEK
LVRRLLFLILKEKFGINEFSKSTSEFLOGLLKRRGESYI SENINEDVLKSADLEFFEQFTOGKITKKSPLLNQLEFDT
SONLYDAQSLLDCEIFORKNKKDIKSEFLRTQEIEVNDDLLDOIESTKSYLETIIKSDIDGHKHRRDY TKNISKDVEAK
WKSIQEFSSLNMEPLDESNLLGHISNLOQLKPLRRKY FNDPOMAEGNDYWDEERLGT I ITRKWLKSLRPSEARKDIQNLRT
LLSKIRSNESKIIEILLKTNPELSIPPYEDMNNRRIPSCOTOYLHTPALNQLYPRWKIWTDKLVKDLTDGKELIADA
GEDDEFRLDSELIILPRVGESYKEIQDREKOQARLLORVLDLSKKVDPYSIRSOSVETKKGLTKRKEKSELAGAKDRLDKL
LDKDSDAFIGMARDYYNOLKTIRQGIELSEDISLFHSCEERTKEKKGNNQTESIRTILGINNISDERLETIMDTVWEKD
RLYGNTTLRSYCNSCEEARKKDGTAFILTLSSVKRKKKKLNINITEDHEKKVSGLLDNMHLAVKKICEAFPEIQELISS
KRMERDWEDKDYNYLPFANLESLAQIFNILEGDTRGEFSKICNQCIVENKWRGTIVRSGSNLDOQGATASRLNSDTIRQ
FDGVLRRMTDRLAFEIAYRKKKEELKDINRNSKITIPILTEMNREFEFNLDLGHY KLEARTASRMOKKGNORKNEQALER
LESFEDSKKDRIKEASLOICAITGKAIGENGOIDHIIPRSHSKKSNATIENTEMNLIYLSTGGNVOKGAKEYSITADL
HPNYLCAQFGTKDKEQVOKQITEGIESILRIKRKVERSYRPDEQKILRESLEFIPELFPLVIPLLGEGIMAKANGTQA
YLARCLOKRLEKDILEKEGFRNFEFSI FHLRSEEISDIRKELSNYKQODYSKPGKGQQOOAPGSHI LDAVSVLVGS LGNP
NIOSILKIDIFSEDKGDMSKEEQAKSTIEACLPSQIRILKIDSLPKYRKEKNLGSKS LEKEGIFGERFVPLYLHKEMLE
IGEDTOMKSGLEIKNNPEKVEFDALKPYEMIHNI SYNCALELSKKSTI IRFPIDRKKAVRY LEDSVKONTWNDVSETILO
GLRYTVSKKDIASQIVDENSKIQDKEELI LKETORKNIKVEISKLELTGELLKGVEFEY PGITDWNTELKDEYKQKGIKT
GEKINFEIYDKFCREYEFNIIKQDKOQHOKVRKMESLPVIDNPSGGERIKRKNYDGTELIYQVATADDGYAAGETVIDGN
VEIYNKKLGRALPSLEKAESISTLONKNNSSDDEVEMDDWREIDISEVETLRRLCIQPNSLPRARIYAEVNITDEFKEK
VCENIDSLSIYKIPOVLKLKDNIKISENFKILKEPRGDIRVKLIDARKGILGIEYIIQSTDRAISELYNLGKPIGSP
YATPDSN

(9) Amino acid sequence of Moritella sp. isolate NORP46 Contig_source1382A 1689 Cas9 protein (SEQ ID NO: 89)
MKGLVLEKIISPIAIDMGAKYTGVYLTOYEQGDVLENANPEGLVVMHTENMOYSQOVDRTQRRHAQTRTAKRREKMAKRLL
WLVLAEHYNLSFEKNCDVEEREAINSLLNRRGETYLSEDVDEALLOEIDSSAFHLYENSDIPAATNLEFEVYQVITTSV
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ETAKSFONSDEYAISVKDESKRLEGDYKEQKKQLESGEFKAFROQGVDSEFINAEQDGHKIRSAYLANTKKDLSEHEDYQ
FLRTRLTVSIDAFSNEVGHI SNLOLRVLRRYEFNDENMAYGDIWDEFERLHKVEYRNVSGMHYKDNTODRONQVT LESM
RAQDIISTFEALDPIVSIPPFEDONNRREPPRKCOSLKLSPTTMIKYLPKWHIIVPQLADDLEARSILVKDGLELNSIK
NTNDWAQCLORILELSYDHDPYLLRRWIGRKDOVGEHTKRATISNEFERVIQQOHHADF IVLAELFYAETOAARNSIWE
KENSQLLEVCAQKTPHRANQEFRKELLSGTVNVNLTEDOQRKEQFEKLWEDNPRIGKRGIKGWCGFAAEMOKEYGNALKEQ
INRNIWLNENDKKVENKKLIELNKAVESVAKI IADSMNIESKRFANVEDLAKLHNLVEKDOQKGESNNCRCCTKDNAW
RGNIVENDEGKDAAFGLRLPADTTRPEFDGLLARLIDKOAYQIAQARKVAQLLSEPTNEMVSVPLLIEENKEFREFTSSLA
EVKENTEKKRKDNEDKAKKREGLWLEKNGRIKEASKNICPYTDKPLYNGGEIDHIISRAESKGRRKQTVENHEANLIYC
SVIGNGIKDROSYSLADLKPKYLTKOQFETSNREKIKOQRLIALCEPTI TAKRELGSFGDLNEDTROAIRHGLEVDELRP
KLIPLLHOSNKTRVNGTQAY LAKLILOKIKLLYKGPIEFSVHYVEAELASRLRVOLGNQYPEFAKPEHQPVASHVID
AAMVMAAGLOQPHTOACLOTAGLDNNGDWLKAILPTEIDVKRIEPKLKENKKOVHSQTLEKDGIYAEHVIPLVVNDE
KEGVGEFTADNVAWLKNQEFAPVIWWNALOLYLNKSPETLDDVREKNIGNQTRKVY SENNTAVEELLYRVAKQPCSDEEL
LSADLLETLIYTSOKVKLOSALYDENNKTYRKKITDIVNMKTTDNKGDETIKLDVKSRYLKTTMRAFESSLIVYPATA
SWESNLLEHDEVEKARKAGKKEAFDSDSYNRVIKGLESTIKENTROHKKVREKNWSLPKLSSPSGGYRARRRKNADGS I IWQO
LEAVEGLSASGEFYMIDGKIDESEAGVAGIKAIDDSKNLTSVKSRYRKNIQLPVEPEDNWRRVTIPDKLKGKIKGILLS
PNSKSRERVRIEFSYGOFKENVLPLTDSIELVQAWSQI PAELKMAKGKEWKASEFGDLIGTPRSNLETLVIGTSITLE
YIVGSSNTVMEQAYONGSLID

(10) Amino acid sequence of Endozoicomonas sp. S-B4-1U isolate SB41UT1 Cas9 protein (SEQ ID NO: 90)
MRYISPISIDEFGAKYTGIHNMHY LEGEDPRGSVONTGCVLVMDDDNLOLSQOVGRTQKRHQSRNYKRODLARRLLIVI
LKDCEFDODVWOWPVKENREFLEGLINRRGENRFDDDSLIEIEFCDLSVEESVLPDIAGYEGLEEWLOALAENAAECRL
ALQRLGRTREFLKTLPEIWKEEKKSTEATHKHI THFLETSINASEEGHLHRRKYLRNIAADI ILEQHGRLASLEQTN
SGITPDQFANLVGHISNLOLRVLRRYEFNDONAKPONGOTDAWREDHESKQFWRWIKSWHCDEQTKSRWHELIKFKEKK
GGSVEKIMLTVQPELTIPPYEDOQNNRRPPKDKTLELNPVALNKAYPIWREIVKRLVAAHPELDSDHAST IAHMDAAL
DODCILLORMLDRTSGLDLYKIRALAMGRPDRGNQLKVASENLRLRINQHAEPFIQSIARPYYLOINEARDGLWVEER
DSLLLCLNRTPORKARQLPTLLGRIVGDLGSHGOEHIQSLEKQOWSQRGVIKGARTPKGWCKEFAAEAQKDFGNGLKET
IRSYROLOARIKAGDTEEKLLPEAKKLLALEAALPDVARFIAQGLGLAAENSARFANPESLAQIYNLLESDPSGESH
VSKPSAHENLWRMOYEQSVDGKDCARASVLSADSIRPFDGMLSRILERKQAYSIAKRKLEKQIESHEMTSAKVRVPILT
EENREQFAEDLOT IKKNTRKKKDAQKSCESDFIRFEDKEQRICKASKGMCAYTGEDLGRYGEFDHIIPRSYTQKRTG
ATFNSEANLIFVSSRGNQOKRDOLYTLAELDDRYLTSQFGSTNROOIAQAVODAVTI PFLTKGELIGFHNLGLOEQRM
ITRHALFVPGLRDOVLOLLAGORKAKVNGTOAWLAKRI THHIRQGASATIEFDITKVPTDSVREFCRGVLASREPAMAK
QSPOPVASHAIDAALVSGSLIMEPATARSLSLAPVDTTTOQAEWLKGLLPETIDIQILRKKPLYRKDAPASSPLEKAG
LYGERFLPLLVMNDELRVGETLPNSAKVLDHADNLYALLRPVLVCKDSHELPSTLAELQESLATLGOROI LNINRQKA
FAYLHEFGOSPTHNDNCLATEALLYCVOKKKIDAHIYNKDKKTFKKDEDILADKFFIFETHKNNRPIFPRTVARIEK
KDLTLPFROAWVELCDTDELKNEF LGTKOQTLPNNEFWRNEGSSLEPSTHNEDHOHKKTREKVYSLPLKISEGSYRVRRHT
PEGASVWORMSVGDFGAAGFAKI DGRKTOWNRKVVEIPHFAKSKNLHSLNRSLEKNPQSITYFDEWRS LCALADALPNG
VIKVACAPGTVGRPYIRFEMLESQF I KKINAASGSKYKSSWELPMEIPNVQLAGFDIFSCPLLPKPRTETKKPNKHK
ARFLRLGKTVLIEYFASSKANKALOQAYEQGEPECT

(11) Amine acid sequence of Tamilnaduibacter salinus strain Mi-7 Mi-7_contig-1 Cas9 protein (SEQ ID NO: 91)

MCNLYLKAHSENDYLGESTMTKLVSPIAVDOGARYTGIYSLSYEPGVDPFLESKNAEVVVVDNDELTLSMAPRRAGR
HLRRGNQRFKLARRLLTLVLREAFGVDPDQLDOREREFLFGLLKRRGFTFLGEEIDEEATSGLDPDLVKRLLRNCPP
FESLESILWOSLSSDPGMCREFLOLSTGSDDSLDLET LDKRWLKKWLKDNVEEASDKETIERLTSGVLALRDGCRAVI
RAKWDGHHPRHIYLENIAQDLEKHOQPEGNALADRIGLSTGELSHLIGNISNLPLRPLRRYFNDKREFSRNADRWY PERM
ARQLTREWKGWCPDGVSKDIVORSRELLKGLSNAAQDPVRFWKYTDPLOTIPPYERHSNRRPPKCOSLLIDVTALGE
RWPEWERWIAPLHKANPELSEGIDGESPSISGPNEPRLAFLQRVLDRSTLEDPYGLROLAVESRSHRAAQGKETLER
DLGDOHARGELSEFVTAYHREREQARSGFWDNQREGRLLKRCHTNPPHKGKI LHLLLNRLLDGDIEDVEGEFRDEITKT
KIGRSTLKGIAQRASDVORKRYGNALNATLKEADLDKATYKRLNDLQALTIEKAGPEIGRIAGCPENRRNRLGNVEILA
QLENLLFGDPSGESSTCRSCSEENAWRSRSVPVPGEDREGWRMI PLTADSVRPFDGVVRRAVDAQARAMARLKKQEL
KKRDLPAGSEVSIPVLLEONRESEFSEDLAATKORIAPSARHRNROQKAAREAQEQOTISRWRGKLDRIRDASHGICPYS
GRDILNQVNGQIDHILPRAQSREKLDGTTWNHEANLIYCSTSANVDKGETLENLEDLDPGY LEAVEPGOSLTSIROWIA
DRVEKPLLARSGRMPSEFVELERDQSIALRHALFDEDLRPOVMELLRGOARATRVNGTQAWLARREVEELRRSVPELTL
SESVNRIQPEDVGIMRESLSEIRPEFLKAPDOPLSSHATDAAMVYAAASSLPRMESELHVPAEPLARLHDRLARLLP
ERIDEFTDVSREKPVYSLPRADSQT LFKDTYYAERFLPLLVSSDGALRAGEFTPENSVEVKPARKRSESTPAEIATSRLD
GFLRLRGARWSGDLSSLEASDASSDOWVALSVDRPLALARLQOVGRGEDELTDTDALLGALKYLTNKKELRTAVVGT
GSALMSWERKLNEEIEKKTTLSVS IKGAGLKSDGAKLSLPARSHWLRFAARLNEEGVLGSNPGWSDAEWRREFEQTVEP
SAKRDROQHOKVRKVWS LPVVPGSPSGLVRHQRRTRSGOTVEQVASLHEFKHMGYVVLRERKAEGVEPGY LRWSTNLAP
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LAGVLOSPSOQRMIREFDOQWYPLDRPSVCQSADILSVSAAWGSGLRRSVEVIVSQELACRVEDVNSAWNLPANLKLHNN
ASEILWPIEATGWPRNNKVELRAITPSGVVLRYOKDKGGKPIQQELERAIREEE

(12) Aminoe acid sequence of Vibrio natriegens strain CCUG 16373 chromosome 1 Cas9 protein (SEQ ID NO: 92)
MYAASYPAGTTLEKDESTDMVSKIAFAATSYAPDKGGYVLLONGRTANRHMSRNRTRNROQAKKLEFKTMLECLVGEDVE
KHEKEATAHFLNRRGYSYVERQVSLERDILAALTTEQLLPIMRELTKLGHKGIVEEFELTDPIFALRCVASQGAFQLEAL
TEAFPKKLPVKOSKPMLALRDSAKLYLKDOTDGALHRSEYFENLAHDENKLRKHPERHCRREFHALNDLKQAKHGYQK
DDVLRLLCHVSNFDLKLINRILRALPESPTETLLNAVLTEHVSKWI LKOQWVLSESNGQARLOEIRELRRALKQHLTL
KPNEIVSFLLNTPPEQTIPPYESHTNRRPPSCOTLILNPKCLDDAYKDWRNWLSELIQASPRKSEIYSYREQLAALT
SNOQEQPLITTEELDARTLOQLILDTSKAIDPFKLNCIWSHLKKCHKQARSGODTSSVIHKLEEALKSSVLPEAFKQVD
MAEALQGSFWHLVNRYYQARRKCRDGRYFIPIDKTQKSRHKRWONDGKLLAMCRHRPEQIKHQALQDVRVLLGLNQQO
QLPRKEVVLNONGEVDLGAYLIOVKGLKKACDDARKAQKOWGAELNDNLTTDNTLIELTAKIQVLLPALSQHLOLDDS
SSAAFITERNOSIYQFAQLYQLTWGDRSGFASTCPVCATDNAVRMADNSAKAQAARLSTLSMHLIDGGLKRHLNHQAH
HIANRIWDKLLKPALLKGDKVIMPLILEQONRFDFAENLHMLEKGTLKPRKGSSAPDOQFOQPKVERIKQASHVECPYDRKQVY
TSLGDDGDVDHIIPRSGRYGTLNDEANLIYASRNGNRKIKGNRELTLSDLSDAYLEHQFATTDRAATIQHTIEQRLTG
EREEIFRFGRYRQFRALTPENOQVAFRHALFLPADHPLRTLVISTLOHRSKSRVNGTOQRFMAQLLAD IFWQRKAKELGK
QGNLAFDYFEVSSDPNNEASTVALRRHLESSTLASGEDLOPFAKQTYQPQOAYSHYIDATLAFMLSVQAHPNEGAMR
THLAKGETIWSQVDEDGVYLNTAFEQVVVLPEQLSPVVEVKPRPTHTKVKQLLDGAKPHOVENRRIFNONALGLEERY
DEQVISGOLFRGWVVVDNGOAEFVKHSGDKSKPADKNLDKIQRLVELGLFRLOQRIQGLPIYRANKQALLGYIFDALS
QAKVAPQPKOEQSOLVSWLLGKGAGNLYYYTSSKELTKAPSVLKSKGASPFKOQHWLNEY TGWEYRAQHPVKQSNGVL
EIASDEQANWOQAYCETFLEWTPIQETNEVEFQPAHAASRAFTMRAPGTPSGVPSLIRKLSAEGSKSYNVMDIDNGVLG
KEQAPALALASPNVVLEDRNVLONGYMADTSPRKOVLEATEIPVRAAILNTENCNNAGLDLESTKVVIEANKLHIKNIE
ROWFETNLLLENEVAEKPWOEKLRIFCSGOTKAYGDHAVAEDSFKKLLKRSAKHDKGMALKVEDDKVSVTLVLDEKKVY
TOKILEEITON

(13) Amino acid sequence of Ruminobacter amylophilus strain DSM 1361 Cas9 protein (SEQ ID NO: 93)
MSNTYYSNIAIDMGGRYTGEISYTSNDLPDSENVRKAATITEMPDDGSVINYTVEKNRTAVRHHLRANNRYKKARKLIET
TLADTIKRNLTOQSEQEATISSIMLRRGYTRLETEIDLEQLKECPVDLEFOQCCPGLETGDVPLYDQFINNCNDDTVYVY
RESLSSIKETVSNLSDKTEKSMY GSALKTMVDEVDKEIDOKEFGHKHRTEYLANIRKDIQKDSRINDLIKLISGEDR
LYNCIGNISNLOLRALRWYEFNDRGMSGKAVEDKKREKDVWYRAYRKYFHYTAGSNOQRKDNAEKVD I IKKEKNEFLKRIEQ
TENITDLLLAQDPVETIPPYEDONNRRPPVDOTLLLSPOSLDAHYPGKWELWVOKEMDYGSGSYSSLSDELEQIVKL
TDRSSRLOSAGGKOSDHIASYTEQRKLIHSYYLORLLDITYNRGNPESQIRKWAQNPNSCSATNAVIKNILGESDIDS
FFELANNYYREVSLSKKGIWSIVEHPLLEISGIHPPMKSKMLEELVAGVINIRKGEFNLERFKEVWNSTVKGKSTVRS
LCSYIERKTREKKYGNCEFKOEYKNVCRYEELKNKASEVHESSDIKIDKEVVKVYEYTKNLSKEIGEKLELSTDQOSKEA
NPESLAQLYTILETDVHGEFSGNCKAVCLENTCRMOMSDKGNALCCRLPAESTRPEDGSLGNILDROAYEIAKIKIAR
IRELSALKNTKVKLSVLVEENSFEFSSSLSTIKKS LKAKQLREFALKAEKTEREKWKSKDERLKNDSHN I CAYTGMA
LSDDLSENDHIVSRSETKESYGTIYNSEFNLIRVSRRGNQLKGNNIYTLDNLNPRY LEAVEGTSDTAIITTRIRETL
NRLLISNPNLNIDIMTEEERQCCRHALEFTSRTGVPENQIIQATI SKOQYRARVNGTOQAWEVENLIAKIDEGLREWKSIN
NITVEYNAYKIDAGSTSEIRHDIGKLDARYEKKDIQPITSHAIDAVCLLGNASTQOEISEEISGNNEISVLSDVEEL
IKLIPDREDIIRISSLNFAERKNNPESKOLEKDT IYAERHFLCIMEKDDTVRVGEDEFGSNSIQIVKGGKQLLSCLANY L
ESPKONETTGEFRTYKVCRKTAAFKLFERFYRGLVAEGSDEELAY LALMSLRYTTLHODVESLLY DVKSKKFAAKKDI L
KNLDIKISEFPSVLKLKTDKASLVLPSENEWAHIASIFEDYLGKKDEQESGYDKLKOYLGTILNKTINKNHAKSKRVY
SLPVVASPSGGYRIKRLTHTHGDIYQLVAANTPVISISKGFASADNGDVILWDEAVMVDSYTTRNLTVINKKISGDEN
FVSMDEQRLVYESPDERVYMTPATDIRRGITIEQRKFEKEVYCIDOONIYKSFHDLPTEIKTDPKIFMERLNIDICGK
PRGNLEKILSIGNIIKYSYMVESSNRVMNOVYNNPIDKGTIEFKSN

(14) Amine acid sequence of Vibrio sagamiensis NBRC 104589 Cas9 protein (SEQ ID NO: 94)

MSTETKPWODDDKLLAMCRHRPKQIKHOGLODVRVLLGILNQQOLPKEAVLGLDGKVDLGAYLLOVKGLKQACDDARK
AQKOQWGTELNDNLTTDNTLIKLTAKI KELLPALCORLKLDKSSSSAFIERNQSIYHFAQLYOMAWGDRNGEFASTCPY
CATDNAVRMADNSGQAQAVRLSTLSMRLIDGGLKRHLNHOAHHIANRIWDKLLKPALLKGDRVTIPLILEQNREDEFA
ENLHVLEGTLRSKGLSAPDQFOPKVERIKQASHNVCPYDRKOTTKIGDDGDVDHITIPRSSRYGTLNDEANLIYASRTG
NROQIKANRELTLANLSDAYLOSQFNKEFPEGNIDRDEIQRLIEQRLTGKRADIFSEFGRYHOFRALSPENQVAFRHAL
FLPADHPLRALVISTLOHRSKNRVNGTQRFMAQLLADTIWOKAKELGKOQGNLAFDYFEVSSDPNNENSTVALRRHLE
SSTLAVGEDLRPFARKQTTOSOHGYSHVIDATLAFMLSVOAHPNEGAMKIQLAENES IWSRIDDDGTYLNTAFEQVAV
LPRELSPLVEVKPRATHTKVEKQLLDGAKPHOVVSRRIFKENALGIEFYDFKDIAGOLFRGWVT IDNGQAKEFTKHSGD
KSKPADKNLDKIQRIVELGLFRLORLOGLATYRANKQAVLGY I FDALSQAKVAPOPNQEQSKLVSWLLGKGAGKLYY
YTARKELKKAPSVLEKSRGPNPFOQEEWLSEFYTGWEQRSQLP IKKNKGMLEIASDEQANWQTYCEAFLNRI PIKENDQV
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FOPAHTALRDETMRAPGTPSGVPSLIRKISGEGTKRYHIMDINTRVLGEEQAPALATITSANVVLFDRNI LOKGYMAD
ITPROTLEAIEIPIEAALNSKNCOVAELDLKPIKVVIEANKLHINNI EROWEFESNLLLKNEAVERKPWWEKSKIEFCSG
OTNAEGDHSIAQDSFKKLLKRSAKHDKGMT LEKVIDETVSVTLTLDKRKVTIQKIVENMTQD

(15) Amino acid sequence of Arcobacter porcimus strain 117434 AAX28 Cas9 protein (SEQ ID NO: 95)
MGAQRLEPADTOQRPEFSGKIERYIDKLGYEIAKIKAKELEKVAVENIRKIKITILEENSFEYEESTIRSAKIKNAKKKANVS
LENSKKSYEKSLEDKASRIKNFGNNICAYCSKEIVNNDGEIDHILPRSYTLKNYGTVENSEGNLLYVHOKCNQDKKD
KIYSLDKITAPISKEQIISIVESIKSYRKTFTLLSNEQOIAFKYALFLPHNDEAFKEKVAEFLRTDOSARVNGTOKYLA
KKIQTKLNEKMEFENKKELDYEFILADSEVVSSLRKQYVKEEPLLAKPEKDSKQASSSHTIDATILSLVSVYKKATNLNVE
PNASEIVEYANIKSWSALENEFLTKGKSTNOKIENMIETESFTQKNMREVENKSIFGENALGERFKPIVISNDTIYT
GEFPIKIKDGYSFENCRKQITSKNDKHMVENI IKSELVSKKDKSTIVIYEINKNLENELSNEYEFNLNYKNLADNKEKEQVY
AMLELTIKFSKEYTKRANVISAPSYRKQIEEMKYPEYNEWKLEDEAWKHIMINKNKKGTKDRYVIDKKQENSHYRKID
INKGEYKLDTDNRSLWDDFCKWYFLDRYAKSESNSI RRKARKNEFSLIAEGTPQGTMEFRLEKREKTPRGEVYQALPIDNK
QIAGDYSNILLHNNKGSISLLSSNAKKDLTKEFEIKVSKDIRDTKLHPAKFEFKDDENYGKIEVILNKTSATIKNEPL
DYFINSFIQKNEEFETNLNSLSEVENSEEFGVIKSKLDQILKMTTRGDOKINQITINDNEFIDFILPYRNTSKLLDE

(16) Amino acid sequence of Desulfofustis sp. PB-SRB1 Cas9 protein (SEQ ID NO: 96)
MENETYISPIAIDLGAAHTGVYSLIYKAGSTLADVEEKSGVVYELDPONNTLLMVSRROKRHQRRNLDRROMAKRLE
RLIWEKHFGLOWDADAAQSIGEFLENRRGESEFITEHYDIQALANFPEEAWOELPRAFTDLIPVDLRNSSGLAEF IMAL
PRDEPLSNSCLCELYKETINKIKKELVITOKSIALAKACEATIGOGRGVPVERRKKESPLASVSKWIVERWRDEGVCGL
EAVEPTGPVYNIAGELTEHPSLAETVTATLPDYRAAQNESKOSMWNEFALIDKFKLEEARFERTGETTSEKODEFIRTHL
HHLAFATYTISDELRSGARHRARYFEEVERKVLTGITHRHGYLORFCGSLOOEHFAGLTPAKLTRLISHISNLELKPL
REKYENDEKHOGGEYWDEERLEKRCESDWVLGOWRVDLAKNRDKGAGKPODYOKLRTVLONYEGGIIRFWIGHDPQLST
PPYQDNNNRNPPRCOSLLLNACEFLDHAYPSWRRWLEALKDNAADHLGDLETRLLGLESGEKENSYFNQAKSGDQRKDS
OKLGMADLDARLEFQFILDRRKDSDPLRLADIYGHAKRLROQLGWRTELTEPEKMEQARHOOKLAQTVLESGLPPDLKT
SPOFNQODIFPAGSEFLHLVCRYFKNRLRAREGRLETIHPDYQRTAHRGYQFRNREFISENNLLRYCNLKPROKRYQOMVN
DVAGVLQVSPDRRVLVARONHNDGSQSEAVEFAWLKDFRGLOTACKNAADSQKEHRGLLKTKLLAGDRALORLODRCT
OLSRLIAREICSGDEDPEARAQKESSIFSFAQLYAIAFSDRAGNASTCPVCSLDNS RRMEMVGEDQRAKAQRLPALS
TRVIDGAVKRMARILGRKIANDRWPLLKOQKLVOGTPVRVPIITESNRFEFEPALSRLKPGVKEKSIGKDTSYEDKRN
RIAEQGGGICPYTGQPVGENGEIDHIIPRSSSFGTLNDEANLI FATEQGNRKAKGGOEFY SLENLSRTYKQGLFGTNTD
EQIAAWIRETIWDERRGRFREGNYLSFINLGSDEQKAFRHALFLEDGDHVREQVVAATSNRSRAFVNGTOQRYFAEVL
ANEFYKEALDIGKERLISEDYFGVEATSTSRGDGVRDWRRHYEEFYPGEFAPYRKKDGISQHPYSHLLDAQIAFAIN
ADKHRGDGGLRLRIPDHMGLDALNMDTGEI LHDNIFHATIRVLPEOMTAVHVQORRRP SDNRCTHRAFTRDLEYADRYL
PILLKOEENGVILKAGETWKNAEVENKNORRLLPOLLPLLTOAPHYPARLSQELDKGSTAGTAFEQRLYQLLINTDY
FREQIDRTGAIYLTINRKILHELWLERHNTENGT PFENKDHAT LFEFCWGKLGYRTEKKHIATEDD LKKLEAKEGNE
TPPLTARKSCCRLNMTG

(17y Amino acid sequence of Succinatimonas sp. CAG:777 Cas9 protein (SEQ ID NQO: 97)
MSKKTVYSNIAIDLGGKYTGCVSYTSSILPSADDINAFITEMPDDGNGIRKYTVKDRTOQKRHMI RALDRFKKARKLIY
LVISSVIHRELTADEKESISSIMKRRGYTRLEAEIDLDILKECPVDLEFASYIKDLEFDESQSLYDOFNOQKCCDLDSAK
AMKEKALSSEELKQAMDSSELDKIEKKIYRKSAFDVMVKAAENTI INTCEFGNEHREQYLSDIKADINKDSRLADIVESE
DGNEKLFKCVGNI SNLOLRALRWYFNDINMKGNPEKWI PERFKKVWARAYRKYFHYPKEDQOQKARELIKNLEISNDVTS
LILCSIDPLDTIPPYEDONNRNPPTDLTLLLSPRKALDKEKYTNIWEKWAEKFAKLYPNLKYQLEDIVKISDRKSRIDVK
SSSSYTQSKVENSYVMORLEDLAADKNEPITLLRSWVRDPSNSKLADTVKIIQSVVEDREDDEYKLAQSYYNEVEMA
KSGLWSVIDDPLLEISGIHPPMENKVISTLVGNVLGINNDFDYEKFLEVWRAP TKGRKTLKSVCKDIEGLREEYGNT
FRIEYDYANYSAKERKKERLTADOQKKLVEINKITEEISPLVRNSISQDPLSEIKEFNNPESESQLYTLIETDTLGESSN
CVAVNMENNARMOFLLGNHALCSRLPTESVRPEFDGALGKI LERQAYEITAKVKSAETKELDSINETVINVGILIEQNK
FEFTESTAKIKKSKLLEKIKKRSQSGVSROLKKWENKEKRIKSASRGVCPYTGERISETNGEIDHIIPRSFTKSSMG
TIFNSEANLIFCRLTGNRNKDENMYTLRELSPKYLNAVEGTANIVOIQONIEGTVAKISSKNPRELEFDMMDOKEQDC
CRHALFMPHSKAYQIVVSAMARSYSTRVNGTQSYEFVNAITSKLENELSSWLKSNRNTLNEFFAYKVDPSDVHSTRDDL
SKLNTLLEKEQENQPITSHAT DALCVLASASTNERISENISKESCLAKISNTGNLLKLEPHEFKILRIEKKDESDEND
DESRKLEFNDTIYAEHFLPVMVMKDOVKIGESWNSSKEGNSIEIVKDOHKFLELLAPFEFNKATESSCKEFITYKINKKK
AFDFIHRYIHOQEVDVNDCALIVEKILESLRYTTVNTDVCDIYNDREKRFKSKSEILTNENFELNEFSLPKPFKILACKK
IYLPSENEWSKITERKESDYLGKDNIKNWKEL IYNSLNILNRKTTKKLNHAGTEKRVYSLPI LEKNASGGIRIKRYTDEME
EEYQOLLEVNTPOQTVKRKGFALSEKGEVMWNKPITVDSYIGKNLTLLEKNYKNVCIGDNEVPMEKENRMVYKNEKTEVY
ISPSSDSRRLVITKOPEDEFNKCLENKYKNYLELPSTLVLSGDEIKIYVENMKNDEFIGNPRVETKNNKKTGKIVMLS
IGKLVRYCYMSTTCDSLMKTAYDCALS
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FIG. 3A
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FIG. 4

Western blot
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FIG. 7

In vitro cleavage, EMX1
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B

]
0.1 --A-o-z:4+rx—-a+a-m-nr-m——roﬂzﬂ-m-u——r1-a-'-n-0ﬂ|

-0+

. ———),
O O [ew]¥p]
«© ~r [a\]

100
80

Speal PalIPOoW 9

SUBSTITUTE SHEET (RULE 26)



WO 2022/248645 PCT/EP2022/064368
39/44

L NN\ —=
~ —=
L ONN\N —=
N & —5 N
LI\ B
—=
B
] >
2 12 e
LN\ —5 <2
[
o 1 S5 &
- = g
. e 2]
O, e B 2 3
Q
L1 — ©
L|_ — g 2
—= = O
[
£ S
=Y 1 —= -LO 5
- = 2
5
N
5 — N
SN i =
£ = — =
© ~ o~ o © < o~ =
(@»] o (an) o (@»] o (a»] o

L-yS 1SBJ-Y JUBJU0D paads jualeddy

SUBSTITUTE SHEET (RULE 26)



WO 2022/248645 PCT/EP2022/064368
40/44

mismatch

o RN-809
e RN-888

PAM Position

G ATGTC CACCTT CU CAATG GACT A GG G TGG sgRNA

Cc TACAGTGGAGGTTACTGATT CTCOC

QD eQEpReCHeCT
1

23 22 21 2019 1817 16 15 14 1312 1110 9 8 7 6 5 4 3 2

mmmw P

FIG. 11

m%m

O Jopore

> p-gt—_

{ ! { { { ! {
o (- & O o o -
™~ © LO < gp) N ~ o

%) Aousiolyg Bunip3

SUBSTITUTE SHEET (RULE 26)



PCT/EP2022/064368

WO 2022/248645

41/44

jduoq Buiddosn

6L T ¢ rawme] 88S[  -[LIOIVOIV]El [ uohepq[/l)

[ 6e7 | pewaeq | r3ewo] €19 Qvlv [y uopissulfe}}

157 ETE S 1vo[c [ voyepq]el]

¢ 8L peaeq | r3eye]  l/|OLvOV -[¢ [uopssulfe})

r— R 0r3eqo] 68| [ OLLOIVOL[Z) [ Uomeed]si]

[ — £0°¢ 0r3ewo| 0e6] [ OLLOIVOL|ZL [ Uonejed|gil
60 G rawwe|  ove]  -[WOVLWL0O[ZL | voyepd]ol) VLY
v 126 | papmeq | r3ego] 6l OV [T {uomesu[ci) Gl
2 | 0E7 v (3w 0/81]  -[WOYIVIOO|cc | UoReRd]aly N
oY Q02 | pewaeq | T3ewo] zogy| WOV [ Tuomesui]el) | vovoovLy
VIV ~E - balf oy Lojealdng  Jedey wno)  Jy Py Whue]  edf uomsod OWwO09YI0
o 02 o 0 0~ 0z 05 XSIX SJUBLIRA-pE 00-PBUST |7 EROEre0-YIIY
azlL ‘ol —

jpuoq uiddoun

= 6.1 EE T 10v][ € [ Uomeea]es

] %] 0r3eqo] ze6] [ [OvoIww[/ [ uouepd[s/

e 07T 0r3eqel vl [ voLwol 9 R

= ¥/ 0r3eqo] 0801 - ¥olz [ uopqlzs

f— BET crawwe] 6z -[wwooI0ov] 0L | Womsieq|el

el GLe 0r3ege] /96l [ ovIO[¥ [ uonepqlis
[r— 087 0r3ego] 90zg]  -[vOOLOOVD[ Tk | UomeRd[z. 591
[ — I§§ ¢ rawwe| S6Z]  -[OIWwO0L0| 6 [Uomerealel I}
[ Cl9 0 3ege] zalg] -] YOIWoo[/  [UomeRq|// W
10y 79¢) | pewaeq | r3ewo] £669] LOV -[¢ vowsu[eg | 99100v019)
baij oy uopeordng  Jedey umod Wy Y ubue] edAL uolsod 99OWYOWY

omz_p\ - =

vcl Ol

XS|X SJUBUBA-| XINT-YIOUST 1 IXW L XINT-YWIY
HHHHHHH

SUBSTITUTE SHEET (RULE 26)



WO 2022/248645 PCT/EP2022/064368
42/44

FIG. 12C
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FIG. 13

Preferential substrate for:
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. D forming part of the international application as filed:
I:’ in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

I:l on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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