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ENGINEERING CRISPR CAS9 IMMUNE STEALTH

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. 119(e) to U.S. Serial No.
62/471,267, filed March 14, 2017, and U.S. Serial No. 62/614,875, filed January 8, 2018, the

entirety of which are incorporated by reference herein.

BACKGROUND

[0002] Immune responses against in vivo CRISPR/Cas9 for genome engineering purposes
remain poorly characterized. Cas9 is aforeign protein, with prokaryotic origins, and could
potentially elicit astrong immune response, which could ultimately result in the elimination

of gene-edited cells or of the Cas9 protein by cytotoxic T cell mediated immune responses.

[0003] Cas9 specific cytotoxic cellular responses may be elicited due to the need of
recurrent treatments for two reasons. 1) the current overall efficacy of in vivo CRISPRCas9
mediated genome editing is low which can require repetitive treatments, and 2) if genome
regulation by dCas9 is a referred gene therapy method, repeat treatments will be necessary
for continued repression/activation. Additionally, under certain delivery systems, such as
AAV mediated delivery, Cas9 may have long term expression, further increasing the
potential of Cas9 specific cytotoxic cellular responses, hampering long-term therapeutic
efficacy. New methods of administering Cas9 that reduce immunogenicity to evade immune
detection are needed. This disclosure addresses this need and provides related advantages as
well.

SUMMARY

[0004] Novel methods to circumvent the problem of immune response to Cas9 include
utilizing orthologous Cas9 proteins for each treatment and/or engineering a Cas9 that does
not elicit an immune response. Thus, provided herein are methods of avoiding an immune
response in a subject being administered aregimen requiring Cas9 in order to optimize and
broaden the application of CRIPSR based therapeutics comprising administering immune
orthogonal Cas9. Also provided herein are methods to modify a Cas9 protein by swapping

highly immunogenic peptides or amino acids with less immunogenic counterparts. These
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methods are particularly useful to enable the application of Cas9 arsenal for repeat

treatments. Further provided are Cas9 proteins modified to reduce immunogenicity.

[0005] Aspects of the disclosure relate to a method of generating a protein comprising:
identifying one or more regions of a protein with affinity for a major histocompatibility
complex (MHC), and modifying the one or more regions of the protien with affinity for the
MHC through one or more amino acid substitutions, such that the modified region has no
affinity for the MHC, wherein the resulting modified protein is immunosilent upon
administration of the modified protein or a polynucleotide encoding the modified protein to a
subject. 1n some embodiments, the affinity for the MHC is high affinity. 1n some
embodiments, at |east one substituted amino acid is an amino acid which does not serve as an
MHC protein core residue. In some embodiments, the protein is selected from the group of a
cytidine deaminase, an adenosine deaminase, a zinc finger nuclease, atranscriptional
activator-like effector nuclease, a Cas9, or an AAV capsid protein. In some embodiments,
the protein is Cas9, optionally SpCas9.

[0006] Further aspects relate to a modified Cas9 protein produced according to the method
disclosed above. Still further aspects relate to amodified Cas9 protein comprising one or
more, two or more, three or more, four or more, five or more, six or more, Seven or more,
eight or more, nine or more, ten or more, fifteen or more, or twenty or more of the amino acid
modifications provided in Table 1. Some embodiments relate to an isolated polynucleotide
encoding the modified Cas9. Further embodiments, relate to avector comprising the isolated
polynucleotide, optionally an AAV vector, and still further optionally an AAV5 vector.
Additional embodiments relate to an AAV capsid comprising the vector. |n some
embodiments, one or more of the AAV capsid proteins has been modified to be

immunosilent.

[0007] Aspects of the disclosure relate to a method of identifying immune orthogonal
orthologs comprising: determining a set of affinities of a protein or regions thereof to a
plurality of major histocompatibility complexes (MHCs), comparing the set of affinities of
the protein or regions thereof to sets of affinities of orthologs of the protein to the plurality of
MHCs, and determining a set of immune orthogonal orthologs based on non-overlapping sets

of affinites. In some embodiments, the affinity for the MHC is high affinity. In some
2-
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embodiments, the protein is selected from the group of a cytidine deaminase, an adenosine
deaminase, a zinc finger nuclease, atranscriptional activator- like effector nuclease, a Cas9, or
an AAV capsid protein. | n some embodiments, the protein is Cas9, optionally SpCas9 or
SaCas9. In some embodiments, the Cas9 proteins the orthologs are selected from S.
pyogenes Cas9 (spCas9), S. aureus Cas9 (saCas9), B. longum Cas9, A. muiciniphilia Cas9, or
0. laneus Cas9.

[0008] Some aspects relate to a method of avoiding immune response in a subject being
administered a regimen requiring a protein, the method comprising: administering to the
subject, in sequence, two or more proteins that are immune orthogonal. In some 4
embodiments, the proteins that are immune orthogonal do not share an amino acid sequence
of greater than 5 consecutive amino acids. In some embodiments, the proteins that are
immune orthogonal do not share affinity for amajor histocompatibility complex (MHC). In
some embodiments, three or more, four or more, five or more, Six or more, seven or more,
eight or more, nine or more, or ten or more proteins that are immune orthogonal are

administered in sequence.

[0009] Non-limiting exemplary aspects relate to amethod of avoiding immune response in
a subject being administered a regimen requiring Cas9 and/or gene editing or gene regulation
in asubject and/or treating a subject in need of gene editing or gene regulation, the method
comprising: administering to the subject, in sequence, two or more Cas9 proteins that are
immune orthogonal. 1n some embodiments, the Cas9 proteins that are immune orthogonal do
not share an amino acid sequence of greater than 5 consecutive amino acids. 1n some
embodiments, the Cas9 proteins that are immune orthogonal do not share affinity for amajor
histocompatibility complex (MHC). In some embodiments, three or more, four or more, five
or more, Six or more, seven or more, eight or more, nine or more, or ten or more Cas9
proteins that are immune orthogonal are administered in sequence. |n some embodiments,
each Cas9 protein that is immune orthogonal is a Cas9 derived from adistinct species of
bacteria. 1n some embodiments, the Cas9 proteins that are immune orthogonal are selected
from S. pyogenes Cas9 (spCas9), S. aureus Cas9 (saCas9), B. longum Cas9, A. muiciniphilia
Cas9, or 0. laneus Cas9. In some embodiments, the Cas9 proteins that are immune

orthogonal comprise spCas9 and saCas9. In some embodiments, at least one of the two or
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more Cas9 proteins is modified to reduce immunogenicity upon administration to the subject.
In some embodiments, at least one of the two or more Cas9 proteins is modified according
the method disclosed above. 1n some embodiments, at |east one of the two or more Cas9
proteins or polynuclectides encoding said Cas9 proteins is comprised in an AAV vector. In
some embodiments, the AAV vector is an AAV5 vector. In some embodiments, the AAV
vector is comprised in an AAV capsid. In some embodiments, two or more Cas9 proteins or
polynucleotides encoding said Cas9 proteins are comprised in AAV vectors. In some
embodiments, each AAV vector is comprised in an AAV capsid, optionally wherein the AAV
capsids are immune orthogonal to one another. In some embodiments, the method further
comprises administering one or more guide RNAs to the subject. 1n some embodiments, the
guide RNA is selected to treat a disease, disorder, or condition selected from the group of
achromatopsia, adenosine deaminase (ADA) deficiency, alpha- I-antitrypsin deficiency,
Alzheimer's disease, amyotrophic lateral sclerosis, aromatic amino acid decarboxylase
deficiency, Batten disease, choroideremia, Crigler Nagjjar syndrome, cystic fibrosis, fragile X
syndrome, hemophilia, hepatitis B, hepatitis C,homozygous familial hypercholesteremia,
Huntington's Disease, Leber congenital amaurosis, macular degeneration, maple syrup urine
disease (MSUD), mucopolysarccharidosis (I-1X), multiple sclerosis, muscular dystrophy,
myotonic dystrophy, neurofibramotosis type 1, ornithine transcarbamylase deficiency,
pachyonychia congenita, Parkinson's disease, phenylketonuria, polycystic kidney disease,
Pompe disease, retinal degeneration, Rett's syndrome, rickets, spinal muscular atrophy,
severe combined immunodeficiency, sickle cell disease, Smith-Lemli-Opitz syndrome, Y -
linked nonobstructive spermatogenic failure, thalassemia, Tay-Sachs disease, Wilson's
disease, cardiovascular disease, metabolic syndrome, pain management, and X-linked

retinoschisis.
BRIEF DESCRIPTION OF DRAWINGS
[0010] FIG. 1:isaflow diagram depicting the process described in Example 1.

[0011] FIG. 2: shows (A) sets of immune-orthogonal proteins, located with arecursive
clique-finding algorithm (Bold outlines indicate top 4 sets of orthogonal proteins. Color
indicates number of 5-mer overlaps between protein pairs. This method is guaranteed to find

al maximal sets of orthogona proteins. Streptococcuspyogenes belongs to a set of 5
-4-
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mutually orthogonal proteins.) (B) the number of maximal cliques containing each protein,

broken down by size (Cliques of size 4 are the most frequent.).

[0012] FIG. 3: shows (A) change in affinity resulting from swaps in each peptide position
(Data are shown averaged over 98 high-affinity peptides found in Streptococcus pyogenes.)
(B) after swapping, distribution of peptides in each affinity category, by swap position
(Swapping out amino acids at the beginning of the high affinity peptide have the biggest
effect.) (C) cumulative sum showing number of peptides with at least one no-affinity swap
dption (blue), or at least one no-affinity or low-affinity swap option (green) (There are 98
high affinity peptides in this protein (black dotted line).).

[0013] FIG. 4: shows aclique consists of strains of Cas9 with no high affinity peptides
overlapping, accordingly providing five sets of five Cas9 proteins with no high affinity

peptides overlapping.

[0014] FIGS. 5A - 5H: shows that protein Protein based therapeutics elicit an adaptive
immune response: experimental and in silico analyses: (FIG. 5A) Proteins have substantial
therapeutic potential, but amajor drawback is the immune response to both the therapeutic
protein and its delivery vehicle. (FIG. 5B) Asa case study, we explored the CRISPR-Cas9
systems and corresponding delivery vehicles based on AAVs. (FIG. 5C) Mice were injected
retro-orbital ly with 102 vg/mouse of AAV8-SaCas9 targeting the PCSK9 gene or a hon-
targeting control (empty vector). A decrease in PCSK9 serum levels, due to successful gene
targeting, can be seen in mice receiving AAV-SaCas9-PCSK9 virus (n=6 mice for each
group). (FIG. 5D) Immune response to the payload was detected in ELISAs for the SaCas9
protein. (n=12) (FIG. 5E) Immune response to the delivery vehicle was detected in ELISAS
for the AAV8 virus capsid (n=12 mice). (FIG. 5F) Insilico workflow used to find immune
orthogonal protein homolog cliques. (FIG. 5G) Immunologically uninformed sequence
comparison was carried out by checking al &-mers in a protein for their presence in another
protein sequence with either zero or one mismatch. The x-axis corresponds to k, while MHC |
and MHC Il show overlap only of peptides predicted to bind to MHC class | and class 11
molecules. 48% of Cas9 pairs show no 6-mer overlap, and 83% of pairs show no overlapping
MHC-binding peptides. (FIG. 5H) Same as (g) but for AAV VPl capsid proteins. All AAV
pairs contain overlapping MHC-binding peptides.

-5-
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[0015] FIGS. 6A - 6E: shows experimental validation of Cas9 and AAV immunogenicity
predictions. (FIG. 6A) Mice were exposed to antigens via retro-orbital injections at 10'2
vg/mouse. Serum was harvested prior to injection on day 0, and at multiple points over the
course of 4-6 weeks. (FIG. 6B) anti-SpCas9 antibodies generated in mice injected with
SpCas9 (n=6) and SaCas9 (n=12), and anti-SaCas9 antibodies generated in mice injected
with SpCas9 (n=6) and SaCas9 (n=12). (FIG. 6C) anti-SpCas9 and anti-SaCas9 antibodies
generated by mice injected with AAV8 SpCas9 (n=12; left panel), or AAVDJ SpCas9 (n=12;
right panel). (FIG. 6D) anti-AAV8/DJ2/5 antibodies generated against mice injected with
AAV8 or AAVDJ (n=4 for al panels). (FIG. 6E) anti-AAV8/DJ2/5 antibodies generated
against mice injected with AAV2 or AAV5 (n=5 for al panels).

[0016] FIG. 7: depicts Cas9 immune orthogonal cliques. Cliques corresponding to 6-mer
overlaps are depicted. An example of an orthogonal clique is highlighted, which includes

Cas9s from: S. pyogenes, S. aureus, B. longum, A. muciniphila, and O. laneus.

[0017] FIGS. 8A - 8D: show the results of in silico analyses and comparisons of
immunogenicity of Cas9 and AAV orthologs. Linear regressions exclude pairs with no
overlap. (FIG. 8A) Cas9 MHC class | peptide overlap vs. phylogenetic distance. (FIG. 8B)
AAV MHC class | peptide overlap vs. phylogenetic distance. (FIG. 8C) Cas9 MHC class 1
peptide overlap vs. phylogenetic distance. (FIG. 8D) AAV MHC class Il peptide overlap vs.
phylogenetic distance.

[0018] FIGS. 9A - 9B: shows the mgjor AAV serotype groups. (FIG. 9A) AAV immune
orthogonal cliques over 81 HLA alleles. AAVS5 is the most immune-divergent in comparison
to the other serotypes. No orthogonal cliques exist. (FIG. 9B) AAV phylogeny showing
major serotype groupings as well asthe position of the reconstructed sequence Anc80L 65.

[0019] FIG. 10: shows experimental validation of a MHCII peptide predictions viathe
ELISPOT assay.

[0020] FIG. 11: shows immune orthogonal cliques of extremophile Cas9s and peptide

overlap with pools of Cas9s from commensal, pathogenic, and environmental species.
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DETAILED DESCRIPTION

[0021] Embodiments according to the present disclosure will be described more fully
hereinafter. Aspects of the disclosure may, however, be embodied in different forms and
should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the art. The terminology used in
the description herein is for the purpose of describing particular embodiments only and is not

intended to be limiting.

[0022] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms, such as those defined
in commonly used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of the present application and relevant art and should not be
interpreted in an idealized or overly formal sense unless expressly so defined herein. While
not explicitly defined below, such terms should be interpreted according to their common

meaning.

[0023] Theterminology used in the description herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the invention. All
publications, patent applications, patents and other references mentioned herein are

incorporated by reference in their entirety.

[0024] The practice of the present technology will employ, unless otherwise indicated,
conventional techniques of tissue culture, immunology, molecular biology, microbiology, cell

biology, and recombinant DNA, which are within the skill of the art.

[0025] Unless the context indicates otherwise, it is specifically intended that the various
features of the invention described herein can be used in any combination. Moreover, the
disclosure also contemplates that in some embodiments, any feature or combination of
features set forth herein can be excluded or omitted. To illustrate, if the specification states
that a complex comprises components A, B and C, it is specifically intended that any of A, B
or C, or a combination thereof, can be omitted and disclaimed singularly or in any
combination.

-7-
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[0026] Unless explicitly indicated otherwise, all specified embodiments, features, and terms
intend to include both the recited embodiment, feature, or term and biological equivalents

thereof.

[0027] All numerical designations, e.g., pH, temperature, time, concentration, and
molecular weight, including ranges, are approximations which are varied (+) or (- ) by
increments of 1.0 or 0.1, as appropriate, or aternatively by avariation of +/- 15 %, or
aternatively 10%, or alternatively 5%, or alternatively 2%. It isto be understood, although
not always explicitly stated, that all numerical designations are preceded by the term "about".
It also is to be understood, although not always explicitly stated, that the reagents described

herein are merely exemplary and that equivalents of such are known in the art.
[0028] Definitions

[0029] Asused in the description of the invention and the appended claims, the singular
forms "a," "an" and "the" are intended to include the plural forms aswell, unless the context

clearly indicates otherwise.

[0030] Theterm "about,” as used herein when referring to a measurable value such as an
amount or concentration and the like, is meant to encompass variations of 20%, 10%, 5%, 1

%, 0.5%, or even 0.1 % of the specified amount.

[0031] Theterms or "acceptable" "effective,” or "sufficient” when used to describe the
selection of any components, ranges, dose forms, etc. disclosed herein intend that said

component, range, dose form, etc. is suitable for the disclosed purpose.

[0032] Theterm "adeno-associated virus' or "AAV" as used herein refers to a member of
the class of viruses associated with this name and belonging to the genus dependoparvovirus,
family Parvoviridae. Multiple serotypes of this virus are known to be suitable for gene
delivery; al known serotypes can infect cells from various tissue types. At least 11 or 12,
sequentially numbered, are disclosed in the prior art. Non-limiting exemplary serotypes
useful in the methods disclosed herein include any of the 11 or 12 serotypes, e.g., AAV2,
AAVS5, and AAVS, or variant serotypes, e.g. AAV-DJ. The AAV structural particle is
composed of 60 protein molecules made up of VP1, VP2 and VP3. Each particle contains
approximately 5VP1 proteins, 5VP2 proteins and 50 VP3 proteins ordered into an

-8-
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icosahedral structure. Non-limiting exemplary VP! sequences useful in the methods
disclosed herein are provided below.

[0033] AAT46339.1 AAV-11

MAADGY LPDWLEDNL SEGIREWWDLKPGAPKPKANQQKQDDGRGLVLPGYKYLG
PFNGLDKGEPVNAADAAALEHDKAYDQQLKAGDNPYLRYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRVLEPLGLVEEGAKTAPGKKRPLESPQEPDSSSGIGKK GKQPA
RKRLNFEEDTGAGDGPPEGSDTSAMSSDIEMRAAPGGNAVDAGQGSDGVGNASGD
WHCDSTWSEGKVTTTSTRTWVLPTYNNHLYLRLGTTSSSNTYNGFSTPWGY FDFNR
FHCHFSPRDWQRLINNNWGLRPKAIVIRVKIFNIQVKEVTTSNGETTVANNLTSTVQIF
ADSSYELPYVMDAGQEGSLPPFPNDVFMVPQY GY CGIVTGENQNQTDRNAFY CLEY
FPSQMLRTGNNFEM AYNFEKVPFHSM YAHSQSLDPXIVnv[PLLDQYLWHLQSTTSGET
LNQGNAATTFGKIRSGDFAFY RKNWLPGPCVKQORFSKTASQNY KIPASGGNALLK
YDTHYTLNNRWSNIAPGPPMATAGPSDGDFSNAQLIFPGPSYTGNTTTSANNLLFTSE
EEIAATNPRDTDMFGQIADNNQNATTAPITGNVTAMGVLPGMVWQNRDIYY QGPIW
AKIPHADGHFHPSPLIGGFGLKHPPPQIFIKNTPVPANPATTFTAARVDSFITQY STGQ
VAVQIEWEIEKERSKRWNPEVQFTSNY GNQSSMLWAPDTTGKY TEPRVIGSRYLTN
HL

[0034] pdb|4IOV|A AAV-rh32

MAADGY LPDWLEDNL SEGIREWWDLKPGAPKPKANQQKQDDGRGLVLPGYKYLG
PFNGL DKGEF’V NAADAAALEHDKAYDQQLKAGDNPYLRYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRVLEPLGLVEEGAKTAPGKKRPLESPQEPDSSSGIGKK GKQPA
KKRLNFEEDTGAGDGPPEGSDTSAMSSDIEMRAAPGGNAVDAGQGSDGVGNASGD
WHCDSTWSEGKVTTTSTRTWVLPTYNNHLYLRLGTTSNSNTYNGFSTPWGY FDFNR
FHCHFSPPvDWQPVLINNNWGL RPKAIVNiVKIFMQVKEVTTSNGETTVANNLTSTVQIF
ADSSYELPYVMDAGQEGSLPPFPNDVFMVPQY GY CGIVTGENQNQTDRNAFY CLEY
FPSQMLRTGNNFEMAY NFEKVPFHSMY AHSQSLDPXIVINPLLDQY LWHLQSTTSGET
LNQGNAATTFGKIRSGDFAFY RKNWLPGPCVKQORFSKTASQNY KIPASGGNALLK
YDTHYTLNNRWSNIAPGPPMATAGPSDGDFSNAQLIFPGPSYTGNTTTSANNLLFTSE
EEIAATWRDTDMFGQIAD>mQNATTAPITGNVTAMGVLPGMVWQNRDIYYQGPIW

-9-
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AKIPHADGHFHPSPLIGGFGLKHPPPQIFIKNTPVPANPATTFTAARVDSHFITQY STGQ
VAVQIEWEIEKERSKR\WEVQFTSNY GNQSSMLWAPDTTGKY TEPRVIGSRYLTN
HL

[0035] ABI16639.1 AAV-12

MAADGY LPDWLEDNL SEGIREWWALKPGAPQPKANQQHQDNGRGLVLPGYKYLG
PFNGLDKGEPVNEADAAALEHDKAYDKQLEQGDNPYLKYNHADAEFQQRLATDTS
FGGNLGRAVFQAKKRILEPLGLVEEGVKTAPGKKRPLEKTPNRPTNPDSGKAPAKKK
QKDGEPADSARRTLDFEDSGAGDGPPEGSSSGEM SHDAEMRAAPGGNAVEAGQGA
DGVGNASGDWHCDSTWSEGRVTTTSTRTWVLPTYNNHLYLRIGTTANSNTYNGFST
PWGY FDFNP*HCFIFSPRDWQRLINNNWGLRPKSMRVKIFNIQVKEVTTSNGETTVA
NNLTSTVQIFADSTYELPYVMDAGQEGSFPPFPNDVFMVPQY GY CGVVTGKNQNQT
DRNAFY CLEY FPSQMLRTG"FEV SY QFEKVPFHSMY AHSQSLDRMMNPLLDQY L
WHLQSTTTGNSLNQGTATTTYGKITTGDFAY Y RKNWLPGACIKQQKFSKNANQNY
KIPASGGDALLKYDTHTTLNGRWSNMAPGPPMATAGAGDSDFSNSQLIFAGPNPSG
NTTTSSNTALFTSEEEIATTTSTPPYDTDMFGQIADNNQNATTAPHfIANLDAMGIVPGMV
WQNRDIYY QGPIWAKYPHTDGHFHPSPLM GGFGLKHPPPQIFIKNTPVPANPNTTFSA
ARINSFLTQY STGQVAVQIDWEIQKEHSKJIWNPEVQFTSNY GTOQNSMLWAPDNAGN
YHELRAIGSRFLTHHL

[0036] NP_044927.1 AAV-4

MTDGYLPDWLEDNLSEGVYREWWALQPGAPKPKANQQHQDNARGLVLPGYKYLGP
GNGLDKGEPVNAADAAALEHDKAYDQQLKAGDNPYLKYNHADAEFQQRLQGDTS
FGGNLGRAVFQAKKRVLEPLGLVEQAGETAPGKKRPLIESPQQPDSSTGIGKKGKQP
AKKKLVFEDETGAGDGPPEGSTSGAMSDDSEMRAAAGGAAVEGGQGADGVGNAS
GDWHCDSTWSEGHVTTTSTRTWVLPTYNNHLYKRLGESLQSNTYNGFSTPWGY FD
FNRFHCHFSPRDWQRLINNNWGMRPKAMRVKIFNIQVKEVTTSNGETTVANNLTST
VQTFADSSY ELPYVMDAGQEGSLPPFPNDVFMVPQY GY CGLVTGNTSQQQTDRNAF
YCLEYFPSQMLRTGNNFEITY SFEKVPFHSMY AHSQSLDRLMNPLIDQYLWGLQSTT
TGTTLNAGTATTNFTKLRPTNFSNFKKNWLPGPSIKQQGFSKTANQNY KIPATGSDSL
IKYETHSTLDGRWSALTPGPPMATAGPADSKFSNSQLIFAGPKQNGNTATVPGTLIFT

-10-
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SEEELAATNATDTDMWGNLPGGDQSNSNLPTVDRLTALGAVPGMVWQNPXDIYY QG
PIWAKIPHTDGHFHPSPLIGGFGL KHPPPQIFIKNTPVPANPATTFSSTPVNSFITQY STG
QV SV QIDWEIQKERSKRWNPEVQFTSNY GQQNSLLWAPDAAGKY TEPRAIGTRYLT
HHL

[0037] YP_077178.1 AAV-7

MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQQKQDNGRGLVLPGYKYLG
PFNGLDKGEPVYNAADAAALEHDKAYDQQLKAGDNPYLRYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRVLEPLGLYEEGAKTAPAKKRPVEPSPQRSPDSSTGIGKKGQQ
PARKRLNFGQTGDSESVYPDPQPL GEPPAAPSSY GSGTVAAGGGAPMADNNEGADGV
GNASGNWHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISSETAGSTNDNTYFGY S
TPWGY FDFNRFHCHPSPRDWQRLINNNWGFRPKKLRFKLFNIQVKEVTTNDGVTTIA
NNLTSTIQVFSDSEY QLPYVLGSAHQGCLPPFPADVFMIPQY GYLTLNNGSQSY GRSS
FYCLEY FPSOMLRTGNNFEFSY SFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLART
QSNPGGTAGNRELQFY QGGPSTMAEQAKNWLPGPCFRQQRV SKTLDQNNTNSNFAW
TGATKYHLNGRNSLWPGVAMATHKI)DEDRFFPSSGVLIFGKTGATNKTTLENVLM
TAEEIRPTNPVATEEY GIVSS*QAANTAAQTQVVNNQGALPGMVWQNRDVYLQ
GPIWAKIPHTDGNFHPSPLM GGFGLKHPPPQILIKNTPVPANPPEVFTPAKFASFITQY S
TGQVSVEIEWELQKENSKRWNPEIQY TSNFEKQTGVDFAVDSQGVY SEPRPIGTRY L
TRNL

[0038] YP_077180.1 AAV-8

MAADGYLPDWLEDNLSEGIREWWALKPGAPKPKANQQKQDDGRGLVLPGYKYLG

PFNGLDKGEPVNAADAAALEHDKAYDQQLQAGDNPYLRYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRVLEPLGLYEEGAKTAPGKKRPVEPSPQRSPDSSTGIGKKGQQ
PARKRLNFGQTGDSESVYPDPQPLGEPPAAPSGY GPNTMAAGGGAPMADNNEGADG

VGSSSGNWHCDSTWLGDRVITTSTRTWALPTYNNHLY KQISNGTSGGATNDNTY FG
Y STPWGY FDFNRFHCHFSPRDWQRLINNNWGFRPKRLSFKLFNIQVKEVTONEGTKT
IANNLTSTIQVFTDSEY QLPYVLGSAHQGCLPPFPADVFMIPQY GYLTLNNGSQAVGR
SSFYCLEY FPSQMLRTGNNFQFTY TFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLSR
TQTTGGTANTQTLGFSQGGPNTMANQAKNWLPGPCY RQQRVSTTTGQNNNSNFAW

-11-



WO 2018/170015 PCT/US2018/022258

TAGTKYHLNGRNSLANPGIAMATHK DDEERFFPSNGILIFGKQNAARDNADY SDVM
LTSEEEIKTTNPVATEEY GIVAD*QQQNTAPQIGTWSQGALPGIVIVWQNRDVYLQ
GPIWAKIPHTDGNFHPSPLMGGFGLKHPPPQILIKNTPVPADPPTTFNQSKLNSFITQY
STGQV SVEIEWEL QK ENSKRWNPELQY TSNY YK STSVDFAVNTEGVY SEPRPIGTRY L
TRNL

[0039] AAT46337.1 AAV-10

MAADGY LPDWL EDNLSEGIREWWDLKPGAPKPKANQQK QDDGRGLVLPGYKYLG
PFNGLDK GEPVNAADAAALEHDKAY DQQLKAGDNPYLRYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRVLEPLGLVEEAAKTAPGKKRPVEPSPQRSPDSSTGIGKKGQQ
PAKKRLNFGQTGESESV PDPQPI GEPPAGPSGL GSGTMAAGGGAPMADNNEGADGV
GSSSGNWHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISNGTSGGSTNDNTYFGY -
STPWGY FDFNPJFHCHFSPRDWQRLINNNWGFRPKRLSFKLFNIQVKEVTQNEGTKTI
ANNLTSTIQVFTDSEY QLPYVLGSAHQGCLPPFPADVFMIPQY GYLTLNNGSQAVGR
SSFY CLEYFPSQMLRTGNNFEFSY TFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLSR
TQSTGGTQGTQQLLFSQAGPANMSAQAKNWLPGPCY RQQRV STTLSQNNNSNFAW
TGATKYHLNGRDSLVWGVAMATHK DDEERFFPSSGVLMFGK QGAGRDNVDY SSV
MLTSEEEIK TTNPVATEQY GVVAD*QQANTGPIVGNWSQGALPGMYWQNRDVY
LQGPIWAKIPHTDGNFHPSPLMGGFGLKHPPPQILIKNTPVPADPPTTFSQAKLASFIT
QY STGQV SVEIEWEL QK ENSKRWWEIQY TSNY YKSTNVDFAVNTEGTY SEPRPIGT
RYLTRNL

[0040] AAS99264.1 AAV-9

MAADGY LPDWLEDNL SEGIREWWALKPGAPQPKANQQHQDNARGLVLPGYKYLG
PGNGLDKGEPVNAADAAALEHDKAYDQQLKAGDNPYLKYNHADAEFQERLKEDTS
FGGNLGRAVFQAKKRLLEPLGLVEEAAKTAPGKKRPVEQSPQEPDSSAGIGKSGAQP
AKKRLNFGQTGDTESVPDPQPIGEPPAAPSGY GSLTMASGGGAPVADNNEGADGVG
SSSGNWHCDSQWLGDRVITTSTRTWALPTYNNHLYKQISNSTSGGSSNDNAY FGY S
TPWGY FDFNRFHCHFSPPI)WQRLIMAMWGFRPKRLNFKLFNIQVKEVTDNNGVKTI
ANNLTSTVQVFTDSDY QLPYVLGSAHEGCLPPFPADVFMIPQY GYLTLNDGSQAVG
RSSFY CLEY FPSOMLRTGNNFQFSY EFENVPFHSSY AHSQSLDRLMNPLIDQYLYYLS
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K TINGSGQNQQTLKFSVAGPSNMAVQGRNYIPGPSYRQQRVSTTVTQNNNSEFAWP

GASSWALNGRNSLMNPGPAMASHK EGEDRFFPL SGSLIFGK QGTGRDNVDADK VM
TNEEEIKTTNPVATESY GQVATNHQSAQAQAQTGWVQNQGILPGMVWQDRDVYLQ
GPIWAKIPHTDGOTHPSPLMGGFGMKHPPPQILIKNTPVPADPPTAFNK DKLNSFITQ
YSTGQVSVEIEWEL QK ENSKRWNPEIQY TSNY YK SNNVEFAVNTEGVY SEPRPIGTR

YLTRNL

[0041] NP_049542.1 AAV-1

MAADGYLPDWLEDNL SEGIREWWDLKPGAPKPKANQQKQDDGRGLVLPGYKYLG
PFNGLDKGEPVYNAADAAALEHDKAYDQQLKAGDNPYLRYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRVLEPLGLVEEGAKTAPGKKRPVEQSPQEPDSSSGIGKTGQQP
AKKRLNFGQTGDSESVYPDPQPL GEPPATPAAVGPTTMASGGGAPMADNNEGADGYV
GNASG>TWHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISSASTGASNDNHYFGY S
TPWGYFDFNRFHCHFSPRDWQRLINNNWGFRPKRLNFKLFENIQVKEVTTNDGVTTIA
NNLTSTVQVFSDSEYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNNGSQAVGRS
SFYCLEYFPSQMLRTGNNFTFSYTFEEVPFHSSYAHSQSLDRLMNPLIDQYLYYLNRT
QONQSGSAQNKDLLFSRGSPAGM SVQPKNWLPGPCYRQQRVSKTKTDNNNSNFTWT
GASKYNLNGRESIINPGTAMASHKDDEDKFFPM SGVMIFGKESAGASNTALDNYMIT
DEEEIKATNPVATERFGTVAVNFQSSSTDPATGDVHAMGALPGMVWQDRDVYLQG
PIWAKIPHTDGHFHPSPLM GGFGLKNPPPQILIKNTPVPANPPAEFSATKFASFITQYST
GQVSVEIEWELQKENSKRWNPEVQYTSNYAKSANVDFTVDNNGLYTEPRPIGTRYL
TRPL

[0042] AAB95450.1 AAV-6

MAADGYLPDWLEDNL SEGIREWWDLKPGAPKPKANQQKQDDGRGLVLPGYKYLG
PFNGLDKGEPVYNAADAAALEHDKAYDQQLKAGDNPYLRYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRVLEPFGLVEEGAKTAPGKKRPVEQSPQEPDSSSGIGKTGQQP
AKKRL NFGQTGDSESVPDPQPLGEPPATPAAVGPTTMASGGGAPMADNNEGADGV
GNASGNWHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISSASTGASNDNHYFGYS
TPWGYFDFNRFHCHFSPRDWQRLINNNWGFRPKRLNFKLFENIQVKEVTTNDGVTTIA
NNLTSTVQVFSDSEYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNNGSQAVGRS
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SFY CLEWPSQMLRTGNKFTFSY TFEDVPFHSSY AHSQSLDPVLMNPLIDQYLYYLNRT
QNQSGSAQNKDLLFSRGSPAGM SVQPKNWL PGPCY RQQRV SK TK TDNNNSNFTWT
GASKYNLNGRESIINPGTAMASHK DDK DK FFPM SGVMIFGKESAGASNTALDNVMI
TDEEEIKATNPVATERFGTVAVNLQSSSTDPATGDVHVMGALPGMVWQDRDVYLQ
GPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPPAEFSATKFASFITQY'S
TGQVSVEIEWEL QKENSKRWNPEVQY TSNY AKSANVDFTVDNNGLY TEPRPIGTRY
LTRPL

[0043] NP_043941.1 AAV-3

MAADGY LPDWLEDNLSEGIREWWALKPGVPQPKANQQHQDNRRGLVLPGYKYLG
PGNGLDKGEPVNEADAAALEHDKAYDQQLKAGDNPYLKYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRILEPLGLVEEAAKTAPGKKGAYVDQSPQEPDSSSGVGKSGKQ
PARKRLNFGQTGDSESVPDPQPLGEPPAAPTSLGSNTMASGGGAPMADNNEGADGV
GNSSGNWHCDSQWLGDRVITTSTRTWALPTYNNHLY KQISSQSGASNDNHY FGY ST
PWGWDFNRFHCHFSPRDWQRLINWIWGFRPKKLSFKLFMQVRGVTONDGTTTIAN
NLTSTVQVFTDSEY QLPYVLGSAHQGCLPPFPADVFMVPQY GYLTLNNGSQAVGRS
SFY CLEWPSQMLRTGNNFQFSY TFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLNR
TQGTTSGTTOQSRLLFSQAGPQSM SLQARNWLPGPCY RQQRLSKTA>TONNNSNFPW
TAASKYHLNGRDSLVNPGPAMASHKDDEEKFFPMHGNLIFGKEGTTASNAELDNV
MITDEEEIRTTOPVATEQY GTVANNLQSSNTAPTTGTVNHQGALPGMVWQDRDVY L
QGPIWAKIPHTDGHFHPSPLM GGFGLKHPPPQIMIKNTPVPANPPTTFSPAKFASFITQ
Y STGQV SVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDFTVDTNGVY SEPRPIGTR
YLTRNL

[0044] ABZ10812.1 AAV-13

MTDGY LPDWLEDNLSEGVREWWALQPGAPKPKANQQHQDNARGLVLPGYKYLGP
GNGLDKGEPVNAADAAALEHDKAYDQQLKAGDNPYLKYNHADAEFQERLQEDTSF
GGNLGRAVFQAKKRILEPLGLVEEAAKTAPGKKRPVEQSPAEPDSSSGIGK SGQQPA
RKRLNFGQTGDTESVPDPQPLGQPPAAPSGY GSTTMASGGGAPMADNNEGADGVG
NSSGNWHCDSQWLGDRVITTSTRTWALPTYNNHLY KQISSQSGATNDNHY FGY STP
WGY FDFNRFHCHFSPRDWQRLINNNWGFRPKRLNFKLFMQVKEVTQNDGTTTIAN
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NLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMVPQYGYLTLNNGSQAVGRS
SFYCLEYFPSQMLRTGNNFQFSY TFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLNR
TQTASGTQQSRLLFSQAGPTSM SLQAKNWLPGPCYRQQRL SK QANDNNNSNFPWTG
ATKYHLNGRDSLVNPGPAMASUK DDK EK FFPMHGTLIFGKEGTNANNADLENVMIT
DEEEIRTTWVATEQYGTVSNNLQNSNAGPTTGTVNHQGALPGMVWQDRDVYLQG
PIWAKJPHTDGFIFHPSPLMGGFGLKHPPPQIMIKNTPVPANPPTNFSAAK FASFITQYS
TGQVSVEIEWEL QK ENSKRWNPEIQYTSNYNK SVNVDFTVDTNGVY SEPRPIGTRYL
TRNL

[0045] YP_680426.1 AAV-2

MAADGY L PDWLEDTL SEGIRQWWK LK PGPPPPK PAERHK DDSRGL VL PGYK YL GPF
NGL DK GEPVNEADAAAL EHDKAYDRQL DSGDNPYLKYNHADAEFQERLKEDTSFG
GNLGRAVFQAKKRVLEPLGL VEEPVKT APGKKRPVEHSPVEPD SSSGTGK AGQQPA
RKRLNFGQTGDADSVPDPQPL GQPPAAPSGL GTNTMATGSGAPMADNNEGADGVG
NSSGNWHCDSTWMGDRVITTSTRTWALPTYNNHL YK QI SSQSGASNDNHYFGY STP
WGYFDFNRFHCHFSPRDWQRLINNNWGFRPKRLWKLFMQVKEVTQNDGTTTIA N
NLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMVPQYGYLTLNNGSQAVGRS
SFYCLEYFPSQMLRTGNNFTFSY TFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRT
NTPSGTTTQSRL QFSQAGASDIRDQSRNWL PGPCYRQQRV SK TSADNNNSEY SWTG
ATKYHLNGRDSLVNPGPAMASHK DDEEK FFPQSGVLIFGK QGSEK TNVDIEKVMITD
EEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGVLPGMVWQDRDVYLQGPI
WAKJPHTDGHFHPSPLM GGFGLKHPPPQILIKNTPVPANPSTTFSAAKFASFITQYSTG
QVSVEIEWEL QK ENSKRWNPEIQYTSNYNK SVNVDFTVDTNGVY SEPRPIGTRYLTR
NL

[0046] YP_068409.1 AAV-5

M SFVDUPPDWL EEVGEGL REFL GLEAGPPK PK PNQQHQDQARGLVLPGYNYLGPGN
GLDRGEPVNRADEVAREHDISYNEQL EAGDNPYLKYNHADAEFQEKLADDTSFGGN

LGKAVFQAKKRVLEPFGLVEEGAK TAPTGKRIDDHFPK RK K ARTEEDSK PSTSSDAE
AGPSGSQQL QIPAQPASSL GADTM SAGGGGPL GDNNQGADGVGNASGDWHCDSTW

MGDRVVTKSTRTWVLPSYNNHQYREIK SGSVDGSNANAYFGY STPWGYFDFNRFH
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SHWSPPJJDWQPVLINNYWGFPVPRSLRVKIFMQVKEVTVQDSTTTIANISLTSTVQVFTD
DDYQLPYVVGNGTEGCLPAFPPQVFTLPQY GY ATLNRDNTENPTERSSFFCLEY FPS
KMLRTGNMEFTY NFEEVPFHSSFAPSONLFKLAW  LVDQYLYRFVSTNNTGGVQFN
KM*AGRY ANTY KNWFPGPMGRTQGWNLGSGVNRASVSAFATTNRMELEGASY QV
PPOPNGMTW"QGSNTYALENTMIFNSQPANPGTTATY LEGNMLITSESETQPVNRV
AYNVGGQMATNNQSSTTAPATGTYNLQEIVPGSVWMERDVY LQGPI WAKIPETGAH
FHPSPAMGGFGLKHPPPMMLIKNTPVPGNITSFSDVPVSSHTQY STGQVTVEMEWEL
KKENSKRWNPEIQY TONYNDPQFVDFAPDSTGEYRTTRPIGTRY LTRPL

[0047] 3J1Q_A AAV-DJ

MAADGYLPDWLEDTL SEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKY LGPF
NGLDKGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFG
GNLGRAVFQAKXRLLEPLGLVEEAAKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPA
RKRLWGQTGDADSVPDPQPIGEPPAAPSGV GSLTMAAGGGAPMADNNEGADGVG
NSSGNWHCDSTWMGDRVITTSTRTWALPTY TsnSTHLY KQISNSTSGGSSNDNAY FGY S
TPWGY FDFNP*HCHFSPRDWQRLINNNWGFRPKRLSFKLFNIQVKEVTQNEGTKTIA
NNLTSTIQVFTDSEY QLPYVLGSAHQGCLPPFPADVFMIPQY GYLTLNNGSQAVGRS
SFYCLEY FPSQMLRTGNNFQFTY TFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLSRT
QTTGGTTNTQTLGFSQGGPNTMANQAKNWLPGPCY RQORV SKTSADNNNSEY SWT
GATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVLIFGKQGSEKTNVDIEKVMIT
DEEEIRTTNPVATEQY GSVSTNLQRGNRQAATADVNTQGVLPGMVWQDRDVYLQG
PIWAKIPHTDGHFHPSPLM GGFGLKHPPPQILIKNTPVPADPPTTFNQSKLNSFITQY ST
GQVSVEIEWELQKENSKRWNPEIQYTSNYYKSTSVDFAVNTEGVY SEPRPIGTRYLT
RNL

[0048] AKU89595.1 Anc80

MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQQKQDDGRGLVLPGYKYLG
PFNGLDKGEPVYNAADAAALEHDKAYDQQLKAGDNPYLRYNHADAEFQERLQEDTS
FGGNLGRAVFQAKKRVLEPLGLYEEGAKTAPGKKRPVEQSPQEPDSSSGIGKKGQQP
ARKRLNFGQTGDSESVYPDPQPLGEPPAAPSGY GSNTMAAGGGAPMADNNEGADGYV
GNASGNWHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISSQSGGSTNDNTYFGY S

-16-



WO 2018/170015 PCT/US2018/022258

TPWGYFDFNRFHCHFSPPJ)WQRL INIWWGFPVPK K LNFKLFMQVKEVTTMDGTTTIA
NNLTSTVQVFTDSEY QLPYVLGSAHQGCLPPFPADVFMIPQY GYLTLNNGSQAVGRS
SFY CLEY FPSQMLRTGNNFQFSY TFEDVPFHSSY AHSQSLDRLMNPLIDQYLY YLSRT
QTTSGTAGNRTLQFSQAGPSSMANQAKNWLPGPCY RQQRV SKTTNQNNNSNFAWT
GATKYHLNGRDSLVNPGPAMATHK DDEDK FFPM SGVLIFGKQGAGNSNVDLDNVM
ITOEEEIK TMPVATEEYGTVATNLQSANTAPATGTVNSQGAL PGMVWQDRDVYLQ
GPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPPTTFSPAKFASFITQYS
TGQV SVEIEWELQKENSKRWNPEIQY TSNYNKSTNVDFAVDTNGVY SEPRPIGTRY L
TRNL

[0049] Also asused herein, "and/or" refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well asthe lack of

combinations when interpreted in the aternative ("or").

[0050] Theterm "aptamer” as used herein refers to single stranded DNA or RNA molecules
that can bind to one or more selected targets with high affinity and specificity. Non-limiting

exemplary targets include by are not limited to proteins or peptides.

[0051] Theterm "Cas9" refers to a CRISPR-associated, RNA-guided endonuclease such as
streptococcus pyogenes Cas9 (spCas9) and orthologs and biological equivaents thereof.
Biological equivalents of Cas9 include but are not limited to C2cl from Alicyclobacillus
acideterrestris and Cpfl (which performs cutting functions analogous to Cas9) from various
bacterial species including Acidaminococcus spp. and Francisella novicida Ul 12. Cas9 may
refer to an endonuclease that causes double stranded breaks in DNA, a nickase variant such
as aRuvC or HNH mutant that causes a single stranded break in DNA, as well as other
variations such as deadCas-9 or dCas9, which lack endonuclease activity. Cas9 may also
refer to "split-Cas9" in which CAS9 is split into two halves - C-Cas9 and N-Cas9 - and fused
with atwo intein moieties. See, e.g., U.S. Pat. No. 9,074,199 Bl; Zetsche et a. (2015) Nat
Biotechnol. 33(2): 139-42; Wright et al. (2015) PNAS 112(10) 2984-89. Non-limiting
examples of commercially available sources of SpCas9 comprising plasmids can be found

under the following AddGene reference numbers:

42230: PX330; SpCas9 and single guide RNA
48138: PX458; SpCas9-2A-EGFP and single guide RNA
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[0052]

62988:
48873:
48140:
62987:
48137:

PX459; SpCas9-2A-Puro and single guide RNA

PX460; SpCas9n (DIOA nickase) and single guide RNA

PX461; SpCas9n-2A-EGFP (DIOA nickase) and single guide RNA
PX462; SpCason-2A-Puro (DIOA nickase) and single guide RNA
PX165; SpCas9

Further examples of Cas9 are provided in the table below:

Name

Protein Sequence

S. pyogenes Cas9 MDKK YSIGLDIGTNSVGWAVITDEYK VPSKKFKVLGNTDRHSIKKNLIGALLFD

SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLS
KSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTY
DDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYD
EHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILE
KMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKD
NREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQ
SFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKY VTEGMRKPAFLSGE
QKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDL
LKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKE
DIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIV
IEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLY
YLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFY
KVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGG
FDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY
KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASH
YEKLKGSPEDNEQKQLFVEQHKHYLDENEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQS
ITGLYETRIDLSQLGGD*
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Staphylococcus

aureus Cas9

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGAR
RLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPY EARVKGLSQKLSEEEFSAA
LLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKD
GEVRGSINRFKTSDYVKEAKQLLKVQKAYHQLDQSFIDTYIDLLETRRTYYEGP
GEGSPFGWKDIKEWYEMLMGHCTY FPEELRSVKYAYNADLYNALNDLNNLVI
TRDENEKLEYYEKFQIIENVFKQKKKPTLKQIAKEILVNEEDIKGYRVTSTGKPE
FTNLKVYHDIKDITARKEIENAELLDQIAKILTIY QSSEDIQEELTNLNSELTQEEI
EQISNLKGYTGTHNLSLKAINLILDELWHTNDNQIAIFNRLKLYVPKKVDLSQQKE
IPTTLVDDFILSPVVKRSFIQSIKVINAIIKKY GLPNDIHELAREKNSKDAQKMINE
MQKRNRQTNERIEEIIRTTGKENAKY LIEKIKLHDMQEGKCLY SLEAIPLEDLLN
NPFNY EVDHIIPRSV SFDNSFNNKVLVKQEENSKKGNRTPFQY LSSSDSKISY ET
FKKHILNLAKGKGRISKTKKEYLLEERDINRFSVYQKDFINRNLVDTRYATRGLM
NLLRSYFRVNNLDVKVKSINGGFTSFLRRKWKFKKERNKGY KHHAEDALIIAN
ADFIFKEWKKLDKAKKYMENQMFEEKQAESMPEIETEQEY KEIFITPHQIKHIK
DFKDYKY SHRVDKKPNRELINDTLY STRKDDKGNTLIVNNLNGLYDKDNDKL
KKLINKSPEKLLMYHHDPQTY QKLKLIMEQY GDEKNPLYKYYEETGNYLTKYS
KKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGV
YKFVTVKNLDVIKKENYYEVNSKCY EEAKKLKKISNQAEFIASFYNNDLIKING
ELYRVIGVNNDLLNRIEVNMIDITYREY LENMNDKRPPRIIKTIASKTQSIKKY ST
DILGNLYEVKSKKHPQIIKKG*

S. thermophilus

CRISPR 1 Cas9

MSDLVLGLDIGIGSVGVGILNKVTGELHKNSRIFPAAQAENNLVRRTNRQGRRL
ARRKKHRRVRLNRLFEESGLITDFTKISINLNPY QLRVKGLTDELSNEELFIALKN
MVKHRGISYLDDASDDGNSSVGDY AQIVKENSKQLETKTPGQIQLERYQTYGQ
LRGDFTVEKDGKKHRLINVFPTSAY RSEALRILQTQQEFNPQITDEFINRYLEILT
GKRKYYHGPGNEKSRTDY GRYRTSGETLDNIFGILIGKCTFY PDEFRAAKASYT
AQEFNLLNDLNNLTVPTETKKLSKEQKNQIINYVKNEKAMGPAKLFKYIAKLLS
CDVADIKGYRIDKSGKAEIHTFEAY RKMKTLETLDIEQMDRETLDKLAYVLTLN
TEREGIQEALEHEFADGSFSQKQVDELVQFRKANSSIFGKGWHNFSVYKLMMELI
PELYETSEEQOMTILTRLGKOQKTTSSSNKTKYIDEKLLTEEIYNPVVAKSVRQAIKI
VNAAI1KEY GDFDNIVIEMARETNEDDEKKAIQKIQKANKDEKDAAMLK
AANQYNGKAELPHSVFHGHKQLATKIRLWHQQGERCLY TGKTISIHDLINTMSN
QFEVDHILPLSITFDDSLANKVLVYATANQEKGQRTPY QALDSMDDAWSFREL
KAFVRESKTLSNKKKEYLLTEEDISKFDVRKKFIERNLVDTRYASRVVLNALQE
HFRAHKIDTKYVSVVRGQFTSQLRRHWGIEKTRDTYHHHAVDALITAASSQLNL
WKKQKNTLVSYSEDQLLDIETGELISDDEY KESVFKAPY QHFVDTLKSKEFEDS
LFSY QVDSKFNRKISDATIYATRQAKVGKDKADETYVLGKIKDIYTQDGY DAF
MKIYKKDKSKFLMYRHDPQTFEKVIEPILENY PNKQINDKGKEVPCNPFLKYKE
EHGYIRKY SKKGNGPEIKSLKY Y DSKLGNHIDITPKDSNNKVVLQSV SPWRADV
YFNKTTGKYEILGLKYADI.QFDKGTGTYKISQEKY NDIKKKEGVDSDSERK FTL
YKNDLLLVKDTETKEQQLFRFLSRTMPKQKHY VELKPYDKQKFEGGEALIKVL
GNVANSGQCKKGLGKSNISIYKVRTDVLGNQHIIKNEGDKPKLDF*
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N . meningitidis Cas9

MAAFKPNPINYILGLDIGIASYGWAMVEIDEDENPICLIDLGVRVFERAEVPKTG
DSLAMARRLARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPN
TPWQLRAAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKG
VADNAHALQTGDFRTPAELALNKFEKESGHIRNQRGDY SHTFSRKDLQAELILL
FEKQKEFGNPHV SGGLKEGIETLLMTQRPALSGDAY QKMLGHCTFEPAEPKAA
KNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQARK
LLGLEDTAFFKGLRY GKDNAEASTLMEMKAYHAISRALEKEGLKDKKSPLNLS
PELQDEIGTAFSLFKTDEDITGRLKDRIQPEILEALLKHISFDKFVQISLKALRRIV
PLMEQGKRYDEACAEIYGDHY GKKNTEEKIYLPP1IPADEIRNPVVLRALSQARK
VINGVVRRY GSPARIHIETAREV GKSFKDRKEIEKRQEENRKDREKAAAKFREY
FPNFVGEPKSKDILKLRLYEQQHGKCLY SGKEINLGRLNEKGY VEIDHALPFSRT
WDDSFNNKVLVLGSENQNKGNQTPY EY FNGKDNSREWQEFKARVETSRFPRS
KKQRILLOKFDEDGFKERNLNDTRYVNRFLCQFVADRMRLTGKGKKRVFASN
GQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQQOKITRFVRYKEMN
AFDGKTIDKETGEVLHQKTHFPOQPWEFFAQEVMIRVFGKPDGKPEFEEADTPEK
LRTLLAEKLSSRPEAVHEY VTPLFVSRAPNRKMSGQGHIVIETVKSAKRLDEGVS
VLRVPLTOLKLKDLEKMVNREREPKLY EALKARLEAHKDDPAKAFAEPFYKY
DKAGNRTQQVKAVRVEQVQKTGVWVRNHNGIADNATMVRVDVFEKGDKYY
LVPIY SWQVAKGILPDRAVVQGKDEEDWQLIDDSFNFKFSLHPNDLVEVITKKA
RMFGY FASCHRGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKY QIDELGKEI
RPCRLKKRPPVR*

Parvibaculum

|lavamentivorans

Cas9

MERIFGFDIGTTSIGFSVIDY SSTQSAGNIQRLGVRIFPEARDPDGTPLNQQRRQK
RMMRRQLRRRRIRRKALNETLHEAGFLPAY GSADWPVVMADEPY ELRRRGLE
EGLSAYEFGRAIYHLAQHRHFKGRELEESDTPDPDVDDEKEAANERAATLKAL
KNEQTTLGAWLARRPPSDRKRGIHAHRNVVAEEFERLWEV QSKFHPALKSEEM
RARISDTIFAQRPVFWRKNTLGECRFMPGEPL CPKGSWLSQQRRMLEKLNNLAI
AGGNARPLDAEERDAILSKLQQQASMSWPGVRSALKALY KQRGEPGAEKSLK
FNLELGGESKLLGNALEAKLADMFGPDWPAHPRKQEIRHAVHERLWAADY GE
TPDKKRVIILSEKDRKAHREAAANSFVADFGITGEQAAQLQALKLPTGWEPY S|
PALNLFLAELEKGERFGALVNGPDWEGWRRTNFPHRNQPTGEILDKLPSPASKE
ERERISQLRNPTVVRTONELRKVVNNLIGLY GKPDRIRIEVGRDV GK SKREREEI
QSGIRRNEKQRKKATEDLIKNGIANPSRDDVEKWILWKEGQERCPY TGDQIGFN
ALFREGRY EVEHIWPRSRSFDNSPRNKTLCRKDVNIEKGNRMPFEAFGHDEDR
WSAIQIRLQGMV SAKGGTGMSPGKVKRFLAKTMPEDFAARQLNDTRY AAKQI
LAQLKRLWPDMGPEAPVKVEAVTGQVTAQLRKLWTLNNILADDGEKTRADH
RHHAIDALTVACTHPGMTNKLSRYWQLRDDPRAEKPALTPPWDTIRADAEKA
VSEIVVSHRVRKKVSGPLHKETTY GDTGTDIKTKSGTY RQFVTRKKIESL SKGEL
DEIRDPRIKEIVAAHVAGRGGDPKKAFPPY PCVSPGGPEIRKVRLTSKQQLNLM
AQTGNGYADLGSNHHIAIY RLPDGKADFEIVSLFDASRRLAQRNPIVORTRADG
ASFVMSLAAGEAIMIPEGSKKGIWIVQGVWASGQVVLERDTDADHSTTTRPMP
NPILKDDAKKYV SIDPIGRVRPSND*
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Corynebacter
diphtheria Cas9

MKYHVGIDVGTFSVGLAAIEVDDAGMPIKTLSLVSHIHDSGLDPDEIKSAVTRL
ASSGIARRTRRLY RRKRRRLQQLDKFIQRQGWPVIELEDY SDPLY PWKVRAELA
ASYIADEKERGEKLSVALRHIARHRGWRNPY AKVSSLY LPDGPSDAFKAIREEI
KRASGQPVPETATVGQMVTLCELGTLKLRGEGGVLSARLQQSDYAREIQEICR
MQEIGQELYRKIIDVVFAAESPKGSASSRVGKDPLQPGKNRALKASDAFQRYR1
AALIGNLRVRVDGEKRILSVEEKNLVFDHLVNLTPKKEPEWVTIAEILGIDRGQL
IGTATMTDDGERAGARPPTHDTNRSIVNSRIAPLVDWWKTASALEQHAMVKAL
SNAEVDDFDSPEGAKVQAFFADLDDDVHAKLDSLHLPVGRAAYSEDTLVRLTR
RMLSDGVDLY TARLQEFGIEPSWTPPTPRIGEPVGNPAVDRVLKTVSRWLESAT
KTWGAPERVIIEHVREGFY TEKRAREMDGDMRRRAARNAKLFQEMQEKLNVQ
GKPSRADLWRY QSVQRQNCQCAY CGSPITFSNSEMDHIVPRAGQGSTNTRENL
VAVCHRCNQSKGNTPFAIWAKNTSIEGY SVKEAVERTRHWVTDTGMRSTDFK
KFTKAVVERPQRATMDEEIDARSMESVAWMANELRSRVAQHFASHGTTVRVY
RGSLTAEARRASG1SGKLKFFDGVGKSRLDRRHHAIDAAVIAFTSDYVAETLAV
RSNLKQSQAHRQEAPQWREFTGKDAEHRAAWRVWCQKMEKLSALLTEDLRD
DRVVVMSNVRLRLGNGSAHKETIGKLSKVKLSSQLSVSDIDKASSEALWCALT
REPGFDPKEGLPANPERHIRVNGTHVYAGDNIGLFPVSAGSIALRGGY AELGSSF
HHARVYKITSGKKPAFAMLRVYTIDLLPYRNQDLFSVELKPQTMSMRQAEKKL
RDALATGNAEYLGWLVVDDELVVDTSKIATDQVKAVEAELGTIRRWRVDGFF
SPSKLRLRP1.QMSKEGIKKESAPEL SKIIDRPGWLPAVNKLFSDGNVTVVRRDSL
GRVRLESTAHLPVTWKVQ*

Streptococcus

pasteurianus Cas9

MTNGKILGLDIGIASVGVGIIEAKTGKVVHANSRLFSAANAENNAERRGFRGSR
RLNRRKKHRVKRVRDLFEKY GIVTDFRNLNLNPYELRVKGLTEQLKNEELFAA
LRTISKRRGISYLDDAEDDSTGSTDY AKSIDENRRLLKNKTPGQIQLERLEKY GQ
LRGNFTVYDENGEAHRLINVFSTSDY EKEARKILETQADYNKKITAEFIDDY VEI
LTQKRKYYHGPGNEKSRTDY GRFRTDGTTLENIFGILIGKCNFYPDEYRASKAS
YTAQEYNFLNDLNNLKVSTETGKLSTEQKESLVEFAKNTATLGPAKLLKEIAKI
LDCKVDEIKGY REDDKGKPDLHTFEPY RKLKFNLESINIDDLSREVIDKLADILT
LNTEREGIEDAIKRNLPNQFTEEQISEIKVRKSQSTAFNKGWHSFSAKLMNELIP
ELYATSDEOMTILTRLEKFKVNKKSSKNTKTIDEKEVTDEIYNPVVAKSVRQTIK
IINAAVKKY GDFDKIVIEMPRDKNADDEKKFIDKRNKENKKEKDDALKRAAYL
YNSSDKLPDEVFHGNKQLETKIRLWY QQGERCLY SGKPISIQELVHNSNNFEID
HILPLSLSFDDSLANKVLVYAWTNQEKGQKTPY QVIDSMDAAWSFREMKDYV
LKQKGLGKKKRDYLLTTENIDKIEVKKKFIERNLVDTRYASRVVLNSLQSALRE
LGKDTKVSVVRGQFTSQLRRKWKIDKSRETYHHHAVDALIIAASSQLKLWEKQ
DNPMFVDY GKNQVVDKQTGEILSVSDDEYKELVFQPPY QGFVNTISSKGFEDEI
LFSYQVDSKYNRKVSDATIY STRKAKIGKDKKEETYVLGKIKDIYSQNGFDTFIK
KYNKDKTQFLMYQKDSLTWENVIEVILRDY PTTKKSEDGKNDVKCNPFEEYRR
ENGLICKY SKKGKGTPIKSLKYY DKKLGNCIDITPEESRNKVILQSINPWRADVY
FNPETLKYELMGLKY SDLSFEKGTGNYH1SQEKY DAIKEKEGIGKKSEFKFTLY
RNDLILIKDIASGEQEIY RFLSRTMPNVNHY VELKPY DKEKFDNVQELVEALGE
ADKVGRCIKGLNKPNISIYKVRTDVLGNKYFVKKKGDK PKLDFKNNKK *

21-




WO 2018/170015

PCT/US2018/022258

Neisseria cinerea

Cas9

MAAFKPNPIVINY ILGLDIGIASVGWAIVEIDEEENPIRLIDLGVRVFERAEVPKTG
DSLAAARRLARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPN
TPWQLRAAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKG
VADNTHALQTGDFRTPAELALNKFEKESGHIRNQRGDY SHTFNRKDLQAELNL
LFEKQKEFGNPHVSDGLKEGIETLLMTQRPALSGDAV QKMLGHCTFEPTEPKA
AKNTYTAERFVWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQA
RKLLDLDDTAFFKGLRY GKDNAEASTLMEMKAYHAISRALEKEGLKDKKSPL
NLSPELQDEIGTAFSLFKTDEDITGRLKDRVQPEILEALLKHISFDKFVQISLKAL
RRIVPLMEQGNRYDEACTEIY GDHY GKKNTEEKIYLPPIPADEIRNPVVLRALSQ
ARKVINGVVRRY GSPARIHIETAREV GKSFKDRKEIEKRQEENRKDREK SAAKF
REYFPNFVGEPKSKDILKLRLYEQQHGKCLY SGKEINLGRLNEKGYVEIDHALP
FSRTWDDSFNNKVLALGSENQNKGNQTPYEY FNGKDNSREWQEFKARVETSR
FPRSKKQRILLQKFDEDGFKERNLNDTRY INRFLCQFVADHMLLTGKGKRRVF
ASNGQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTIAMQQKITRFVRYKE
MNAFDGKTIDKETGEVLHQKAHFPQPWEFFAQEVMIRVFGKPDGKPEFEEADT
PEKLRTLLAEKLSSRPEAVHKYVTPLFISRAPNRKMSGQGHMETVKSAKRLDE
GISVLRVPLTQLKLKDLEKMVNREREPKLYEALKARL EAHKDDPAKAFAEPFY
KYDKAGNRTQQVKAVRVEQVQKTGVWVHNHNGIADNATIVRVDVFEKGGKY
YLVPIYSWQVAKGILPDRAVVQGKDEEDWTVMDDSFEFKFVLYANDLIKLTAK
KNEFLGYFVSLNRATGAIDIRTHDTDSTKGKNGIFQSVGVKTALSFQKY QIDEL
GKEIRPCRLKKRPPVR*

Campylobacter lari

Cas9

MRJILGFDIGINSIGWAFVENDELKDCGVRIFTKAENPKNKESLALPRRNARSSRR
RLKRRKARLIAIKRILAKELKLNYKDYVAADGELPKAYEGSLASVYELRYKALT
QNLETKDLARVILHIAKHRGY MNKNEKKSNDAKKGKILSALKNNALKLENY QS
VGEYFYKEFFQKY KKNTKNFIKIRNTKDNYNNCVLSSDLEKELKLILEKQKEFG
YNY SEDFINEILKVAFFQRPLKDFSHLVGACTFFEEEKRACKNSY SAWEFRVALT
KIINEIKSLEKISGEIVPTQTINEVLNLILDKGSITYKKFRSCINLHESISFKSLKY DK
ENAENAKLIDFRKLVEFKKALGVHSLSRQELDQISTHITLIKDNVKLKTVLEKYN
LSNEQINNLLEIEFNDYINLSFKALGMILPLMREGKRY DEACEIANLKPKTVDEK
KDFLPAFCDSIFAHELSNPVVNRAISEY RKVLNALLKKY GKVHKIHLELARDVG
LSKKAREKIEKEQKENQAVNAWALKECENIGLKASAKNILKLKLWKEQKEICIY
SGNKISIEHLKDEKALEVDHIYPY SRSFDDSFINKVLVFTKENQEKLNKTPFEAF
GKNIEKWSKIQTLAQNLPYKKKNKILDENFKDKQQEDFISRNLNDTRYIATLIAK
YTKEYLNFLLLSENENANLKSGEKGSKIHVQTISGMLTSVLRHTWGFDKKDRN
NHLHHALDAIIVAY STNSIIKAFSDFRKNQELLKARFYAKELTSDNY KHQVKFFE
PFKSFREKIL SKIDEIFV SKPPRKRARRALHKDTFHSENKIIDKCSYNSKEGLQIAL
SCGRVRKIGTKYVENDTIVRVDIFKKQNKFYAIPIYAMDFALGILPNKIVITGKD
KNNNPKQWQTIDESY EFCFSLY KNDLILLQKKNMQEPEFAYYNDFSISTSSICVE
KHDNKFENLTSNQKLLFSNAKEGSVKVESLGIQNLKVFEKY I TPLGDKIKADFQ
PREN1SLK 1SKKYGLR*

T. denticola Cas9

MKKEIKDYFLGLDVGTGSVGWAVTDTDYKLLKANRKDLWGMRCFETAETAE
VRRLHRGARRRIERRKKRJIKLLQELFSQEIAKTDEGFFQRMKESPFY AEDKTILQ
ENTLFNDKDFADKTYHKAY PTINHLIKAWIENKVKPDPRLLYLACHN1IKKRGH
FLFEGDFDSENQFDTSIQALFEYLREDMEVDIDADSQKVKEILKDSSLKNSEKQS
RLNKILGLKPSDKQKKAITNLISGNKINFADLY DNPDLKDAEKNSISFSKDDFDA
LSDDLASILGDSFELLLKAKAVYNCSVLSKVIGDEQYLSFAKVKIYEKHKTDLT
KLKNVIKKHFPKDYKKVFGYNKNEKNNNNY SGYVGVCKTKSKKLIINNSVNQ
EDFYKFLKTILSAKSEIKEVNDILTEIETGTFLPKOISKSNAEIPY QLRKMELEKIL
SNAEKHFSFLKQKDEKGLSHSEKIIMLLTFKIPY'Y 1GPINDNHKKFFPDRCWVVK
KEKSPSGKTTPWNFFDHIDKEKTAEAFI TSRTNFCTYLVGESVLPKSSLLYSEYT
VLNEINNLQIIIDGKNICDIKLKQKIYEDLFKKYKKITQKQISTFIKHEGICNK 1DE
VIILGIDKECTSSLKSYIELKNIFGKQVDEISTKNMLEEIIRWATIYDEGEGKTILK
TKIKAEY GKY CSDEQIKKILNLKFSGWGRL SRKFLETVTSEMPGFSEPVNIITAM
RETQNNLMELL SSEFTFTENIKKINSGFEDAEKQFSYDGLVKPLFLSPSVKKML |
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WQTLKLVKEISHITQAPPKKIFIEMAKGAELEPARTKTRLKILQDLYNNCKNDA
DAFSSEIKDLSGKIENEDNLRLRSDKLYLYYTQLGKCMY CGKPIEIGHVFDTSNY
DIDHIY PQSKIKDDSISNRVLVCSSCNKNKEDKY PLK SEIQSKQRGFWNFLQRMN
FISLEKLNRLTRATPISDDETAKFIARQLVETRQATKVAAKVLEKMFPETKIVYS
KAETVSMFRNKFDIVKCREINDFHHAHDAY LNIVVGNVYNTKFTNNPWNFIKE
KRDNPKIADTYNYYKVFDYDVKRNNITAWEKGKTIITVKDMLKRNTPIY TRQA
ACKKGELFNQTIMKKGLGQHPLKKEGPFSNISKY GGYNKVSAAYYTLIEYEEK
GNKIRSLETIPLYLVKDIQKDQDVLKSYLTDLLGKKEFKILVPKIKINSLLKINGF
PCHITGKTNDSFLLRPAVQFCCSNNEVLY FKKIIRFSEIRSQREKIGKTISPYEDLS
FRSYIKENLWKKTKNDEIGEKEFYDLLQKKNLEIYDMLLTKHKDTIY KKRPNSA
TIDILVKGKEKFKSLIIENQFEVILEILKLFSATRNVSDLQHIGGSKY SGVAKIGNK
ISSLDNCILIYQSITGIFEKRIDLLKV*

S. mutans Cas9

MKKPY SIGLDIGTNSVGWAVVTDDY KVPAKKMKVLGNTDKSHIEKNLLGALL
FDSGNTAEDRRLKRTARRRY TRRRNRILY LQEIFSEEMGKYDDSFFHRLEDSFL
VTEDKRGERHP1FGNLEEEVKYHENFPTIYHLRQYLADNPEKVDLRLVYLALAH
[IKFRGHFLIEGKFDTRNNDVQRLFQEFLAVYDNTFENSSLQEQNVQVEEILTDKI
SKSAKKDRVLKLFPNEKSNGRFAEFLKLIVGNQADFKKHFELEEKAPLQFSKDT
YEEELEVLLAQIGDNYAELFLSAKKLYDSILLSGILTVTDVGTKAPLSASMIQRY
NEHQMDLAQLKQFIRQKLSDKYNEVFSDVSKDGYAGYIDGKTNQEAFYKY LK
GLLNKIEGSGY FLDKIEREDFLRKQRTFDNGSIPHQIHLQEMRAIIRRQAEFY PFL
ADNQDRIEKLLTFRIPYYVGPLARGKSDFAWLSRKSADKITPWNFDEIVDKESS
AEAFINRMTNYDLYLPNOQKVLPKHSLLYEKFTVYNELTKVKYKTEQGKTAFFD
ANMKQEIFDGVFKVYRKVTKDKLMDFLEKEFDEFRIVDLTGLDKENKVENASY
GTYHDLCKILDKDFLDNSKNEKILEDIVLTLTLFEDREMIRKRLENY SDLLTKEQ
VKKLERRHY TGWGRLSAELIHGIRNKESRKTILDYLIDDGNSNRNFMQLINDDA
LSFKEEIAKAQVIGETDNLNQVVSDIAGSPAIKKGILQSLKIVDELVKIMGHQPE
NIVVEN4ARENQFTNQGRRNSQQRLKGLTDSIKEFGSQILKEHPVENSQLQNDRL
FLYYLQNGRDMY TGEELDIDYLSQY DIDHIIPQAFIKDNSIDNRVLTSSKENRGK
SDDVPSKDVVRKMKSYWSKLLSAKLITORKFDNLTKAERGGLTDDDKAGFIKR
QLVETRQITKHVARILDERFNTETDENNKKIRQVKIVTLKSNLVSNFRKEFELYK
VREINDYHHAHDAYLNAVIGKALLGVY PQLEPEFVYGDY PHFHGHKENKATA
KKFFY SNIMNFFKKDDVRTDKNGEHWKKDEHISNIKKVLSY PQVNIVKKVEEQ
TGGFSKESILPKGNSDKLIPRKTKKFYWDTKKY GGFDSPIVAY SILVIADIEKGKS
KKLKTVKALVGVTIMEKMTFERDPVAFLERKGY RNVQEENIIKLPKY SLFKLEN
GRKRLLASARELQKGNEIVLPNHLGTLLYHAKNIHKVDEPKHLDYVDKHKDEF
KELLDVVSNFSKKYTLAEGNLEKIKELY AQNNGEDLKELASSFINLLTFTAIGAP
ATFKFFDKNIDRKRYTSTTEILNATLIHQSITGLY ETRIDLNKLGGD

S. thermophilus

CRISPR 3 Cas9

MTKPYSIGLDIGTNSVGWAVTTDNYKVPSKKMKVLGNTSKKYIKKNLLGVLLF
DSGITAEGRRLKRTARRRYTRRRNRILYLQEIFSTEMATLDDAFFQRLDDSFLVP
DDKRDSKYPIFGNLVEEKAYHDEFPTIYHLRKYLADSTKKADLRLVYLALAHM
IKYRGHFLIEGEFNSKNNDIQKNFQDFLDTY NAIFESDLSLENSKQLEEIVKDKIS
KLEKKDRILKLFPGEKNSGIFSEFLKLIVGNQADFRKCFNLDEKASLHFSKESYD
EDLETLLGYIGDDY SDVFLKAKKLYDAILLSGFLTVTDNETEAPLSSAMIKRYN
EHKEDLALLKEYIRNISLKTYNEVFKDDTKNGYAGY IDGKTNQEDFY VY LKKL
LAEFEGADY FLEKIDREDFLRKQRTFDNGSIPY QIHLQEMRAILDKQAKFY PFLA
KNKERIEKILTFRIPYYVGPLARGNSDFAWSIRKRNEKITPWNFEDVIDKESSAE
AFINRMTSFDLYLPEEKVLPKHSLLYETFNVYNELTKVRFIAESMRDY QFLDSK
QKKDIVRLYFKDKRKVTDKDIIEYLHAIYGYDGIELKGIEKQFNSSLSTYHDLLN
[INDKEFLDDSSNEAIIEEIIHTLTIFEDREMIKQRLSKFENIFDKSVLKKLSRRHYT
GWGKLSAKLINGIRDEKSGNTILDYLIDDGISNRNFMQLIHDDALSFKKKIQKAQ
[IGDEDKGNIKEVVKSLPGSPAIKKGILQSIKIVDELVKVMGGRKPESIVVEN4ARE
NQY TNQGKSNSQQRLKRLEKSLKELGSKILKENIPAKLSKIDNNALQNDRLYLY
YLQNGKDMYTGDDLDIDRLSNY DIDHITPQAFLKDNSIDNKVLVSSASNRGKSD
DVPSLEVVKKRKTFWY QLLKSKLISQRKFDNLTKAERGGL SPEDKAGFIQRQLV
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ETRQITKHVARLLDEKFNNKKDENNRAVRTVKIITLKSTLVSQFRKDFELYKVR
EINDFHHAHDAYLNAVVASALLKKYPKLEPEFVYGDY PKYNSFRERKSATEKYV
YFYSNIMNIFKKSISLADGRVIERPLIEVNEETGESVWNKESDLATVRRVLSYPQ
VNVVKKVEEQNHGLDRGKPKGLFNANLSSKPKPNSNENLVGAKEYLDPKKY G
GYAGISNSFTVLVKGTIEKGAKKKITNVLEFQGISILDRINY RKDKLNFLLEKGY
KDIELIELPKY SLFELSDGSRRMLASILSTNNKRGEIHKGNQIFLSQKFVKLLYH
AKRISNTINENHRKYVENHKKEFEELFYYILEFNENYVGAKKNGKLLNSAFQSW
QNHSIDELCSSFIGPTGSERK GLFELTSRGSAADFEFLGVKIPRYRDY TPSSLLKD
ATLIHOSVTGLYETRIDLAKLGEG

C.jguni Cas9

MARILAFDIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRLARSAR
KRLARRKARLNHLKHLIANEFKLNYEDY QSFDESLAKAYKGSLISPY ELRFRAL
NELLSKQDFARVILHIAKRRGY DDIKNSDDKEKGAILKAIKQNEEKLANYQSVG
EYLYKEYFOKFKENSKEFTNVRNKKESY ERCIAQSFLKDELKLIFKKQREFGFSF
SKKFEEEVLSVAFYKRALKDFSHLVGNCSFFTDEKRAPKNSPLAFMFVALTRIIN
LLNNLKNTEGILYTKDDLNALLNEVLKNGTLTYKQTKKLLGLSDDYEFKGEKG
TYFIEFKKYKEFIKALGEHNLSQDDLNEIAKDITLIKDEIKLKKALAKYDLNQNQ
IDSLSKLEFKDHLNISFKALKLVTPLMLEGKKYDEACNELNLKVAINEDKKDFL
PAFNETYYKDEVTNPVVLRAIKEYRKVLNALLKKY GKVHKINIELAREVGKNH
SQRAKIEKEQNENY KAKKDAELECEKLGLKINSKNILKLRLFKEQKEFCAY SGE
KIKISDLQDEKMLEIDHIY PY SRSFDDSY MNKVLVFTKONQEKLNQTPFEAFGN
DSAKWQOKIEVLAKNL PTKKQKRILDKNYKDKEQKNFKDRNLNDTRYIARLVL
NYTKDYLDFLPLSDDENTKLNDTQKGSKVHVEAKSGMLTSALRHTWGFSAKD
RNNHLHHAIDAVIIAY ANNSIVKAFSDFKKEQESNSAEL Y AKKISELDY KNKRK
FFEPFSGFRQKYVLDKIDEIFV SKPERKKPSGALHEETFRKEEEFY QSY GGKEGVL
KALELGKIRKVNGKIVKNGDMFRVDIFKHKKTNKFYAVPY TMDFALKVLPNK
AVARSKKGEIKDWILMDENYEFCFSLYKDSLILIQTKDMQEPEFVYY NAFTSST
VSLIVSKHDNKFETLSKNQKILFKNANEKEVIAKSIGIQNLKVFEKYIVSALGEVT
KAEFRQREDFKK

P. multocida Cas9

MQTTNLSYILGLDLGIASVGWAVVEINENEDPIGLIDVGVRIFERAEVPKTGESL
ALSRRLARSTRRLIRRRAHRLLLAKRFLKREGILSTIDLEKGLPNQAWELRVAGL
ERRLSAIEWGAVLLHLIKHRGYLSKRKNESQTNNKELGALLSGVAQNHQLLQS
DDYRTPAELALKKFAKEEGHIRNQRGAYTHTFNRLDLLAELNLLFAQQHQFGN
PHCKEHIQQYMTELLMWQKPALSGEAILKMLGKCTHEKNEFKAAKHTY SAER
FVYWLTKLNNLRILEDGAERALNEEERQLLINHPYEKSKLTYAQVRKLLGLSEQA
IFKHLRY SKENAESATFMELKAWHAIRKALENQGLKDTWQDLAKKPDLLDEIG
TAFSLYKTDEDIQQYLTNKVPNSVINALLVSLNFDKFIELSLKSLRKILPLMEQG
KRYDQACREIY GHHY GEANQKTSQLLPAIPAQEIRNPVVLRTLSQARKVINAIIR
QY GSPARVHIETGREL GKSFKERREIQKQQEDNRTKRESAV QKFKELFSDFSSEP
KSKDILKFRLYEQQHGKCLY SGKEINIHRLNEKGY VEIDHALPFSRTWDDSFNN
KVLVLASENQNKGNQTPY EWLQGKINSERWKNFVALVLGSQCSAAKKQRLLT
QVIDDNKFIDRNLNDTRYIARFLSNYIQENLLLVGKNKKNVFTPNGQITALLRSR
WGLIKARENNMIHHALDAIVVACATPSMQQKITRFIRFKEVHPY KIENRY EMV
DQESGEIl SPHFPEPWAY FRQEVNIRVFDNHPDTVLKEMLPDRPQANHQFVQPL
FVSRAPTRKMSGQGHMETIKSAKRLAEGISVLRIPLTQLKPNLLENMVNKEREP
ALYAGLKARLAEFNQDPAKAFATPFY KQGGQQVKAIRVEQVQKSGVLVRENN
GVADNASIVRTDVFKNNKFFLVPIY TWQVAKGILPNKAIVAHKNEDEWEEMD
EGAKFKFSLFPNDLVELKTKKEY FFGY YIGLDRATGNISLKEHDGEISKGKDGV
YRVGVKLALSFEKY QVDELGKNRQICRPQQRQPVR

F. novicida Cas9

MNFKILPIAIDLGVKNTGVFSAFY QKGTSLERLDNKNGKVYELSKDSYTLLMNN
RTARRHQRRGIDRKQLVKRLFKLIWTEQLNLEWDKDTQQAISFLFNRRGFSFIT
DGYSPEYLNIVPEQVKAILMDIFDDY NGEDDLDSY LKLATEQESKISEIYNKLM
QKILEFKLN4KLCTDIKDDKVSTKTLKEITSYEFELLADYLANY SESLKTQKFSYT
DKQGNLKELSYYHHDKYNIQEFLKRHATINDRILDTLLTDDLDIWMFENFEKFDF
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DKNEEKLQNQEDKDHIQAHLHHFVFAVNKIKSEMASGGRHRSQY FQEITNVLD
ENNHQEGYLKNFCENLHNKKY SNLSVKNLVNLIGNLSNLELKPLRKY FNDKIH
AKADHWDEQKFTETY CHWILGEWRVGVKDQDKKDGAKY SY KDLCNELKQK
VTKAGLVDFLLELDPCRTIPPY LDNNNRKPPKCQSLILNPKFLDNQY PNWQQY L
QELKKLQSIQNYLDSFETDLKVLKSSKDQPY FVEY KSSNQQIASGQRDY KDLDA
RILQFIFDRVKASDEL LLNEIY FOAKKLKQKASSELEKLESSKKLDEVIANSQLSQ
ILKSQHTNGIFEQGTFLHLVCKY Y KQRQRARDSRLY IMPEYRY DKKLHKYNNT
GRFDDDNQLLTY CNHKPRQKRYQLLNDLAGVLQVSPNFLKDKIGSDDDLFISK
WLVEHIRGFKKACEDSLKIQKDNRGLLNHKINIARNTKGKCEKEIFNLICKIEGS
EDKKGNYKHGLAYELGVLLFGEPNEASKPEFDRKIKKFNSIY SFAQIQQIAFAER
KGNANTCAVCSADNAHRMQQIKITEPVEDNKDKIILSAKAQRLPAIPTRIVDGA
VKKMATILAKNIVDDNWONIKQVLSAKHQLHIPLITESNAFEFEPALADVKGKS
LKDRRKKALERISPENIFKDKNNRIKEFAKGISAY SGANLTDGDFDGAKEELDHI
IPRSHKKY GTLNDEANLICVTRGDNKNKGNRIFCLRDLADNYKLKQFETTDDLE
[EKKIADTIWDANKKDFKFGNY RSFINLTPQEQKAFRHALFLADENPIKQAVIRA
INNRNRTFVNGTQRYFAEVLAMNIYLRAKKENLNTDKISFDY FGIPTIGNGRGIA
EIRQLY EKVDSDIQAY AKGDKPQASY SHLIDAMLAFCIAADEHRNDGSIGLEID
KNYSLYPLDKNTGEVFTKDIFSQIKITDNEFSDKKLVRKKAIEGFNTHRQMTRD
GIYAENYLPILIHKELNEVRKGY TWKNSEEIKIFKGKKY DIQQLNNLVY CLKFV
DKPISIDIQISTLEELRNILTTNNIAATAEYYYINLKTOKLHEYYIENYNTALGYK
KYSKEMEFLRSLAYRSERVKIKSIDDVKQVLDKDSNFIIGKITLPFKKEWQRLYR
EWONTTIKDDY EFLKSFENVKSITKLHKKVRKDFSLPISTNEGKFLVKRKTWDN
NFIY QILNDSDSRADGTKPFIPAFDISKNEIVEAIIDSFTSKNIFWLPKNIELQKVD
NKNIFAIDTSKWFEVETPSDLRDIGIATIQY KIDNNSRPKVRVKLDYVIDDDSKIN
YFMNHSLLKSRYPDKVLEILKQSTIEFESSGFNKTIKEMLGMKLAGIYNETSNN

Lactobacillus

buchneri Cas9

MKVNNYHIGLDIGTSSIGWVAIGKDGKPLRVKGKTAIGARLFQEGNPAADRRM
FRTTRRRLSRRKWRLKLLEEIFDPYITPVDSTFFARLKQSNL SPKDSRKEFKGSM
LFPDLTDMQYHKNYPTIYHLRHALMTQDKKFDIRMVYLAIHHIVKYRGNFLNS
TPVDSFKASKVDFVDQFKKLNELY AAINPEESFKINLANSEDIGHQFLDPSIRKF
DKKKQIPKIVPVMMNDKVTDRLNGKIASEIIHAILGYKAKLDVVLQCTPVDSKP
WALKFDDEDIDAKLEKILPEMDENQQSIVAILONLY SQVTLNQIVPNGMSLSES
MIEKYNDHHDHLKLY KKLIDQLADPKKKAVLKKAY SQYVGDDGKVIEQAEFW
SSVKKNLDDSEL SKQIMDLIDAEKFMPKQRTSQNGVIPHQLHQRELDEIIEHQSK
YYPWLVEINPNKHDLHLAKYKIEQLVAFRVPYYVGPMITPKDQAESAETVFSW
MERKGTETGQITPWNFDEKVDRKASANRFIKRMTTKDTY LIGEDVLPDESLLYE
KFKVLNELNMVRVNGKLLKVADKQAIFQDLFENY KHVSVKKLQONYIKAKTGL
PSDPEISGLSDPEHFNNSLGTYNDFKKLFGSKVDEPDLQDDFEKIVEWSTVFEDK
KILREKLNEITWLSDQQKDVLESSRY QGWGRLSKKLLTGIVNDQGERIIDKLWN
TNKNFMQIQSDDDFAKRIHEANADQMQAVDVEDVLADAY TSPONKKAIRQVYV
KVVDDIQKAMGGVAPKY ISIEFTRSEDRNPRRTISRQRQLENTLKDTAKSLAKSI
NPELLSELDNAAKSKKGLTDRLYLYFTQLGKDIYTGEPINIDELNKYDIDHILPQ
AFIKDNSLDNRVLVLTAVNNGKSDNVPLRMFGAKMGHFWKQLAEAGLISKRK
LKNLQTDPDTISKY AMHGF RRQLVETSQVIKLVANILGDKYRNDDTKIIEITAR
MNHQMRDEFGFIKNREINDYHHAFDAYLTAFLGRYLYHRYIKLRPYFVYGDFK
KFREDKVTMRNFNFLHDLTDDTQEKIADAETGEVIWDRENSIQOLKDVYHYKF
MLISHEVYTLRGAMFNQTVY PASDAGKRKLIPVYKADRPVNVY GGY SGSADAY
MAIVRIHNKKGDKYRVVGVPMRALDRLDAAKNVSDADFDRALKDVLAPQLT
KTKKSRKTGEITQVIEDFEIVLGKVMYRQLMIDGDKKFMLGSSTY QY NAKQLV
LSDQSVKTLASKGRLDPLQESNOYNNVY TEILDKVNQYFSLY DMNKFRHKLN
LGFSKFISFPNHNVLDGNTKVSSGKREILQEILNGLHANPTFGNLKDVGITTPFG
QLQQOPNGILLSDETKIRY QSPTGLFERTVSLKDL

Listeria innocua

MKKPYTIGLDIGTNSVGWAVLTDQYDLVKRKMKIAGDSEKKQIKKNFWGVRL
FDEGQTAADRRMARTARRRIERRRNRISYLQGIFAEEMSKTDANFFCRLSDSFY
VDNEKRNSRHPFFATIEEEVEYHKNYPTIYHLREELVNSSEKADLRLVYLALAHI
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Cas9

IKYRGNFLIEGALDTONTSVDGIYKQFIQTYNQVFASGIEDGSLKKLEDNKDVA
KILVEKVTRKEKLERILKLYPGEKSAGMFAQFISLIVGSKGNFQKPFDLIEKSDIE
CAKDSYEEDLESLLALIGDEYAELFVAAKNAYSAVVLSSIITVAETETNAKLSAS
MIERFDTHEEDL GELKAFIKLHLPKHY EEIFSNTEKHGYAGYIDGKTKQADFYK
YMKMTLENIEGADY FIAKIEKENFLRKQRTFDNGAIPHQLHLEELEAILHQQAK
YYPFLKENY DKIKSLVTFRIPY FVGPLANGQSEFAWLTRKADGEIRPWTMIEEKV
DFGKSAVDFIEKMTNKDTYLPKENVLPKHSLCYQKYLVYNELTKVRYINDQGK
TSYFSGQEKEQIFNDLFKQKRKVKKKDLELFLRNMSHVESPTIEGLEDSFNSSY S
TYHDLLKVGIKQEILDNPYNTEMLEN1VKILTVFEDKRMIKEQLQQFSDVLDGV
VLKKLERRHYTGWGRLSAKLLMGIRDKQSHLTILDYLMNDDGLNRNLMQLIN
DSNLSFKSIIEKEQVTTADKDIQSIVADLAGSPAIKKGILQSLK1VDELVSVMGYP
PQTIVVEMARENQTTGKGKNNSRPRY KSLEKAIKEFGSQILKEHPTDNQELRNN
RLYLYYLQNGKDMYTGQDLDIHNLSNY DIDHIVPQSFITDNSIDNLVLTSSAGN
REKGDDVPPLEIVRKRKVFWEKLY QGNLMSKRKFDYLTKAERGGLTEADKAR
FIHRQLVETRQITKNVANILHQRFNY EKDDHGNTMKQVRIVTLKSALVSQFRKQ
FOLYKVRDVNDYHHAHDAYLNGVVANTLLKVYPQLEPEFVYGDYHQFDWFK
ANKATAKKQFYTOIMLFFAQKDRIIDENGEILWDKKYLDTVKXVMSYRQMNIV
KKTEIQKGEFSKATIKPKGNSSKLIPRKTNWDPMKY GGLDSPNMAYAVVIEY A
KGKNKLVFEKKIIRVTIMERKAFEKDEKAFLEEQGY RQPKVLAKLPKYTLYECE
EGRRRMLASANEAQKGNQQVLPNHLVTLLHHAANCEVSDGKSLDYIESNREM
FAELLAHVSEFAKRY TLAEANLNKINQLFEQNKEGDIKAIAQSFVDLMAFNAM
GAPASFKFFETTIERKRYNNLKELLNSTHYQSITGLY ESRKRLDD

L. pneumophilia

Cas9

MESSQILSPIGIDLGGKFTGVCLSHLEAFAELPNHANTKY SVILIDHNNFQLSQA
QRRATRHRVRNKKRNQFVKRVALQLFQHILSRDLNAKEETALCHYLNNRGYT
YVDTDLDEYIKDETTINLLKELLPSESEHNFIDWFLQKMQSSEFRKILVSKVEEK
KDDKELKNAVKNIKNFITGFEKNSVEGHRHRKVY FENIKSDITKDNQLDSIKKKI
PSVCLSNLLGHLSNLQWKNLHRYLAKNPKQFDEQTFGNEFLRMLKNFRHLKGS
QESLAVRNLIQQLEQSQDY ISILEKTPPEITIPPY EARTNTGMEKDQSLLLNPEKL
NNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKQDEKRDSY ILQRYLD
LNKKIDKFKIKKQLSFLGQGKQLPANLIETQKEMETHFNSSLVSVLIQIASAYNK
EREDAAQGIWFDNAFSLCEL SNINPPRKQKILPLLVGAILSEDFINNKDKWAKFK
IFWNTHKIGRTSLKSKCKEIEEARKNSGNAFKIDY EEALNHPEHSNNKALIKIQT
IPDIQAIQSHLGHNDSQALIYHNPFSLSQLY TILETKRDGFHKNCVAVTCENYW
RSQKTEIDPEISY ASRLPADSVRPFDGVLARMMOQRLAY EIAMAKWEQIKHIPDN
SSLLIPIY LEQNRFEFEESFKKIKGSSSDKTLEQAIEKQNIQWEEKFQR1INASMNI
CPYKGASIGGQGEIDHIY PRSLSKKHFGVIFNSEVNLIY CSSQGNREKKEEHYLL
EHLSPLYLKHQFGTDNV SDIKNFISQNVANIKKY ISFFiILLTPEQQKAARHALFLD
YDDEAFKTITKFLMSQQKARVNGTQKFLGKQIMEFLSTLADSKQLQLEFSIKQIT
AEEVHDHRELL SKQEPKLVKSRQQSFPSHAIDATLTMSIGLKEFPQFSQELDNS
WFINHLMPDEVHLNPVRSKEKYNKPNISSTPLFKDSLY AERFIPVWVKGETFAIG
FSEKDLFEIKPSNKEKLFTLLKTY STKNPGESL QELQAKSKAKWLY FPINKTLAL
EFLHHYFHKEIVTPDDTTVCHFINSLRYY TKKESITVKILKEPMPVLSVKFESSKK
NVLGSFKHTIALPATKDWERLFNHPNFLALKANPAPNPKEFNEFIRKY FLSDNN
PNSDIPNNGHNIKPOQKHKAVRKVFSLPVIPGNAGTMMRIRRKDNKGQPLYQLQ
TIDDTPSMGIQINEDRLVKQEVLMDAYKTRNLSTIDGINNSEGQAYATFDNWLT
LPVSTFEKPEIIKLEMKPHSKTRRY IRITQSLADFIKTIDEALMIKPSDSIDDPLNMP
NEIVCKNKLFGNELKPRDGKMKIVSTGKIVTYEFESDSTPQWIQTLYVTQLKKQ
P
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N. lactamica Cas9

MAAFKPNPMNY ILGLDIGIASVGWAMVEVDEEENPIRLIDLGVRVFERAEVPKT
GDSLAMARRLARSVRRLTRRRAHRLLRARRLLKREGVLQDADFDENGLVKSL
PNTPWQLRAAALDRKLTCLEWSAVLLHLVKHRGYLSQRKNEGETADKELGAL
LKGVADNAHALQTGDFRTPAELALNKFEKESGHIRNQRGDY SHTFSRKDLQAE
LNLLFEKQKEFGNPHVSDGLKEDIETLLMAQRPALSGDAVQKMLGHCTFEPAE
PKAAKNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYA
QARKLLGLEDTAFFKGLRY GKDNAEASTLMEMKAYHAISRALEKEGLKDKKS
PLNLSTELQDEIGTAFSLFKTDKDITGRLKDRVQPEILEALLKHISFDKFVQISLK
ALRRIVPLMEQGKRY DEACAEIY GDHY CKKNAEEKIYLPPIPADEIRNPVVLRA
LSQARKVINCVVRRY GSPARIHIETAREV GKSFKDRKEIEKRQEENRKDREKAA
AKFREY FPNFVGEPKSKDILKLRLYEQQHGKCLY SGKEINLVRLNEKGYVEIDH
ALPFSRTWDDSFNNKVLVLGSENQNKGNQTPYEY FNGKDNSREWQEFKARVE
TSRFPRSKKQRILLOQKFDEEGFKERNLNDTRY VNRFLCOQFVADHILLTGKGKRR
VFASNGQITNLLRGFWGLRKVRTENDRHHALDAVVVACSTVAMQQKITRFVR
YKEMNAFDGKTIDKETGEVLHQKAHFPQPWEFFAQEVMIRVFGKPDGKPEFEE
ADTPEKLRTLLAEKLSSRPEAVHEYVTPLFVSRAPNRKMSGQGHMETVKSAKR
LDEGISVLRVPLTQLKLKGLEKMVNREREPKLYDALKAQLETHKDDPAKAFAE
PFYKYDKAGSRTQQVKAVRIEQVOQKTGVWVRNHNGIADNATMVRVDVFEKG
GKYYLVPYSWQVAKGILPDRAVVAFKDEEDWTVMDDSFEFRFVLY ANDLIKL
TAKKNEFLGYFVSLNRATGAIDIRTHDTDSTKGKNGIFQSYGVKTALSFQKNQI
DELGKEIRPCRLKKRPPVR

N. meningitides

Cas9

1IVLAAFKPNPINYILGLDIGIASVGWAMVEIDEDENPICLIDLGVRVFERAEVPKTG
DSLAN4ARRLARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPN
TPWQLRAAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKG
VADNAHALQTGDFRTPAELALNKFEKESGHIRNQRGDY SHTFSRKDLQAELILL
FEKQKEFGNPHV SGGLKEGIETLLMTQRPALSGDAVQKMLGHCTFEPAEPKAA
KNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLIVIDEPYRKSKLTYAQARK
LLGLEDTAFFKGLRY GKDNAEASTLMEMKAYHAISRALEKEGLKDKKSPLNLS
PELQDEIGTAFSLFKTDEDITGRLKDRIQPEILEALLKHISFDKFVQISLKALRRIV
PLMEQGKRYDEACAEIYGDHY GKKNTEEKIY LPPIPADEIRNPVVLRALSQARK
VINGVVRRY GSPARIHIETAREV GKSFKDRKEIEKRQEENRKDREKAAAKFREY
FPNFVGEPKSKDILKLRLYEQQHGKCLY SGKEINLGRLNEKGY VEIDHALPFSRT
WDDSFNNKVLVLGSENQNKGNQTPY EY FNGKDNSREWQEFKARVETSRFPRS
KKQRILLOQKFDEDGFKERNLNDTRYVNRFLCQFVADRMRLTGKGKKRVFASN
GQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQOKITRFVRYKEMN
AFDGKTIDKETGEVLHQKTHFPQPWEFFAQEVMIRVFGKPDGKPEFEEADTPEK
LRTLLAEKLSSRPEAVHEYVTPLFVSRAPNRKMSGQGHMETVKSAKRLDEGVS
VLRVPLTQLKLKDLEKMVNREREPKLY EALKARLEAHKDDPAKAFAEPFYKY
DKAGNRTQQVKAVRVEQVOKTGVWVRNHNGIADNATMVRVDVFEKGDKYY
LVPY SWQVAKGILPDRAVVQGKDEEDWQLIDDSFNFKFSLHPNDLVEVITKKA
RMFGYFASCHRGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKY QIDELGKEI
RPCRLKKRPPVR

B. longum Cas9

MLSRQLLGASHLARPVSY SYNVQDNDVHCSY GERCFMRGKRY RIG1DVGLNSV
GLAAVEVSDENSPVRLLNAQSVIHDGGVYDPQKNKEAITRKNMSGVARRTRRM
RRRKRERLHKLDMLLGKFGY PVIEPESLDKPFEEWHVRAELATRYIEDDELRRE
SISIALRHN4ARHRGWRNPY RQVDSLISDNPY SKQY GELKEKAKAYNDDATAAE
EESTPAQLVVAMLDAGY AEAPRLRWRTGSKKPDAEGY LPVRLMQEDNANELK
QIFRVQRVPADEWKPLFRSVFY AV SPKGSAEQRVGQDPLAPEQARALKASLAF
QEYRIANVITNLRIKDASAELRKLTVDEKQSIY DQLV SPSSEDITWSDLCDFLGF
KRSQLKGVGSLTEDGEERISSRPPRLTSVQRIY ESDNKIRKPLVAWWKSASDNE
HEAMIRLLSNTVDIDKVREDVAYASAIEFIDGLDDDAL TKLUSVDLPSGRAAY S
VETLOKLTROMLTTDDDLHEARKTLFNVTDSWRPPADPIGEPLGNPSYDRVLK
NVNRYLMNCQQRWGNPV SVNIEHVRSSFSSVAFARKDKREY EKNNEKRSIFRS
SLSEQLRADEQMEKVRESDLRRLEAIQRONGQCLY CGRTITFRTCEMDHIVPRK
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GVGSTNTRTNFAAVCAECNRMKSNTPFAIWARSEDAQTRGVSLAEAKKRVTM
FTENPKSY APREVKAFKQAVIARLQQTEDDAAIDNRSIESVAWMADELHRRID
WY FNAKQYVNSASIDDAEAETMKTTVSVFQGRVTASARRAAGIEGKIHFIGQQ
SKTRLDRRHHAVDASVIAMMNTAAAQTLMERESLRESQRLIGLMPGERSWKE
YPYEGTSRYESFHLWLDNMDVLLELLNDALDNDRIAVMQSQRYVLGNSIAHD
ATIHPLEKVPLGSAMSADLIRRASTPALWCALTRLPDY DEKEGLPEDSHREIRV
HDTRY SADDEMGFFASQAAQIAVQEGSADIGSAIHHARVYRCWKTNAKGVRK
YFYGMIRVFQTDLLRACHDDLFTVPLPPQSISMRY GEPRWQALQSGNAQYLG
SLVVGDEIEMDFSSLDVDGQIGEY LQFFSQFSGGNLAWKHWYVVDGFFNQTQLR
IRPRYLAAEGLAKAFSDDVVPDGVQKIVTKQGWLPPVNTASKTAVRIVRRNAF
GEPRLSSAHHMPCSWQWRHE

A . muciniphila Cas9

MSRSLTFSFDIGY ASIGWAVIASASHDDADPSVCGCGTVLFPKDDCQAFKRREY
RRLRRNIRSRRVRIERIGRLLVQAQII TPEMKETSGHPAPFY LASEALKGHRTLAP
[ELWHVLRWYAHNRGY DNNASWSNSL SEDGGNGEDTERVKHAQDLMDKHGT
ATMAETICRELKLEEGKADAPMEVSTPAYKNLNTAFPRLIVEKEVRRILELSAPL
IPGLTAEIELIAQHHPLTTEQRGVLLQHGIKLARRYRGSLLFGQLIPRFDNRJSR
CPVTWAQVYEAELKKGNSEQSARERAEKLSKVPTANCPEFYEYRMARILCNIR
ADGEPLSAEIRRELMNQARQEGKLTKASLEKAISSRLGKETETNVSNYFTLHPD
SEEALYLNPAVEVLQRSGIGQILSPSVYRIAANRLRRGKSVTPNY LLNLLKSRGE
SGEALEKKIEKESKKKEADYADTPLKPKYATGRAPYARTVLKKVVEEILDGEDP
TRPARGEAHPDGELKAHDGCLY CLLDTDSSVNQHQKERRLDTMTNNHLVRHR
MLILDRLLKDLIQDFADGQKDRISRVCVEVGKELTTFSAMDSKKIQRELTLROQK
SHTDAVNRLKRKLPGKALSANLIRKCRIAMDMNWTCPFTGATY GDHELENLEL
EHIVPHSFRQSNALSSLVLTWPGYNRMKGQRTGY DFVEQEQENPVPDKPNLHI
CSLNNYRELVEKLDDKKGHEDDRRRKKKRKALLMVRGLSHKHQSQNHEAMK
EIGMTEGMMTQSSHLMKLACKSIKTSLPDAHIDMIPGAVTAEVRKAWDVFGVF
KELCPEAADPDSGKILKENLRSLTHLHHALDACVLGLIPYIIPAHHNGLLRRVLA
MRRIPEKLIPQVRPVANQRHYVLNDDGRMMLRDLSASLKENIREQLMEQRVIQ
HVPADMGGALLKETMQRVLSVDGSGEDAMYV SLSKKKDGKKEKNQVKASKLV
GVFPEGPSKLKALKAAIEIDGNY GVALDPKPVVIRHIKVFKRIMALKEQNGGKP
VRILKKGMLIHLTSSKDPKHAGVWRIESIQDSKGGVKLDLQRAHCAVPKNKTH
ECNWREVDLISLLKKYQMKRYPTSYTGTPR

0 . laneus Cas9

METTLGIDLGTNSIGLALVDQEEHQILY SGVRIFPEGINKDTIGLGEKEESRNATR
RAKRQMRRQY FRKKLRKAKLLELLIAYDMCPLKPEDVRRWKNWDKQQKSTV
RQFPDTPAFREWLKOQNPY ELRKQAVTEDVTRPELGRILY QMIQRRGFLSSRKGK
EEGKIFTGKDRMVGIDETRKNLOKQTLGAYLY DIAPKNGEKY RFRTERVRARY
TLRDMY IREFEIIWQRQAGHLGLAHEQATRKKNIFLEGSATNVRNSKLITHLQA
KYGRGHVLIEDTRITVTFQLPLKEVLGGKIEIEEEQLKFKSNESVLFWQRPLRSQ
KSLLSKCVFEGRNFYDPVHQKWIIAGPTPAPLSHPEFEEFRAY QFINNITY GKNEH
LTAIQREAVFELMCTESKDFNFEKIPKHLKLFEKFNFDDTTKVPACTTISQLRKL
FPHPVWEEKREEIWHCFYFYDDNTLLFEKLQKDYALQTNDLEKIKKIRLSESY G
NVSLKAIRRINPYLKKGYAY STAVLLGGIRNSFGKRFEY FKEY EPEIEKAVCRIL
KEKNAEGEVIRKIKDYLVHNRFGFAKNDRAFQKLYHHSQAITTQAQKERLPET
GNLRNPIVQQGLNELRRTVNKLLATCREKY GPSFKFDHIHVEMGRELRSSKTER
EKQSRQIRENEKKNEAAKVKLAEY GLKAYRDNIQKYLLYKEIEEKGGTVCCPY
TGKTLNISHTLGSDNSVQIEHIIPY SISLDDSLANKTLCDATFNREKGELTPYDFY
QKDPSPEKWGASSWEEIEDRAFRLLPY AKAQRFIRRKPQESNEFISRQLNDTRY
SKKAVEYLSAICSDVKAFPGQLTAELRHLWGLNNILQSAPDITFPLPVSATENHR
EYYVITNEQNEVIRLFPKQGETPRTEKGELLLTGEVERKVFRCKGMQEFQTDVS
DGKYWRRIKLSSSVTWSPLFAPKPISADGQIVLKGRIEKGVFVCNQLKQKLKTG
LPDGSYWISLPVISQTFKEGESVNNSKLTSQQVQLFGRVREGIFRCHNY QCPASG
ADGNFWCTLDTDTAQPAFTPIKNAPPGVGGGQIILTGDVDDKGIFHADDDLHYE
LPASLPKGKYY GIFTVESCDPTLIPIELSAPKTSKGENLIEGNIWVDEHTGEVRFD
PKKNREDQRHHAIDAIVIALSSQSL FQRLSTYNARRENKKRGL DSTEHFPSPWP
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GFAQDVRQSVVPLLVSYKQNPKTLCKISKTLYKDGKKIHSCGNAVRGQLHKET
VYGQRTAPGATEKSYHIRXDIPVELKTSKHIGKWDITIRQMLLKHLQENYHIDIT
QEFNIPSNAFFKEGVYRJFLPNKHGEPVPIKKIRMKEELGNAERLKDNINQYVNP
RKNHHVMIYQDADGNLKEEIVSFWSVIERQNQGQPIYQLPREGRNIVSILQINDT
FLIGLKEEEPEVYRNDLSTLSKHLYRVQKLSGMYYTFRHHLASTLNNEREEFRI
QSLEAWKRANPVKVQIDEIGRITFLNGPLC

[0053] Those Cas9 sequences used in the examples disclosed herein are provided below.

[0054] YP_898402.1 membrane protein [Francisella tularensis subsp. novicida U112]
MNFKILPIAIDLGVKNTGVFSAFY QKGTSLERLDNKNGKVYELSKDSYTLLMNNRTA
RRHQRRGIDRKQLVKRLFKXIWTEQLNLEWDKDTQQAISFLFNRRGFSFITDGY SPEY
LMVPEQVKAILMDIFDDYNGEDDLDSYLKLATEQESKJSEIY NKLMQKILEFKLMKL
CTDIKDDKVSTKTLKEITSYEFELLADYLANY SESLKTQKFSY TDKQGNLKELSYYH
HDKYMQEFLKJHATINDWLDTLLTDDLDIWNFNFEKFDFDKNEEKLQNQEDKDHI
QAHLHHFVFAVNKIKSEMASGGRHRSQWQEITWLDENNHQEGY LKNFCENLHMC
KYSNLSVKNLVNLIGNLSNLELKPLRKYFNDKIHAKADHWDEQKFTETY CHWILGE
WRVGVKDQDKKI)GAKY SYKDLCNELKQKVTKAGLVDFLLELDPCRTIPPYLDNNN
RKPPKCQSLILNPKFLDNQYPNWQQYLQELKKLQSIQNYLDSFETDLKVLKSSKDQP
YFVEYKSSNQQIASGQRDYKDLDARILQFIFDRVKASDELLLNEIY FQAKKLKQKASS
ELEKLESSKKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKY Y KQRQRARDSRLY
IMPEY RY DKKLHKY>WTGRFDDDNQLLTYCNHKPRQKRYQLLNDLAGVLQVSPNF
LKDKIGSDDDLFISKWLVEffIRGFKKACEDSLKIQKDNRGLLNHKINIARNTKGK CEK
EIFNLICKIEGSEDKKGNYKHGLAY ELGVLLFGEPNEASKPEFDRKIKKFNSIY SFAQI
QQIAFAERKGNANTCAVCSADNAHRMQQIKITEPYEDNKDKIILSAKAQRLPAIPTRI
VDGAVKKMATILAKNIVDDNWONIKQVLSAKHQLffIPIITESNAFEFEPALADVKGK
SLKDRRKKALERISPENIFKDKNNRIKEFAKGISAY SGANLTDGDFDGAKEELDHIIPR
SHKKYGTLNDEANLICVTRGDNKNKGNRIFCLRDLADNYKLKQFETTDDLEIEKKIA
DTIWDANKKDFKFGNY RSFINLTPQEQKAFRHALFLADENPIKQAVIRAINNRNRTFV

NGTQRYFAEVLANNIYLRAKKENLNTDKISFDY FGIPTIGNGRGIAEIRQLYEKVDSDI
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QAYAKGDKPQASY SHLIDAMLAFCIAADEHRNDGSIGLEIDKNY SLYPLDKNTGEVF
TKDffSQIKITDNEFSDKKLVRKKAIEGFNTHRQMTRDGIY AEWLPILIHKELNEVPVK
GYTWKASEEIKIFKGKKY DIQOQLNNLVY CLKFVDKPISIDIQISTLEELRMLTTNNIAA
TAEYYYINLKTQKLHEYYIENYNTALGYKKYSKEMEFLRSLAYRSERVKIKSIDDVK
QVLDKDSNFIGKJITLPFKXEWQRLYREWONTTIKDDY EFLKSFFNVKSITKLHKKVR
KDFSLPISTNEGKFLVKRKTWDNNFIY QILNDSDSRADGTKPFIPAFDISKNEIVEAIID
SFTSKNIFWLPKNIELQKVDNKNIFAIDTSKWFEVETPSDLRDIGIATIQY KIDNNSRPK
VRVKLDYVIDDDSKINY FMNHSLLKSRY PDKVLEILKQSTIEFESSGFNKTIKEMLG
MKLAGIYNETSNN

[0055] ZP_05061364.1 CRISPR-associated large protein (provisional), putative
[gamma proteobacterium HTCC5015J

MTKNYISPIAIDLGAKFTGVALY QYLEGADCTQEVAKGLLVDDRGNVTWSQEGRRG
KRHQVRGYKJRKMAKRLLWLILDSEY GIKREEVTEPLLKFINGLLNRRGY TYISEEV
DEESM MNSPLPFSEMMPDY FNSSAPLLEQLAKLLSDKNKLVRFRAEGKIPSNKNEFK
KLLDTALDGKYKDEKKELSEAWGMLIASENVLKSTVDGHKSRSEYLANIKEDIKSN
EELEKQISSKEIDGFYNLVGHLSNFQLRLLRKYFNDPNMSGVSYWDEKRLEKYFYQ
WVQGWHTKGGTDEAEKKMILKTKGAPLLKTLKSLSADLTIPPY EDQNNRRPPKCQS
VLLSDEKLTMHY PKWKEWVGQLVKQNDNAYLNENVTLANALHRIVERSRSIDPYQ
LRLLISITDAEKRNDLAGYKRLKLSLGSEVDEFLLLVKNIVDETKEAREGLWFETENK
LFFKCGKTPPRKEKLKSTLL SAVLGKNL SDDEQSSFIEEFWK SGTPKIERRNV RGWCR
LASQVQKTYGVYLKEYGLQQLHKLEAGKKLDDKPLALLYKNSGLIASKIGEALNIEP
DEVSPI*ASPHSLAQIFNIIEGDVAGFNKTCRACTY ENIWRMQEEKVESLLTNQLLSEIH
GERKVPLKSAMCTRLSADSTRPFDGQMASIIEffIAPYKIAQHKIAQINDVPKEFSIDIPIII
ESNQFSFTAELEEIKRGRGSAKAKKAKELGEK SKAGWY SKTERIKTSSEGICPY TGAP
LGGSGEIDHIIPRSLTGRTKKTVFNSEANLIY CSSKGNHDKGNRVYVIEQLNDKY LKK
QFSTSDVNLIKKKIKTTIQRFTEGGEKLRSFSELSREDQKAFRHALFVPELKSEVTSLL
AVKNITRVNGTQAWLAKKIASLLAEHLDKQGRDY TLSAHQIDPWSV SKQRKMLASA
EPIWAKKDPQPAASHVVDAVCTFLEALEQPHTASRLKTISSTSFEKTGWRSALIPDLIK
VDALDRRPKYRRYNIGSTSLFKDGIYAERFLPILIDENGLMAGYDIDNSLKAKGADV
VFESLSPFLLFKGEEVGAQSLSDWQERIDGRYLYMSIDKVKAFDYLQEKVGEKDIAA
ELLNSIHFTQRXTELRAKFSDDSGKKMKTLDAIRKSLKLTVTVNEIGKRKEKCGFSGT

IGIPAKSAWENLLDEPLLETYWGTKMPPQEIWEKVY RKFfPRMPNQAHRKVRKDFS
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LPVVDSVSGGFRVKPVKTPNGYNYQLLAIDGYSAVGFKKEGDMN/DFKSPALVPQIAES
KSVTPISSELVHLDKNEIVYFDEWRKIDISDSDLKQFVSSLELAPGSONRFYIRFTVDE
DQFERHFKSALRVNGIQDLDTWKTFDWNREIPSLLIPPRSNLFLLETGQKITFEYIAN
GANAEVKKAYSLRRA

[0056] ZP 08324662.1 CRISPR-associated protein, Csxl2 family [Parasutterela
excrementihominis YIT 11859]
MGKTFNiGVGLDLGGTY TGTFI TSHPSDEAEHRDHSSAFTVVNSEKLSFSSKSRTAVR
HRVRSYKGFDLRRRLLLLVAEYQLLQKKQTLAPEERENLRIALSGYLKRRGYARTEA
ETDTSVLESLDPSVFSSAPSFTNFFNDSEPLNIQWEAIANSPETTKALNKEL SGQKEAD
FKKYIKTSFPEY SAKEILANYVEGRRAILDASKYIANLQSLGHKHRSKY LSDILQDMK
RDSRITRLSEAFGSTDNLWRIIGNISNLQERAVRWY FNDAKFEQGQEQLDAVKLKNV
LVRALKYLRSDDKEWSASQKQIIQSLEQSGDVLDVLAGLDPDRTIPPY EDQNNRRPP
EDQTLYLNPKALSSEY GEKWKSWANKFAGAYPLLTEDLTEILKNTDRKSRIKIRSDV
LPDSDYRLAYILQRAFDRSIALDECSIRRTAEDFENGVV1KNEKLEDVLSGHQLEEFLE
FANRYYQETAKAKNGLWFPENALLERADLI1IPPMKNKILNVIVGQALGVSPAEGTDFI
EEIWNSKVKGRSTVRSICNAIENERKTY GPYFSEDY KFVKTALKEGKTEKEL SKKFA
AVIKVLKMVSEVVPFIGKELRLSDEAQSKFDNLY SLAQLYNLIETERNGFSKVSLAAH
LENAWRMTMTDGSAQCCRLPADCVRPFDGFIRKAIDRNSWEVAKRIAEEVKKSVDF
TNGTVKJIPVAIEANSFNFTASLTDLKYIQLKEQKLKKKLEDIQRNEENQEKRWL SKEE
RIRADSHGICAYTGRPLDDVGEIDHIIPRSLTLKKSESIY NSEVNLIFVSAQGNQEKKN
NIYLLSNLAKNYLAAVFGTSDLSQITNEIESTVLQLKAAGRLGYFDLLSEKERACARH
ALFLNSDSEARRAVIDVLGSRRKASVNGTQAWFVRSIFSKVRQALAAWTQETGNELI
FDAISVPAADSSEMRXRFAEY RPEFRKPKVQPVASHSIDAMCIY LAACSDPFKTKRM
GSQLAIYEPINFDNLFTGSCQVIQNTPRNFSDKTNIANSPIFKETIY AERFLDIIV SRGEIF
IGY PSNMPFEEKPNRISIGGKDPFSILSVLGAY LDKAPSSEKEKLTIYRVVKNKAFELFS
KVAGSKFTAEEDKAAKILEALHFVTVKQDVAATVSDLIKSKKELSKDSIENLAKQKG
CLKKVEY SSKEFKFKGSLIIPAAVEWGKVLWNVFKENTAEELKDENALRKALEAAW
PSSFGTRNLHSKAKRVFSLPVVATQSGAVRIRRKTAFGDFVY QSQDTNNLY SSFPVK
NGKLDWSSPNHPALQ>m>n.TAYGY TRFVDHDRSISMSEFREVYNKDDLMRIELAQGT
SSRRYLRVEMPGEKFLAWFGENSISL GSSFKFSV SEVFDNKIY TENAEFTKFLPKPRED
NKHNGTIFFELVGPRVIFNYIVGGAASSLKEIFSEAGKERS
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[0057] YP_122507.1 hypothetical protein [pp0160 [Legionella pneumophila str. Parig]
MESSQILSPIGIDLGGKFTGVCLSHLEAFAELPNHANTKY SVILIDHNNFQLSQAQRRA
TRFMVRNKKRNQFVKJIVALQLFQHILSRDLNAKEETALCHYLNNRGYTYVDTDLDE
YIKOETTINLLKELLPSESEHM/ADWFLQKMQSSEFRXILY SKVEEKKDDKELKNAVK
MKNFITGFEKNSVYEGHRHRKVYFEMKSDITKDNQLDSIKKKIPSYCLSNLLGHLSNL
QWKNLHRY LAKNPKQFDEQTFGNEFLRMLKM”ARHLKGSQESLAVRNLIQQLEQSQD
YISILEKTPPEITIPPY EARTOTGMEKDQSLLLNPEKLNNLYPNWRNLIPGIIDAHPFLE
KDLEHTKLPJ)RKRIISPSKQDEKRDSY ILQRYLDLNKKIDKFKIKKQLSFLGQGKQLP
AM.IETOQKEMETHFNSSLVSVLIQIASAYNKEREDAAQGIWFDNAFSL CEL SNINPPRK
QKILPLLVGAILSEDFDSINKDKWAKFKIFWNTHKIGRTSLK SKCKEIEEARKNSGNAF
KIDY EEALNHPEHSNNKALIKIQTIPDIQAIQSHLGHNDSQALIYHNPFSLSQLYTILE
TKIRDGFHKNCVAVTCENYWRSQKTEIDPEISY ASRLPADSVRPFDGVLARMMOQRLA
YEIAMAKWEQIKHIPDNSSLLIPIY LEQNRFEFEESFKKIKGSSSDK TLEQAIEKQNIQW
EEKIQWMASMM CPY KGASIGGQGEIDfflYPRSL SKKHFGVIFNSEVNLIY CSSQGNR
EKJEEHYLLEHLSPLYLKHQFGTDNV SDIKNFISONVANIKKY ISFHLLTPEQQKAAR
HALFLDYDDEAFKTITKFLM SQQKARVNGTQKFLGKQIMEFLSTLADSKQLQLEFS
KQITAEEVHDHRELL SKQEPKLVKSRQQSFPSHAIDATLTMSIGLK EFPQFSQELDNS
WFnNNiHLMPDEVHLNPVRSKEKYNKPNISSTPLFKDSLYAERFIPVWVKGETFAIGFSE
KJIDLFEIKPSNKEKLFTLLKTY STKNPGESLQEL QAKSKAKWLY FPINKTLALEFLHHY
FHKEIVTPDDTTVCHFNSLRY Y TKKESITVKILKEPMPVLSVKFESSKKNVLGSFKHT
IALPATKDWERLF>*"NFLALKANPAPNPKEFNEFIRKY FLSDNNPNSDIPNNGHN1K
PQKHKAVRKVFSLPVIPGNAGTMMRIRRKDNKGQPLY QLQTIDDTPSMGIQINEDRL
VKQEVLMDAYKTRNLSTIDGINNSEGQAYATFDNWLTLPVSTFKPEIKLEMKPHSK
TRRYIRITQSLADFIKTIDEALMIKPSDSIDDPLNMPNEIVCKNKI.FGNELKPRDGKMK
IVSTGKIVTYEFESDSTPQWIQTLYVTQLKKQP

[0058] NP_907747.1 hypothetical protein WS1613 [Wolinella succinogenes DSM 1740]
MLV SPISVDLGGKNTGFFSFTDSLDNSQSGTVIYDESFVLSQVGRRSKRHSKRNNLRN
KLVKRLFLLILQEIiIHGLSIDVLPDEIRGLFNKRGYTYAGFELDEKKKDALESDTLKEF
LSEKLQSIDRDSDVEDFLNQIASNAESFKDY KKGFEAVFASATHSPNKKLELKDELKS
EYGENAKELLAGLRVTKEILDEFDKQENQGNLPRAKY FEELGEYIATNEKVKSFFDS

NSLKLTDMTKIiIGNISNY QLKELRRY FM)KEMEKGDIWIPNKLHKITERFVRSWHPK
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hTOADRQRRAELMKDLKSKEIMELLTTTEPVMTIPPY DDMNNRGAVKCQTLRLNEEY
LDKHLPNWRDIAKRLNHGKFNDDLADSTVKGY SEDSTLLHRLLDTSKEIDIYELRGK
KPNELLVKTLGQSDANRLYGFAQNYYELIRQKVRAGIWVPVKNKDDSLNLEDNSN
MLKRCNHNPPHKKNQIHNLVAGILGVKLDEAKFAEFEKELWSAKVGNKKLSAY CK
N1EELRKTHGNTFKIDIEELRKKDPAELSKEEKAKLRLTDDVILNEWSQKIANFFDIDD
KHRQRFNNLFSMAQLHTVIDTPRSGFSSTCKRCTAENRFRSETAFYNDETGEFHKKA
TATCQRLPADTQRPFSGKIERYIDKLGYELAKIKAKELEGMEAKEIKVPIILEQNAFEY
EESLRKSKTGSM)RVINSKKDRDGKKLAKAKENAEDRLKDKDKRIKAFSSGICPY CG
DTIGDDGEIDHILPRSHTLKIYGTVFNPEGNLIYVHQKCNQAKADSIYKLSDIKAGVSA
QWIEEQVANIKGYKTFSVLSAEQQKAFRYALFLQNDNEAYKKVVDWLRTDQSARV
NGTQKYLAKKIQEKLTKMLPNKHLSFEFILADATEVSELRRQYARQNPLLAKAEKQA
PSSHAIDAVMAFVARY QKVFKDGTPPNADEVAKLAMLDSWNPASNEPLTKGLSTNQ
KIEKMIKSGDY GQKNMREVFGK SIFGENAIGERY KPIVVQEGGY YIGYPATVKKGYE
LKNCKVVTSK>TOIAKLEKJKNQDLISLKENQY IKIFSINKQTISELSNRWNMNY KNL
VERDKEIVGLLEFIVENCRYYTKKVDVKFAPKYIHETKYPFY DDWRRFDEAWRYLQ
ENQNKTSSKDRFVIDKSSLNEYYQPDKNEYKLDVDTQPIWDDFCRWY FLDRYKTAN
DKKSIRIKARKTFSLLAESGVY QGKVFRAKRKIPTGYAY QALPMDNNVIAGDYANILL
EANSKTLSLVPKSGISIEKQLDKKLDVIKKTDVRGLA1IDNNSFFNADFDTHGIRLIVEN
TSVKVGNFPISAIDKSAKRMIFRALFEKEK GKIOCKKTTISFKESGPVQDY LKVFLKKI
VKIQLRTDGSISNIVVRKNAADFTLSFRSEHIQKLLK

[0059] ADX75954.1 CRISPR-associated protein, Csnl family [Staphylococcus
pseudintermedius ED99]
MGRKPYILSLDIGTGSVGYACMDKGFNVLKYHDKDALGVYLFDGALTAQERRQFRT
SRRRKNRRIKJRLGLLQELLAPLVQNPNFY QFQRQFAWKNDNMDFKNKSLSEVLSFL
GYESKKYPTIYHLQEALLLKDEKFDPELIYMALYHLVKYRGHFLFDHLKIENLTOND
NMHDFVELIETYENLNMKLNLDYEKTKVIYEILKDNEMTKNDRAKRVKNMEKKLE
QFSIMLLGLKFNEGKLFNHADNAEELKGANQSHTFADNY EETMLTPFLTVEQSEFI ERA
NKIYLSLTLQDILKGKKSMAMSKVAAYDKFRNELKQVKDIVYKADSTRTQFKKIFVS
SKKSLKQYDATPNDQTFSSLCLFDQYLIRPKKQY SLLIKELKKIIPQDSELYFEAENDT
LLKVLNTTDNASIPMQINLYEAETILRNQQKYHAEITDEMIEKVLSLIQFRIPYYVGPL
VM)HTASKFGWMEPVKSNESIKPWNFDEVVDRSKSATQFIRRMTOKCSYLr™ DVLP

KNSLLYQEMEVLNELNATQIRLQTDPKNRKYRMMPQIKLFAVEffIFKKYKTVSHSKF
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LEIMLNSNHRENFMNHGEKL SIFGTQDDKKFA SKL SSY QDM TKIFGDIEGKRAQIEEII
QWITIFEDKKILVQKLKECYPELTSKQINQLKKLNY SGWGRLSEKLLTHAYQGHSIIE
LLRHSDENFMEILTNDVY GFQNFIKEENQV QSNKIQHQDIANLTTSPALKKGIWSTIK
LVRELTSIFGEPEKIIMEFATEDQQK GKKQKSRKQLWDDNI1KKNKLKSVDEYKYIIDV .
ANKLNNEQLQQEKLWLYLSQNGKCMY SGQSIDLDALLSPNATKHY EVDffIFPRSFIK
DDSIDNKVLVIKKMNQTKGDQVPLQFIQQPYERIAYWKSLNKAGLISDSKLFIKLMKP
EFTAMDKEGFIQRQLVETRQI SYHYRDFLKEEYPNTKVIPMK AKMYV SEFRKKFDIPKI
ROMNDAHHAIDAYLNGVVYHGAQLAYPNVDLFDFNFKWEKYVREKWKALGEFNTK
QKSRELFFFKKLEKMEV SQGERLISKIKLDMh*"KINY SRKLANTPQQFYNQTAV SPK
TAELKYESNKSNEVVYKGLTPYQTWVAIKSVNKKGKEKMEYQMIDHYVFDFYKF
QNGNEKELALYLAQRENKDEVLDAQIVYSLNKGDLLYFNNHPCYFVSRKEVINAKQ
FELTVEQQLSLYNVMNNKETNVEKLLIEYDFIAEKVINEYHHYLNSKLKEKRVRTFFS
ESNQTHEDFIKALDELFKVVTASATRSDKIGSRKNSMTHRAFLGKGKDVKIAYTSISG
LKTTKPKSLFKLAESRNEL

[0060] ZP_10206685.1 CRISPR-associated protein, Csnl family [Planococcus
antarcticus DSM 14505]
MKNYTIGLDIGVASVGWVCIDENYKILNYNTSRHAFGVHEFESAESAAGRRLKRGMR
RRYNRRKKRLQLLQSLFDSYITDSGFFSKTDSQHFWKNNNEFENRSLTEVLSSLRISS
RKYPTIYHLRSDLIESNKKMDLRLVYLALHNLVKYRGHFLQEGNWSEAASAEGMDD
QLLELVTRYAELENLSPLDLSESQWKAAETLLLNRNLTKTDQSKELTAMFGKEY EPF
CKLVAGLGVSLHQLFPSSEQALAYKETKTKVQLSNENVEEVMELLLEEESALLEAVQ
PFYQQVVLYELLKGETYVAKAKVSAFKQYQKDMASLKNLLDKTFGEKVYRSYFISD
KNSQREY QKSHKVEVLCK1DQFNKEAKFAETFYKDLKKLLEDKSKTSIGTTEKDEM
LRIIKAIDSNQFLQKQKGIQNAAIPHONSLY EAEKILRNQQAHYPFITTEWIEKVKQIL
AFRIPYYIGPLVKDTTQSPFSWVERKGDAPITPWNFDEQIDKAASAEAFISRMRKTCT
YLKGQEVLPKSSLTYERFEVLNELNGIQLRTTGAESDFRFERLSY EMKCWIIDNVFKQ
YKTVSTKRLLQELKKSPYADELYDEHTGEIKEVFGTQKENAFATSLSGYISMKSILGA
VVDDNPAMTEELIYWIAVFEDREILHLKIQEKYPSITDVQRQKLALVKLPGWGRFSRL
LIDGLPLDEQGQSVLDHMEQY SSVFMEVLKNKGFGLEKKIQKMNQHQVDGTKKIRY
EDIEELAGSPALKRGIWRSVKIVEELVSIFGEPANIVLEVAREDGEKKRTKSRKDQWE
ELTKTTLKNDPDLKSFIGEIKSQGDQRFNEQRFWLYVTQQGKCLYTGKALDIQNLSM

YEVDMLPQNFVKDDSLDNLALVMPEANQRKNQVGQNKMPLEIEANQQYAMRTL
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WERLHELKLISSGKLGPVLKXPSFDEVDKDKFIARQLVETRQIITKHVRDLLDERPSK SDI
HLVKAGIVSKFPVRFSEIPKIRDYNNKHHAMDALFAAALIQSILGKYGKNFLAFDLSKK
DROQKQWRSVKGSNKEFFLFKNFGNLRLQSPVTGEEV SGVEY MKHVY FELPWQTTK
MTQTGDGMFYKESIFSPKVKQAKYYV SPKTEKFVHDEVKNHSICLVEFTFMKKEKEV
QETKFIDLKVIEHHQFLKEPESQLAKFLAEKETNSPIIHARIIRTIPKY QKIWIEHFPY Y F
STRELHNARQFEISY ELMEKVKQLSERSSVEELKIVFGLLIDQMNDNYPIYTKSSIQD
RVQKFVDTQLY DFKSFEIGFEELKKAVAANAQRSDTFGSRISKKPKPEEVAIGYESIT
GLKYRKPRSVVGTKR

[0061] ZP_16930555.1 csnl family CRISPR-associated protein [Streptococcus
sanguinis SK49]

MTKFNKNY SIGLDIGVSSVGYAVVTEDYRVPAFKFKVLGNTEKEKIKKNLIGSTTRVS
AQPAKGTRVFRVNRJRIDRRNHRITY LRDIFQKEIEKVDKNFYRRLDESFRVLGDK SE
DLQIKQPFFGDKELETAYHKKYPT1YHLRKHLADADKNSPVYADIREVYMAISHILKY
RGHFLTLDKINPNMNMQNSWIDFIESCQEVFDLEISDESKMADIFK SSEMQEKVKKI
LPYFQQELLKKDKSIFKQLLQLLFGLKTKFKDCFELEEEPDLNFSKENYDENLENFLG
SLEEDFSDVFAKLKVLRDTILLSGJVLTYTGATHARPSATMVERYEEHRKDLQRFKFF
IKQNLSEQDY LDIFGRKTONGFDVDKETKGYVGYITNKMVLTNPQKQKTIQQNFYD
YISGKITGIEGAEY FLNKISDGTFLRKLRTSDNGAIPNQIHAY ELEKITERQGKDY PFLL
ENKDKLLSILTFKIPYYVGPLAKGSNSPI*AWIKRATSSDILDDNDEDTRNGKJRPWNY
QKLINMDETRDAFTNLIG>TOIILLNEKVLPKRSLIYEEVMLQNELTRVKYKDKY GKA
HFFDSELROMINGLFKNNSKRVNAKSLIKYLSDNHKDLNAIEIVSGVEKGKSFNSTLK
TYNDLKTIFSEELLDSEIY QKELEENKVITVFDDKKSIKNYLTKFFGHLEILDEEKINQL
SKLRY SGWGRY SAKLLLDIRDEDTGFNLLQFLRNDEENRNLTKLISDNTLSFEPKIKDI
QSKSTIEDDIFDEIKKLAGSPAIKRGILNSIKIVDELVQIIGY PPHNIVIEMARENMTTEE
GOQKKAKTRKTKLESALKMENSLLENGKVPHSDEQLQSEKLYLYYLQNGKDMYTLD
KTGSPAPLYLDQLDQYEVDHIIPY SFLPIDSIDNKVLTHRENNQQKLNNIPDKETVAN
MKPFWEKLYNAKLISQTKYQRLTTSERTPDGVLTESMKAGF ERQLVETRQIIKHVA
RILDNRFSDTKIITLKSQLITNFRNTFfIAKIRELNDYHHAFIDAYLAVVVGQTLLKVYP
KLAPELIYGHHAOTNRmMENKATLRKFILY SMMRFFWDSKV SKDIWDCNRDLPIK
DVIYNSQINFVKRTMIKKGAFYNQNPVGKFNKQLAANNRYPLKTKALCLDTSIY GG
Y GPMNSALSHITAERFNEKXGKIETVKEFHDIFNDY EKFNNNPFQFLNDTSENGFLKK

NNIi¥VLGFYWPKY SLMQKIDGTRMLFESKSNLHKATQFKLTKTQNELFFHMKRLL
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TKSW.MDLKSKSAIKESQOTILKHKEEFDMSNQL SAFSQKMLGNTTSLKNLIKGYNE
RKIKEIDIRDETIKYFYDNFIKMFSFVKSGAPKI)INDFFDNKCTVARMRPKPDKKLLN
ATLIHQSITGLYETRIDLSKLGED

[0062] AAK33936.1 conserved hypothetical protein [Streptococcus pyogenes M| GAS]
MDKKY SIGLDIGTOSVGWAV 1TDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGE
TAEATPVLKJITARRRY TRRKNPICY LQEIFSNEMAKYVDDSFFHRLEESFLVEEDKKHE
RHPIFGMVDEVAYFEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEG
DLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP
GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYA
DLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPE
KYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQR
TFDNGSIPHQIHLGELHAILRRQEDFY PFLKDNREKIEKILTFRIPYYVGPLARGNSRFA
WMTRKSEETITPWWEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTV
YNELTKVKYVTEGMRXPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDY FKKIECFD
SVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL
KTYAMFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN
FMQLIHDDSLTFKEDIQKAQV SGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK
VMGRHKPEMVIEMARENQTTQKGQKNSRERMKRIEEGIKEL GSQILKEHPVENTQL
QNEKLYLYYLQNGRDMYVDQELDINRLSDY DV DfflVPQSFLKDDSIDNKVLTRSDK
NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGL SELDKAGFIK
ROLVETRQITKHVAQILDSRMNTKYDE>n3KLIREVKVITLKSKLVSDFRKDFQFYKV
REINNY FfIAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFY SMMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM
PQVMVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKY GGFDSPTVAYSVLVV
AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY KEVKKDLIIKLPKY SLFE
LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ
HKJTALDEINEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEMIHLFTLTNLGA
PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD
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[0063] YP_820832.1 CRISPR-system-like protein [Streptococcus thermophilus LMD-
9]

MTKPY SIGLDIGTOSVGWAVTTDWKVPSKKMKVLGNTSKXYIKKNLLGVLLFDSGI
TAEGRRLKRTARRRY TRRRNRILYLQEIFSTEMATLDDAFFQRLDDSFLVPDDKPVDS
KYPIFG"VEEKAYHDEFPTIYHLPVKY LADSTKXADLRLVYLALAHMIKYRGHFLIE
GEFNSKNNDIQKNFQDFLDTY NAIFESDLSLENSKQLEEIVKDKISKLEKKDRILKLFP
GEKNSGIFSEFLKLIVGNQADFRKCFNLDEKASLHFSKESYDEDLETLLGYIGDDY SD
VFLKAKKLYDAILLSGFLTVTDNETEAPLSSAMIKRYNEHKEDLALLKEYIRMSLKT
YNEVFKDDTKNGYAGYIDGKTNQEDFYVYLKKLLAEFEGADYFLEKIDREDFLRKQ
RTFDNGSIPY QIHLQEMRAILDKQAKFYPFLAKNKERIEKILTFRIPYYVGPLARGNSD
FAWSIRKRNEKITPWNFEDVIDKESSAEAFINRMTSFDLY LPEEKVLPKHSLLYETFN
VYNELTKVRFIAESMRDY QFLDSKQKKDIVRLYFKDKRKVTDKDIIEYLHAIYGYDG
IELKGIEKQFNSSLSTYHDLLNIINDKEFLDDSSNEAIIEEIHTLTIFEDREMIKQRLSKF
EMFDKSVLKKLSRRHY TGWGKLSAKLINGIRDEKSGNTILDYLIDDGISNRNFMQLI
HDDALSFKKKIQKAQIIGDEDKGN1KEVVKSLPGSPAIKKGILQSIKIVDELVKVMGG
RKPES'VVEMARENQYTNQGK SNSQQRLKRLEKSLKELGSKILKENIPAKL SKIDNNA
LONDRLYLYYLQNGKDMYTGDDLDIDRLSNYDIDHIIPQAFLKDNSIDNKVLVSSAS
NRGKSDDVPSLEVVKKRKTFWY QLLKSKLISQRKFDNLTKAERGGL SPEDKAGFIQR
QLVETRQITKHVARLLDEKFNNKKDENNRAVRTVKIITLKSTLVSQFRKDFELYKVR
EINDFHHAHDAYLNAVVASALLKKYPKLEPEFVYGDYPKYNSFRERKSATEKVYFY
SMIVINIFKKSISLADGRVIERPLIEX*"ETGESVW" KESDLATVRRVLSYPQVNVVKK
VEEQNHGLDRGKPKGLFNANSSKPKPNSNENLVGAKEYLDPKKY GGYAGISNSFT
VLVKGTIEKGAKKKITWLEFQGISILDRTNYRKDKLNFLLEKGYKDIELIHELPKYSLF
ELSDGSPVRMLASILSTONKRGEIHKGNQIFLSQKFVKALYHAKRISNTINENHRKYVE
NHKKEFEELFYYILEFNENYVGAKKNGKLLNSAFQSWQNHSIDEL CSSFIGPTGSERK
GLFELTSRGSAADFEFLGVKIPRYRDY TPSSLLKDATLIHQSVTGLYETRIDLAKLGEG
[0064] NP_721764.1 hypothetical protein SMU_1405c [Streptococcus mutans UA159]
MKKPY SIGLDIGTNSVGWAVVTDDYKVPAKKMKVLGNTDKSffIEKNLLGALLFDSG
NTAEDRRLKRTARRRY TRRRNRILYLQEIFSEEMGKVDDSFFHRLEDSFLVTEDKRG
ERHPIFGNLEEEVKYHENFPT1YHLRQYLADNPEKVDLRLVYLALAHIIKFRGHFLIEG

KFDTRNNDVQRLFQEFLAVYDNTFENSSLQEQNVQVEEILTDKISKSAKKDRVLKLF
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PNEK SNGPVFAEFLKLIVGNQADFKKHFELEEKAPLQFSKDTYEEELEVLLAQIGDNY
AELFLSAKKLYDSILLSGILTVTDVGTKAPLSASMIQRYNEHQMDLAQLKQFIRQKLS
DKYNEVFSDVSKDGYAGYIDGKTNQEAFYKYLKGLLNKIEGSGY FLDKIEREDFLRK
QRTFDNGSIPHQIHLQEMRAIIRRQAEFY PFLADNQDRIEKLLTFRIPYYY GPLARGKS
DFAWLSRKSADKITPWNFDEIVDKESSAEAFINRMTWDLYLPNQKVLPKJSLLYEK
FTVYNELTKVKYKTEQGKTAFFDA>MKQEIFDGVFKVYRKVTKDKLMDFLEKEFDE
FRIVDLTGLDKENKVFENASY GTYHDLCKILDKDFLDNSKNEKILEDIVLTLTLFEDRE
MIRKRLEWSDLLTKEQVKKLERRHY TGWGRLSAELIHGIRNKESRKTILDYLIDDG
NSNRNFMQLINDDALSFKEEIAKAQVIGETDNLNQVV SDIAGSPAIKKGILQSLKIVDE
LVKIMGHQPENIVVEMARENQFTNQGRRNSQQRLKGLTDSIKEFGSQILKEHPVENS
QLONDRLFLYYLQNGRDMYTGEELDIDYLSQY DIDHIIPQAFIKDNSIDNRVLTSSKE
NRGKSDDVPSKDVVRKMKSYWSKLLSAKLITQRKFDNL‘TKAERGGLTDDDKAGFIK
ROLVETRQITKHVARILDERFNTETDENNKKIRQVKIVTLKSNLVSNFRKEFELYKVR
EINDYHHAHDAYLNAVIGKALLGVYPQLEPEFVYGDYPHFHGHKENKATAKKFFY S
MMNFFKKDDVRTDKNGENWKKDEffISNIKKVLSY PQVMVKKVEEQTGGFSKESIL
PKGNSDKLIPRKTKKFYWDTKKY GGFDSPIVAY SILVIADIEKGKSKKLKTVKALVG
VTIMEKMTFERDPVAFLERKGYRNVQEENIIKLPKY SLFKLENGRKRLLASARELQK
GNEIVLPNHLGTLLYHAKMHKVDEPKHLDYVDKHKDEFKELLDVV SNFSKKYTLA
EGM"EKIKELYAQNNGEDLKELASSFINLLTFTAIGAPATFKFFDKNIDRKRY TSTTEI
LNATLIHQSITGLYETRIDLNKLGGD

[0065] YP_004373648.1 CRISPR-associated protein, Csnl family [Coriobacterium
glomerans PW2]

MKLRGIEDDY SIGLDMGTSSVGWAVTDERGTLAHFKRKPTWGSRLFREAQTAAVAR
MPRGOQRRRWRRRWRLDLLQKLFEQQMEQADPDFFIRLRQSRLLRDDRAEEHADY
RWPLFNDCKFTERDYY QRFPTIYHVRSWLMETDEQADIRLIYLALHN1IVKHRGNFLR
EGQSLSAKSARPDEALNHLRETLRVWSSERGFECSIADNGSILAMLTHPDLSPSDRRK
KIAPLFDVKSDDAAADKKLGIALAGAVIGLKTEFKNTFGDFPCEDSSIY LSNDEAVDA
VRSACPDDCAELFDRLCEVYSAYVLQGLLSYAPGQTISANMVEKYRRYGEDLALLK
KLVKIYAPDQYRMFFSGATYPGTGIYDAAQARGY TKYNLGPKKSEYKPSESMQYDD
FRKAVEKLFAKTDARADERYRMMMDRFDKQQFLRRLKTSDNGSIYHQLHLEELKAI
VENQGRFY PFLKRDADKLVSLVSFRIPYYVGPLSTRNARTDQHGENRFAWSERK PG

MQDEPIFPWNWESIIDRSKSAEKFILRMTGMCTY LQQEPVLPKSSLLYEEFCVLNELN
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GAHWSIDGDDEHRFDAADREGIIEELFRRKRTV SY GDVAGWMEPVERNQIGAHVCGG
QGEKGFESKLGSYIFFCKDVFKVEPVLEQSDYPMIEPJILWNTLFEDPVKILSQPVLKEEYG
SPVLSAEQIKTICKXRFTGWGRLSEKFLTGITVQVDEDSVSIIVnDVLREGCPVSGKRGRA
MVMMEILRDEEL GFQKKVDDFNRAFFAENAQALGVNELPGSPAVRRSLNQSIRIVDE
IASIAGKAPAMFIEVTRDEDPKKKGRIRTKRRYNDLKDALEAFKKEDPELWRELCETA
PNDMDEPVLSLYFMQRGKCLY SGPVAIDIHQLSNAGIYEVDHIIPRTYVKDDSLENKAL
VYREENQPIJCTDMLLIDPEIRRRMSGY WRMLHEAKLIGDKKFRNLLRSRIDDKALKG
FIARQLVETGOQMVKLVRSLLEARYPETNIISVKASISHDLRTAAELVKCREANDFHHA
HDAFLACRVGLFIQKRHPCVYENPIGLSQVVRNYVRQQADIFKRCRTIPGSSGFIVNS
FMTSGFDKETGEIFKDDWDAEAEV EGIRRSLNFRQCFI SRMPFEDHGV FWDATIY SPR
AKKTAALPLKQGLNPSRY GSFSREQFAY FFIY KARNPRKEQTLFEFAQVPVRLSAQIR
QDENALERYARELAKDQGLEFIRIERSKILKNQLIEIDGDRLCITGKEEVRNACELAFA
QDEMRVIRMLVSEKPVSRECVISLFNRILLHGDQASRRLSKQLKLALLSEAFSEASDN
VORNVVLGLIAIFNGSTOMVASDIGGSKFAGNVRIKYKKELASPKVNYHLIDQSVT
GMFERRTKIGL

[0066] ZP_08576281.1 possible CRISPR associated protein [Lactobacillus farciminis
KCTC 3681]

MTKKEQPYMGLDIGTSSVGWAVTODITOLLMK”  NLWGVRLFEEAQTAKETRLN
RSTRRRY RRRKNPINWLNEIFSEELAKTDPSFLIRLQNSWY SKKDPDRKRDKYNLFID
GPYTDKEYYREFPTIFHLRKELILNKDKADIRLIYLALFINILKYRGNFTYEHQKFENISN
LNNNLSKELIELNQQLIKY DISFPDDCDWNHISDILIGRGNATQKSSNILKDFTLDKET
KKLLKEVINLILGNVAHLNTIFKTSLTKDEEKLNFSGKDIESKLDDLDSILDDDQFTVL
DAAMUY STITLNEILNGESYFSMAKVNQY ENHAIDLCKLRDMWHTTKNEEAVEQSR
QAYDDYHFIVAKYGTKELYTSLKXFLKVALPTNLAKEAEEKISKGTYLVKPRNSENGV
VPYQLNKJIEMEKIIDNQSQY Y PFLKENKEKLLSILSFRIPYYVGPLQSAEKNPFAWME
RKSNGHARPWNFDEIVDREK SSNKFIRRMTVTDSYLVGEPVLPKNSLIYQRYEVLNE
LNMRITENLKTNPIGSPXTVETKQMYNELFKKYKKVTVKKLTKWLIAQGYYKNPILI
GLSQKDEFNSTLTTYLDMKKIFGSSFMEDNKNY DQIEELIEWLTIFEDKQILNEKLHSS
KYSYTPDQIKKISNMRY KGWGRLSKKILMDITTETNTPQLLQLSNY SILDLMWATNN
NFISIMSNDKY DFKWIENHNLNKNEDQM SDLVNDIHV SPALKRGITQSIKIVQEIVK
FMGHAPKTfIFIEVTPVETKK SEITTSREKmMKPVLQSKILNKANDFKPQLPVEYLVPNKKIQ

EELKKHK>TOLSSERIMLYFLONGKSLY SEESLNINKLSDY QVDHILPRTYIPDDSLEN
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KALVLAK"NQRKADDLLLNSMN\DRNLERWTYIVO.NNNMIGLKKFKNLTRRVITDK
DKLGFIHRQLVQTSQMVKGVANILDNMYKNQGTTCIQARANLSTAFRKALSGQDDT
YHFKIPELVK>mMNV>roFHHAQDAY LASFLGTYRLRRFPTNEMLLMNGEY NKFY GQ
VKELYSKKKKLPDSRKNGFIISPLV\NGTTQYDRNTGEIIWNVGFRDKILKIFNYHQCN
VTPICTEIKTGQFYDQTIY SPKNPKYKKLIAQKKDMDPNIY GGFSGDNKSSITIVKIDN
NKIKPVAIPIPLINDLKDKKTLQNWLEEM"KHKKSIQIIKNNVPIGQITY SKKVGLLSLN
SDREVANRQQLILPPEHSALLRLLQIPDEDLDQILAFYDKNILVEILQELITKMKKFY PF
YKGEREFLIANIENFNQATTSEKVNSLEELITLLHANSTSAHLIFNNIEKKAFGRKTHG
LTLNNTDFIYQSVTGLYETRIHIE

[0067) ZP_03683851.1 hypothetical protein CATMIT_02512, partial

[Catenibacterium mitsuokai DSM 15897]
IVDYCIGLDLGTGSVGWAVVDMNHRLMKRNGKHLWGSRLFSNAETAANRRASRSI
RRRYNKJRERIRLLRAILQDMVLEKDPTFFIRLEHTSFLDEEDKAKYLGTDYKDNYN
LFIDEDFNDYTYYHKYPTIYHLRKALCESTEKADPRLIYLALHHIVKYRGNFLYEGQK
FNMDASMEDKLSDIFTQFTSFNMPY EDDEKKNLEILEILKKPLSKKAKVDEVMTLIA
PEKDYKSAFKELVTGIAGNKMNVTKMILCEPIKQGDSEIKLKFSDSNY DDQFSEVEK
DLGEYVEFVDALHNVY SWVELQTIMGATHTDNASISEAMVSRYNKHHDDLKLLKD
CIKNNVPNKYFDMFRNDSEKSKGY YNYINRPSKAPVDEFYKYYKKCIEKVDTPEAK
QILNDIELENFLLKQNSRTNGSVPY QMQLDEMIKIIDNQAEYYPILKEKREQLLSILTF
RIPYWGPLNETSEHAWIKRLEGKENQRILPWNY QDIVDVDATAEGFIKRMRSYCTY
FPDEEVLPKNSLIVSKYEVYNEL>%IRVDDKLLEVDVKNDIYNELFMKNKTVTEKKL
KNWLVNNQCCSKDAEIKGFQKENQFSTSLTPWIDFTNIFGKIDQSNFDLIENIIYDLTV
FEDKKIMKRRLKKKYALPDDKVKQILKLKYKDWSRLSKKLLDGIVADNRFGSSVTV
LDVLEMSRLNLMEIINDKDLGYAQMIEEATSCPEDGKFTY EEVERLAGSPALKRGIW
QSLQIVEEITKVMKCRPKY1YIEFERSEEAKERTESKIKKLENYYKDLDEQTKKEYKS
VLEELKGFDNTKKISSDSLFLYFTQLGKCMY SGKKLDIDSLDKY QIDfflIVPQSLVKDD
SFDNRVLVVPSENQRKLDDLVVPFDIRDKMY RFWKLLFDHELISPKKFYSLIKTEYTE
RDEERFINRQLVETRQITKNVTQnEDHYSTTKVAAIRANLSHEFRVKNHIYKNRDIND
YHHAHDAYIVALIGGFMRDRYPNMHDSKAVY SEY MKMFRKNK>TOQKRWKDGFV 1
NSIVNWPY EVDGKLIWNPDLINEIKXCFYYKDCY CTTKLDQKSGQLFNLTVLSNDAII
ADKGVTKAVVPVNKNRSDVHKY GGFSGLQY TIVAIEGQKKKGKKTELVKKISGVPL

iiLKAASINEKINYIEEKEGLSDVPIKOMPVNQMIEMDGGEYLLTSPTEYVNARQLVL
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NEKQCALIADIYNAIYKQDYDNLDDILMIQLYIELTNKMKVLYPAYRGIAEKFESMN
ENYVVISKEEKAMIKQMLIVMHRGPQNGMVY DDFKISDWGRLKTKNHNLNMVFIS
QSPTGIYTKKYKL

[0068] YP_003171950.1 CRISPR-associated protein Csnl [Lactobacillus rhamnosus
GG]

MTKLNQPY GIGLDIGSNSIGFAVVDANSHLLRLKGETAIGARLFREGQSAADRRGSRT
TRRRLSRTRWRLSFLRDFFAPHITKIDPDFFLRQKY SEISPKDKDRFKY EKRLFNDRTD
AEFYEDYPSMYHLRLHLMTHTHKADPREIFLAIHHILKSRGHFLTPGAAKDFENTDKV
DLEDIFPALTEAYAQVYPDLELTFDLAKADDFKAKLLDEQATPSDTQKALVNLLLSS
DGEKEIVKKRKQVLTEFAKAITGLKTKFNLALGTEVDEADASNWQFSMGQLDDKW
SNIETSMTDQGTEIFEQIQELYRARLLNGIVPAGMSLSQAKVADY GQHKEDLELFKTY
LKKLNDHELAKTIRGLYDRYINGDDAKPFLREDFVKALTKEVTAHPNEVSEQLLNR
MGQANFMLKQRTKANGAIPIQLQOQRELDQIIANQSKYYDWLAAPNPVEAHRWKMP
Y QLDELLNFfIPYWGPLITPKQQAESGENVFAWMVRKDPSGNITPY NFDEKVDREA
SANTFIQRMKTTDTYLIGEDVLPKQSLLY QKYEVLNELNNVRINNECLGTDQKQRLI
REVFERHSSVTIKQVADNLVAHGDFARRPEIRGLADEKRFLSSLSTYHQLKEILHEAI
DDPTKLLDIEMITWSTVFEDHTIFETKLAEIEWLDPKKINEL SGIRY RGWGQFSRKLL
DGLKLGNGHTVIQELMLSNHNLMQILADETLKETMTELNQDKLKTDDIEDVINDAY
TSPSNKKALRQVLRVVEDIKHAANGQDPSWLFIETADGTGTAGKRTQSRQKQIQTVY
ANAAQELIDSAVRGELEDKIADKASFTDRLVLYFMQGGRDIYTGAPLNIDQLSHYDI
DffILPQSLIKDDSLDNRVLVNATINREKNNVFASTLFAGKMKATWRKWHEAGLISGR
KLRNLMLRPDEIDKFAKGFVARQLVETRQIIKLTEQIAAAQYPNTKJAVKAGLSHQL
REELDFPKNPXDVNHYHHAFDAFLAARIGTYLLKRYPKLAPFFTYGEFAKVDVKKFR
EFOTIGALTHAKKMIAKDTGEIVWDKERDIRELDRIYNFKRMLITHEVYFETADLFK
QTIYAAKDSKERGGSKQLIPKKQGYPTQVYGGY TQESGSYNALVRVAEADTTAYQV
IKISAQNASKIASANLKSREKGKQLLNEIVVKQLAKRRKNWKPSANSFKIVIPRFGMG
TLFONAKYGLFMVNSDTYYRNY QELWLSRENQKLLKKLFSIKY EKTQMNHDALQV
YKANDQVEKPFKLYDINQFRAKLSDAIERFEKLPINTDGNKIGKTETLRQILIGLQANG
TRSNVKNLGIKTDLGLLQVGSGIKLDKDTQIVY QSPSGLFKRRIPLADL

[0069] YP_003937986.1 CRISPR associated protein [Bifidobacterium bifidum S17]
MSRKNYVDDYAISLDIGNASVGWSAFTPNYRLVRAKGHELIGVRLFDPADTAESRR

MARTTRRRY SRRRWRLRLLDALFDQALSEIDPSFLARRKY SWVHPDDENNADCWY
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GSVLFDSNEQDKRFYEKYPTIYHLRKALMEDDSQHDIREIY LAIHHMVKY RGNFLVE
GTLESSNAFKEDELLBCLLGRITRY EMSEGEQNSDIEQDDENKLVAPANGQLADALCA
TRGSRSMRVDNALEALSAVNDLSREQRAIVKAIFAGLEGNXLDLAKIFVSKEFSSEN
KKILGIYFNKSDY EEKCVQIVDSGLLDDEEREFLDRMQGQY NAIALKQLLGRSTSVS
DSKCASYDAHRANWNLIKLQLRTKENEKDINENY GILVGWKIDSGQRKSVRGESAY
ENMRKKANVFFKKMIETSDLSETDKNRLIHDIEEDKLFPIQRDSDNGVIPHQLHQNEL
KQIKKQGKYYPFLLDAFEKDGKQINKIEGLLTFRVPYFVGPLVVPEDLQKSDNSENH
WMVRXKKGEITPWISFDEMYV DKIJDASGRKFIERLVGTDSYLLGEPTLPKNSLLYQEYE
VLNELNNVRLSVRTGNHWNDKRRMRLGREEKTLLCQRLFMKGQTVTKRTAENLLR
KEYGRTYELSGLSDESKFTSSLSTY GKMCRIFGEKY VNEHRDLMEKIVELQTVFEDK
ETLLHQLRQLEGISEADCALLVNTHYTGWGRLSRKLLTTKAGECKISDDFAPRKHSII
EIMRAEDRNLMEITDKQLGFSDWIEQENLGAENGSSLMEVVDDLRV SPKVKRGIIQS
IRLIDDISKAVGKRPSRIFLELADDIQPSGRTISRKSRLQDLY RNANLGKEFKGIADELN
ACSDKDLQDDRLFLYYTQLGKDMY TGEELDLDRLSSAY DIDHIIPQAVTQNDSIDNR
VLVARAENARKTDSFTY MPQIADRMRNFWQILLDNGLISRVKFERLTRQNEFSEREK
ERFVORSLVETRQIMKNVATLMRQRY GNSAAVIGLNAELTKEMHRY LGFSHKNRDI
NDYHHAQDALCVGIAGQFAANRGFFADGEVSDGAQNSYNQYLRDYLRGY REKLSA
EDRKQGRAFGFVGSMRSQDEQKRVNPRTGEVVWSEEDKDYLRKVMNYRKMLVT
QKVGDDFGALYDETRYAATDPKGIKGIPFDGAKQDTSLY GGFSSAKPAYAVLIESKG
KTRLVNVTMQEY SLLGDRPSDDELRXVLAKKKSEY AKAMLLRITVPKMQLIRY GGG
LMVIKSAGELNNAQQLWLPYEEY CYFDDLSQGKGSLEKDDLKKLLDSILGSVQCLY
PWHRFTEEELADLFTVAFDKLPEDEKKNVITGIVSALHADAKTANLSIVGMTGSWRR
MNNKSGY TFSDEDEFIFQSPSGLFEKRV TV GELKIJRKAKKEWSKYRTOTKRLPTLSG
ASQP

[0070] EHN59352.1 CRISPR-associated protein [Oenococcus kitaharae DSM 17330]
MARDY SVGLDIGTSSVGWAAIDNXYHLIRAKSKNLIGVRLFDSAVTAEKRRGYRTTR
RRLSRRHWRLRLLNDIFAGPLTDFGDENFLARLKY SWVHPQDQSNQAHFAAGLLFD
SKEQDKDFYRKYPTIYHLRLALMhTODQKHDLREVYLAIHHLVKYRGHFLIEGDVKA
DSAFDVHTFADAIQRY AESSWSDE>N.LGKIDEKKLSAALTDKHGSKSQRAETAETAF
DILDLQSKKQIQAILKSVVGNQANLMAIFGLDSSAISKDEQKNY KFSFDDADIDEKIA
DSEALLSDTEFEFLCDLKAAFDGLTLKMLLGDDKTVSAAMVRRFNEHQKDWEYIKS

fIRNAKNAGNGLYEKSKKFDGINAAY LALQSDNEDDRKKAKKIFQDEISSADIPDDV
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KADFLKKIDDDQFLPIQRTKNNGTIPHQLHRNELEQIIEKQGIYYPFLKDTY QENSHEL
>MTALINFRVPYYVGPLVEEEQKIADDGKMPDPT NHW]VIVRKSNDTITPWNLSQVV
DLDKSGRRFIERLTGTDTYLIGEPTLPKNSLLY QKFDVLQELNNIRVSGRRLDIRAKQ
DAFEHLFKVQKTVSATNLKDFLVQAGYISEDTQIEGLADVNGKNFNNALTTYNYLV
SVLGREFVENPSNEELLEEITELQTVFEDKKVLRRQLDQLDGL SDHNREKLSRKHYT
GWGRISKKLLTTKIVQNADKIDNQTFDVPRMNQSIIDTLYNTKMNLMEIINNAEDDF
GVRAWIDKQNTTDGDEQDVY SLIDELAGPKEIKRGIVQSFRILDDITKAVGY APKRV
YLEFARKTQESHLTNSRKNQLSTLLKNAGLSELVTQVSQYDAAALQNDRLYLYFLQ
QGKDMY SGEKENLDNLSNYDIDKIPQ AYTKDNSLDNRVL VSNITNRRKSDSSNYLP
ALIDKMRPFWSVLSKQGLLSKHKFANLTRTRDFDDMEKERFIARSLVETRQIIKNVAS
LIDSHFGGETKAVAIRSSLTADMRRYVDIPKNRDINDYHHAFDALLFSTVGQYTENS
GLMKKGQLSDSAGNQYNRYIKEWIHAARLNAQSQRVNPFGFVVGSMRNAAPGKLN
PETGEITPEENADWSIADLDYLHKVMNFRKITVTRRLKDQKGQLYDESRYPSVLHDA
KSKASIWDKHKPVDLY GGFSSAKPAY AALIKFKNKFRLVNVLRQWTY SDKNSEDY |
LEQIRGKYPKAEMVLSHIPYGQLVKKDGALVTISSATELHNFEQLWLPLADY KLINTL
LKTKEDNLVDILHNRLDLPEMTIESAFYKAFDSILSFAFNRY ALHONALVKLQAHRD
DFNALNYEDKQQTLERJILDALHA SPASSDLKKINLSSGFGRLFSPSUFTLADTDEFIFQ
SVTGLFSTQKTVAQLYQETK

[0071] ZP_08660870.1 possible CRISPR associated protein [Fructobacillus fructosus
KCTC 3544]
MVYDVGLDIGTGSVGWVALDENGKLARAKGKNLYGVRLFDTAQTAADRRGFRTT
RRRLSRRKWPVLRLLDELFSAEINEIDSSFFQRLKYSYVHPKDEENKAHYYGGYLFPTE
EETKKFIRSYPTIYHLRQELMAQP>nCRIDIREIYLAIFiiiLVKY RGHFLSSQEKITIGST
YNPEDLANAIEVY ADEKGLSWELNNPEQLTEIISGEAGY GLNKSMKADEALKLFEFD
NNQDKVAIKTLLAGLTGNQIDFAKLFGKDISDKDEAKLWKLKLDDEALEEKSQTILS
QLTDEEIELFHAVVQAYDGFVLIGLLNGADSYSAAMVQLYDQHREDRKLLKSLAQK
AGLKHKRFSEIYEQLALATDEATIKNGISTARELVEESNLSKEVKEDTLRRLDENEFLP
KQRTKANSVIPHQLHLAELQKILQNQGQY Y PFLLDTFEKEDGQDNKIEELLRFRIPYY
VGPLVTKKDVEHAGGDADNHWYERNEGFEK SRV TPWNFDKVFNRDKAARDFIERL
TGIvroTYLIGEKTLPQNSLRYQLFTVLNELNNVRVNGKKFDSKI 'KADLINDLFKARKT
VSLSALKDYLKAQGKGDVTITGLADESKFNSSLSSYNDLKKTFDAEYLENEDNQETL

EKIEIQTVFEDSKJASRELSKLPLDDDQVKKLSQTHY TGWGRLSEKLLDSKIIDERGQ
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KVSILDKLKSTSQONFMSIINNDKY GVQAWITEQNTGSSKLTFDEKVNELTTSPANKRG
IKQSFAVLNDIKKAMKEEPRRVY LEFAREDQTSVRSVPRYNQL KEKYQSK'SL SEEAK
VLKXTLDGNKNKMSDDRYFLYFQQQGKDMYTGRPINFERLSQDYDIDHlI PQAFTKD
DSLDNRVLVSRPENARKSDSFAY T TDEVQKQDGSLWTSLLKSGFINRKKY ERLTKAG
KYLDGQKTGFIARQLVETRQIIKNVASLIEGEY ENSKAVAIRSEITADMRLLVGIKKH
MNSFHHAFDALLITAAGQYMQNRYPDRDSTNVYNEFDRYTNDYLKNLRQLSSRD
EVRRLKSFGFVVGTMRKGNEDWSEENTSY LRKVMMFKNILTTKKTEKDRGPLNKET
IFSPKSGKKLIPLNSKRSDTALYGGY SNVYSAYMTLVRANGKNLLIKIPISIANQIEVG
NLKIhTOYIVNWAIKKFEKILISKLPLGQLX"DGMNYLASNEYPVHNAKQLW  LSTTD
ADKIASISENSSDEELLEAY DILTSENVKNRFPFFBCKDIDKLSQVRDEFLDSDKRIAVIQ
TILRGLQIDAAY QAPVKJSKKVSDWHKLQQSGGIKLSDNSEMIY QSATGIFETRVKJIS
DLL

[0072] YP_001691366.1 hypothetical protein FMG_0058 [Finegoldia magna ATCC
29328]
MKSEKKYYIGLDVGTNSYGWAVTDEFYMLRAKGKDLWGVRLFEKADTAANTRIFR
SGRRRNDRKGMRLQILREIFEDEIKKVDKDFY DRLDESKFWAEDKKYV SGKY SLFND
KNFSDKQYFEKFPTIFHLPJ<:YLMEEHGKVDIRYYFLAMQMMKRRGHFLIDGQISFIV
TDDKJILKEQLILLINDLLKIELEEELMDSIFEILADVNEKJTDKXNNLKELIKGQDFNK
QEGNILNSIFESIVTGKAKIKNIISDEDILEKIKEDNKEDFVLTGDSY EENLQYFEEVLQ
ENITLENTLKSTYDFLILQSILKGKSTLSDAQVERYDEHKKDLEILKKVIKKYDEDGKL
FKQVFKEDNGNGYVSYIGYYLNKNKKITAKKKISNIEFTKYVKGILEKQCDCEDEDV
KYLLGKJIEQENFLLKQISSINSVIPHQIHLFELDKILENLAKNY PSFNNKKEEFTKIEKIR
KTFTFWPY YVGPL>TOY HKNNGGNAWIFR>¥.GEKIRPWNFEKIVDLHKSEEEFIKJM
LNQCTYLPEEWLPKSSILY SEYMVLNELNNLRINGKPLDTDVKLKLffiIELFKKKTKYV
TLKSIRDYMY R>*"ADKEDFDNSEK>"EIASNMKSYIDFNMLEDKJ ‘DVEMVEDLIE
KITIHTGNKKLLKKYIEETY PDLSSSQIQKIINLKY KDWGRLSRKLLDGIKGTKKETEK
TDTVINFLRNSSDM.MQIIGSQNY SFNEY IDKLRKKYIPQEISYEVVENLYVSPSVKKM
IWQVIRVTEEITKVMGYDPDKIFIEMAKSEEEKKTTISRKNKLLDLYKAIKKDERDSQ
YEKLLTGLNKLDDSDLRSRKLYLYYTQMGRDMY TGEKIDLDKLFDSTHY DKDHIIP
QSMKKDDSIINNLVLVNKNANQTTKGMY PVPSSIPYNNPKITYNYWKYLMEKEFISKE
KYNRLIRNTPLTNEELGGFINRQLVETRQSTKAIKELFEKFY QKSKIIPVKASLASDLR

KDIVMTLKSREVNDLHHAHDAFLNIVAGDVWNREFTSNPINYVKENREGDKVKYSLS
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KDFTPIPICSKGKVIWTPEKGRKLIVDTLNKPSVLISNESHVKKGELFNATIAGKKDY
KJCGKIYLPLKKDDRLQDVSKYGGY KAMGAFFFLYEHTK SKKRIRSIELFPLHLLSKF
YEDKNTVLDYAINVLQLQDPKIIDKINYRTEHIDNFSYLISTKSNDGSITVKPNEQMY
WRVDEISNLKJaENKY KKDAILTEEDRKIMESY IDKIY QQFKAGKYKNRRTTDTIIEK
YEIDLDTLDNKQLYQLLVAFISLSYKTSNNAVDFTVIGLGTECGKPRITNLPDNTYLV
YKSITGIYEKRIRIK

[0073] ZP_07316256.1 CRISPR-associated protein, Csnl family [Veilionella atypica
ACS-134-V-Coai7a]

METQTSNQLITSIILKDY PKQDWVGLDIGTNSVGWAVTOTSY ELLKFHSHKMWGSR
LFEEGESAVTRRGFRSMRRRLERRKLRLKLLEELFADAMAQVDSTFFIRLHESKY iiY
EDKTTGHSSKIIILFIDEDYTDQDYFTEYPTIYHLRKDLMENGTDDIRKLFLAVHHILK
YRGNFLYEGATFNSNAFTFEDVLKQALVNITFENCFDTNSAISSISNILMESGKTK SDK
AKAIERLVDTYTVFDEVNTPDKPQKEQVKEDKKTLKAFANLVLGLSANLIDLFGSVE
DIDDDLKKLQIVGDTYDEKRDELAKVWGDEIFfIDDCKSVYDAIILMSIKEPGLTISQS
KVKAFDKFIKEDLVILKSLLKLDRNVYNEMFKSDKKGLFiINYVFIYIKQGRTEETSCSR
EDFYKYTKKIVEGLADSKDKEYILNEIELQTLLPLQRIKDNGVIPY QLHLEELKVILDK
CGPKFPFLHTVSDGFSVTEKLIKMLEFRIPYYVGPLNTHHNIDNGGFSWAVRKQAGR
VTPWWEEKJIDREKSAAAFIKNLT>¥%CTYLFGEDVLPKSSLLY SEFMLLNELNNYRID
GKALAQGVKQHLIDSIFKQDHKXMTKNRIELFLKDNWITKKHKPEITGLDGEIKND
LTSYRDMVRILGNWDVSMAEDIITDITIFGESKKMLRQTLRNKFGSQLNDETIKKLS
KLRYRDWGRLSKJO.LKGIDGCDKAGNGAPKTIHELMRNDSYNLMEILGDKFSFMECI
EEENAK1AQGQVV1SIPFIDIIDELALSPAVKRAVWQALRIVDEVAHIKKALPSRIFVEV
ARTNKSEKICICKDSRQKRLSDLY SAIKKDDVLQSGI.QDKEFGALKSGLANYDDAALR
SKXLYLYYTQMGRCAYTGNIIDLNQLNTDNY DIDfflYPRSLTKDDSFDNLVLCERTA
NAKKSDIYPIDNRIQTKQKPFWAFLKHQGLISERKY ERLTRIAPLTADDL SGFIARQLV
ETOQSVKATTTLLRRLYPDIDVVFVKAENY SDFRHNNWIKVRSLNHHHHAKDAYL
MVVG>TVYHEKFTRNFRLFFKKNGANRTYNLAKMFNYDVICTNAQDGKAWDVKTS
MNTVKiI<MMASNDVRVTRRLLEQSGALADATIYKASVAAKAKDGAYIGMKTKY SV
FADVTKYGGMTKIKNAY SIIVQY TGKKGEEIKEIVPLPIYLINRNATDIELIDYVKSVIP
KAKDISIKYRKLCINQLVKWGFYYYLGGKTODKIYIDNAIELVVPHDIATYIKLLDK
YDLLRKENKTLKASSITTSIYNINTSTVVSLSNKVGIDVFDYFMSKLRTPLY MKMKGN
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KVDELSSTGRSKFIKMTLEEQSIYLLEVLNLLTNSKTTFDVKPLGITGSRSTIGVKIHNL
DEFKIINESITGLY SNEVTIV

[0074] ZP_08029929.1 CRISPR-associated protein, Csnl family [Solobacterium
moor el F0204]
MEGQMKNNGNNLQQGNYYLGLDVGTSSVGWAVTDTDYNVLKFRGKSMWGARLF
DEASTAEERRTHRGNRRRLARRKYRLLLLEQLFEKEIRKIDDNFFVRLHESNLWADD
KSKPSKPLLFM)TNFTDKDYLKKYPTIYHLRSDLIHNSTEHDIRLVFLALHHLIKYRG
ffflYDNSANGDVKTLDEAVSDFEEY LNENDIEFMENKKEFNTVLSDKFILTKKEKKIS
LKKLYGDITDSENINISVLIEMLSGSSISLSNLFKDIEFDGKQNLSLDSDIEETLNDVVDI
LGDhnDLLIHAKEVYDIAVLTSSLGKFIKYLCDAKVELFEKNKKOLMILKXYIKKNHP
EDYKKIFSSPTEKKNYAAYSQTNSKNVCSQEEFCLFIKPYIRDMVKSENEDEVRIAKE
VEDKSFLTKLKGTASVVPY QIHERELNQILKMVAY LPFMNDEQEDISVVDKIKLIFK
FKIPYYVGPLNTKSTRSWVYRSDEKIYP\WS>rVIDLDKTAHEFMNRLIGRCTYTTW
PVLPMDSLLYSKYNVLNEIMPIKVNGKAIPVEVKQAIYTDLFENSKKKVTRKSIYIYLL
KNGY IEKEDIV SGIDIEIKSKLKSHHDFTQIVQENKCTPEEIERIIKGILVY SDDKSMLRR
WLKNMKGLSENDVKY LAKL>T*KEWGRLSKTLLTDIYTINPEDGEACSILDIMWNTN
ATLMEILSNEKY QFKQhnENY KAENYDEKQNLHEELDDMY ISPAARRSIWQALRJIVD
EIVDIKKSAPKKJIFIEMAREKXSAMKKKRTESRKDTLLELYKSCKSQADGFYDEELFE
KLSNESNSRLRRDQLYLYYTQMGRSMY TGKRIDFDKLINDKNTY DIDfflYPRSKIKD
DSITMIVLVEKDmMGEKTDIYPISEDIRQKMQPFWKILKEKGLINEEKYKPVLTRNYELT
DEELSSFVARQLVETQQSTKALATLLKXEYPSAKJIVY SKAGNVSEFRNRKDKELPKF
REINDLHHAKDAYLNIVVGNVYDTKFTEKFFNNIRNENY SLKRVFDFSVPGAWDAK
GSTFNTIKXYMAKNNPIIAFAPY EVKGELFDQQIVPKGK GQFPIKQGKDIEKY GGY NK
LSSAFLFAVEYKGKKARERSLETVYIKDVELYLQDPIKY CESVLGLKEPQIIKPKILMG
SLFSINMCKLVVTGRSGK QY VCHfflYQLSINDEDSQY LKNIAKY LQEEPDGNIERQNI
LMTSVNMKLFDVLCTKFNSNTYEIILNSLKNDVNEGREKFSELDILEQCNILLQLLKA
FKCNRESSNLEKLNNKKQAGVIVIPFILFTKCSVFKVIHQSITGLFEKEMDLLK

[0075] ZP_03989815.1 crispr-associated protein [Acidaminococcus sp. D21]
MGKMYYLGLDIGTNSVGYAVTDPSYHLLKFKGEPMWGAHVFAAGNQSAERRSFRT
SRRRLDRRQQRVKLVQEIFAPVISPIDPRFFIRLHESALWRDDVAETDK FfIFFNDPTYT
DKEYYSDYPTIHHLIVDLMESSEKFIDPRLVYLAVAWLVAHRGFIFLNEVDKDNIGDV

LSFDAFY PEFLAFLSDNGVY SPWVCESKALQATLLSRNSVNDKYKALKSLIFGSQKPE
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DNFDAMSEDGLIQLLAGKKVKVNKLFPQESNDASFTLNDKEDAIEEILGTLTPDECE
WIAffIPvPXFDWAIMKHALKDGRTISESKVKLYEQHHHDLTQLKYFVKTYLAKEYDD
IFRNVDSETTKNYVAY SYIWKEVKGTLPKNKATQEEFCKYVLGKVKN1ECSEADKV
DFDEMIQRLTDNSFMPKQVSGENRVIPYQLYYYELKTILNKAASYLPFLTQCGKDAIS
NQDKLLSIMTFRIPY FVGPLRKDNSEHAWLERKAGKIY PWNFNDKVDLDKSEEAFIR
RMTNTCTYYPGEDVLPLDSLIYEKFI_\/IILNEINN’IRIDGYPISVDVKQQVFGLFEKKRR
VTVKDIQNLLLSLGALDKHGKLTGIDTTIHSNYNTYHHFKSLMERGVLTRDDVERIV
ERMTY SDDTKRVRLWLNNNY GTLTADDVKHISRLRKHDFGRLSKMFLTGLKGVHK
ETGERASILDFMWNTODNLMQLLSECY TFSDEITKLQEAYYAKAQLSLNDFLDSMY
SNAVKRPIYRTLAVVNDIRKACGTAPKRIFIEMARDGESKKKRSVTRREQIKNLYRSI
RKDFQQEVDFLEKILENKSDGQLQSDALYLYFAQLGRDMY TGDPIKLEHIKDQSFYN
IDfflY PQSMVKODSLDNKVLVQSEINGEKSSRY PLDAAIRNKMKPLWDAY Y NHGLI
SLKKYQRLTRSTPFTDDEKWDFINRQLVETRQSTKALAILLKRKFPDTEIVY SKAGLS
SDFRHEFGLVKSRNTNDLHHAKDAFLAIVTGNVY FIERFNRRWFMVNQPY SVKTKTL
FTHSIKNGOTVAWNGEEDLGRIVKMLKQNKNTIHFTRFSFDRKEGLFDIQPLKASTGL
VPRKAGLDVVKYGGYDKSTAAYYLLVRFTLEDKKTQHKLMMIPVEGLYKARIDHD
KEFLTDYAQTTISEILQKDKQKVMIMFPMGTRHIKLNSMISIDGFY LSIGGKSSKGKS
VLCHAMVPLIVPHKIECY IKAMESFARKFKENNKLRIVEKFDKITVEDNLNLYELFLQ
KLQHNPYNKFFSTQFDVLTNGRSTFTKLSPEEQV QTLLNILSIFKTCRSSGCDLKSING
SAQAARIMISADLTGLSKKY SDIRLVEQSASGLFVSKSQNLLEYL

[0076] ZP_07455288.1 csnl family CRISPR-associated protein [Eubacterium yurii
subsp. margaretiae ATCC 43715]
MENKQYYIGLDVGTNSVGWAVTDTSYNLLRAKGKDMWGARLFEKANTAAERRTK
RTSRRRSEREKARKAMLKELFADEINRVDPSFFIRLEESKFFLDDRSENNRQRY TLFN
DATFTDKDYYEKYKTIFHLRSALINSDEKFDVRLVFLAILNLFSHRGHFLNASLKGDG
DIQGMDVFYNDLVESCEY FEIELPRITNIDNFEKILSQKGKSRTKILEEL SEEL SISKKD
KSKYNLIKLISGLEASVVELYMEDIQDENKKIKJGFRESDY EESSLKVKEIIGDEY FDL
VERAKSVHDMGLLSMIGNSKYLCEARVEAYEhmMHKDLLKIKELLKKYDKKAYNDM
FRKMTDKNY SAYVGSVNSNIAKERRSYDKRKIEDLYKYIEDTALKNIPDDNKDKIEIL
EKIKLGEFLKKQLTASNGVIPNQLQSRELRAILKKAENY LPFLKEKGEKNLTVSEMIIQ
LFEFQIPYYVGPLDKNPKKDNKANSWAKIKQGGRILPWNFEDKVDVKGSRKEFIEK

IVIVRKCTYISDEHTLPKQSLLYEKFMVLNEINNTKIDGEKISVEAKQKIYNDLFVKGKK
-47-



WO 2018/170015 PCT/US2018/022258

VSQKDIKKELISLNIMDKDSVLSGTDTVCNAYLSSIGKFTGVFKEEINKQSIVDMIEDII
FLKTVYGDEKRFVKEEIVEKY GDEIDKDKIKRILGFKFSNWGNL SKSFLELEGADVGT
GEVRSHQSLWETNFNLMELLSSRFTYMDELEKRVKICLEKPLSEWTIEDLDDMY LSSP
VKRMIWQSMKIVDEIQTVIGY APKRIFVEMTRSEGEKVRTKSRKDRLKELYNGIKED
SKQWVKELDSKDESYFRSKKMYLYYLQKGRCIVrYSGEVIELDKLMDDNLYDIDfflYP
RSFVKDDSLDNLVLVKKErNNRKQNDPITPQIQASCQGFWKILHDQGFM SNEKY SRL
TRKTQEFSDEEKLSFINRQIVETGQATKCMAQILQKSMGEDVDVVFSKARLV SEFRH
KJELFKSRLINDFFfIANDAYLNIVVGNSY FVKFTRNPANFIKDARKNPDNPVYKYH
MDRFFERDVKSKSEVAWIGQSEGNSGT1VIVKKTMAKNSPLITKKVEEGHGSITKETI
VGVKEIKFGRNKVEKADKTPKKPNLQAYRPIKTSDERLCNILRY GGRTSISISGYCLV
EYVKKRKTIRSLEAIPVYLGRKDSLSEEKLLNYFRYNLNDGGKDSV SDIRLCLPFISTN
SLVKIDGYLYYLGGKNDDPJIQLYTSAYQLKMKKEEVEYIRKIEKAVSM SKFDEIDREK
NPVLTEEKMELYNK1QDKFENTVFSKRMSLVKYNKKDLSFGDFLKNKKSKFEEIDLE
KQCKVLYMIFNLSNLKEVDLSDIGGSKSTGKCRCKKNITNYKEFKLIQQSITGLY SCE
KDLMTI

[0077] CBK78998.1 CRISPR-associated endonuclease, Csnl family [Coprococcus
catus GD/7]

MKQEYFLGLDMGTGSLGWAVTDSTY QVMRKHGKALWGTRLFESASTAEERRMFR
TARRRLDRRNWRIQVLQEIFSEEISKVDPGFFLRMKESKYY PEDKRDAEGNCPEL PY
ALFVDDWTDKWHKOYPTIYHLRKMLMETTEIPDIRLVYLVLHHMMKFIRGHFLLS
GDISQIKEFK STFEQLIQNIQDEEL EW{fISLDDAAIQFVEHVLKDRNLTRSTKKSRLIK
QLNAKSACEKAILNLLSGGTVKLSDIFNNKELDESERPKVSFADSGYDDY IGIVEAEL
AEQYYIIASAKAVYDWSVLVEILGNSVSISEAKIKVYQKHQADLKTLKKIVRQYMTK
EDYKRVFVDTEEKLNNY SAYIGMTKKNGKKVDLKSKQCTQADFYDFLKKNVIKVID
HKEITQEIESEIEKENFLPKQVTKDNGVIPY QVHDYELKXILDNLGTRMPFIKENAEKI
QQLFEFPJIPYYVGPLNRVDDGKDGKFTWSVRXSDARJY PWNFTEVIDVEASAEKFIR
RMTNKCTYLVGEDVLPKDSLVY SKFMVLNELNI"RLNGEKISVELKQRIYEELF CKY
RKVTRKKLERYLVIEGIAKKGVEITGIDGDFKASLTAYHDFKERLTDVQLSQRAKEAI
VLNVVLFGDDKKLLKQRLSKMYPNLTTGQLKGICSLSY QGWGRLSKTFLEEITVPAP
GTGEVWMMTALWQTTVTDNLMQLLSRNYGFTNEVEEFNTLKKETDLSYKTVDELYV
SPAVKRQIWQTLKVVKEIQKVMGNAPKRVFVEMAREKQEGKRSDSRKKQLVELYR

ACKNEERDWITELNAQSDQQLRSDKLFLYYIQKGRCMY SGETIQLDELWDNTKY DI
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DHIYPQSKTMDDSLNTNRVLVKX>rWAIKSDTYPLSLDIQKKMMSFWKMLQQQGFIT
KEKYVRLVRSDELSADELAGFIERQIVETRQSTKAVATILKEALPDTEIVYVKAGNVS
WRQTYELLKVREMNDLHHAKDAYLNIVVGNAY FVKFTKNAAWFIRNNPGRSY NL
KEMFEFDIERSGEIAWKAGNKGSIVTVKKVMQKNMLVTRXAYEVKGGLFDQQIMK
KGKGQVPIKGMDEPVLADIEKY GGYNKAAGTYFMLVKSLDKKGKEIRTIEFVPLYLKN
QIEINHESAIQYLAQERGLNSPEILLSKIKIDTLFKYDGFKMWLSGRTGNQLIFKGANQ
LILSHQEAAILKGVVKWNRKNENKDAKLSERDGMTEEKLLQLYDTFLDKLSNTVY
SIRLSAQIKTLTEKRAKFIGLSNEDQCIVLNEILHMFQCQSGSANLKLIGGPGSAGILV
MNNNITACKQISVINQSPTGIYEKEIDLIKL

[0078] ZP_00143587.1 hypothetical protein [Fusobacterium nucleatum subsp.
vincentii ATCC 49256]
MKKQKFSDYYLGFDIGTNSYGWCVTDLDYNVLRFNKKDMWGSRLFDEAKTAAER
RVQRNSRRRLKJRKWRLNLLEEIFSDEIMKIDSNFFRRLKESSLWLEDKNSKEKFTLF
NDDNYKDYDFYKQYPTIFHLRDELIKNPEKKDIRLIYLALHSIFKSRGHFLFEGQNLK
EIKNFETLYNNLISFLEDNGINKSIDKDMEKLEKIICDSGKGLKDKEKEFKGIFNSDKQ
LVAIFKLSVGSSVSLNDLFDTDEYKKEEVEKEKISFREQIYEDDKPrYYSILGEKIELLD
IAKSFYDFMVLNNILSDSNYISEAKVKLYEEHKKDLKNLKYIIRKYNKENYDKLFKD
KNENWPAYIGLNKEKDKKEVVEKSRLKJIDDLIKVIKGY LPKPERIEEKDKTIFNEILN
KIELKTILPKQRISDNGTLPYQIHEVELEKILENQSKYYDFLNYEENGVSTKDKLLKTF
KFPIPYYVGPLNSYHKDKGGNSWIVPvVKEEGKILPWNFEQKYVDIEKSAEEFIKRMTNK
CTYLNGEDVIPKDSFLY SEYIILNELNKVQVNDEFL>ffiENKPvKIIDELFKEM <XV SEKK
FKEYLLVNQIANRTVELKGIKDSFNSNYVSYIKFKDIFGEKLNLDIYKEISEKSILWKC
LY GDDKKIFEKKIKNEY GDILNKDEIKKINSFKFNTWGRLSEKLLTGIEFINLETGECY
SSVMEALRRTNYNLMELLSSKFTLQESIDNENKEMNEV SYRDLIEESYV SPSLKRAIL
QTLKJYEEIKKITGRVPKXVFIEMARGGDESMKNKKIPARQEQLKKLYDSCGNDIANF
SIDIKEMKNSLSSYDNNSLRQKXLYLYYLQFGKCMY TGREIDLDRLLQNNDTYDIDH
I'YPRSKVIKDDSFDNLVLVLKNENAEKSNEY PVKKEIQEKMKSFWRFLKEKNFISDEK
YKRLTGKDDFELRGFMARQLVNVRQTTKEVGKILQQIEPEIKIVY SKAEIASSFREMF
DRIKVRELNDTHHAKDAYLNTVAG>WYNTKFTEKPYRYLQEIKENYDVKKIYNYDIK
NAWDKENSLEIVKKNMEKNT\ONTRFIKEEKGELFNLNPIKKGETSNEIISIKPKLY DG
KDNKLNEKYGYYTSLKAAYFIYVEHEKKNKKVKTFERITRIDSTLIKNEKNLIKYLVS

QKXLLNPKIIKKIYKEQTLIIDSYPYTFTGVDSNKKVELKNKKQLYLEKKYEQILKNA
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LKFVEDNQGETEEWKFIYLKKRhWNEKNETIDAVKERYMEFNEIVryTiKFLEKLSSK
DYKNYINNKLY TNFLN SKEKFKKLKLWEKSLILREFLKIFNKNTYGKYEIKDSQTKE
KLFSFPEDTGRIRLGQSSLGNNKELLEESVTGLFVKKIKL

[0079] YP_005054169.1 CRISPR-associated protein, Csnl family [Filifactor alocis
ATCC 35896]
MTKEYYLGLDVGTNSVGWAVTDSQYNLCKFKKKDMWGIRLFESANTAKDRRLQR
GNRRRLERKKQRIDLLQEIFSPEICKIDPTFFIRLNESRLHLEDKSNDFKYPLFIEKDYS
DIEYYKEFPTIFHLRKHLIESEEKQDIRLIYLALHNIIKTRGHFLIDGDLQSAKQLRPILD
TFLLSLQEEQNLSVSLSENQKDEYEEILKNRSIAKSEKVKKLKNLFEISDELEKEEKKA
QSAVIENFCKFIVGNKGDVCKFLRVSKEELEIDSFSFSEGKYEDDIVKNLEEKVPEKYV
YLFEQMKAMYDWNILVDILETEEYISFAKVKQYEKHKTNLRLLRDIILKYCTKDEYN
RMF>TOEKEAGSYTAYYGKLKKNNKKYWIEKKRNPEEFYKSLGKLLDKIEPLKEDLE
VLTMMIEECK>%TLLPIQKNKDNGVIPHQVHEVELKKILENAKKYYSFLTETDKDGY
SWQKIESIFRFRIPYYVGPLSTRHQEKGSNVWMVRKPGREDRIYPWNMEEIIDFEKS
NENFITRMTmCTYLIGEDVLPKHSLLYSKYMVLNELNNVKVRGKKLPTSLKQKVFE
DLFENKSKVTGKNLLEYLQIQDKDIQIDDL SGFDKDFKTSLKSYLDFKKQIFGEEIEKE
SIQNMIEDHKWITIYGNDKEMLKRVIRANYSNQLTEEQMKKITGFQYSGWGNFSKMF
LKGISGSDVSTGETFDII TAMWETDNNLMQILSKKFTFMDNVEDFNSGKVGKIDKITY
DSTVKEMFL SPE>¥RAVWQTIQVAEEIKJCVMGCEPKKIFIEMARGGEKVKKRTKSR
KAQLLELYAACEEDCRELIKEIEDRDERDFNSMKLFLYYTQFGKCMY SGDDIDINELI
RGNSKWDRDfflYPQSKJKDDSIDNLVLVNKTYNAKKSALLSEDIQKKMHSFWLSLL
NKKLITKSKYDRLTRKGDFTDEEL SGFIARQLVETRQSTKAIADIFKQIYS.SEVVYVKS
SLVSDFRKKPLNYLKSRRVNDYHHAKDAYLMVVG>"YNKKFTSNPIQWMKKNRD
TWSLNKVFEHDVVINGEVIWEKCTYHEDTNTYDGGTLDRIRKIVERDNILYTEYAY
CEKGELFNATIQNKNGNSTVSLKKGLDVKKYGGYFSANTSYFSLIEFEDKKGDRARH
[IGVPIYIANMLEHSPSAFLEYCEQKGYQNVRILVEKIKKNSLLIINGYPLRIRGENEVD
TSFKRAIQLKLDQKNYELVRMEKFLEKYVEKKGNYPIDENRDHITHEKMNQLYEVL
LSKMKKFNKKGMADPSDRIEK SKPKFIKLEDL DKM VINKMLNLLRCDNDTKADLS
LIELPKNAGSFVVKKNTIGKSKIILVNQSVTGLYENRREL
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[0080] ZP_07398877.1 csnl family CRISPR-associated protein [Peptoniphilus
duerdenii ATCC BAA-1640]

MKNLKEYYIGLDIGTASVGWAVTDESY MPKFNGKICMWGVPVLFDDAKTAEERRTQ
RGSPJRLNRPVKERINLLQDLFATEISKVDPNFFLRLDNSDLY REDKDEKLKSKYTLFN
DKDFKI)RDYHKKYPTIIHLIMDLIEDEGKKDIRLLYLACHYLLKNRGHFIFEGQKFD
TKNSFDKSI>TOLKJFILRDEY MDLEFWreDLIEHTDTTLNKTNKKNELKNIVGDTKFL
KAISAIMIGSSQKLVDLFEDGEFEETTVKSVDFSTTAFDDKY SEYEEALGDTISLLNIL
KSIYDSSILENLLKI)ADKSKDGNKYISKAFVKKFNKHGKDLKTLKRIIKKYLPSEYAN
IFRNKSTrhTONYVAYTKSMTSNKRTKASKFTKQEDFYKFIKKFILDTIKETKLNSSENED
LKLIDEMLTDIEFKTFIPKLKSSDNGV1PY QLKLMELKKILDNQSKYYDFLNESDEY GT
VKOKVESIMEFRIPYYVGPLNPDSKYAWIKRENTKITPWWKDIVDLDSSREEFIDRLI
GRCTYLKEEKVLPKASLIYNEFMVLNELNNLKLNEFLITEEMKKAIFEELFKTKKKVT
LKAVSNLLKKEFNLTGDILLSGTDGDFKQGLNSYIDFKNIIGDKVDRDDY RIKIEEIIK
LIVLYEDDKTYLKXKJIKSAYK>TOFTDDEIKXIAALNYKDWGRLSKRFLTGIEGVDKT
TGEKGSIYFMREYNLNLMELMSGHY TFTEEVEKLNPVENRELCYEMVDELYLSPSV
KRMLWQSLRVVDEIKRIIGKDPKKIFIEMARAKEAKN SRXESRKNKLLEFYKFGKKA
FINEIGEERYNYLLNEINSEEESKFRWDNLYLYYTQLGRCMY SLEPIDLADLKSNMY
DQDfflYPKSKIYDDSLENRVLVKKNLNHEKGNQY PIPEKVLNKNAY GFWKILFDKGL
IGQKKYTRLTRRTPFEERELAEFIERQIVETRQATKETANLLKNICQDSEIVY SKAENA
SRFRQEFDIIKCRTVNDLHHMHDAYLMVVGNVYNTFCFTKNPLNFIKDKDNVRSY NL
ENMFKYDVVRGSY TAWIADDSEGNVKAATIKKVKRELEGKNYRFTRMSYIGTGGL
YDQNLMRKGKGQIPQKENTNKSNIEKY GGYNKASSAY FALIESDGKAGRERTLETIPI
MVYNQEKYGNTEAVDKYLKDNLELQDPKILKDKIKINSLIKLDGFLYNIKGKTGDSL
SIAGSVQLIVNKEEQKLIKKMDKFLVKXKDNKDIKVTSFDMKEEELIKLYKTLSDKL
NNGIY SNKRNNQAKMSEALDKFKEISIEEKIDVLNQHLLFQSYNNGCNLKSIGLSAKT
GVVFIPKKLNYKECKLINQSITGLFENEVDLLNL

[0081] NP_970941.1 CRISPR-associated Casbe [Treponema denticola ATCC 35405]
MKKEIKDYFLGLDVGTGSVGWAVTDTDYKLLKANPVKDLWGMRCFETAETAEVRR
LHRGARRRIERRKKRIKLLQELFSQEIAKTDEGFFQRMKESPFY AEDKTILQENTLFN
DKDFADKTYHKAYPTmHLIKAWIENKVKPDPPJ LYLACHNIIKKRGFIFLFEGDFDSE

NQFDTSIQALFEYLREDMEVDIDADSQKVKEILKDSSLKNSEKQSRLNKILGLKPSDK
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QKKAITNLISGNKINFADLYDNPDLKDAEKNSISFSKDDFDALSDDLASILGDSFELLL
KAKAVYNCSVLSKVIGDEQYLSFAKVKIYEKHKTDLTKLKNVIKKHFPKDYKKVFG
YMCNEKNMWY SGYVGVCKTKSKKLIINNSVNQEDFYKFLKTILSAKSEIKEVNDILT
EIETGTFLPKQISKSNAEIPY QLRKMELEKILSNAEKHFSFLKQKDEKGLSHSEKIIMLL
TFKIPYYIGPINDNHKKFFPDRCWVVKKEKSPSGKTTPWNFFDffIDKEKTAEAFITSR
TNFCTYLVGESVLPKSSLLYSEYTVLNErNNLQIIIDGKNICDIKLKQKIYEDLFKKYK
KITQKQISTFIKHEGICNKTDEVNLGIDKECTSSLKSY IELKNIFGKQVDEISTKNMLEEI
IRWATIYDEGEGKTILKTKIKAEY GKY CSDEQIKKILNLKFSGWGRLSRKFLETVTSE
MPGFSEPVMITAMRETQNNLMELLSSEFTFTENIKKINSGFEDAEKQFSY DGLVKPLF
LSPSVKKMLWQTLKLVKEISHITQAPPKKIFIEMAKGAELEPARTKTRLKILQDLYNN
CKNDADAFSSEIKDLSGKJE>¥DNLRLRSDKLYLYYTQLGKCMY CGKPIEIGHVFDTS
NYDIDHIYPQSKIKDDSISNRVLVCSSCNKNKEDKY PLK SEIQSK QRGFWNFLQRNNF
ISLEKLNRLTRATPISDDETAKFIARQLVETRQATKVAAKVLEKMFPETKIVY SKAET
VSMFRNKFDIVKCREINDFHHAHDAYLNIVVGNVYNTKFTNNPWNFIKEKRDNPKIA
DTYNYYKVFDYDVKRNMTAWEKGKTIITVKDMLKRNTPIY TRQAACKKGELFNQT
IMKKGLGQHPLKXEGPFSMSKY GGYNKVSAAYYTLIEYEEKGNKIRSLETIPLYLVK
DIQKDQDVLKSYLTDLLGKKEFKILVPKIKINSLLKINGFPCHITGKTNDSFLLRPAVQ
FCCSNNEVLY FKKILRFSEIRSQREKJGKTISPY EDL SFRSY IKENLWKKTKNDEIGEKE
FYDLLQKKNLEIYDMLLTKFNCDTIYKKRPNSATIDILVKGKEKFKSLITENQFEVILEIL
KLFSATRNVSDLQHIGGSKY SGVAKIGNKISSLDNCILIYQSITGIFEKRIDLLKV

[0082] ZP_07912707.1 conserved hypothetical protein [Staphylococcus lugdunensis

M 23590]
MNQKEILGLDIGITSVGYGLIDYETKMIDAGVRLFPEANVENNEGRRSKRGSRRLKR
RRIHRLERVKKLLEDYNLLDQSQIPQSTNPY AIRVKGLSEALSKDELVIALLffIAKRRG
IHKIJDVIDSNDDVGNEL STKEQLNKNSKLLKDKFVCQIQLERMNEGQVRGEKNRFKT
ADIIKEIQLLNVQKNFHQLDENFINKY IELVEMRREY FEGPGK GSPY GWEGDPKAW
YETLMGHCTYFPDELRSVKYAYSADLFNALNDLNNLVIQRDGLSKLEYHEKYFnIEN
VFKQKKKPTLKQIANEINVNPEDIKGY RITKSGKPQFTEFKLYHDLKSVLFDQSILENE
DVLDQIAEILTIYQDKDSIKSKLTELDILLNEEDKENIAQLTGYTGTHRLSLKCIRLVLE
EQWYSSRNOMEIFTHLNIKJKKINXTAANKIPKAMIDEFILSPVVKRTFGQAINLINiai
EKYGVPEDIIIELARENNSKDKQKFINEMQKKNENTRKRINEIGKY GNQNAKRLVEK

IRLFIDEQEGKCLY SLESIPLEDLLNNPNHY EVDHIIPRSVSFDNSYHNKVLVKQSENSK
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KSNLTPY QY FNSGK SKLSY NQFKQffILNLSK SQDMSKKKKEY LLEERDINKFEVQKE
FINWAVDTRYATRELTNYLKAWSANNIVNWKVKTINGSFTDYLRKVWK”  KKERNH
GYKHHAEDALIIANADFLFKENKKLKAVNSVLEKPEIESKQLDIQVDSEDNY SEMFIIP
KQVQDIKDFRWKY SHRVDKXPNRQLNNTOTLY STRXKDNSTYIVQTIKDIYAKDNTT
LKKQFDKSPEKFLMY QHDPRTFEKLEVIMKQYANEKNPLAKYHEETGEYLTKY SKK
AGPIVKSLKYIGNKLGSHLDVTHQFKSSTKKLVKLSIKPYRFDVYLTDKGYKFITIS
YLDVLKXDNYYYIPEQKYDKLKLGKAIDKNAKFIASFYKNDLIKLDGEI'YKIIGVNSD
TRNMIELDLPDIRYKEY CELNNIKGEPRIKKTIGKKVNSIEKLTTDVLGNVFTNTQYT
KPQLLFKRGN

[0083] ZP_02077990.1 hypothetical protein EUBDOL_01797 [Eubacterium dolichum
DSM 3991]

MMEVFMGRLVLGLDIGITSVGFGIIDLDESEIVDY GVRLFKEGTAAENETRRTKRGGR
RLKRRRVTRREDMLHLLKQAGIISTSFHPLNNPYDVRVKGLNERLNGEELATALLHL
CKHRGSSVETIEDDEAKAKEAGETKKVLSMNDQLLKSGKYVCEIQKERLRTNGffIRG
HENNFKTPVAYVDEAFQILSHQDLSNELKSAHTNSRKRMY Y DGPGGPLSPTPYGRYTY
FGQKEPIDLIEKMRGK CSLFPNEPRAPKLAY SAELF>n _LNDLNNLSIEGEKLTSEQKA
MILKIVHEKGKITPKQLAKEVGVSLEQIRGFRIDTKGSPLLSELTGYKMIREVLEKSND
EHLEDHVFYDEIAEILTKTKDIEGRKK QISELSSDLNEESVHQLAGLTKFTAYHSLSFK
ALRLINEEMLKTELNQMQSITLFGLKQWffiLSVKGMKMQADDTAILSPVAKRAQRE
TFKVVNRLREIY GEFDSIVVEMAREKNSEEQRKAIRERQKFFEMRNKQVADIIGDDR
KINAKLREK1VLY QEQDGKTAYSLEPIDLKLLIDDPNAYEVDHIIPISISLDDSITNKVL
VTHPVENQEKGNLTPISAFVKGRFTKGSLAQYKAY CLKLKEKNIKTNKGYRKKVEQY
LL>ffiNDIYKYDIQKEFINRNLVDTSYASRVVL,NTLTTYFKQNEIPTKVFTVKGSLTNA
FRRKINLKKDRDEDY GHHAIDALIIASMPKMRLLSTIFSRYKIEDIYDESTGEVFSSGD
DSMY YDDRYFAFIASLKAIKVRKFSHKIDTKPNRSVADETIY STRVIDGKEKVVKKY
KDIYDPKFTALAEDILNNAY QEKYLMALHDPQTFDQIVKVVNYYFEEMSKSEKY FT
KBKKGRIKISGMNPLSLYPYDEHGMLKKY SKKGDGPAITQMKY FDGVLGNHIDISAH
YQVRDKKVVLQQISPYRTDFYYSKENGYKFVTIRYKDVRWSEKKKKYVIDQQDYA
MKKAEKKIDDTY EFQFSMHRDELIGITKAEGEALIYPDETWFINFNFFFHAGETPEILK
FTATONDKSNKIEVKPIHCY CKMPVLMPTISKKIVPIDKYATDVVGNLYKVK”A  TLKF
EFD
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[0084] YP_820161.1 CRISPR-system-like protein [Streptococcus thermophilus LMD-
9]
MSDLVLGLDIGIGSVGVGILNVTGEHHKNSRIFPAAQAENNLVRRTORQGRPXLARR
KXHRRVRLNRLFEESGLITDFTKISINLNPY QLRVKGLTDELSNEELFIALKNMVKHR
GISYLDDASDDGNSSVGDYAQIVKENSKQLETKTPGQIQLERY QTY GQLRGDFTVEK
DGKKHRLINVFPTSAY RSEALRILQTQQEFNPQITDEFINRYLEILTGKRKY YHGPGNE
KSRTDY GRYRTSGETLDMFGILIGKCTFYPDEFRAAKASY TAQEFNLLNDLNNLTVP
TETKKLSKEQKNQIINYVKNEKAMGPAKLFKYIAKLLSCDVADIKGY RIDKSGKAEI
HTFEAYRKMKTLETLDIEQMDRETLDKLAYVLTLNTEREGIQEALEHEFADGSFSQK
QVDELVQFRKANSSIFGKGWHWSVKLMMELIPELYETSEEQMTILTRLGKQKTTSSS
NKTKYIDEKLLTEEIYNPVVAKSVRQAIKI\NSTAAIKEY GDFDNIVIEMARETNEDDEK
KAIQKIQKANKDEKDAAMLKAANQYNGKAELPHSVFHGHKQLATKIRLWHQQGER
CLYTGKTISIHDLINNSNQFEVDHILPLSITFDDSLANKVLVYATANQEKGQRTPY QA
LDSMDDAWSFRELKAFVRESKTLSNKKKEY LLTEEDISKFDVRKKFIERNLVDTRYA
SRVVLNALQEHFRAHKIDTKVSVVRGQFTSQLRRHWGIEKTRDTYHHHAVDALIIAA
SSQLNLWKKQKNTLVSY SEDQLLDIETGELISDDEY KESVFKAPY QHFVDTLKSKEFE
DSILFSYQVDSKFNRKISDATIYATRQAKVGKDKADETYVLGKIKDIYTQDGYDAFM
KJYKKDKSKFLMYRHDPQTFEKVIEPILENYPNKQINEKGKEVPCWFLKYKEEHGYI
RKY SKKGNGPEIKSLKYYDSKLGNHIDITPKDSNNKVVLQSVSPWRADVYFNKTTG
KYEILGLKYADLQFEKGTGTYKISQEKYNDIKKKEGVDSDSEFKFTLYKNDLLLVKD
TETKEQQLFRFLSRTMPKQKHYVELKPYDKQKFEGGEALIKVLGNVANSGQCKKGL
GKSNISIYKVRTDVLGNQHIIKNEGDKPKLDF

[0085] EFT93846.1 CRISPR-associated protein, Csnl family [Enterococcus faecalis
TX0012]

MY SIGLDLGISSVGWSVIDERTGNVIDLGVRLFSAKNSEKNLERRTNRGGRRLIRRKT
NRLKDAKKILAAVGFYEDKSLKNSCPY QLRVKGLTEPLSRGEIYKVTLHILKKRGISY
LDEVDTEAAKESQDYKEQVRKNAQLLTKYTPGQIQLQRLKENNRVKTGINAQGNYQ
LNVFKVSAYANELATILKTQQAFYPNELTDDWIALFVQPGIAEEAGLIYRKRPYYHG
PGNEANNSPY GRWSDFQK TGEPATOIFDKLIGKDFQGELRASGL SLSAQQYNLLNDL
TNLKIDGEVPL SSEQKEYILTELMTKEFTRFG VNDVVKLLGVKKERLSGWRLDKKGK
PEIHTLKGY RNWRKIFAEAGIDLATLPTETIDCLAKVLTLNTEREGIENTLAFELPELSE

SVKLLVLDRYKELSQSISTQSWHRFSLKTLHLLIPELMNATSEQNTLLEQFQLKSDVR
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KilYSEY KKLPTKDVLAEIYNPTVNKTVSQAFKVIDALLVKYGKEQIRYITIEMPRDDN
EEDEKKRIKELHAKNSQRXhTOSQSY FMQKSGWSQEKFQTTIQKNRIIFLAKLLYYYE
QDGICAYTGLPISPELLVSDSTEIDHIIPISISLDDSINNKVLVLSKANQVKGQQTPYDA
W1VTOGSFKXTNGKFSNWDDY QKWVESRHFSHKKENM.LETRNIFDSEQVEKFLARNL
M3TRYASRLVLNTLQSFFTNQETKVRVVNGSFTHTLRKKWGADLDKTRETFIHHHA
VDATLCAVTSFVKVSRYHYAVKEETGEKVMREIDFETGEIVNEMSY WEFKK SKKY E
RKTY QVKWPNFREQLKPX"MFIPRIKFSHQVDRKANRKLSDATIYSVREKTEVKTLKS
GKQKITTDEYTIGKIKDIYTLDGWEAFKKKQDKLLMKDLDEKTYERLLSIAETTPDFQ
EVEEKNGKVKRVKRSPFAVY CEENDIPAIQKYAKKNNGPLIRSLKYYDGKLNKHINI
TKDSQGRPVEKTKNGRKVTLQSLKPYRYDIYQDLETKAYYTVQLYYSDLRFVEGKY
GITEKEYMKKVAEQTKGQVVRFCFSLQKNDGLEIEWKDSQRY DVRFYNFQSANSIN
FKGLEQEMMPAENQFKQKPYNNGAINLN1IAKY GKEGKKLPICFNTDILGKKHYLFYE
KEPKNIIK

[0086] YP_002937591.1 CRISPR-system related protein [Eubacterium rectale ATCC
33656]
MWTEKEKLFMKYILALDIGIASVGWAILDKESETVIEAGSNIFPEASAADNQLRRDM
RGAKRNNRRLKTRINDFIKL WENNNLSIPQFKSTEIVGLKVRAITEEITLDELYLILYSY
LKHRGISYLEDALDDTVSGSSAYANGLKLNAKELETHY PCEIQQERLNTIGKYRGQS
QIINENGEVLDLSNVFTIGAYRXEIQRVFEIQKXYHPELTDEFCDGY MLIFNRKRKY'Y
EGPGNEKSRTDY GRFTTKLDANGNY ITEDNIFEKLIGKCSVYPDELRAAAASYTAQE
YTWLNDLNMTINGRKLEENEKHEIVERIKSSNTI>nVIRKIISDCMGEMDDFAGARIDK
SGKAMNFHKFEVYNKMRKALLEIGIDISNY SREELDEIGY IMTINTDKEAMMEAFQK SW
IDLSDDVKQCLFNNnViRKTOGALF*WQSFSLKIMNELIPEMY AQPKN QMTLLTEMGYV
TKGTQEEFAGLKYIPVDVVSEDIFNPVVRRSVRISFKILNAVLKKYKALDTIVIEMPRD
RNSEEQKKRINDSQKLNEKEMEY IEKXLAVTY GIKLSPSDFSSQKQLSLKLKLWNEQ
DGICLY SGKTIDPNDIINiSrPQLFEIDHITPRSISFDDARSNKVLVY RSENQKKGNQTPYY
YLTHSHSEWSFEQY KATVMNLSKXKEYAISRKKIQNLLY SEDITKMDVLKGFINRNI
>TOTSYASRLVLNTIQNFFMANEADTKVKVIKGSY THQMRCNLKLDKNRDESY SHFIA
VDAMLIGY SELGY EAYHKLQGEFIDFETGEILRKDMWDENMSDEVYADYLY GKKW
AMRNEVVKAEK>TVKYWHYVMRKS>¥%GLCNQTIRGTREYDGKQYKINKLDIRTKE
GIKVFAKLAFSKKDSDRERLLVYLNDRRTFDDLCKIYEDY SDAANPFVQYEKETGDII

RKYSKKHNGPPIDKLKYKDGEVGACIDISFQCYGFEKGSKKVILESLVPYPXxMDVYYKE
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ENHSYYLVGVKQSDIKPEKGPIJWIDEEAY APJLVNEKMIQPGQSRADLENLGFKFKL
SFYKNDNEY EKDGKIYTERLVSRTMPKQRNY IETKPIDKAKFEKQNLVGLGKTKFIK
KYRYDILGNKY SCSEEKFTSFC

[0087] YP_015730.1 hypothetical protein MMOBO0330 [Mycoplasma mobile 163K]
MY FYKNKENKLNKKVVLGLDLGIASVGWCLTDISQKEDNKFPIILHGVRLFETVDDS
DDKLLNETRRKKRGQRRRNRRLFTRKRDFIKY UDNNIIELEFDKNPKILVRNFIEK Y]
NPFSKNLELKYKSVTNLPIGFHNLRKAAINEKYKLDKSELIVLLYFYLSLRGAFFDNP
EDTKSKEMNKNEIEIFDKNESIKNAEFPIDKIEFY KISGKIRSTINLKFGHQDY LKEIKQ
VFEKQMDFMNY EKFAMEEK SFFSRIRNY SEGPGNEK SFSKY GLY ANENGNPELIINE
KGQKJY TKIFKTLWESKIGKCSYDKKLYRAPKNSFSAKVFDITOKLTDWKHKNEY IS
ERLKRKILLSRFLNKDSKSAVEKILKEEWKFENSEIAY NKDDhraM.PNNAYHSLTT
IFKKHLINFENYLISNENDL SKLM SFYKQQSEKLFVPNEKGSYEINQNNNVLHIFDAIS
MLNKFSTIQDRIRILEGY FEFSNLKKDVKSSEIY SEIAKLREFSGTSSLSFGAY Y KFIPN
LISEGSKNY STISY EEKALQNQKNWSHSNLFEKTWVEDLIASPTVKRSLRQTMNLLK
EIFKY SEK>WLEIEKIVVEVTRSSNNKFfiRKKIEGINKY RKEKY EELKKVYDLPNENT
TLLKKLWLLRQQQGYDAY SLRKIEA>TOVINKPWNY DIDHIVPRSISFDDSFSNLVIVN
KLDNAKXSNDLSAKQFIEKIY GIEKLKEAKENWGNWY LRNANGKAFNDKGKFIKLY
TIDNLDEFDNSDFINRNLSDTSYITNALVNHLTFSNSKYKY SVVSVNGKQTSNLRNQI
AFVGIKNNKETEREWKRPEGFKSINSNDFLIREEGKNDVKDDVLIKDRSFNGHHAED
AYFITIISQYFRSFKRIERLNVNYRKETRELDDLEKNNIKFKEKASFDNFLLINALDELN
EKLNQMRFSRMVITKKNTQLFNETLY SGKYDKGKNTIKKVEKLNLLDNRTDKIKKIE
EFFDEDKLKENELTKLHIFANHDKNLYETLKITWNEVKIEIKN KNLNEKNY FKY FVNKK
LQEGKISFNEWVPILDNDFKIIRKIRY IKFSSEEKETDEI FSQSNFLKIDQRQNFSFHNT
LYWVQIWVYKNQKDQY CFISIDARNSKFEKDEIKINY EKLKTQKEKLQIINEEPILKIN
KGDLFENEEKELFY1VGRDEKPQKLEIKYILGKKIKDQKQIQKPVKKY FPNWKKVNL
TYMGEIFKK

[0088] ZP_09312133.1 hypothetical protein MoviS 00710 [Mycoplasma
ovipneumoniae SCOI]
MFINKXMTIGFDLGIASIGWAIIDSTTSKILDWGTRTFEERXTANERRAFRSTRRMRR
KAYRNQRFINLILKYKDLFELKNTSDIQRANKKDTEN Y EKIISFFTEIY KKCAAKHSNIL
EVKVKALDSKIEKLDLIWILHDYLENRGFFYDLEEENVADKYEGI1EHPSILLYDFFKK

NGFFKSNSSIPKDLGGY SFSNLQWVNEIKJCLFEV QEINPEFSEKFLNLFTSVRDY AKGP
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GSEHSASEY GIFQKDEKGKVFKKY DNIWDKTIGKCSFFVEENRSPVNY PSYEIFNLLN
QLINLSTDLKTTOKKIWQLSSNDP* LLDELLKVKEKAKIISISLKKNEIKKIILKDFGF
EKSDIDDQDTIEGRKIIK.EEPTTKLEVTKHLLATIY SHSSDSNWINTNMLEFLPYLDAIC
[ILDREKSRGQDEVLKKLTEKNIFEVLKIDREKQLDFVKSIFSNTKFNFKKIGNFSLKAI
REFLPKMFEQNKNSEY LKWKDEEIPVRKWEEQK SKLGKTDKKTKY LNPRIFQDEIISP
GTKNTFEQAVLVLNQIIKKY SKEMIDAIHESPPVEKNDKKTIEEIKKRNKKGKGKTLEK
LFQILNLENKGYKLSDLETKPAKLLDRLPVFYHQQDGIDLYTLDKIMDQLINGSQKYEI
EfflIPY SMSYDNSQANKILTEKAENLKKGKLIASEYIKRNGDEFYNKYYEKAKELFIN
KYKKNKKLDSYVDLDEDSAKNRFRFLTLQDYDEFQVEFLARNLNDTRY STKLFYHA
LVEHFE>"FFTY IDENSSKHKVKISTIKGHVTKY FRAKPVYQKNNGPNENLNNNKPE
KIEKNRENNEHHAVDAAIVANGNKNPQIANLLTLADNKTDKKFLLHDENYKENIETG
ELVKIPKFEVDKLAKVEDLKKIIQEKYEEAKKHTAIKFSRKTRTILNGGLSDETLY GF
KYDEKEDKY FKIIKKJO.VTSKNEELKKY FENPFGKKADGKSEY TVLMAQSHL SEFNK
LKEIFEKYNGFSNKTGNAFVEYMNDLALKEPTLKAEIESAKSVEKLLYYNFKPSDQF
TYHDNTNNKSFKPI'Y KMRIIEY KSIPIKFKILSKHDGGKSFKDTLFSLYSLVY” VYEN
GKESYKSIPVTSQMRNFGIDEFDFLDENLYNKEKLDIYKSDFAKPIPVNCKPVFVLKK
GSILKKKSLDIDDFKETKETEEGhTA'FISTISKRFNRDTAY GLKPLKLSVVKPVAEPST
NPIFKEYIPIHLDELGNEY PVKIKEHTDDEKLMCTIK

[0089] ADC31648.1 Csnl family CRISPR-associated protein [Mycoplasma
gallisepticum str. F]
MNNSIKSKPEVTIGLDLGVGSVGWAIVDNETMIHHLGSRLFSQAKTAEDRRSFRGVR
MRRRKY KLKRFVNLIWKYNSY FGFKNKEDILNNY QEQQKLHNTVLNLKSEALNA
KIDPKALSWILHDYLKNRGHFYEDNRDFNVYPTKELAKYFDKYGYYKGIIDSKEDN
DNKLEEELTKY XFSNKHWLEEVKXVLSNQTGLPEKFKEEY ESLFSYVRNY SEGPGS]
NSVSPYGIYHLDEKEGKVVQKYNNIWDKTIGKCNIFPDEY RAPKNSPIAMIFNEINELS
TIRSYSIYLTGWFINQEFKKAY LNKLLDLLIKTNGEK PIDARQFKKLREETIAESIGKET
LKDVENEEKLEI CEDHKWKLKGLKLNTNGKIQYNDLSSLAKFVHKLKQHLKLDFLLE
DQYATLDKINFLQSLFVYLGKHLRY SNRVDSANLKEFSDSNKLFERILQKQKDGLFK
LFEQTDKDDEKILAQTHSLSTKAMLLAITPvMTNLDNDEDNQKNNDKG\VNFEAIKNF
DQKFIDITKKNWN,SLKONKRYLDDRFIND A1LSPGVKRILREATKVFNAILKQFSEEY
DVTKVVIELARELSEEKELENTKNY KKLIKKNGDKISEGLKALGISEDEIKDILKSPTK

SYKFLLWLQQDffIDPY SLKEIAFDDIFTKTEKFEIDHIIPY SISFDDSSSNKLLVLAESNQ
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AKSNQTPY EFISSGNAGIKWEDYEAY CRKFKDGDSSLLDSTQRSKKFAKMMKTDTS
SKYDIGFLARNLNDTRYATIVFRDALEDY ANNHLVEDKPMFKVVCINGSVTSFLRKN
FDDSSY AKKDRDKNIHHAVDASIISIFSNETKTLFNQLTQFADY KLFKNTDGSWKKID
PKTGVVTEVTDENWKOQI RV RNQVSEIAKVIEKYIQDSNIERKARY SRKIENKTMSLFN
DTVYSAKKVGYEDQIKIJRKNLKTLDIFIESAKENKNSKVKRQFVYRKLVNVSLLNNDK
LADLFAEKEDILMYRANPWVIMAEQIFNEY TENKKIKSQNVFEKY MLDLTKEFPEK
FSEFLVKSIVARNKTANY DDKKNIVHRIKRLKMLSSELKENKLSNVIIRSKNQSGTKLS
YQDTINSLALIVDMRSIDPTAKKQYIRVPLNTLNLHLGDHDFDLHNMDAY LKKPKFVK
YLKA>ffilGDEY XPWRVLTSGTLLIFIKKDKKLMY I SSFQNLNDVIEIKNLIETEYKEND
DSDSKXKKKANRf LMTLSTILNDYILLDAKDNFDILGLSKNRIDEILNSKLGLDKJV K
[0090] YP_278700 .1 hypothetical protein MS53 0582 [Mycoplasma synoviae 53]
MLRLY CANNLVL>mMVQNLWKYLLLLIFDKKNFLFKIKVILIRRY MENWJIKEKIVIGF
DLGVASVGWSIVNAETKEVIDLGVRLFSEPEKADY RRAKRTTRRLLRRKKFKREKFH
KLILKNAEIFGLQSRNEILNVYKDQSSKYRN1LKLKINALKEEIKPSELVWILRDYLQN
RGYFYKNEKLTDEFVSNSFPSKKIHEHY EKY GFFRGSVKLDNKLDNKKDKAKEKDE
EEESDAKKESEELIFSNKQWINEIVKVFENQSYLTESFKEEY LKLFNYVRPFNKGPGS
KNSRTAYGVFSTDIDPETOKFKDY SN1IWDKTIGKCSLFEEEIRAPKNLPSALIFNLQNEI
CTIKNEFTEFKNWWLNAEQKSEILKFVFTELFNWKDKKY SDKXFNKNLQDKIKKY L
LNFALENFNLNEEILKNRDLENDTVLGLKGVKYYEKSNATADAALEFSSLKPLY VFI
KFLKEKXLDL>TYLLGLENTEILYFLDSIYLAISYSSDLKERNEWFKKLLKELYPKIKN
NNLEIENVEDIFEITDQEKFESFSKTHSLSREAFNHIIPLLLSNNEGKNY ESLKHSNEEL
KKRTEKAELKAQQNQKYLKDNFLKEALVPLSVKTSVLQAIKIFNQIIKNFGKKY EISQ
VVIEMARELTKPM.EKLLNNATNSMKTTXEKLDQTEKFDDFTKKKFIDKIENSVVFR
NKLFLWFEQDPJCDPY TQLDIKINEIEDETEIDHVIPY SKSADDSWFNKLLVKKSTNQL
KKNKTVWEYY QNESDPEAKWNKFVAWAKRIYLVQKSDKESKDNSEKNSIFKNKKP
NLKFKNITKKLFDPYKI)LGFLAR>N.NDTRYATKVFRDQLNNY SKHHSKDDENKLFK
VVCMNGSITSFLRKSMWRKNEEQVY RFNFWKKDRDQFFHHAVDASIIAIFSLLTKTL
YNKLRVYESYDVQRREDGVYLINKETGEVKKADKDYWKDQHNFLKIRENAIEIKNY
LNNVDFQNQVRY SRKANTKLNTQLFNETLY GVKEFENNFYKLEKVNLFSRKDLRKF
ILEDLNEESEKNKKNENGSRKRILTEKYIVDEILQILENEEFKDSKSDINALNKYMDSL
PSKFSEFFSQDFI>¥CKKENSLILTFDAIKIINroPKKVIKIKNLKFFREDATLKNKQAVH

KDSKNQIKSFYESYKCVGFWLKNKhTOLEESIFVPINSRVIHFGDKDKDIFDFDSY NKE
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KLLNEINLKRPENKKFNSINEIEFVKFVKPGALLLNFENQQIYYISTLESSSLRAKIKLL
NKMDKGKAVSMKKITNPDEYKII EHVNPLGINLNWTKKLENNN

[0091] EIE39736.1 Csnl family CRISPR-associated protein [Mycoplasma canis PG
14]
MEKKPIJCVTLGFDLGIASVGWAIVDSETNQVYKLGSRLFDAPDTOLERRTQRGTRRL
LRPVRKYRNQKPYNLVKRTEVFGLSSREAIENRFRELSIKYPNIIELKTKALSQEVCPDE
IAWILHDYLKNRGY FYDEKETKEDFDQQTVESMPSY KLNEFYKKY GY FKGALSQPT
ESENIKDNKDLKEAFFFDFSNKEWLKEINY FFM"QKML SETFIEEFK JaFSFTRDISKG
PGSDNMPSPY GIFGEFGDNGQGGRY EHIWDKNIGKCSIFTNEQRAPKY L PSAEIFNFL
NELAMPVLYSTDKKMQPLWKLSSVDKLMLLNLFM _PISEKKKKLTSTNTNDIVKKESI
KSIMISVEDIDNDKDEWAGKEPNVY GVGL SGLNIEESAKENKFKFQDLKILhTVLINLL
D>WGIKFEFKDR>ronKNLELLD NI.YLFLIY QKESNNKJIDSSIDLFIAKNESLMENLKLK
LKEFLLGAGNEFENHNSKTHSL SKKAIDEILPKLLD>*GWNLEAIKNY DEEIKSQIE
DNSSLMAKQDKKYLNDNFLKDAILPPNVKVTFQQAILIFNKIIQKFSKDFEIDKVVIEL
AREMTQDQENDALKGIAKAQKSKXSLVEERLEANMDKSVFNDKY EKLIYKIFLWIS
QDFKDPYTGAQISVNEIVNNKVEIDHIIPY SLCFDDSSANXVLVHKQSNQEKSNSLPY
EYIKQGHSGWNWDEFTKYVKRVFVMADSILSKKERLKKSENLLTASYDGY DKLGF
LARNLNDTRYATILFRDQLNWAEHHLIDNKKMFKVIAMNGAVTSFIRKNMSY DNK
LRLKDRSDFSHHAYDAAIIALFSNKTKTLYNLIDPSLNGIISKRSEGYWVIEDRY TGEI
KELKKEDWTSIKNNVQARKIAKEIEEYLIDLDDEVFFSRKTKRKTNRQLYNETIY GIA
TKTDEDGITNYYKKEKFSILDDKDIYLRLLREREKFVINQSNPEVIDQIIEIIESY GKEN
hnPSRDEAIMKY TKNIQNYNLYLKQYMRSLTKSLDQFSEEFINQMIANKTFVLY NPT
KNTTRKIKFLRLVNDVIiCINDIRKNQVTNKFNGKNNEPKAFYENINSLGAIVFKNSANN
FKTLSINTQIAIFGDKNWDIEDFKTYNMEKIEKYKEI'Y GIDKTYNFHSFIFPGTILLDKQ
MAEFYYISS QTVRDN EIKFLKKJIEFKI) ENKNQDTSKTPKRLMFGIKSIMN® YEQVDIS
PFGINKKIFE

[0092] NP_907605.1 hypothetical protein WS1445 [Woalinella succinogenes DSM 1740]
MIERILGVDLGISSLGWAIVEYDKDDEAANPJDCGVRLFTAAETPKKKESPNKARRE
ARGIRRVLNRRRVRMNMIKXLFLRAGLIQDVDLDGEGGMFY SKANRADVWELRHD
GLYRLLKGDELARVLIffl AKHRGY KFIGDDEADEESGKVKKAGVVLRQNFEAAGCR
TVGEWLWRERGANGKKRNKHGDY EISIHRDLLVEEVEAIFVAQQEMRSTIATDALK

AAYREIAFFVRPMQRIEKMVGHCTY FPEERRAPKSAPTAEKFIAISKFFSTVIIDNEGW
-59-



WO 2018/170015 PCT/US2018/022258

EQKIIERKTLEELLDFAV SREKVEFPVYHLRKFLDLSDNEIFKGLHYKGKPKTAKKREAT
LFDPNEPTELEFDKVEAEKKAWISLRGAAKLPVEALGNEFY GRFVALGKHADEATKIL
TYYKDEGQKJRELTKLPLEAEMVERLVKIGFSDFLKLSLKAIRDILPAMESGARYDE
AVLMLGVPHKEKSAILPPLNKTDIDILNPTVIRAFAQFRKVANALVRKY GAFDRVHF
ELARErNTKGEIEDIKESQRKNEKERKEAADWIAETSFQVPLTRKNILKKRLYIQQDG
RCAYTGDVIELERLFDEGY CEIDHILPRSRSADDSFANKVLCLARANQQKTDRTPYE
WFGHDAARWNAFETRTSAPSNRVRTGKGKIDRLLKKNFDENSEMAFKDRNLNDTR
YMARAIKTY CEQYWVFKNSHTKAPVQVRSGKLTSVLRY QWGLESKDRESHTHHAV
DAHIAFSTQGIVIVQKLSEYYRFKETHREKERPKLAVPLANFRDAVEEATRIENTETVK
EGVEVKRLLISRPPRARVTGQAHEQTAKPY PRIKQVKNKKKWRLAPIDEEKFESFKA
DRVASANQKOTYETSTIPRVDVYHKKGKFHLVPIYLHEMVLNELPNLSLGTNPEAM
DENFFKFSIFKDDLISIQTQGTPKKPAKIIMGY FKNMHGANMVLSSINNSPCEGFTCTP
VSMDKKHKDKCKLCPEENRIAGRCLQGFLDYWSQEGL RPPRKEFECDQGVKFALDV
KKYQIDPLGYYYEVKQEKRLGTIPQMRSAKKLVKK

[0093] YP_002344900.1 CRISPR-associated protein [Campylobacter jejuni subsp.
jejuni NCTC 11168 = ATCC 700819]
MARILAFDIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRLARSARKRL
ARRJICARLIffILKHLIANEFKLNYEDY QSFDESLAKAY KGSLISPY ELRFRALNELLSK
QDFARVILffIAKRRGYDDIKNSDDKEKGAILKAIKQNEEKLANYQSVGEYLYKEYFQ
KFKENSKEFTNVRNKKESYERCIAQSFLKOELMFKK QREFGFSFSKKFEEEVL SVAF
YKRALKDFSHLVGNCSFFTDEKRAPKNSPLAFMFVALTRIINLLNNLKNTEGILYTKD
DLNALLNEVLKNGTLTYKQTKKLLGLSDDYEFKGEKGTYFIEFKKY KEFIKALGEHN
LSQODDLNEIAKDITLIKDEIKLKKALAKYDLNQNQIDSLSKLEFKDIILNISFKALKLVT
PLMLEGKKYDEACNEL"KVAINEDKKDFLPAFNETYYKDEVTNPVVLRAIKEYRK
VLNALLKKYGKVFnaMELAREVGKNHSQRAKJEKEQNENYKAKKDAELECEKLGL
KWSKMLKLRLFKEQKEFCAY SGEKIKISDLQDEKMLEIDfflYPY SRSFDDSY MNKVL
VFTKQONQEKLNQTPFEAFGNDSAKWQKIEVLAKNLPTKKQKRILDKNY KDKEQK
NFKDRM>TOTRYIARLVLNY TKI)YLDFLPLSDDENTKX>roTQKGSKVFI'VEAKSGML
TSALP"TWGFSAKDRNNHLHHAIDAVNAY ANNSIVKAFSDFKKEQESNSAEL Y AKK
ISELDY KNKRKJFEPFSGFRQKVLDKIDEIFV SKPEPJCK PSGALHEEIFRKEEEFY QSY
GGKEGVLKALELGKIRKVNGKIVKNGDMFRVDIFKFIKKTNKFYAVPIY TMDFALKYV

LPNKAVARSKKGEIKDWILMDENY EFCFSLY KDSLILIQTKDMQEPEFVYYNAFTSST
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VSLIVSKHDNKFETLSKNQKILFKNANEKEVIAKSIGIQNLKVFEKYIVSALGEVTKAE
FRQREDFKK

[0094] YP_003516037.1 CRISPR associated protein [Helicobacter mustelae 12198]
MRTLGIDIGIASIGWAVIEGEY TDKGLENKEIVASGVRVFTKAENPKNKESLALPRTL
ARSARRRNARKKGRIQQVKHYLSKALGLDLECFVQGEKLATLFQTSKDFLSPWELR
ERALYRVLDKEELARVILHIAKRRGYDDITY GVEDNDSGKIKKAIAENSKRIKEEQCK
TIGEMMYKLYFQKSLNVRNKKESYNRCVGRSELREELKTIFQIQQELKSPWVNEELI
YKLLGNPDAQSKQEREGLIFY QRPLKGFGDKIGK CSHIKKGENSPY RACKHAPSAEE
FVALTKSINFLKNLTNRHGLCFSQEDMCVYLGKILQEAQKNEKGLTY SKLKLLLDLP
SDFEFLGLDY SGKNPEKAVFLSLPSTFKLNKITQDRKTQDKIANILGANKDWEAILKE
LESLQLSKEQIQTIKDAKLNFSKHINLSLEALYHLLPLMREGKRYDEGVEILQERGIFS
KPQPKNRQLLPPLSELAKEESY FDIPNPVLRRALSEFRKVVNALLEKY GGFHY FHIEL
TRDVCKAKSAWMQLHONKKNKSENDAASQLLEVLGLPNTYNNRLKCKUNKQQEE
YCLY SGEKITIDHLKDQRALQIDHAFPLSRSLDDSQSNKVLCLTSSNQEKSNKTPYEW
LGSDEKXWDIVTYVGRVY SSNFSPSKKRKLTQKWK"RNEEDFLARNLVDTGYIGRVT
KEYIKHSLSFLPLPDGKXEffIRIISGSMTSTMRSFWGY QEKNRDHHLHHAQDAIIIACI
EPSMIQKYTTYLKI)KETHRLKSHQKAQILREGDFIKLSLRWPMSNFKDKIQESIQMIP
SHHVSHKVTGELHQETVRTKEFYY QAFGGEEGVKKALKFGKIREINQGIVDNGAMV
RVDIFKSKDKGKFYAVPIYTYDFAIGKiPNKAIVQGKKNGIIKDWLENIDENY EFCFSL
FKNDCIKIQTKEMQEAVLAIYKSTNSAKATIELEHLSKYALKNEDEEKMFTDTDKEK
NKTMTRESCGIQGLKVFQKVKLSVLGEVLEHKPRNRQNIALKTTPKHV

[0095] ZP_06887976.1 CRISPR-associated protein, Csnl family [Methylosinus
trichosporium OB3b]

MRVLGLDAGIASLGWALIEIEESNRGEL SQGTIIGAGTWMFDAPEEKTQAGAKLKSE
QRRTFRGQRRVVRRRRQRMNEVRMLHSHGLL%%DRDALKQPGLDPM#URAEALD
RLLGPVELAVALGHIARHRGFKSNSKGAKT>roPADDTSKMKRAVNETREKLARFGS
AAKMLVEDESFVLRQTPTKNGASEIVRRFRNREGDY SRSLLRDDLAAEMRALFTAQ
ARFQSAIATADLQTAFTKAAFFQRPLQDSEKLYVGPCPFEVDEKRAPKRGY SFEL FRFL
SRLNHVTLRDGKQERTLTRDELALAAADFGAAAKVSFTALRKKLKLPETTVFVGVK
ADEESKLDVVARSGKAAEGTARLRSVIVDALGELAWGALLCSPEKLDKIAEVISFRS
DIGRISEGLAQAGCNAPLVDALTAAASDGRFDPFTGAGHISSKAARNILSGLRQGMT

YDKACCAADYDHTASRERGAFDVGGHGREALKRILQEERISRELVGSPTARKALIES
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KQVKAIVERY GVPDRIHVELARDVGKSIEEREEITRGIEKRNRQKDKLRGLFEKEVGR
PPQDGARGKEELLRFELWSEQMGRCLYTDDY 1SPSQLVATDDAV QVDHILPWSRFA
DDSYANKTLCMAKANQDKKGRTPYEWFKAEKTDTEWDAFIVRVEALADMKGFKK
R>rm.RNAEEAAAKFRNRM.NDTRWACRLLAEALKQLYPKGEKDKDGKERRRVFS
RPGALTDRLRRAWGLQWMKKSTKGDRIPDDRHHALDAIVIAATTESLLQRATREVQ
EIEDKGLHYDLVKNVTPPWPGFREQAVEAVEKV FVARAERRRARGKAHDATI RHIA
VREGEQRVYERRKVAELKLADLDRVKDAERNARLIEKLRNWIEAGSPKDDPPL SPK
GDPIFKVRLVTKSKVMALDTGNPKRPGTVDRGEMARVDVFRKASKKGKYEYYLVP
IYPHDIATMKTPPIRAVQAYKPEDEWPEMDSSY EFCWSLVPMTY LQVISSKGEIFEGY
YRGMNRSVGAIQLSAHSNSSDVVQGIGARTLTEFKKFNVDRFGRXHEVERELRTWR
GETWRGKAYI

[0096] YP_003968716.1 CRISPR-associated protein, Csnl family (plasmid)
[llyobacter polytropus DSM 2926]

IVKY SIGLDIGIASVGWSVINKDKERIEDMGVWFQKAENPKDGSSLASSPJEKRGSRR
RMIRKKHRLDRIKMLCESGLVKKNEIEKIYKNAYLKSPWELRAKSLEAKISNKEIAQI
LLfIAKRRGFKSFRKTDRNADDTGKLLSGIQENKKIMEEKGYLTIGDMVAKDPKFNT
HVRNKAGSY LFSFSRKLLEDEVRKIQAKQKELGNTHFTDDVLEKYIEVFNSQRNFDE
GPSKPSPY'Y SEIGQIAKMIGNCTFESSEKRTAKNTWSGERFVFLQKLNNFRIVGLSGK
RPLTEEEPIDIVEKEVYLKKEVRYEKLRKILYLKEEERFGDLNY SKDEKQDKKTEKTK
FISLIGWTIKKLNLSEKLKSEIEEDKSKLDKIIEILTFNKSDKTIESNLKKLELSREDIEIL
LSEEFSGTLNLSLKAIKKILPYLEKGLSYNEACEKADYDYKNNGIKFKRGELLPVVDK
DLIANPVVLRAISQTRKVVNAIIRKYGTPHTIHVEVARDLAKSYDDRQTIIKENKKRE
LENEKTKKFISEEFGIKNVKGKLLLKYRLYQEQEGRCAY SRKELSLSEVILDESMTDI
DfflIPY SRSMDDSY SNKVLVLSGENRKKSNLLPKEY FDRQGRDWDTFVLNVKAMKI
HPRKKSNLLKEKFTREDNKDWKSRALNDTRY 1SRFVANYLENALEYRDDSPKKRVF
MIPGQLTAQLRARWRLNKVRENGDLHHALDAAVVAVTDQKAINMSNISRYKELKN
CKDVIPSIEYHADEETGEVY FEEVKDTRFPMPWSGFDLELQKRLESENPREEFYNLLS
DKRYLGWFWEEGFIEKLRPVFVSRMPNRGVKGQAHQETIRSSKKISNQIAV SKKPL
NSIKLKDLEKMQGRDTDRKLYEALKNRLEEY DDKPEKAFAEPFY KPTNSGKRGPLV
RGIKVEEKQNVGVYVNGGQASNGSMVRIDVFRKNGKFYTVPIYVHQTLLKELPNRA
INGKPYKDWDLIDGSFEFLY SFYPNDLIEIEFGKSKSIKNDNKLTKTEIPEVNLSEVLG

YYRGMDTSTGAATIDTQDGKIQMRIGIKTVKNIKKY QVDVLGNVYKVKREKRQTF
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[0097] ZP_09352959.1 CRISPR-associated protein cas9/csnl, subtype II/nmemi
[Bacillus smithii 7_3 47FAA]
MNYKMGLDIGIASVGWAVINLDLKPVIEDLGVRIFDKAEHPQNGESLALPRRIARSAR
RRLRRRKHRLERIRRLLY SENVLTKEEMNLLFKQKKQIDVWQLRVDALERKLNNDE
LARVLLHLAKRRGFKSNRK SERNSKESSEFLKNI1EENQSILAQYRSVGEMIVKDSKFA
| YHKRMDSY SNMIARDDLEREIKLIFEKQREFNNPVCTERLEEKY LNIWSSQRPFAS
KEDIEKKVGFCTFEPKEKRAPKATYTFQSFIVWEHAINKLRLYV SPDETRALTEIERNLLY
KQAFSKNKMTYYDIRKLLNLSDDIHFKGLLYDPKSSLKQIENIRFLELDSYHKIRKCIE
NVYGKDGIRMFNETDIDTFGYALTIFKDDEDIVAYLQNEYITKNGKRVSNLANKVYD
KSLIDELLNLSFSKFAHLSMKAIRNILPYMEQGEIY SKACELAGYNFTGPKKKEKALL
LPVIPMANPVVMRALTQSRXVVNANKKY GSPV SIffIELARDLSHSFDERKKIQKDQT
ENRKKNETAIKQLIEY ELTKNPTGLDIVKFKLWSEQQGRCMY SLKPIELERLLEPGYV
EVDHILPY SRSLDDSYANKVLVLTKENREKGNHTPVEYLGLGSERWKKFEKFVLAN
KQFSKKKKQNLLRLRYEETEEKEFKERNLNDTRY TSKFFANFIKEHLKFADGDGGQK
VYTINGKITAHLRSRWDFNKNREESDLHHAVDAVIVACATQGMIKKITEFY KAREQN
KESAKKKEPIFPQPWPHFADELKARL SKFPQESIEAFALGNY DRKKLESLRPVFVSRM
PKRSVTGAAHQETLRRCVGIDEQSGKIQTAVKTKLSDIKLDKDGFIFPMY QKESDPRT
YEAIRQRLLEHNANDPKKAFQEPLY KPKKNGEPGPVIRTVKIIDTKNKVVHLDGSKTV
AYNSNWRTDVFEKDGKYYCVPVYTMDIMKGTLPNKAIEANKPY SEWKEMTEEY TF
QFSLFPNDLVRIVLPREKTIKTSTNEEIIKDIFAYYKTIDSATGGLELISHDRNFSLRGV
GSKTLKRFEKY QVDVLGNIUKVKGEKRVGLAAPTNQKKGKTVDSLQSVSD

[0098] YP_002507391.1 CRISPR-associated protein, Csnl family [Clostridium
cellulolyticum H10]
MKYTLGLDVGIASVYGWAVIDKDNNKIIDLGVRCFDKAEESKTGESLATARRIARGM
RRRISRRSQRLRLVKKLFVQYEIIKDSSEFNRIFDTSRDGWKDPWELRY NALSRILKPY
ELVQVLTHITKRRGFKSNRKEDLSTTKEGVVITSIKNNSEMLRTKNYRTIGEMIFMET
PENSNKRNKVDEY IHTIAREDLLNEIKY IFSIQRKLGSPFVTEKLEHDFLNIWEFQRPFA
SGDSILSKVGKCTLLKEELRAPTSCYTSEY FGLLQSINNLVLVEDNNTLTLNNDQRAK
NEY AHFKNEIKY SEIRKLLDIEPEILFKAFINLTHKNPSGNNESKKFYEMKSYHKLKST
LPiDiWGKLHS>’\SLDNLFYCLTVYKNDNEIKDYLQA>WLDYLIEYIAKLPTFNKF
KHLSLVAMKJUIPFMEKGYKY SDACNMAELDFTGSSKLEKCMTVEPNE>TVTNPV

VIRALTQARKVINAIIQKY GLPYIVMELAREAGMTRQDRDNLKKEHENNRKAREKI
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SDLIRQNGRVASGLDILKWRLWEDQGGRCAY SGKPIPVCDLLNDSLTQIDHIYPY SRS
MDDSYMNKVLVLTDENQNKRSY TPY EVWGSTEKWEDFEARIY SMHLPQSKEKRLL
NRNFITKDLDSFISRNLNDTRYISRFLKNYIESYLQFSNDSPKSCWCVNGQCTAQLRS
RWGLNKNREESDLHHALDAAVIACADRKIIKEITNYYNERENHNYKVKY PLPWHSF
RQDLMETLAGVFISRAPRRKITGPAFIDETIRSPKHFNKGLTSVKIPLTTVTLEKLETMV
KNTKGGISDKAVYIWLKNRIIEHNNKPLKAFAEKIY KPLKNGTNGAIIRSIRVETPSY
TGVFRNEGKGISDNSLMVRVDVFKKKDKYYLVPIYVAHMIKKELPSKAIVPLKPESQ
WELIDSTHEFLFSLYQNDYLVIKTKKGITEGYYRSCmMGTGSLSLMPHFANNKNVKID
IGVRTAISIEKYNVDILGNKSIVKGEPRRGMEKY NSFK SN

[0099] YP_002551549.1 crispr-associated protein, csnl family [Acidovorax ebreus
TPSY] '
MAQHVFGLDIGIASVGWAILGEQRIIDLGVRCFDKAETAKEGDPLNLTRRQARLLRR
RLYRRAWRLTQLRLLKRKGLIADAKLFAKAPSY GDSAWELRRQGLDRLLTPLEWAR
VIYHQCKHRGFHWTSKAEEAKADSDAEGGRVKQGLAHTKALMQAKNYRSAAEMYV
LAEFPDAQRNKRGQYDKALSRVLLGEELALLFATQRRLGNPHASDFFEKLILGDGDR
KSGLFWQQKPALSGADLLKMLGKCTFEKGEY RAPKASFSVERHVWLTRLNNLRIVV
DGRSRPLNEAERQAALLLPYQTETSKYKTLKNAFIKAGLWGDGVRFGGLAY PSQAQI
DAEKTKDPEDQFLVKLPAWHELRKAFKAAGHEALWQQISTPALDGDPTLLDQIATV
LSVYKDGAEVVQQLRQLALPEPAASIAVLEKISFDKFSSLSLKALRRIVPLMQSGLRY
DEAVAQIPEY GHHSQRIEPGAAKHLY LPPFY EAQRKY AGKGDffIGSMQFRDDADIPR
NPWLRALNQARKVVNALIREY GSPIAVMEMARDL SRPLDERNKVKRAQEEFRDRN
DRARSEFERDFGY KPKAAAFEKWMLY REQLGQCAY SQQPLDIQRVLDDHNYAQVD
HALPY SRSYDDSKNNKVLVLTHENQ>fKGNRTAFEY LTSFPDGEDGERWRTFVAWYV
QGNKAYRMAKRNRLLRKNY GVDESKGFIDRNL>TOTRY ICKFFKNWEEFD.QLAAR
ADGDTARRCVVVNGQLTAFLRARWGLTKVRGDSDRHHALDAAVVAACTHGMVK
ALADY SRRKEISFLQEGFPDPETGEILNPAAFDRARQHFPEPWTHFAHELKARLFTDD
LAALREDMQRLGSY TTEDLGRLRTLFVSRAPQRRSGGAVFIKETIY AQPESLKQQGG
VIEKJLLTSLKLQDFDKLLNPESNDHFVEPHRNERLY AAIRQRLEQFGGRADKAFGPD
NLFHKPDKNNQPTGPVVRSIKLVRGKQTGIPIRGGLAKNDSMLRVDIFTKAGKFHLV
PVYVRHR VIGLPNRAIVAFKDEDEWTLIDESFAFLFSVYPNDYVKVTLKKEQQSGYY
SGADRSTGAMNLWAHDRAASVGKDGLIRGIGVKTALSVEKFNVDVLGRIYLAPPET
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RSGLA[0100] YP_002342100.1 hypothetical protein NMAO0631 [Neisseria meningitidis
Z22491]
MAAFKPNPINYILGLDIGIASYGWAMVEIDEDENPICLIDLGVRVFERAEVPKTGDSL
AMARRLARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPNTPWQLR
AAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKGVADNAHAL
QTGDFRTPAELALNKFEKESGFfIRNQRGDY SHTFSRKDLQAELILLFEKQKEFGNPHV
SGGLKEGIETLLMTQRPALSGDAVQKMLGHCTFEPAEPKAAKNTY TAERFIWLTKLN
NLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQARKLLGLEDTAFFKGLRY GKDN
AEASTLMEMKAYHAISRALEKEGLKDKKSPLNL SPELQDEIGTAFSLFKTDEDITGRL
KDRIQPEILEALLKffISFDKFVQISLKALRRIVPLMEQGKRYDEACAEIY GDHY GKKN
TEEKIYLPPIPADEIRNPVVLRALSQARKVINGVVRRY GSPARIHIETAREV GKSFKDR
KEIEKRQEENRKDREKAAAKFREY FPNFVGEPKSKDILKLRLY EQQHGKCLY SGKEI
NLGRLNEKGYVEIDHALPFSRT WDD SFNNKVLVLGSENQNKGNQTPYEYFNGKDNS
REWQEFKARVETSRFPRSKKQRILLQKFDEDGFKERNLNDTRY VNRFLCQFVADRM
RLTGKGKKRVFASNGQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQQ
KITRFVRY KEMNAFDGKTIDKETGEV LHQK THFPQPWEFFAQEVMIRVFGK PDGK PE
FEEADTPEKLRTLLAEKL SSRPEAVHEYV TPLFV SRAPNRKM SGQGHMETVK SAKRL
DEGVSVLRVPLTQLKLKDLEKMVNREREPKLYEALKARLEAHKDDPAKAFAEPFYK
YDKAGNRTQQVKAVRVEQVQKTGVWVRNHNGIADNATMVRVDVFEKGDKYYLV
PIY SWQVAKGILPDPvAVVQGKDEEDWQLIDDSFNFKPSLHPNDLVEVITKXAPYMFGY
FASCHRGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKY QIDELGKEIRPCRLKKR
PPVR

[0101] NP _246064.1 hypothetical protein PM 1127 [Pasteurella multocida subsp.
multocida str. Pm70]
MQTTNLSYILGLDLGIASVGWAVVEINENEDPIGLIDVGVRIFERAEVPKTGESLALSR
RLARSTRRLIRRRAHRLLLAKRFLKREGILSTIDLEKGLPNQAWELRVAGLERRLSAIE
WGAVLLHLIKMGYLSKRKNESQTNNKELGALLSGVAQNHQLLQSDDYRTPAELAL
KKFAKEEGffIRNQRGAY THTFNRLDLLAELNLLFAQQHQFGNPHCKEHIQQYMTEL
LMWQKPALSGEAILKMLGKCTHEKNEFKAAKHTY SAERFVYWLTKLNNLRILEDGAE
RALNEEERQLLINHPYEKSKLTYAQVRKLLGLSEQAIFKHLRY SKENAESATFMELK
AWHAIRKALENQGLKDTWQDLAKKPDLLDEIGTAFSLYKTDEDIQQYLTNKVPNSVI

NALLVSLNFDKFIELSLKSLRKILPLMEQGKRYDQACREIY GHHY GEANQKTSQLLP
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AIPAQEIRNPVVLRTLSQARKVINAIIRQY GSPARVHIETGPVEL GK SFK ERREIQK QQE
DNRTKRESAVQKFKELFSDFSSEPKSKDILKFRLY EQQHGKCLY SGKEINIHRLNEKG
WEIDHALPFSRTWDDSFNNKVLVLASENQNKGNQTPY EWLQGKINSERWKNFVAL
VLGSQCSAAKKQRLLTQVIDDNKFIDRNLNDTRYIARFLSNYIQENLLLVGKNKKNV
FTPNGQITALLRSRWGLIKARENNNRHHALDAIVVACATPSMQQKITRFIRFKEVHPY
KIE>mY EMVDQESGEnSPHFPEPWAY FRQEWIRVFDNHPDTVLKEMLPDRPQANH
QFVQPLFVSRAPTRKMSGQGHMETIKSAKRLAEGISVLRIPLTQLKP'LENMVNKE
REPALYAGLKARLAEFNQDPAKAFATPFY KQGGQQVKAIRVEQVQKSGVLVRENN
GVADNASIVRTDVFKNNKFFLVPIY TWQVAKGILPNKAIVAHKNEDEWEEMDEGA
KFKFSLFPNDLVELKTKKEYFFGYYIGLDRATGNISLKEHDGEISKGKDGVYRVGVK
LALSFEKY QVDELGKNRQICRPQQRQPVR

[0102] ZP_07738815.1 CRISPR-associated protein, Csnl family [Aminomonas
paucivorans DSM 12260]
MIGEHVRGGCLFDDHWTPNWGAFRLPNTVRTFTKAENPKDGSSLAEPRRQARGLRR
RLRRKTQRLEDLRRLLAKEGVLSLSDLETLFRETPAKDPY QLRAEGLDRPL SFPEWV
RVLYffITKHRGFQSNRRNPVEDGQERSRQEEEGKLL SGVGENERLLREGGY RTAGE
MLARDPKFQDHRRNRAGDY SHTLSRSLLLEEARRLFQSQRTLGNPHASSKLEEAFLH
LVAFQNPFASGEDIRNKAGHCSLEPDQIRAPRRSASAETFMLLQKTGNLRLIHRRTGE
ERPLTDKEREQIHLLAWKQEKVTHKTLRRHLEIPEEWLFTGLPY FIRSGDKAEEKLFV
HLAGIHEIRKALDKGPDPAVWDTLRSRRDLLDSIADTLTFYKNEDEILPRLESLGL SPE
NARALAPLSFSGTAHLSLSALGKLLPHLEEGKSYTQARADAGYAAPPPDRHPKLPPL
EEADWRNPVVFRALTQTRKVVNALVRRY GPPWCIHLETAREL SQPAKVRRRIETEQ
QANEKKKQQAEREFLDIVGTAPGPGDLLKMRLWREQGGFCPY CEEY LNPTRLAEPG
YAEMDHILPY SRSLDNGWHNRVLVHGKDNRDKGNRTPFEAFGGDTARWDRLVAW
VQASFILSAPKKRNLLREDFGEEAERELKDRNLTDTRFITKTAATLLRDRLTFHPEAPK
DPVMTLNGRLTAFLRKQWGLHKNRKNGDLFffIALDAAVLAVASRSFVYRLSSHNAA
WGELPRGREAENGFSLPYPAFRSEVLARLCPTREEILLRLDQGGVGY DEAFRNGLRP
VFVSRAPSRRLRGKAHMETLRSPKWKDHPEGPRTASRIPLKDLNLEKLERMVGKDR
DRKLYEALRERLAAFGGNGKKAFVAPFRKPCRSGEGPLVRSLRIFDSGY SGVELRDG
GEVYAVADHESMVRVDVYAKKNRFYLVPVYVADVARGIVKNRArVAHKSEEEWD
LVDGSFDFRFSLFPGDLVEIEKKDGAYLGYYKSCHRGDGRLLLDRHDRMPRESDCG

TFYVSTRKDVLSMSKY QVDPLGEIRLVGSEKPPFVL
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[0103] ZP_08574780.1 CRISPR-associated protein, Csnl family [Lactobacillus
coryniformis subsp. torquens KCTC 3535]
MGYRIGLDVGITSTGYAVLKTDKNGLPYKILTLDSVIYPRAENPQTGASLAEPRRIKR
GLPVPXRTRRTKFPVKQRTQQLFIHSGLLSKPEIEQILATPQAKYSVYELRVAGLDRRLTN
SELFRVLY FFIGHRGFKSNRKAELNPENEADKKQMGQLLNSIEEIRKAIAEKGYRTVG
ELYLKDPKYTNJDHKRNKGYIDGYLSTPNRQMLVDEIKQILDKQRELGNEKLTDEFYA
TYLLGDENRAGIFQAQRDFDEGPGAGPY AGDQIKKMVGKDIFEPTEDRAAKATYTF
QYFNLLQKMTSLNYQNTTGDTWHTLNGLDRQAIIDAVFAKAEKPTKTYKPTDFGEL
PJO.LKLPDDARFNLVNY GSLQTQKEIETVEKKTRFVDFKAYHDLVKVLPEEMWQSR
QLLDffIGTALTLY SSDKJUIRRY FAEELNLPAELIEKLLPLWSKFGHLSIKSMQNIIPYL
EMGQVYSEATTMTGYDFPVKKQISKDTIREEITNPVVRRAVTKTIKIVEQIIRRYGKPDG
INIELAREL GRNFK ERGDIQKRQDKNRQTNDKIAAELTELGIPVNGQNIIRYKLHKEQ
NGVDPY TGDQIPFERAFSEGY EVDHIIPY SISWDDSY TNKVLTSAKCNREKGNRIPMV
YLANNEQRLNALTNIADMIRNSRKJQKLLKQKLSDEELKDWKQRMNDTRFITRVL
YNY FRQAIEFNPELEKKQRVLPLNGEV TSKIRSRWGFLKVREDGDLHHAIDATVIAAI
TPKFIQQVTKY SQHQEVKNNQALWHDAEIKDAEY AAEAQRMDADLFNKIFNGFPLP
WPEFLDELLAPJSDNPVEMMKSRSWNTY TPIEIAKLKPVFVVRLANHKISGPAHLDTI
RSAKLFDEKGIVLSRVSITKLKINKKGQVATGDGIYDPENSNNGDKVVY SAIRQALEA
HNGSGELAFPDGYLEYVDHGTKKLVRKVRVAKKYVSLPVRLKNKAAADNGSMVRID
VFENTGKKFVFVPIYIKDTVEQVLPNKAIARGKSLWY QITESDQFCFSLY PGDMVHIES
KTGIKPKY SNKENNTSVVPIKNFYGYFDGADIATASILVRAHDSSY TARSIGIAGLLKF
EKYQVDYFGRYHKVHEKKRQLFVKRDE

[0104] ZP_03755025.1 hypothetical protein ROSEINA2194 03455 [Roseburia
inulinivorans DSM 16841]
MNAEHGKEGLLIMEENFQYRIGLDIGITSVGWAVLQNNSQDEPVRITDLGVRIFDVA
ENPKNGDALAAPPJIDARTTRRRLRRRRHRLERIKFLLQENGLIEMDSFMERY YKGN
LPDVYQLRYEGLDRKLKDEELAQVLIHIAKFIRGFRSTRKAETKEKEGGAVLKATTEN
QKIMQEKGYRTVGEMLYLDEAFHTECLWNEKGYVLTPRNRPDDYKHTILRSMLVEE
VHAIFAAQRAHGNQKATEGLEEAY VEIMTSQRSFDMGPGL QPDGKPSPY AMEGFGD
RVGKCTFEKDEYRAPKATYTAELFVALQKINHTKLIDEFGTGRFFSEEERK  T11GLLLS
SKELKYGTIRKKLNIDPSLKFNSLNY SAKKEGETEEERVLDTEKAKFASMFWTYEY S

KCLKDRTEEMPVGEKADLFDRIGEILTAYKNDDSRSSRLKELGL SGEEIDGLLDLSPA
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KYQRVSLKAMRKMQPYLEDGLIYDKACEAAGYDFRALNDGNKKHLLKGEEINAIV
NDITAVVKRSVSQTIKVINAHQKY GSPQAVNIELAREM SKNFQDRTNLEKEMKKRQ
QE>ffiRAKQQIIELGKQNPTGQDILKYRILWNDQGGY CLY SGKKIPLEELFDGGY DIDHI
LPYSITFDDSYRNKVLVTAQENRQKGNRTPYEYFGADEKRWEDYEASVRLLVRDYK
KQQKLLKKNFTEEERKEFKJERNLNDTKYTTRVVYNMIRQNLELEPFNHPEKKKQVW
AVNGAVTSYLRKRWGLMQKDRSTDRHHAMDAWIACCTDGMIHKISRY MQGREL
AY SRNFKFPDEETGEILNRDNFTREQWDEKFGVKYVPLPWNSFRDELDIRLLNEDPKN
FLLTHADVQRELDYPGWMY GEEESPIEEGRY INY IRPLFV SRMPNHKVTGSAHDATI
RSARDYETRGVVITKVPLTDLKLNKDNEIEGYYDKDSDRLLYQALVRQLLLHGNDG
KKAFAEDFHKPKADGTEGPVVRKVKIEKKQTSGVMVRGGTGIAANGEMVRIDVFRE
NGKYYFVPVYTADVVRKVLPNRAATHTKPY SEWRVMDDANFVFSLY SRDLIHVKS
KKDIKTNLVNGGLLLQKEIFAYYTGADIATASIAGFANDSNFKFRGLGIQSLEIFEKCQ
VDILGNISVVRHENRQEFH

[0105] ZP_10953934.1 HNH endonuclease [Alicyclobacillus hesperidum URH17-3-68]
MAYRLGLDIGITSVGWAVVALEKDESGLKPVRIQDLGVRIFDKAEDSKTGASLALPR
REARSARRRTRRRRHRLWRVKRLLEQHGILSMEQIEALYAQRTSSPDVYALRVAGL
DRCLIAEEIARVLIffIAHRRGFQSNRK SEIKDSDAGKLLKAVQENENLMQSKGYRTV
AEMLVSEATKTDAEGKLVHGKKHGYVSNVRNKAGEYRHTVSRQAIVDEVRKIFAA
QRALGNDVMSEELEDSY LKILCSQRNFDDGPGGDSPY GHGSV SPDGVRQSIY ERMV
GSCTFETGEKRAPRSSY SFERFQLLTKVVNLRIYRQQEDGGRY PCELTQTERARVIDC
AYEQTKITYGKLRKLLDMKDTESFAGLTYGLNRSRNKTEDTVFVEMKFYFDEVRKAL
QRAGVFIQDLSIETLDQIGWILSVWKSDDNRRKKLSTLGLSDNVIEELLPLNGSKFGH
LSLKAIRKJILPFLEDGY SYDVACELAGY QFQGKTEYVKQRLLPPLGEGEVTNPVVRR
ALSQAIKVVNAVIRKHG SPESIFIIELAREL SKNLDERRKIEK AQKENQKNNEQIKDEILR
EILGSAHVTGRDIVKYKLFKQQQEFCMY SGEKLDVTRLFEPGY AEVDHIIPYGISFDD
SYDNKVLVKTEQNRQKGNRTPLEYLRDKPEQKAKFIALVESIPLSQKKKNHLLMDK
RAIDLEQEGFRERNLSDTRY ITRALMNHIQAWLLFDETASTRSKRVVCVNGAVTAY
MRARWGLTKDRDAGDKHHAADAVVVACIGDSLIQRVTKYDKFKRNALADRNRYV
QQVSKSEGITQYVDKETGEVFTWESFDERK FLPNEPL EPWPFFRDELLARLSDDPSKN
IRAIGLLTY SETEQIDPIFVSRMPTRKVTGAAFEKETIRSPRIVKVDDNKG 'TEIQWV SK
VALTELKLTKDGEIKDYFRPEDDPRLYNTLRERLVQFGGDAKAAFKEPVYKISKDGS

VRTPVRKVKIQEKLTLGVPVHGGRGIAENGGMVRIDVFAKGGKYYFVPIYVADVLK
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PVELPNPLATAHKPY SEWRVVDDSY QFK FSLY PNDAVMIKPSREVDITYICDPVKEPVG
CRIMYFVSANIASASISLRTHDNSGELEGLGIQGLEVFEKYVVGPLGDTUPVYKERRM
PFRVERKMN

[0106] ADI19058.1 uncharacterized protein conserved in bacteria [uncultured delta
proteobacterium HF0070_07E19]

MSSKAIDSLEQLDLFKPQEY TLGLDLGIKSIGWAILSGERIANAGVYLFETAEELNSTG
NKLI SKA AERGRKRIRIRRMLDRKARRGRFIIR YLLEREGLPTDELEEV VVHQ SNRTL W
DVRAEAVERKLTKQELAAVLFHLVRMGY FPNTKXLPPDDESDSADEEQGKINTIATS
PVvLREELKASDCKTIGQFLAQNRDRQRNREGDY SNLMARKLVFEEALQILAFQRKQG
HELSKDFEKTYLDVLMGQRSGRSPKLGNCSLIPSEL RAPSSAPSTEWFKFLOQNLGNLQ
ISNAY REEWSIDAPRRAQIIDACSQRSTSSYWQIRJDFQIPDEY PvFNLVNY ERRDPDV
DLQEYLQQQERXTLA>fFRNWKQLEKIIGTGHPIQTLDEAARLITLIKDDEKLSDQLAD
LLPEASDKAITQLCELDFTTAAKJSLEAMY RILPHMNQGMGFFDACQQESL PEIGV PP
AGDRVPPFDEMY NPVVNRVLSQSRKLINAVIDEY GMPAKIRVELARDLGKGRELRE
RIKLDQLDKSKQNDQRAEDFRAEFQQAPRGDQSLRYRLWKEQNCTCPY SGRMIPVN
SVLSEDTQIDHILPISQSFDNSLSNKVLCFTEENAQKSNRTPFEYLDAADFQRLEAISG
NWPEAKJNKLLHKSFGKVAEEWK SRALhTOTRYLTSALADHLRIHHLPDSKIQTVNGR
ITGYLRKQWGLEKDRDKHTHHAVDAIVVACTTPAIVQQVTLYHQDIRRY KKLGEKR
PTPWPETFRQDVLDVEEEIFITRQPKKVSGGIQTKDTLRKHRSKPDRQRVALTKVKLA
DLERLVEKDASNRNLY EHLKQCLEESGDQPTKAFKAPFY MPSGPEAKQRPILSKVTL
LREKPEPPKQLTELSGGPJY DSMAQGRLDIYRY KPGGKJRXDEY RWLQRMIDLMRG
EENVHVFQKGVPYDQGPEIEQNY TFLFSLY FDDLVEFQRSADSEVIRGYYRTFNIANG
QLKISTYLEGRQDFDFFGANRLAHFAKVQVNLLGKVIK

[0107] ZP_08157403.1 CRISPR-associated protein, Csnl family [Ruminococcus albus
8]

MGNYYLGLDVGIGSIGWAVINIEKKRIEDFNV RIFK SGEIQEKNRNSRA SQQCRRSRG
LRRLYRRKSFIPVKLRLKNYLSNGLTTSEKIDYYYETADNNVIQLRNKGLSEKJLTPEEIA
ACLIffICNNRGYKJ)FY EVN,VEDIEDPDERNEYKEEHDSIVLISNLMNEGGYCTPAEMI
CNCREFDEPNSVYRKFHNSAASKNHYLITRHMLVKEVDLILENQSKYYGILDDKTIA
KIKDIIFAQPVDFEIGPGKNEPI'RRFTGY LDSIGK CQFFKDQERGSRPTVIADIY AFVNV
LSQYTYTONRGESVFDTSFANDLINSALKNGSMDKRELKAIAKSY ffIDISDKNSDTSL

TKCFKYIKVVKPLFEKYGYDWDKLIENYTDTDNNVLNPIGIVLSQAQTPKRRREKLK
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ALNIGLDDGLINELTKLKLSGTANVSYKYMQGSIEAFCEGDLYGKY QAKFNKEIPDID
ENAKPQKLPPFKNEDDCEFFKNPVVFRSINETRKLINAIIDKY GY PAAVNIETADELNK
TFEDRAIDTKRN>JDNQKiNDRIVKEIECIKCDEVHARHLIEKY KLWEAQEGKCLY SG
ETITKEDMLPJKDKI.FEVDffIVPY SLILDNTINMCALVYAEENQKKGQRTPLMYMNE
AQAADYRVRVNTMFKSKXCSKKKYQYLMLPDLNDQELLGGWRSRNLNDTRYICK
Y LV'LRKNLRPDRSY ESSDEDDLKIRDFTYRVFPVKSRFTSMFRRWWLNEKTWGR
YDKAELKKLTYLDHAADAIIIANCRPEYVVLAGEKLKLNKMYHQAGKRITPEYEQS
KKACID>nYKLFPYMDRRTAEKLLSGHGRLTPnP ~SEEVDKRLWDKNIYEQFWKDD
KDKKSCEELYRENVASLYKGDPKFASSLSMPVISLKPDHKYRGTITGEEAIRVKEIDG
KLIKLKRKSISEITAESINSIY TDDKILIDSLKTIFEQADYKDVGDYLKKTNQHFFTTSS
GKRVNKVTVIEKVPSRWLRKEIDDNNFSLLNDSSY YCIELY KDSKGDNNLQGIAMSD
IVFTORKTKJCLYLKiIiDFWPDDYYTHVMYIFPGDY LRIKSTSKK SGEQLKFEGYFISVK
NVNENSFMSDNKPCAKDKRVSITKKDIVIKLAVDLMGKVQGENNGK GISCGEPL SL
LKEKN

[0108] ZP_10010146.1 CRISPR-associated protein Cas9/Csnl, subtype [[/NMEMI
[Treponema sp. JC4]
MIMKLEKWRLGLDLGTNSIGWSVFSLDKDNSVQDLIDMGVRIFSDGRDPKTKEPLA
VARRTARSQRKLIYRRKLRRKQVFKFLQEQGLFPKTKEECMTLKSLNPYELRIKALD
EKLEPYELGRALFNLAVRRGFKS>niKDGSREEV SEKKSPDEIKTQADMQTHLEKAIK
ENGCRTITEFLY KNQGENGGIRFAPGRMTYYPTRKMY EEEFNLIRSKQEKY'Y PQVDW
DDIYKAIFY QRPLKPQQRGY CIYENDKERTFKAMPCSQKLRILQDIGNLAYYEGGSK
KRVELNDNQDKVLYELLNSKDKVTFDQMRKALCLADSNSFNLEENRDFLIGNPTAV
KMRSKNRFGKLWDEIPLEEQDLIIETIITADEDDAVYEVIKKYDLTQEQRDFIVKNTIL
QSGTSMLCKEVSEKLVKRLEEIADLKYHEAVESLGYKFADQTVEKYDLLPYYGKVL
PGSTMEIDLSAPETNPEKHY GKISNPTVHVALNQTRVVVNALIKEY GKPSQIA1ELSRD
LK>NWEKKAEIARKQNQRAKEMAIM)TISALYHTAFPGKSFYPMINDRMKY RLWSE
LGLGNKCIYCGKGISGAELFTKEIEIEHILPFSRTLLDAESNLTVAHSSCNAFKAERSPF
EAFGTNPSGY SWQEI QRANQLKNTSKKNKFSPNAMDSFEKDSSFIARQLSDNQY IAK
AALRYLKCLVENPSDVWTTNGSMTKLLRDKWEMDSILCRKFTEKEVALLGLKPEQI
GNYKKNRFDHRHHAIDAVVIGLTDRSMVQKLATKNSFDCGNRJEIPEFPILRSDLIEKV
KMVVSFKPDHGAEGKLSKETLLGKIKLHGKETFVCRENIVSLSEKNLDDIVDEKIKS

KVKDYVAKHKGQKIEAVLSDFSKENGIKKVRCVNRVQTPIEITSGKISRYLSPEDY FA
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AVIWEIPGEKKTFKAQY IRRNEVEKNSKGLNVVKPAVLENGKPHPAAKQVCLLHKD
DYLEFSDKGKMYFCRIAGYAATNNKLDIRPVYAVSY CADWINSTNETMLTGYWKPT
PTONWVSVNVLFDKQKARLVTVSPIGRVFPvK

[0109] ZP_11150502.1 CRISPR-associated protein, Csnl family [Alcanivorax
pacificus Wl | -5]

NmYRVGLDLGTASVGAAVFSMDEQGNPMELIWHY ERLFSEPLVPDMGQLKPKKAA
RRLARQQRRQIDRRASRLRRIAIVSRRLGIAPGRNDSGVHGNDVPTLRAMAVNERIEL
GQLRAVLLRMGKKRGY GGTFKAVRKVGEAGEVASGASRLEEEMVALASVQNKDS
VTVGEYLAARVEHGLPSKLKVAANNEYYAPEYALFRQYLGLPAIKGRPDCLPNMY A
LRHQIEHEFERIWATQSQFHDVMKDHGVKEEIRNAIFFQRPLKSPADKVGRCSLQTN
LPRAPRAQIAAQNFRIEKQMADLRWGMGRRAEMLNDHQKAVIRELLNQQKELSFRK
I'YKELERAGCPGPEGK GLNMDRAALGGRDDLSGNTTLAAWRKLGLEDRWQELDEV
TQIQVINFLADLGSPEQLDTDDWSCRFMGKNGRPRNFSDEFVAFMNELRMTDGFDR
LSKMGFEGGRSSY SIKALKALTEWMIAPHWRETPETHRVDEEAAIRECY PESLATPA
QGGRQSKLEPPPLTGNEVVDVALRQVRHTINMMIDDLGSVPAQIWEMAREMKGGV
TRRNDIEKQNKRFASERKKAAQSIEENGKTPTPARILRY QLWIEQGHQCPY CESNISL
EQALSGAY TNFEHILPRTLTQIGRKRSELVLAHRECNDEKGNE.TPY QAFGHDDRRWR
IVEQRANALPKKSSRKTRLLLLKDFEGEALTDESIDEFADRQLHESSWLAKVTTQWL
SSLGSDVYVSRGSLTAELRRRWGLDTVIPQVRFESGMPVVDEEGAEITPEEFEKFRLQ
WEGHRVTREMRTDRRPDKRIDHRHHLVDAIVTALTSRSLY QQYAKAWKVADEKQR
HGRVDVKVELPMPILTIRDIALEAVRSVRISHKPDRY PDGRFFEATAY GIAQRLDERS
GEKVDWLV SRK SLTDLAPEKK SIDVDKVRANI SRIVGEAIRLHISNIFEKRV SKGMTP
QQALREPIEFQGMLRKVRCFY SKADDCVRIEHSSRRGHHYKMLLNDGFAYMEVPC
KEGILYGVPNLVRPSEAVGIKRAPESGDFIRFYKGDTVKNIKTGRVYTIKQILGDGGG
KLILTPVTETKPADLLSAKWGRLKVGGRNIFILLRLCAE

[0110] ZP_18919511.1 hypothetical protein C882_0672 [Caenispirillum salinarum
AK4]
MPVLSPLSPNAAQGRRRWSLALDIGEGSIGWAVAEVDAEGRVLQLTGTGVTLFPSA
WSNENGTYVAHGAADRAVRGQQQRHDSRRRRLAGLARLCAPVLERSPEDLKDLTR
TPPKADPRAIFFLRADAARRPLDGPELFRVLHHMAAHRGIRLAELQEVDPPPESDAD
DAAPAATEDEDGTPIRAAADERAFRRLMAEFIMHRHGTQPTCGEIMAGRLRETPAGA

QPVTRARDGLRVGGGVAVPTRALIEQEFDAIRAIQAPRHPDLPWDSLRRLVLDQAPI
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AVPPATPCLFLEELRRRGETFQGRTITREAIDRGLTVDPLIQALRIRETVGNLRLHERIT
EPDGRQRYVPRAMPELGLSHGELTAPERDTLVRALMHDPDGLAAKDGRIPY TRLRK
LIGYDNSPVCFAQERDTSGGGITVNPTDPLMARWIDGWVDLPLKARSLYVRDVVAR
GADSAALARLLAEGAHGVPPVAAAAVPAATAAILESDIMQPGRY SVCPWAAEAILD
AWANAPTEGFYDVTRGLFGFAPGEIVLEDLRRARGALLAHLPRTMAAARTPNRAAQ
QRGPLPAYESVIPSQLITSLRRAHKGRAADWSAADPEERNPFLRTWTGNAATDHILN
QVRKTANEVITKY GNRRGWDPLPSRITVELAREAKHGVIRRNEIAKENRENEGRRKK
ESAALDTFCQDNTVSWQAGGLPKERAALRLRLAQRQEFFCPY CAERPKLRATDLFSP
AETEIDHVIERRMGGDGPDNLVLAHKDCNNAKGKKTPHEHAGDLLDSPALAALWQ
GWRKENADRLKGKGHKARTPPXEDKDFMDRVGWRFEEDARAKAEENQERRGRRML
HDTARATRLARLYLAAAVMPEDPAEIGAPPVETPPSPEDPTGY TAIYRTISRVQPVNG
SVTHMLRQRLLQRDKNRDY QTHHAEDACLLLLAGPAVVQAFNTEAAQHGADAPDD
RPVDLMPTSDAYHQQRRARALGRVPLATVDAALADIVMPESDRQDPETGRVHWRL
TRAGRGLKRRIDDLTRNCVILSRPRRPSETGTPGALHNATHYGRREITVDGRTDTVVT
QRMNARDLVALLDNAKIVPAARLDAAAPGDTILKEICTEIADRHDRVVDPEGTHARR
WISARLAALVPAHAEAVARDIAELADLDALADADRTPEQEARRSALRQSPYLGRAIS
AKXADGRARAREQEILTRALLDPHWGPRGLRFILIMREARAPSLVRIRANKTDAFGRP
VPDAAVWVKTDGNAVSQLWRLTSVVTDDGRRIPLPKPIEKRIEISNLEY ARLNGLDE
GAGVTGNNAPPRPLRQDIDRLTPLWRDHGTAPGGYLGTAVGELEDKARSALRGKA
MRQTLTDAGITAEAGWRLDSEGAVCDLEVAKGDTVKKDGKTYKVGVITQGIFGMP
VDAAGSAPRTPEDCEK FEEQY GIKPWKAKGIPLA

[0111] YP_425545.1 CRISPR-associated endonuclease Csnl family protein
[Rhodospirilhim rubrum ATCC 11170]
MRPIEPWILGLDIGTDSLGWAVFSCEEKGPPTAKELLGGGVRLFDSGRDAKDHTSRQ
AERGAFRRARRQTRTWPWRRDRLIALFQAAGLTPPAAETRQIALALRREAVSRPLAP
DALWAALLHLAHHRGFRSNRIDKRERAAAKALAKAKPAKATAKATAPAKEADDEA
GFWEGAEAALRQRMAASGAPTVGALLADDLDRGQPVRMRYNQSDRDGVVAPTRA
LIAEELAEIVARQSSAY PGLDWPAVTRLVLDQRPLRSKGAGPCAFLPGEDRALRALP
TVQDFIRQTLANLRLPSTSADEPRPLTDEEHAKALALLSTARFVEWPALRRALGLKR
GVKFTAETERNGAKQAARGTAGNLTEAILAPLIPGWSGWDLDRKDRVFSDLWAAR
QDRSALLALIGDPRGPTRVTEDETAEAVADAIQIVLPTGRASLSAKAARAIAQAMAP

GIGYDEAVTLALGLHHSHRPRQERLARLPYYAAALPDVGLDGDPVGPPPAEDDGAA
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AEAYYGWGMSVTIIALNETRKIVNALLHRHGPILRLVMVETTRELKAGADEPVKRMIA
EQAERERENAEIDVELRKSDRWMANARERRQRVRLARRQNNLCPY TSTPIGHADLL
GDAYDIDHVIPLARGGRDSLDNMVLCQSDANKTKGDKTPWEAFHDKPGWIAQRDD
FLARLDPQTAKALAWRFADDAGERVARKSAEDEDQGFLPRQLTDTGYIARVALRYL
SLVTNEPNAVVATNGRLTGLLRLAWDITPGPAPRDLLPTPRDALRDDTAARRFLDGL
TPPPLAKAVEGAVQARLAALGRSRVADAGLADALGLTLASLGGGGKNRADHRHHFI
DAAMIAVTTRGLINQINQASGAGRILDLRKWPRTNFEPPY PTFRAEVMK QWDffIHPSI
RPAHRDGGSLHAATVFGVRNRPDARVLYVQRKPVEKLFLDANAKPLPADKIAEIIDGF
ASPRMAKRFKALLARY QAAHPEVPPALAALAVARDPAFGPRGMTANTVIAGRSDG
DGEDAGLITPFRANPKAAVRTMGNAVY EVWEIQVKGRPRWTHRVLTRFDRTQPAPP
PPPENARLVMRLRRGDLVYWPLESGDRLFLVKKMAVDGRLALWPARLATGKATAL
YAQLSCPNINLNGDQGY CVQSAEGIRKEKIRTTSCTALGRLRLSKKAT

[0112] CCAB84553.1 conserved hypothetical protein [Ralstonia syzygii R24]
MAEKQHRWGLDIGTNSIGWAVIALIEGRPAGLVATGSRIFSDGRNPKDGSSLAVERR
GPRQMRPxJUUDRY LRRRDRFMQALrNVGLMPGDAAARKALVTENPYVLRQRGLDQA
LTLPEFGRALFHLNQRRGFQSNRKTDRATAKESGKVKNAIAAFRAGMGNARTVGEA
LARRLEDGRPVRARMVGQGKDEHY ELYIAREWIAQEFDALWASQQRFHAEVLADA
ARDRLRAILLFQRKLLPVPVGKCFLEPNQPRVAAALPSAQRFRLMQELNHLRVMTLA
DKRERPLSFQERNDLLAQLVARPKCGFDMLRKTVFGANKEAY RFTIESERRKELKGC
DTAAKLAKVNALGTRWQALSLDEQDRLVCLLLDGENDAVLADALREHYGLTDAQI
DTLLGLSFEDGHMRLGRSALLRVLDALESGRDEQGLPLSYDKAVVAAGYPAHTADL
ENGERDALPYY GELLWRY TQDAPTAKhTOAERKFGKIANPTVHIGLNQLRKLVNALI
QRYGKPAQIVVELAPYNLKAGLEEKERIKKQQTANLERNERIRQKLQDAGVPDNREN
RLRMRLFEELGQGNGLGTPCIY SGRQISLQRLFSNDVQVDHILPFSKTLDDSFANKVL
AQHDANRY KGNRGPFEAFGANRDGY AWDDIRARAAVLPPYNKRNRFAETAMQDWL
HNETDFLARQLTDTAYLSRVARQYLTAICSKDDVYVSPGRLTAMLRAKWGLNRVL
DGVMEEQGRPAVKNRDDHRHHAIDAVVIGATDRAMLQQVATLAARAREQDAERLI
GDMPTPWPNFLEDVRAAVARCVVSHKPDHGPEGGLHNDTAY GIVAGPFEDGRY RV
RHRV SLFDLKPGDLSNVRCDAPLQAELEPIFEQDDARAREVALTALAERY RQRKVW
LEELMSVLPIRPRGEDGKTLPDSAPY KAYKGDSNY CY ELFINERGRWDGELISTFRAN
QAAYRRFRNDPARFRRYTAGGRPLLMRLCINDYIAVGTAAERTIFRVVKMSENKITL

AEHFEGGTLKQRDADKDDPFKYLTKSPGALRDLGARRIFVDLIGRVLDPGIKGD
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[0113] ZP_10898214.1 CRISPR-associated protein, Csnl family [Rhodovulum sp.
PH10]
MGIRFAFDLGTNSIGWAVWRTGPGVFGEDTAASLDGSGVLIFKDGRNPKDGQSLAT
MPJVPRQSRKPJUNRFVLRRRDLLAALRKAGLFPVDVEEGRRLAATDPYHLRAKAL
DESLTPHEMGRVIFHLNQRRGFRSNRKADRQDREKGKIAEGSKRLAETLAATNCRTL
GEFLWSRHRGTPRTRSPTRIRMEGEGAKALYAFYPTREMVRAEFERLWTAQSRFAP
DLLTPERHEEIAGILFRQRDLAPPKIGCCTFEPSERRLPRALPSVEARGIYERLAHLRIT
TGPVSDRGLTRPERDVLASALLAGKSLTFKAVRKTLKILPHALVNFEEAGEKGLDGA
LTAKLLSKPDHY GAAWHGL SFAEKDTFVGKLLDEADEERLIRRLVTENRLSEDAAR
RCASIPLADGY GRLGRTANTEILAALVEETDETGTVVTYAEAVRRAGERTGRNWHH
SDERDGVILDRLPYY GEILQRHVVPGSGEPEEKNEAARWGRLANPTV{fIGLNQLRKV
VNRLIAAHGRPDQIVVELARELKLNREQKERLDRENRKNREENERRTAILAEHGQRD
TAENKIRLRLFEEQARANAGIALCPYTGRAIGIAELFTSEVEIDHILPVSLTLDDSLANR
VLCRREANREKJRRQTPFQAFGATPAWNDIVARAAKLPPNKRWRFDPAALERFEREG
GFLGRQLNETKYLSRLAKIYLGKICDPDRVYVTPGTLTGLLRARWGLNSILSDSNFKN
RSDHRHHAVDAVVIGVLTRGMIQRIAHDAARAEDQDLDRVFRDVPVPFEDFRDHVR
ERVSTITVAVKPEHGKGGALHEDTSYGLVPDTDPNAALGNLVVRKPIRSLTAGEVDR
VRDRALRARLGALAAPFRDESGRVRDAKGLAQALEAFGAENGIRRVRILKPDASVYV
TIADRRTGVPYRAVAPGENHHVDIVQMRDGSWRGFAASVFEVNRPGWRPEWEVKK
LGGKLVMRLHKGDMVELSDKDGQRRVKVVQQIEISANRVRLSPHNDGGKLQDRHA
DADDPFRWDLATIPLLKDRGCVAVRVDPIGVVTLRRSNV

[0114] YP_004386148.1 CRISPR-associated protein, Csnl family [Alicycliphilus
denitrificans K601]
MRSLRYRLALDLGSTSLGWALFRLDACNRPTAVIKAGVRIFSDGRNPKDGSSLAVTR
RAARAMRRRRDRLLKRKTRMQAKLVEHGFFPADAGKRKALEQLNPYALRAKGLQE
ALLPGEFARALFFNNQRRGFKSNRKTDKKDNDSGVLKXAIGQLRQQMAEQGSRTVG
EYLWTRLQQGQGVRARY REKPY TTEEGKKRIDKSYDLY 1DRAMIEQEFDALWAAQA
AFNPTLFHEAARADLKDTLLHQRPLRPVKPGRCTLLPEEERAPLALPSTQRFRIHQEV
>ARLLDENLREVALTLAQRDAVVTALETKAKLSFEQIRKLLKLSGSVQFNLEDAKR
TELKGNATSAALARKELFGAAWSGFDEALQDEIVWQLVTEEGEGALIAWLQTHTGV
DEARAQAIVDVSLPEGY GNLSRKALARIVPALRAAVITYDKAVQAAGFDHHSQLGFE

YDASEVEDLVHPETGEIRSVFKQLPY Y GKALQRHVAFGSGK PEDPDEKRY GKIANPT
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VifIGLNQVRMVVNALIRRY GRPTEVVIELARDLKQSREQKVEAQRRQADNQRRNAR
IRRSIAEVLGIGEERVRGSDIQKWICWEEL SFDAADRRCPY SGVQISAAMLLSDEVEV
EHILPFSKTLDDSLNNRTVAMRQANRIKRNRTPWDARAEFEAQGWSY EDILQRAER
MPLRKRYRFAPDGY ERWLGDDKDFLARALNDTRYLSRVAAEYLRLVCPGTRVIPGQ
LTALLRGKFGLNDVLGLDGEKNPYNDHRHHAVDACVIGVTDQGLMQRFATASAQAR
GDGLTRLVYDGMPMPWPTYPDHVERAVRMWVSHRPDHGFEGAMMEETSYGIRKDG
SIKQRRKADGSAGREISNLIRIHEATQPLRHGVSADGQPLAYKGYVGGSNYCIEITVN
DKGKWEGEVISTFRAY GVVRAGGMGRLRNPHEGQNGRKLIMRLVIGDSVRLEVDG
AERTMRIVKISGSNGQIFMAPIHEANVDARNTDKQDAFTYTSKYAGSLQKAKTRRVT
ISPIGEVRDPGFKG

[0115] YP_003552871.1 CRISPR-associated protein, Csnl family [Candidatus
Puniceispirillum marinum IMCC1322]

MRRLGLDLGTNSIGWCLLDLGDDGEPV SIFRTGARIFSDGRDPKSLGSLKATRREARL
TRRRRDRFIQRQKNLINALVKY GLMPADEIQRQALAYKDPYPIRKKALDEAIDPYEM
GRAIFfINQRRGFKSNRKSADNEAGVVKQSIADLEMKLGEAGARTIGEFLADRQATN
DTVRARRLSGTNALYEFYPDRYMLEQEFDTLWAKQAAFNPSLY TEAARERLKEIVFF
QRKLKPQEVGRCIFLSDEDRISKALPSFQRFRIY QELSNLAWIDFIDGVAHRITASLALR
DHLFDELEHKKKLTFKAMRAILRKQGVVDYPVGFNLESDhHLIGNLTSCIMRDA
KKMIGSAWDRLDEEEQDSFILMLQDDQKGDDEVRSILTQQY GLSDDVAEDCLDVRL
PDGHGSLSKKAIDRILPVLRDQGLIYYDAVKEAGLGEANLYDPYAALSDKLDYYGK
ALAGHVMGASGKFEDSDEKRYGTISNPTVHIALNQVRAVVNELIRLHGKPDEVVIEI
GPJLPMGADGKJELERFQKEGRAKKERARDELKKLGffIDSRESRQKFQLWEQLAKE
PVDRCCPFTGKMMSISDLFSDKVEIEHLLPFSLTLDDSMANKTVCFRQANRDKGNRA
PFDAFGNSPAGY DWQEILGRSQNLPY AKRWRFLPDAMKRFEADGGFLERQLNDTRY
ISRYTTEYISTIHPKNKIWVVTGRLTSLLRGFWGLNSILRGHNTDDGTPAKK SRDDHRH
HAIDAIVVGMTSRGLLQKVSKAARRSEDLDLTRLFEGRIDPWDGFRDEVKK{fIDAIIV
SHRPRKKSQGALHNDTAY GIVEHAENGASTVVHRVPITSLGKQSDIEKVRDPLIKSAL
LNETAGLSGKSFENAVQKWCADNSIKSLRIVETVSIIPITDKEGVAYKGYKGDGNAY
MDIY QDPTSSKWKGEIV SRFDANQKGFIPSWQSQFPTARLIMRLRINDLLKLQDGEIE
EIYRVQRLSGSKILMAPHTEANY DARDRDKNDTFKLTSKSPGKLQSASARKV{fISPT
GLIREG
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[0116] YP_003448082.1 CRISPR-associated protein, Csnl family [Azospirillum sp.
B510]

MARPAFRAPRJ EHVNGWTPDPHPJISK PFFILVSWHLLSRVVIDSSSGCFPGTSRDHTD
KFAEWECAVQPYRLSFDLGTNSIGWGLLNLDRQGKPREIRALGSRIFSDGRDPQDKA
SLAVARRLARQMRRRRDRYLTRRTRLMGALVRFGLMPADPAARKRLEVAVDPYLA
RERATRERLEPFEIGRALFHLNQRRGYKPVRTATKPDEEAGKVKEAVERLEAAIAAA
GAPTLGAWFAWPVKTRGETLRAPVLAGKGKEAAY PFY PARRMLEAEFDTLWAEQARH
HPDLLTAEAREH}%HNFHQRPLKPPPVGRCTLYPDDGRAPRALPSAQRLRLFQELAS
LRVIHLDLSERPLTPAERDRIVAFVQGRPPKAGRKPGKYVQKSVPFEKLRGLLELPPGT
GFSLESDKRPELLGDETGARIAPAFGPGWTALPLEEQDALVELLLTEAEPERAIAALT
ARWALDEATAAKLAGATLPDFHGRY GRRAVAELLPVLERETRGDPDGRVRPIRLDE
AVKLLRGGKDHSDFSREGALLDALPYYGAVLERHVAFGTGNPADPEEKRVGRVAN
PTVffIALNQLRHLVNAILARHGRPEEIVIELARDLKRSAEDRRREDKRQADNQKRNE
EPJCRLILSLGERPTPRNLLKLRLWEEQGPVENPJCPY SGETISMRMLLSEQVDIDHILP
FSVSLDDSAAh¥AVVCLREANPIKPvMISPWEAFGHDSERWAGILARAEALPKNKRWR
FAPDALEKLEGEGGLRARHLNDTRHLSRLAVEYLRCVCPKVRVSPGRLTALLRRRW
GIDAILAEADGPPPEVPAETLDPSPAEKNRADHRHHALDAVVIGCIDRSMVQRVQLA
AASAEREAAAREDNIRRVLEGFKEEPWDGFRAELERRARTIVV SHPVPEHGIGGALHK
ETAYGPVDPPEEGFNLVVRJ<PIDGL SKDEmSVRDPRL PvRAL IDRLAIRRRDANDPAT
ALAKAAEDLAAQPASRGIRRVRVLKKESNPIRVEHGGNPSGPRSGGPFHKLLLAGEV
HFIVDVALRADGRRWYVGHWVTLFEAHGGRGADGAAAPPRLGDGERFLMRLHKGDC
LKLEFDCGRVRVMQVVKLEPSSNSVVVVEPHQVKTDRSKHVKISCDQLRARGARRYV
TVDPLGRVRVHAPGARVGIGGDAGRTAMEPAEDIS

[0117] YP_571550.1 hypothetical protein Nham_4054 (plasmid) [Nitr obacter
hamburgensis X14]
MHVEIDFPHFSRGDSHLAMMCNEILRGSSVLYRLGLDLGSNSLGWFVTHLEKRGDR
HEPVALGPGGVRIFPDGRDPQSGTSNAVDRRMARGARKRRDRFVERRKELIAALIKY
NLLPDDARERRALEVLDPYALRKTALTDTLPAHHVGRALFHLNQRRGFQSNRKTDS
KQSEDGAIKQAASRLATDKGNETLGVFFADMHLRKSY EDRQTAIRAELVRLGKDHL
TGNARKKIWAKVRKRLFGDEVLPRADAPHGVRARATITGTKASYDYYPTRDMLRD
EFNAIWAGQSAHHATITDEARTEIEHIIFY QRPLKPAIVGKCTLDPATRPFKEDPEGY R

APWSHPLAQRFRJILSEARNLEIRDTGKGSRRLTKEQSDLVVAALLANREVKFDKLRT
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LLKLPAEARFNLESDRRAALDGDQTAARLSDKKGFNKAWRGFPPERQIAIVARLEET
EDENELIAWLEKECALDGAAAARVANTTLPDGHCRLGLRAIKKIVPIMQDGLDEDG
VAGAGYffIAAKRAGY DHAKLPTGEQLGRLPYYGQWLQDAVYVGSGDARDQKEKQY
GQFPNPTVHIGLGQLRRVVNDLIDKY GPPTEISIEFTRALKLSEQQKAERQREQRRNQ
DKNXARAEELAKJFGRPAWRMN.KMRLWEELAHDPLDPVKCVY TGEQISIERLLSDEV
DIDFILPVAMTLDDSPANKJCMRY ANRHKRKQTPSEAFGSSPTLQGHRYNWDDIAA
RATGLPRNKRWRFDANAREEFDKRGGFLARQLNETGWLARLAKQYLGAVTDPNQI
WVVPGRLTSMLRGKWGLNGLLPSDNYAGVQDKAEEFLASTDDMEFSGVKNRADH
RHHAIDGLVTALTDRSLLWKMANAY DEEHEKFVIEPPWPTMRDDLKAALEKMVVS
HKPDHGIEGKLHEDSAY GFVKPLDATGLKEEEAGNLVYRKAIESLNENEVDRIRDIQ
LRTIVRDHVNVEKTKGVALADALRQLQAPSDDY PQFKHGLRHVRILKKEKGDYLVP
IANPVASGVAYKAY SAGEWCVEVFETAGGKWDGEAVRRFDANKKNAGPKIAHAPQ
WRDANEGAKLVMRIHKGDLIRLDHEGRARIMVVHRLDAAAGRFKLADHNETGNLD
KJHATONDIDPFRWLMASYTSITLKXLAAVPVRVDELGRVWRVMPN

[0118] YP_001239928.1 hypothetical protein BBta 3952 [Bradyrhizobium sp. BTA.Il]
MKRTSLRAYRLGVDLGANSLGWFVVWLDDHGQPEGL GPGGV RIFPDGRNPQSK QS
NAAGRRLARSARRRRDRYLQRRGKLMGLLVKHGLMPADEPARKRLECLDPYGLRA
KALDEVLPLHHVGRALFHLNQRRGLFANRAIEQGDKDASAIKAAAGRLQTSMQACG
ARTLGEFLNRRHQLRATVRARSPVGGDVQARY EFYPTRAMVDAEFEAIWAAQAPH
HPTMTAEAHDTIREAIFSQRAMKRPSIGK CSLDPATSQDDVDGFRCAWSHPLAQRFRI
WQDVRNLAVVETGPTSSRLGKEDQDKVARALLQTDQLSFDEIRGLLGLPSDARFNLE
SDRRDHLKGDATGAILSARRHFGPAWHDRSLDRQIDIVALLESALDEAAIIASLGTTH
SLDEAAAQRALSALLPDGYCRLGLRAIKRVLPLMEAGRTYAEAASAAGYDHALLPG
GKLSPTGYLPYYGQWLQNDVVGSDDERDTNERRWGRLPNPTV{fIGIGQLRRVVNEL
IRWHGPPAEITVELTPVDLKLSPRRLAELEREQAENQRKNDKRTSLLRKLGLPASTHNL
LKLRLWDEQGDVASECPY TGEAIGLERLVSDDVDIDHLIPFSISWDDSAANKVVCMR
Y ANREK GNRTPFEAFGHRQGRPY DWADIAERAARLPRGKRWRFGPGARAQFEEL G
DFQARLLNETSWLARVAKQYLAAVTHPHRIHVLPGRLTALLRATWELNDLLPGSDD
RAAKSRKDHRHHAIDALVAALTDQALLRRMANAHDDTRRKIEVLLPWPTFRIDLET
RLKAMLVSHKPDHGLQARLHEDTAYGTVEHPETEDGANLVYRKTFVDISEKEIDRIR
DRRLRDLVRAFtVAGERQQGKTLKAAVLSFAQRRDIAGHPNGIRHVRLTKSIKPDYL

VPIRDKAGRIYKSYNAGENAFVDI LQAESGRWIARATTVFQANQANESHDAPAAQPI
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MRVFKGDMLPIDHAGAEKFVKJIJVRLSPSNNLLYLVEHHQAGVFQTRHDDPEDSFRW
LFASFDKIREWNAELVRIDTLGQPWPVRKRGLETGSEDATRIGWTRPKKWP

[0119] YP_001531750.1 CRISPR-associated protein [Dinoroseobacter shibae DFL 12
= DSM 16493]
MRLGLDIGTSSIGWWLYETDGAGSDARITGVVDGGVRIFSDGRDPKSGASLAVDRR
AARAMRRRRDRYLRRRATLMKVLAETGLMPADPAEAKALEALDPFALRAAGLDEP
LPLPHLGPVALFHLNQRRGFKSNRKTDRGDNESGKIKDATARLDMEMMANGARTYG
EFLHKRRQKATDPRHVPSVRTRLSIANRGGPDGKEEAGY DFY PDPJHLEEEFHKLW
AAQGAHHPELTETLRDLLFEKIFFQRPLKEPEV GLCLFSGHHGVPPKDPRLPKAHPLT
QRRVLYETVNQLRVTADGREARPLTREERDQVIHALDNKKPTKSLSSMVLKLPALA
KVLKLRDGERFTLETGVRDAIACDPLRASPAHPDRFGPRWSILDADAQWEVISRIRR
VQSDAEHAALVDWLTEAHGLDRAHAEATAHAPLPDGY GRLGLTATTRILYQLTAD
VVTYADAVKACGWHHSDGRTGECFDRLPYY GEVLERHVIPGSY HPDDDDITRFGRI
TWTV{fIGLNQLRPVLVNPIETHGKPHQIWELARDLKKSEEQKRADIKRIRDTTEAA
KKRSEKLEELEIEDNGRNRMLLRLWEDLNPDDAMRRFCPY TGTRISAAMIFDGSCDV
DffILPY SRTLDDSFPNRTLCLREANRQKRNQTPWQAWGDTPHWHAIAANLKNLPEN
KRWRFAPDAMTRFEGENGFLDRALKDTQYLARISRSYLDTLFTKGGHVWVVPGRFT
EMLRRHWGLNSLLSDAGRGAVKAKNRTDHRHHAIDAAVIAATDPGLLNRISRAAGQ
GEAAGQSAELIARDTPPPWEGFRDDLRVRLDRIIVSHRADHGRIDHAARKQGRDSTA
GQLHQETAY SIVDDIHVASRTDLLSLKPAQLLDEPGRSGQVRDPQLRKALRVATGGK
TGKDFENALRY FASKPGPY QAIRRVRIIKPLQAQARVPVPAQDPIKAY QGGSNHLFEI
WRLPDGEIEAQVITSFEAHTLEGEKRPHPAAKRLLRVHKGDMVALERDGRRVVGHV
QKMDIANGLFIVPHNEANADTRNNDK SDPFKWIQIGARPAIASGIRRY SYDEIGRLRD
GGTRPI

[0120] YP_001411379.1 CRISPR-associated endonuclease Csnl family protein
[Parvibaculum lavamentivorans DS-1]

MEWFGFDIGTTSIGFSVIDY SSTQSAGNIQRLGVRIFPEARDPDGTPLNQQRRQKRMM
RRQLRRRRIRRKALNETLHEAGFLPAY GSADWPVVMADEPY ELRRRGLEEGLSAYE
FGRAIYHLAQHRHFKGRELEESDTPDPDVDDEKEAANERAATLKALKNEQTTLGAW
LARRPPSDRKRGIHAHRNVVAEEFERLWEV QSKFHPALKSEEMRARISDTIFAQRPVF
WPVKNTLGECRFMPGEPL CPKGSWLSQQRRMLEKLNNLAIAGGNARPLDAEERDAIL

SKLQQQASMSWPGVRSALKALYKQRGEPGAEKSLKFNLELGGESKLLGNALEAKLA
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DMFGPDWPAHPPYK QEIRHAVHEPVLWAADY GETPDKKRVIILSEKDRKAHREAAANS
FVADFGITGEQAAQLQALKLPTGWEPY SIPALNLFLAELEKGERFGALVNGPDWEG
WPITWPHRNQPTGEILDKLPSPASKEEPVEPISQLPI'"TWRTQNELRKVVNNLIGLY
GKPDRIRIEVGRDV GK SKREREEIQSGIRRNEKQRKKATEDLIKNGIANPSRDDV EKW
ILWKEGQERCPY TGDQIGFNALFREGRY EV EfflWPRSRSFDNSPRNK TLCRKDVNIEK
GNRMPFEAFGHDEDRWSAIQIRLQGMV SAKGGTGM SPGKVKRFLAKTMPEDFAAR
QLNDTRYAAKQILAQLKRLWPDMGPEAPVKVEAVTGQVTAQLRKLWTLNNILADD
GEKTRADHRIfflAIDALTVACTFIPGMTNKLSRYWQLRDDPRAEKPALTPPWDTIRAD
AEKAVSEIVVSHRVRKKVSGPLHKETTYGDTGTDIKTKSGTY RQFVTRKKIESLSKGE
LDEIRDPRIKEIVAAHVAGRGGDPKKAFPPY PCV SPGGPEIRKVRLTSKQQLNLMAQT
GNGYADLGSNHffIAIY RLPDGKADFEIVSLFDASRRLAQRNPIVQRTRADGASFVMS
LAAGEAIMIPEGSKKGIWIVQGVWASGQVVLERDTDADHSTTTRPMPNPILKDDAKK
VSIDPIGRVRPSND

[0121] ZP_17295095.1 CRISPR-associated protein cas9/csnl, subtype Il/nmemi
[Bergeyella zoohelcum ATCC 43767]

IVIKffILGLDLGTNSIGWALIERNIEEKY GKIIGMGSRIVPMGAEL SKFEQGQAQTKNAD
RRTNRGARRLNKRYKQRRNKLIYILQKLDMLPSQIKLKEDFSDPNKIDKITILPISKKQ
EQLTAFDLVSLRVKALTEKVGLEDLGKITYKYNQLRGYAGGSLEPEKEDIFDEEQSKD
KKNKSFIAFSKIVFLGEPQEEIFKNKKLNRRAIIVETEEGNFEGSTFLENIKVGDSBELL|
MSASKSGDTITIKLPNKTNWRKXMENIENQLKEK SKEMGREFY ISEFLLELLKENRW
AKJRNNTILRARY ESEFEAIW>ffiQVKHY PFLENLDKKTLIEIV SFIFPGEKESQKKY RE
LGLEKGLKYIIKNQVVFYQRELKDQSHLISDCRY EPNEKAIAKSHPVFQEY KVWEQIN
KLIVNTKIJEAGTNRKGEKXYKYIDRPIPTALKEWIFEELQNKKEITFSAIFKKLK”EFD
LREGIDFLNGM SPKDK1KGNETKLQLQKSLGELWDVLGLDSINRQIELWNILYNEKG
NEYDLTSDRTSKVLEFINKY GNNIVDDNAEETAIRISKIKFARAY SSLSLKAVERILPL
VRAGKYFNNDFSQQLQSKILKLLNENVEDPFAKAAQTYLDNNQSVLSEGGVGNSIAT
ILVYDKMTAKEY SHDELYKSYKEINLLKQGDLRNPLVEQIINEALVLIRDIWKNY GIK
PNEIRVELAPIDLKNSAKERATIHKRNKDNQTINNKIKETLVKNKKEL S. ANIEKVKL
WEAQRHLSPY TGQPIPLSDLFDKEKYDVDHIIPISRY FDDSFTNKVISEKSVNQEKANR
TAMEYFEVGSLKY SIFTKEQFIAIWNEY FSGVKRKNLLATSIPEDPVQRQIKDTQY IAI
RVKEELNKWGNENVKTTTGSITDYLRNHWGLTDKFKLLLKERYEALLESEKFLEAE

YDNYKiCDFDSRKKEY EEKEVLFEEQELTREEFIKEY KENYIRY KKNKLIIKGWSKRID
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HPJHAIDALIVACTEPAffIKRLNDLNKVLQDWLVEHKSEFMPNFEGSNSELLEEILSL
PENERTEIFTQIEKFRAIEM PWK GFPEQVEQKLKEINISHKPKDKLLLQYNKAGDRQIK
LRGQLHEGTLY GISQGKEAYRIPLTKFGGSKFATEKNTQKIV SPFLSGFIANHLKEY NN
KKEEAFSAEGIMDL>WKLAQYRNEKGELKPHTPISTVKIYYKDPSKNKKKKDEEDLS
LOQKLDREKAFNEKLYVKTGDNYLFAVLEGEIKTKKTSQIKRLY DIISFFDATNFLKEE
FRNAPDKKTFDKDLLFRQYFEERNKAKLLFTLKQGDFVYLPNENEEVILDKESPLY N
QYWGDLKERGKNIYVVQKFSKKQIYFIKHTIADIIKKDVEFGSQNCY ETVEGRSIKEN
CFKLEIDRLGNIVKVIKR

[0122] ZP_07217791.1 conserved hypothetical protein [Bacteroides sp. 20 3]
MKKIVGLDLGTNSIGWALINAYINKEFiLY GIEACGSRIIPMDAAILGNFDKGNSISQTA
DRTSYRGIRRLRERHLLRRERLHRILDLLGFLPKHY SDSLNRY GKFLNDIECKLPWVK
DETGSY KFIFQESFKEMLANFTEIffIPILIANNKKVPYDWTIYYLRKKALTQKISKEEL
AWILLNFNQKRGYYQLRGEEEETPNKLVEYY SLKVEKVEDSGERKGKDTWY NVHL
ENGMIYRRTSNIPLDWEGKTKEFIVTTDLEADGSPKKDKEGNIKRSFRAPKDDDWTLI
KKKTEADIDKIKMTVGAYIYDTLLQKPDQKIRGKLVRTIERKYYKNELY QILKTQSEF
HEELRDKQLYIACLNELYPNNEPRRNSISTRDFCHLFIEDIIFY QRPLKSKKSLIDNCPY
EENRYIDKESGEIKHASIKCIAKSHPLY QEFRLWQFIVNLRIYRKETDVDVTQELLPTE
ADYVTLFEWLNEKKEIDQKAFFKY PPFGFKKTTShTIFRWAYVEDKPYPCNETHAQIIA
RLGKAffIPKAFLSKEKEETLWFILY SIEDK QEIEKALHSFANKNNL SEEFIEQFKNFPPF
KKEYGSY SAKAIKKLLPLMRMGKYWSIENIDNGTRIRINKIIDGEY DENIRERVRQKA
INLTDITHFRALPLWLACYLVYDRHSEVKDIVKWKTPKDIDLYLKSFKQHSLRNPIVE
QVITETLRTVRDIWQQV GffIDEIffIELGREMKNPADKRARMSQQMIKNENTNLRIKA
LLTEFLNPEFGIENY RPY SPSQQDLLRIYEEGVLNSILELPEDIGIILGKFNQTDTLKRPT
RSEILRYKLWLEQKYRSPYTGEMIPLSKLFTPAY EIEHIIPQSRY FDDSLSNKVICESEI
NKLKDRSLGYEFIKNFIHGEKVELAFDKPVEVLSVEAYEKLVHESYSHNRSKMKKLL
MEDIPDQFIERQLNDSRY ISKVVKSLLSNIVREENEQEAISKNVIPCTGGITDRLKKDW
GINDVWNKIVLPRFIRLNELTESTRFTSINTONTMIPSMPLELQKGFNKXWDHRHHA
MDAHIACANRMVWLNIWSASKNTKITRRDL”® TLLCHKDKTDNNGNYKWVIDKP
WETFTQDTLTALQKITVSFKQNLRVINKTTNHY QHY ENGKKIVSNQSKGDSWAIRKS
MHKETVHGEVNLRMIKTVSFNEALKKPQAIVEMDLKKKILAMLELGYDTKJRIKWF
EENKDTWQDINPSKIKVYYFTKETKDRY FAVRKPIDTSFDKKKIKESITDTGIQQIMLR

HLETKDhTOPTLAFSPDGIDEMNRNILILNKGKKHQPIYKVRVYEKAEKFTVGQKGNK
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RTKFVEAAKGTNLFFAIYETEEIDKDTKKVIRKRSY STIPLNVVIERQKQGL SSAPEDE
NG"PKYILSPNDLVYVPTQEEINKGEVVMPIDRDRIYKMVDSSGITANFIPASTANLI
FALPKATAEIYCNGENCIQNEY GIGSPQSKNQKAITGEMVKEICFPIKVDRLGMIQVG
SCILTN

[0123] YP_005848005.1 hypothetical protein IALB_3034 [Ignavibacterium album
JCM 16511]

MEFKKVLGLDIGTNSIGCALLSLPKSIQDY GKGGRLEWLTSRVIPLDADYMKAFIDG
KNGLPQVITPAGKRRQKRGSRRLKIIRYKLRRSRLIRVFKTLNWLPEDFPLDNPKRIK
ETISTEGKPSFRISDY VPISDESY REFY REFGY PENEIEQVIEEINFRRKTK GKNKNPMI
KLLPEDWWYYLRKKALIKPTTKEELIRIIYLFNQRRGFKSSRKDLTETAILDYDEFAK
RLAEKEKYSAE>TYETKFVSITKVKEVVELKTDGRKGKKRFKVILEDSRIEPY EIERKE
KPDWEGKEY TFLVTQKLEKGKFKQNKPDLPKEEDWALCTTALDNRMGSKHPGEFFF
DELLKAFK"KRGYKIRQYPVMWRY KKELEFIWTKQCQLNPELNNLMNKEILP* A
TVLYPSQSKFFGPKIKEFENSDVLFIISEDIYY QRDLKSQKSLISECRY EKRKGIDGEIY
GLKCIPKSSPLY QEFRIWQDIHNIKVIRKESE\W"GKKKIMDETQLYINENIKEKLFELF
NSKDSLSEKDILELISLNIINSGIKJSKKEEETTHRINLFANRKELKGNETKSRY RKVFK
KLGFDGEY ILNFIPSKLNRLWHSDY SNDY ADKEKTEK SILSSL GWKNRNGKWEK SKN
YDVFNLPLEVAKAIANLPPLKKEY GSYSALAIRKMLVVMRDGKYWQHPDQIAKDQE
NTSLIVILFDKNLIQLTONQRKVLNKYLLTLAEVQKRSTLIKQKLNEIEIWYKIELVS
DQDLEKQVLKSFLEKKNESDYLKGLKTYQAGYLIYGKHSEKDVPIVNSPDELGEYIR
KKLPNNSLRNPIVEQVIRETIFIVRDVWKSFGIIDEIHIELGRELKNNSEERKK TSESQE
KOTQEKERARXLLKELLNSSNFEHY DENGNXIFSSFTVNPNPDSPLDIEKFRIWKNQS
GLTDEELNKXLKDEKIPTEIEVKKYILWLTQKCRSPY TGKIIPLSKLFDSNVY EIEffIIP
RSKMKNDSTNmMVICELGVNKAKGDRLAANFISESNGKCKFGEVEYTLLKYGDYLQ
YCKDTFKYQKAKYKNLLATEPPEDFIERQINDTRYIGRKLAELLTPVVKDSKNIIFTIG
SITSELKITWGLNGVWKDILRPRFKRLESIINKKLIFQDEDDPNKYHFDLSINPQLDKE
GLKRLDHRHHALDATNAATTREHVRYLNSLNAADNDEEKREY FLSLCNHKIRDFKL
PWENFTSEVKSICLLSCVVSYKESKPILSDPFNKYLKWEY KNGKWQKVFAIQIKNDR
WKAVRRSMFKEPIGTVWIKKIKEVSLKJIEAIKIQAIWEEVKNDPVRKKKEKYIYDDYA
QKVIAKIVQELGLSSSMRKQDDEKLNKFINEAKVSAGVNKNLNTTOKTIYNLEGRFY
EKIKVAEYVLYKAKIIMPLNKKEYIEKLSLQKMFNDLPNFILEKSILDNYPEILKELES

DNKYHEPHKKNNPVNRLLLEffILEYHNNPKEAFSTEGLEKLMCKAINKIGKPIKYITR
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LDGDINEEEIFRGAVFETDKGSNVYFVMY ENNQTKDREFLKPNPSISVLKAIEHKNKI
DFFAPNRL GFSmiLSPGDLVYVPTNDQYVLIKDNSSNETIINWDDNEFISNRIYQVKK
FTGNSCYFLKNDIASLILSY SASNGVGEFGSQN1SEY SVDDPPIRIKDV CIKIRVDRLGN
VRPL

[0124] YP_213533.1 conserved hypothetical protein [Bacteroides fragilis NCTC 9343]
MKPILGLDLGTNSIGWALWEAENKDERSSIVKLGVRVNPLTVDELTWEKGKSI?
NADRTLKRGMRRNLQRYKLRRETLTEVLKEHKLITEDTILSENGNRTTFETYRLRAK
AVTEEISLEEFARVLLMINKKRGY KSSRKAKGVEEGTLIDGMDIARELYNNNLTPGEL
CLQLLDAGKKFLPDFYRSDLQNELDRIWEKQKEYYPEILTDVLKEELRGKKRDAVW
AICAKYFVWKEhT/TEWNK"K GKTEQQEREHKLEGIY SKRKRDEAKRENLQWRVNG
LKEKLSLEQLVIVFQEMNTQINNSSGYLGAISDRSKELYFNKQTVGQYQM EMLDKNP
NASLRNMVFYRQDYLDEFNMLWEKQAVYHKELTEELKKEIRDI1IFY QRRLKSQKGL
|IGFCEFESRQIEVDIDGKKKJIKTVGNRVISRSSPLFQEFKIWQILhWIEVTVVGKKRKRR
KLKENY SALFEELNDAEQLELNGSRRLCQEEKELLAQELFIRDKMTKSEVLKLLFDN
PQELDLNFKTIDGNKTGYALFQAY SKMIEMSGHEPVDFKKPVEKVVEYIKAVFDLLN
WNTDILGFNSNEELDNQPY Y KLWHLLY SFEGDNTPTGNGRLIQKMTELY GFEKEY A
Tn_ANVSFQDDY GSLSAKAIHKILPHLKEGNRYDVACVYAGY RHSESSL TREEIANKV
LKDRLMLLPKNSLHM'VVEKILNQIVrvTAINVNDIYGKPDEIRVELARELKKNAKERE
ELTKSIAQTTKAHEEYKTLLQTEFGLTNVSRTDILRYKLYKELESCGYKTLYSNTYIS
REKLFSKEFDIEffIIPQAPXFDDSFSNKTLEARSVMEKGNKTAY DFVKEKFGESGADN
SLEHYLNMEDLFKSGKISKTKYNKLKMAEQDIPDGFIERDLRNTQYIAKKALSMLNE
ISHRVVATSGSVTDKLREDWQLIDVMKELNWEKY KALGLVEY FEDRDGRQIGRIKD
WTKIMDIIRHHAMDALTVAFTKDVFIQYFNNKNASLDPNANEHAIKNKY FQNGRAI
APMPLPVEFRAEAKKHLENTLISIKAKNKVITGMNKTRKKGGVNKNMQQTPRGQLHL
ETIYGSGKQYLTKEEKVNASFDMRKIGTVSKSAYRDALLKRLYENDNDPKKAFAGK
NSLDKQPIWLDKEQMRKVPEKVKIVTLEAIYTIRKEISPDLKVDKVIDVGVRKILIDRL
NEYGNDAKKAFSNLDKNPIWLNKEKGI SIKRVTISGI SNAQSLFTVKKDKDGKPILDEN
GRN1PVDFVNTGNNHHVAVYYRPVIDKRGQLVVDEAGNPKYELEEVWSFFEAVTR
ANLGLPIIDKDYKTTEGWQFLFSMKQNEY FVFPNEKTGFNPKEIDLLDVENY GLISPN
LFRVQKFSLKNYVFRHHLETTIKDTSSILRGITWIDFRSSKGLDTIVKVRVNHIGQIVS
VGEY
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[0125] ZP_10895610.1 CRISPR-associated protein Cas9/Csnl, subtype I[I/NMEMI
[Por phyromonas sp. oral taxon 279 str. F0450]
MLMSKHVLGLDLGVGSIGWCLIALDAQGDPAEILGMGSRVVPLNNATKAIEAFNAG
AAFTASQERTARRTMRRGFARY QLRRYRLRRELEKVGMLPDAALIQLPLLELWELR
ERAATAGRRLTLPELGRVLCHINQKRGYRHVKSDAAAIVGDEGEKKKDSNSAYLAG
IRANDEKLQAEHKTVGQYFAEQLROQNQSESPTGGISY RIKDQIFSRQCY IDEYDQIMA
VQRVHYPDILTDEFIRMLRDEVIFMQRPLKSCKHLV SLCEFEKQERVMRVQQDDGK
GGWQLVERRVKFGPKVAPKSSPLFQLCCIY EAVNNIRLTRPNGSPCDITPEERAKIVA
HLQSSASLSFAALKKLLKEKALIADQLTSKSGLKGNSTRVALASALQPYPQYHHLLD
IVIFiILETRMMTVQLTDEETGEVTEREVAVVTDSYVRKPLYRLWHILY SIEEREAMRRA
LITQLGMKEEDLDGGLLDQLYRLDFVKPGY GNKSAKFICKLLPQLQQGLGY SEACA
AVGYRHSNSPTSEEITERTLLEKIPLLQRNELRQPLVEKILNQMINLVNALKAEYGIDE
VRVELARELKMSREERERMARNNKDREERNKGVAAKIRECGLYPTKPRIQKYMLW
KEAGRQCLY CGRSIEEEQCLREGGMEVEHIIPKSVLYDDSY GNKTCACRRCNKEKGN
RTALEYIRAKGREAEYMKRINDLLKEKKISY SKHQRLRWLKEDIPSDFLERQLRLTQ
YISRQAMAILQQGIRRVSASEGGVTARLRSLWGY GKILHTLNLDRYDSMGETERV SR
EGEATEELMTNWSKRMDHRHHAIDALVVACTRQSY IQRLNRLSSEFGREDKKKEDQ
EAQEQQATETGRLSNLERWLTQRPHFSVRTV SDKVAEILISY RPGQRWTRGRNIYR
KKMADGREV SCVQRGVLVPRGELMEASFY GKILSQGRVRIVKRYPLHDLKGEVVDP
HLRELITTYNQELKSREKGAPIPPLCLDKDKKQEVRSVRCYAKTLSLDKAIPMCFDEK
GEPTAFVKSASNFIHLALYRTPKGKLVESIVTFWDAVDRARY GIPLVITHPREVMEQV
LQRGDIPEQVLSLLPPSDWVFVDSLQQDEMVVIGLSDEELQRALEAQNYRKISEHLY
RVQKMSSSYYVFRYHLETSVADDKNTSGRIPKFHRVQSLKAYEERMRKVRVDLLG
RISLL

[0126] ZP_11022414.1 CRISPR-associated protein cas9/csnl, subtype Il1/nmemi
[Barnesiella intestinihominis YIT 11860]

MKNI1LGLDLGLSSIGWSVIRENSEEQELVAMGSRVV SLTAAELSSFTQGNGV SINSQR
TOQKRTQRKGYDRYQLRRTLLRNKLDTLGMLPDDSLSYLPKLQLWGLRAKAVTQRIE
LNELGRVLLHLNQKRGYKSIKSDFSGDKKITDYVKTVKTRYDELKEMRLTIGELFFR
RLTENAFFRCKEQVYPRQAYVEEFDCIMNCQRKFYPDILTDETIRCIRDEIYY QRPLK
SCKYLVSRCEFEKRFYLNAAGKKTEAGPKV SPRTSPLFQVCRLWESINNIVVKDRRN

EIVFISAEQRAALFDFLNTHEKLKGSDLLKLLGLSKTY GYRLGEQFKTGIQGNKTRVE
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IERALGNY PDKX RL LQFNL QEESSSMVNTETGEIIPMI SL SFEQEPLYRLWHVLY SDD
REQLQSVLRQKFGIDDDEVLERLSAIDLVKAGFGNKSSKAIRRILPFLQLGMNYAEAC
EAAGYNHSNNY TKAENEAPVALLDRLPAIKKNELRQPVVEKILNQMVNVVNALMEK
YGRFDEIRVELARELKQSKEERSNTYKSINKNQRENEQIAKRIVEYGVPTRSRIQKYK
MWEESKHCCIY CGQPVDVGDFLRGFDVEVEHIIPKSLYFDDSFANKYCSCRSCNKEK
NNRTAYDYMKSKGEKALSDYVERWTMY TNNQISKTKWQNLLTPVDKISIDFIDRQ
LRESQYIARKAKEILTSICYNVTATSGSVTSFLRHVWGWDTVLHDLNFDRYKKVGLT
EVIEVNMGSVIRREQIKDWSKJFDHRHHAIDALTIACTKQAY IQPVLNNLRAEEGPDF
NKMSLERY IQSQPHFSVAQVREAVDRILVSFRAGKRAVTPGKRY IRKNRKRISVQSV
LIPRGALSEESVY GVIHVWEKDEQGHVIQKQRAVMKY PITSINREMLDKEKVVDKRI
HRILSGRLAQYNDNPKEAFAKPVYIDKECRIPIRTVRCFAKPAINTLVPLKKDDK GNP
VAWVNPGNNHHVAIYRDEDGKYKERTVTFWEAVDRCRVGIPAIVTQPDTIWDNILQ
RhnNDISEhTVLESLPDVKWQFVLSLQONEMFILGMNEEDYRYAMDQQDYALLNKYLY
RVQKLSKSDY SFRYHTETSVEDKY DGKPNLKiSMQMGKLKRVSIKSLLGLNPFIKVH
ISVLGEIKEIS

[0127] ZP_09642280.1 CRISPR-associated protein cas9/csnl, subtype II/nmemi
[Odoribacter laneus YIT 12061]

METTLGIDLGTOSIGLALVDQEEHQILY SGVmMFPEGrNfKDTIGLGEKEESRNATRRAK
ROMRRQY FRKKLRKAKLLELLIAYDMCPLKPEDVRRWKNWDKQQKSTVRQFPDTP
AFREWLKQNPY ELRKQAVTEDVTRPELGRILY QMIQRRGFL SSRKGKEEGKIFTGKD
RMVGIDETRKNLQKQTLGAYLYDIAPKNGEKYRFRTERVRARY T TLRDMY IREFEIIW
QRQAGHLGLAHEQATRKKNIFLEGSATNYRNSKLITHLQAKYGRGFTVLIEDTRITVT
FQLPLKEVLGGKIEIEEEQLKFKSNESVLFWQRPLRSQKSLLSKCVFEGRNFYDPVHQ
KWIIAGPTPAPLSHPEFEEFRAY QFINNITY GKNEHLTAIQREAVFELMCTESKDFNFE
KIPKHLKLFEKFNFDDTTKVPACTTISQLRKLFPHPVWEEK REEIWHCFYFYDDNTLL
FEKLQKDYALQTNDLEKJIKXIRLSESYGNVSLKAIRRIWYLKKGYAYSTAVLLGGIR
NSFGKRPEWKEY EPEIEKAVCPILKEKNAEGEVIRKIKDYLVHNRFGFAKNDRAFQK
LYHHSQAITTQAQKERLPETGNLRNPIVQQGLNELRITVNKLLATCREKY GPSFKFD
ffIHVEM GRELRSSK TEREK QSRQIRENEKKNEAAKVKLAEY GLKAYRDNIQKYLLY
KEIEEKGGTVCCPYTGKTLNISHTLGSDNSVQIEHIIPY SISLDDSLANKTLCDATFNRE
KGELTPYDFY QK DPSPEKWGASSWEEIEDRAFRLLPY AKAQRFIRRK PQESNEFISRQ

LM)TRYISKKAVEYLSAICSDVKAFPGQLTAELRHLWGLNNILQSAPDITFPLPVSATE
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NHPVEYYVITNEQNEVIRLFPKQGETPRTEKGELLLTGEVERKVFRCKGMQEFQTDVS
DGKYWRRIKLSSSVTWSPLFAPKPISADGQIVLKGRIEKGVFVCNQLKQKLKTGLPD
GSYWISLPVISQTFKEGESVYNNSKLTSQQVQLFGRVREGIFRCHNY QCPASGADGNF
WCTLDTDTAQPAFTPIKNAPPGYGGGQIILTGDVDDKGIFHADDDLHY ELPASLPKG
KYYGIFTVESCDPTLIPIELSAPKTSKGENLIEGNIWVDEHTGEVRFDPKKNREDQRHH
AIDAIVIALSSQSLFQRLSTYNARRENKKRGLDSTEHFPSPWPGFAQDVRQSVVPLLV
SYKQNPKTLCKISKTLYKDGKKIHSCGNAVRGQLHKETVY GQRTAPGATEKSYHIRK
DIRELKTSKffIGKVVDITIRQMLLKHLQENY mDITQEFMPSNAFFKEGVY RJIFLPNKH
GEPVPIKKIRMKEELGNAERLKDMNQYVNPRNNHIWMIY QDADGNLKEEIVSFWSV
IERQNQGQPIY QLPREGRMV SILQINDTFLIGLKEEEPEVYRNDLSTLSKHLYRVQKLS
GMYYTFRHHLASTLNTVIEREEFRIQSLEAWKJIRANPVKVQIDEIGRITFLNGPLC

[0128] YP_004843922.1 putative CRISPR-associated (Cas) protein [Flavobacterium
branchiophilum FL-15]
MAKILGLDLGTNSIGWAVVEREN1DFSLIDKGVRIFSEGVKSEKGIESSRAAERTGYRS
ARKIKYRRXLRXYETLKVLSLNRMCPLSIEEVEEWKKSGFKDY PLNPEFLKWLSTDE
ESNVNPY FFRDRASKHKYV SLFELGRAFYHIAQRRGFLSNRLDQSAEGILEEHCPKIEAI
VEDLISIDEISTNITDY FFETGILDSNEKNGYAKDLDEGDKKLVSLYKSLLAILKKNES
DFENCKSEIERLNKKDVLGKVKGKIKDISQAMLDGNYKTLGQYFYSLY SKEKIRNQ
YTSREEFIYLSEFITICKVQGIDQINEEEKINEKKFDGLAKDLYKAIFFQRPLKSQKGLIG
KCSFEK SKSRCAISHPDFEEY PWIWTYLNTIKIGTQSDKKLRFLTQDEKLKLVPKFYRK
NDFNFDVLAKELIEKGSSFGFY KSSKKNDFFYWFNYKPTDTVAACQVAASLKNAIGE
DWKTKSFKYQTrNSNKEQVSRTVDYKDLWHLLTVATSDVYLYEFAIDKLGLDEKNA
KAFSKTKLKJCDFASLSLSAINKILPYLKEGLLYSHAVFVANIENIVDENTWKDEKQRD
YIKTQISEIIENYTLEKSRFEIINGLLKEY KSENEDGKJVYY SKEAEQSFENDLKKKLV
LFYKSNEIENKEQQETIFNELLPIFIQQLKDYEFIKIQRLDQKVLIFLKGKNETGQIFCTE
EKGTAEEKFKKTKNRLKKLYHPSDIEKFKKKIIKDEFGNEKI VLGSPLTPSIKNPMAMR
ALHQLRKVLNALILEGQIDEKTIHffIEMARELNDANKRKGIQDY QNDNKKFREDAIKE
IKKLYFEDCKKEVEPTEDDILRY QLWMEQNRSEIY EEGKNISICDIIGSNPAYDIEHTIP
RSRSQDNSQMNKTLCSQRFNPVEVKKQSMPIELNNHLEILPRIAHWKEEADNLTREIEI
SRSIKAAATKEIKDKXIRRRHYL rLKRDYLQGKY DRFIWEEPKVGFKNSQIPDTGIITK
YAQAYLKSYFKKVESVKGGIVIVAEFPVKIWGIQESFIDENGMKFIYKVKDRSKHTHHTI

DAITIACMTKEKYDVLAHAWTLEDQQNKKEARSIIEASKPWKTFKEDLLKIEEEILVS
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HYTPDNVKKQAKKIVRVRGKKQFVAEVERDVNGKAVPKKAASGKTIYKLDGEGKK
LPRLQQGDTIRGSLHQDSIY GAIKNPLNTDEIKYVIRKDLESIKGSDVESIVDEVVKEKI
KEAIANKVLLLSSNAQOQKNKLVGTVWMNEEKRIAINKVRIYANSVYKNPLHIKEHSLL
SKSKHVHKQKVYGQ>TOENYAMAIYELDGKJDFELINIFNLAKLIKQGQGFY PLHKK
KEIKGKIVFVPIEKRNKRDVVLKRGQQVVFYDKEVENPKDISE1VDFKGRIYIIEGLSIQ
RIVRPSGKVDEY GVIMLRY FKEARKADDIKQDOTKPDGV FKLGENKPTPVKMNF*QF
TAFVEGIDFKVLPSGKFEKI

[0129] ZP_08837074.1 hypothetical protein HMPREF0666 03250 [Prevotella sp.
C561]
MTQKVLGLDLGTNSIGSAVRNLDLSDDLQWQLEFFSSDIFRSSYVNKESNGREY SLAA
QRSAHRRSRGLNEVRRRRLWATLNLLIKHGFCPMSSESLMRWCTY DKRKGLFREY P
IDDKDFNAWILLDFNGDGRPDY SSPY QLRRELV TRQFDFEQPIERYKLGRALY fflAQH
RGFKSSKGETLSQQETNSKPSSTDEIPDVAGAMKASEEKLSKGLSTYMKEHNLLTVG
AAFAQLEDEGVRVRNNNDY RAIRSQFQHEIETIFKFQQGLSVESELYERLISEKKNVG
TIFYKRPLRSQRGNY GKCTLERSKPRCAIGHPLFEKFRAWTLINMKVRMSVDTLDEQ
LPMKLRLDLYNECFLAFVRTEFKFEDIRKYLEKRLGIHFSYNDKTINYKDSTSVAGCP
ITARFRKMLGEEWESFRV EGQKERQAHSKNNISFHRV SY SIEDIWFIFCY DAEEPEAVL
AFAQETLRLERKKAEELVRIWSAMPQGY AMLSQKAIRNINKILMLGLKY SDAVILAK
VPELVDVSDEELLSIAKDYYLVEAQVWDKJIRINSIVNGLIAKYKSVSEEY RFADHNY
EYLLDESDEKDIIRQIENSLGARRWSLMDANEQTDILQKVRDRY QDFFRSHERKFVES
PKLGESFEWLTKKFPIVIVEREQWKKLYHPSQITIYRPVSVGKDRSVLRLGNPDIGAIK
NPTVLRVLNTLRRRVNQLLDDGVISPDETRVVVETARELNDANRKWALDTYNRIRH
DEhffiKIKKILEEFYPKRDGISTDDIDKARYVIDQREVDYFTGSKTYNKDIKKYKFWLE
QGGQCMYTGRTIM"SNLFDPNAFDIEHTIPESLSFDSSDMNLTLCDAImM {RFIKKNHIP
TDMPNYDKAITIDGKEY PAITSQLQRWYVERVERLNRNVEYWKGQARRAQNKDRKD
QCMREMHLWKMELEYWKKKLERFTVTEVTDGFKNSQLVDTRVITRHAVLYLKSIFP
HVDVQRGDVTAKFRKILGIQSYDEKKDRSLHSHHAIDATTLTIIPVSAKRDRMLELFA
KMEINKMLSFSGSEDRTGLIQELEGLKNKLQMEVKVCRIGHNVSEIGTFI NDNIIVNH
MKNQALTPVPXRRLRKKGY IVGGVDNPRWQTGDALRGEIHKASYY GAITQFAKDDE
GKVLMKEGRPQVNPTIKFVIRRELKY KKSAADSGFASWDDLGKAIVDKELFALMKG
QFPAETSFKDACEQGIY MIKKGKNGMPDIKLHHIRUVRCEAPQSGLKIKEQTYKSEKE

YKJIYFYAAVGDLYAMCCY TOGKIREFRIY SLY DV SCHRK SDIEDIPEFITDKK GNRL
-86-
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MLDYKLRTGDMILLYKDNPAELYDLDNVNLSRRLYKINRFESQSNLVLMTHHLSTS
KERGRSLGKTVDYQNLPESIRSSVKSLNFLIMGENRDFVIKNGKIIFNHR

[0130] ZP 06288774.1 CRISPR-associated protein, Csnl family [Prevotella timonensis
CRIS 5C-B1] .
MNKRILGLDTGTNSLGWAVVDWDEHAQSYELIKYGDVIFQEGVKIEKGIESSKAAER
SGYKAIRKQYFRRRLRKIQVLKVLVKYHLCPYLSDDDLRQWHLQKQYPKSDELML
WQRTSDEEGKNPYYDRHRCLHEKLDLTVEADRYTLGRALYHLTQRRGFLSNRLDTS
ADNKEDGWKSGISQLSTEMEEAGCEY LGDYFYKLYDAQGNKVRIRQRY TDRMCH

Y QHEFDAICEKQELSSELIEDLQRAIFFQLPLK SQRHGVY GRCTFERGKPRCADSHPDY
EEFRMLCFVNMQVKGPHDLELRPLTY EEREKIEPLFFRKSKPNFDFEDIAKALAGKK
NYAWIHDKEERAYKFNYRMTQGVPGCPTIAQLKSIFGDDWKTGIAETYTLIQKKNGS
KSLQEMVDDVWPNAALY SFSSVEKI.KEFANHKLQLDEESAEKFAKIKLSHSFAALSLKA
IRKFLPFLRKGIVMTHASFFAMPTIV GKEIWNKEQNPYY IMEWGELVFNY QPKHR
EVQGTIEMLIKDFLANNFELPAGATDKLYHPSMIETYPNAQRNEFGILQLGSPRTNAI
RNPMAMRSLMLRRVVNQLLKESIIDENTEVHVEY ARELNDANKRRAIADRQKEQD
KQHKKYGDEIRKLYKEETGKDIEPTQTDVLKFQLWEEQNHHCLY TGEQIGITDFIGSN
PKFDIEHTIPQSVYGGDSTQMNLTLCDNRFNREVKKAKLPTELANHEEILTRIEPWKNK
YEQLVKERDKQRTFAGMDKAVKDIRIQKRHKLOMEIDYWRGKY ERFTMTEVPEGFS
RRQGTGIGLISRYAGLYLKSLFHQADSRNKSNVYVVKGVATAEFRKMWGLQSEY EK
KCRDNHSHHCMDAITIACIGKREYDLMAEYYRMEETFKQGRGSKPKFSKPWATFTE
DVLMYKNLLWHDTPNNMPKHTKKYVQTSIGKVLAQGDTARGSLHLDTYYGAIER
DGEIRYVVRRPLSSFTKPEELEMVDETVKRTIKEAIADKNFKQAIAEPIY MNEEKGILI
KKVRCFAKSVKQPIMRQHRDLSKKEY KQQYFTVMNENNYLLAIYEGLVKNKVVREF
EIVSYIEAAKYYKRSQDRNIFSSIVPTHSTKY GLPLKTKLLMGQLVLMFEENPDEIQV
DNTKDLVKRLYKVVGIEKDGRIKFKYHQEARKEGLPIFSTPY KNNDDY APIFRQSINN
INILVDGIDFTIDILGKVTLKE

[0131] YP_001875142.1 CRISPR-associated endonuclease Csnl family protein
[Elusimicrobium minutum Peil91]

MQKNINTKQNFNY IKQAQKIKEKLGDKPYRIGLDLGVGSIGFAIVSMEENDGNVLLPK
EIIMVGSWFKASAGAADRKLSRGQRNNHRHTRERMRY LWKVLAEQKLALPVPADL
DRKENSSEGETSAKRFLGDVLQKDIYELRVKSLDERLSLQELGY VLY fflAGHRGSSAI

RTFEND SEEAQKENTENKKIAGNIKRLMAKKNYRTYGEYLYKEFFENKEKHKREKIS
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NAANNHKFSPTRDLVIKEAEAILKKQAGKDGFHKELTEEY IEKLTKAIGY ESEKLIPES
GFCPYLKDEKRLPASHKLNEERRLWETLNNARY SDPIVDIVTGEITGY YEKQFTKEQ
KQKLFDYLLTGSELTPAQTKKLLGLKNTWEDNLQGRDKKAQKIKGY KLIKLESMPF
WARLSEAQQDSFLYDWNSCPDEKLLTEKLSNEYHLTEEEIDNAFNEIVLSSSY APLGK
SAMLIILEKIKNDLSY TEAVEEALKEGKLTKEKQAIKDRLPYYGAVLQESTQKIIAKG
FSPQFKI)KGYKTPHT>%Y ELEY GRIAWVVHQTLNELRKLVNEIIDILGKKPCEIGLET
ARELKKSAEDRSKL SPYvEQNDNESNRNRIY EIYIRPQQQVIITRRE NPRNYILKFELLEE
QKSQCPFCGGQISPNDIINNQADIEHLFPIAESEDNGRNNLVISHSACNADKAKRSPW
AAFASAAKDSKYDYNRILSTVKEMPHKAWRFNQGAFEKFIENKPMAARFKTDNSY |
SKVAHKYLACLFEKPNIICVKGSLTAQLRMAWGLQGLMIPFAKQLITEKESESFNKD
VNSNKKIRLDhmHHALDAIVIAYASRGY GhnXNKMAGKDY KINYSERNWLSKILLPP
NNIVWENIDADLESFESSVKTALKNAFISVKHDHSDNGELVKGTMY KIFY SERGY TL
TT YKKLSALKLTDPQKKKTPKDFLETAL? KFKGRESEMKNEKIKSAIENNKRLFDVIQ
DM.EKAKKLLEEEM"K SKAEGKAKNINDASIY QKAISLSGDKY VQL SKKEPGKFFAI
SKPTPTTTGYGYDTGDSLCVDLYYDNKGKLCGEIIRKIDAQQKNPLKYKEQGFTLFE
RI'Y GGDILEVDFDIHSDKNSFRhWTGSAPEMVFIKVGTFTEITONMQIWFGNIIKSTG
GQDDSFTENSMQQY NPRKLILSSCGFIKY RSPILKNKEG

[0132] YP_004248194.1 CRISPR-associated protein, Csnl family [Sphaerochaeta
globosa str. Buddy]

MSKKV SRRY EEQAQEICQRLGSRPY SIGLDLGVGSIGVAVAAY DPIKKQPSDLVFVSS
RIFIPSTGAAERRQKRGQRNSLRHRANRLKFLWKLLAERNLMLSY SEQDVPDPARLR
FEDAVVRANPYELRLKGLNEQLTL SELGYALYiD ANHRGSSSYRTFLDEEK S SDDKK
LEEQQAMTEQLAKEKGISTFIEVLTAFNTNGLIGYRNSESVKSKGVPVPTRDIISNEID
VLLQTQKQFYQEILSDEY CDRIVSAILFENEKIVPEAGCCPY FPDEKKLPRCHFLNEER
RLWEAINNARIKMPMQEGAAKRY QSASFSDEQRHILFHIARSGTDITPKLVQKEFPAL
KTSnVLQGKEKMN QKJAGFRFRRLEEK SFWKRLSEEQKJIJDDFFSAWTNTPDDKRLSKY
LMKHLLLTENEWDALKTVSLIGDY GPIGKTATQLLMKHLEDGLTY T TEALERGMET
GEFQELSVWEQQSLLPYYGQILTGSTQALMGKYWHSAFKEKRDSEGFFKPNTNSDE
EKY GWANPVVHQTLNELRKLMNELITILGAKPQEITVELARELKVGAEKREDIIKQQ
TKQEKEAVLAY SKY CEPNNLDKRY 1ERFRLLEDQAFVCPY CLEHISVADIAAGRADV
DffIFPRDDTADNSY GNKVVAHRQCNDIKGKRTPY AAFSNTSAWGPIMHY LDETPGM

WRKRRKFETNEEEY AKY LQSKGFVSRFESDNSYIAKAAKEYLRCLFNPNNVTAVGS
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LKGMETSILRKAWM.QGIDDLLGSRHWSKDADTSPTMRKNRDDNRHHGLDAIVAL
YCSRSLVOQMINTMSEQGKRAVEIEAMIPIPGY ASEPNL SFEAQPVEL FPvKKILEFMDLH
AFVSMKTDND ANGALLKDT VY SILGADTQGEDL VFVVKKKIKDIG VKIGD YEEVAS
AIRGRITDKQPKWYPMEMKDKIEQLQSKNEAALQKYKESLVQAAAVLEESNRKLIES
GKXPIQLSEKTISKKALELVGGYYYLISWKRTKTFVVKEPSNEVKGFAFDTGSNLCL
DFYHDAQGKLCGENRKIQAMNPSY KPAYMKQGYSLYVRLY QGDVCELRASDLTEA
ESNLAKTTHVRLPNAKPGRTRVIITFTEMGSGY QI Y FSNLAKSKKGQDTSFTLTTIKN
YDVRKVQLSSAGLVRYVSPLLVDKIEKDEVALCGE

[0133] YP_873709.1 HNH endonuclease [Acidothermus cellulolyticus 11B]
MGGSEVGTVPVTWRLGVDVGERSIGLAAVSY EEDKPKEILAAVSWIHDGGV GDERS
GASPvLALRGM ARRARRLRRFRRARLRDLDMLLSELG  WTPLPDKNV SPVDAWLARK
RLAEEYVVDETERRRLLGYAVSHMARHRGWRNPWTTIKDLKNLPQPSDSWERTRES
LEARY SVSLEPGTVGQWAGY LLQRAPGIRLNPTQQSAGRRAELSNATAFETRLRQED
VLWELRCIADVQGLPEDVVSNVIDAVFCQKRPSYPAERIGRDPLDPSQLRASRACLEF
QEYRIVAAVANLRIRDGSGSRPLSLEERNAVIEALLAQTERSLTWSDIALEILKLPNES
DLTSVPEEDGPSSLAY SQFAPFDETSARIAEFIAKNRRKIPTFAQWWQEQDRTSRSDL
VAALADNSIAGEEEQELLVHLPDAELEALEGLALPSGRVAY SRLTLSGLTRVMRDDG
VDVFi NARKTCFGV DDNWRPPLPALFEEATGFIPVVDRNLAILRKFLSSATMRWGPPQS
IVVELARGASESRERQAEEEAARRAHRKANDRIRAELRASGL SDPSPADLVRARLLE
LYDCHCMY CGAPISWENSELDffIVPRTDGGSNRHENLAITCGACNXEK GRRPFASW
AETSNRVQLRDVIDRVQKLKY SGNMYWTRDEFSRYKKSVVARLKRRTSDPEVIQSIE
STGYAAVALRDRLLSYGEKNGVAQVAVFRGGVTAEARRWLDISIERLFSRVAIFAQS
TSTKRLDRRHHAVDAVVLTTLTPGVAKTLADARSRRY SAEFWRRPSDVNRHSTEEP
QSPAYRQWKESCSGLGDLLISTAARDSIAVAAPLRLRPTGALHEETLRAFSEHTVGA
AWKGAELRRIVEPEVYAAFLALTDPGGRFLKV SPSEDVLPADENRffIVLSDRVLGPR
DRVKLFPDDRGSIRVRGGAAY IASFHHARVFRWGSSHSPSFALLRVSLADLAVAGLL
RDGVDVFTAELPPWTPAWRYASIALVKAVESGDAKQVGWLVPGDELDFGPEGVTT
AAGDLSMFLKY FPERHWVVTGFEDDKRINLKPAFLSAEQAEVLRTERSDRPDTLTEA
GEILAQFFPRCWRATVAKVLCHPGLTVIRRTALGQPRWRRGHLPY SWRPWSADPWS
GGTP

[0134] ZP_07880770.1 conserved hypothetical protein [Actinomyces sp. oral taxon 180

str. FO310]
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MLHCIAVIRVPPSEEPGFFETHADSCALCHHGCMTYAANDKAIRYRVGIDVGLRSIGF
CAVEVDDEDHPIRILNSVVHVHDAGTGGPGETESLRKRSGVAARARRRGRAEKQRL
KKLDVLLEELGWGV SSNELLDSHAPWIfIRKRLV SEYIEDETERRQCLSVAMAffIARH
RGWRNSFSKVDTLLLEQAPSDRMQGLKERVEDRTGLQFSEEVTQGELVATLLEHDG
DVTIRGFVRKGGKATKVHGVLEGKYMQSDLVAELRQICRTQRVSETTFEKLVLSIFH
SKEPAPSAARQRERVGLDELQLALDPAAKQPRAERAHPAFQKFKWATLANMRIRE
QSAGERSLTSEELNRVARYLLNHTESESPTWDDVARKLEVPRHRLRGSSRASLETGG
GLTYPPVDDTTVRVMSAEVDWLADWWDCANDESRGHMIDAISNGCGSEPDDVEDE
EVNELISSATAEDMLKLELLAKKLPSGRVAY SLKTLREVTAAILETGDDLSQAITRLY
GVDPGWVPTPAPIEAPVGNPSVDRVLKQVARWLKFASKRWGVPQTVNIEHTREGLK
SASLLEEERERWERFEARREIRQKEMY KRLGISGPFRRSDQVRYEILDLQDCACLYCG
NEINFQTFEVDHIIPRVDASSDSRRTNLAAVCHSCNSAKGGLAFGQWVKRGDCPSGV
SLENAIKRVRSWSKDRLGLTEKAMGKRKSEVISRLKTEMPY EEFDGRSMESVAWMA
IELKKRIEGY FNSDRPEGCAAVQVNAY SGRLTACARRAAHVDKRVRLIRLKGDDGH
HKNRFDRRNHAMDALVIALMTPAIARTIAVREDRREAQQLTRAFESWKNFLGSEER
MQDRWESWIGDVEY ACDRLNELIDADKIPVTENLRLRNSGKLHADQPESLKKARRG
SKRPRPQRYVLGDALPADVINRVTDPGLWTALVRAPGFDSQLGLPADLNRGLKLRG
KRISADFPIDYFPTDSPALAVQGGYVGLEFHHARLYR1 GPKEKVKYALLRVCAIDLC
GIDCDDLFEVELKPSSISMRTADAKLKEAMGNGSAKQIGWLVLGDEIQIDPTKFPKQS
IGKFLKECGPVSSWRVSALDTPSKITLKPRLLSNEPLLKTSRVGGHESDLVVAECVEK
IMKKTGWVVEINALCQSGLIRVIRRNALGEVRTSPKSGLPISLNLR

[0135] ZP_03925169.1 conserved hypothetical protein [Actinomyces coleocanis DSM
15436)
MDNKNYRIGIDVGLNSIGFCAVEVDQHDTPLGFLNLSVYRHDAGIDPNGKKTNTTRL
AMSGVARRTRRLFRKPVKPVRLAALDRFIEAQGWTLPDHADYKDPYTPWLVRAELAQ
TPIRDE>IDLHEKLAIAVRffARHRGWRSPWVPVRSLHVEQPPSDQY LALKERVEAKT
LLOQMPEGATPAEMVVALDLSVDWLPYPKNREKTDTRPENKKPGFLGGKLMQSDNA
NELRKIAKIQGLDDALLRELIELVFAADSPKGASGELVGYDVLPGQHGKRRAEKAHP
AFQRYRIASIVSNLRIRHLGSGADERLDVETQKRVFEYLLNAKPTADITWSDVAEEIG
VERNLLMGTATQTADGERASAKPPVDV INVAFATCKIKPLKEWWLNADY EARCVM
VSALSHAEKLTEGTAAEVEVAEFLQNLSDEDNEKLDSFSLPIGRAAY SVDSLERLTKR

MIENGEDLFEARVNEFGV SEDWRPPAEPIGARVGNPAVDRVLKAVNRYLMAAEAE
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WGAPLSVNIEHYREGFISKRQAVEIDPVENQKRY QRNQAVRSQIADfINATSGVRGSD
VTRYLAIQRQNGECLY CGTAITFVNSEIVrofflVPRAGLGSTOTRDNLVATCERCNKSK
SNKPFAVWAAECGIPGV SVAEALKRVDFWIADGFASSKEHRELQKGVKDRLKRKVS
DPEIDNRSMESVAWMARELAHRVQYYFDEKHTGTKVRVFRGSLTSAARKASGFESR
VNFIGGNGKTRLDRRHHAMDAATVAMLRNSVAKTLVLRGNIRASERAIGAAETWK
SFRGENVADRQIFESWSENMRVLVEKFNLALYNDEV SIFSSLRLQLGNGKAHDDTIT
KLOQMHKVGDAWSLTEIDRASTPALWCALTRQPDFTWKDGLPANEDRTIIVNGTHYG
PLDKVGIFGKAAASLLVRGGSVYDIGSAIHHARIYRIAGKKPTYGMVRVFAPDLLRYR
NEDLFNVELPPQSVSMRY AEPKVREAIREGKAEYLGWLVVGDELLLDLSSETSGQIA
ELQODFPGTTHWTVAGFFSPSRLRLRPVYLAQEGL

GEDV SEGSK SIIAGQGWRPAVNKVFGSAMPEVIRRDGL GRKRRFESY SGLPVSWQG
[0136] YP_001955845.1 restriction endonuclease [Bifidobacterium longum DJO10A]
MLSRQLLGASHLARPVSY SYNVQDNDVHCSY GERCFMRGKRYRIGIDVGLNSVGLA
AVEVSDENSPVRLLNAQSVIHDGGVDPQKNKEAITRKNMSGVARRTRRMRRRKRER
LFIKiDMLLGKFGY PVIEPESLDKPFEEWHVRAELATRYI|IEDDELRRESISIALRHMAR
HRGWRNPYRQVDSLISDNPY SKQY GELKEKAKAYNDDATAAEEESTPAQLVVAML
DAGYAEAPRLRWRTGSKKPDAEGY LPVRLMQEDNANELKQIFRVQRVPADEWKPL
FRSVFY AV SPKGSAEQRVGQDPLAPEQARALKASLAFQEY RIANVITNLRIKDASAEL
RKLTVDEKQSIYDQLYV SPSSEDITWSDL CDFLGFKRSQLK GV GSLTEDGEERISSRPPR
LTSVOQRIYESDNKIRKPLVAWWKSASDNEHEAMIRLLSNTVDIDKVREDVAYASAIE
FIDGLDDDALTKLDSVDLPSGRAAY SVETLQKLTRQMLTTDDDLHEARKTLFNVTDS
WRPPADPIGEPLGNPSVDRVLKNVNRYLMNCQQRWGNPVSVMEHY RSSFSSVAFA
RKDKREY EKNNEKRSIFRSSL SEQLRADEQMEKVRESDLRRLEAIQRONGQCLY CGR
TITFRTCEMDffIVPRKGVGSTNTRTNFAAVCAECNRMKSNTPFAIWARSEDAQTRGV
SLAEAKKRVTMFTENPKSY APREVKAFKQAVIARLQQTEDDAAIDNRSIESVAWMA
DELHRiaDWYFNAKQYVNSASIDDAEAETMKTTVSVFQGRVTASARRAAGIEGKIHF
IGQQSKTRLDREHHAVDASVIAMMNTAAAQTLMERESLRESQRLIGLMPGERSWKE
YPYEGTSRYESFHLWLDNMDVLLELLNDALDNDRIAVMQSQRYVLGNSIAHDATIH
PLEKVPLGSAMSADLIRRASTPALWCALTRLPDYDEKEGLPEDSHREIRVHDTRY SA
DDEMGFFASQAAQIAVQEGSADIGSAIHHARVYRCWKTNAKGVRKYFYGMIRVFQT
DLLRACHDDLFTVPLPPQSISMRY GEPRVVQALQSGNAQYLGSLWGDEIEMDFSSL

91-



WO 2018/170015 PCT/US2018/022258

DVDGQIGEY LQFFSQFSGGNLAWKHWVVDGFFNQTQLRIRPRY LAAEGLAKAFSDD
VVPDGVQKIVTKQGWLPPVYNTASKTAVRIVRRNAFGEPRL SSAHHMPCSWQWRHE
[0137] YP_001878601.1 hypothetical protein Amuc 2010 [Akkermansia muciniphila
ATCC BAA-835]
MSRSLTFSFDIGYASIGWAVIASASHDDADPSVCGCGTVLFPKDDCQAFKRREY RRL
PVRMRSRRVRJERIGRLLVQAQNTPEMKETSGHPAPFY LASEALKGHRTLAPIELWFTV
LRWYAH>%GYDNNASWSNSLSEDGGNGEDTERVKHAQDLMDKHGTATMAETICR
ELKLEEGKADAPMEVSTPAYKNLNTAFPRLIVEKEVRRILELSAPLIPGLTAEIIELIAQ
HHPLTTEQRGVLLQHGIKLARRY RGSLLFGQLIPRFDNRI1SRCPVTWAQVYEAELKK
GNSEQSARERAEKLSKVPTANCPEFYEYRMARILCNIRADGEPLSAEIRRELMNQAR
QEGKLTKASLEKAISSRLGKETETNVSNYFTLHPDSEEALYLNPAVEVLQRSGIGQILS
PSVYMAANRLRRGKSVTPNY LLANLK SRGESGEALEKKIEKESKKKEADYADTPLK
PKYATGRAPYARTVLKKVVEEILDGEDPTRPARGEAHPDGELKAHDGCLYCLLDTD
SSVNQHQKERRLDTMTNNHLVRHRMLILDRLLKDLIQDFADGQKDRI SRVCVEVGK
ELTTFSAIVTOSKKIQRELTLRQKSHTDAVNRLKRKLPGKALSANLIRKCRIAMDMNW
TCPFTGATY GDHELEMELEFfIVPHSFRQSNALSSLVLTWPGVNRMKGQRTGYDFVE
QEQENPVPDKJINLffICSLNNYRELVEKLDDKKGHEDDRRRKKKRKALLMVRGLSH
KHQSQNIIEAMKEIGMTEGMMTQSSHLMKLACKSIKTSLPDAffIDMIPGAVTAEVRK
AWDVFGVFKELCPEAADPDSGKILKENLRSLTHLHHALDACVLGLIPY IPAHHNGLL
RRVLAMRRIPEKLIPQVRPVANQRHYVLNDDGRMMLRDLSASLKENIREQLMEQRV
IQHVPADMGGALLKETMQRVLSVDGSGEDAMVSLSKKKDGKKEKNQVKASKLVG
VFPEGPSKLKALKAAIEIDGNY GVALDPKPVVIRHIKVFKRIMALKEQNGGKPVRILK
KGMLIHLTSSKDPKHAGVWRIESIQDSK GGVKLDLQRAHCAVPKNKTHECNWREVD
LISLLKKYQMKRYPTSYTGTPR

[0138] YP_004168469.1 CRISPR-associated protein, csnl family [Nitratifractor
salsuginis DSM 16511]
MKKILGVDLGITSFGYAILQETGKDLYRCLDNSVVMRNNPY DEK SGESSQSIRSTQKS
MRRLIEKRKKRIRCVAQTMERYGILDY SETMKINDPKNNPIKNRWQLRAVDAWKRP
LSPQELFAIFAHMAKHRGYKSIATEDLIYELELELGLNDPEKESEKKADERRQVYNAL
RHLEELRKKY GGETIAQTIHRAVEAGDLRSYRNHDUY EKMIRREDIEEEIEKVLLRQA
ELGALGLPEEQVSELIDELKACITDQEMPTIDESLFGKCTFYKDELAAPAYSYLYDLY

RLYKKLADLNIDGY EVTQEDREKVIEWVEKKIAQGKNLKKITFDCDLRKILGLAPEQK
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IFGVEDERIVKGKKEPRTFVPFFFLADIAKFKELFASIQKHPDALQIFRELAEILQRSKT
PQEALDRLRALMAGKGIDTDDRELLELFKNKRSGTRELSHRYILEALPLFLEGYDEKE
VQmMLGFDDREDY SRYPKSLRHLHLREGNLFEKEENPrNNHAVKSLASWALGLIADLS
WRY GPFDEHLETTRDALPEKIPJCEIDKAMREPVEKALDKNGKY KKEFPSIDKRLARKI
QLWERQKGLDLY SGKVINLSQLLDGSADIEHIVPQSLGGLSTDYNTIVTLKSVNAAK
GNRLPGDWLAGNPDY REPIGMLSEKGLIDWKKRKNLLAQSLDEIYTENTHSKGIRAT
SYLEALVAQVLKRYYPFPDPELRKNGIGVRMIPGKVTSKTRSLLGIKSKSRETNFHHA
EDALILSTLTRGWQNRLHRMLRDNY GKSEAELKELWKKYMPHIEGLTLADYIDEAF
RRFMSKGEESLFYPYDMFDTIRSISYWVDKKPLSASSFKETVY SSRHEVPTLRKNILEA
FDSLNVIKDRFIKLTTEEFMKRYDKEIRQKLWLIIMGNTNDESYRAVEERATQIAQILT
RYQLMDAQNDKEIDEKJQQALKELITSPIEVTGKLLRKMRPVYDKLNAMQIDRGLV
ETDK>MLGIffISKGPNEKLIFRRMDV>WAHELQKERSGILCYL N MLFIFNKKGLIRY
GCLRSYLEKGQGSKYIALFNPRFPANPKAQPSKFTSDSKIKQVGIGSATGIIKAHLDLD
GHVRSYEVFGTLPEGSIEWFKEESGY GRVEDDPHH

[0139] ZP_08015909.1 hypothetical protein HMPREF9464 01128 [Sutterella
wadsworthensis 3 1 45B]
MTQSERRFSCSIGIDMGAKYTGVFYALFDREELPTNLNSKAMTLVMPETGPRYVQA
QRTAVRHRLRGQKRYTLARKLAFLVVDDMIKKQEKRLTDEEWKRGREALSGLLKR
RGY SRPNADGEDLTPLENVRADVFAAHPAFSTY FSEVRSLAEQWEEFTAN1SNVEKF
LGDPN1PADKEFIEFAVAEGLIDKTEKKAY QSALSTLRANANVLTGLRQMGHKPRSE
WKAIEADLKKDSRLAKINEAFGGAERLARLLGNLSNLQLRAERWYFNAPDIMKDR
GWEPDRFKXTLVRAFKFFHPAKDQNKQHLELIKQIENSEDIIETLCTLDPNRTIPPYED
QNNRRPPLDQTLLLSPEKLTRQY GEIWKTWSARLTSAEPTLAPAAEILERSTDRKSRV
AVNGHEPLPTLAYQLSYALQRAFDRSKALDPYALRALAAGSKSNKLTSARTALENC
GGQNVKTFLDCARRYYREADDAKVGLMWDNADGLLERSDLHPHMKKKHflLVANl
LQTDETTGQKFLDEIWRKQIKGRETVASRCARIETVRKSFGGGFNIAYNTAQYREVN
KLPRNAQDKELLTIRDRVAETADFIAANLGLSDEQKRKFANPFSLAQFYTLIETEVSG
FSATTLAVFILENAWRMTIKDAVINGETVRAAQCSRLPAETARPFDGLVRRLVDRQA
WEIAKRVSTDIQSKVDFSNGIVDV SIFVEENKFEFSASVADLKKNKRVKDKMLSEAE
KLETRWLIKNERIKKASRGTCPY TGDRLAEGGEIDHILPRSLIKDARGIVFNAEPNLIY
ASSRGNQLKKNQRY SLSDLKANYRNEIFKTSNIAAITAEIEDVVTKLQQTHRLKFFDL

LNEHEQDCVRHALFLDDGSEARDAVLELLATQRRTRVNGTQIWMIKNLANKIREEL
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QNWCKTTNN"HFQAAATNY SDAKNLRLKLAQNQPDFEKPDIQPIASHSIDALCSFA
VGSADAERDQNGFDYLDGKTVLGLYPQSCEVIHLQAKPQEEKSHFDSVAIFKEGIYA
EQFLPIFTLNEKIWIGY ETLNAKGERCGAIEV SGKQPKELLEMLAPFFNKPVGDLSAH
ATYRILKKPAYEFLAKAALQPLSAEEKRLAALLDALRYCTSRKSLMSLFMAANGKSL
KKREDVLKPKLFQLKVELKGEKSFKLNGSLTLPVKQDWLRICDSPELADAFGKPCSA
DELTSKIAPIWKRPVMRDLAHAPVRREFSLPAIDNPSGGFRIRRTNLFGNELY QVHAI
NAKKYRGFASAGSNVDWSKGILFNELQHENLTECGGRFITSADVTPMSEWRKVVAE
DNLSIWIAPGTEGRRYVRVETTFIQASHWFEQSVENWAITSPLSLPASFKVDKPAEFQ
KAV GTEL SELL GQPRSEIFIENVGNAKfIRFWIVVSSNKIKMNESYN”  SKS

[0140] J7RUAS.1 CRISPR-associated endonuclease Cas9 [Staphylococcus aur eus)
MKRNYILGLDIGITSVGYGUDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKR
RRRHWQRVKKLLFDYNLLTDHSEL SGINPY EARVKGL SQKLSEEEFSAALLHLAKRR
GVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKT
SDYVKEAKQLLKVQKAYHQLDQSFIDTYIDLLETRRTYY EGPGEGSPFGWKDIKEW
YEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRDENEKLEYY EKFQIIEN
VFKQKXKPTLKQIAKEILVNEEDIKGYRVTSTGKPEFTTATLKVYPIDIKDITARKEIIENA
ELLDQIAKILTIYQSSEDIQEELIiMNSEL TQEEIEQISNLKGY TGTHNLSLKAINLILDE
LWHTNDNQIAIFNPVLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAIIK

KY GLPNDniELAREKNSKDAQmiNEMQKRhniQTOEPJEENRTTGKENAKY LIEKIK
LHDMQEGKCLY SLEAIPLEDLLNNPFNY EVDHIIPRSV SFDNSFNNKVLVKQEENSKK
GNRTPFQY LSSSDSKJSY ETFKKffILNLAKGKGPISKTKKEY LLEERDINRFSV QK DFI
NRNLVDTRYATRGLMNLLRSYFRVNADVKVK”" INGGFTSFLRRKWKFKKERNKG
YKHHAEDALIIANADFIFKEWKKLDKAKXVMENQMFEEK QAESMPEIETEQEYKEIF
ITPHQIKFnKDFKDYKY SHRVDKKPNRELINDTLY STRKDDKGNTLIVNNLNGLYDK
DhTOKiKJCLINKSPEKLLMYHHDPQTY QKLKLIMEQY GDEKNPLYKYYEETGNYLTK
Y SKKDNGPVIKXIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGVY
KFVTVKNLDVIKKENYYEVNSKCY EEAKKLKKISNQAEFIASFYNNDLIKINGELYRV
IGVNNDLLNRIEVNMIDITYREYLENMNDKRPPPIKTIASKTQSIKKY STDILGNLYE
VKSKKHPQIIKKG
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[0141] AEX66236.1 CRISPR-associated endonuclease [Corynebacterium diphtheriae
C7 (beta)]

MKYHVGIDVGTFSVGLAAIEVDDAGMPI KTLSLVSffIHDSGLDPDKIKSAVTRLASSG
IAPJITRRLYRRKRRRLQQLDKFIQRQGWPVIELEDY SDPLY PWKVRAELAASYIADE
KERGEKLSVALRHIARHRGWRNPY AKVSSLY LPDEPSDAFKAIREEIKRASGQPVPET
ATVGOMVTLCELGTLKLRGEGGVLSARLQQSDHAREIQEICRMQEIGQELYRKIIDV
VFAAESPKGSASSRV GKDPLQPGKNRALKASDAFQRYRIAALIGNLRVRVDGEKRIL
SVEEKNLVFDHLVNLAPKKEPEWVTIAEILGIDRGQLIGTATMTDDGERAGARPPTH
DTNRSIVNSRIAPLVDWWKTASALEQHAMVKALSNAEVDDFDSPEGAKVQAFFADL
DDDVHAKLDSLHLPVGRAAY SEDTLVRLTRRMLADGVDLY TARLQEFGIEPSWTPP
APRIGEPVGNPAVDRVLKTVSRWLESATKTWGAPERVIIEHVREGFVTEKRAREMDG
DMRRRAARNAKLFQEMQEKLNVQGKPSRADLWRY QSVQRQNCQCAY CGSPITFSN
SEMDffIVPRAGQGSTNTRENLVAVCHRCNQSKGNTPFAIWAKNTSIEGV SVKEAVER
TRHWVTDTGMRSTDFKKFTKAVVERFQRATMDEEIDARSMESVAWMANELRSRVA
QHFASHGTTVRVYRGSLTAEARRASGISGKLEFLDGVGKSRLDRRHHAIDAAVIAFT
SDYVAETLAVRSNLKQSQAHRQEAPQWREFTGKDAEHRAAWRVWCQKMEKLSAL
LTEDLRDDRVVVMSNVRLRLGNGSAHEETIGKLSKVKLGSQLSVSDIDKASSEALWC
ALTREPDFDPKDGLPANPERIfIRVNGTHVYAGDMGLFPVSAGSIALRGGY AELGSSF
HHARVYKITSGKXPAFAIVARVYTIDLLPYRNQDLFSVELKPQTMSMRQAEKKLRDA
LATGNAEYLGWLVVDDELVVDTSKIATDQVKAVEAELGTIRRWRVDGFFGDTRLRL
RPLOQMSKEGIKXESAPEL SKIIDRPGWLPAVNKLFSEGNVTVVRRDSLGRVRLESTAH
LPVTWKVQ

[0142] WP_013852048.1 type || CRISPR RNA-guided endonuclease Cas9
[Streptococcus pasteurianus)
MTNGKILGLDIGIASVGVGIIEAKTGKVVHANSRLFSAANAENNAERRGFRGSRRLN
RRXKHRVKRVRDLFEKY GIVTDFRNLNLNPYELRVKGLTEQLKNEELFAALRTISKR
RGISYLDDAEDDSTGSTDY AKSIDENRRLLKNKTPGQIQLERLEKY GQLRGNFTVYD
ENGEAHRLINVFSTSDY EKEARKJLETQADYNKKITAEFIDDYVEILTQKRKYYHGPG
NEKSRTDYGRFRIDGTrLENIFGILIGKCNFYPDEYRASKASYTAQEYNFLNDLNM.K
VSTETGKLSTEQKESLVEFAKNTATLGPAKLLKEIAKILDCKVDEIKGYREDDKGKPD

LHTFEPY RKLKFNLESINIDDLSREVIDKLADILTLNTEREGIEDAIKRNLPNQFTEEQIS
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EINIKVRKSQSTAFNKGWHSFSAKLMNELIPELYATSDEQMTILTRLEKFKVNKKSSKN
TKTIDEKEVTDEIYNPVVAKSVRQTIKINAAVKKY GDFDKIVIEMPRDKNADDEKKF
IDKRNI"'NKKEKDDALKRAAYLYNSSDKLPDEVFHGNKQLETKIRLWY QQGERCLY
SGMSIQELVHNSNNFEIDHILPLSLSFDDSLANKVLVYAWTNQEKGQKTPYQVIDS
MDAAWSFREMKDYVLKQKGLGKKKRDYLLTTENIDKIEVKKKFIERNLVDTRYASR
VVLNSLQSALRELGKDTKVSVVRGQFTSQLRRKWKIDKSRETYHHHAVDALIIAASS
QLKLWEKQDNPMFVDY GKNQVVDKQTGEILSVSDDEY KELVFQPPY QGFVNTISSK
GFEDEILFSYQVDSKYNRKVSDATIY STRKAK1GKDKKEETYVLGKIKD1Y SQNGFDT
FIKKYNKDKTQFLMYQKDSLTWENVIEVILRDYPTTKKSEDGKNDVKCNPFEEY RRE
NGLICKY SKKGKGTPIKSLKYYDKKLGNCIDITPEESRNKVILQSINPWRADVY FNPE
TLKYELMGLKY SDLSFEKGTGNYHISQEKYDAIKEKEG1GKKSEFKFTLYRNDLILIK
DIASGEQEIYRFLSRTMPNVNHYVELKPY DKEKFDNVQELVEALGEADKVGRCIKGL
NKPN1SI'YKVRTDVLGNKYFVKKKGDKPKLDFKNNKK

[0143] EEZ71796.1 CRISPR-associated protein, Csnl family [Neisseria cinerea ATCC
14685]
MAAFKPNPMNYILGLDIGIASVGWAIVEIDEEENPIRLIDLGVRVFERAEVPKTGDSLA
AARRLARSVRIILTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPNTPWQLRA
AALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKGVADNTHALQT
GDFRTPAELALNKFEKESGffIP*QRGDYSHTFNRKDLQAELNLLFEKQKEFGNPHVS
DGLKEGIETLLMTQRPALSGDAVQKMLGHCTFEPTEPKAAKNTYTAERFVWLTKLN
NLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQARKLLDLDDTAFFKGLRY GKDN
AEASTLMEMKAYHAISRALEKEGLKDKKSPLNLSPELQDEIGTAFSLFKTDEDITGRL
KDRVQPEILEALLKffISFDKFVQISLKALRRIVPLMEQGNRYDEACTEIYGDHY GKKN
TEEKIYLPPIPADEIRNPVVLRALSQARKVINGVVRRY GSPARIHIETAREVGKSFKDR
KEIEKRQEENRKDREKSAAKFREY FPNFVGEPK SKDILKLRLYEQQHGKCLY SGKEIN
LGRLNEKGYVEIDHALPFSRTWDDSFNNKVLALGSENQNKGNQTPYEYFNGKDNSR
EWQEFKARVETSRFPRSKKQMLLQKFDEDGFKJERNLhTOTRYINRFLCQFVADHMLL
TGKGKRRVFASNGQITNLLRGFWGLRKVRAENDRHHALDAVVVACSTIAMQQKITR
FVRYKEMNAFDGKTIDKETGEVLHQKAHFPQPWEFFAQEVMIRVFGKPDGKPEFEE
ADTPEKLRTLLAEKLSSRPEAVHKYVTPLFISRAPNRKMSGQGFIMETVKSAKRLDEG
ISVLRVPLTQLKLKDLEKMVNREREPKLYEALKARLEAHKDDPAKAFAEPFYKY DK

AGNRTQQVKAVRVEQVOQKTGVWVHNHNGIADNATIVRVDVFEKGGKYYLVPIYS
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WQVAKGILPDRAVVQGKDEEDWTVMDDSFEFKFVLYANDLIKLTAKKNEFLGY FV
SLNRATGAIDIRTHDTDSTKGKNGIFQSVGVKTALSFQKY QIDEL GKEIRPCRLKKRPP
VR _

[0144] BAK®69486.1 putative CRISPR associated protein [Campylobacter lari]
MRILGFDIGINSIGWAFVENDELKDCGVRIFTKAENPKNKESLALPRRNARSSRRRLK
RRKARLIAIKRILAKELKLNYKDYVAADGELPKAYEGSLASVYELRYKALTOQNLETK
DLARVILHIAKFTRGY MNKNEKKSNDAKKGKILSALKNNALKLENY QSVGEY FYKEF
FOKYKKNTKNFIKIRNTKDNYNNCVLSSDLEKELKLILEKQKEFGYNY SEDFINEILK
VAFFQRPLKDFSF1LVGACTFFEEEKRACKNSY SAWEFVALTKIINEIKSLEKISGEIVP
TQTINEVLNLILDKGSITYKKFRSCINLHESISFKSLKYDKENAENAKLIDFRKLVEFK
KALGVHSLSRQELDQISTHITLIKDNVKLKTVLEKYNLSNEQINNLLEIEFNDY INLSF
KALGMILPLMREGKRY DEACEIANLKPKTVDEKKDFLPAFCDSIFAFEELSNPWNRAI
SEYRKVLNALLKKYGKVHKIHLELARDVGLSKKAREKIEKEQKENQAVNAWALKE
CEMGLKASAKMLKLKIWKEQKEICIY SGNKISIEHLKDEKALEVDFnY PY SRSFDDS
FINKVLVFTKENQEKL>¥%TPFEAFGKMEKWSKIQTLAQNLPYKKKNKILDENFKDK
QQEDFISRNLNDTRYIATLIAKYTKEYLNFLLLSENENANLKSGEKGSKIHVQTISGM
LTSVLRHTWGFDKKDRNNHLHHALDAIIVAY STNSIIKAFSDFRKNQELLKARFY AK
ELTSDNYKHQVKFFEPFK SFREKIL SKIDEIFV SKPPRKRARRALHKDTFHSENXIIDK
CSYNSKEGLQIALSCGRVRKIGTKYVENDTIVRVDIFKKQNKFYAIPIYAMDFALGILP
NKIVITGKDKNNNPKQWQTIN ESYEFCFSLYKNDLILLQKKNMQEPEFAYYNDFSIST
SSICVEKHDNKPENLTSNQKLLFSNAKEGSVKVESLGIQNLKVFEKY IITPLGDKIKAD
FQPRENISLKTSKKYGLR

[0145] 0JI07263.1 hypothetical protein BK997 03320 [Candidatus Micrarchaeum
acidiphiium ARMAN-1]

MRDSITAPRY SSALAARIKEFNSAFKLGIDLGTKTGGVALVKDNKVLLAKTFLDYHK
QTLEERRIJHRRNRRSRLARRKRIARLRSWILRQKIY GKQLPDPYKIKKMQLPNGVRK
GENWIDLVV SGRDLSPEAFVRAITLIFQKRGQRY EEVAKEIEEMSY KEFSTffIKALTS
VTF.F.EFTALAAEIERRQDVVDTDKEAERY TQLSELL SKVSESKSESKDRAQRKEDLG
KVVNAFCSAHRIEDKDKWCKELMKLLDRPVRHARFLNKVLIRCNICDRATPKKSRP
DVRELLYFDTVRNFLKAGRVEQNPDVISYYKKIYMDAEVIRVKILNKEKLTDEDKKQ
KRKLASELNRYKNKEWTDAQKKMQEQLKTLLFMKLTGRSRY CMAHLKERAAGK

DVEEGLHGVVQKRHDRNIAQRNHDLRVINLIESLLFDQNKSLSDAIRKNGLMYVTIE
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APEPKTKHAKKGAAVVRDPRKLKEKLFDDQNGVCIYTGLQLDKLEISKY EKDffIFPD
SPI'GPSIRDNLVLTrKEINSDKGDRTPWEWMHDNPEKWKAFERRVAEFYKKGRINE
RKRELLLNKGTEYPGDNPTELARGGARVNNFI TEFNDRLKTHGV QELQTIFERNKPIV
QVVRGEETQRLRRQWNALNQNFIPLKDRAMSFNHAEDAAIAASMPPKFWREQIYRT
AWHFGPSGNERPDFALAELAPQWNDFFMTKGGPIIAVLGKTKY SWKHSIIDDTIYKP
FSKSAYYVGIYKKPNAITSNAIKVLRPKLLNGEHTMSKNAKY YHQKIGNERFLMKSQ
KGGSNTVKPHDGPEKVLQISPTYECAVLTKHDGKIIVKFKPIKPLRDMYARGVIKAM
DKELETSLSSMSKNAKYKELHTHDNYLPATKKHVDGY FII TKLSAKHGIKALPESMV
KVKYTQIGSENNSEVKLTKPKPEITLDSEDITNIYNPTR

[0146] APG80630.1 CRISPR-associated endonuclease Cas9 [Candidatus
Parvarchaeum acidiphilum ARMAN-4]

MLGSSRYLRYNTSFEGKEIPFLIMGY YKEY NKEL SSKAQKEFNDQISEFNSYYKLGID
LGDKTGIAIVKGNKIILAKTLIDLHSQKLDKRJIEARJINRRTRLSRXKRLARLRSWVM
RQKVGNQRLPDPYKIMiiDNKYWSY NKSNSANKKNWIDLLIHSNSLSADDFVRGLTI
IFRKRGYLAFKYLSRLSDKEFEKYIDNLKPPISKYEY DEDLEEL SSRVENGEIEEKKFE
GLKNKLDKIDKESKDFQVKQREEVKKELEDLVDLFAKSVDNKIDKARWKRELN-NLL
DKKVRKIRFDNRFILKCKIKGCNKNTPKXEKVPJ)FELKMVLNNARSDY QISDEDLNS
FRNEVINIFQKKENLKKGELKGVTIEDLRKQLNKTFNKAKIKKGIREQIRSIVFEKISGR
SKfCKEHLKEFSEKPAPSDPVIWGVNSAREQHDFRVLWIDKKIFKDKLIDPSKLRYITI
ESPEPETEKLEKGQISEKSFETLKEKLAKETGGIDIY TGEKLKKDFEIEHIFPRARMGPS
IRENEVASNLETTSTKEKADRTPWEWFGQDEKRWSEFEKRVNSLY SKKKISERKREILL
NKSNEYPGLNPTELSRIPSTLSDFVESIRKMFVKY GY EEPQTLVQKGKPIIQVVRGRDT
QALRWRWHALDSNIIPEKDRKSSFNHAEDAVIAACMPPYY LRQKIFREEAKIKRKVS
MCEKEVTRPDIVff TKIKIAPNWSEFMKTRNEPVIEVIGKVKPSWKNSIMDQTFYKYLLK
PFKDNLIKIPNVKNTYKWIGVNGQTDSLSLPSKVLSISNKKVDSSTVLLVHDKKGGK
PXNWVPKSIGGLLVYITPKDGPKRIVQVKPATQGLLIYPXNEDGRVDAVREFINPVIEMY
NNGKLAFVEKENEEELLKYFNLLEKGQKFERIRRYDMITYNSKFYYVTKINKNHRVT
IQEESKIKAESDKVKSSSGKEY TRKETEELSLQKLAELIS|

[0147] tr|IOAP30JI0CAP30_IGNAJ CRISPR-associated endonuclease Cas9
OS=Ignavibacterium album (strain DSM 19864/ JCM 16511 / NBRC 101810/ M at9-16)
0OX=945713 GN=cas9 PE=3 SV=1
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MEFKKVLGLDIGTNSIGCALLSLPKSIQDY GKGGPVLEWLTSRVIPLDADYMKAFIDG
KNGLPQVITPAGKRRQKRGSRRLKHRY KLRRSRLIRVFKTLNWLPEDFPLDNPKPVIK
ETISTEGKFSFRISDY VPISDESY REFY REFGY PENEIEQVIEEINFRRKTKGKNKNPMI
KLLPEDWVVYYLRKKALIKPTTKEELIRIIYLFNQRRGFKSSRKDLTETAILDYDEFAK
RLAEKEKY SAENYETKFVSITKVKEVVELKTDGRKGKKRFKVILEDSRIEPY EIERKE
KPDWEGKEY TFLVTQKLEKGKFKQNKPDLPKEEDWALCTTALDNRMGSKHPGEFFF
DELLKAFKEKRGYKIRQY PX"WRY KKELEFIWTKQCQLNPELNNLNINKEILRKLA
TVLY PSQSKFFGPKIKEFENSDVLHIISEDIYY QRDLKSQKSLISECRY EKRKGIDGEIY
GLKCIPKSSPLY QEFRIWQDIHMKVIRKESEWGKKKTA"DETQLYINEMKEKLFELF
NSKDSLSEKDILELISLMINSGIKISKKEEETTHRINLFANRKELKGNETKSRY RKVFK
KLGFDGEY ILNFIPSKLNRLWHSDY SNDY ADKEKTEK SILSSL GWKNRNGKWEKSKN
YDVFM.PLEVAKAIA NLPPLKKEY GSY SALAIRXMLWMPJ)GKYWQHPDQIAKDQE
NTSLMLFDKNLIQLTNNQRKVLNKYLLTLAEVQKRSTLIKQKLNEIEHNPYKLELVS
DOQDLEKQVLKSFLEKKNESDYLKGLKTYQAGYLIYGKHSEKDVPIVNSPDELGEYIR
KKLPhWSLRNPIVEQVIRETIFIVRDVWKSFGIIDEIHIELGRELKNNSEERKKTSESQE
KNFQEKERARKLLKELLNSSNFEHY DENGNKIFSSFTVNPNPDSPLDIEKFPIWKNQS
GLTDEELNKKLKDEKIPTEIEVKKYILWLTQKCRSPY TGKIIPLSKLFDSNVYEIEHIIP
RSKMKNDSTN"WICELGVNKAKGDRLAANFISESNGKCKFGEVEYTLLKYGDYLQ
YCKDTFKY QKAKYKNLLATEPPEDFIERQINDTRYIGRKLAELLTPVVKDSKNIIFTIG
SITSELKITWGLNGVWKDILRPRIKJRLESI INKKLIFQDEDDPNKYHFDL SrKPQLDK”
GLKRLDHRHHALDATIAATTREHVRYLNSLNAADNDEEKREY FLSLCNHKIRDFKL
PWENFTSEVKSKLLSCVVSYKESKPILSDPFNKYLKWEY KNGKWQKVFAIQIKNDR
WKAVRRSMFKEPIGTVWIKKIKEVSLKEAIKIQAIWEEVKNDPVRXKKEKY1YDDYA
QKVIAKIVQELGLSSSMRKQDDEKLNKFINEAKVSAGVNKNLNTTNKTIYNLEGRFY
EKIKVAEYVLYKAKRMPLNKKEYIEKLSLQKMFNDLPNFILEKSILDNY PEILKELES
DNKYIEPHKKNNPVT4RLLLEFNLEYHNNPKEAFSTEGLEKLN” AINKIGKPIKYITR
LDGDINEEEIFRGAVFETDKGSNVYFVMY ENNQTKDREFLKPNPSISVLKAIEFIKNKI
DFFAPNRLGFSRIILSPGDLVYVPTNDQYVLIKDNSSNETIINWDDNEFI SNRI'Y QVKK
FTGNSCYFLKM)IASLILSY SASNGVGEFGSQNISEY SVDDPPIRIKDVCIKIRVDRLGN
VRPL
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[0148] Ga0054994 10813 Geaobacillus stearother mophilus Cas9
MRYKIGLDIGITSVGWAVMNLDIPPJEDLGVPIFDRAEWQTGESLALPRRLARSAPVR
RLRPVRXHRLERIRRLVIPJEGILTKEELDKLFEEK JfiIDVWQLRVEALDRKLNNDELAR
VLLHLAKRRGFKSNPVK SERSNKENSTMLKffIEENRAILSSY RTVGEMIVKDPKFALH
KRNKGENY TNTIARDDLEREIRLIFSKQREFGNMSCTEEFENEY ITIWASQRPVASKD
DIEKKVGFCTFEPKEKRAPKATY TFQSFIAWEHINKLRLISPSGARGLTDEERRLLYEQ
AFQKNKITYHDIRTLLHLPDDTYFKGIVYDRGESRKQNENIRFLELDAY HQIPVKAVDK
VY GKGKSSSFLPIDFDTFGYALTLFKDDADIHSYLRNEY EQNGKRMPNLANKVYDN
ELIEELLNLSFTKFGIiLSLKALRSILPYMEQGEVY SSACERAGYTFTGPKKKQKTMLL
PNIPPIANPVVMRALTQARKVVNAIIKKY GSPVSIffIELARDLSQTFDERRKTKKEQDE
NRKKNETAIRQLMEY GLTLNPTGHDIVKEKLWSEQNGRCAY SLQPIEIERLLEPGYVE
VDHVIPYSRSLDDSY TNKVLVLTRENREKGNRIPAEY LGVGTERWQQFETFVLTNKQ
FSKXKRDRLLRLFI'YDENEETEFKNRNLNDTRY ISRFFANFIREHLKFAESDDKQKVY
T\nsfGRVTAHLRSRWEFNKNREESDLHHAVDAVIVACTTPSDIAKVTAFY QRREQNK
ELAKKTEPHFPQPWPIiFADELRARL SKHPKESIKALNLGNYDDQKLESLQPVFVSRM
PKRSVTGAAHQETLRRYVGIDERSGKIQTVVKTKLSEIKLDASGHFPMY GKESDPRT
YEAIRQRLLEHNNDPKKAFQEPLYKPKKNGEPGPV1IRTVKIIDTKNQVIPLNDGKTVA
YNSMVRVDVFEKDGKYYCVPVYTMDIMKGILPNKAIEPNKPY SEWKEMTEDYTFR
FSLYPNDLIRIELPREKTVKTAAGEEINVKDVFVYYKTIDSANGGLELISHDHRFSLRG
VGSRTLKRFEKY QVDVLGNIYKVRGEKRVGLASSAHSKPGKTIRPLQSTRD

[0149] WP_036475267.1 type Il CRISPR RNA-guided endonuclease Cas9 [Neisseria
lactamica]

MAAFKPNPMNY ILGLDIGIASVGWAMVEVDEEENPIRLIDLGVRVFERAEVPKTGDS
LAMARPXARSVRRLTRIRAHRLLRARRLLKREGVLQDADFDENGLVKSLPNTPWQ
LRAAALDRKLTCLEWSAVLLHLVKHRGYLSQRKNEGETADKELGALLKGVADNAH
ALQTGDFRTPAELALNKFEKESGffIRNQRGDY SHTFSRKDLQAELNLLFEKQKEFGN
PHVSDGLKEDIETLLMAQRPALSGDAVQKMLGHCTFEPAEPKAAKNTY TAERFIWL
TKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQARKLLGLEDTAFFKGLRY
GKDNAEASTLMEMKAY HATSRALEKEGLKDKKSPLNL STELQDEIGTAFSLFKTDKD
ITGRLKDRVQPEILEALLKJISFDKFVQISLKALRRIVPLMEQGKRYDEACAEIYGDH

Y CKKNAEEKIYLPPIPADEIRNPVVLRALSQARKVINCVVRRY GSPARIffIETAREV GK
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SFKDRXEIEKRQEENPJO)PVEKAAAKFPVEYFPNFVGEPK SKDILKLRLYEQQHGKCLY
SGKEIHLVRLNEKGYVEIDHALPFSRTWDDSFNNKVLVLGSENQNKGNQTPYEYFN
GKDNSREWQEFKARVETSRFPRSKKQRILLQKFDEEGFKERNL>IDTRYVNRFLCQFV
ADHILLTGKGKRRVFASNGQITNLLRGFWGLRKVRTENDRHHALDAVVVACSTVA
MQQKITRFVRYKEMNAFDGKTIDKETGEVLHQKAHFPQPWEFFAQEVMIRVFGKPD
GKPEFEEADTPEKLRTLLAEKLSSRPEAVHEYVTPLFVSRAPNRKMSGQGHMETVKS
AKJU.DEGISVLRVPLTQLKLKGLEKMVNREREPKLYDALKAQLETF1IKDDPAKAFAE
PFYKYDKAGSRTQQVKAVRIEQVQKTGVWVRNFNGIADNATMVRVDVFEKGGKY
YLVPIY SWQVAKGILPDRAVVAFKDEEDWTVMDDSFEFRFVLY ANDLIKLTAKKNE
FLGYFVSLNRATGAIDIRTHDTDSTKGKNGIFQSYGVKTALSFQKNQIDEL GKEIRPC
RLKKRPPVR

[0150] Theterm "cell" asused herein may refer to either aprokaryotic or eukaryotic cell,
optionally obtained from a subject or acommercialy available source.

[0151] Asused herein, the term "CRISPR" refersto Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR). CRISPR may also refer to atechnique or system of
sequence-specific genetic manipulation relying on the CRISPR pathway. A CRISPR
recombinant expression system can be programmed to cleave atarget polynucleotide using a
CRISPR endonuclease and aguideRNA. A CRISPR system can be used to cause double
stranded or single stranded breaks in atarget polynucleotide. A CRISPR system can also be
used to recruit proteins or label atarget polynucleotide. In some aspects, CRISPR-mediated
gene editing utilizes the pathways of nonhomologous end-joining (NHEJ) or homologous
recombination to perform the edits. These applications of CRISPR technology are known and
widely practiced in the art. See, e.g., U.S. Pat. No. 8,697,359 and Hsu et a. (2014) Cell
156(6): 1262-1278. ‘

[0152] Asused herein, the term "comprising” is intended to mean that the compositions and
methods include the recited elements, but do not exclude others. As used herein, the
transitional phrase "consisting essentialy of (and grammatical variants) is to be interpreted
as encompassing the recited materials or steps "and those that do not materialy affect the
basic and novel characteristic(s)" of the recited embodiment. See, InreHerz, 537 F.2d 549,
551-52, 190 U.S.P.Q. 461, 463 (CCPA 1976) (emphasis in the original); see also MPEP §
2111.03. Thus, the term "consisting essentially of as used herein should not be interpreted as
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equivalent to "comprising.” "Consisting of shall mean excluding more than trace elements
of other ingredients and substantial method steps for administering the compositions
disclosed herein. Aspects defined by each of these transition terms are within the scope of

the present disclosure.

[0153] Theterm "encode” asit is applied to nucleic acid sequences refersto a
polynuclectide which is said to "encode" a polypeptide if, in its native state or when
manipulated by methods well known to those skilled in the art, can be transcribed and/or
trandated to produce the mRNA for the polypeptide and/or a fragment thereof. The antisense
strand is the complement of such anucleic acid, and the encoding sequence can be deduced

therefrom.

[0154] Theterms "equivalent” or "biological equivalent" are used interchangeably when
referring to a particular molecule, biological, or cellular material and intend those having

minimal homology while still maintaining desired structure or functionality.

[0155] Asused herein, the term "expression” refers to the process by which
polynucleotides are transcribed into mRNA and/or the process by which the transcribed
MRNA is subsequently being translated into peptides, polypeptides, or proteins. If the
polynuclectide is derived from genomic DNA, expression may include splicing of the mRNA
in aeukaryotic cell. The expression level of a gene may be determined by measuring the
amount of MRNA or protein in acell or tissue sample; further, the expression level of

multiple genes can be determined to establish an expression profile for a particular sample.

[0156] Asused herein, the term "functional” may be used to modify any molecule,
biological, or cellular material to intend that it accomplishes a particular, specified effect.

[0157] Theterm "gRNA" or "guide RNA" as used herein refers to the guide RNA
sequences used to target specific genes for correction employing the CRISPR technique.
Techniques of designing gRNAs and donor therapeutic polynucleotides for target specificity
are well known in the art. For example, Doench, J., et al. Nature biotechnology 2014;

32(12): 1262-7, Mohr, S. et a. (2016) FEBS Journal 283: 3232-38, and Graham, D., et al.
Genome Biol. 201 5; 16: 260. gRNA comprises or aternatively consists essentially of, or yet
further consists of a fusion polynucleotide comprising CRISPR RNA (crRNA) and trans-
activating CRIPSPR RNA (tracrRNA); or a polynucleotide comprising CRISPR RNA
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(crRNA) and trans-activating CRIPSPR RNA (tracrRNA). |n some aspects, agRNA is
synthetic (Kelley, M. et al. (201 6) J of Biotechnology 233 (2016) 74-83).

[0158] Asused herein, the term "immune orthogonal" refers to a lack of immune cross-
reactivity between two or more antigens. 1n some embodiments, the antigens are proteins
(e.g., Cas9). In some embodiments, the antigens are viruses (e.g., AAV). Insome
embodiments, antigens that are immune orthogonal do not share an amino acid sequence of
greater than 5, greater than 6, greater than 7, greater than 8, greater than 9, greater than 10,
greater than 11, greater than 12, greater than 13, greater than 14, greater than 15, or greater
than 16 consecutive amino acids. In some embodiments, antigens that are immune orthogonal
do not share any highly immunogenic peptides. In some embodiments, antigens that are
immune orthogonal do not share affinity for a magjor histocompatibility complex (e.g., MHC
class| or class 11). Antigens that are immune orthogonal are amenable for sequential dosing

to evade a host immune system.

[0159] The term "immunosilent” refers to an antigen that does not elicit an immune
response from a host upon administration. 1n some embodiments, the antigen does not dlicit
an adaptive immune response. In some embodiments, the antigen does not elicit an innate
immune response. In some embodiments, the antigen does not elicit either an adaptive or an
innate immune response. |n some embodiments, an immunosilent antigen has reduced

immunogenicity.

[0160] Theterm "intein" refersto aclass of protein that is able to excise itself and join the
remaining portion(s) of the protein via protein splicing. A "split intein” comes from two
genes. A non-limiting example of a"split-intein” are the C-intein and N-intein sequences

originally derived from N. punctiforme.

[0161] The term "isolated" as used herein refers to molecules or biologicals or cellular

materials being substantially free from other materials.

[0162] Asused herein, the terms "nucleic acid sequence” and "polynucleotide” are used
interchangeably to refer to a polymeric form of nucleotides of any length, either
ribonucleotides or deoxyribonucleotides. Thus, this term includes, but is not limited to,
single-, double-, or multi-stranded DNA or RNA, genomic DNA, cDNA, DNA-RNA
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hybrids, or a polymer comprising purine and pyrimidine bases or other natural, chemicaly or

biochemically modified, nnn-natunral, or derivatized nucleotide bases.

[0163] Theterm "Major Histocompatibility Complex" (MHC) refers to afamily of proteins
responsible for the presentation of peptides, including self and non-self (antigenic) to T-cells.
T-cells recognize antigenic peptides and trigger a cascade of events which leads to the
destruction of pathogens and infected cells. The MHC family is divided into three subgroups:
classl, class I, and class I11. Class | MHC molecules have 32 subunits that are only
recognized by CD8 co-receptors. Class I| MHC molecules have Bi and B2 subunits that are
only recognized by CD4 co-receptors. In this way MHC molecules chaperone which type of
lymphocytes may bind to the given antigen with high affinity, since different lymphocytes
‘express different T-Cell Receptor (TCR) co-receptors. In general, MHC class | molecules
bind short peptides, whose N- and C-terminal ends are anchored into pockets located at the
ends of a peptide binding groove. While the mgjority of the peptides are nine amino acid
residues in length, longer peptides can be accommodated by the bulging of their central
portion, resulting in binding peptides of length 8to 15. Peptides binding to class Il proteins
are not constrained in size and can vary from 11 to 30 amino acids long. The peptide binding
groove in the MHC class || molecules is open at both ends, which enables binding of peptides
with relatively longer length. The "core" refers to the amino acid residues that contribute the
most to the recognition of the peptide. |n some embodiments, the core is nine amino acids in
length. In addition to the core, the flanking regions are also important for the specificity of

the peptide to the MHC molecule.

[0164] Asused herein, the term "organ" a structure which is a specific portion of an
individual organism, where a certain function or functions of the individual organism is
locally performed and which is morphologically separate. Non-limiting examples of organs
include the skin, blood vessels, cornea, thymus, kidney, heart, liver, umbilical cord, intestine,

nerve, lung, placenta, pancreas, thyroid and brain.

[0165] Theterm "ortholog" is used in reference of another gene or protein and intends a
homolog of said gene or protein that evolved from the same ancestral source. Orthologs may
or may not retain the same function asthe gene or protein to which they are orthologous.

Non-limiting examples of Cas9 orthologs include S. aureus Cas9 ("spCas9"), S. thermophiles
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Cas9, L.pneumophilia Cas9, N. lactamica Cas9, N. meningitides Cas9, B. longum Cas9, A.

muciniphilu Cas>9, and O. luneus Cas9.

[0166] The term "promoter" as used herein refers to any sequence that regulates the
expression of acoding sequence, such asagene. Promoters may be congtitutive, inducible,
repressible, or tissue-specific, for example. A "promoter" isacontrol sequence that isa
region of a polynucleotide sequence at which initiation and rate of transcription are
controlled. It may contain genetic elements at which regulatory proteins and molecules may
bind such as RNA polymerase and other transcription factors. Non-limiting exemplary

promoters include CMV promoter and U6 promoter.

[0167] The term "protein®, "peptide" and "polypeptide” are used interchangeably and in
their broadest sense to refer to a compound of two or more subunits of amino acids, amino
acid analogs or peptidomimetics. The subunits may be linked by peptide bonds. 1n another
aspect, the subunit may be linked by other bonds, e.g., ester, ether, etc. A protein or peptide
must contain at least two amino acids and no limitation is placed on the maximum number of
amino acids which may comprise aprotein's or peptide's sequence. Asused herein the term
"amino acid" refers to either natura and/or unnatural or synthetic amino acids, including

glycine and both the D and L optical isomers, amino acid analogs and peptidomimetics.

[0168] Asused herein, the term "recombinant expression system" refers to a genetic

construct for the expression of certain genetic material formed by recombination.

[0169] Asused herein, the term "subject” is intended to mean any animal. In some
embodiments, the subject may be a mammal; in further embodiments, the subject may be a

bovine, equine, feline, murine, porcine, canine, human, or rat.
«

[0170] The term "tissue" is used herein to refer to tissue of a living or deceased organism or
any tissue derived from or designed to mimic aliving or deceased organism. The tissue may
be healthy, diseased, and/or have genetic mutations. The biological tissue may include any
single tissue (e.g., acollection of cells that may be interconnected) or agroup of tissues
making up an organ or part or region of the body of an organism. The tissue may comprise a
homogeneous cellular material or it may be a composite structure such asthat found in
regions of the body including the thorax which for instance can include lung tissue, skeletal

tissue, and/or muscle tissue. Exemplary tissues include, but are not limited to those derived
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from liver, lung, thyroid, skin, pancreas, blood vessels, bladder, kidneys, brain, biliary tree,
duodenum, abdominal aorta, iliac vein, heart and intestines, including any combination

thereof.

[0171] Asused herein, "treating” or "treatment” of adisease in a subject refers to (1)
preventing the symptoms or disease from occurring in a subject that is predisposed or does
not yet display symptoms of the disease; (2) inhibiting the disease or arresting its
development; or (3) ameliorating or causing regression of the disease or the symptoms of the
disease. Asunderstood in the art, "treatment” is an approach for obtaining beneficial or
desired results, including clinical results. For the purposes of the presenttechnology,
beneficial or desired results can include one or more, but are not limited to, alleviation or
amelioration of one or more symptoms, diminishment of extent of a condition (including a
disease), stabilized {i.e., not worsening) state of a condition (including disease), delay or
slowing of condition (including disease), progression, amelioration or palliation of the
condition (including disease), states and remission (whether partial or total), whether
detectable or undetectable.

[0172] Asused herein, the term "vector" intends a recombinant vector that retains the
ability to infect and transduce non-dividing and/or slowly-dividing cells and integrate into the
target cell's genome. The vector may be derived from or based on awild-type virus. Aspects

of this disclosure relate to an adeno-associated virus vector.

[0173] It isto be inferred without explicit recitation and unless otherwise intended, that
when the present disclosure relates to a polypeptide, protein, polynucleotide or antibody, an
equivaent or abiologicaly equivaent of such is intended within the scope of this disclosure.
As used herein, the term "biological equivalent thereof is intended to be synonymous with
"equivalent thereof when referring to areference protein, antibody, polypeptide or nucleic
acid, intends those having minima homology while still maintaining desired structure or
functionality. Unless specifically recited herein, it is contemplated that any polynucleotide,
polypeptide or protein mentioned herein also includes equivalents thereof. For example, an
equivaent intends at least about 70% homology or identity, or at least 80 % homology or
identity and alternatively, or at least about 85 %, or aternatively at least about 90 %, or
aternatively at least about 95 %, or aternatively 98 % percent homology or identity and

exhibits substantially equivalent biological activity to the reference protein, polypeptide or
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nucleic acid. Alternatively, when referring to polynucleotides, an equivalent thereof is a
“polynucleotide that hybridizes under stringent conditions to the reference polynucleotide or

its complement.

[0174] Applicants have provided herein the polypeptide and/or polynucleotide sequences
for use in gene and protein transfer and expression techniques described below. It should be
understood, although not always explicitly stated that the sequences provided herein can be
used to provide the expression product aswell as substantially identical sequences that
produce a protein that has the same biological properties. These "biologically equivaent" or
"biologically active" polypeptides are encoded by equivalent polynucleotides as described
herein. They may possess at least 60%, or adternatively, at least 65%, or dternatively, at least
70%, or dternatively, at least 75%, or aternatively, at least 80%, or aternatively at least
85%, or dternatively at least 90%, or aternatively at least 95% or aternatively at least 98%,
identical primary amino acid sequence to the reference polypeptide when compared using
sequence identity methods run under default conditions. Specific polypeptide sequences are
provided as examples of particular embodiments. Modifications to the sequences to amino
acids with alternate amino acids that have similar charge. Additionally, an equivalent
polynucleotide is one that hybridizes under stringent conditions to the reference
polynucleotide or its complement or in reference to a polypeptide, a polypeptide encoded by
a polynucleotide that hybridizes to the reference encoding polynucleotide under stringent
conditions or its complementary strand. Alternatively, an equivalent polypeptide or protein is

one that is expressed from an equivaent polynucleotide.

"Hybridization" refers to areaction in which one or more polynucleotides react to form a
complex that is stabilized via hydrogen bonding between the bases of the nucleotide residues.
The hydrogen bonding may occur by Watson-Crick base pairing, Hoogstein binding, or in
any other sequence-specific manner. The complex may comprise two strands forming a
duplex structure, three or more strands forming a multi-stranded complex, asingle self-
hybridizing strand, or any combination of these. A hybridization reaction may constitute a
step in amore extensive process, such asthe initiation of a PC reaction, or the enzymatic

cleavage of a polynucleotide by aribozyme.
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[0175] Examples of stringent hybridization conditions include: incubation temperatures of
about 25°C to about 37°C; hybridization buffer concentrations of about 6x SSC to about 10x
SSC; formamide concentrations of about 0% to about 25%; and wash solutions from about 4x
SSC to about 8x SSC. Examples of moderate hybridization conditions include: incubation
temperatures of about 40°C to about 50°C; buffer concentrations of about 9x SSC to about 2x
SSC; formamide concentrations of about 30% to about 50%; and wash solutions of about 5x
SSC to about 2x SSC. Examples of high stringency conditions include: incubation
temperatures of about 55°C to about 68°C; buffer concentrations of about Ix SSC to about
O.Ix SSC; formamide concentrations of about 55% to about 75%; and wash solutions of
about Ix SSC, Qlx SSC, or deionized water. In general, hybridization incubation times are
from 5 minutes to 24 hours, with 1, 2, or more washing steps, and wash incubation times are
about 1, 2, or 15 minutes. SSC is 0.1 5MNaCl and 15 mM citrate buffer. It is understood that
equivalents of SSC using other buffer systems can be employed.

[0176] "Homology" or "identity" or "similarity" refersto sequence similarity between two
peptides or between two nucleic acid molecules. Homology can be determined by comparing
aposition in each sequence which may be aligned for purposes of comparison. When a
position in the compared sequence is occupied by the same base or amino acid, then the
molecules are homologous at that position. A degree of homology between sequences is a
function of the number of matching or homologous positions shared by the sequences. An
"unrelated” or "non-homologous’ sequence shares less than 40% identity, or aternatively

less than 25% identity, with one of the sequences of the present invention.

[0177] Modesd Carryingout the Disclosure

[0178] Methods of Generating Immunosilent Proteins and Identifying Immune

Orthogonal Proteins

[0179] Disclosed herein are methods of identifying or modifying a protein sequence to

reduce immunogenicity, and optionally be immunosilent. |n some aspects, the method

comprises, consists of, or consists essentially of identifying affinity for a major

histocompatibility complex (MHC) for one or more regions of aprotein. Those protein

regions which have no affinity to an MHC may be immunosilent without further

modification. In contrast, those protein regions which have affinity, optionaly high affinity,
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to an MHC may be modified through one or more amino acid substitutions, such that the
modified region has no affinity for the MHC. 1n some embodiments the MHC is MHC class

I. In some embodiments, the MHC is MHC class 1.

[0180] Simultaneously or sequentially, orthologs of the protein may be identified,
optionally through alignment or alignment free methods (e.g. k-mer analysis. Regions of the
orthologous may, thus, betargeted for similar modifications or may be considered
immunosilent without further modification based on the results above. Alternatively,
orthologs may be selected for sequential administration based on the fact that they are
immune orthogonal, for example having affinity for different MHCs from those for the
initially screened protein. Sequential administration of such immune orthogonal proteins an
aternative FIG. 5F provides an exemplary schematic of the workflow to identify and/or

modify these proteins.

[0181] Techniques to identify orthologous proteins are known in the art and include but are
not limited to both traditional alignment based methods and alignment free methods. Further,
databases of orthologous proteins are well known and include but are not limited to COGs,
eggNOG, InParanoid, OrthoDB, Ortholuge, CDD, Ensmbl Compara, and KEGG. Thus, it is
appreciated that one of ordinary skill may readily identify orthologs. For example, k-mer
analysis is a computational method that identifies all possible substrings of a length k that are
contained in astring, e.g. asequence. The frequency of k-mers creates a"signature” of an
underlying sequence, which in turn may be utilized as an alignment free means of comparing
sequences and determining comprehensive peptide overlap. Other computations methods
include those based on alignments, for example BLOSM (block substitution matrix) or PAM
(point accepted mutation) matricies.

[0182] Methods of determining MHC affinity are likewise known in the art and may
include computational methods available through software or publicly accessible databases or
"wet lab" assays. Examples of computational methods of predicting MHC affinity include
but are not limited to the MHC binding prediction model available through the IEDB
Analysis Resource (http://tools.immuneepitope.org/mhci/ (MHC 1) and
http://tools.immuneepitope.org/mhcii/ (MHC I1)) or NetMHC
(http://www.chs.dtu.dk/servicessNetMHC/). Alternatively or in addition, MHC affinity can

be determined or computational predictions thereof can be validated using assays, such as but
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not limited to immunoassays, such as ELISA, microarray, tetramer assay, and peptide-
induced MHC stabilization assay. Using such assays and computational methods can further
be adapted to account for the MHC profile of a specific subject or patient being treated.
Thus, modifications in the proteins can be optimized to be immunosilent in a particular
subject or patient. Similarly the comparisons can be host-restricted, such that the protein is

identified or modified to be specific to a particular host, e.g., a mouse or a human.

[0183] Applicants contemplate use of this method for a variety of proteins that present a
risk of diciting an immune response. Non-limiting exemplary proteins of interest include
cytidine deaminases, which can be used for gene editing via catalysis of DNA base change
from Cto T (e.g. APOBEC - Conserved across many species e.g. Rat APOBEC3, Rat
APOBEC1, Resus Macague APOBEC3G, human APOBEC1 (Al), AID, APOBEC2 (A2),
APOBEC3A (A3A), APOBEC3B (A3B), APOBEC3C (A3C), APOBEC3DE (A3DE),
APOBEC3F (A3F), APOBEC3G (A3G), APOBEC3H (A3H) and APOBEC4 (A4));
adenosine deaminases, which can be used for gene editing via catalysis of DNA base change
from A to G (eg. ADA (DNA editor) - Widely conserved across virtualy all species and
ADAR (RNA editor) - Conserved across most metazoan species); Zing Finger nucleases
(ZFNs), which can be used for genome engineering in asimilar manner to CRISPR/Cas9 and
are engineered site-specific nucleases consisting of: 3-6 repeated zinc finger domains, which
is awidely conserved DNA-binding motif and a nuclease domain; transcriptional activator-
like effector nucleases (TALENS), which be used for genome engineering in asimilar manner
to CRISPR/Cas9 and are similar to ZFNs in that they are engineered site-specific nucleases
consisting of: aTAL effector DNA binding domain (generally derived from a species of
Xanthomonas proteobacteria) and a nuclease domain. The domains of the site specific
enzymes mentioned above (ZFNs and TALENS) are well characterized and subject of
extensive engineering to generate the desired specificity. Thus, many variants exist of such
proteins. Additional proteins for which MHC affinity analysis is relevant include Cas9
proteins and AAV capsids, both of which are used in CRISPR based gene editing.

[0184] Aspects of the disclosure relate to a method of generating a protein comprising:
identifying one or more regions of a protein with affinity for amajor histocompatibility
complex (MHC), and modifying the one or more regions of the protien with affinity for the

MHC through one or more amino acid substitutions, such that the modified region has no

-110-



WO 2018/170015 . PCT/US2018/022258

affinity for the MHC, wherein the resulting modified protein is immunosilent upon
administration of the modified protein or a polynucleotide encoding the modified protein to a
subject. 1n some embodiments, the affinity for the MHC is high affinity. 1n some
embodiments, at |east one substituted amino acid is an amino acid which does not serve as an
MHC protein core residue. In some embodiments, the protein is selected from the group of a
cytidine deaminase, an adenosine deaminase, a zinc finger nuclease, atranscriptional
activator-like effector nuclease, a Cas9, or an AAV capsid protein. In some embodiments,
the protein is Cas9, optionally SpCaso.

[0185] For example, in order to optimize and broaden the application of CRIPSR based
therapeutics the inventors correspondingly developed a couple of technologies: 1)
"humanize" the Cas9 protein by swapping high immunogenic domains or peptides with less.
immunogenic counterparts. This is particularly useful to enable the application of Cas9
arsenal for repeat treatments. Upon mapping highly immunogenic peptides in SpCas9,
Applicants computed single amino acid swaps at each position in these immunogenic
peptides that are predicted to lower overall immunogenicity without potentially modifying
the activity. The disclosure teaches which region to mutate and what to mutate to. In
addition, applicants identified natural Cas9 ortholog proteins that are orthogonal in the
immune space i.e. that do not share any highly immunogenic peptides, and are thus amenable
for sequential dosing to evade host immune system and improve therapeutic regimen.

[0186] Thus, aspects of the disclosure relate to a modified Cas9 for immune stealth and use
of aCas9 ortholog to enhance immune evasion. The modified Cas9 can replace the existing
wildtype Cas9 for any application requiring in vivo delivery, which would potentially have
no loss of efficacy after repetitive use. The Cas9 proteins that are orthologous in the immune
space can aso be utilized for in vivo applications, where Cas9 proteins that are orthologous
in the immune space can be utilized sequentially, if repetitive treatments are required. Such
non-limiting aspects relating to Cas9 are described herein below.

[0187] Some embodiments disclosed herein relate to a method of generating a modified
Cas9 comprising: identifying one or more regions of a Cas9 with high affinity for a mgjor
histocompatibility complex (MHC), and modifying the one or more regions of the Cas9 with
high affinity for the MHC through one or more amino acid substitutions, such that the
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modified region has no affinity for the MHC, wherein the resulting modified Cas9 is
immunosilent upon administration to a subject. 1n some embodiments, the Cas9 is SpCas9.
Further embodiments relate to a modified Cas9 generated according to this method. Some
embodiments disclosed herein relate to a modified SpCas9 comprising one or more of the
amino acid modifications provided in Table 1. Some embodiments disclosed herein relate to
amethod of avoiding an immune response in a subject being administering a regimen
requiring Cas9 comprising: administering, in sequence, each of agroup of orthologous Cas9
proteins with no shared affinity for a major histocompatibility complex (MHC). Insome
embodiments, the group of Cas9 proteins is selected from the groups of Cas9 proteins
provided in Figure 4. '

[0188] In some aspects, provided herein are methods of generating a modified Cas9
comprising, consisting of, or consisting essentially of: identifying one or more regions of a
Cas9 with affinity for a mgjor histocompatibility complex (MHC), and modifying the one or
more regions of the Cas9 with affinity for the MHC through one or more amino acid
substitutions, such that the modified region has no affinity for the MHC, wherein the
resulting modified Cas9 has reduced immunogenicity upon administration to a subject. In
some embodiments, the affinity for an MHC is high affinity. 1n some embodiments, the Cas9
is SpCas9. In some embodiments, at least one substituted amino acid is an amino acid which
does not serve as an MHC protein core residue. |n some aspects, provided herein is a
modified Cas9 generated by identifying one or more regions of a Cas9 with affinity for a
major histocompatibility complex (MHC), and modifying the one or more regions of the
Cas9 with affinity for the MHC through one or more amino acid substitutions, such that the
modified region has no affinity for the MHC, wherein the resulting modified Cas9 has

reduced immunogenicity upon administration to a subject.

[0189] In some aspects, provided herein is a modified Cas9 comprising, consisting of, or
consisting essentially of one or more, two or more, three or more, four or more, five or more,
SiX Or more, seven or more, eight or more, nine or more, ten or more, fifteen or more, or

twenty or more of the amino acid modifications provided in Table 1.

[0190] In some aspects, provided herein are isolated polynucleotides encoding a modified

Cas9 protein, wherein the modified Cas9 is generated by identifying one or more regions of a
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Cas9 with affinity for a major histocompatibility complex (MHC), and modifying the one or
mor e regions of the Cas9 with affinity for the MHC through one or more amino acid
substitutions, such that the modified region has no affinity for the MHC, wherein the
resulting modified Cas9 has reduced immunogenicity upon administration to a subject. In
some aspects, provided herein are isolated polynucleotides encoding a modified Cas9 protein,
wherein the modified Cas9 comprises, consists of, or consists essentially of one or more, two
or more, three or more, four or more, five or more, six or more, seven or more, eight or more,
nine or more, ten or more, fifteen or more, or twenty or more of the amino acid modifications
provided in Table 1. In some aspects, provided herein arevectors comprising the isolated
polynucleotide. In some embodiments, the vector isan AAV vector, optionally wherein the

AAV vector is AAVS.

[0191] 1t isfurther appreciated that the AAV capsid may be modified to be immunosilent
according to the same method, i.e. identifying one or more regions of one or more AAV
capsid proteins with affinity for a major histocompatibility complex (MHC), and modifying
the one or more regions of the one or more AAV capsid proteins with affinity for the MHC
through one or more amino acid substitutions, such that the modified region has no affinity
for the MHC, wherein the resulting capsid comprising the one or more AAV capsid proteins
has reduced immunogenicity upon administration to a subject. A modified AAV generated
according to this method may be employed in any one or the embodiments disclosed herein
to evade the immune system. '

[0192] Further, immune orthogonal AAV may be identified according to the method
disclosed herein. Thus, contemplated herein are embodiments in which the immune

orthogonal Cas9 iscomprised in an immune orthogonal AAV.

[0193] Additional aspects to amethod of identifying immune orthogonal orthologs
comprising: determining a set of affinities of a protein or regions thereof to a plurality of
major histocompatibility complexes (MHCs), comparing the set of affinities of the protein or
regions thereof to sets of affinities of orthologs of the protein to the plurality of MHCs, and
determining a set of immune urthogonal orthologs based on non-overlapping sets of affinit.es.
In some embodiments, the affinity for the MHC is high affinity. In some embodiments, the

protein is selected from the group of a cytidine deaminase, an adenosine deaminase, azinc
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finger nuclease, atranscriptional activator-like effector nuclease, a Cas9, or an AAV capsid
protein. In some embodiments, the protein is Cas9, optionaly SpCas9 or SaCas9. In some
embodiments, the Cas9 proteins the orthologs are selected from S. pyogenes Cas9 (spCas9),
S. aureus Cas9 (saCas9), B. longum Cas9, A. muiciniphilia Cas9, or 0. laneus Cas9.

[0194] Not to be bound by theory, Applicants contemplate that even after MHC screening,
a subject may still have arepitoire of pre-existing immunity that could result in cross-
reactivity against protiens or their orthologs. Thus, there exists some risk of confounding in
sequential administration of proteins that are immune orthogonal. Non-limiting exemplary
protiens which may present this concern are those derived from organisms that are
pathogenic in a subject (e.g. S. aureus or S. pyogenes in humans). Accordingly, Applicants
propose identifying immune orthogonal orthologs of such proteins that are extremophiles
(and, thus, unlikely to come into contact with humans or other subjects under normal
circumstances) and/or highly abundant commensal species for which the subject's immune
system has developed tolerance. Species abundant in a normal microbiome or in the
particular subject's microbiome can be determined based on the literature and/or based on
sampling over a population of subjects or the particular subjects. 1n some embodiments, the
commensal species is one present at early stages of development, when tolerance is
established.

[0195] Proteins and Vectors

[0196] Further aspects relate to a modified Cas9 protein produced according to the method
disclosed above. Still further aspects relate to a modified Cas9 protein comprising one or
more, two or more, three or more, four or more, five or more, six or more, Seven or more,
eight or more, nine or more, ten or more, fifteen or more, or twenty or more of the amino acid
modifications provided in Table 1. Some embodiments relate to an isolated polynucleotide
encoding the modified Cas9. Further embodiments, relate to a vector comprising the isolated
polynucleotide, optionaly an AAV vector, and still further optionally an AAV5 vector.
Additional embodiments relate to an AAV capsid comprising the vector. In some
embodiments, one or more of the AAV capsid proteins has been modified to be

immunosilent.
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[0197] In general methods of packaging genetic material such as RNA into one or more
vectors iswell known in the art. For example, the genetic material may be packaged using a

packaging vector and cell lines and introduced viatraditional recombinant methods.

[0198] In some embodiments, the packaging vector may include, but is not limited to
retroviral vector, lentiviral vector, adenoviral vector, and adeno-associated viral vector
(optionally AAV8). The packaging vector contains elements and sequences that facilitate the
delivery of genetic materials into cells. For example, the retroviral constructs are packaging
plasmids comprising at least one retroviral helper DNA sequence derived from areplication-
incompetent retroviral genome encoding in trans al virion proteins required to package a
replication incompetent retroviral vector, and for producing virion proteins capable of
packaging the replication-incompetent retrovira vector at high titer, without the production
of replication-competent helper virus. The retroviral DNA sequence lacks the region
encoding the native enhancer and/or promoter of the viral 5 LTR of the virus, and lacks both
the psi function sequence responsible for packaging helper genome and the 3' LTR, but
encodes aforeign polyadenylation site, for example the SV40 polyadenylation site, and a
foreign enhancer and/or promoter which directs efficient transcription in a cell type where
virus production is desired. The retrovirus is aleukemia virus such as a Moloney Murine
Leukemia Virus (MMLV), the Human Immunodeficiency Virus (FHV), or the Gibbon Ape
Leukemia virus (GALV). The foreign enhancer and promoter may be the human
cytomegalovirus (HCMV) immediate early (IE) enhancer and promoter, the enhancer and
promoter (U3 region) of the Moloney Murine Sarcoma Virus (MMSV), the U3 region of
Rous Sarcoma Virus (RSV), the U3 region of Spleen Focus Forming Virus (SFFV), or the
HCMYV |E enhancer joined to the native Moloney Murine Leukemia Virus (MMLV)

promoter.

[0199] The retroviral packaging plasmid may consist of two retroviral helper DNA
sequences encoded by plasmid based expression vectors, for example where afirst helper
sequence contains a cODNA encoding the gag and pol proteins of ecotropic MMLV or GALV
and a second helper sequence contains a cDNA encoding the env protein. The Env gene,
which determines the host range, may be derived from the genes encoding xenotropic,
amphotropic, ecotropic, polytropic (mink focus forming) or 10A1 murine leukemia virus env

proteins, or the Gibbon Ape Leukemia Virus (GALV env protein, the Human
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Immunodeficiency Virus env (gpl60) protein, the Vesicular Stomatitus Virus (VSV) G
protein, the Human T cell leukemia (HTLV) type | and Il env gene products, chimeric

envel ope gene derived from combinations of one or more of the aforementioned env genes or
chimeric envelope genes encoding the cytoplasmic and transmembrane of the aforementioned
env gene products and a monoclonal antibody directed against a specific surface molecule on
adesired target cell. Similar vector based systems may employ other vectors such as sleeping

beauty vectors or transposon elements.

[0200] The resulting packaged expression systems may then be introduced via an
appropriate route of administration, discussed in detail with respect to the method aspects

disclosed herein.

[0201] Methods of Treatment

[0202] Some aspects relate to a method of avoiding immune response in a subject being
administered aregimen requiring a protein, the method comprising: administering to the
subject, in sequence, two or more proteins that are immune orthogonal. 1n some
embodiments, the proteins that are immune orthogona do not share an amino acid sequence
of greater than 5 consecutive amino acids. 1n some embodiments, the proteins that are
immune orthogonal do not share affinity for amajor histocompatibility complex (MHC). In
some embodiments, three or more, four or more, five or more, six or more, seven or more,
eight or more, nine or more, or ten or more proteins that are immune orthogonal are

administered in sequence.

[0203] Non-limiting exemplary aspects relate to Cas9. |n some embodiments, the Cas9
proteins that are immune orthogonal do not share an amino acid sequence of greater than 5
consecutive amino acids. 1n some embodiments, the Cas9 proteins that are immune
orthogona do not share affinity for amajor histocompatibility complex (MHC). In some
embodiments, at least one of the two or more Cas9 proteins is modified according the method
disclosed above. In some embodiments, at least one of the two or more Cas9 proteins or
polynucleotides encoding said Cas9 proteins is comprised in an AAV vector. Insome
embodiments, the AAV vector is an AAV5 vector. |n some embodiments, the AAV vector is
comprised inan AAV capsid. 1n some embodiments, two or more Cas9 proteins or
polynucleotides encoding said Cas9 proteins are comprised in AAV vectors. Insome
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embodiments, each AAV vector is comprised in an AAV capsid, optionally wherein the AAV

capsids are immune orthogonal to one another.

[0204] Disclosed herein is a method of gene editing comprising contacting a cell
sequentialy with two or more immune orthogonal Cas9s or polynucleotides encoding said -
Cas9s, optionally comprised in an AAV capsid. I1n some embodiments, the AAV capsids
comprising each of the Cas9 or the polynucleotides encoding them may be immune
orthogonal. In some aspects, the contact is in vitro. In other aspects, the contact is in vivo. In
some aspects, the contact is in vivo or in vitro. In some aspects, at least one of the
polynucleotides comprises or consists essentially of, or yet further consists of a
polynucleotide encoding a guide RNA (gRNA). In some aspects, at least one of the
polynucleotides comprises or aternatively consists essentialy of, or yet further consists of a
therapeutic polypeptide.

[0205] Further disclosed herein is a method of gene editing in a subject in need thereof,
comprising administering sequentialy to the subject an effective amount of two or more
immune orthogonal Cas9 or polynuclectides encoding said Cas9s, optionally comprised in an
AAV. In some embodiments, the AAV capsids comprising each of the Cas9 or the
polynucleotides encoding them may be immune orthogonal. 1n some aspects, at least one of
the polynucleotides comprises or consists essentially of, or yet further consists of a
polynucleotide encoding a guide RNA (gRNA). In some aspects, at least one of the
polynucleotides comprises or alternatively consists essentially of, or yet further consists of a

therapeutic polypeptide.

[0206] In some aspects, the polynucleotide encoding the gRNA comprises or aternatively
consists essentially of, or yet further consists of afusion polypeptide comprising CRISPR
RNA (crRNA) and trans-activating CRIPSPR RNA (tracrRNA); or a polypeptide comprising
CRISPR RNA (crRNA) and trans-activating CRIPSPR RNA (tracrRNA). In one aspect, the
polynucleotide encoding the gRNA comprises or consists of one or more sequence from
Table 2 or Table 3 or an equivalent each thereof. 1n some aspects, the gRNA is specific for
aregion of DNA that is in need of gene editing in the subject or cell in need thereof.
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[0207] In some aspects, provided herein are methods of treating a subject in need of gene
editing or gene regulation, the method comprising: administering to the subject, in sequence,
two or more Cas9 proteins that are immune orthogonal. In some embodiments, the Cas9
proteins that are immune orthogona do not share an amino acid sequence of greater than 5
consecutive amino acids. In some embodiments, the Cas9 proteins that are immune
orthogonal do not share affinity for a mgjor histocompatibility complex (MHC). In some
embodiments, three or more, four or more, five or more, six or more, seven or more, eight or
more, nine or more, or ten or more Cas9 proteins that are immune orthogonal are
administered in sequence. In some embodiments, each Cas9 protein that is immune
orthogonal is a Cas9 derived from adistinct species of bacteria. |n some embodiments, the
Cas9 proteins that are immune orthogonal are selected from s. pyogenes Cas9 (spCas9), S.
aureus Cas9 (saCas9), B. longum Cas9, A. muiciniphilia Cas9, or 0. laneus Cas9. In
particular embodiments, the Cas9 proteins that are immune orthogonal comprise spCas9 and
saCas9. In some embodiments, a least one Cas9 is modified to reduce immunogenicity upon
administration to the subject. 1n some embodiments, the methods further comprise
administering at least one of the two or more Cas9 proteins in an AAV5 vector. In some
embodiments, the methods further comprise administering one or more guide RNAS to the

subject.

[0208] In some embodiments, the guide RNA is selected to treat adisease, disorder, or
condition selected from the group of achromatopsia, adenosine deaminase (ADA) deficiency,
alpha- l-antitrypsin deficiency, Alzheimer's disease, amyotrophic lateral sclerosis, aromatic
amino acid decarboxylase deficiency, Batten disease, choroideremia, Crigler Najjar
syndrome, cystic fibrosis, fragile X syndrome, hemophilia, hepatitis B, hepatitis
C,homozygous familia hypercholesteremia, Huntington's Disease, Leber congenital
amaurosis, macular degeneration, maple syrup urine disease (MSUD),
mucopolysarccharidosis (I-1X), multiple sclerosis, muscular dystrophy, myotonic dystrophy,
neurofibramotosis type 1, ornithine transcarbamylase deficiency, pachyonychia congenita,
Parkinson's disease, phenylketonuria, polycystic kidney disease, Pompe disease, retina
degeneration, Rett's syndrome, rickets, spinal muscular atrophy, severe combined
immunodeficiency, sickle cell disease, Smith-Lemli-Opitz syndrome, Y -linked
nonobstructive spermatogenic failure, thalassemia, and X-linked retinoschisis.
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[0209] In some aspects, the guide RNA is designed and/or selected to target or repair agene
selected from the group of: Nav 1.7 (SCN9A), Nav 1.8 (SCNIOA gene), 1.9 (SCNI 1A gene)
and 1.3 (SCN3A gene); transient receptor potential cation channel subfamily V member 1
(TrpVI), also known asthe capsaicin receptor and the vanilloid receptor 1; PRDM12; or
HCN2.

[0210] It isappreciated by those skilled in the art that gRNAS can be generated for target
specificity to target a specific gene, optionally a gene associated with a disease, disorder, or
condition. Thus, in combination with Cas9, the guide RNAs facilitate the target specificity of -
the CRISPR/Cas9 system. Further aspects such as promoter choice, as discussed above, may
provide additional mechanisms of achieving target specificity - e.g., selecting a promoter for

the guide RNA encoding polynucleotide that facilitates expression in a particular organ or

tissue. Accordingly, the selection of suitable gRNAs for the particular disease, disorder, or
condition is contempiated herein. Non-limiting examples of suitable gRNA for genes in

humans are provided in Table 2 and in mice in Table 3.

[0211] Administration of the modified AAV or compositions can be effected in one dose,
continuously or intermittently throughout the course of treatment. Administration may be
through any suitable mode of administration, including but not limited to: intravenous, intra-
arterial, intramuscular, intracardiac, intrathecal, subventricular, epidural, intracerebral,
intracerebroventricular, sub-retinal, intravitreal, intraarticular, intraocular, intraperitoneal,

intrauterine, intradermal, subcutaneous, transdermal, transmuccosal, and inhalation.

[0212] Methods of determining the most effective means and dosage of administration are
known to thgse of skill in the art and will vary with the composition used for therapy, the
purpose of the therapy and the subject being treated. Single or multiple administrations can
be carried out with the dose level and pattern being selected by the treating physician. It is
noted that dosage may be impacted by the route of administration. Suitable dosage
formulations and methods of administering the agents are known in the art. Non-limiting
examples of such suitable dosages may be as low as 1E+9 vector genomes to as much as

1E+17 vector genomes per administration.

-119-



WO 2018/170015 PCT/US2018/022258

[0213] Inafurther aspect, the modified viral particle and compositions of the invention can
be administered in combination with other treatments, e.g. those approved treatments suitable
for the particular disease, disorder, or condition. A non-limiting example includes the

treatment of muscular dystrophy with a combination of the modified viral particle and one or

more steroids.

[0214] This administration of the modified viral particle or compositions of the invention
can be done to generate an animal model of the desired disease, disorder, or condition for

experimental and screening assays.

[0215] Doses suitable for uses herein may be delivered via any suitable route, e.g.
intravenous, transdermal, intranasal, oral, mucosal, or other delivery methods, and/or via
single or multiple doses. It is appreciated that actual dosage can vary depending on the
recombinant expression system used (e.g. AAV or lentivirus), the target cell, organ, or tissue,
the subject, aswell as the degree of effect sought. Size and weight of the tissue, organ,
and/or patient can also affect dosing. Doses may further include additional agents, including
but not limited to acarrier. Non-limiting examples of suitable carriers are known in the art:
for example, water, saline, ethanol, glycerol, lactose, sucrose, dextran, agar, pectin, plant-
derived oils, phosphate-buffered saline, and/or diluents. Additional materials, for instance
those disclosed in paragraph [00533] of WO 2017/070605 may be appropriate for use with
the compositions disclosed herein. Paragraphs [00534] through [00537] of WO 2017/070605
also provide non-limiting examples of dosing conventions for CRISPR-Cas systems which

can be used herein. In general, dosing considerations are well understood by those in the art.

[0216] Compositions and Kits

[0217] Also provided by this invention is a composition or kit comprising any one or more
of the immunosilent and/or immune orthogonal proteins. In one aspect, the carrier is a
pharmaceutically acceptable carrier. These compositions can be used therapeutically as
described herein and can be used in combination with other known therapies and/or

according to the method aspects described herein.

[0218] Briefly, pharmaceutical compositions of the present invention may comprise an

immunosilent and/or immune orthogonal Cas9 or a polynucleotide encoding said Cas9,
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optionally comprised in an AAV, which is optionally also immune orthogonal, in
combination with one or more pharmaceutically or physiologically acceptable carriers,
diluents or excipients. Such compositions may comprise buffers such as neutral buffered
saline, phosphate buffered saline and the like; carbohydrates such as glucose, mannose,
sucrose or dextrans, mannitol; proteins, polypeptides or amino acids such as glycine;
antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g., auminum
hydroxide); and preservatives. Compositions of the present disclosure may be formulated for
oral, intravenous, topical, enteral, and/or parenteral administration. In certain embodiments,

the compositions of the present disclosure are formulated for intravenous administration.

[0219] Examples

[0220] The following examples are non-limiting and illustrative of procedures which can be
used in various instances in carrying the disclosure into effect. Additionally, all reference

disclosed herein are incorporated by reference in their entirety.
[0221] Example 1- Immunogenicity of Cas9 proteins

[0222] Severd in silico epitope binding prediction methods have been developed that
employ machine learning methods to predict peptide-MHC class | binding affinity.
Applicants have utilized the NetMHC 4.0 Server 4, aneura network and weight matrix based
predictive algorithm, to determine the immunogenic level of peptides in previously identified

Cas9 protein sequences from 88 strains 6, over all HLA allele supertypes.

[0223] NetMHC was run with default parameters, predicting immunogenic scores for each
alele over peptide sequences of 8to 11 amino acids. Highly immunogenic peptides were
defined as having an affinity score < 50nM and intermediate as 50nM 500nM.

[0224] After identifying the most immunogenic peptides, Applicants utilized two in silico

methods to determine which modifications were necessary to reduce SpCas9 immunogenicity

[0225] 1) determined the effect that single amino acid swaps in each highly immunogenic

peptide would have on reducing immunogenicity

[0226] 2) found which Cas9 orthologs are the closest in their ‘immunogenic space' to
determine which Cas9 proteins could be utilized sequentially for repetitive treatments.

[0227] Anoveral workflow is described in Figure 1.
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[0228] Example 2- Effect of single amino acid swaps in immunogenic peptides in
SpCas9

[0229] After mapping the highly immunogenic peptides in SpCas9, Applicants did single
amino acid swaps at each position in these immunogenic peptides to determine whether these
swaps would lower the peptides’ overall immunogenicity. This new list of peptides was first
submitted to the NetMHC server to predict their immunogenicity scores. The goa wasto find

if changing the single AA in such peptides would significantly modify the affinity.

[0230] Affinity scores were calculated for every single amino acid swap in an immunogenic
peptide. For example, the peptide 'HHQDLTLL', located at amino acid position 327-334 in
the original protein, has 32 no-affinity scoring peptides with a single amino acid swap (e.g.
'HHQDLTLK''HHQDLTLN','HHQDLTLD") . Top scoring peptides were defined as those
that displayed the lowest affinity value out of all possible peptide swaps. Subsequently, the
'no’ affinity peptides were submitted to the PROVEAN Server, which predicts the effect that
single amino acid changes at certain positions can have on aprotein's functionality. 7 The
single amino acid swaps leading to 'no' or 'low' immunogenicity and that are non-del eterious
will subsequently be utilized for experimental mutagenesis of SpCas9. These mutations are
listed in Table 1, with the matching colors corresponding to peptides whose immunogenicity

can change with the same AA swap.

[0231] One can then use this mutated SpCas9 sequentially for in vivo genome therapy. Not
to bound by theory it is believed this may be accomplished without lowering its efficacy after

repetitive treatments without eliciting an immunogenic response.

[0232] Example 3- Orthogonality of Cas9 proteins for sequential dosing to evade host

immune system

[0233] The goal was to determine Cas9 orthologs that are orthogonal in the
‘immunogenicity space. Thiswill alow Applicants to prescribe a sequential regimen of
CasOs for therapeutic interventions. The analysis revealsthat for the most conservative data,
there are always at the very least groups of 35 proteins that are mutually orthogonal and that
include SpCas9. The methodology implemented goes as follows: high affinity peptides from
one protein were selected and the number of times those exact peptide sequences occurred in

the entire other sequence was determined. If no peptides were found, the proteins are
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determined to be orthogonal. The peptides selected, usually composed of 8to 11 amino acids,
were further split up into subpeptides of lengths 5to 11. This allowed for the identification of
more subtle similarities between protein sequences. This analysis was carried over every
possible protein pair. The groups of mutually orthogona proteins here presented had no
matches of even length 5. The algorithm used to determined mutual orthogonality,
*find_cliques’, is provided in the Python package Networkx.

[0234] Applicants created anetwork where two proteins (nodes) were connected by an edge
if they were orthogonal. Applicants then applied the clique-finding agorithm to locate all
maximal cligues in the graph, where amaximal cligue is a complete subgraph such that no

other node may be added while maintaining completeness. See, e.g. Figure 4.
[0235] Example 4 - Mouse experiments

[0236] Two month old mice are injected with AAV virus at 6E+1 1GC/mouse. Applicants
will betesting two different AAV capsids, AAV8 and AAVDJ, aswell astwo orthogonal
Cas9 proteins, SpCas9 and SaCas9, to test whether sequential rounds of AAV virus injections
with differing capsid or differi ng SpCas9 proteins has any effect on reducing efficacy of

genome editing, due to an immunogenic response.

Week 0 Week 3 Week 6

Al B2 Assay (baseline and role of AAVs)
A2 Al Assay (baseline and role of AAVs)
Bl B2 Assay (baseline and role of AAVs)
B2 Bl Assay (baseline and role of AAVs)
Al B2 Assay (Cas9 orthogonality)

B2 Al Assay (Cas9 orthogonality)

A2 B1 Assay (Cas9 orthogonality)

B1 A2 Assay (Cas9 orthogonality)

[0237] Legend:

Al: AAVS8 SpCas9 CD81; A2: AAVDJ SpCas9 Scarbl; Bl: AAV8 SaCas9 CD81; B2:
AAVDJ SaCas9 Scarbl

[0238] Example 5- Determining presence of memory T-celi populations to predicted

peptides
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[0239] Memory T-cell populations present in the human populations are assessed for the
presence of T-cells directed to any of the predicted Cas9 orthologs. |n particular, S. aureus
peptides are studied, as approximately 30% of the human population is colonized with this
pathogen.

[0240] Example 6 - Screening for " Immune Orthogonal” Orthologs

[0241] A magjor hurdle in protein-based therapeutics is the interaction with the adaptive
immune system, which can lead to neutralization by circulating antibodies and clearance of
treated cells by cytotoxic T-lymphocytes. One method of circumventing these issues is to use
human or humanized proteins which avoid the immune response by self-recognition.
However, this approach limits potential protein therapeutics to those of human origin,
excluding many exciting effectors and delivery vehicles such as CRISPR-Cas9 and adeno-
associated viruses (AAVS). To address this issue, Applicants propose here the sequential use
of orthologous proteins whose function is constrained by natural selection, bUt whose
structure is subject to diversification by genetic drift. This would, in principle, allow for
repeated treatments by 'immune orthogonal' orthologs without reduced efficacy due to lack
of immune cross-reactivity among the proteins. To explore and validate this concept,
Applicants chose 91 Type || CRISPR-Cas9 orthologs and 167 AAV capsid protein orthologs,
and developed a pipeline to compare total sequence similarity aswell as predicted binding to
class | and class || Major Histocompatibility Complex (MHC) proteins. Interestingly, MHC
binding predictions revealed wide diversity among the set of Cas9 orthologs, with 83% of
pairs predicted to have non cross-reacting immune responses, while no global immune
orthogonality among AAV serotypes was observed. To confirm these findings Applicants
selected two Cas9 orthologs, from S. pyogenes and S. aureus, predicted to be orthogonal in
immune space, and delivered them into mice via multiple AAV serotypes. Applicants
observed cross-reacting antibodies against AAV but not Cas9 orthologs in sera from
immunized mice, validating the computationally predicted immune orthogonality among
these proteins. Moving forward, Applicants anticipate this framework can be applied to
rationally engineer immune orthogonality among protein orthologs.

[0242] Protein therapeutics, including protein-based gene therapy, have several advantages
over small-molecule drugs. They generaly serve complex, specific functions, and have

minimal off-target interference with normal biological processes. However, one of the
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fundamental challenges to any protein-based therapeutic is the interaction with the adaptive
immune system. Neutralization by circulating antibodies through B-cdll activation and
clearance of treated cells by CD8+ cytotoxic T-lymphocytes (CTLs) create a substantial
barrier to effective protein therapies'o. Although the delay in the adaptive immune response
to novel proteins may allow sufficient time for the initial dose to work, subsequent doses face
faster and stronger secondary immune responses due to the presence of memory T- and B-
cells. In addition, gene transfer studies have shown that host immune responses against the
delivery vector and/or therapeutic transgene can eliminate treated cells, thus limiting the
efficacy of the treatment 2'-'6,

[0243] A common approach to circumventing these issues has been to utilize human
proteins, or to humanize proteins by substitution of non-human components 1718, However,
this approach is limited to a small set of therapeutic proteins naturally occurring in humans or
closely related species. I1n addition, athough the humanization of proteins can result in a
significantly less immunogenic product, they still carry immunological risk'e. Another way to
circumvent an immune response to protein therapeutics is the remova of immunogenic T cell
epitopes. 2920 Once immunogenic T cell epitopes are identified, substitution of key amino
acids may reduce the protein's immunogenicity since modification of amino acids at critical
anchor residues can abrogate binding to MHC molecules and prevent antigen presentation.
However, this can prove difficult due to the massive diversity a HLA loci. As epitope
engineering must account for the substrate specificity of each different HLA allele,
therapeutics would likely have to be uniquely modified for each patient. All the same, epitope
deletion has been successfully applied to severa proteins,2* but can only preserve protein
function when limited to small numbers of HLA alleles unrepresentative of the full diversity.
Structural modifications such as PEGylation have also been known to reduce

immunogenicity by interfering with antigen-processing mechanisms. However, there is
evidence that PEG-specific antibodies are elicited in patients treated with PEGylated

therapeutic enzymes?2-25,

[0244] Furthermore, protein therapies have required repeated treatments due to degradation
of the protein or turnover of treated cells, or, in the case of gene therapy, reduced expression
of the transgene2627, This provides an even greater challenge as repeated exposure to the

same antigen can elicit a more robust secondary immune response28, which may completely
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inhibit subsequent dosage or even sensitize the immune system to antigens remaining from
the initial exposure. In order to facilitate efficacious repeat protein therapies, Applicants
propose the use of orthologous proteins whose function is constrained by natural selection,
but whose structure is subject to diversification by genetic drift. Anortholog, given sufficient
sequence divergence, will not cross-react with the immune response generated by exposure to
the others, allowing repeat doses to avoid neutralization by existing antibodies and treated

cellsto avoid clearance by activated CTLs.

[0245] Asacase study for exploring this approach, Applicants focused on the CRISPR-
Cas9 system, perhaps the most anticipated therapeutic for gene editing?9-36. Comparative
genomics has demonstrated that Cas9 proteins are widely distributed across bacterial species
and have diversified over an extensive evolutionary history37-39. Applicants hypothesized this
diversity could provide a mechanism to circumvent inducing immunological memory by
utilizing orthologous Cas9 proteins for each treatment. Additionally, the immunogenicity due
to the delivery vehicle or administration route for the Cas9 and the associated guide RNA
(gRNA) must also be considered. In this regard, adeno-associated viruses (AAVS) have
emerged as ahighly preferred vehicle for gene delivery, as these are associated with low
immunogenicity and toxicity #'5, which promotes long-term transgene expression4%4! and
treatment efficacy. Despite the relatively low immunogenicity of AAV vectors, antibodies
against both the capsid and transgene may still be elicited42-46. Additionally, the prevalence
of neutralizing antibodies (NAB) against AAVs in the human population4’ and cross-
reactivity between serotypes8 remains a hurdle for efficacious AAV therapy. Although
AAVswere initially considered non-immunogenic due to their poor transduction of antigen-
presenting cells (APCs) 49, it is now known that they can transduce dendritic cells (DCs)* and
trigger innate immune responses through Toll-like receptor (TLR) signaling pathways®t. The
ability to transduce DCs is dependent on AAV serotype and genome, and may be predictive

of overall immunogenicity 52.

[0246] To evauate the immune orthogonality of AAV-delivered CRISPR-Cas systems,
Applicants analyzed 91 Cas9 orthologs, and 167 AAV VP1 orthologs. By comparing total
sequence similarity aswell as predicted binding strengths to class | and class | MHC
molecules, Applicants constructed graphs of immune cross-reactivity and computed cliques

of proteins that are orthogona in immunogenicity profiles. Although MHC epitopes do not
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predict antibody epitopes, the induction of the more powerful memory response is primarily
dependent on reactivation of memory B-cells with help from memory T-cells through the
presentation of antigens on class I MHC molecules.53'%* Finally, Applicants experimentally
confirmed these immunological predictions by assaying treated mice for induction of protein-
targeting antibodies.

[0247] Humoral immune response to AAV and Cas9

[0248] One of the major obstacles for sequential gene therapy treatments is the presence of
neutralizing antibodies against the delivery vehicle and transgene cargo induced by the first
administration of the therapy. To determine the humoral immune response kinetics to the
AAV-8 capsid and the Cas9 transgene, Applicants first injected C57BL/6J mice retro-
orbitally with 10'2 vg of AAV-8-SaCas9 targeting proprotein convertase subtilisin/kexin type
9 (PCSK9), apromising gene target that when disrupted can reduce Low Density Lipoprotein
(LDL) levels and protect against cardiovascular disease. Consistent with a previous study>ss,
mice had reduced PCSK9 serum levels as early as one week post-injection due to successful
SaCas9 mediated gene-editing, which was sustained for the entire duration of the experiment
(4 weeks) (FIG. 5C). Notably, mice developed humoral immunity to the AAV8 capsid within
one week post-injection (FIG. 5D). Additionally, Applicants noted that a subset of the mice
developed IgGI antibodies against the SaCas9 protein (FIG. 5E). To evaluate the feasibility
of multiple dosing with AAV-Cas9, Applicants next investigated whether immune orthogonal
sets of AAV and Cas9 orthologs exist.

[0249] Identifying immune-orthogonal proteins

[0250] Natural selection produces diverse structural variants with conserved function in the
form of orthologous genes. Applicants assayed the relevance of this diversity for
immunological cross-reactivity of 91 Type Il Cas9 orthologs and 167 AAV orthologs by first
comparing their overall amino acid sequence similarities, and second, using a more specific
constraint of how their respective amino acid sequences are predicted to bind MHC Type |
and Il molecules (FIG. 5F). From these analyses Applicants obtained first an estimate of the
comprehensive immune overlap among Cas9 and AAV orthologs based purely at the
sequence level, and second a more stringent estimate of predicted immune overlap based on
predicted MHC binding. By sequence-level clustering and clique finding methods, Applicants

defined many sets of Cas9 orthologs containing up to 9 members with no 6-mer overlap

-127-



WO 2018/170015 PCT/US2018/022258

(FIG. 7). Notably, based on MHC-binding predictions, Applicants find among the set of
Cas9 orthologs that 83% of pairs are predicted to have non cross-reacting immune responses,
i.e. they are predicted to be orthogonal in immune space (FIG. 5G). On the contrary, among
AAV capsid (VA protein) orthologs, Applicants did not find full orthogonality up to the 16-
mer level, even when restricting predictions with MHC-binding strengths (FIG. 5H), likely
reflecting the strong sequence conservation and shorter evolutionary history of AAVs®. This
analysis suggests, consistent with previous observations®”%8, that exposure to one AAV
serotype can induce broad immunity to all AAV's, which presents a significant challenge to
AAV delivery platforms, as some serotypes are prevalent in human populations. Despite the
most divergent AAV serotype (AAV-5) showing the fewest shared immunogenic peptides,
there remain tracts of sequences fully conserved within the VPl orthologs. As expected,
predicted immune cross-reaction negatively correlates with phylogenetic distance (FIG. 8),
though there is significant variation not captured by that regression, suggesting that MHC-
binding predictions can refine the choice of sequential orthologs beyond phylogenetic

distance alone.

[0251] Confirming humoral immune-orthogonality among Cas9 proteins

[0252] Totest these immunologica predictions and to establish the utility of this approach,
Applicants narrowed in on a 5-member clique containing the ubiquitously used S. pyogenes
Cas9 in addition to the well-characterized s. aureus Cas9 (FIG. 7). To determine whether
either of these proteins have cross-reacting antibody responses, Applicants injected mice with
102 vg of either AAV8-SaCas9 or AAV8-SpCas9 viaretro-orbital injections and harvested
serum at days O (pre-injection), and periodically over 4-6 weeks (FIG. 6A). SpCas9-specific
antibodies were detected in the plasma of al mice injected with SpCas9 (n=6), and notably
none of the mice injected with SaCas9 (n=12) (FIG. 6B). Although SaCas9 appeared to
induce aweaker response, asonly half of the mice injected with SaCas9 AAVs (n=12)
developed detectable antibodies against SaCas9, none of the mice injected with SpCas9
AAVs (n=6) developed an antibody response against SaCas9. These results were confirmed
in an independent study in which SpCas9-specific antibodies, but not SaCas9-specific
antibodies, were detected in the plasma of mice injected with AAV-SpCas9 (n=12). These
mice were injected retro-orbitally with 102 vg of AAV8-SpCas9 or AAVDJ-SpCas9, and
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also received an additional intramuscular injection with 10'! vg a week 4. (F1G. 6C). Taken
together, this data confirms that SpCas9 and SaCas9 have humoral immune-orthogonality.

[0253] Broad crossreactivity among AAV serotypes

[0254] AAVs are becoming a preferred delivery vehicle due to their ability to avoid
induction of astrong CD8+ T-cell response, however, the presence of neutralizing antibodies
remains a significant barrier to successful application of AAV therapies. Consistent with
previous results,5” Applicants found shared immunogenic peptides among all the various
human AAV serotypes, (FIG. 9). Applicants confirmed the lack of orthogonality for two
serotypes, AAV8 and AAVDJ, in which Applicants found that antibodies produced in mice
injected with AAV8 and AAVDJ react to both AAV8 and AAVDJ antigens (Figure 6D).
This analysis suggests that there are no two known AAVs for which exposure to one would
guarantee immune naivete to another across all HLA genotypes. However, immune cross-
reaction could be minimized through the use of AAV558'59, the most phylogenetically
divergent serotype. These predictions identify only asingle shared highly immunogenic
peptide between AAV5 and the commonly used AAV2 and AAV8 in the mouse model
(though several other shared peptides of mild MHC affinity exist). Applicants confirmed this
via ELISAs, where mice injected with AAV2 did not €licit antibodies against AAV5 and
AAVS8, and mice injected with AAV5 did not elicit antibodies against AAVDJ and AAV8
(Figure 6E).

[0255] The use of protein therapeutics requires ways to evade the host's immune response.
Cas9, as an example, has prokaryotic origins and can evoke a T-cell response, which may
lead to clearance of transduced cells. In addition, circulating antibodies can neutralize the
AAYV vector and prevent efficient transduction upon repeated doses. |mmunosuppressive
drugs could mitigate some of these aspects, but not without significant side-effects, aswell as
not being applicable to patients in poor health®®%3. Similar to what has been done in cancer
antibody therapeutics®, the SpCas9 protein could also be de-immunized by swapping high-
immunogenicity domains. This is a promising approach, however, it will be complex and
laborious as Applicants anticipate tens of mutations to achieve stealth, and could result in a

reduction in activity and an overall less effective therapy.
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[0256] To circumvent this issue, Applicants developed here aframework to compare
protein orthologs and their predicted binding to MHC | and MHC Il by checking adliding
window of all k-mers in a protein for their presence in another, focusing on peptides
predicted to bind to at least one MHC allele. Through this analysis, Applicants identified
cligues of Cas9 proteins that are immune orthogonal. Based on these predictions, specific T-
cell responses from one ortholog would not cross-react with ancther ortholog of the same
clique, preventing the re-activation of CD8+ cytotoxic T-cells, aswell asthe CD4+ T-cell
help necessary to re-activate memory B-cells. Applicants confirmed these results through
ELISASs, and verified two well-characterized Cas9 proteins to be immune orthogonal, SpCas9
and SaCas9. Therefore, Applicants expect that proteins belonging to the same clique can be
used sequentially without eliciting memory T- and B- cell responses.

[0257] Due to the importance of AAVs as addlivery agent in gene therapy, Applicants also
analyzed AAV serotypes through this MHC | and |1 comparison framework, and have
demonstrated that no two AAVs are mutually immune orthogonal. However, with a known
HLA genotype, it may be possible to define a personalized regimen of immune orthogonal
AAVs using currently defined serotypes. For instance, use of AAV5 minimizes immune
cross-reactivity in mice and primates, as demonstrated by arecent study in which chimeric-
AAV5 immunized mice and primates successfully received a second dose of treatment with
AAV 1%, However, in the human setting Applicants predict that there will be substantially
more immune overlap between AAV5 and other AAVs. This analysis suggests that creating a
pair of globally orthogonal AAV capsids for human application would require [0053] 10
mutations in one of the two proteins. This hypothetical orthogonal AAV capsid presents a
substantial engineering challenge, as it requires mutating many of the most conserved regions

to achieve immune orthogonality.

[0258] Previous work has identified that MHC affinity is highly dependent on anchor
residues at either end of the binding pocket6. Residue diversity is more tolerated in the center
of the binding pocket, though it may be these residues that most impact antigen specificity, as
it is thought that they are central to interaction with the T-cell receptor (TCR). Comparing the
number of orthologous pairs in 9-mer space with the number of predicted orthologous pairs
based on class |1 binding predictions suggests that only approximately 65% of 9-mer peptides

serve as appropriate MHC class Il binding cores, even across the thousands of HLA-2
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combinations Applicants explore here. This under-sampling of peptide space by MHC
molecules likely reflects the requirement for hydrophobic anchor residues and leaves some
space for protein de-immunization by mutation of immunogenic peptides to ones which never
serve as MHC binding cores. Achieving this while preserving protein function however, has
proven difficult even for few HLA alleles, and remains a significant protein engineering

challenge.

[0259] Applicant also notes some limitations to this work. Mainly, Applicants have used
inbred C57BL/6J as the mice model, which have very limited MHC diversity, % and might not
recapitulate other human immunological features, such as differences in antigen processing
and presentation. Inthis regard, Applicants attempted to measure the T-cell response with the
ELISPOT assay for a subset of predicted MHC 11 peptides and indeed confirmed
immunogenicity against some, although Applicants also noted the C57BL/6J mice did not
show robust responses in general to the AAV-CRJISPRs (FIG. 10). Moving forward, this
work can be potentially repeated using other mouse models, such as mice expressing human
HLA allotypes, however, these models come with their own technical challenges, such as
restricted HLA alleles (representing only main MHC Il subgroups) as well as a restricted
TCR repertoire®®. In addition, B-cell epitopes can also be predicted and incorporated into
immune orthogonality analysis. However, since B-cell epitopes may be both linear and
conformational, these are more difficult to predict. Advances and further validation of these
in silico models will allow for better predictions in the future”-71, Finally, recent work has
indicated that MHC class | peptides may have significant contribution from spliced host and
pathogen-derived peptides created by proteasomal processing?2. It is unclear how this may
affect cross-recognition of proteins Applicants predict to be immune orthogonal. On the one
hand, it provides a mechanism whereby very short antigenic sequences spliced to the same
host protein may result in cross-recognition of substantially different foreign antigens,
however, Applicants expect this to be unlikely due to the massive number of possible spliced

peptides between the antigen and entire host proteome.

[0260] Overdl, Applicants believe this framework provides a potential solution for
efficacious gene therapy, not solely for Cas9-mediated genome engineering, but also for other
protein therapeutics that might necessitate repetitive treatments. Although using this approach

still requires mitigating the primary immune response, particularly CTL clearance, Applicants
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expect that epitope deletion and low-immunogenicity delivery vectors such as AAVs will
mitigate this problem, and the potential for repeated dosage will reduce the need for very high

first-dose efficiency.

[0261] Computational Methods

[0262] For Cas9, Applicants chose 91 orthologs cited in exploratory studies cataloguing the
diversity of the Cas9 protein,”3 including several that are experimentally well-characterized.
For AAVs, Applicants analyzed 167 sequences, focusing in on al 13 characterized human
serotypes, as well as one isolate from rhesus macaque (rh32), one engineered variant (DJ),
and one reconstructed ancestral protein (Anc80L65). Applicants then compared total
sequence similarity (immunologically uninformed) as well as predicted binding to class | and
class Il MHC molecules (immunologically informed) between these proteins.
Immunologically uninformed sequence comparison was carried out by checking a dliding
window of all contiguous k-mers in a protein for their presence in another protein sequence
with either zero or one mismatch. Immunologically informed comparison was done in a
similar fashion, but using only those k-mers predicted to bind to at least one of 81 HLA-1
aleles using netMHC 4.074 for class | (alleles can be found at
http://www.cbs.dtu.dk/servicess NetMHC/MHC _allele names.txt), and at least one of 5,620
possible MHC 11 molecules based on 936 HLA-2 alleles using netMHClIpan 3.17° for class 11
(alleles can be found at http://www.cbs.dtu.dk/servicessNetMHClIpan-3. |/adleles name.list).
Applicants compared the use of netMHC to alternative immune epitope prediction platforms
such as the Immune Epitope Database (iedb.org) ® and found very strong agreement across
software. Ultimately, Applicants chose netMHC because of the larger number of HLA aleles
it supports. Sequences were defined as binding if the predicted affinity ranked in the top 2%
of atest library of 400,000 random peptides as suggested in the software guidelines.
Generation of immune orthogonal cliques was carried out using the Bron-K erbosch
algorithm. Briefly, a graph was constructed with each ortholog as a vertex, where the edges
are defined by the number of shared immunogenic peptides between the connecting vertices.
Sets of proteins for which every pair in the set is immune orthogonal constitutes a clique.
Phylogenetic distance between protein sequences was measured using the BLOSUM 62

matrix excluding indels. All software, input and output files are available at GitHub.

[0263] Experimental Methods
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[0264] AAV Production

[0265] AAV2/8, AAV2/2, AAV2/DJ virus particles were produced using HEK293T cells
via the triple transfection method and purified via an iodixanol gradient (Grieger et a., 2006).
Confluency at transfection was between 80% and 90%. Media was replaced with pre-warmed
media 2 hours before transfection. Each virus was produced in 5x 15 cm plates, where each
plate was transfected with 7.5 pg of pXR-capsid (pXR-8, pXR-2, pXR-DJ), 7.5 of ug
recombinant transfer vector, and 22.5 ug of pAd5 helper vector using PEI (lug/uL linear PEI
in Ix DPBS pH 4.5, using HC1) at a PEI:DNA mass ratio of 4:1. The mixture was incubated
for 10 minutes at RT and then applied dropwise onto the media. The virus was harvested after
72 hours and purified using an iodixanol density gradient ultracentrifugation method. The
virus was then dialyzed with Ix PBS (pH 7.2) supplemented with 50 mM NaCl and 0.0001%
of Pluronic F68 (Thermo Fisher) using IOOKDA filters (Millipore), to afinal volume of ~ 1
mL and quantified by gPCR using primers specific to the ITR region, against a standard
(ATCC VR-1616).

AAV-ITR-F: 5'-CGGCCTCAGTGAGCGA-3 'and
AAV-ITR-R: 5'-GGAACCCCTAGTGA TGGAGTT-3".

[0266] Animal studies

[0267] All anima procedures were performed in accordance with protocols approved by
the Institutional Animal Care and Use Committee (IACUC) of the University of California,
San Diego. All mice were acquired from Jackson labs. AAV injections were done in adult
C57BL/6J mice (10 weeks) through retro-orbital injections using IxIO 12 vg/mouse.

[0268] ELISA

[0269] PCSK9: Levels of serum PCSK9 were measured using the Mouse Proprotein
Convertase 9/PCSK9 Quantikine ELISA kit (R&D Systems) according to manufacturer's
guidelines. Briefly, serum samples were diluted 1:200 in Calibrator diluent and allowed to
bind for 2 h onto microplate wells that were precoated with the capture antibody. Samples
were then sequentialy incubated with PCSK9 conjugate followed by the PCSK9 substrate
solution with extensive intermittent washes between each step. The amount of PCSK9 in

serum was estimated colorimetrically using a standard microplate reader (BioRad iMark).
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[0270] Cas9 and AAV: Recombinant SpCas9 protein (PNA Bio, cat. no. CPOI), or SaCas9
protein (ABM good, cat no. K144), was diluted in | x coating buffer (Bethyl), and 0.5 pg was
used to coat each well of 96-well Nunc MaxiSorp Plates (ab210903) overnight at 4 °C. For
AAV experiments, 109vg of AAV-2, -5, -8 or -DJ in | x coating buffer was used to coat each
well of 96-well Nuc MaxiSorp Plates. Plates were washed three times for 5 min with 350 pi
of | x Wash Buffer (Bethyl) and blocked with 300 pi of | x BSA Blocking Solution (Bethyl)
for 2 h at RT. The wash procedure was repeated. Serum samples were added at 1:40 diIution,r
and plates were incubated for 5 h at 4 °C with shaking. Wells were washed three times for 5
min, and 100 pi of HRP-labeled goat anti-mouse 1gGl (Bethyl; diluted 1:100,000 in 1% BSA
Blocking Solution) was added to each well. After incubating for lhr a RT, wells were
washed four times for 5 min, and 100 pi of TMB Substrate (Behtyl) was added to each well.
Optica density (OD) a 450 nm was measured using a plate reader (BioRad iMark).

[0271] EXAMPLE 7- Extremophile Cas9

[0272] Applicants explored the strategy of selecting additiona orthologs from extremophile
species which would not be expected to come into contact with humans under normal
circumstances and/or orthologs from commensal species which are highly abundant in the
normal microbiome, perhaps especialy at early stages of development, to which the immune

system has developed tolerance.

[0273] Applicants mined Cas9 sequences from species fitting into these categories of
extremophiles, commensals, pathogens, and non-extreme environmental species. Using these
sequences, Applicants explored the orthogonality of Cas9s across these categories to identify
orthologs which are good candidates to not cross-react with pre-existing immunity (FIG. 11).
Although there is broad orthogonality among the extremophile Cas9s, some overlapping
peptides are observed when comparing to the larger groups of commensals, pathogens, and
environmental species. A few Cas9 orthologs do not show substantial overlap, and these may
be useful candidates for characterization, testing, and future use. Furthermore, exploring the
diversity of Cas9 orthologs in extreme environments may well provide additional promising

targets for immune orthogonality.

Equivalents

[0274] Unless otherwise defined, al technical and scientific terms used herein have the
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same meaning as commonly understood by one of ordinary skill in the art to which this

technology belongs.

[0275] The present technology illustratively described herein may suitably be practiced in
the absence of any element or elements, limitation or limitations, not specifically disclosed

herein. Thus, for example, the terms "comprising,” "including,

containing," etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible

within the scope of the present technology claimed.

[0276] Thus, it should be understood that the materials, methods, and examples provided
here are representative of preferred aspects, are exemplary, and are not intended as

limitations on the scope of the present technology.

[0277] The present technology has been described broadly and generically herein. Each of
the narrower species and sub-generic groupings falling within the generic disclosure also
form part of the present technology. This includes the generic description of the present
technology with a proviso or negative limitation removing any subject matter from the genus,

regardless of whether or not the excised materia is specifically recited herein.

[0278] In addition, where features or aspects of the present technology are described in
terms of Markush groups, those skilled in the art will recognize that the present technology is
also thereby described in terms of any individual member or subgroup of members of the

Markush group.

[0279] All publications, patent applications, patents, and other references mentioned herein
are expressly incorporated by reference in their entirety, to the same extent as if each were
incorporated by reference individually. In case of conflict, the present specification,

including definitions, will control.

[0280] Other aspects are set forth within the following claims.
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Table2
sgiD gene transcript protospacer sequence
[gene_strandtargeted_ | [gene targeted | [TSS targeted by | [protospacer sequence;
PAMcoordinate.sgRNAI | by the sgRNA, the sgRNA] 5'G is included whether or
ength-transcript] or not it is present in the
: "negative_cont genome]
rol"]
SCN3A_+_166060543.2 | SCN3A P1P2 GATCTCAGAACAGGAAGCG
3-P1P2 G
SCN3A_+_166060199.2 [ SCN3A P1P2 GTGTAAATTACAGGAACCA
3-P1P2 A
SCN3A_- SCN3A P1P2 GACCTGGTAGCTAGGTTCT
_166060301.23-P1P2 A
SCN3A_+_166060552.2 | SCN3A P1P2 GATAGAGTGAATCTCAGAA
3-P1P2 C
SCN3A_+_1660601259.2 | SCN3A P1P2 GAATAGAGCCTGTCTGGAA
3-P1P2 A
SCN3A_+_166060346.2 | SCN3A P1P2 GTGTTATGCTGTAATTCATA
3-P1P2
SCN3A_+_166060119.2 | SCN3A P1P2 GGTCTGGAAATGGTGATTT
3-P1P2 A
SCN3A_+_166060135.2 | SCN3A P1P2 GAAAGAAAATAGAGCCTGT
3-P1P2 C
SCN3A_+_166060371.2 | SCN3A P1P2 GCCTAACCATCTTGGATGCT
3-p1P2
SCN3A_+_166060281.2 | SCN3A P1P2 GACCATAGAACCTAGCTAC
3-P1P2 C
SCN9A_+_167232419.2 | SCNSA P1P2 GGCGGTCGCCAGCGCTCCA
3-P1P2 G
SCNOA_+_167232052.2 | SCNO9A P1P2 GCCACCTGGAAAGAAGAGA
3-p1P2 G
SCN9A_+_167232416.2 | SCNSA P1P2 GGTCGCCAGCGCTCCAGCG
3-P1P2 G
SCNSYA_+_167232010.2 | SCN9A P1P2 GCCAGCAATGGGAGGAAG
3-P1P2 AA
SCNIA_- SCN9A P1P2 GTTCCAGGTGGCGTAATAC
_167232085.23-P1P2 A
SCNSA_+_167232476.2 | SCNOA P1P2 GGCGGGGCTGCTACCTCCA
3-P1P2 C
SCNYA_+_167232437.2 | SCNSA P1P2 GGGCGCAGTCTGCTTGCAG
3-P1P2 G
SCNSA_+_167232409.2 | SCNSA P1P2 GGCGCTCCAGCGGCGGCTG
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3-P1P2 T

SCN9A_+_167232021.2 SCN9A P1P2 GACCGGGTGGTTCCAGCAA
3-P1P2 T

SCNOA_+_167232018.2 SCNOYA P1P2 GGGGTGGTTCCAGCAATGG
3-P1P2 G

SCN10A_- SCN10A ENST0000044908 GTGACTCCGGAGTAAAGCG
_38835462.23- 22 A

ENST00000449082.2

SCN10A_- SCN10A ENST0000044908 GGGAGCTCACCATAGAACT
_38835311.23- 22 T

ENST00000449082.2

SCN10A_- SCN10A ENST0000044908 GACGGATCTAGATCCTCCA
_38835269.23- 22 G

ENST00000449082.2

SCN10A_+ 38835213.2 SCN10A ENST0000044908 GCCGGGTAAGAGCTACTAG
3-ENST00000449082.2 2.2 T

SCN10A_- SCN10A ENST0000044908 GCCCGGTGTGTGCTGTAGA
_38835251.23- 22 A

ENST00000449082.2

SCN10A_+ 38835434.2 SCN10A ENST0000044908 GTTTACTCCGGAGTCACTG
3-ENST00000449082.2 2.2 G

SCN10A_- SCN10A ENST0000044908 GCTATCTCCACCAGTGACTC
_38835449.23- 22

ENST00000449082.2

SCN10A_- SCN10A ENST0000044908 GACATCACCCAGGGCCAAG
_38835156.23- 22 G

ENST00000449082.2

SCN10A_- SCN10A ENST0000044908 GTAGTTTCGAGGGATCCAA
_38835491.23- 22 T

ENST00000449082.2

SCN10A_+ 38835272.2 SCN10A ENST0000044908 GCTCCCAGCAGAACTGATC
3-ENST00000449082.2 2.2 G

SCN11A_- SCN11A ENST0000030232 GATGGGTCCAAGTCTTCCA
_38991624.23- 8.3,ENST0000045 G

ENST00000302328.3,EN 0244.1

ST00000450244.1

SCNIIA_+_38992032.2 SCN11A ENST0000030232 GGTTCCTGCTATACCCACAG
3- 8.3,ENST0000045

ENST00000302328.3,EN 0244.1

ST00000450244.1

SCN11A_- SCN11A ENST0000030232 GCCAGAGAGTCGGAAGTGA
_38991801.23- 8.3,ENST0000045 A

ENST00000302328.3,EN 0244.1
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ST00000450244.1

SCNIIA_+_38992029.2 SCN11A ENST0000030232 GCCTGCTATACCCACAGTG
3- 8.3, ENST0000045 | G

ENST00000302328.3, EN 0244.1

ST00000450244.1

SCN11A_+_38991609.2 SCN11A ENST0000030232 GGGAAAGCCTCTGGAAGAC
3- 8.3,ENST0000045 T

ENST00000302328.3,EN 0244.1

ST00000450244.1

SCN11A - SCN11A ENST0000030232 GGAAGAGATGACCACCACT
_38992040.23- 8.3,ENST0000045 G

ENST00000302328.3,EN 0244.1

ST00000450244.1

SCN11A - SCN11A ENST0000030232 GGAATGTCGCCATAGAGCT
_38991666.23- 8.3,ENST0000045 | T

ENST00000302328.3,EN 0244.1

ST00000450244. 1

SCN11A_+_38991618.2 SCN11A ENST0000030232 GGAGCTCATAGGAAAGCCT
3- 8.3,ENST0000045 Cc

ENST00000302328.3 ,EN 0244. 1

ST00000450244.1

SCN11A_+_38991924.2 SCN11A ENST0000030232 GCTTTAAGACTGGAATCCTA
3- 8.3,ENST0000045

ENST00000302328.3, EN 0244.1

ST00000450244.1 .

SCN11A_+_38991653.2 SCN11A ENST0000030232 GGGAAGTTGCCCAAGCTCT
3- 8.3, ENST0000045 | A

ENST00000302328.3,EN 0244.1

ST00000450244.1

SHAN K3_+_51135959.2 SHANK3 P1P2 GGAATTCGAATACAGCTCCT
3-P1P2

SHANKS3_+_51136404.2 SHANK3 P1P2 GCTTCAGGCAGAGACCCCC
3-P1P2 G

SHAN K3_+_51136356.2 SHANK3 P1P2 GGAGCCTCCGTGGTGACAC
3-P1P2 A

SHAN K3_+_51136302.2 SHANKS3 P1P2 GCACGGCAGGAACCTTCCC
3-P1P2 C

SHANKS3_+_5H36319.2 SHANK3 P1P2 GAGCACCGGAGGGACCCGC
3-P1P2 A

SHANKS3_+_51136333.2 SHANKS3 P1P2 GGCCCGGAACGACAGAGCA
3-P1P2 C

SHANKS3_+_51136329.2 SHANK3 P1P2 GGGAACGACAGAGCACCG
3-P1P2 GA
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SHAN K3_- SHANK3 P1P2 GACcgcggcgaggccgtgaa
_51136143.23-P1P2

SHANK3_- SHANK3 P1P2 GCCTGCCGTGCGGGTCCCT
_51136336.23-P1P2 C

SHANK3_+_51135950.2 SHANKS3 P1P2 GTACAGCTCCTGGGCGCGC
3-P1P2 C

TRPVI_+_3500355.23- TRPV1 P1P2 GAGCGACTCCTGCTAGTGC
P1P2 A

TRPV1_+_3500317.23- TRPV1 P1P2 GCGGGCCCGGGACCCCACG
P1P2 G

TRPVI_+_3499964.23- TRPV1 P1P2 GCTCCTTGGAAGCACCTGG
P1P2 G

TRPV1_-_3500391.23- TRPV1 P1P2 GAGTCGCTGTGGACGCCCT
P1P2 T

TRPVI_-_3500224.23- TRPV1 P1P2 GGGACTCACCAGCTAGACG
P1P2 C

TRPVI_-_3500327.23- TRPV1 P1P2 GTGGTCTCCCCGCCTCCGTG
P1P2

TRPVI_-_3500298.23- TRPV1 P1P2 GGGGAGAGCTGGGCTCGT
P1P2 GT

TRPV1_+_3500017.23- TRPV1 P1P2 Gtgcctcaaaggtggtcgtg

P1P2

TRPVI_+_3499899.23- TRPV1 P1P2 GCTGCATCAG CCGTCCTCG
P1P2 G

TRPVI_-_3500400.23- TRPV1 P1P2 GGGACGCCCTTCGGCACTC
P1P2 - A

GRIN2B_- GRIN2B P1P2 GGATTCGCGTGTCCCCCGG
_14133341.23-P1P2 A

GRIN2B_+_14132929.23 GRIN2B P1P2 GGATATGCAAGCGAGAAGA
-P1P2 A

GRIN2B_- GRIN2B P1P2 GCTCTAGACGGACAGATTA
_14132903. 23-P1P2 A

GRIN2B_- GRIN2B P1P2 GGGGGAAAAAGAGGCGGT
_14133316.23-P1P2 CA

GRIN2B_+_14132924.23 GRIN2B P1P2 GGCAAGCGAGAAGAAGGG
-P1P2 AC

GRIN2B_- GRIN2B P1P2 GCCAAAGCGTCCCCTTCCTA
_14133295.23-P1P2

GRIN2B_- GRIN2B P1P2 GAAGCGTCCCCTTCCTAAG
_14133298.23-P1P2 ' G

GRIN2B_+_14132855.23 GRIN2B P1P2 GGCTTCTACAAACCAAGGT
-P1P2 A

GRIN2B_+_14133247.23 GRIN2B P1P2 GACCATGCTCCACCGAGGG
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-P1P2 A

GRIN2B_+_14133252.23 GRIN2B P1P2 GGAATGACCATGCTCCACC
-P1P2 G

PRDM12_- PRDM12 P1P2 GgctccgggecgcccATGAT
_133540047.23-P1P2

PRDM12_+_133540034. PRDM12 P1P2 GGCACGGAGCCCATCATgag
23-P1P2

PRDM12_+_133540230. PRDM12 P1P2 GGACTGCGCCAGCACCTCG
23-P1P2 G

PRDM12_+_133539846. PRDM12 P1P2 Gctgggaggaaagcgaacga
23-P1P2

PRDM 12_- PRDM12 P1P2 GTGGCGCAGTCCTTCTCCG
_133540263.23-P1P2 G

PRDM12_- PRDM12 P1P2 GTGCTGGCGCAGTCCTTCTC
_133540260.23-P1P2

PRDM 12_+_133540257. PRDM12 P1P2 GCGACGGCTGGACTCACCG
23-P1P2 C

PRDM12_+_133540233. PRDM12 P1P2 GAAGGACTGCGCCAGCACC
23-P1P2 T

PRDM12_- PRDM12 P1P2 GCCGGCGCAATCCCTCCTCC
_133540304.23-P1P2

PRDM12_+_ 133539961. PRDM12 P1P2 Ggggcgagaggggagceccaa
23-P1P2

HCN2_+_589972.23- HCN2 P1P2 Gtcgegeccgggcteteeee

P1P2

HCN2_+_590106.23- HCN2 P1P2 GCAACGCCTcggceccgggge
P1P2

HCN2_+_589880.23- HCN2 P1P2 GgcegecggeccggAGCCCGA
P1P2

HCN2_+_590306.23- HCN2 P1P2 GcggcACGAGAACGACACCT
P1P2

HCN2_- 590253.23- HCN2 P1P2 GCAGCCCGAACGGCGAGTG
P1P2 C

HCN2_+_590235.23- HCN2 P1P2 GGCGCCCGCACTCGCCGTT
P1P2 C

HCN2_-_590335.23- HCN2 P1P2 GTCGTTCTCGTgccgegggg
P1P2

HCN2_+_590407.23- HCN2 P1P2 GAGCTGGCCTGGCTgcecgeg
P1P2

HCN2_-_590332.23- HCN2 P1P2 GGTGTCGTTCTCGTgccgeg
P1P2

HCN2_+_590204.23- HCN2 P1P2 GGCCGTGCTcgecgcegececg

P1P2
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Table 3

sgID gene transcript protospacer sequence

[gene_strandtargeted_ | [gene targeted | [TSS targeted by | [protospacer sequence;

PAMcoordinate.sgRNAI | by the sgRNA, the sgRNA] 5'G is included whether or

ength-transcript]

'

or
"negative_cont

not it is present in the
genome]

vol"]
Scn3a_+_65567459.23- | Scn3a P1P2 GTGAATCTCAGAACAGGAA
P1P2 ~ G
Scn3a_+_65567442.23- | Scn3a P1P2 GAGCGGAGGCATAAGCAG
P1P2 AA
Scn3a_-_65567234.23- | Scn3a P1P2 GATCTGGTGGCTAGATTCT
P1P2 A
Scn3a_-_65567301.23- | Scn3a P1P2 GAGGAATCACAGCTCAACA
P1P2 A
Scn3a_-_65567522.23- | Scn3a P1P2 GATCAGAAAACGGCCCTGG
P1P2 A
Scn3a_-_65567271.23- Scn3a P1P2 GGTTITGTCAGCTTACCTGA
P1P2
Scn3a_-_65567326.23- Scn3a P1P2 GGCATCCAAGATGGTTAGA
P1P2 A
Scn3a_+_65567264.23- | Scn3a P1P2 GATTCCTAAGGCTCTCCATC
P1P2
Scn3a_+_65567031.23- | Scn3a P1P2 GCAATACAGACTAGGAATT
P1P2 A
Scn9a_+_66634758.23- | Scn9a P1P2 GAGCTCAGGGAGCATCGAG
P1P2 G
Scn9a_-_66634675.23- | Scn9a P1P2 GAGAGTCGCAATTGGAGCG
P1P2 C
Scn9a_-_66634637.23- | Scn9a P1P2 GCCAGACCAGCCTGCACAG
P1P2 T
Scn9a_-_66634689.23- | Scn9a P1P2 GAGCGCAGGCTAGGCCTGC
P1P2 A
Scn9a_-_66634610.23- | Scn9a P1P2 GCTAGGAGTCCGGGATACC
P1P2 C
Scn9a_+_66634478.23- | Scn9a P1P2 GAATCCGCAGGTGCACTCA
P1P2 C
Scn9a_-_66634641.23- | Scn9a P1P2 GACCAGCCTGCACAGTGGG
P1P2 C
Scn9a_+_66634731.23- | Scn9a P1P2 GCGACGCGGTTGGCAGCCG
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P1P2 A

Scnl0a + 119719110.2 ScnlOa P1P2 GGCAGGGTGGAACTCGTGA
3-P1P2 C

ScnlOa_+_U9719123.2 ScnlOa P1P2 GCACCATCCAGCAAGCAGG
3-P1P2 G

Scnl0a - ScnlOa P1P2 GCGTCACTCAAGGATCTAC
119719078.23-P1P2 A

ScnlOa_+_119719086.2 ScnlOa P1P2 GATGGGAATGGCACCCACG
3-P1P2 A

Scnl0a + 119718921.2 ScnlOa P1P2 GCCTTTAGACGGAGAACAG
3-P1P2 A

Scnl0a + H9719051.2 ScnlOa P1P2 GAGATCCTTGAGTGACGGA
3-P1P2 C

Scnl0a. - ScnlOa P1P2 GCGGGGCTCCTCCACGAAG
119719025.23-P1P2 G

ScnlOa - ScnlOa P1P2 GCAAGGAATCACGCCTTCG
~119719095.23-P1P2 T

Scnl0a + 119718881.2 ScnlOa P1P2 GGCCATGCGCGAATGCTGA
3-P1P2 G

ScnlOa +_119719014.2 ScnlOa P1P2 GGCAAGCCCAGCCACCTTC
3-P1P2 G

Scnlla +119825404.2 Scnlla P1P2 GAGGTAAGCCATCCAGGCT
3-P1P2 G

Scnlla - Scnlla P1P2 GTTCCTGCTAGGGAGGCTC
~119825450.23-P1P2 A

Scnlla - Scnlla P1P2 GCCTGAAACGACAGAGGAT
_119825400.23-P1P2 G

Scnlla + 119825277.2 Scnlla P1P2 GTCAGAGGTGGAGACCAG
3-P1P2 GT

Scnlla - Scnlla P1P2 GCCCCAGCCTGAAACGACA
_119825394.23-P1P2 G

Scnlla + 119825463.2 Scnlla P1P2 GGCCAAGAGCGAGAATCTC
3-P1P2 C

Scnlla +_ 119825246.2 Scnlla P1P2 GGTCAGGTGTCAGAGCCCA
3-P1P2 T

Scnlla +_119825242.2 Scnlla P1P2 GGGTGTCAGAGCCCATCGG
3-P1P2 T

Scnlla +_119825431.2 Scnlla P1P2 GTGCCCTGAGCCTCCCTAGC
3-P1P2

Scnlla - Scnlla P1P2 GTCTGTGAGAACCGACCGA
_119825253.23-P1P2 T

Shank3_+ 89499659.23 Shank3 P1P2 GGGCTCCGCAGGCGCAGCG
-P1P2 G
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Shank3_+_89499688.23 Shank3 P1P2 GgggccagcgcgggggACAG
-P1P2

Shank3_+_89499943.23 Shank3 P1P2 GCCGCTAGCGGGCCACACA
-P1P2 G

Shank3_+_89499679.23 Shank3 P1P2 GcgggggACAGCGGCTCCGG
-P1P2

Shank3_+_89499612.23 Shank3 P1P2 GCATCGGCCCCGGCTTCGA
-P1P2 G

Shank3_+_89499924.23 Shank3 P1P2 GGGGTACGGCGAGATCGCA
-P1P2 A

Shank3_+_89499878.23 Shank3 P1P2 GATGCCGACGCGCACGACC
-P1P2 A

Shank3_- 89499676.23- Shank3 P1P2 GGCCGCCGCCGCTGCGCCT
P1P2 G

Shank3_+_89499818.23 Shank3 P1P2 GGGGCCCGGACTGTTCCCG
-P1P2 G

Shank3_+_89499938.23 Shank3 P1P2 GAGCGGGCCACACAGGGG
-P1P2 TA

Trpvl_+_73234353.23- Trpvl P1P2 GGGACTTACCAGCTAGGTG
P1P2 C

Trpvl_-_73234330.23- Trpvl P1P2 GCCCACAAAGAACAGCTCC
P1P2 A

Trpvl_-_73234384.23- Trpvl P1P2 GGCTGGTAAGTCCTTCTCAT
P1P2

Trpvl_+_73234339.23- Trpvl P1P2 GGGTGCAGGCACACTCCAA
P1P2 A

Trpvl_-_73234537.23- Trpvl P1P2 GACTTAACTTGGCTGACTGT
P1P2

Trpvl_+_73234478.23- Trpvl P1P2 GTCAGCCTCCCAGAAGTCC
P1P2 A

Trpvl_-_73234495.23- Trpvl P1P2 GGCTGCCTTGGACTTCTGG
P1P2 G

Trpvl_+_73234635.23- Trpvl P1P2 GCCACGGAAGGCCTCCAGA
P1P2 T

Trpvl_-_73234346.23- Trpvl P1P2 GCCAAGGCACTTGCTCCATT
P1P2

Trpvl_+_73234280.23- Trpvl P1P2 GGGCTGCTGTGTGGTAAGA
P1P2 G

Grin2b_- Grin2b P1P2 GCCAACCTGAATGGAAGAG
_136172154.23-P1P2 A

Grin2b_- Grin2b P1P2 GAGGGAAGTGGAAAGCAA
_136172179.23-P1P2 GG

Grin2b_- Grin2b P1P2 GTGGGACAGGCATGGATGA
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_136172123.23-P1P2 A
Grin2b>_136172089.2 Grin2b P1P2 GCCTGTCCCAGGAACGGCA
3-P1P2 T
Grin2b_- Grin2b P1P2 GTGAGAAAAGCCAACCTGA
_136172145.23-P1P2 A
Grin2b_- Grin2b P1P2 GGATTCGAGTGTCTCCCGG
_136171934.23-P1P2 A
Grin2b_- Grin2b P1P2 GACCAAGTCGTTATAAGGA
_136171999.23-P1P2 A
Grin2b_- Grin2b P1P2 GAAGTCGTTATAAGGAAAG
_136172002. 23-P1P2 G
Grin2b_+_136171844.2 Grin2b P1P2 GGAATGACCACGCTCCACG
3-P1P2 G

Grin2b P1P2 GCCTCTGGTGTGTACTCTGT

| Grin2b_+_136172019.2
3-P1P2
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WHAT ISCLAIMED

1 A method of generating aprotein comprising:

identifying one or more regions of a protein with affinity for amajor
histocompatibility complex (MHC), and

modifying the one or more regions of the protien with affinity for the MHC through
one or more amino acid substitutions, such that the modified region has no affinity for the
MHC,

wherein the resulting modified protein isimmunosilent upon administration of the

modified protein or a polynucleotide encoding the modified protein to a subject.
2. The method of claim 1, wherein the affinity for the MHC is high affinity.

3. The method of claims 1 or 2, wherein at least one substituted amino acid is an amino

acid which does not serve as an MHC protein core residue.

4. The method of any one of claims 1to 3, wherein the protein is selected from the
group of acytidine deaminase, an adenosine deaminase, a zinc finger nuclease, a

transcriptional activator-like effector nuclease, a Cas9, or an AAV capsid protein.
5. The method of claim 4, wherein the protein is Cas9.
6. The method of claim 5, wherein the Cas9 is SpCasO.

7. A modified Cas9 protein produced according to the method of any one of claims 1to

8. A modified Cas9 protein comprising one or more, two or more, three or more, four or
more, five or more, six or more, seven or more, eight or more, nine or more, ten or more,

fifteen or more, or twenty or more of the amino acid modifications provided in Table 1.
9. An isolated polynucleotide encoding the modified Cas9 protein of claim 7 or 8.

10. A vector comprising the isolated polynucleotide of claim 9.
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11.  Thevector of claim 10, wherein the vector isan AAV vector, optionaly wherein the
AAYV vector isAAVS.

12. An AAV capsid comprising the vector of claim 11.

13. The AAV capsid of claim 12, wherein one or more of the AAV capsid proteins has

been modified according to the method of any one of claims 1to 4.

14. A method of avoiding an immune response in a subject being administered aregimen
requiring Cas9, the method comprising: administering to the subject, in sequence, two or

more Cas9 proteins that are immune orthogonal.

15. A method of gene editing or gene regulation in a subject, the method comprising:
administering to the subject, in sequence, two or more Cas9 proteins that are immune

orthogonal .

16. A method of treating a subject in need of gene editing or gene regulation, the method
comprising: administering to the subject, in sequence, two or more Cas9 proteins that are

immune orthogonal or polynucleotides encoding said Cas9 proteins.

17. The method of any one of claims 14 to 16, in which the Cas9 proteins that are
immune orthogonal do not share an amino acid sequence of greater than 5 consecutive amino

acids.

18. The method of any one of claims 14 to 17, in which the Cas9 proteins that are
immune orthogonal do not share affinity for amajor histocompatibility complex (MHC).

19. The method of any one of claims 14 to 18, in which three or more, four or more, five
or more, six Or more, Seven or more, eight or more, nine or more, or ten or more Cas9

proteins that are immune orthogonal are administered in sequence.

20. The method of any one of claims 14 to 19, in which each Cas9 protein that isimmune

orthogonal isa Cas9 derived from a distinct species of bacteria.
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21.  Themethod of claim 20, in which the Cas9 proteins that are immune orthogonal are
selected from S. pyogenes Cas9 (spCas9), S. aureus Cas9 (saCas9), B. longum Cas9, A.
muiciniphilia Cas9, or O. laneus Cas9.

22. The method of claim 21, in which the Cas9 proteins that are immune orthogonal
comprise spCas9 and saCas9.

23. The method of any one of claims 14 to 22, in which at least one of the two or more

Cas9 proteins is modified to reduce immunogenicity upon administration to the subject.

24, The method of claim 23, wherein the at least one of the two or more Cas9 proteinsis

modified according to the method of any one of claims 1to0 6.

25. The method of any one of claims 14 to 24, wherein &t least one of the two or more

Cas9 proteins or polynucleotides encoding said Cas9 proteins is comprised in an AAV vector.
26. The method of claim 25, wherein the AAV vector isan AAV5 vector.

27. The method of claim 25 or 26, wherein the AAV vector iscomprised in an AAV
capsid.

28. The method of any one of claims 25 to 27, wherein two or more Cas9 proteins or

polynuclectides encoding said Cas9 proteins are comprised in AAV vectors.

29. The method of claim 28, wherein each AAV vector iscomprised in an AAV capsid,

optionally wherein the AAV capsids are immune orthogonal to one another.

30. The method of any one of claims 14 to 29, further comprising administering one or

more guide RNAS to the subject.

31 Themethod of claim 30, wherein the guide RNA is selected to treat a disease,
disorder, or condition selected from the group of achromatopsia, adenosine deaminase (ADA)
deficiency, alpha- 1-antitrypsin deficiency, Alzheimer's disease, amyotrophic lateral sclerosis,
aromatic amino acid decarboxylase deficiency, Batten disease, choroideremia, Crigler Ngjjar

syndrome, cystic fibrosis, fragile X syndrome, hemophilia, hepatitis B, hepatitis C,
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homozygous familial hypercholesteremia, Huntington's Disease, Leber congenital amaurosis,
macular degeneration, maple syrup urine disease (MSUD), mucopolysarccharidosis (I-LX),
multiple sclerosis, muscular dystrophy, myotonic dystrophy, neurofibramotosis type 1,
ornithine transcarbamylase deficiency, pachyonychia congenita, Parkinson's disease,
phenylketonuria, polycystic kidney disease, Pompe disease, retinal degeneration, Rett's
syndrome, rickets, spinal muscular atrophy, severe combined immunodeficiency, sickle cell
disease, Smith-Lemli-Opitz syndrome, Y-linked nonobstructive spermatogenic failure,
thalassemia, Tay-Sachs disease, Wilson's disease, cardiovascular disease, metabolic

syndrome, pain management, and X-linked retinoschisis.
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