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SYSTEMS AND METHODS FOR IDENTIFYING NOVEL CRISPR
ASSOCIATED PROTEINS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application No.
63/117,441, filed on November 23, 2020, and U.S. Provisional Patent Application No.
63/118,307, filed on November 25, 2020. The disclosure of these prior applications are
considered part of the disclosure of this application, and are incorporated in their entireties

into this application.

TECHNICAL FIELD

The present disclosure relates to systems, methods, and materials for identifying

candidate CRISPR associated proteins.

SEQUENCE LISTING
This application contains a Sequence Listing that has been submitted electronically as
an ASCII text file named SequenceListing.txt. The ASCII text file, created on November 22,
2021, is 531 kilobytes in size. The material in the ASCII text file is hereby incorporated by

reference in its entirety.

BACKGROUND

The systematic interrogation of genomes and genetic reprogramming of cells involves
targeting sets of genes for expression or repression. Currently the most common approach for
targeting arbitrary genes for regulation is to use RNA interference (RNAi). This approach has
limitations. For example, RNAi can exhibit significant off-target effects and toxicity.

Clustered Regularly interspaced Short Palindromic Repeats (CRISPR) and the
CRISPR-associated (Cas) genes, collectively known as the CRISPR-Cas or CRISPR/Cas
systems, are currently understood to provide immunity to bacteria and archaea against phage
infection. The CRISPR-Cas systems of prokaryotic adaptive immunity are an extremely-
diverse group of proteins effectors, non-coding elements, as well as loci architectures, some
examples of which have been engineered and adapted to produce important biotechnologies.
The components of the systems involved in host defense include one or more effector

proteins capable of modifying DNA or RNA and a RNA guide element that is responsible for
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targeting these protein activities to a specific sequence on the phage DNA or RNA. CRISPR-
Cas systems can be broadly classified into two classes: Class 1 systems are composed of
multiple effector proteins that together form a complex around a crRNA, and Class 2 systems
that consist of a single effector protein that complexes with the crRNA to target DNA or
RNA substrates. The single-subunit effector compositions of the Class 2 systems provide a
simpler component set for engineering and application translation, and has thus far been
important sources of programmable effectors. The discovery, engineering, and optimization
of novel Class 2 systems may lead to widespread and powerful programmable technologies
for genome engineering and beyond.

There is need in the field for a technology that allows precise targeting of nuclease
activity (or other protein activities) to distinct locations within a target DNA in a manner that
does not require the design of a new protein for each new target sequence. In addition, there

is aneed in the art for methods of controlling gene expression with minimal off-target effects.

SUMMARY

This document provides compositions, methods, and material for identifying
Clustered Regularly Interspaced Short Palindromic Repeat (CRISPR)-associated proteins.
For example, provided herein are methods including (a) obtaining a set of genomic
sequences, wherein a genomic sequence of the set of genomic sequences comprises a
CRISPR-associated array; (b) determining coding sequences within a 20 kilobase (kb)
sequence flanking either 3” or 5° of the CRISPR-associated array; and (c) filtering the coding
sequences and using the filtered coding sequences to identify CRISPR-associated
proteins. The present disclosure is based on the discovery that methods, including
computational methods, can be used to mine prokaryotic genomes and metagenomes for
novel CRISPR-associated proteins.

Provided herein are methods of identifying a Clustered Regularly Interspaced Short
Palindromic Repeat (CRISPR)-associated protein comprising: (a) obtaining a plurality of
genomic sequences, wherein a genomic sequence of the plurality of genomic sequences
comprises a CRISPR-associated array; (b) determining a subset of the plurality of genomic
sequences comprising a plurality of coding sequences within a 20 kilobase (kb) sequence
flanking region either at the 3” or 5° end of the CRISPR-associated array; and (c) analyzing a
coding sequence of the plurality of coding sequences and thereby identifying the CRISPR-

associated protein based on the coding sequence.
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In some embodiments, the obtaining step comprises selecting, within the plurality of
genomic sequences, a genomic sequence comprising a CRISPR-associated array.

Also provided herein are methods of identifying a CRISPR-associated protein
comprising: (a) obtaining a plurality of genomic sequences; (b) selecting, within the plurality
of genomic sequences, a genomic sequence comprising a CRISPR-associated array; (c)
determining a subset of the plurality of genomic sequences comprising a plurality of coding
sequences within a 20 kilobase (kb) sequence flanking region either at the 3° or 5° end of the
CRISPR-associated array; and (d) analyzing a coding sequence of the plurality of coding
sequences and thereby identifying the CRISPR-associated protein based on the coding
sequence.

In some embodiments, the plurality of genomic sequences comprise one or more of
genomes, wherein the one or more of genomes are selected from: a prokaryotic genome and
metagenome. In some embodiments, the selecting step comprises using an algorithm selected
from the group consisting of PILER-CR, CRISPR Recognition Tool (CRT), and
combinations thereof. In some embodiments, the determining step comprises using an
algorithm selected from the group consisting of MetaGeneMark, Prodigal, and combinations
thereof.

In some embodiments, the analyzing step comprises filtering the coding sequence that
comprises more than 500 amino acids. In some embodiments, the analyzing step comprises
filtering a coding sequence that comprises more than 800 amino acids. In some embodiments,
the analyzing step further comprises classifying the CRISPR-associated array based on
having three or more coding sequences present in the 20 kb flanking region. In some
embodiments, the analyzing step further comprises determining a relative position of the
coding sequence in the 20 kb flanking region relative to the CRISPR-associated array.

In some embodiments, the analyzing of the coding sequence further comprises
removing known CRISPR-associated proteins from the identified CRISPR-associated
proteins. In some embodiments, the analyzing of the coding sequence comprises using an
algorithm selected from the group consisting of HHMSCAN and RPS-BLAST. In some
embodiments, the analyzing of the coding sequence further comprises determining the
presence of a structural domain. In some embodiments, the analyzing of the coding sequence
comprises determining the presence of a functional domain. In some embodiments, the
functional domain comprises a DNA binding domain, a RNA binding domain, a nuclease, a

helicase, a restriction domain, or a structural maintenance of chromosomes (SMC) domain.
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Also provided herein are computer implemented methods comprising: (a) obtaining a
plurality of genomic sequences; (b) selecting, within the plurality of genomic sequences, a
genomic sequence comprising a CRISPR-associated array; (c) determining a subset of the
plurality of genomic sequences comprising a plurality of coding sequences within a 20
kilobase (kb) sequence flanking region either at the 3° or 5° end of the CRISPR-associated
array; and (d) analyzing a coding sequence of the plurality of coding sequences and thereby
identifying a CRISPR-associated protein based on the coding sequence.

In some embodiments, the plurality of genomic sequences comprises one or more of
genomes, wherein the one or more of genomes are selected from: a prokaryotic genome and
metagenome. In some embodiments, the selecting step comprises using an algorithm selected
from the group consisting of PILER-CR, CRISPR Recognition Tool (CRT), and
combinations thereof. In some embodiments, the determining step comprises using an
algorithm selected from the group consisting of MetaGeneMark, Prodigal, and combinations
thereof.

In some embodiments, the analyzing step comprises filtering the coding sequence that
comprises more than 500 amino acids. In some embodiments, the analyzing step comprises
filtering a coding sequence that comprises more than 800 amino acids. In some embodiments,
the analyzing step further comprises classifying the CRISPR-associated array based on
having three or more coding sequences present in the 20 kb flanking region. In some
embodiments, the analyzing step further comprises determining a relative position of the
coding sequence in the 20 kb flanking region relative to the CRISPR-associated array.

In some embodiments, the analyzing of the coding sequence further comprises
removing known CRISPR-associated proteins from the identified CRISPR-associated
proteins. In some embodiments, the analyzing of the coding sequence comprises using an
algorithm selected from the group consisting of HHMSCAN and RPS-BLAST. In some
embodiments, the analyzing of the coding sequence further comprises determining the
presence of a structural domain. In some embodiments, the analyzing of the coding sequence
comprises determining the presence of a functional domain. In some embodiments, the
functional domain comprises a DNA binding domain, a RNA binding domain, a nuclease, a
helicase, a restriction domain, or a structural maintenance of chromosomes (SMC) domain.

Also provided herein are non-naturally occurring CRISPR/Cas systems comprising:
(a) a guide RNA, wherein the guide RNA comprises a repeat sequence and a spacer sequence
capable of hybridizing to a target nucleic acid; and (b) a CRISPR-associated protein or a
nucleic acid encoding the CRISPR-associated protein, wherein the CRISPR-associated



10

15

20

25

30

WO 2022/109466 PCT/US2021/060547

protein comprises an amino acid sequence that is at least 80% identical to a sequence selected
from SEQ ID NOs: 1-50.

In some embodiments, the CRISPR-associated protein is capable of binding to the
guide RNA. In some embodiments, the CRISPR-associated protein comprises an amino acid
sequence that is at least 85% identical to a sequence selected from SEQ ID NOs: 1-50. In
some embodiments, the CRISPR-associated protein comprises an amino acid sequence that is
at least 90% identical to a sequence selected from SEQ ID NOs: 1-50. In some embodiments,
the CRISPR-associated protein comprises an amino acid sequence that is at least 95%
identical to a sequence selected from SEQ ID NOs: 1-50. In some embodiments, the
CRISPR-associated protein comprises an amino acid sequence selected from SEQ ID NO: 1-
50.

In some embodiments, the target nucleic acid is an RNA or DNA. In some
embodiments, the targeting of the target nucleic acid results in a modification of the target
nucleic acid. In some embodiments, the modification of the target nucleic acid is a cleavage
event.

In some embodiments, the guide RNA further comprises a trans-activating CRISPR
RNA (tracrRNA). In some embodiments, the system is present in a delivery system. In some
embodiments, the delivery system comprises a delivery vehicle selected from the group
consisting of an adeno-associated virus, a nanoparticle, and a liposome.

Also provided herein are methods of treating a condition or disease in a subject in
need thereof, the method comprising administering to the subject any one of the systems
provided herein, wherein the spacer sequence is substantially complementary to a target
nucleic acid associated with the condition or disease; wherein the CRISPR-associated protein
associates with the guide RNA to form a complex; wherein the complex binds to the target
nucleic acid sequence; and wherein upon binding of the complex to the target nucleic acid
sequence the CRISPR- associated protein cleaves the target nucleic acid, thereby treating the
condition or disease in the subject.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
pertains. Although methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present disclosure, suitable methods and materials are
described below. All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety. In case of conflict, the
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present specification, including definitions, will control. In addition, the materials, methods,
and examples are illustrative only and not intended to be limiting.
Other features and advantages of the disclosure will be apparent from the following

detailed description, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 i5 a schematic diagram showing an exemplary method for identifving
CRISPR-associated proteins.

FiG. 2 is a schematic diagram showing exemplary siep 1 and exemplary step 2 of a
method for identifying CRISPR-~associated proteins.

FiG, 3is a schematic diagram showing exemplary step 3 of a method for idenufying
CRISPR-associated proteins.

Figures 4A-4B show the Cas9 size distribution by member and cluster count.

Figures SA-SC are histograms showing number of CRISPR-associated proteins
typically associated with the different types of Cas Type II effectors.

Figures 6A and 6B are schematic diagrams showing further annotation and filtering
done on the 10,913 candidate clusters.

Figure 7 shows a summary of the method as described herein.

Figure 8 is a schematic diagram showing an exemplary workflow.

DETAILED DESCRIPTION

This document provides methods of identifying Clustered Regularly Interspaced Short
Palindromic Repeat (CRISPR)-associated proteins where the method includes computation
identification. In some embodiments, these computational methods are directed to identifying
CRISRP-associated proteins that co-occur in close proximity to CRISPR arrays. It should be
understood that the methods and calculations described herein may be performed on one or
more computing devices.

Various non-limiting aspects of these methods and systems are described herein, and
can be used in any combination without limitation. Additional aspects of various components
of systems and methods for identifying CRISPR associated proteins are known in the art.

It must be noted that, as used in the specification and the appended claims, the

singular forms “a,” “an” and “the” include plural referents unless the context clearly dictates

otherwise.
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As used herein, the terms “about” and “approximately,” when used to modify an
amount specified in a numeric value or range, indicate that the numeric value as well as
reasonable deviations from the value known to the skilled person in the art, for example +
20%, £ 10%, or + 5%, are within the intended meaning of the recited value.

As used herein, a “cell” can refer to either a prokaryotic or eukaryotic cell, optionally
obtained from a subject or a commercially available source.

As used herein, “delivering”, “gene delivery”, “gene transfer”, “transducing” can refer
to the introduction of an exogenous polynucleotide into a host cell, irrespective of the method
used for the introduction. Such methods include a variety of well-known techniques such as
vector-mediated gene transfer (e.g., viral infection/transfection, or various other protein-
based or lipid-based gene delivery complexes) as well as techniques facilitating the delivery
of “naked” polynucleotides (e.g., electroporation, “gene gun” delivery and various other
techniques used for the introduction of polynucleotides). The introduced polynucleotide may
be stably or transiently maintained in the host cell. Stable maintenance typically requires that
the introduced polynucleotide either contains an origin of replication compatible with the host
cell or integrates into a replicon of the host cell such as an extrachromosomal replicon (e.g., a
plasmid) or a nuclear or mitochondrial chromosome.

In some embodiments, a polynucleotide can be inserted into a host cell by a gene
delivery molecule. Examples of gene delivery molecules can include, but are not limited to,
liposomes, micelles biocompatible polymers, including natural polymers and synthetic
polymers; lipoproteins; polypeptides; polysaccharides; lipopolysaccharides; artificial viral
envelopes; metal particles; and bacteria, or viruses, such as baculovirus, adenovirus and
retrovirus, bacteriophage, cosmid, plasmid, fungal vectors and other recombination vehicles
typically used in the art which have been described for expression in a variety of eukaryotic
and prokaryotic hosts, and may be used for gene therapy as well as for simple protein
expression.

As used herein, the term “encode” as it is applied to nucleic acid sequences refers to a
polynucleotide 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
translated to produce the mRNA for the polypeptide and/or a fragment thereof. The antisense
strand is the complement of such a nucleic acid, and the encoding sequence can be deduced

therefrom.
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The term “exogenous” refers to any material introduced from or originating from
outside a cell, a tissue or an organism that is not produced by or does not originate from the
same cell, tissue, or organism in which it is being introduced.

As used herein, “nucleic acid” is used to include any compound and/or substance that
comprise a polymer of nucleotides. In some embodiments, a polymer of nucleotides are
referred to as polynucleotides. Exemplary nucleic acids or polynucleotides can include, but
are not limited to, ribonucleic acids (RNAs), deoxyribonucleic acids (DNAs), threose nucleic
acids (TNAs), glycol nucleic acids (GNAs), peptide nucleic acids (PNAs), locked nucleic
acids (LNAs, including LNA having a 3-D-ribo configuration, a-LNA having an a-L-ribo
configuration (a diastereomer of LNA), 2'-amino-LNA having a 2'-amino functionalization,
and 2'-amino-o-LNA having a 2'-amino functionalization) or hybrids thereof. Naturally-
occurring nucleic acids generally have a deoxyribose sugar (e.g., found in deoxyribonucleic
acid (DNA)) or a ribose sugar (e.g., found in ribonucleic acid (RNA)).

A nucleic acid can contain nucleotides having any of a variety of analogs of these
sugar moieties that are known in the art. A deoxyribonucleic acid (DNA) can have one or
more bases selected from the group consisting of adenine (A), thymine (T), cytosine (C), or
guanine (G), and a ribonucleic acid (RNA) can have one or more bases selected from the
group consisting of uracil (U), adenine (A), cytosine (C), or guanine (QG).

In some embodiments, the term “nucleic acid” refers to a deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA), or a combination thereof, in either a single- or double-
stranded form. Unless specifically limited, the term encompasses nucleic acids containing
known analogues of natural nucleotides that have similar binding properties as the reference
nucleotides. Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses complementary sequences as well as the sequence explicitly indicated. In some
embodiments of any of the isolated nucleic acids described herein, the isolated nucleic acid is
DNA. In some embodiments of any of the isolated nucleic acids described herein, the
isolated nucleic acid is RNA.

Modifications can be introduced into a nucleotide sequence by standard techniques
known in the art, such as site-directed mutagenesis and polymerase chain reaction (PCR)-
mediated mutagenesis. Conservative amino acid substitutions are ones in which the amino
acid residue is replaced with an amino acid residue having a similar side chain. Families of
amino acid residues having similar side chains have been defined in the art. These families
include amino acids with basic side chains (e.g., arginine, lysine and histidine), acidic side

chains (e.g., aspartic acid and glutamic acid), uncharged polar side chains (e.g., asparagine,
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cysteine, glutamine, glycine, serine, threonine, tyrosine, and tryptophan), nonpolar side
chains (e.g., alanine, isoleucine, leucine, methionine, phenylalanine, proline, and valine),
beta-branched side chains (e.g., isoleucine, threonine, and valine), and aromatic side chains
(e.g., histidine, phenylalanine, tryptophan, and tyrosine), and aromatic side chains (e.g.,
histidine, phenylalanine, tryptophan, and tyrosine).

Unless otherwise specified, a “nucleotide sequence encoding a protein™ includes all
nucleotide sequences that are degenerate versions of each other and thus encode the same
amino acid sequence.

The term “plurality” can refer to a state of having a plural (e.g., more than one)
number of different types of things (e.g., a cell, a genomic sequence, a subject, a system, or a
protein). In some embodiments, a plurality of genomic sequences can be more than one
genomic sequence wherein each genomic sequence is different from each other.

The term “subject” is intended to include any mammal. In some embodiments, the
subject is cat, a dog, a goat, a human, a non-human primate, a rodent (e.g., a mouse or a rat),
a pig, or a sheep.

The term “transduced”, “transfected”, or “transformed” refers to a process by which

2 <.

exogenous nucleic acid is introduced or transferred into a cell. A “transduced,” “transfected,”
or “transformed” mammalian cell is one that has been transduced, transfected or transformed
with exogenous nucleic acid (e.g., a gene delivery vector) that includes an exogenous nucleic
acid encoding RNA-binding zinc finger domain).

The term “treating” means a reduction in the number, frequency, severity, or duration
of one or more (e.g., two, three, four, five, or six) symptoms of a disease or disorder in a
subject (e.g., any of the subjects described herein), and/or results in a decrease in the
development and/or worsening of one or more symptoms of a disease or disorder in a subject.

The term “promoter” means a DNA sequence recognized by enzymes/proteins in a
mammalian cell required to initiate the transcription of an operably linked coding sequence
(e.g., anucleic acid encoding a fusion protein (e.g., a RNA-binding zinc finger domain and a
fusion partner)). A promoter typically refers, to e.g. a nucleotide sequence to which an RNA
polymerase and/or any associated factor binds and at which transcription is initiated. The
promoter can be constitutive, inducible, or tissue-specific (e.g., a brain-specific promoter).

The terms “identical” or percent “identity,” in the context of two or more polypeptide
sequences, refer to two or more sequences or subsequences that are the same or have a
specified percentage of amino acid residues, e.g., at least 60%, at least 65%, at least 70%, at

least 75%, at least 80%, at least 85%, at least 90%, or at least 95% or greater, that are
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identical over a specified region when compared and aligned for maximum correspondence
over a comparison window or designated region, as measured using a sequence comparison
algorithm or by manual alignment and visual inspection.

For sequence comparison of polypeptides, typically one amino acid sequence acts as a
reference sequence, to which a candidate sequence is compared. Alignment can be
performed using various methods available to one of skill in the art, e.g,, visual alignment or
using publicly available software using known algorithms to achieve maximal alignment.
Such programs include the BLAST programs, ALIGN, ALIGN-2 (Genentech, South San
Francisco, Calif.) or Megalign (DNASTAR). The parameters employed for an alignment to
achieve maximal alignment can be determined by one of skill in the art. For sequence
comparison of polypeptide sequences for purposes of this application, the BLASTP algorithm
standard protein BLAST for aligning two proteins sequence with the default parameters is

used.

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)

As used herein, the term “CRISPR” refers to a technique of sequence specific genetic
manipulation relying on the clustered regularly interspaced short palindromic repeats
pathway, which unlike RNA interference regulates gene expression at a transcriptional level.
The term “gRNA” or “guide RNA” 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 and Graham, D., et al.
Genome Biol. 2015; 16: 260. The term “Single guide RNA” or “sgRNA™ is a specific type of
gRNA that combines tracrRNA (transactivating RNA), which binds to Cas9 to activate the
complex to create the necessary strand breaks, and crRNA (CRISPR RNA), comprising
complimentary nucleotides to the tracrRNA, into a single RNA construct. Exemplary
methods of employing the CRISPR technique are described in WO 2017/091630, which is
incorporated by reference in its entirety.

In some embodiments, the single guide RNA can recognize a target RNA, for
example, by hybridizing to the target RNA. In some embodiments, the single guide RNA
comprises a sequence that is complementary to the target RNA. In some embodiments, the
sgRNA can include one or more modified nucleotides. In some embodiments, the sgRNA has
a length that is about 10 nt (e.g., about 20 nt, about 30 nt, about 40 nt, about 50 nt, about 60
nt, about 70 nt, about 80 nt, about 90 nt, about 100 nt, about 120 nt, about 140 nt, about 160
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nt, about 180 nt, about 200 nt, about 300 nt, about 400 nt, about 500 nt, about 600 nt, about
700 nt, about 800 nt, about 900 nt, about 1000 nt, or about 2000 nt).

In some embodiments, a single guide RNA can recognize a variety of RNA targets.
For example, a target RNA can be messenger RNA (mRNA), ribosomal RNA (rRNA), signal
recognition particle RNA (SRP RNA), transfer RNA (tRNA), small nuclear RNA (snRNA),
small nucleolar RNA (snoRNA), antisense RNA (aRNA), long noncoding RNA (IncRNA),
microRNA (miRNA), piwi-interacting RNA (piRNA), small interfering RNA (siRNA), short
hairpin RNA (shRNA), retrotransposon RNA, viral genome RNA, or viral noncoding RNA.
In some embodiments, a target RN A can be an RNA involved in pathogenesis of conditions
such as cancers, neurodegeneration, cutaneous conditions, endocrine conditions, intestinal
diseases, infectious conditions, neurological conditions, liver diseases, heart disorders, or
autoimmune diseases. In some embodiments, a target RNA can be a therapeutic target for
conditions such as cancers, neurodegeneration, cutaneous conditions, endocrine conditions,
intestinal diseases, infectious conditions, neurological conditions, liver diseases, heart
disorders, or autoimmune diseases.

As used herein, a “CRISPR-associated protein” can refer to an enzyme that uses
CRISPR sequences as a guide to recognize and cleave specific nucleic acid strands that are
complementary to the CRISPR sequence. A CRISPR-associated protein can associate with a
CRISPR RNA sequence to bind to, and alter DNA or RNA target sequences. In some
embodiments, a CRISPR-associated protein can be a Cas9 endonuclease that makes a double-
stranded break in a target DNA sequence. In some embodiments, a CRISPR-associated
protein can be a Cas12a nuclease that also makes a double-stranded break in a target DNA
sequence. In some embodiments, a CRISPR-associated protein can be a Cas13 nuclease
which targets RNA. Additional CRISPR-associated proteins within the scope of the
disclosure as identified by the novel method presented herein also include SEQ ID NOs: 1-
50.

As used herein, a “CRISPR-associated array™ can refer to a component of a CRISPR-
Cas system, wherein a CRISPR-associated array can include alternating conserved repeats
and spacers that are transcribed into a precursor CRISPR RNA and processed into individual
CRISPR RNAs. In some embodiments, a CRISPR-associated array includes between two and
several hundred repeating sequences separated by unique spacers. Both the repeats and
spacers in an array have interesting features, wherein each DNA repeat is a
partial palindrome while spacers all share a common sequence called a Proto-spacer Adjacent

Motif (PAM) that Cas9 requires to recognize its DNA target. In some embodiments, a
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CRISPR-associated array has a 20 kb flanking region either at the 3> or 5 end of the
CRISPR-associated array. In some embodiments, the CRISPR-associated array has a 20 kb
flanking region at both the 3” and 5” end of the CRISPR-associated array. In some
embodiments, a flanking region can include a coding sequence. In some embodiments, a
flanking region can include a plurality of coding sequences. In some embodiments, a flanking

region can include three or more coding sequences.

CRISPR/Cas system

Provided herein are non-naturally occurring CRISPR/Cas systems including (a) a
guide RNA, wherein the guide RNA comprises a repeat sequence and a spacer sequence
capable of hybridizing to a target nucleic acid; and (b) a CRISPR-associated protein or a
nucleic acid encoding the CRISPR-associated protein, wherein the CRISPR-associated
protein comprises an amino acid sequence that is at least 80%, at least 85%, at least 86%, at
least 87%, at least 88%, or at least 89% identical to a sequence selected from SEQ ID NOs:
1-50.

In some embodiments, the CRISPR-associated protein comprises an amino acid
sequence that is at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to a sequence selected
from SEQ ID NOs: 1-50. In some embodiments, the CRISPR-associated protein comprises an
amino acid sequence selected from SEQ ID NO: 1-50.

In some embodiments, the CRISPR-associated protein is capable of binding to the
guide RNA and of targeting the nucleic acid sequence complementary to the guide RNA
spacer sequence. In some embodiments, the target nucleic acid is an RNA or DNA. In some
embodiments, the targeting of the target nucleic acid results in a modification of the target
nucleic acid. In some embodiments, the modification of the target nucleic acid is a cleavage
event. In some embodiments, the guide RNA further comprises a trans-activating CRISPR
RNA (tracrRNA).

In some embodiments, the system is present in a delivery system. In some
embodiments, the delivery system comprises a delivery vehicle selected from the group

consisting of an adeno-associated virus, a nanoparticle, and a liposome.
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[Table 1]
SEQ ID | Protein ID | Amino acid Sequences
NO:
SEQID | gene 5155 | MTKPYSIGLDIGTNSVGWAVITDNYKVPSKKMKVLGNTSKKYIKKNL
NO: 1 455 LGVLLFDSGITAEGRRLKRTARRRYTRRRNRILYLQEIFSTEMATLDD

AFFQRLDDSFLVPDDKRDSKYPIFGNLVEEKAYHDEFPTIYHLRKYLA
DSTKKADLRLVYLALAHMIKYRGHFLIEGEFNSKNNDIQKNFQDFLD
TYNAIFESDLSLENSKQLEEIVKDKISKLEKKDRILKLFPGEKNSGIFSE
FLKLIVGNQADFRKCFNLDEKASLHFSKESYDEDLETLLGYIGDDYSD
VFLKAKKLYDAILLSGFLTVIDNETEAPLSSAMIKRYNEHKEDLALLK
EYIRNISLKTYNEVFKDDTKNGYAGYIDGKTNQEDFYVYLKNLLAEF
EGADYFLEKIDREDFLRKQRTFDNGSIPY QIHLQEMRAILDKQAKFYP
FLAKNKERIEKILTFRIPYYVGPLARGNSDFAWSIRKRNEKITPWNFED
VIDKESSAEAFINRMTSFDLYLPEEKVLPKHSLLYETFNVYNELTKVRF
TAESMRDY QFLDSKQKKDIVRLYFKDKRKVTDKDIIEYLHAIYGYDGI
ELKGIEKQFNSSLSTYHDLLNIINDKEFLDDSSNEAIIEEIIHTLTIFEDRE
MIKQRLSKFENIFDKSVLKKLSRRHYTGWGKLSAKLINGIRDEKSGNT
ILDYLIDDGISNRNFMQLIHDDALSFKKKIQKAQIIGDEDKGNIKEVVK
SLPGSPAIKKGILQSIKIVDELVKVMGGRKPESIVVEMARENQYTNQG
KSNSQOQRLKRLEKSLKELGSKILKENIPAKLSKIDNNALQNDRLYLYY
LONGKDMYTGDDLDIDRLSNYDIDHIIPQAFLKDNSIDNKVLVSSASN
RGKSDDFPSLEVVKKRKTFWYQLLKSKLISQRKFDNLTKAERGGLLP
EDKAGFIQRQLVETROQITKHVARLLDEKFNSNKKDENNRAVRTVKIIT
LKSTLVSQFRKDFELYKVREINDFHHAHDAYLNAVIASALLKKYPKL
EPEFVYGDYPKYNSFRERKSATEKVYFYSNIMNIFKKSISLADGRVIER
PLIEVNEETGESVWNKESDLATVRRVLSYPQVNVVKKVEEQNHGLDR
GKPKGLFNANLSSKPKPNSNENLVGAKEYLDPKKYGGYAGISNSFAV
LVKGTIEKGAKKKITNVLEFQGISILDRINYRKDKLNFLLEKGYKDIELI
IELPKYSLFELSDGSRRMLASILSTNNKRGEIHKGNQIFLSQKFVKLLY
HAKRISNTINENHRKY VENHKKEFEELFYYILEFNENY VGAKKNGKL
LNSAFQSWQNHSIDELCSSFIGPTGSERKGLFELTSRGSAADFEFLGVK
IPRYRDYTPSSLLKDATLIHQSVTGLYETRIDLAKLGEG
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MSIRSFKLKIKTKSGVNAEELRRGLWRTHQLINDGIAYYMNWLVLLR
QEDLFIRNEETNEIEKRSKEEIQGELLERVHKQQQRNQWSGEVDDQTL
LQTLRHLYEEIVPSVIGKSGNASLKARFFLGPLVDPNNKTTKDVSKSG
PTPKWKKMKDAGDPNWVQEYEKYMAERQTLVRLEEMGLIPLFPMY
TDEVGDIHWLPQASGYTRTWDRDMFQQAIERLLSWESWNRRVRERR
AQFEKKTHDFASRFSESDVQWMNKLREYEAQQEKSLEENAFAPNEPY
ALTKKALRGWERVYHSWMRLDSAASEEAYWQEVATCQTAMRGEFG
DPATYQFLAQKENHDIWRGYPERVIDFAELNHLQRELRRAKEDATFTL
PDSVDHPLWVRYEAPGGTNIHGYDLVQDTKRNLTLILDKFILPDENGS
WHEVKKVPFSLAKSKQFHRQVWLQEEQKQKKREVVFYDYSTNLPHL
GTLAGAKLQWDRNFLNKRTQQQIEETGEIGK VFFNISVDVRPAVEVK
NGRLQNGLGKALTVLTHPDGTKIVTGWKAEQLEKWVGESGRVSSLG
LDSLSEGLRVMSIDLGQRTSATVSVFEITKEAPDNPYKFFYQLEGTELF
AVHQRSFLLALPGENPPQKIKQMREIRWKERNRIKQQVDQLSAILRLH
KKVNEDERIQAIDKLLQKVASWQLNEEIATAWNQALSQLYSKAKEN
DLQWNQAIKNAHHQLEPVVGKQISLWRKDLSTGRQGIAGLSLWSIEE
LEATKKLLTRWSKRSREPGVVKRIERFETFAKQIQHHINQVKENRLKQ
LANLIVMTALGYKYDQEQKKWIEVYPACQVVLFENLRSYRFSYERSR
RENKKLMEWSHRSIPKLVQMQGELFGLQVADVYAAYSSRYHGRTGA
PGIRCHALTEADLRNETNITHELIEAGFIKEEHRPYLQQGDLVPWSGGE
LFATLQKPYDNPRILTLHADINAAQNIQKRFWHPSMWFRVNCESVME
GEIVTYVPKNKTVHKKQGKTFRFVKVEGSDVYEWAKWSKNRNKNT
FSSITERKPPSSMILFRDPSGTFFKEQEW VEQKTFWGKVQSMIQAYMK
KTIVQRMEE

SEQID
NO: 3

gene 2964
877

MNKAADNYTGGNYDEFIALSKVQKTLRNELKPTPFTAEHIKQRGIISE
DEYRAQQSLELKKIADEYYRNYITHKLNDINNLDFYNLFDAIEEKYKK
NDKDNRDKLDLVEKSKRGEIAKMLSADDNFKSMFEAKLITKLLPDYV
ERNYTGEDKEKALETLALFKGFTTYFKGYFKTRKNMFSGEGGASSIC
HRIVNVNASIFYDNLKTFMRIQEKAGDEIALIEEELTEKLDGWRLEHIF
SRDYYNEVLAQKGIDY YNQICGDINKHMNLY CQONKFKANIFKMMK
LOKQIMGISEKVFEIPPMYQNDEEVYASFNEFISRLEEVKLTDRLRNIL
ONINIYNTAKIYINARYYTNVSTYVYGGWGVIESAIERYLCNTIAGKG
QSKVKKIENAKKDNKFMSVKELDSIVAEYEPDYFNAPYIDDDDNAVK
VFGGQGVLGYFNKMSELLADVSLYTIDYNSDDSLIENKESALRIKKQL
DDIMSLYHWLQTFIIDEVVEKDNAFYAELEDICCELENVVTLYDRIRN
YVTKKPYSTQKFKLNFASPTLAAGWSRSKEFDNNAIILLRNNKY YIAI
FNVNNKPDKQIKGSEEQRLSTDYKKMVYNLLPGPNKMLPKVFIKSD
TGKRDYNPSSYILEGYEKNRHIKSSGNFDINYCHDLIDY YKACINKHP
EWKNYGFKFEETTQYNDIGQFYKDVEKQGYSISWVYISEADINRLDE
EGKIYLFEITYNKDLSSHSTGKDNLHTMYLKNIFSEDNLKNICIELNGNA
ELFYRKSSMKRNITHKKDTVLVNKTYINEAGVRVSLTDEDYIKVYNY
YNNDYVIDVEKDKKLVEILERIGHRKNPIDIIKDKRYTEDKYFLHLPITI
NYGVDDENINAKMIEYIAKHNNMNVIGIDRGERNLIYISVINNKGNIIE
QKSFNLVNNYDYKNKLKNMEKTRDNARKNWQEIGKIKDVKSGYLS
GVISEIARMVIDYNAIIVMEDLNKGFKRGRFKVERQVYQKFENMLISK
LNYLVFKERKADENGGILRGYQLTYIPKSIKNVGKQCGCIFYVPAAYT
SKIDPATGFINIFDFKKY SGSGINAKVKDKKEFLMSMNSIRYINEGSEE
YEKIGHRELFAFSFDYNNFKTYNVSSPVNEWTAYTYGERIKKLYKDG
RWLRSEVLNLTENLIKLMEQYNIEYKDGHDIREDISHMDETRNADFIC
SLFEELKYTVQLRNSKSEAEDENYDRLVSPILNSSNGFYDSSDYMENE
NNTTHIMPKDADANGAYCIALKGLYEINKIKQONWSDDKKFKENELYT
NVVEWLDYIQNRRFE
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MKLSKEKHTRSAVANNGDIKSAEVNNGNTKSEEVNNGDIRSAVANE
EQNIGGILYRFPGKSIDGVKDQMLRRDKEVKKLYNVFNQIQVGTKPK
KWNNDEKLSPEENERRAQQKNIKMKNYKWREACSKY VESSQRIIND
VIFYSYRKAENKLRYMRKNEDILKKMQEAEKLSKFSGGKLEDFVAYT
LRKSLVVSKYDTQEFDSVAAMVVFLECIGKNNISDHEREIVCKLLELI
RKDFSKLDPNVKGSQGANIVRSVRNQNMIVQPQGDRFLFPQVYAKEN
ETVINKNVEKEGLNEFLLNYANLDDEKRAESLRKLRRILDVYFSAPN
HYEKDMDITLSDNIEKEKFNVWEKHECGKKETGLFVDIPDVLMEAEA
ENIKLDAVVEKRERKVLNDRVRKQNIICYRYTRAVVEKYNSNEPLFFE
NNAINQYWIHHIENAVERILKNCKAGKLFKLRKGYLAEK VWKDAINL
ISIKYTALGKAVYNFALDDIWKDKKNKELGIVDERIRNGITSFDYEMIK
AHENLQRELAVDIAFSVNNLARAVCDMSNLGNKESDFLLWKRNDIA
DKLKNKDDMASVSAVLQFFGGKSSWDINIFKEAYKGKKKYNYEVRFI
DDLRKAIYCARNENFHFKTALVNDEKWNTELFGKIFERETEFCLNVE
KDRFYSNNLYMFYQVSELRNMLDHLYSRSVSRAAQVPSYNSVIVRTA
FPEYITNVLGYQKPGYDADTLGKWYSACYYLLKEIYYNSFLQSDRAL
QLFEKSVKTLSWDDKKQQRAVDNFKDHFSDIKSACTSLAQVCQIYMT
EYNQQNNQIKK VRSSNDSIFDQPVYQHYKVLLKKAIANAFADYLKNN
KDLFGFIGKPFKANEIREIDKEQFLPDWTSRKYEALCIEVSGSQELQK
WYIVGKFLNAMSLNLMVGSMRSYIQY VTDIKRRAASIGNELHVSVQD
VEKVEKWVQVIEVCSLLASRTSNQFEDYFNDKDDYARYLKSYVDFS
NVDMPSEYSALVDFSNEEQSDLY VDPKNPKVNRNIVHSKLFAADHIL
RDIVEPVSKDNIEEFYSQKAEIAYCKIKGKEITAEEQKAVLKYQKLKN
RVELRDIVEYGEIINELLGQLINWSFMRERDLLYFQLGFHYDCLRNDS
KKPEGYKNIKVDENSIKDAILYQIIGMY VNGVTVYAPEKDGDKLKEQ
CVKGGVGVKVSAFHRYSKYLGLNEKTLYNAGLEIFEVVAEHEDIINL
RNGIDHFKYYLGDYRSMLSIYSEVFDRFFTYDIKYQKNVLNLLQNILL
RHNVIVEPILESGFKTIGEQTKPGAKLSIRSIKSDTFQYKVKGGTLITDA
KDERYLETIRKILYYAENEEDNLKKSVVVTNADKYEKNKESDDQNK
QKEKKNKDNKGKKNEETKSDAEKNNNERLSYNPFANFDFKLLN

SEQID
NO: 5

meta_gene
174274

MAKKNKMKPRELREAQKKARQLKAAEINNNAAPATIAAMPVAEAAA
PAAEKKKSSVKAAGMKSILVSENKMYITSFGKGNSAVLEYEVDNND
YNKTQLSSKDNSNIELGDVNEVNITFSSKHGFESGVEINTSNPTHRSGE
SSPYVRGDMLGLKSELEKRFFGKTFDDNIHIQLIYNILDIEKILAVY VTNI
VYALNNMLGEGDESNYDFMGYLSTFNTYKVFTNPNGSTLSDDKKENI
RKSLSKFNALLKTKRLGYFGLEEPKTKDTRVLEAYKKRVYYMLAIVG
QIRQCVFHDLSEHSEYDLYSFIDNSKKVYRECRETLDYLVDERFDSIN
KGFIQGNKVNISLLIDMMKGYEPDDIRLYYDFIVLKSQKNLGFSIKKL
REKMLDEYGFRFKDKQYDSVRSKMYKLMDFLLFCNYYRNDVAAGE
ALVRKLRFSMTDDEKEGIYADEAAKLWGKFRNDFENIADHMNGDVI
KELGKADMNFDEKILDSEKKNASDLLYFSKMIYMLTYFLDGKEINDL
LTTLISKFDNIKEFLKIMKSSAVDVECELTAGYKLFNDSQRITNELFIVK
NIASMRKPAASAKLTMFRDALTILGIDDKITDDRISEILKLKEKGKGIH
GLRNFITNNVIESSRFVYLIKYANAQKIREVAKNEKVVMFVLGGIPDT
QIERYYKSCVEFPDMNSSLEAKRSELARMIKNISFDDFKNVKQQAKG
RENVAKERAKAVIGLYLTVMYLLVKNLVNVNARY VIAIHCLERDFGL
YKENPELASKNLKNDYRILSQTLCELCDKSPNLFLKKNERLRKCVEVD
INNADSSMTRKYRNRIAHLTVVRELKEYIGDIRTVDSYFSIYHY VMQR
CITKREDDTKQGEKIKYEDDLLKNHGYTKDFVKALNSPFGYNIPRFKN
LSIEQLFDRNEYLTEK

SEQID
NO: 6

gene 4200
106

MPAAEVIAPAAEKKKSSVKAAGMKSILVSENKMYITSFGKGNSAVLE
YEVDNNDYNQTQLSSEDSSNIELCGVTKVNITFSSKHGLESGVEINTSN
PTHRSGESSPVRWDMLGLKSELEKRFFGKTFDDNIHIQLIYNILDIEKIL
AVYVTNIVYALNNMLGIKKSESYDDFMGYLSARNTYEVFTHPDKSNL
SDKAKGNIKKSFSTENDLLKTKRLGYFGLEEPKTKDTRVSQAYKKRV
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YHMLAIVGQIRQCVFHDKSGAKKFDLYSFINNIDSEYRETLDYLVDER
FDSINKGFIQGNKVNISLLIDMMKGYKADDIIRLY YDFIVLKSQKNLGF
SIKKLREKMLDEYGFRFKDKQYDSVRSKMYKLMDFLLFCNYYRNDV
TAGEDLVRKLRFSMTDDEKEGIYADEAEKLWGKFRNDFENIADHMN
GDVIKELGQADMDFDEKILDSEKKNASDLLYFSKMIYMLTYFLDGKE
INDLLTTLISKFDNIKEFLKIMKSSAVDVECELTAGYKLFNDSQRITNE
LFIVKNIASMRKPAASAKLTMFRDALTILGIDDKITDDRISEIL

SEQID
NO: 7

meta_gene
524079

MLQQPYTIDYGSRKTGSKAAAVGDNYYPTFFLDLLIIIGRPLQPITQSN
DRFFDNVTVTFKNWRASYSSKHVHGLPFDLDHRTFRLATAATREAW
YIVMHPTASTITDLPSSRRERRKRLEKSSQSSALQLHHAHFLAGYIKW
VFLIDDLLGEGVEPSWTINGPHLTKITFNKWTAFQNRFMEEWDSYVQ
EYSCDNFWMENQPAFHAYDY GANIEIEIREESELSKQLKSLPKETRLR
RNNEESESEEEDTNILEDGTQLMSSRSNSREVSEAPEEINYQSLYTEGL
RQLRTELERKYILNNISSISY ALAVDIGCQDSNSPDPEDKQVYCLLADR
NKVLGDFRGPRDFTFYPLAFHPAY GNFSSPGPPSFLIDNVLAVMRDN
MSYQNDGADTLSYGYFQAYSNIKRSIRHKPEDLLATKGIATAALALPE
SEANASSHIKAKRQRLLQRLQGQATPEDPDSSKPFERERQLIEAAIVAE
KFDFRMEQVLTIQVSRLIDSRRNFSTVLNPIFQLVRFYLMESHRYTHLL
RWFPPSVFPGILGSFARIFGLAIDEIY ARFKAGGSKGLSIALAEGVSALD
RLGSYCFTGFPKSLMGSVLSPLGTIDGIEQGAWPYINPRMLDLQDGGG
SLCLSQWPRGENKRPLLMHVASIGFYYGPEVAASRHSNVWFKEFGG
MSIKGPSGAAKFLEDLFQDLWIPQTVAFVDHQLNRGLRQGSGSADKT
KEELLLLEHQQALIRQWLQSEHPFSWAYVNDRRAVKCCS

SEQID
NO: 8

meta_crt_a

rray WNG
G01011662
1

MRIPVTQARNNLLGGERSWRDMVSPAQRFLQPRSARAPRSLAGSKM
PNSPRETRLTHNNFRGSRLLAEHRHDCAGAGMARIRGIARVGLDDYD
VKIIPGDDGPGLRDLARHDHGHVGRDSGRRWRAVARVCGPVHATGG
GSRTVLEALERGWSRTRAQRVVLRPLRAPEVHQLPDRSRDGANRLVS
NDKGAARAEGEEQDAARGVSATAAHVTDVDFDGVGAKRRVRVPAA
HGEPAAAGGNGSRRGGTAVTPYVDGRCVVGHRAVRVSIGEAGHHRIG
RDGVGAAQGLAGCRQGGIGDGRRARSGGAVADVVDVGDRRCDREG
PLLSVGVRATHREGSTGRTGDGARGGNAAVAPVDRRRVFARRCLGV
GICDGGDCAANGYSLSCRDRGSRGLDGRVCGGHPRLGSGGLLQCSSV
INKGRRDGICPHSATVGVGERDLAVDVRRARDRAAGAHGAHVGPAV
DAEGDGLPRLRAATLEDGRGHGVAAADWVSGRCRSQADVGLDSDA
AAAEQDVWRARDGSPSVDVRRRVGLGHGRVCSQCQHCPVTREVVE
EGMHRAAPVGQVGVVEPGRRPGRGDDGDAAGTGGAPRCELMRSVG
AQSVHDWHRGSRWSSAIPGVRGAELATRVDVGAGRACHCTREGNAF
SLEETASPGAARARVVEGRVGADQNLVASTGHHHRLPDGGVGLSGG
VGLVALAGRIADDERLIGGELACRHSVPLGVSRQGDGEAVGLSLLLL
QALPAAIGSGARGYAASQDEHLGGGSMRVSDGA*

SEQID
NO: 9

meta_gene
336895

MEIIDKVNANSFYKMRDKFLYSSDVRENIALRDNVFAPIFILCEVNEIR
NFDGERNDKLSYFEMKLNYETKEIDLGSNYRSLVDRIKVIKKEMKIFY
EEMLKNERDVDVSFINSNKEIKEKLIDFIKEKKEFFEMSDDDFIDLYKR
FYRLLYCINDEQSKLIIGENIKREINFYRNIVNTKDKTRLLEKKYNVED
DPYLVLFSVFYNGISDYEYSIFNIGMLKREVNKLFMLNKLNNEFYNLL
IDMHVMSMEEILFSENNLGIKYSELETMVKY SLHDRIGIVENADRLLII
KEDEKTKEKNTETNIYKNFNLEYYDKVKTLDLINIEFKISEDIDENIKK
LLDIKTQENLKFFVVTYLIEHGYINY YKGNKLKNITISTKQEKNEEERT
INRGFTYLKLSEKDFQFEGTLELEFEIRLGLKIIQKREKLSFTEEDIKSDK
VESVSKILLNSNDSNKNYFDGNTTFGLPRNQVDFNVFFRKFKEYFSSN
RSRKFTGYDIKINRDRTREKNIPITLKRINKSAYCEKIRVNPLTGEIISNN
KYNKSLEDVMLHTYLYIYMQSLFLMVKTRLKNNGEFKTLDLFNFESF
MGLINNINVPDTRHGLFRYINYY YFEKYEPFIENKIKYKPITKDGKIIKN
EIENIINNMEDYILLAKISEFTYLQILHNFSLENIIDIEIATNEEIKSILNLN
YNDVELKKESKYIKTIMNYYAEFLETFNNEIKIKEEN
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MVGEYLGLTTFEKAIEQKPITLTKVDIDKSIINDYKEINDFILAKKSTVS
LLNEDNKKMVEYAKIHGIDTKEILKEIKSLHKAENKELEKDMKSSELD
KNYAWYLENKENKAIKDVLETKKNTFLSEWSKEIGNLESDEKLAYLK
GTNDVNFKNEIYNFSDEKIKKVLDIYTNFKEEYTANQKEYFNNNGVEI
EKEEEKEKNFHSINEINQNYLSDKEKINDILSVLKITVEDIEKTEEQIKK
RNPDLNDKTIADMITNHIYDNMIKENVALIDFSKKEFFNFGNENITKE
MELERYFNLKEKNSIESFDEKDLVSFDKVDYLIKDRENIINNERQYLLS
NELKEHQDINYQAKKEIALILTNTNALDREIKAEMLEFKDDKLIVITPE
YNAEIKTEKLTENNIDKIRNIILNGIENKTSLNDMEKLNKNNEILFNLG
QRDKLREFGNSFYKDMIFDKENEIIKEIKVEIVKEKYLELSDREKVLER
AKELGITLEKEPVFTTKSITKDMEDAEPNIDKDNEVTINYFENRNDIYQ
FFENSLYLKNALRIYEDTLDFDYKEIYPYNNLEENAKFIVANILELIPEI
KNNKEEFGIDSINLHEYLKEMSFDDLELWINNIDETIKEVIENKVEKDD
DYVPEVTDKTEDISNNNEDENKRIENDKEKNKEKDDEYNF

SEQID
NO: 11

gene 3820
393

MIEAPGDPVERQFDEWLTRWSRWAEPEAARRSRETLRRELAAAARQ
LDLHSDTQELILGVGLLCWRSPRGDEVFRHLLTAPVQIVVDKQTGRV
GVHLRDEGELALEDQYFLTEQDGY VASRVEPLRGALSEVSDPLDDQA
KALLHKWASHGLETPCKFEPVWSTPETGGPHALVSLSPALVLRHRSS
NRLAEFYQGIHASLSDPEGVAPLGWAQLMFPMEPEERLAWHRATRG
TAGTSRLLSEEPLFPLAMNDEQRLAFDKLSKDTVLVIEGPPGTGKTHTI
ANLMSALLAEGKRVLVTSARDKALNVLFDDGMLPKPLQRLCVRLDD
QRGNRGKELTRSVTALSDASAERSKEEILERARMLTDRRSELKREISL
VHRQLWELIEAETTDLGEVAPGYRGRRADIAERVADTASTHSWIGIM
PDSAAPVPLNSQEAQELAQLLRTPAQNDQPLPTLRAGNPPTPDEFTAL
VSAAHQTLPASGVGARLAERLSTLDEGAFRTVSAFWELACNALQGLR
LPGDTASWSSIDWQGTAALSILQGGDVSAWKHLWEATRTAAPHAQE
LARLTGRYLQIPALHGAGAAEAASAAEAYSRFLKAGGRPGKIKKSPE
QRMAERSLAECFVDGRRPSTVADFDMLTTALRAVAVLSGLSNRWRR
SGVKTNTPDNVSQNLEALVGREADLAHLIRFAEALESLHQHLPDRSAI
HASGSWDWPALVEGFTAAPAHMKSARARRNLDSLRARIADADHPLF
REMTTAVERRDLAAYTTAFEIWKTQAHSQRLAERRSELVDRVAAVH
PALAHRLATATMDDDWTSRLETLDEAWAWSAAAAAVSSRSVESTAE
LORELDRLEDALMKTTAELASEQAWWHCLQRMSVREASALRSFARE
MKRVGRGKGRYAGRHRQGAREAMRLARDAVPAWVMPVRQVAETI
DPRPDAFDVIIDEASQLPVESAFLLWLAPQVIVVGDDKQCSPPMRVS
GELEPIYERIEEYLPDVPRAFRHDLTPKSNLYELMNVRFPGGQRLTDH
HRSMPEITAWSSRMFYDGSLTPLRQYGTDRLPPLRVVDVPDGYREGR
DONVRNPPEAEKLVTELKAMIEDPAY SGKTFGIISLQGGERSGHIRLIE
QLLDEHLPDQALRERLKIRVGTPPDFQGDQRDVILLSMVATGTPRIQG
GADFEQQRWNVAATRARDQMVLFASTTLTQLKSDDLRASLLKHML
DTPMRETTPQHLLHVEPQTKHPEFDSLFEQKVFLKIRERGYEVVPQYP
AGRNMRIDLVIVGEKGRLAVECDGRY WHSGAKQVQDDLLRERILRR
AGWTFWRLRESDFLLDPDVSLRPLWALLDRIGIHPAKGQ

SEQID
NO: 12

meta_gene
180752

MAQFNFTKKLDIDETQIEQTDVMTGDNNRNRYLYYQLKLSMLHAKK
IDITVSFLMESGVRLILNDLKTALDRGVQIRILTGNYLGITQPSALYLLK
NELGNRVDMRFYNDKHRSFHPKAYIFHYENYEDIYIGSSNISRSALTS
GIEWNYRLNSQDNHKDFVLFYDTFQDLFENHSHIDDNELKRYSKNW
HKPAVSKDLARYDAVEDNSDTPVRKLFQPRGPQIEALYALADSRSEG
ATKGLVHTATGIGKTYLAAFDSAKYQKVLFVAHREEILKQAAISFRN
VRQSNDYGFFYGKQKDKDKSVIFASVATLGRSEYLTENYFAPDYFDY
LIIDEFHHAVNDQYQRIINYFKPKFLLGLTATPERLDGKDIYEICDYNV
PYEISLKEAINKGVLVPFHYYGIYDTVDYSSIHLVRGHYDEKQLDKAY
IGNKDRYDLIYKYYKKYPSKRALGFCCSRKHANEMAKEFCARGIDAV
AVYSNTNGEPSEERNIAIQKLKSQEIKVIFSVDMFNEGVDIPDLDMVM
FLRPTESPVVFLQQLGRGLRISKGKTYLNVLDFIGNYEKAGRVPLLLT
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GGGDSNKNAPTDLSSIEYPDDCIVDFDMRLIDLFKKLDQKSLTAKERI
THEFYRVKEKLDGKIPTRMQLFTYMDDDVYRYCITHAKENPFRHYLE
FLEKLHELSETEETLCSGLGKDFLTLIETTDMQKVYKMPILYSFFNHG
NVRLAVKDDEVLAAWKDFFNTGKNWKDFAADITYDEYKSITDKQHL
RKAKSMPIKYLKASGKGFFVEKDGFALAIRDDLKDIVKNDAFIKHMH
DILEYRTMEYYRRRYLEKI

SEQID
NO: 13

gene 7714
18

MRRNPEFTFFSHKNVPEVSGYEGGLVNSTIMNSLHTSPTLGIDIGSTTV
KVALLDAEHNILFSDYERHYANIQETLAELLRKAREKAGPMEVVSVIT
GSGGLALSHHLQVPFVQEVVAVASALQDYAPKTDVAIELGGEDAKII
YFSGGIDQRMNGICAGGTGSFIDQMASLLQTDAAGLNDY ARHYKAIY
PIAARCGVFAKSDIQPLINEGATREDLSASIFQAVVNQTISGLACGKPIR
GNVAFLGGPLHFLPELRNAFIRTLHLTGSQUAPDNSHLFAAIGAALNP
QEGQTSSSLLSMIERLSSGIKMDFEVKRMEPLFRDQADYDEFDRRHA
GHQVKTGDLARYSGNCYLGIDAGSTTTKVALVGEGGELLYRFYDNN
NGSPLATAIRAMSEIREILPPTAHIAWSCSTGY GEALLKSALMLDEGEV
ETISHYYAAAFFEPDVDCILDIGGQDMKCIKIKDGTVDSVQLNEACSS
GCGSFIETFAKSLNYSVEDFAKEALFAENPTDLGTRCTVFMNSNVKQ
AQKEGATVADISAGLAYSVIKNALFKVIKITRPSDLGRHVVVQGGTFY
NDAVLRSFEKISGCEAVRPDIAGIMGAFGAALIARERWHMQPADSGR
ETSMLPLDKITSLKYTTSMTRCKGCNNHCVLTINQFGSGRRFISGNRC
ERGLGIEKSKKEIPNLFDYKYHRMFGYTPLPLDKAHRGVVGIPRVLN
MYENFPFWAVFFERLGYHVTLSPQSTRQLYELGIESIPSESECYPAKLYV
HGHISWLIKQGVKFIFYPCIPYERNETPDAGNHYNCPMVTSYAENIKN
NVEELAEEHVNFMNPFMAFTNEEILTKALVAEFANAFDIPAAEVRMA
AHAGWEELLQSRRDMEAKGEEVLDWLKQTGKRGIVLAGRPYHVDP
EIHHGIPELITSYGFAVLTEDSVSHLGKVERPLVVTDQWMYHSRLYAA
ASFVKTQENLDLIQLNSFGCGLDAVTTDQVSDILTRSGKIYTVLKIDEV
NNLGAARIRIRSLIAALRVRDQRNFERKVVSSAYHRAVFTKEMKKDY
TLLCPOQMSPIHFDLIEPAIRSFGYKIEVLONHNRSAVDVGLQYVNNDA
CYPSLIVIGQIMDALLSGRYDLNHTAVFMSQTGGGCRASNYIGFIRRA
LEKAGMPQIPVISVNANGMETNPGFTITLPLLTKAMQGVVYGDIFMR
VLYATRPYEAEPGSANALHEKWKKRCVASLSKRSSSMMEFGRNIRGI
IRDFDALPLRDVRKPRVGIVGEILVKFSPLANNHIVELLESEGAEAVMP
DLMDFLLYCFYNSNFKSKHLGTKKSTTYLCNAGIALLEYFRRTARKE
LEASKHFTPPAAIDELARMAQGFVSLGNQTGEGWFLTGEMLELIHSG
VENIICTQPFGCLPNHIVGKGVIKELRRHYPQSNITAVDYDPGASEVNQ
LNRIKLMLATAQKNLKKGTN

SEQID
NO: 14

gene 1433
645

MGSGSEYGIKSLKNLDGIEHIRLRPRMY TDIGSEIGCHHIAQEVLDNCG
DEAIGGFCSRITVEIESDHVICISDNGRGIPVETDEASGMSGVEMVLTQ
DKAGGKFDHDSYQVSGGLHGVGVTVTNALSSFLEATVKRDGGEWF
MRLEKGRVIEKLRRVADCGPRTRGTSIRFSPDPETYEQAKFRVQQIRQ
QAMDKAILIPGLEVIFKAPGLEAERFCFKRGLAEYMEANMADSPVFEF
SGALGDVEKVHWFFAAFDEPVDSFIRSYANTVPTPRGGTHEKGFADG
MLKAVREYLDLRPELKKTLGKNTRIAPSDVMANSQMGLSVYIKDISF
EGQTKQKLGSREATKFVGGVIHDAASLLLHRDVELSDAWVKMVIDR
ASARTALENGKKKKVERKSYTGRTPLPGKLQDCRFNGIEGTEIYIVEG
DSAGGSAKQACNRDTQAVIPIKGKILNCEGINQEDAIASEAVADLVTA
VGSGVGDVCDPANRRYGKVIIMTDADVDGLHIQNLLGTFFYRLMKPL
IDAGCVYIVQPPLYGVTIGKQKHYAQDQEELDGLKAMALAEKKKISY
TRYKGLGEMDPPELAETCMDAENRVLVKVLPRSDKRMDALMTKLM
GDDADQRKNLLMGVEIEDAVHLEPVEEPCDVTEDVKELCQPNSYDS
GNNKVAPFETVFREMYRGYGLQVVGGRAIPDVRDGLKPVHRRILYA
MEMLKLRSDGPTKKAARVVGDVIGKYHPHGDSSVYDAMVRMSQPW
KMRYPYIHPQGNWGSIDGDSAAAMRYTEARLTPIAEAMLSTDLKEGI
SEYQPNYDDEDIEPLLLPAPFPSVLMNGTTGNPGVGFKSEIPPHNLTEL
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MGACIALADKRIRTGEAESPQDFASVRKHITAPDFPGGGIIAGSHDDLE
KMYASGRGKMLLRSKWHVEKLERGAWQIVITEIPY GIEKSPLLISMG
QCISDPTLPERKRLPMLEDIRDESEGTDIRIILY PKSKGLDPHDIMLHLF
SVINLQVTIEYASYALEDWVLAPNGDRYRLPRLFALDQMIRSFLNNR
EQIVTARSTVRLAEIEKRLHILDGLLLAYPNIRDIVEIILENDEPKPIIMK
KYALSDPQVVAILAIRLSQLRKLEEMKLQGEHNQLSAEAVELRQTIDD
YTHRWKKIKKELQHVRKTFGDERRTEVDPDAARARIMSKEQLVARE
PVTAVLSKAGWLKGMRGSNIDVENVKFREGDTILDHAAGHTTSRVV
LIGRTGRAFNMLAADLPSGRGNGEPISKNFIFSIDEAPTRLFMINPDAE
YMVVTTLGHAFRAKGEDMLTANKKGKAFINFPTGSKLLCIREIDPGH
DAIAFITDDGCLGIVKLDEFPLLAKGKGLTAVTMKKGVKLLRDAAPV
NTSAAVRVGTEKRSTAFEPDEQAETYIIERGRPARPLPKACVNGMLII

SEQID
NO: 15

gene 4426
209

MKEMNKSETKSSKLLGIVLFHSFIPGKLFKVKAIGHSNNTGDNGAGKS
TLLSLLPAFYGADPSKLVDRQADKVSFVDYYLPTPKSVIVFEYEKLGE
RKCSVMYRNGSSVAYRFLTGTAEQLFSQHLYDELIKQGSETRTWLKN
LVSQSMSVSSQIETSVDYRSVILNNKKRLAQRRSTGKNLVAIAHEYSL
CSASHNMNHIDILTATMMRHKKMLSRFK TMIVDCFLNNTSMDDVPY
KKEYSELINSLDVFVQLETKKSKFDEALANKDSLEEYIKQLNSYRAQI
ASYLHQLALSDTQLSDKIRSQKEQHEILVNERKGKLHTFNSELNNQRI
EFERKSKIIDAIYNKRDKYENEDDILGKITLYNSLSDMLREVESARKHY
DNLLEDVRTEETELKSQVQKLELECSDFRFRKQQEINSVLKAKEEIVE
QKSERLEAMQSDLNFEKKKLQDAFDEQSERIKQEQLRLATLEGQSLD
FTSEQKAELRILENDLDKKRREFNASQNTVIYLNEQLRQATKTHEGSL
SAYHACRDELKEISDEIISVSRALLPTK GSLNEFLEQK VPGWRCNIGKV
IDPNLLNSKNLKPFFDLDTTESMFGLHLDLDSISLPDFCLSEEKLSERLS
TLKIKELETETREEKAKSRAKSDEQETEKLQKEVKIQSQRSKVLEDEL
SKLNLLKDQKTAQFESDAESRTYEVKKQKSVLESEFFAIKSELKAKLE
NEEQRHQQERVQVKANFDYRLSEEDAKKSAIEALIKDKEKVTSDRISD
CKLAFNQALMNKGVDPVSIESAKLKWELLERQCEEIKAFQALIIDYHT
WLEAEWKYIDTYNSEKLDLERQIARGVAKRDDYEKSVGRKIDDVAT
SIKLDEQELITVKEAIGQLTTCTNNLEKAVDESDLASLEDVSVDLEFHS
VEHAVSLVTDKITAINTLKKEIVSKVKDVSNTILGLDDNNEIKMMWE
QMRSATMTKLSDKYDYAINYDSPQFSLACLGDLEGLVLNVIPDVRDV
KIETLRSISTQISNYHQTLKQVNSKVDSVSSTLDKSIETGNPFPAIDSIHI
KLSSKIHTFDLWKDLNLFSVELDRWSGETSRGLPSKAFLASFKQLLAS
FKEAQISKNLESLVEMEITIVENGRPAVVRNDEDLEKVGSEGISKLAII
VVFCGMTRFLCQDEDVAIHWPLDELGKISISNLAILFDMMAQKGICLF
TAQPDLHPATYKYFATKNHIVKNVGVKSFIGGRRSRVNPLLSESKLNQ
STEVVE

SEQID
NO: 16

gene 5411
831

MNKSNLKKFATEARQELREKTKAQLKRLGIEEKKIEEGKDMGSQVEIY
GKLYSKSSYQHLLVKYHSLGYEELVEESAYLWFNRLTALAYMELHD
CFTEHMIFSKGNKGEPDILDEYFQADFFQKMPLEKQEELHQLRDKNTS
DSLETLYSILMEEKCEELSKIMPFLFSKKGKY ADILFPSGLLMQDSVLK
KLQVILLEIQEEDQSIPVEILGWLYQYYNSERREVVYDGSMKKSKIKR
EFIPAATQLFTPDWIVRYIVDNTVGRLAEEQFSISKDIIKKWQYYIAPEI
VSKNEKMQIESLKILDPAMGSGHMLTY AFDILFDVYQELGWSKKESV
LSILQNNLYGLEIDDRAGQLAAFALLMKGKEKFPRLFQVLEREENFE
MPVISLQESNAISKRMYTMLEECPTLQDLLKGFEDTKEY GSILKIDSFE
ESILQEEYHKLQEKIQNQGQFSLLNNNEFLEGDLEEDLERLEHIIRQYK
IMIQKYDVVITNPPYMGNARMNPKLKTYIEKYYPNVKTDLFSVFFIKC
CEMTTEKGYLGFMSPFVWMFIKSYEELRTLFIHSKTIISLVQLEYSGFE
DATVPICTFILQNTVIKKIGEYIKLSDFKGVKNQPIKTLEAIQNENCTW
RYQANQKDFTKIPGSPIAY WVSDRIREIFEKEKKLGEVGDAKVGLQTG
DNNKFVRLWHEINFNKIGFGMQNSEEALKSKKKWFPYNKGGEKRKW
YGNQEYVVNWERDGYEIKHFCDTNGKLRSRPQNTEYYFKKSISWGLI
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TSSGSSFRFYPEGFIYDVSGMSYFIEDKFLTYLGILNTKIYSKLTKLINP
TINLQIGDILNLPVANIQNPLFEQLVSLILWISFEEWASRETSWDFERLT
LLNGENLSKAYKKYCTYWESKFFSVHSSEEDLNRILLESYSLQEEMDE
KVDFSDITLLKKEASIVENTDSAASCGYLENRGVRLEFHSLELVKQFL
SYAIGCIMGRYSLDKPGLIMANSDDVLTMSSNKITVSGVNGAIRHEIL
NPSFFPEEFGILSVITEERFENDVVSRVIAFISAAY GKEHLAENLEFITE
VLGKKAGESHEEVLRNYFIKDFYTDHCQRYQKRPIYWMLHSGKKNG
FSALTYLHRYEKDTIARMRSDYLLPYQEFMEQQEAHY SKIASDEISTPK
EKKDAQKKVKELHDILKELKDYANKVKHIAEQRISLDLDDGVKVNY
EKLGSILKKI

SEQID
NO: 17

gene 9417
61

MALKGDKLLCTNFEFLKVKKEFTSFSDACIEAEKSILVSPATTAILSRR
ALELAVKWVYSFDEELGIPYRDNISSLIHNGSFIELIDSEMLPLLKFVIN
LGNVAVHTNKTVTREEAILSLHNLYQFINWIDYCYGDDYKEKKFNEN
SLLQGEEKRVRPEELKDLYDKLSSKDKKLEEIIKENEELRKVITQKRKE
NIENYDFNIEEISEFDTRKIYIDVELKLAGWDFNKDIGEEIELFGMPNN
AEKGYADYVLYGDNGKPLAVVEAKRTSRDAKAGQQQAKLYADCLE
KQYNVRPVIFFITNGLETYIWDDYNGY SERRIYGFFKKDELQLMIDRRT
QKKTLRNIDIKDEISNRYYQKEAITACCEELERRKRKLLLVMATGTGK
TRTAISLVDVLTRHTWVKNILFLADRTALVKQAKKNFSNLLPDLSLCN
LLDSKDNPEESRMIFSTYPTMMNAIDDTKAKDGKKLFTCGHFDLIIVD
ESHRSIYKKYKAVFDYFDAYLIGLTATPKDEVDKNTY GIFDMENGVP
TYAYEFDKAVEDEFLVEYETIEVKSKIMEDGIKYDELSDEDKEEYEEK
FDKDENIGEEIQSSAINQWLFNANTIDLVLNKLMEKGLRIEGNEKLGK
TIIFAKNHKHAEAIKERFDILYPELGSNYAKVIDNQINY VDSLIDDFSG
KDKLPQIAISVDMLDTGIDIPEILNLVFFKKIRSKTKFWQMIGRGTRLC
EDLLGIGQHKDKFLIFDFCNNFEFFRMNPKGFKGNLGQTLSERIFNLKL
DLVKELQDLRYSDEEYVSHRNELLKYLIEDVNNLNEDSFMVKMNLK
YVOQKYKNKNEWQSLGAVNAKDIKEHIAPLISKLNDDEFAKRFDILMY
TIELANLQGNNATRPIKSVIETAESLSKLGTIPQIQOQQKYIIDKVRTTEF
WEDVDLFELDEVRSALRELLKYLGKTTQKTYYTHFEDMIINEESHGA
MYNVNDLKNYRKKVEYYLKEHENELAITYKLKNNKQLTKQDLETLES
IMWQELGTKADYEKEFGDMPVNKLVRKMVGLNRNTTNELFSEFLNN
ENLNIKQIHFVKLIIDY VVKNGFIDDNRILMEDPFRTVGNLSVLFKDN
MKEAKSIMGKISQIKENAEKIV

SEQID
NO: 18

gene 1546
948

MRLIALELENFRQYAHAQVAFESGVTAIVGANGAGKTTLLEAILWAL
YGARVLRDDTHTLRFLWSQGGAKVRVLLEFALGSRRYRVRRTPTDA
ELAQLNPDGAWLSLARGANAVNRLVEQLLGMNHLQFQTSFCARQKE
LEFLGYTPQKRREEISRMLGYERVGAAVEAIGRAERELKASVEGLRQ
GVGDPRALEAQLDAVEQALQATETALHAEQVALQRAVAARDAARA
HYDAQAALREQYLQLHQQRTLLQNDRQHAERRIDELRAQWEQLKA
ACDRYKVIKPDAERYRQLARELEAMEQLAQAAQQRAQLQARLDALG
ERRAQLHAERDALLQKQAHLDALQPQRARAEQLARELQTLRHIARQ
AAQRAQLEAQLQAIAEQRQRLHALATERDALAQQAQRAEADLHARH
TACAQTEAELQQTLQAWSQQRADLDAQLRAVQTTLQQQRARVQQL
EALGESSECPTCGQPLGDAYQRVLTAAQQEAQATERELRALRQQRRA
LEQEPDAIRTLRQQLAQQQQARDDAQRQLAELQARLRQLDAELRQT
AALERQQRDLEQRLAQIPPYDPEAEQRAQAELDALQPALQQAHALEG
ELRRLPAIERELSQTEREAQRIQRELDRLPDGYDPDQHAALRTQAEQL
RPLYEESLQLAPIIQQRDALRARIEDAKTALQRVIAQCEHLETQIAQLG
YSEAAYQQAAEAYQQAEAQVNTLERSLAARQAEYASQTALRDQLRA
QLERLLELQRALREQEHQLRVHSLLRKAMQDFRADLNTRLRPTLAAL
ATEFLNALTNGRYSELDIDEEYRFTLIDEGHRKQVISGGEEDIVNLSLR
LALARLITERAGQPMSLLILDEVFASLDAERRHSVMELLNNLRSWFDQ
ILVISHFEEINESADRCLRVRRNPQTRASEIVEDALPDPATLATAALDD
ALAGDEETGLLPPP
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MAKKKKTPVAQIEPISLPDEDLAKARAWLEGLNADIAYSQAKRQLAE
ACGWERSKSNAVIVALHEEGFMAGEKNYFCNPNAPAEPGVVRGARE
VSNFTIMLQSDPEVSVPLPYAIHCLPGDVFMLRKTVTGNWRVSNFVA
RHQTRWVCKLRGRIRRGRRSGIAQVVPINGFAPVEMQMDLADVPAE
VDLEKAAFEVEFLPESMKPEPY VEIFVRFVKEIGNRFDPLGEIAIASAE
YDLPVEFSAAALDEAQALPDEVDPKNMGRRVDLRDIPFVTIDGEDAR
DFDDAVYCARVEDGRTRLLVAIADVSHY VKPGAPLDVDAQQRATSV
YFPASVVPMLPEKLSNGLCSLNPGVDRLTMVCDAVIDPEGRTEAYQF
YPAVIHSHARLTYTQVWGAMQGEEGGLAAVGDRLDDIRALYELFKT
LRKARDARHTLDLETKETMAVFDDKGVISEFKVREHNDAHRLIEECM
LVANVCAADFVIQKKRGALFRVHDAPSQERLETLRTVLKSFNEKLESP
TPEGFAELISRTKENEFLQTAILRSMSRACYSPDNVGHYGLQYEAYAH
FTSPIRRYPDLLLHRAIKGILSRRIYVPQVVFDDSSLMVSRQARGLGSR
PEAGDGDKPATQAEKRHSVWERLGILCSAAERRADDATRDVMNYLK
CDYMLRHGKGRHEAVVTGMIPAGVFVALKDIAVDGFIHISNLGWGY
YEFDEKNLTMTSREEMTQVRVGDRVIVRLEEVDLENRRMSFVLESNL
ERRLIKGGKGGSRRSSRRGSRLYGRQFDPFDIDDDDFDELFGQEGDDD
WDD

SEQID
NO: 20

meta_gene
73412

MSVARKTGSQPRALHAADSHDLIRVQGARVNNLRDVSVVLPKRRLT
VFTGVSGSGKSSLVFGTIAAESQRMINETYSAFVQGFMPTLARPDVDV
LDGLTTAIIIDQERMGANARSTVGTATDANAMLRILFSRLGQPHIGSPQ
AYSFNVASISGAGAVSIERGGQTVKERRSFSITGGMCPRCEGRGAVND
IDLTALYDDSLSLNEGALTIPGY SMDGWFGRIFSGCGYFDPDKPIRKFT
KRELRDLLYREPTKIKVDGINLTY EGLIPKIQKSMLAKDIESLQPHIRSF
VERAVTFTTCPECHGTRLSEAARSSKIAGISIADTCAMQISDLAEWLG
GHYDPSVAPLLEALRHTVDSFVQIGLGYLSLERPSGTLSGGEAQRIKM
IRHLGSSLTDVTY VFDEPTIGLHPHDIARMNHLLLKLRDKGNTVLVVE
HKPEMIAIADHVVDLGPGAGIAGGEVVFEGTLDGLRASDTLTGRHLD
YRAAVKETVRTPTGALEVRGATANNLREVDVDIPLGVLCVITGVAGS
GKSSLVRGSIPAGADVVSVDQGAIKGSRRSNPATYTGLLDPIRKAFAK
ANGVKAALFSANSEGACPNCNGAGVIFTDLAMMAGVATSCEVCEGK
RFQASVLEYHLGGRDISEVLAMSVAGAEEFFGAGEAKTPAAHKILTH
LVDVGLGYLSLGQPLPTLSGGERQRLKLATHLGEKGGVYVLDEPTTG
LHLADVEQLLALLDRLVNSGKSIIVIEHHQAVMAHADWIIDLGPGAG
HEGGRVVFEGTPAELVAARCTLTGEHLAAYVGTGPRKVRTS

SEQID
NO: 21

gene 3074
07

MQQTLGNEATTRALRRGKRPMAPRPPAIDERAEQGLVLPPYLMELEA
GGLSTAYGLTGQEFVSTAVAAVVGHGGGTVAGISAELAGRPESFFGR
GRAFAVEGAEGGDGFDVTVSIAPAPDDLPPTFHPAADLASAPPDPGG
APLAAVDDAEGKETKVDVQHNSGATASSTVGNSSSKGAGGTAFGLA
PVLPGLWLGAAATGSVQPWQSSRDSRSQRGVAEPRVLRSDKGSVEV
PRRVLY VVRVRPQAGGDEQVFRGSGGLTQRVPTEHLIPAGTEAPTLA
APASGAPGRSQQVDPDLARRVALADSLAPVGVSDTAGPHQGGGGLF
DAVASVLHPSLTAPGAPGRSRLYEATATPTVLEDLPRLLGGDGVTGD
DLYSKDGTSAGSYRMRAVVTGLTPAWGTGKTQLRTHQQAQHTATES
AGKGRSVAGGIGPAIGVGAAANAAVVRATAMPVAAARKARFSVNEQ
TVSSRQGAEVRGEKVLYLGTAQFTVEGTGPRSVRAILNPQARVATHA
MRVWIGLRADEARELGLPLPPGVTAGEFIKKPEPQQPAADADSDTDT
DTESESEGGGDARHLPFGAMGSSVTIGRLDTAPMVKAVREMFATDPR
LAGYLPAFGATPPPADLSREEDEAQRTNYRELMAALSEANLRVNKEQ
LLSTGIRVRLRRKTTMHSHDVQLRVHGTMGATRHLGEIDDWLVRAH
SGVAANAQSGRSSSRSIGGMVLAQARLIPGVLTGSARYERQSSGTRR
NQGGPTTRTDVLTNGSEKASAFGAALRLNVDVTMTSRQRKLARALT
PGGPGRDVPEAKLLTGLHMEEQDVRLLTPSEFTVGTDEKARLDAGAD
QAPGPARPVAGAAGIGDLAGLAPTPAAGQVVRDWQLVETLGDGQPV
RDLALALLSRAAARGEAGRODTALATEGLAPRLAVEERFGPRAITAA
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LRQAASSGWVVKNLRYPRRLAALNGAVGTRLALAAPQLVHEAAGPG
TETFVMGGHQAGGQQGEGTSSTVQVGVTGVONGTEWRVGEGLSGY
RSTSRSDTESATVSGTVERNAHTPKKAPLYLVRCDLLVTMVAEVKVT
GGGPYVASAARTLPGAAAVWLTAEQLRAAGVDLPESARKALKVEDR
RPAAERTAGGSGGGERAEASTAAASTSTSVPAPSRARASASTATGGQ
AASPVRQGPALARELPLGFGMIEDLPDFVPLLDRLRGNLAITGQQDLA
DDILPRQQLRDRNDNVQRLLRVLDRDGSTGLLASAMDGGVTVELLD
GRNTPYWAVFKIVRSGDGVREGEADDGRDMEYITSAAAQQATSHGE
GETTGVEGILAGSGKPDAGAGQVKSAGAAAGLGVASGSGRRGGESA
RGQLGMKTVAEAKTAKSAKMRVPIVASLELHKGDRRLALAGSGRTS
LVHRILESDLTALHRVSAPRRAPRPAPGVPTSGAAGLGAWRAAGVPL
PMEAQANGFQGAAHVRELVNTAVRAAGGGDRFRQKGQAAAYTLGE
AVSTEWLIAALPLLTNAGAELPPVHASGAAGQDLQASVHARLRAGRI
LGAGDKMTFETAAQSSLGAPRPTQTEGQSQAEQSRQARGLFGAGVL
NADQFRLNQLMGNVDGAGSASGAAANGAGSMPLHKPKFTSVLVQF
TLDVRVVARVTNRVRTSRTEVAERDLTLPRPVVIRMPLPVAGRLLAA
HPTEITDQHDRLGLRAAAVPPPTGV

SEQID
NO: 22

gene 1432
510

MTTTQKNKPGSLDKKGMSDYTETQCSRQLYIKLGEHDPRWIQRDIQK
NTHFTGSALTLAASGKRYEQKVYTILRRLFRQQTHCTLKPPANKEVIE
TFLDPRLAKRLHQEVRGEAQLLLEYEWPLCDQFVRRVFGQQPDEEIA
TLGNQYGRVLRPDIMLLHPIPKGQKAPLKCLLPGGKAASFSPTALQGR
FGISILDIKY TPDERVGRRHFAELLFYTHALTEWLHETQLDEFFFVPCH
GHGILGFLEEDTLYDLTLDDLLWRSPDELSGKHTPKISPLLWEDTHQL
FTHAEKTVRTLWQLAKQRTPIEEIPLCVQPACGRCPFIDDCISTLKGTT
PTQSDSWDIRLIPYLKTAVAQQLNEHGIY TVGELLQGIEEIPLGNTPVP
LHAEIPALKLRAQALSTQRAVYPEGEHTSLSLPKYIDMALVFNLEVDH
TNELVFAFGFYLDTKQPSPKLQRLHNDWWRMWRSVLRGERELQDIS
SVLDLEALELGWHKGDDFSDKLSLLLQEMERLLRTLEADGVLILRAV
GESYQFGSQEYTTQKYPLVRCQYSYVSGGIEPEHEYMLLKNMIQQLH
RVMRMCSLTELLVTTKHETYDSLYHENFAGFYWSDEQVDHLRALVE
RHLPALQQDHALSKTFYELVDWMTPADSGVRHHALHKKMYDLREF
VGSSVGLPQIINY TWHQTRPLWKKDFEANPYFWTPHFNQMDFGIWHS
TIEEIDTNERSQKESDIRDQLVLKMRTLHEILRHFHKEASDVIPKESKT
MSSQDFQRDRRNRQYHQLGSLWQGYHQLNAAISALTNDAARLTWPE
QSIAKLQAGKLSGMTIKIDDRDGKDYEVVNFSLLGLSSHMKISVKDR
VLLLPRTMRDSHAFPFHNMGRLSKLIVEDLVWEPSEQGYCVTAVREL
KKRKEGDKETLHSFTELYALYDAEDWFVYPTDLDVWTGRLALNGDA
LLRRYQLGYSWLAERLMFLHGLGGEHLEAPKTLNVHAAELYTYAPQ
LLPQKRDCTGEDVLTPIRFRPDSSQQEGILHALSSSISCLQGPPGTGKSQ
TIALIDEFIDRHK GPARILISAFSYSALQVVVQKLLDSRY GDGPAPDPT
QLSDASRLPIFY ASSSESESFVHDPNQQDVMHLSLSSKGVHLDGERIDF
RRGSRKDKIFERMFAHKGLEGDGSFVLFANAHTLYHLGTLSKANKRR
LVHEDFGFDLIIDEASQMPASYFTAIAQFVHPFEARLVLPKDEDALKR
EIRCGAPELSIEGVPSSDDLTHVVLVGDQEQLPPVQQIEPPRKLKPMLD
SVFRYFLEVHHVPKHQLSYNYRSHKDIVRCVRRLAIY DQLHAFHQDD
AYLSAIPDVLPDTIEAPWLRQLLGRRQVVSTLIHGRQWDTALSPFEAK
LTADVVLAFFAQMGVDSDERERQFWQEDVGVVSPHNAHGRLIVREI
AERLLSGVGARTYLPETELMECLSTTVYSVEKFQGSDRRLIVGSVGVS
SVDRLAAEEGFLYDMSRLNVLISRAKHKMLLICSQQYLDYVPRDRDV
MTVAARVREYAYDLCNESQVYDVPFGSGSEFIELRWMVSKDP
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gene 5570
191
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MQSGSGVDLFRDFNEGEVSEVLRRCAGCSRFVLIGPPGSGKTFFKENY
LEGRLGTGVIVDEYTLGISTTAKIESEEARKGSGISKKAMKYLKRMIPL
IEKLRETAEVDDEELRKVLGDRAPKHIVEGARRSIGDSPHRAYYIPWK
CVDEPNACTFDANVSRALELIKKVFDDKKIRIRWFKAEY VPPGLVKD
VIDLIRVKGEDGAREELKGWVEAYSEADETLRKILGLSDDLLEWEESF
VEYLSNFVINYASYVISGLVVDPLIGASALALISVLTYMAFKREGEGYI
KGIIELKRGLERLRRSDGEFNELGKLLVYRVAYAMGMSYDEAKEAL
MDITGLSIDELKRRVNEIEWRIKELEKKIELFRLEVPAGIVTADVNEFA
KGRTYPNIKVENGELRIRVEDGYHSIVRAGKFNELVNEVRDGLLKQG
FVVVVGPKGIGKSTLAAAVIWELFMNSDIGLVARVDVLDLKNYSELA
TFVENYGEKFSEHFGKLLILYDPVSTKAYEKVGIDTEAPIQSNIERTIKN
LVNSKSSKASKPFTLIVLPSDVYNALSGEVKNALEGYRLDVSQVLINT
EFLAELIREYSKTKDKPNGCALSDDVLSKLAGELAKFDSGHALIARLI
GEELARSNCGVGKVEELINSAKGKAEAFIILHINGLFKVHENPDTAKA
LVEIFALRRPFISAVESDDSIPDTSKFLVKVYVLRSPFISAVKPGDPILTP
GIVELIGEAGGVKILYGAEGEELRSWLAIWLHDLIEEAIGKLLDCIEGK
GEGCKVLGDALKPWKTTGVIELLRKVSEKVNDVDSAVEYFASNY GE
RLTSALKVFSNECWKRAVYIIGHALAGDPLLPRRKYLSAFMSMNLSK
TGIESPSDALSRLGANGDKNPQRMSLAKYYASIVESLGDALKECGVD
NYLIVGDKIPSLMMGLIGNHACALAGVFIDKYNEATAEIKRLLNIIKNR
GEFYYEEAYYGLGLATHAKAAESGRPVGHSDADAALHIASFAMSHV
QSTLHIRLLTALAPLRDKAPQRYLEVLVCALDKFTRLGTCHDWDTV
MNILNELDYILNKYGVEVKGHARTLVDVINTLTHSLYKCLERCVDYW
FEHRVASFRAKFERMISELADLLDKTNRWSPNLGIIAAYASLSALDSK
NKNKCVRMLIESELGIDVVNKTKEVAGELSELRGSVRELLRDEDLMG
FVRSRLAEADEKAAKRGILEVTSILKHTLAQYKFVNDELDEAGRLFNE
AAEESKVIGDYLNYLDNRDWALRVEAIKSPLAGDDLVKLVNGFRQL
YEEALNAERFMSASPDYGTLWKNILRDILGGYLVSLALTGGDEEIRRI
EELLKEQWQLKYEPRPILTRLTLNALLSPRVELSSELRDWLVVKPGELI
VAFGHGYLYIDYLPALKATYGTIKPGDGKRCSSVYLTFMLYALINGN
EKLAKAHALMGAMNHSGKLPARLFLEAYRACCDPNNEEFRRATAKL
FFYTRALKSKTSGFWSASLSS

SEQID
NO: 24

gene 2435
065

MDRLKTDREKAVQHAEDLGYQVEVLRAKLHEARRALATRPHSYDT
ADLGYQAEQMLRNAQLQADQMRSDAERELREVRAQTQRILQEHAEQ
QARLQAELHTEAVNRRQQLDQELAERRATVESHVNENVAWAEQLR
ARSESQAQRLLDESRAQAEQSLASARAEAQRLTEEARRRLGEETENA
RTEAEALLRRARADAERMLNAASQQAQEATDHAEQLRTSTASEADQ
AHRRSAELTRAAEQRMSEADTALREATSRSEKLVAEAEATAAKRMA
AAEAAGEQRTRTAREQVARLVEEATKEAEAVRAEAEELRERAVAEA
EKARSEAAEKARAAAAEDSAAALAKAARTAEEVLQKASKDAEETRR
SASEEAERLRSEAEAEADRLRAEAHDLAEELKGAAKDDTKEYRAKT
VELQEEARRLRGEAEQLRAEAVAEGERIRSEARREAVQQIEESATTAE
ELLTKAREDAAEAREAGEADGERTRAESAERAAALRKQADDALERA
RTEAAKLGEEAEEAAARTREEAEQAARELREETEEGVRARREEAETE
LVRLREEAEQRVVAAEEALTEARAEAGRLRKEAAEEAERTRTEAAER
ARTLSDQAVEEAEALTATAAEEAAASRAEGEAVAVRLRADAAEEAE
RLKAEAQEAADRLRAEAASAAERTEAEATEALERAQEEADRRRRSAE
EALESARTEAGQERERAREQSEELLASARKRVEEAEAEAARLVEEAD
ARATELVSAAEATAQQVRDSVAGLQEQAQEEIAGLRSAAEHAAERTR
GEAQEEADRVRSDAHAERERASEDAARLRSEAAEELETARALAETAV
AEATAESERLRADAGSYAQRLRSEASDALASAEADASKARAEARQD
ANRMRTEAAEQADRLVSQAATEAESLGARSTEEAERLRAEARAEAE
RTVTEAAEEAERLRAEAARAVAEAEERAARAREEAERVESQALAAA
EELTSQARAEADRTLDEARADANKRRSEAAEQVDRLLSETAAEAEKL
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TTEAQQAALKATTEAESRADSMVGAARAEAERLVAEATVEGNSLVE
RARADADELLVGARRDATAIRERAEELRERVTAEIEELHDRARRESSE
AMRNAGERCDALVKAAEEQEAKARADAKELLADASSEAGKVRIAA
VRKAEGLLKEAEQKKAELVREAEQIKREAEEEAERVVAEGQRELEVL
MRRRADINQEISRVQDVLEALEGFESQPAGKAAPGGSGTGVKAGASA
GSSRSGGKQNDN

SEQID
NO: 25

meta_gene
343942

MENSGLSLDAEQKITVAEKVRKEPNKNYFISASAGTGKTYTLTNYYIG
ILEQHEKTGESDIVDRIVAVTFTNKAANEMKDRIVKEIQKKLESLSEN
DRAYKYWKDVYKNMSRAIISTIDSFCRRILIEQNIEAGVDPNFKIINEL
KQKKLIDKATQRAIQLAFDVYDAIESGENYTEKVTNYLYGLTTERTK
RIRELSDELAKSKEDIFRLFEIFGDISDVAEKIESVVTNWRLELNESKVS
ERLLEVFEEAGGALRAFRNISLIAAEFYESETLDNFEYDFKGVLEKTLK
VLENSVIREYYQKRFKYIIVDEFQDTNELQKKIFDLIHTNDNYIFY VGD
RKQSIYRFRGGDVSVFIKTMNEFEEKIKSGRTDY EMLSLNINYRSHPEL
IDYFNYISENTIFNNHVYEALSESPDTSKTTNNKSKSKKKDKNKSQAN
GEDIVLNEALQNVNDIFSTERDENIYIHEVFRLRYPELYQKLWFIKKDD
ESNAAFSPDSNEFLPGDLRRVNYITISKASLLENTQENDETAKEIGLDE
DNQSPGKMKKLKDMDERELEALHVAKVIKSLVGKEMTFYEKKDGKF
VPISRRITFKDFSILSYKLEGIEDVYREVFAREGIPLYIVKGRGFYRRPEI
KAVISALYAIQNPNSNYYFTQFFFTPFTDNLEQNPEVGVRNGK VKIFH
KIVMRYRESKGQGLKKSLFQCAKELAEENELPENVTKMIKLIAKYDE
LKYYLRPAETLKLFVKESGYLRKIPHYPNSSQRLRNVRKLLEQATEFD
DQAPTFFELTRLLERISEVQEVEASEISEEEDVVRMMTIHASKGLEFNI
VFLVNNDGVDKAEEKTFFPESEDGNGRY VYISQFLDKALKKFETSRV
TKELEKELKKLLEAEVIYDKTEILRKVYVAITRAKEMLFVVDLQRKNT
KGIPAIKYLTPKGFEERIKIISSLDEIDKLAGSGVESVSGKQEFAESIQSL
LDLENVVDKGLIFSDFTPKAYKRYISPTLLY GIKDEKSDLESVDESSED
FDSAETISITSTSNFEASKAKARLKVLNSLLEKATEITRGKQIHSMLASI
TKYEQLKLLVEKNALPEDILNVRVLESLFNESEKIFSEWRLAKSIEIYD
EKLKERKNYILFGVPDKVFLKDGEFYVVDFKSTDLYKEAEEIERYMF
QVKFYMMLLSDLGKVHCGYLVSVPRGQALRIDPPGEEFLDEITYKIKQ
FEELMSI

SEQID
NO: 26

gene 1456
430

MLFGMTGCGTSSVTSSADAVTDTESVDDVKTESSGKTDEEKLSEKIG
ELTSAHSAGKGKDETVYVISSADGSKKSVIVSDHLKNGDGKDTLEDK
SELKDITNVNGYETFKKGSDGKLTWDAKGSDIYYQGTTDKELPVDVK
ITYLLDGKEVTPDEIAGKSGKVTIRFDYTNNTEKTVKIGGKDEKIKVPF
SVVSGVILPIENFDNVTVTNGRIISEGKNNIVVGLAFPGLKESIDLDDLK
NEAVSEDAKKEIDDIDIPDY VEITADAKNFKIDTTMTVAQSNLLSSVN
LTQDVDTKELTDKMDELQDGADKLQDGAGKLKDGTESLTDGTEKLK
DGSGDLKDGTKKLAGGTDDLKDGADKLKDGSADLKDGTKKLADGT
DDLSSGVSTLKDGSSKLAGGTDTLASGASQLK GGSSKLAGGTDDLSS
GVSKLKDGSSKLAGGTDTLASGASQLKDGTSQLSGGLKTLKAGTSQL
KAGTDQLSAAKPQLDQSLKDLQDMGTQLKEAENGSAKISDGIGKLG
DALTAKFAKTALNMKAMDEGVQKLSAGISQAANGIKELKTKFDNGV
VGIHGQVNQLIADLKDYSKDEASGIKGIGYRGIGKAAYNTGINQAQR
AAQSADENLQKAQEAVDEAQKAYDEALKAQQNSADAGNSLQQQND
DLAKENAKLQQKIDELQNSADQEKKTNNVASPADNGSASSGNASAE
KAGTQSTDSEGSKAAGTEPAETPAQNDAAADASSQSAAPADNTSSED
TNAGNSAADTTENVQSTQASLAGLAVSKLNEMKNALYESTVLVAKA
GESSETVAQAQQALEKAKESLQSAQQAKVAADATVSALKDMKSSVD
SAEKWKGTNDLKRVEKMTRIMGEAEAINSSLDILQQSVDAALDSLSS
GLDSAKTGLDKIHNGIDQSLNSDETKAEQQQLNESLTALKGGAGQLT
TGLDSGLQQLTDKSAATTKNIGDLKNGIDQLSRGANSLDDGAGKLAA
GAEQADNGAGSLAGGIQELGKGAHDLDNGIGTLKSGASDLKNGAHQ
LDDGIGTLKSGASDLQSGAHQLDDGVSKLQSGASDLQSGAHQLDNG
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AGDLNDGIIKLDNGAGDLQKGAHDLDDGTQTLIDGINSLNDGAHDLD
DGMATLQDGVIKLNEEGIRKLTDLFGDNVQDVIDRINAVVDAGDDYT
SFAGTGDQENSAVKFIYKTDAIKAKED

SEQID
NO: 27

gene 3178
27

VKKILFPKLDGPPSDDLENYMFLGTFEDENGSLTTAKFFVRSVSHVSP
GGCYEVEGDWKRTAKGEEFNSWCLIPSVPDTFALSCVYLNGLFPPEM
CGTSALSRRLSALTREYGPDVLVRALATPTILTRLSDQPEIFAANILRL
WEAATRESHMALMMHRAGFTTGDLDMVWRGCAFKVAERIGGDPY
QLVAIPGIDVAKADMLFRTLGGNPYDPRRIAGIIRRSLMASEGLSATN
DDGEKIGFTAHVEFPGSTAVDVTDILTSGKAEPLRDDLISGIDPKIGMR
LDVLRDFLSKPQEALKFGLRIRKTRDGRTLVARERVYQAEVRVARNI
ARLLQAPPLKDKATVQATCRNLFNQPDFQRFDAVQRTAVEMACYER
FCVITGGPGTGKSTILDAVIAARVAMGTEKRSFLLGAPTATAALRMTE
TTGLDAATIQSLLKCK GEKAGGEQWFDFNRNNPLPSGCTVYVDEGS
MVDIFLSDHLLDAIPTDASLLILGDDGQLMSVGPGAFLENLLNTRTMA
GDRVVPAICLQNTYRSNPKSNLAIQAKEIRYGGVPTINGDSSGGTSMQ
SVVPEKISNFIVY AMSNVMPALGIQNPLKDVAVLGPQNPGVGGLWEI
NSQMSRYFNPNGAKIPGLSAPRFAKEMPVPRVGDRVMRRKNVKGDK
LCVNGSRGFIEAYIPPSPADPDAKKGKIKIRFDNNEVRTEDVSWDWHK
KFELAYALTIHKSQGQQYQYVLMVITPEHANMLDNSLVYTGWTRAK
EGVAVVGSFDAFAGAVQRSRMNTRLTMLPDLLSEILVPGIADEFRSR
WYKKPPMDDLPRPGGREKWFQTKY GNASGHKIRTIEGIKVEAPANG
VQAGLRGGFPSPPSQPHSSGSGPTTPTASGSHQAPPVRY AVNQPTSSPP
RPMFTGGIGYRPNIPVSSALPNPPATPSYDKKGVINHVQENAPPRQPN
TSHQDATSPTHPKSNSALQPSQAVPLQAVGLQSPRRFGWSPTIRQPSA
APATSNAQPTARSAAPDHVPATSRPAQPHRPVRPTTPVESPSARPVPA
SRPSFGFIGWRPNIHPIKQTCHEPQPEMDSEMGMEDQHSSSYEDAPSP

SEQID
NO: 28

gene 4421
494

MTNKVESNVSDQTEKRLSPEVSEQFQODTRVVAKQAAEFIEEIHPARL
LQTKQEIMDLSYAKSDELLDSFAFFRIVSCTTDEVDDMFDFLNEKMD
KFYTALYAVGKPVVYGIVSYGETTNLVVGLLDTEDNSDLLKSIMEGL
LDGIELLPYKTNFAARTACEKEVGLISAIPSVKIEEEKQIFSLAPLMKSL
NGOQDYTVLFISRPLSQDIISKKRRALIQIKDQCFAVSKRNISRQQGISRS
KGNTEGRTDTITKSTSNTISESFGWALGFTFSESYSETTSESSSASENYS
QTITDAINQSEGISAEVONGVALELMDYTDKAIERLRQGRSNGMWET
VISYSTDSKLAAGIIRACISGEFAKPNPVILPQVVHSFHLDKTEAEGKSL
LVPEILDAEPELSPLCTVVTSEELGFMCTLPDVPVPNFELKKGKTYPLI
TDNAVGVEVGHICEGRRILENMPFSLTHKDLARHTFVCGITGSGKTTT
VKGILKEADTPFLVIESAKKEYRNINLKDKKRPQIYTLGKPEINCLRFN
PFYIQCGVSPOQMHIDFLKDLFNASFSFYGPMPYILEKCLONVYKKKG
WNLTLGFHPYLVNTANSAKFFDADYMQKKYASAAHKYLFPTMQDL
KLEIERYIKTEMDYEGEVAGNIKTAIMARLESLCSGSKGYMFNTYEYA
DMNALLNHNTIFELEGLADDSDKAFCVGLLIFINEYRQISQEMLDMN
RTLSHILVIEEAHRLLKNVSTEKSSEDLGNPKGKAVEHFANMLAEMRS
YGQGVIVAEQIPSKLAPDVIKNSSNKIIQRLVSADDQAVMANTIGLTG
EEGLDLGSLKTGTALCHKEGMSLPVRVQIAMVDDIKVTDDLLYGKDI
KKRLYQINVSLAKEVLADSLPLMGMKMLNTILVQDCNHVSHAVTVC
RQSFRSSLKKNNVTLVMCDNENEIYAELLYEGVLRYLLNGCYILKQM
IPDELCSDIYQLMLSPDNDKLVLVKEQLQAEYEENLEDQGCFIVAQLI
YKNAFERTDIVQTIKNYFFEISDEDILKIKAEWRGSD
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SEQID
NO: 29

gene 3011
455

PCT/US2021/060547
26

MSSWDPQTSGLTVRLRDNPGRVGHTTGRWKFAGSLTLVEVAFGPNE

KQFKNQELLEQVHSSEDPLDLLLGGKLGLPSDLRRVLAFEKVRGELT

NIFYSMESSNTDFY AHQFKPVLRFVESPLGRLLIADEVGLGKTIEAAYT
WKELQARYGARRLLIVCPAMLRDKWRRDLQAKFNIKAQVISASDLL

VKAREIVTDGALESFVAISSLEGLRPPADFEDDRKASRRAQFARLLDQ
NPTSADFALFDLVIFDEAHYLRNPSTANNRLGRLLREASRHLLLLTAT

PIQIGSQNLYQLLRLIDPDVYFNEAVFADVLTANAAIVSAQRALWANP
PKIREAEAAVRSARANSYFQGDPVLQRIEALLPEADTQTVMRIEALRL
LESRSLLAQHMTRSRKREVLKDRVRRASQVLAVEFSSLEKEVYDQVS
AAIRAKAKGESWAVVFSLICRQRQMASSIVGALESWKNTDFLEELVW
DDLGVLPQDLFGDRGDNQQEVAAPTINLTSDVDLARLEELDTKYRQL
IQFLKAELKRDPHEKFVLFAFFRGTLTYLHRRLQADGVQAIVLMGGA

DIDKDAVVETFSKTTGPTVLLSSEVGSEGIDLQFCRFVINYDLPWNPM

RVEQRIGRLDRLGQRAERISIISLAVSNTIEDRILMRLYERIAVFRESIGD
MEEILGDVTEKLIVQLFDPSLTEEEREQRAAQTELALENSRQQQGELE

QEAINLVGFSDFILDQINESRAQGRWLSGAELLALVDDFFARHFAGTR
[EPLDHEVTSASILLSEEAKLSLGQFIADTAPAVRTHLHQSLRPISCVFD
PRRVNRSVKGAEFIEPSHPLIQWVRQAYELEPAQIHRASALHLRSGET

DMPEGFYAYSIHRWSFQGIKRESVIAYAAQMLGQARPLTSIEAERLVG
LAASRGQPLANVFASGVDRHELSQAAQACEEQLGLEFEKRLVDFLVE
NTVRCDQQATSATKFAARRIAELQDRVERFQLEGNDRLVPMTEGLLK
KEESELKFKLQVVDKKRNVDPTMVHLGLGLIRVA

SEQID
NO: 30

gene 2590
511

MSNFNFLTDISPELAQFGKSAELYCHDDKQVALVKLRCFTEVVVGEIY
SRLSLTPPVRDDLYNRLRSYEFKDVVSDKGIWAKLDVLRHKGNKAA
HSSNGSDEISLNETLWLIKEAYLVARWY AQAILNKPITPPEFVDPVKPI
DHTSRLEAELERQRQELNKREAELKTQLADNSDKYQQQTSELIAQLD
EKNDTLSNVKKEQALLQIELEQKQKDLVASQQAFFDYRTREEFKQASI
SSASSFDLDMEVTRRNIDIFDCFEGVSLTKGQNQIVKQINEFLTDTKQN
VFLLNGY AGTGKTFITKGITQYLERIGREFAIMAPTGKAAK VISDKTM
QPASTIHRVIYNYDNVKEYKVDGVEGSETYRCYADLKVNVDTAEAV
YIIDEASMVSDRYSDGEFFRFGSGYLLKDLLKYINIDHNDHNKKVIFIG
DNAQLPPVGMNTSPALDASYLKENYQVAVASGYLTEVVRQKGDSGV
LNNAAMLRDGLEQNLFNKLKFEVNDHDVFNLSSENLLSTYLDSCDRK
VSRTGESITIASSNRQVAEYNRLVREYFFTGQQQMVAGDKVISVANHY
RADACITNGEFGMIKEVLSPHSELISVDISVKGDTGDMVKRKVNLSFR
DVILGFRNDYGEPFFFEAKIVENLLYNDQPTLSSDEHKALY VHFLNRH
PELRRKGNEQKLRIALLQDPYFNAFKLKFGYSITGHKAQGSEWKTVF
LQCQTHQKALTKDYFRWLYTAITRTSGILY VMNPPQLRLGDGMKIAG
AYQPKAVNLDNSAPEGVEVVRPSTEATNSVATAKFDFQTDIPQLKKL
YQLVDACIEGTGITVVDVLHYNYQDRYILQRGNEQASISFNYKGNWK
VSGVKSITQDGFDVELMALLGQLEGTLLDVPEPSKDTQFHFSEPFLEE
FYLNVMDQINSVGADISKIESRSFCERY AFVKGNELAVIEFWYNKSSQ
FTKVQPMPQLSNSTRLIDEIICQIGVLL
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NO: 31

meta_gene
463174
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MVNNKKVMSDNTQPKASVAEAFGNAKKAKTINGIIKKIIFONAESGFT
VLNVFSNDKFITASGTFFDKPLMDSKIKLKGEFTYHKKY GYQFNFTQY
EVSLSNTKTAIIEYLSSSIFK GIGKAIAREIYDKFKEKTLDVIDDEPEKLK
DVNGIGAIKLAVILEGLKESYGLRKTVMFFKPYQFSDY QIKATYNRFK
DKSVTIAKENPYLFTDIKGIGFKKADIMSEKLGIKKDDPNRIKEAIKYV
VNQICESSGNCYIYYQDVKKGIGEIIEDLEETDLKKYLNDLIKERKLLL
DFKGIYGTDNYLSVVRDRY VSSKSIDLKGEEVLDFTSAKEGKRLGCA
RIYMPVYYHCELGAAKELKRIRESASPASDKIESLDDLDKFLELGNNH
VSLTNEQKTAVLNALKYKISHSGGPGTGKSTIIKTIVHLYSGEKIALTS
LAGKAAQRLADIVNSGQTLSSRNDHSQEKMGRLNISTIHRLLKAQYD
RQTGESYFTYNERNRLPHDLIVIDEMSMIDHIFYKLLKAIKDDANIVFV
GDVNQIPAVSPGDVLRDLIY AGAGNMDGQDKTKPFFPSTFLTKVFRQ
NEGGLINLNAHNILNNKKFVTLRKDCKEKNISTAEKDDSFTIKYRKEY
DIAVGGKHELLIDFTRFIKRVVENRINKRDVGLKSANMSIPTMLFDDIQ
VLTPMRRGDLGYFNLNNILQDIFNPISPLHLSASVENIFICNGIQFRLYD
KVIQKRNNYDQDVFNGDTGYIVDVNHNEKYLTVDFSNYSDLSKKCN
EIGTGAESCANLTAQEGKMTNKAIKLVKYNFLDVYENISTAYALSIHK
AQGSEFNNVIVLFHQTHYMMLKKNLLY TAITRGKKNIVIFGTFKAIGI
AMGSKETVRNSGLKDRLSEEFLDAN

SEQID
NO: 32

gene 7738
46

MIENLPPFSIILAPAYLHPILRADIMKQTSGCMGLQLLSPQTFFASFTQK
QARDHVEISFLYKOQNIEKIISQLQTYQAIALTPSFLMECYDFIESMKFY
HISVDELPDKTQAQQEIKTILNNIFPIQTAQDIWNEAVLRVSDCSNVYI
YDAFYSLKDEKILNILTSKGAHTIPLPKPQQQKEFYHAINPRQEVEAIA
QYIIQHDLDADDHITLASSTYKPLIEQIFKRYEIPY TLLQKNKASIVTQR
FVNLIAYALSFDQEDLFACMDAGVFQSEHLDELREYIEIFNCDIFQPFH
HLMNVQANGHILDEVEITKLKELEEIAESGRQELCETLSLFIEDDLHQL
VTHLLDILHNGMKEASMEDISVLSNIQDVVSSSWNYLNTKDDLAFLL
PFIEQISISKSVREIHGVIVGDLKQIIPNRTHHFLVGATQKNYPAFPSESG
IFDETYLRDTTLPDMETRYQY YIAQCEKQLHTNSHLIVSFPLGTYEGKG
NEAALEIEEEMKCDPTAFPIMENYEKITQTYIIQPETAKALFVKGHHIK
GSISAIERYIHCPYSYFLRYGLSLREPMQHGFDNSYMGTMAHYALETL
VDELGKQYTKAAMERIEEIVNQEVEATAAVFPNNADLMEVIKHRFLV
SFAQTLKRLDDFETHSSMGPYLQEYEFHEEFPITEDISFALKGFIDRIDA
SGNFHCILDYKSSAKSLSEDKVFAALQLQLLTYSIVAKKQLHKDILGA
YYISLKNOQNIPYIAGKMKRRPVGFVETEKDDYEENILKAHRISGWTMR
KDIDMLDDNGSHIIGVSMNKDGIVKARKYYRYETIYEWFISLYRTIGN
RMLSGDIACSPDADACTYCAYYEICRFKGFASERKPLVDIDDSLYWE
GGVDDADME
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SEQID
NO: 33

gene 1188
229

PCT/US2021/060547
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MKGSIKSHKSAIAVLLALALSGQSSWAAQNSAAVQGNDFLSSIQQIEV
KQIDFPAPTHRQQTPSASRAQINDLQQEIARLKKQLKAAEQEKKSLSA
PGDLQAQNTQLLKDNSALAKENDRLSRSLQNAQREQGAASTQQAAR
[EALEQKTAELQASLASKTEELAQLKKSSNSQAASESALQKQIARLET
EKAAIAERNTKDTARFNRDMQALRNELNKRADELVALKNAGDKRA
QSQTALQKQLAQLEKEKAALTAQSAQSIDVANKKVQALQAELDKRS
AELAALQKTGSEHEKSQSDLQKQLTQLEQEKAALTAQNAQSIDAANK
KAQALQAELDKRTAELTALQKAGSEHEKSQSALEKQLAQLEREKAA
LTAQNEKSIGALNKQLAQLEEEKASVTEQNSLLMKNSSLSKEEKAKL
QKAQAEQTALLEKNQAAEAALKAQIAALTEKLNASTTLAATSQEKV
AALASELASLKGSQSEKAQALQSQQQQAAQIAAAKEALTQQLATAQ
ADIATLKQSLAEKENRLQQSDKALLALKEEAQSAKALTTASATSQQK
TQAELDTLKRANEELNAKLASLSAENTAQKAQAEKEKAELLAQAEK
EKAELLAQAEKLKADAATQVQTVAATKAEPEVSAAALKDKANKQS
YANGVMFSRLVQKSMDQMADLGIKTNLPILLAGIKDGLAQKVAVEP
KTLLSLHESMLKELSSREEKKYQAGIDQLEKATAKKKLLKRNKSLFF
VQAKAGKKAIAPGETVNVTFKEATYEGRVINNNANVPVTYDENLPYT
FQQALELGKRGGVMEVYCFAGDLYNPDTMPPDLFNYSLMKLTVTIS
GGK

SEQID
NO: 34

gene 8002
33

MDYDVSISIGTTANLGDLDKANKAVQDLGRSIDKLPPQLLPGGVGGT
GAGGSATPSYVGTPSTSGSMTWRLDGMTELTGALGQTEAAVKQVDK
SITITSQRLDKNSSWLSRSISTLASLPGKIQSWGSNTMQAWGQFNGPL
QNVKNMISVGKQAWDLGWSLGESLNEAFGVKTKQIDAKVAGIIQAA
QDKLARWQDSINSARAQHREDAFLKQEAAGVKQVNDAYAARLRTIE
AIDRKAMAGLELQQKLLQIENEKNRSITRQRQIRGEISDAQARDELAKI
DAKDAGERMDIERKQAEQAAATSQAKAEAAEERYRKLMELSQSGM
ARQAVQDLKPMDILNKADSLKRAEEDLAKWRSIQQRQKEAQKEIQQ
ATKDQARASTMLPLVGAPIALARKQAEDQARQDYEAAVAAQHEFMH
DKGMSFNETDKGNEDALKKIVEQRRKALDSMLGKIDKTGLVGNMDG
MAEDQRLGEYLRILKLVQDAMAQDAAQLESIFLETEALKQQAAEDK
ERVQRVMQEHQSQQAANDAVTKETAATNARQDADKHADVMVGAQ
EERLRKEIETKQRQQEKQKEDLSK TNERLNANMERFQQY AESFEGND
ALSAKLKQFSDIFTRLKGRPRDTWNKKDLVDAKAAEKFAKELVEASK
NSTNQDKKGIAQAAMQATK AWQESIKKERAIKKNDKALRELERTAQ
DVANLSGKLHDGQSKVLELDDWLAKMRRKVLGSSGEIANKAPIGAL
PQAEEVLKKVLSEQGDGGTAVTQGERKLLEHLKNKLKNDDRRLEAG
NEFDEMIGLIDQILTRYSSAQSTHSKLSGEVARLKARLDKIDSQGKFGP
HR
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SEQID
NO: 35

gene 1538
800

PCT/US2021/060547
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MTDPTSSVQTKQGVRKIYAYTTPAEESVDWLNGKGNGRVKIGHTTRS
VAERIREQFGASSTDRTWYPRGEWDAQAEDGTWITDHMVHRYLSKR
YRRVPDTEWFEVDPEAVWEAVEVLKNDPKARPKGKDCYELRGEQR
AAIDAAMTYYEADPSNRWFLWNAKMRFGKTFTAFKLAERLRSKRIL
VLTYFPAVDDGWSEEIEDHVDFEEWQYAENGASYEDGDQVQVSFSSF
QMLEHKTLGKNRENANTKADALRREIAAVNWDLVIIDEYHHGAHHP
ARREFVSSLKTQRILALSGTPFRAIAKGDFATENKFDWTYLDERQALA
DWAKKETCEANPYEELPATHFVGYRLPPHAALTGVDGDCDLTYSPTTI
FKADKDGFKNPEAVKDWLQSLSTLSGSARRAGGVPPPYHPDFTGDVL
SHVLWLLPSKHSCDAMKRLLEDGWFPGGEGEVIQVSGSEGETGKPAQ
ITKKVRDKIAAAKRSITLSVGKLTTGVTVPEWTAVFHLKAGSSLESYL
QASYRCQSSGSINLRNGDREVKTNCFVFDYDPDRMLVVMGDYIKSLK
GSGAPLDDRSNAAFPTVIFDDEKNGHIPLNVSDIENELNNYLLKRRPA
ELMSDSMRLLEDAISAGGLNKALCAQLVKAGKSKSPHHAMRDLDPS
LFKSKTPGTIIGDNGKQSAKSTEVADENPKNDEIRAIKEAMLVFIKSLG
HLAYIGDLREASVEDLFKVDDELFEKIMGNDKDQVREIIDGAGLDRV
QLNAMIQKILMWENFEFVVSGCRNRDELGECGKWYPSDEEATYAFSL
QPNR

SEQID
NO: 36

gene 5543
656

MQRTLGNAATARAVGRGKRPAFRPSPPAIDERAEQGLVLPPYLMDLE
AGGLSTAYGLTGHEFVRGAVAAVVGHGGGTVAGIAAELAGRPESFF
GRGRAFAVEAGPGGGSAGAQGGGGYDVTVSIAPAPDDRPPTFHPAA
GLGTAAPDPGGAPLAAVDDPEGKETK VDVQHNTGATASRSVGNSAS
KGVGGTAFGLAPVAPGLWLGGAATGNVQPWQSSRDSRSQRGVAEPR
VLRSDKGSVEVARRVVYVVRVRPQAGGDEQVFRGSGGLTQRVPTEH
LIPAGTGAPARPEPVDAGLARRVALADSLAPLGVFDEAGPHRGGGGL
FDAVASVLHPSLTAPGAPGRARLYEATATPTVLEDLPRLLGGDGVTG
DDLYAKGGSSAGSYRMRAAVTGLAPAWSTGKTQLRTHQQAQHTAT
ESAGKGRAVAGGIGPAAGVGAAANAAVVRATAMPVAAARKARFSV
NEQTVSSRQGAEVRGEKVLYTGTVRFTVEGTGPRSMRMIRHPEARVA
THAMRVWISLRADEAQELGLPLPPGVTAGHFIRPPRPGAAPTSAAGGE
GEASTPAAAGSERHLPFGAMGSSVTLGRLDTAPMMKAVRELFATDP
RLTGYLPAFGTTPPVAGLSQEEAAAQRANHRELTTALSEANLRVNKD
QLLSTGIRVRLRRKTAMHSHDVQLRVHGTMGEAGHLGDIDDWLVRA
HAGVASNAQSGRSSSRSIGGMVLAQARLIPGALTGSARYERTTSGTRR
NQAGPTTRTDVLTNGSEKAAAFGAALRLNVDVTMTSRPRKMTRALT
PGAPGRDVPEAKLLSGLHLEEQDVRLLTPTEFTVGAEEKRRLDAGAG
RAPGAESATTATGIGDLAGAAPTAPTGQHLLSDWQLVETVGDGRPIR
ELALSLLSRAAARGEAGRRDPALTTEGLAPRLAVEERFSPRAITASLR
QAASSGWVVKNLRYPRRLAALNGAVGTRLALSSPQLVHEAAGPGTE
TFVLGGHQAGGQQGGGTSTTVQAGATLVQNGADWRVGEGLSAYGS
TGTGDSEAATVAGTVERNAHTPKKAPLYLVRCDLLVTMVAEVKVTG
GGPYVASAARTLPGAAAVWLTAAQLRAAGVDLPRSARKELKADGTP
APTTTTSAAGVSGAGSGVRSAARSDHGPGTRSGAGSGPGEASGGGSR
PRPTLSRGLPLGFGMIEDVPDFVPLLSGLRTTLALTGHQDLADELLPR
QQLRDRNDNVQRLLRVLDRDGSTGLLASAMDGGVTVELLDGRRTPY
WAVFKVDRVGDGVWDGEADDGRDMEYITSAVAQQSTAHDEGESVG
VEGVLAASGRPDGGKGQVKSTGAAAGLGLAKGSGRRRGGATRGQL
GMKTVAEAKTAKAARMRVPVVPSLELHRGDRRLAVAGLGRTTLVH
RVLEADLKALSRVTTPRRPAAHPRPDAPQGSDAALGAWRASGVPLP
MEAQVNGFQGAPRVRDLVSRTVRAAGGNPRFREKGQAAAYTLGEA
VSTEWLIAALPLLTHAGAPLPPVHATGAKGQDLHASVHARLRAGRIL
GAGDKMTFETVAQSDLTAPRPTQTDAQSAAEKSRQARGLLGAGVLN
ADEFRLNQLMANGGGAGSATDASAGGAGSMPLHKPKFASVLVQFTL




WO 2022/109466

PCT/US2021/060547
30

DVRVVARVTDRVRSSRTAVAERELTLPQPVVVRMPLPVARRMLAAY
PEAVADSRGELGV




WO 2022/109466

SEQID
NO: 37

gene 3943
627

PCT/US2021/060547
31

MQQTLGNEATARAVRRGKRPANRPPAIDERAEQGLVLPPYLMELEA
GGLSTAYGLTGQEFVGSAVAAVVGHGGGTVAAISAELAGRPESFFGR
GRAFAVEGAEGGQGGRNGQGGNGFDVTVSIEPAPDDLPPTFHPAATL
ASAPPDPGGAPLAAVDDAEGKDTKVDVQHNSGTTASSTVGNSSSTG
AGGTAFGLAPVAPGLWLGAAATGSVQPWQSSRDSRSQRGVAEPRVL
RSDSGSVEVARRVVYVVRVRRQEGGDEQVFRGTGGLTQRVPTEHLIP
AGTEPLPSSGAGGQERPVDADLARRVALADSLAPLGVSDSAGPHQGG
GGLFDAVASVLHPSVTASGAPGRSRLYEATATPTVLEDLPRLLGGDG
VTGDDLYSKDGSSAGSYRMRAVVTGLTPAWGTGKTQLRTHQQAQH
TATESAGKGRSVAGGIGPAIGVGAAANAAVVRATAMPVAAARKARF
SVNEQTVSSRQGAEVRGEKVLYRGTVQFTVEGTGPRSVRAILRPEAR
VATHALRVWISLRADEARELGLPLPQGVEAGEFIKQPEAGAEERHLPF
GATGSSVTLGRLDTAPMMKAVRELFATDPRLTGYLPAFGATPPPADL
SREEEEAQRANDRELMAALSEANLRVNKDQLLSTGIRVRLRRKTAM
HAHDVQLRVHGTMGEAHHLGEIDDWLVRAHAGVAANAQTGRSSSR
SIGGMVLAQARLIPGVLTGSARYERQSSGTRRNQAGPTTRTDVLTNGS
EKASAFGAALRLNVDVTMTSROQRKLARAVTPGGPGRDVPEAKLLSG
LHMEEQDVRLLTPSEFTVGPDEKARLDAGAGQAPGAERPVTGAAGIG
DLAGLAPTPTAGQLVRDWQLVETIGDGQPVRDLALALLSRAAARGE
AGRRDEALGTEGLAPRLAVEERFSPRAITASLRQAASSGWVVRNLRY
PRRMAALNGAVGTRLALSSPQLVHEAAGPGTETFILGGHQAGGQQGE
GTSTTVQAGATLVQNGPEWRVGEGLSASWSTSTGDTEAATVSGSVE
RNAHTPKKAPLYLVRCDLLVTMVAEVKVTGGGPYAAGSARTLPGAA
AVWLTAEQLRAAGVDLPESARKALKLERPRPENGPTTSRAEGSGGGT
QTPAREGVGATGGGPSRPGPGLSRDLPLGFGMIEDLPDFVPLLDGLRG
NLATTGRQDLADDLLPRQOQLRDRNDNVQRLLRVLDRDGSAGLLASA
MDGGVTVELLDGRRTPYWAVFKVVRSGDGVREGEADDGRDMEYIT
SAAAQQATSHDEGESTGVEGVLAGSGKPDGGVGQLKSVGGAAGLGL
GSGSGRRRGGAARGQLGMKTVAEAKTAKSAKVRVPIVASLELHQGE
SRLAMAGSGRTSLVHRILESDLTALRRVTTPRRAPRPAPGAPTGGQAG
LGTWRAAGVPLPMEAQANGFQGAPRVRELVNATVRAAGGDDRFRE
KGQAAAYTLGEAVSTEWLIAALPLLTNAGAELPPVHASGAKGQDLN
ASVHARLRAGRVLGTGDKMTFETAAQSHLGAPRPTQTDGQSAAEQS
RQARGLLGAGVLNADEFRLNQLMGNTGGSGSATGAATNAAGSMPL
HKPKFGSVLIQFTLDLRVVACVTDRVRTSNTQVAERDLTLPTPVVIRM
PLPVAGRLLAAHPTEIADPHDRLGLRTGAVPPGP




WO 2022/109466

SEQID
NO: 38

gene 5085
315

PCT/US2021/060547
32

MKPLKSYLAWVAVTLAVAGATTACQDDIDDPIIDAPVAKDQPNTSIL
ELKTKYWNDATNYIDTIGTRDDGSHY VISGRVVSSDEAGNVFKSLVIQ
DGTAALSLSINSYNLYLKYRRGQEIVLDVTGMYIGKYNGLIQLGQPE
WYENGGAWEASFMSPEYFTAHAQLNGFPDTSKLDTLVVNSFSELPTD
PAGLIKWQSQLVRFNNVSFANGGKATFSEHKSNVNQSLVDAEGSSIN
VRTSGYSNFWNKTLPEGHGDVVAILSYYGTSGWQLILNDYEGCMNF
GNPTVPEGSQSKPWSVDKAIEIEKAGTEKSGWVSGYIVGAVGPEVTE
VKSNDDIEWKADPLLSNTLVIGQTADTKDIAHALVIELPDGSKLQTLG
NLVDNPGNYGKQIALHGTLAKAMGTFGITGNNGTTNEFSIEGLNPGG
EGIPEGTGVKESPYNCAQVIAGVSGNAWVKGYIVGSSAGKTAAEMTN
ATGAAASTSNIFTAAKADETDY SKCVPVQLPIGEIRTALNINANPGNLG
KVVAVKGSLEKYFGQPGVKTVTEFDLEGGVTPPTPPTTSGDGSENNP
YNPAEVIAFNPQSSQEAVKSGVWVTGYIVGWADVSAAPYAINAETAH
FDASATMATNILVASSADVKDVSKCIGVQLPTGEIRSALNLQANPGNL
GKSLQIKGDIMKYCGVPGIKNATAYKLEGGSTPTPTPTDPVASINENF
DASSSIPAGWTQKQVAGDKAWY VPSFNGNNYAAMTGFKGNGPFDQ
WLISPAIDMSKVSKKVLTFDTQVNGYGSTQSALKVFVLTAADPTTAK
TTQLNPTLATAPATGYSDWANSGELDLSAFSGIITYIGFEYTSPVADNY
ATWCVDNVKLNAEGGSTPDPTPTPTPSGDFKGDFNSFNNGQPLSKPY
GTYTNNTGWTATNAIILGGGETDANPIFTFIGAAGTLAPTLNGKTSAP
GSLVSPALTGSIKTLTFKY GFAFNESKCQFTVNVKDATGNVIKSEVVT
LDKIEKAKAYDFSLDVNYNGNFTIEIINNCYSQLDANKDRVSIWNLTW
TE

SEQID
NO: 39

gene 4028
206

MVGVNERARVPFALLGVVLLVGSASIAAGLGGTSPTREPATEAAIEQ
GRTSLGGTVHDATRTAARNVAASPVVAPANTTLGRVLAATGDPFRA
ALELRTYLAVRDRLSATTERGVTVDPSLPALRDSADIDAALSRTTVEP
VGANATAVRTTVANVTLTAMRDGRVIDRYAVSPTMTVQTPVFALHE
RTRTYQQRLDSGATEPGLARRATARLYGVAWARGLTQYGGGPIANV
VSNQHVAVATNHALLAQQRATFGATDDTGRRAVRVAAARAAGTDL
LAATGQSGKQIQELLAGVDAATPGSTLDPVAAANPPITPESALNVSVG
EQATTAFDRFVITDLDAVLAAPYRVTVERRRAVTDSATTTAGRERPT
GDNWTLVGTEQTDETTVIDGDATVGSPVNPWHTLATTGRRVAETTR
TERRWRRNHTTHTTVETTTQTRRVSIRLVGRHDGGAAPPVGTSPIHER
GGAIDGPNLAAVERRAKTRLLGDEQDLDALAARTTSDGTTQTTIRGE
QPLELRDWVYRDLVRLRERVANVSVAVERGAVGTYQVNPSDELAGA
LRARRARLVDRPDEYDGVADRARVAARGAYLDAVITELERRADDRD
GVKERLAGLLAARGLSLGRLRSIMAARSQVTTPTSHSISGVGGSYSLD
VEGVPAYLTLASVNRTQTDSLREGSVRPLAARNTNIFTVPYGDAADGI
VGKLFGGDRVRLRSAARALAAGEELATHETLEADVETAVSRRRRGM
RRVLRRAGVGDSRSDRRRIVAAGLGAWETVAERAIAVTENRGPDAV
AAVALRRSPGSFDGPADRDDLRRSLRAVATDGRGVPESSVTPHVERA
RQMVGKLVKQSVGRAANQTTTAVRERLESKTGKLAAVPSGIPVTPVP
SQWYATANIWDIEARGGYDRFAVSVRNGGPGRRLTYVRDGSTVVID
WNGDGELERAGTATAVTFAYRTAVVVVVPPGGQGVGDVDGNADER
SAGWGER




WO 2022/109466

SEQID
NO: 40

gene 2773
99

PCT/US2021/060547
33

MPTTFENIKLKEDGTEGQITISTFY VWDCTNQRFSTSPPVVLRNTMLA
ALYPAKEFIIGEIPKTSTNPSLLDPFKVPAVSDPYFLDLASNSRTHGRFL
FTPKRTIGRDYFPKKDDWKRITY GSILHTGCNRMFYREIKYIVVDDERR
NPSDSSPODDGVNNTHWDTGDCHAKLSKSLLTLLESWETIGNEDNPT
TIQIRAAIFKEWTIKGTASHSYKFETDPRFAGVDLVIPLSCFKGNKPAP
GNYTGKVLIGVVHEAEERRAKPGWMLWQWFSFETLEEDGIISKLHEK
CQKLSTALDDIYKLADVLRIDLDEAEQELANLDDNPDAEVAYVDSVL
KIIKADKKGVLILHPY VLLKVKFRLREMWKNLAKSAGVRFYSVMCTP
DTSLEKYQKAYGNDFVFKPKVFCSPSFNEGQYIVFCNPMRHWGDVQ
LWENFHEGRFRNTRGVLAATRELLLSLGRDTDGDFIQLINSSRYPNLT
MALYDMDAPPKVKKFPKVALTGSLQQIAINSMNDITGVVASLLGRAR
AIGAELIVLDIPKEGEMRIIDFLSQELQIAVDSLKSAYPNNQDGLKVVK
EFLDKSGADIQWLADLKSDDCYFTRPCLVNNNLTDTVTRIVSLVNSY
YROQPNLKEDTIPMDYRFTLFSLVVSDAVQDAIALRERDAYRAEMGAA
LAHKAANDDDRLVKEVTAKFRASTEVIMRETLNPFRKPYPPKTWAAS
YWRVNHLAKSGTAGLVFLLFCDEIIEELKNLENKKVWLITIYAVQFTA
FARPQLNAWNGEELTVRSSFLNVNGKDKVSLEGKLDGQPGFINMGL
VNEKDIAQVPNGWTGRVKIYAKTYENDKYPRKMSANDVCTSLYCFS
VDMEQSDIDDFMNDHWSTNSRFNPI

SEQID
NO: 41

gene 1961
732

MNRSLVSAVVLTAVLFPNCVKSAPDLPTQPFAYHEDFETADPVQFWV
SNGEYEVNSKGLTEEKAFAGKKSFKLDVTLKTATYCYWSVPVKVAC
AGKLKFSGRISVSQASKARVGLGCNY VFPPTHHSGCGAFDTFDKATD
DWQLQEQNLVADGDERADGVLROQNTSDATGANVVTFTDRWGIFLY
GGEGSRVVVYVDEVRLDGEVPDAQVYAAEADQRFEPAREVFRKRLT
AWREELATARQGIDALGALPPVAQRMKEVALKAADSAEADLTKFAE
ASYASPTDITRLESSVRTVRYATPNLIDMSKPGVADRPFVTYIVKPITN
ARLLPTSFPIVGRIASELSVTGCAGEYEPASFAVSALKDVEKLVVTPTD
LNSGANLIPANAVDVSIVKCWYQAGVSISDTRHCLLTPELLLKDDALYV
RVDTEKKENYLRSGEGEKYALISTKDSSTLTDIQPRDAKSLQPVDLAA
DTTRQFWVTVHIPDDATPGEYTGTLKLAAANAPAAELTLRLRVLPFK
LEPPALCYSVYYRGVLTPDGKGSISSEEKSPEQYAAEMRDLKAHGVD
HPTLYQSFNEPLLEQALDLRKQAGLPTDTLYTLGLGTGSPTNAADLD
KLRATATKWVEVAQRHGFGEVYGYGIDEATGDRLTAQRAAWQVLH
DAGAKVFVACYKGTFEVMGDLLDLAIYAGAPLADEAQKYHQAGQRI
FCYANPQVGVEEPETYRRNFGLLLWQAGYDGAMDYAYQHSFGHGW
NDFDSPQYRDHNFTYQTVDGVIDTIQWEGFREGVDDVRY VITLVKA
MEAAREAKPALVKQAQTWLDGLDVKGDLDEVRGKTVEWILKLTK




WO 2022/109466

SEQID
NO: 42

gene 2755
817

PCT/US2021/060547
34

MLLVHIAGHADLGAPSPFEDPDKIGPLRAEELKNCMTPHEATRCLFDL
SFTQTPSHKYTDTAHSPHSGSALRKELTAVSQISAATSTDETTEVLIG
VEGEDTPTDRLARALVDALRMASSEAADLAGTSEIIRDACILPSLAVS
RESIELLERRIGAHDGHVLLAMAGGATTVLAEAAGVAAATHQDEWS
LMLVDRVEEGSDGQSLPLIPMSVDADPLRGWLMGLGLPTVLDDIYEQ
SDRIDTEVKKAADAVRRVMGELDSEPSAEDFAQVLQADVARGDLAA
GMTLRAWILAKYKHLRDAHSYTNDSCKQSNKQLRQELGRVIGRLRE
SAKSHALEEPESWLVAQGDLNDLGKYATHNLESPLRNLTSNNLQERI
KQAVGEPPEWLSMPSGDVCLLTAQGKAARNAPLTSGADAPDRKRRR
PIOVSLLTSEPSDSVRQACAVHGPLTLSPFIACSSSSLSEGRRVADEVKN
GEQPASHSPWTLDETSIKVHDYGESITRPGVSSETISSSMKGLSRAAEH
WLEERTSRPRAVVVTVLGEKAAAISLLHAAQIFGAKHGVPVFLLSMV
NSKDTETGESKESVQFHQLGLDRDVRQALLKATTYCLNRFDLLSASR
LLSLGDPAMEVLSNEANILADRLIESVNTNDLDGASSTVLSAMNAVA
DLVKIVPSDAQVRLTTIVGELLRTPDEKYRSPNFKAPVALACASPDFD
QGNDYKKKLKQLELEPSESLLRLLIRVRNKIPINHGRNTLDVATELSL
QNFPDGNRYTYPVLLQRAIAAVGSKHGARAGDWGHRFHSLRDQVEA
LGKTGYGEKP

SEQID
NO: 43

gene 2831
443

MTYHIRAGQLVLEINERGEARLQADKVGASEGLPMAMYPSPLLRLVQ
DGELQEPAGCEQEDRTGTLTLTYPNGTKIKVGVAVRDSYAALEVLTIE
SGSPDAVIWGPFRTRIGGSIGESVGVVHDGRFAIALQVLNAKTVGGWP
LELDRLAYMAPSYSEGDAPDPNGRRGSDNKFEYPVCTAWPTVDGGS
ALQAYARDRTKRSIRKAWNVPATEVRPFEGEDAVIVGSGIALFGCPVE
EVLETIEQIELGEGLPHPTIEGQWGKTSPAANQSYLITAFTEETIGEAVQ
YAKLAGLSYVYHPDPFEQWGHFKLKRGSFPSGDEGLRRCSEAARAE
GVSLGIHTLSNFTTLNDSYVTPVPDIRLOQPLGAAVLAEEADERGDSLTI
DEPWPFTVALYRKTARIGSELVEYAAVSETKPWRLLGVKRGMHGTA
ASKHGKGETVARLWDHPYDVVFPDLELQDEY ADRLAELMNGADIRQ
VSFDGLEGLYATGQDDYGVIRFVERQYRSWGREVINDASIVVPNYLW
HMATRFNWGEPWGAETREGQLEWRLSNQRYFERNFIPRMLGWFLVR
SASDRFESTALDEIEWVLSKAAGFGAGFALVADEEVLKRNGNIEALL
AAVREWETARRLGAFSAEQRERLVEPKGDWHLEPVGPQRWNLYPVQ
ATKPLVCTPAEQQPGQPGGSDWAMFNKYAEQPLRFTMRVRPSYGNE
DAAVQRPTFYTDGVYMTFDTEIAANQYLECDGTRTGRVYDANRNLL
RVVEASAEAPTVRHGGQTLSFSAKFIGDPKPDVAVKVWLYGDPETVS
ADE




WO 2022/109466

SEQID
NO: 44

meta_gene
118560

PCT/US2021/060547
35

MPLSRLQNFLKSVRGNILYVNPNDLDATDSIENQGNSLTRPFKTIQRA
LVEASRFSYQTGLSNDRFAQTTVLLYPGEHVVDNRPGFIANDAGGGS
AEYTSRGGTTGLSISPFDLTSNFDLESSSNVLYKLNSIHGGVIVPRGTSI
VGYDLRKTKLRPKYVPDPENSNIENSAIFRVTGGCYFWQFSIFDASPS
GQGYKDYTDNTFLPNFSHHKLTCFEFADGVNNIAVKDSFLNVSKSFS
DLDNYYYKISDVYDNASGRAIAPDYPSGNVDIEPIIDETRIVGPKGGSV
GITSIRSGNGVTGNTTITVETSTALSGITVDMPLRIIGVTASGYDGQRTV
KSVGSGSTTFTYEVDTVPSTLFETPSNAKAELQVDTVSSASPY VFNCS
LLSVYGMGGLHADGNKATGFKSMVAAQFTGISLQKDVKAFVKYNTS
SGVYDDSTTVDNIAADSLARYKPAYSNYHIRCSNDAVLQIVSCFGVG
FNGHFLAESGGDQSITNSNSNFGGAALVSDGYKEDAFSRDDVGYITHI
[PPKEITTSDSALEFVSLDVSKTLSVGNTSRLYLYDQTNADVKPETVIQ
GFRLGAKTDDKLKVLIPLSGTTTEYSARIIMHNTAYASDEPSSVKRFTL
NRSSVGINSITNSILTLTKVHNFLSGESVR VISESGHLPDGIDEKLTYNV
IDANIDSSLATNQIKLAQNETDALADNFATLNNKGGILTIESRVSDKLA
GDAGHPVQYDSGQNQWYVNVATAATENNIYSTVIGYSTAIGSNTPRT
YISRKSDDRSQQDTLFRARYVVPAGVSSARPPIDGY VMQESCGDIETT
ANIQLVTLTNSVQQRNQTFIADANYLAATGIATITTEKPHNLEVGAQV
QMLNVVSANNTTGIGTSGYNFKATVSGINSDRSFSVALDDDPGAFQN
DTSTRTVDLPYYKKKDYATNFYVYRSTEIKKHVKDQQDGVYHLTLL
NASNAPNITPFSGQNFSQNIIDLYPQTDRDNINSDPDSARSFATPDDIGE
VLTNDLKKSITKENIIRFGRDSKVGIGVTDICSDIVVGTSHTIYTDRDHG
LFGIKSVGLGSTGFGY GSGAAGTLYNATLTAVGSSTVGKSATAEITVD
GIGGITSVRITNPGSAFGIGNTLAVTGTATTTSHVQGWVTVLTTFDNT
NDSLSVLGVTSNTYSSRNTQYQVSGYEIGESKKIQVSTASSMTGIGAA
STMGIGATVCARAMVFNAGPGIGITYFSYDYLSGIATVGSGVTAHGLS
VGNVLSFVGSSNTAYNGDFRVTQVVGLTTFKVNAGVGTESPSESAGG
SFYALPRGYASNDGAISLENENLSSRMTPILSGISTTLNSAVTTKTATS
VEITNSFNSGLQKGNYIQIDEEIMRVATTPVGGSDAVTVLRGQLGTRR
ATHIDGSVIRVVSPIATEFRRNSILRASGHTFEY VGFGPGNY STSLPEK
VDRVLTGKQELLAQSVKKGGGVNVYTGMNDKGNFYVGNKKVNSTT
GQEEVVDAPIATVTGEDLDIASGVAVGLDVITPLEVTVSRSLKVEGGT
DANIISEFDGPVLFNKKVTSLGAGGIEANTFFIQGNATVAREVSVGIST
PTVNGNPGDIKFFSDPKSGGSVGWVFTVENAWRRFGRISLYDFKDTNI
FDQVGIATTTPNNYELQIGAGSSIINASAGKLGVGVTTPVRKLDVYGD
VGATGFVTAGTYVYGDGSRLTNLPSDSQWTRTDAGINTISTNAGIGTT
NPAYSLDIRGGKSGNSGQLYVGGDSQFTGVATMANVQATTLSATDV
LIIDSDGQADVGIVTVRDYFNVGVGGTVIFTNSAGK VGINSATIDNQA
AVDIGGRVRLDDYYEKVTTVTSSSGVVTLDLAKSRTFNLTTSEAVTQ
FVLSNRLDSDDHTTFTLKINQGSSAYAVGINTFKQTSGGTAIPISWSGG
VVPSVVNVGLKTDIYSFQTFDGGASLYGIVVGQNFS




WO 2022/109466

SEQID
NO: 45

meta_gene
324030

PCT/US2021/060547
36

MNTSTVTNNNAETTAIESLFAKKLLRSKGIAVIPPSTGSGKTREIARFA
SNPKEYIDNIKSNFSNGLCEIDESKKIKTIYISPQIKHCQDFISDIANDES
CKDFCYEKRACRILNIFEVAEKVVGAYEDTKEKLNKTGKKTPSLLNE
RLLYKDGKIGENGENKQIEQFIEILNGLDKSSNMSEQIKEELQSKAKSQ
FRDIKTMIAKNYLNLEENPDFKDIELETYLKEPSLNWFVLLFPAHFWD
EINTYSLTVKMSSFTIRDVIFSKDLSSLLKPEEEQSFVFIDEADTASEELI
DTESENATKNSSIDVIKLLITLSRILDFKDVFPNY SSQKEKKQFEKAIER
GRKKFIEHFGDVDSNSTLIPTKEVKKLANSKVLHNYILRDSVETRVIIK
QGESAKKYMKDYYLSFPKNSEESKETPAFLITKDQIEEFPSDKYKVFE
YKSFLKIASGLLNYFCEFVYPAIVELIKKNEEDDNEMRSLNGTLQTFK
ELYNVDEDFIKLLHDYKTONYKKKITGASSGLLSYCDIGYEIFQVKVP
LGGRPAELSRLLVQGTPEQTVVELAENSRVVLVSATANVPSLKNFNL
DFLSNRFGDYFDNFTMEDKKDFEAKLNYSNHNKSIELISDVSYELKYY
EKDKEPDDTEETWLERKVEENFSYLSKKMKMYLTNELTKEGIHRAN
YYILLIKYYLAMKAAKTKANLMIFQPNLEKEVIETLLNIFDPKLNEEN
AIFCANTEKLKTDGFIEKVENAYLEGKTIFLITSLATMGKAVNFTFKAR
EDEKLIHITPNGWIDDATKPAKRTFDGIAIGDINFSFASKDNNESSNNE
SSALRLLIDKITEVERLYATNLISNQIKRRIIQEMIINYESLY SFRGEFSTI
RKLQGFYVYKEISQAIGRLYRTPNFSEKMLVLTTKNNHDNLSTIKDSIE
RKSFIETPLMTALMNEVQKEEITKKNSIEAKTMPLKNSGELFSRLLGTL
LSDALKFKDKTSIQILEEMRRICIKYGVFLTEETYNSITSEQKDVDITSI
KERLYQKVETSDFIKNGYKYKSHDDHSIIDFIDPKSSSEQGIPVSPTNCT
IQQFRNLEGFYDYKENCGYTYDKVFNGEYIYILNPTAYNNLFKGALG
EFVGKYIFEILFKLPLSRITDPEAYERADFFFAHDNSTAIDFKCY SNPKV
EKESLLEGIKNKAKALDIKEYHVINVFPYSTKGVPFTKETLLNEDGTA
LLNSNGEPVVVKIVQATARPTSNCIVIDEFHQYILDTFLNKKGN

SEQID
NO: 46

meta_gene
295919

MENISFSREKALPFSLEKLETIFNNLIQRDTYSNKILKEPLSEFYRREIES
EGKYRDNFLQIVEYTLSSLETIVKNPKRELLKISELQSINEIRSTDYKTM
IWLGNKPGKTLAEKIGAKGKILAPKNKYSIDKKENRVVVYYFKEAYK
ILEERYKRYIENSVDIPENLKKIYERFYRIKREMINNELFFLDRPIDFSPN
NALIDHRDYSVVNRGLKHLKKYLEKLDYSENILLELAKKIVFLKLSYF
TARLENIDIFDEILDIEELLKTKKKIKFYSSKLQYLIKVILNKSKSKIRIEF
QKIFFNRDTKEVEKRDKEILDIDIIDTYENSASYYKLKVKDVEYNFND
DDLKKILFENIKIDNLIKNKKESMNSERIINKYTYMNFNSQSLFIDNKAL
EIKSYNKKLDNFMDTKDYFLSHSEQQAHYHINEIVSSDETIDIFPKYLE
YIKEKRNIDKOQNICIYSSLEALDSDSQKMLSSIYDSNFNKSYPIWRSILA
TYAIKNSSKKWLENKEKFFVLDLNSEIPTINTIEIEKNINRHHPVIILEES
ENEELKELSLQAYLKEYLEKYLNVYSIEMDEVEKTNLISSGKVYETIF
KRKRYLITNMNFYLEKDEDIIKNVGNKFYSNVQKFVSKFLIDKRKKLL
ISDYLGEKYSLNGVDVKVIKEKELSLGKDEITEKIKNNKNLWNEYLPN
LTLETVKDGHFYNLDLIRENEDVEVIFGVEQKININENLVLPKGMDVI
KFPLYSQDSNNKKLYFLEIKSELFPLKENLVVNLELIYSYGSKEPYKIK
LKANGIDSSKFSTKWTENINKLKIVSLDYPEKNNKKNNYLGIKKILEKI
DLNNTNLKDYLKRNKNRFRNYIIEEIERGNLERIKEVLDRNSKILALLE
ILNKQEKEKGLLNEMIAVFLASFGVLIYDRIKVDILKFEYRKRSTLFLY
SLNNQLKLEDVLKYNKKDPEIIETVAEISWLDKVFINKLAEKEPELLEG
ALKFLKYTLKSLNQKFGEEYEKWSKENLLWMLANRFKNYLEFILAIL
TIKDKEKILKVLNKRDILKILYDIKAIDRKIQIDYPKLKEEFNKRIKLKF
DRVVEQKKEVGLEAMSDLAYTVYCYLSGNNGSEAIKIKEVLDDFND




WO 2022/109466

SEQID
NO: 47

meta_gene
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MYLHGHYYNEQNERIEVHIVTHGDKTDNQEISADTGDIQWTDDPVEI
ESQVSDTFDVLLPQQATIRLQVRNFVADLFCADLREAVVNIYREGECL
FAGFLEPQSYSQGYSEEFDEIELSCIDVLTALKSFKYGDVGSIGRLYHE
VKANARQRSFQEINTEMLTSLTSHIDILGGHSMSLYYDGSKAIDNQTDS
RYRIFSQLSINELLFLSDEEDNVWTQEEVLTELLKYLDVHVVQVGFTF
YIFSWESVKRAASITWQNLLTGQNSETPYRKMDIRTGDVIGDDTTMSI
GEVYNQLLLTCKVEKMEQLIESPLEDSALRSDFPAKQKYMNEFISWG
TGKRAIEGFRDLVFNSTTAYDAASIVDWYTWVKRHPHWTFPMHDNSL
QAGMSLSDYFGQTGRNQQAYLQWLGSHLGAALVAYGKVATEMAR
GDNSPIAKIDMDNYLVLSVNGNGQDDQAKTYPKETDLKAAIPYAVYE
GKKAGGVFSPADEQTTNYIVLSGKMILNPIMTQTATFRDLRTKPWTA
KNIFSGQPIEEGKACVYGNVVKDKNGSEKYYTCKYWKQTDSNPKLN
EEPQWDEQGDGGWYPFTGTAPESYEYNYSAVGDGTDKISKVGLVAC
MLIVGDKCVVEKGSGSQIEDFEWRKYKERSACSSDDEYYQQSFTIGF
DPKIGDKLIGREY SLQNNISWKRGIDTEGMAIPIRKRDHVSGAVRFVIL
GPVNVLWGDITRRHPTFFRHTKWTEHAVPLLAHVSSIQIKQFEVKLHS
DNGLIEHLGDEHDITY MSDAKTSFCNKKDDLEFKITSALTYDESVQLGI
VNTPCLSTPVNMASGDGVLQVCNTLTGQQAKAEQLYVDAYYREYHE
PRVVLKQTFADRTNGIVDLFTHYRQAFMDKTFFVQAINRSLTEGSAEL
TLKEINND

SEQID
NO: 48

meta_gene
35066

MPTNYKTIINFRDGIQVDANDLVSNNGLVGIGTTIPREELDIRGNLIVE
NQANFRDVNVVGOQSTFYGDINIAVGNSVGIGTTVPEATFQVGVGTTG
FTVDSNGNVTALTFTGSGANLTNLPTAVWTNPYPGAGTTINAFRPVG
VSVTLPQADFAVGDLIKLDATSGVGTFEGLVAKNITAVNASGSGQGN
VNGEVGTFSTITATDTAVIDKLDGNLIGLSTIAGTASTANSVYVTDEST
DTLLFPLFVDGAVLSGQIVAGNKEVKAGTNLQFDSANGTLSATSLSA
AGGISIGPGGIMTATTFSGTATTALNASVAYAIAGQPDIQADKIDSLGI
NSIFIRNTGVSTFGGEVKVGNFLGVGATSSAIGKGMGVIGAADFSGAG
TFGGDLLVAGNLSVGGTFGGAVNITDVTAGEIIATGILSATTSSSCVLH
DTTITGNVVQSAGKNLTVGOQNLSIGGTTTFGSQINFGDASTQVAAAGT
LFANLSGITTGGINVGDLDISGTFSY TGGSIATFGSILLNSNTGFVSCSS
IEAGTGIISCTGLNARTGEITGGGLNLTGPTTSNNFFQSTSGVSTFFDIDI
TGGTNSNIQLTRLGFNTSLGALGITEGIALWDDAEIY VNDSPASGIGIG
TTSGKRDSNVALYVGYGRDGAGNFINGQSVFEGGVGIGTMMGNDDG
NMLEVYKETVFHSYHTGVGGTDAGPARVGFETNKPRTTLDLGFVTS
GFLRIPSYYNDDPNNTVPTNDTGSQGSLFFDTAINSISIKDMNDNWVGI
KTELSTGDDPAQY VQELGFIGGVTDQANRLSAEQGVANIIQPYDEVG
NQGIGWGTAHMWYNKTFNKHQYKTNQGIGVATHYRSYVSTGTSAID
IELDSSGTKVYITLPGIGSATFNLV
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MWWKFYLIPDY VSIRRDINGHPVFLLIKY AFNDQDRQENKNLPRGGG
FMVFDVELSVREADYPKITAELQQSVNSQWQQLKALADAAGNDVRG
YSVNSWHYLNGNFQFSTLSVNDLQLGLHPERPEAPPGDAPPKVIISQP
TWKEGKFHVSAPQSTDLVAHRVSEGPVSLVGNNVVSANMDLTTGGA
TFMEKTLTNLDGSGATDLTPIQVVYELTFWARVPPVHLLVTVDSRSL
YEATKNIYHDYEGNGCDEDSINHSEQNLEMAVQSGLINIQIDTGTLSL
SDDFVQQLRSGALKFVQDQIKDNFFDKKQAPPPADDPTKDFVGSDKE
[YYLKSDIDFKSVSIGYNEQIDSIVEWKANPQGTLQTFLAGVSPSEMKR
YVRDVDLRDTFFMTLGLTTTVFADWEHEPIAFVECQISYTGRDENNQ
LIEKVQTFTFAKDHTAEFWDPSLIGSKREYEYRWRVGFFGHDAGEFTS
WLTETTPKLNISIADPGKITIKVLAGNIDFAQTTKQVQVDLKYGGPGL
EVPEEGTTLVLVNGQLEGNYERYTYSTWDHPVLYHARFYLKNEQVVE
SDWQETVSRQLLINQPFLDQLKVQLVPAGSWDGVVQTVVNLRYKDE
LHSYHSEEAYTIKSADEFKTWAIVLRDPNQRKFQYKILSTFKDGSTPA
QTDWIDADGDQAVLIRVQQHPELKVKLLAGQIDFKVTPVVECTLHYD
DLQGHIQKVDTFPFSKAEDAVWDFPLASDSRRTYRYQITYHTADGHTI
PMPEVSTDTTSVVIPPLEIPVISCTIFPKLVNFVQTPVVEVDFEYKDPDH
HIEFEDTAVFTDSNPQSFRVQVDKASPRNYNLAVTYYTADGKVIQRD
PVTLDKNKVVIPMYVATS

SEQID
NO: 50

meta_gene
523517

MIYRDHQDKGLFYYIPERPRLARNDGVPEFIYLVYKRDITDNPAFDPE
TKASLGGGFLAFTVDLGVDDQQLAEMKQELARFSDGEEVKLTPVQF
HKGSVRLSISKDTADAPGTPPDQPKGLTFFEEVYGTTKPSLFGFNRAT
FSVVLSQEVAALFEAALQAGISPIGVIYDLEFLGLRPAFNVRITAEYKRI
YDHLEIEFGARGQIYAVALALDIDLAFQKLRDDGSIKVEVLSFTDDAN
LRKQADDAFNWFKTELLKDFFKSSLEPPSFMKQTNTTDLVGRLQSIFQ
GLNSAQTSPTLNPVRGEPTKEPLTPAAPPKKQEDGMKSTADMNRAAT
QSGSESSGGGSGADRGISPFQIGFTLKYYRQEELKTRTFEFSEQAAVAR
EAAPQGLFTTMVQGLDLSRAIQHVNLDSDFFKRLITTVSASDEFTIAGI
STLGVNLEYPGTRKPGEDPLFVDGFVYKSDDLKPRTFTTWLNDRKNL
TYRYQMDIHFTPDSPWVGKEGSVTSDWIITRSRQLTLDPMNEISLFDV
QLTLGNMISGQINQVEVELRYQDSANDFNTQKTFLLKPGDPVTHWKL
RLMDSEQKTYQYRITYFLQEGVRVQTDWVSSEDPTLVVAEPFKGTLN
IRMVPLLDPTTLLEADVELMYHEEDTGYTRRVEKVFSPSDLKGQQISI
PTLAENPTSYNYTINIIRTDGSTYTLPPTTATTPVLVVSDGAGVTHRILV
KLPSKDLSSFGLAALKVDLVGPGDDPDTASVLFTPSQTDDKMPALVQ
PGDGGTFTYSYKVTGYTTQGLPIEGDSGTSSGPTLIVKIPTR

Methods of producing a CRISPR/Cas system
Nucleic Acids and Methods of Introducing a Nucleic Acid in a Cell

Also provided herein are nucleic acids encoding any of the CRISPR-associated

proteins or CRISPR-associated arrays as described herein.

Any of the isolated nucleic acids described herein can be introduced into any cell,

e.g., amammalian cell. Non-limiting examples of a mammalian cell include: a human cell, a

rodent cell (e.g., a rat cell or a mouse cell), a rabbit cell, a dog cell, a cat cell, a porcine cell,

or a non-human primate cell.
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Methods of culturing cells are well known in the art. Cells can be maintained in vitro
under conditions that favor cell proliferation, cell growth, and/or cell differentiation. For
example, cells can be cultured by contacting a cell (e.g., any of the cells described herein)
with a cell culture medium that includes supplemental growth factors to support cell viability
and cell growth.

Methods of introducing nucleic acids (e.g., any of the exemplary nucleic acids
described herein) and/or gene delivery vectors (e.g., any of the exemplary gene delivery
vectors described herein (e.g., an AAV vector)) into cells (e.g., mammalian cells) are known
in the art. Non-limiting examples of methods that can be used to introduce a nucleic acid
(e.g., any of the exemplary nucleic acids described herein) and/or a gene delivery vector (e.g.,
any of the exemplary gene delivery vectors described herein (e.g., an AAV vector)) include:
electroporation, lipofection, transfection, microinjection, calcium phosphate transfection,
dendrimer-based transfection, anionic polymer transfection, cationic polymer transfection,
transfection using highly branched organic compounds, cell-squeezing, sonoporation, optical
transfection, magnetofection, particle-based transfection (e.g., nanoparticle transfection),
transfection using liposomes (e.g., cationic liposomes), and viral transduction (e.g., lentiviral
transduction, adenoviral transduction).

In some embodiments of any of the methods described herein, the method further
includes formulating the CRISPR-associated protein, CRISPR-associated array, and/or guide
RNA into a composition (e.g., a pharmaceutical composition).

Also provided herein are methods and compositions for specificity of transduction
and/or infection, e.g., using any of the AAV capsid proteins or AAV virus serotypes. In
some embodiments of any of the methods described herein, specificity of gene expression is
determined, e.g., using any of the tissue-specific promoters and/or enhancers described

herein.

Promoters

In some embodiments, the gene delivery vector (e.g., any of the exemplary gene
delivery vectors described herein) can include a promoter sequence. In some embodiments of
any of the gene delivery vectors described herein, the promoter sequence is a tissue-specific
promoter. In some embodiments, the promoter is an H1 promoter. In some embodiments, a
promoter is a ubiquitous promoter. Non-limiting examples of ubiquitous promoters include

CAG, EFla, UBC, SV40, CMV, or PGK.



10

15

20

25

30

WO 2022/109466 PCT/US2021/060547
40

Enhancers
In some embodiments, the gene delivery vector (e.g., any of the exemplary gene
delivery vectors described herein) can include an enhancer sequence. In some embodiments,

an enhancer sequence is a CMV enhancer, a CAG enhancer, or a cHS4 enhancer.

Poly(4) Signal

In some embodiments, the gene delivery vector (e.g., any of the exemplary gene
delivery vectors described herein) can include a polyadenylation (poly(A)) signal sequence.
Poly(A) tails are added to most nascent eukaryotic messenger RNAs (mRNAs) at their 3° end
during a complex process that includes cleavage of the primary transcript and a coupled
polyadenylation reaction driven by the poly(A) signal sequence. In some embodiments of
any of the gene delivery vectors described herein, the gene delivery vector can include a
poly(A) signal sequence at the 3” end of the isolated nucleic acid encoding a fusion protein
(e.g., any of the fusion proteins described herein).

The term “polyadenylation” refers to the covalent linkage of a polyadenylyl moiety,
or its modified variant, to the 3° end of an mRNA molecule. A poly(A) tail is a long
sequence of adenine nucleotides (e.g., 40, 50, 100, 200, 500, 1000) added to the pre-mRNA
by a polyadenylate polymerase.

The term “poly(A) signal sequence” or “poly(A) signal” is a sequence that triggers the
endonuclease cleavage of a mRNA and the addition of a sequence of adenosine to the 3’end
of the cleaved mRNA. Non-limiting examples of poly(A) signals include: bovine growth
hormone (bGH) poly(A) signal, human growth hormone (hGH) poly(A) signal. In some
embodiments of any of the AAV vectors described herein, the AAV vector can include a
poly(A) signal sequence that includes the sequence AATAAA or variations thereof.

Additional examples of poly(A) signal sequences are known in the art.

Internal Ribosome Entry Site (IRES) and 24-Self~Cleaving Peptide

In some embodiments, the gene delivery vector (e.g., any of the exemplary gene
delivery vectors described herein) can include an internal ribosome entry site (IRES)
sequence. An IRES sequence is used to produce more than one polypeptide from a single
gene transcript, and forms a complex secondary structure that allows translation initiation to
occur from any position with an mRNA immediately downstream from where the IRES is
located. Non-limiting examples of IRES sequences include those from, e.g., hepatitis C virus

(HCV), poliovirus (PV), hepatitis A virus (HAV), foot and mouth disease virus (FMDYV).
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In some embodiments, the gene delivery vector (e.g., any of the exemplary gene
delivery vectors described herein) can include a sequence encoding a “self-cleaving” 2A
peptide (e.g., T2A, P2A, E2A, or F2A). A self-cleaving 2A-peptide is used to produce more
than one polypeptide from a single gene transcript by inducing ribosomal skipping during
translation.

In some embodiments, the nucleic acid sequences are operably linked to a promoter or
are operably linked to other nucleic acid sequences using a self-cleaving 2A peptide or an

IRES sequence.

Compositions and Kits

Also provided herein are compositions (e.g., pharmaceutical compositions) that
include any of the delivery systems, CRISPR-associated proteins, CRISPR-associated arrays,
and/or guide RNAs described herein. Any of the pharmaceutical compositions can include
any of the delivery systems, CRISPR-associated proteins, CRISPR-associated arrays, and/or
guide RN As described herein and one or more (e.g., 1, 2, 3, 4, or 5) pharmaceutically or
physiologically acceptable carriers, diluents, or excipients. In some embodiments, any of the
pharmaceutical compositions described herein can include one or more buffers (e.g., a
neutral-buffered saline, a phosphate-buffered saline (PBS)), one or more carbohydrates (e.g.,
glucose, mannose, sucrose, dextran, or mannitol), one or more proteins, polypeptides, or
amino acids (e.g., glycine), one or more antioxidants, one or more chelating agents (e.g.,
glutathione or EDTA), one or more preservatives, and/or a pharmaceutically acceptable
carrier (e.g., PBS, saline, or bacteriostatic water).

In some embodiments, any of the pharmaceutical compositions described herein can
further include one or more (e.g., 1, 2, 3, 4, or 5) agents that promote the entry of any of the
gene delivery vectors described herein into a cell (e.g., a mammalian cell) (e.g., a liposome or
cationic lipid).

The pharmaceutical compositions provided herein can be, e.g., formulated to be
compatible with their intended route of administration. In some embodiments, the
compositions are formulated for subcutaneous, intramuscular, intravenous, or intrahepatic
administration. In some examples, the compositions include a therapeutically effective
amount of any of the gene delivery vectors described herein.

Also provided are kits that include any of the compositions (e.g., pharmaceutical
compositions), isolated nucleic acids, gene delivery vectors, or fusion proteins described

herein. In some embodiments, a kit can include a solid composition (e.g., a lyophilized
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composition including any of the gene delivery vectors described herein) and a liquid for
solubilizing the lyophilized composition.

In some embodiments, a kit can include a pre-loaded syringe including any of the
pharmaceutical compositions described herein.

In some embodiments, the kit includes a vial including any of the pharmaceutical
compositions described herein (e.g., formulated as an aqueous pharmaceutical composition).

In some embodiments, the kit can include instructions for performing any of the

methods described herein.

Cells

Also provided herein is a mammalian cell (e.g., a peripheral mammalian cell, a
mammalian neural cell, e.g., a human neural cell) that includes any of the gene delivery
vectors, fusion proteins, or isolated nucleic acids described herein. Also provided is a
mammalian cell (e.g., a mammalian neural cell, e.g. a human neural cell) that is transduced
with any of the gene delivery vectors described herein, edited using lentiviral or CRISPR
technologies, or otherwise engineered or modified to express any of the fusion proteins
described herein. Skilled practitioners will appreciate that the gene delivery vectors
described herein can be introduced into any mammalian cell (e.g., any neural cell), that a
variety of technologies can be utilized for modifying the genome of mammalian cells, and
that such modified human cells that secrete fusion proteins can be utilized as cell therapies.
Non-limiting examples of gene delivery vectors and methods for introducing gene delivery
vectors into mammalian cells (e.g., any neural cell, e.g., a human neural cell) are described
herein.

In some embodiments, the mammalian cell is a human cell, a rodent cell (e.g., a rat
cell or a mouse cell), a rabbit cell, a dog cell, a cat cell, a porcine cell, or a non-human
primate cell. In some embodiments, the mammalian cell is present in a subject (e.g., a human
subject). In some embodiments, the mammalian cell is an autologous cell obtained from a
subject (e.g., a human subject) and cultured ex vivo. In some embodiments, the mammalian

cell 1s in vitro.

Methods of identifying CRISPR-associated proteins
Provided herein are methods of identifying a Clustered Regularly Interspaced Short
Palindromic Repeat (CRISPR)-associated protein including (a) obtaining a plurality of

genomic sequences, wherein a genomic sequence of the plurality of genomic sequences
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comprises a CRISPR-associated array; (b) determining a subset of the plurality of genomic
sequences comprising a plurality of coding sequences within a 20 kilobase (kb) sequence
flanking region either at the 3” or 5° end of the CRISPR-associated array; and (c) analyzing a
coding sequence of the plurality of coding sequences and thereby identifying the CRISPR-
associated protein based on the coding sequence.

In some embodiments, the obtaining step comprises identifying, within the plurality
of genomic sequences, a genomic sequence comprising a CRISPR-associated array.

Also provided herein are methods of identifying a CRISPR-associated proteins
including (a) obtaining a plurality of genomic sequences; (b) selecting, within the plurality of
genomic sequences, a genomic sequence comprising a CRISPR-associated array; (c)
determining a subset of the plurality of genomic sequences comprising a plurality of coding
sequences within a 20 kilobase (kb) sequence flanking region either at the 3° or 5° end of the
CRISPR-associated array; and (d) analyzing a coding sequence of the plurality of coding
sequences and thereby identifying the CRISPR-associated protein based on the coding
sequence.

In some embodiments, the plurality of genomic sequences comprise one or more of
genomes, wherein the one or more of genomes are selected from: a prokaryotic genome and
metagenome. In some embodiments, the selecting step comprises using an algorithm selected
from the group consisting of PILER-CR, and CRISPR Recognition Tool (CRT), and
combinations thereof.

In some embodiments, the determining step includes filtering the genomic sequences
according to the location of the genomic sequence relative to the 20 kb sequence flanking
region. In some embodiments, the filtering can include selecting a genomic sequence that is
located within the 20 kb flanking region. In some embodiments, the determining step also
includes filtering the genomic sequences according to the size of the genomic sequence. In
some embodiments, the filtering can include selecting a genomic sequence that is longer than
500 amino acids. In some embodiments, the determining step comprises using an algorithm
selected from the group consisting of MetaGeneMark, and Prodigal, and combinations
thereof.

As used herein, the term “analyzing” can refer to a process that includes filtering of a
plurality of coding sequences based on the size of each coding sequence. In some
embodiments, the filtering comprises selecting a coding sequence that comprises more than
500 amino acids (e.g., 550 amino acids, 600 amino acids, 650 amino acids, 700 amino acids,

750 amino acids, or 800 amino acids). In some embodiments, the filtering comprises
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selecting a coding sequence that comprises more than 800 amino acids (e.g. ,850 amino acids,
900 amino acids, 950 amino acids, 1000 amino acids, 1100 amino acids, 1200 amino acids,
1300 amino acids, 1400 amino acids, or 1500 amino acids).

In some embodiments, the analyzing step further comprises classifying the CRISPR-
associated arrays. In some embodiments, the classifying of the CRISPR-associated arrays
comprises selecting a CRISPR-associated array comprising three or more coding sequences
(e.g., 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 15 or
more, 20 or more, 25 or more, 30 or more, 35 or more, 40 or more, 45 or more, or 50 or more
coding sequences) present in the 20 kb flanking regions. In some embodiments, the
classifying further comprises determining a relative position of the coding sequence in the 20
kb flanking region relative to the CRISPR-associated array. In some embodiments, the
classifying comprises calculating the coding sequence position within the 20 kb flanking
region adjacent to the CRISPR-associated array, wherein the coding sequence could be
classified based on the position relative to the CRISPR-associated array.

In some embodiments, the analyzing of the coding sequences comprises removing
known CRISPR-associated proteins from the identified CRISPR-associated proteins. In some
embodiments, the analyzing of the coding sequence comprises using one or more algorithms
selected from HHMSCAN and RPS-BLAST. In some embodiments, the analyzing of the
coding sequence further comprises determining the presence of a structural domain. In some
embodiments, the analyzing of the coding sequence further comprises determining the
presence of a functional domain. In some embodiments, the functional domain comprises a
functional domain selected from a DNA binding domain, a RNA binding domain, a nuclease,
a helicase, a restriction domain, and or a structural maintenance of chromosomes (SMC)
domain. In some embodiments, the analyzing of the coding sequence further comprises
determining whether the coding sequence starts with a Methoinine

Also provided herein are computer implemented methods including (a) obtaining a
plurality of genomic sequences; (b) selecting, within the plurality of genomic sequences, a
genomic sequence comprising a CRISPR-associated array; (¢) determining a subset of the
plurality of genomic sequences comprising a plurality of coding sequences within a 20
kilobase (kb) sequence flanking region either at the 3" or 5° end of the CRISPR-associated
array; and (d) analyzing a coding sequence of the plurality of coding sequences and thereby

identifying a CRISPR-associated protein based on the coding sequence.

Methods of treatment
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Also provided herein are methods for treating a condition or disease in a subject in
need thereof, the method including administering to the subject any of the systems described
herein, wherein the spacer sequence is substantially complementary to a target nucleic acid
associated with the condition or disease; wherein the CRISPR-associated protein associates
with the RNA guide to form a complex; wherein the complex binds to the target nucleic acid
sequence; and wherein upon binding of the complex to the target nucleic acid sequence the
CRISPR- associated protein cleaves the target nucleic acid, thereby treating the condition or
disease in the subject.

In some embodiments of these methods, the method can result in at least a 2.0-fold
(e.g., at least a 2.5-fold, at least a 3.0-fold, at least a 3.5-fold, at least a 4.0-fold, at least a 4.5-
fold, at least a 5.0-fold, at least a 6.0-fold, at least a 7.0-fold, at least a 8.0-fold, at least a 9.0-
fold, at least a 10-fold, at least a 15-fold, at least a 20-fold, at least a 30-fold, at least a 40-
fold, at least a 50-fold, at least a 60-fold, at least a 80-fold, at least a 100-fold, at least a 120-
fold, or at least a 150-fold) decrease in the level of one or more symptoms associated with the
condition or disease as compared to the level of the one or more symptoms associated with
the condition in the subject prior to the administering. In some examples of these methods,
the method can result from about a 2-fold to about a 150-fold, about a 2-fold to about a 100-
fold, about a 2-fold to about a 50-fold, about a 2-fold to about a 25-fold, about a 2-fold to
about a 10-fold, about a 2-fold to about a 5-fold, about a 5-fold to about a 150-fold, about a 5-
fold to about a 100-fold, about a 5-fold to about a 50-fold, about a 5-fold to about a 25-fold,
about a 5-fold to about a 10-fold, about a 10-fold to about a 150-fold, a 10-fold to about a
100-fold, about a 10-fold to about a 50-fold, about a 10-fold to about a 25-fold, about a 25-
fold to about a 150-fold, about a 25-fold to about a 100-fold, or about a 25-fold to about a 50-
fold, decrease in the level of one or more symptoms associated with the condition or disease
as compared to the level of the one or more symptoms associated with the condition in the
subject prior to the administering.

In some embodiments, the condition or disease can include conditions such as
cancers, neurodegeneration, cutaneous conditions, endocrine conditions, intestinal diseases,
infectious conditions, neurological conditions, liver diseases, heart disorders, or autoimmune
diseases. In some embodiments, the condition or disease can be a cancer. In some
embodiments, the cancer is selected from a bladder cancer, breast cancer, cervical cancer,
colon cancer, endometrial cancer, esophageal cancer, fallopian tube cancer, gall bladder
cancer, gastrointestinal cancer, head and neck cancer, hematological cancer, Hodgkin

lymphoma, laryngeal cancer, liver cancer, lung cancer, lymphoma, melanoma, mesothelioma,
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ovarian cancer, primary peritoneal cancer, salivary gland cancer, sarcoma, stomach cancer,
thyroid cancer, pancreatic cancer, renal cell carcinoma, glioblastoma and prostate cancer. In
some embodiments, the cancer can be a B-cell acute lymphoblastic meukemia, lung cancer,
esophageal cancer, multiple myeloma, or cervical cancer.

In some embodiments, the condition or disease can be a neurodegenerative disease. In
some embodiments, the neurodegenerative disease can be Alzheimer’s disease, Huntington’s
disease, Duchenne muscular dystrophy (DMD), frontotemporal dementia, ryanodine receptor
type I (RYRI1)-related myopathies, cystic fibrosis, or autosomal recessive juvenile
parkinsonism.

In some embodiments, the condition or disease can be a blood disease or a
hemoglobinopathies. In some embodiments, the blood disease can be sickle cell anemia or
beta thalassemia. In some embodiments, the condition or disease can be an eye disease. In
some embodiments, the eye disease can be retinitis pigmentosa, leber congenital amaurosis,
specific retinal dystrophy, or autosomal dominant cone-rod dystrophy. In some embodiments,
the condition or disease can be human immunodeficiency virus (HIV), diabetes, autism

spectrum disorder, genetic liver disease, or congenital genetic lung disease.

EXAMPLES

Methods
Identification/Prediction of candidate CRISPR associated proteins

An exemplary method of identifying candidate CRISPR-association proteins is as
described as shown in Figure 1. In order to identify new candidate CRISPR associated
proteins 179,804 prokaryotic genomes and 3,396 metagenomes deposited in Genbank from
June 1st 2016 - April 21, 2020 were downloaded and analyzed (Figure 2). PILER-CR (see,
e.g., Edgar et al., BMC Bioinformatics, 8, 18 (2007)) and CRT (CRISPR Recognition Tool)
(see, e.g., Bland, C. et al., BMC Bioinformatics, 8, 209 (2007)) were used to identify CRISPR
arrays (or “arrays”) (Figure 2). Arrays located on sequence contigs shorter than 3 kilobases
(kb) were filtered out and 20 kb flanking sequences on both sides of the arrays were
extracted. As shown in Figure 3, protein sequences were predicted from the 20 kb flanking
sequences using MetaGeneMark (see, e.g., Zhu, et al., Nucleic Acids Research, 38 el32—e132
(2010); hereinafter “Zhu”) and Prodigal (see, e.g., Hyatt et al., BMC Bioinformatics, 11, 119
(2010); hereinafter “Hyatt™)). Proteins predicted from the two software were merged and

sequences shorter than 500 amino acids were filtered out. Subsequently, protein sequences
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were clustered using MMseqs?2 (see, e.g., Steinegger, Nat. Biotechnol. 35, 1026-1028 (2017))
with a sequence identity threshold of 90%. Clusters with less than 3 members were filtered
out because they may represent very rare or mis-predicted sequences. For each cluster, the
position of each gene (coding sequence) relative to the array was calculated. Ranks were
assigned for each cluster, with rank 1 indicating the gene immediately adjacent to the array,
rank 2 indicating the second gene adjacent to the array, rank 3 indicating the third gene
adjacent to the array, rank 4 indicating the fourth gene adjacent to the array, rank 5 indicating
the fifth gene adjacent to the array, rank 6 indicating the sixth gene adjacent to the array, and
so forth. Clusters with a median rank above 7 were subsequently filtered out since known
effectors are usually located in proximity to the array (Figure 3). This analysis produced
10,913 candidate clusters. Figures 6A and 6B shows further annotation and filtering done on
the 10,913 candidate clusters. Figures 7 and 8 shows a summary of the method as described

herein.

Annotation/classification of predicted CRISPR associated proteins

In order to annotate and classify the 10,913 cluster sequences adjacent to the CRISPR
arrays, from each cluster a representative sequence was searched against the prokaryotic
subset of the non-redundant protein database (bacteria+archaea) using blastp in order to
annotate protein sequences and identify known CRISPR genes. Protein sequences matching
known CRISPR genes with e-value cutoff of 1e-10 and query coverage of 50% were
considered orthologous to known CRISPR genes. Furthermore protein sequences were
searched with HMMSCAN against known CRISPR-related profiles from (see, e.g., Burstein,
D. et al., Nature 542, 237-241 (2017); hereinafter “Burstein™) and with RPS-BLAST against
a collection of CRISPR profiles. These protein clusters represent orthologs and are considered
known CRISPR associated proteins and thus filtered out or separated for further analysis.
From the total 10,913 clusters, 3465 clusters were considered known CRISPR and 7,642
novel potential CRISPR associated candidates (Figure 6A).

To further annotate the remaining 7,642 protein clusters, for each candidate protein,
functional domains were predicted by running RPS-BLAST on CDD database and
HMMSCAN against Pfam and associated GO (Gene Ontology) terms were added using
Pfam2Go mapping software. Protein clusters were subsequently grouped in subsets based on

the presence/absence of characterized and putative domains.

Results
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Bioinformatic search for novel CRISPR associated proteins

To identify novel CRISPR associated proteins, 179,804 prokaryotic genomes and
3,396 metagenomes deposited to Genbank from June 1st 2016 - April 21, 2020 were
downloaded and analyzed. Using PILER-CR and CRT (CRISPR Recognition Tool), 230,443
CRISPR arrays were identified with 187,324 derived from prokaryote genomes, and 43,119
from metagenomes. Given that most CRISPR class 2 effectors (i.e. single effector proteins like
Cas9’s, Cas12’s, Cas13’s) are located in close proximity to their arrays (Makarova, et al., Nat.
Rev. Microbiology,18: 67-83 (2020); hereinafter “Makarova”), the search for novel CRISPR
associated proteins was limited to a 20 kb window flanking the arrays. Putative protein
sequences within the flanking sequences were predicted using MetaGeneMark (Zhu) and
Prodigial (Hyatt), filtering out sequences shorter than 500 amino acids as novel class 2
effectors are generally large multidomain proteins (Makarova). Figures 4A-4B show the Cas9
size distribution by member and cluster count. This prediction resulted in 829,464 total
protein sequences located adjacent to the CRISPR arrays. Given that many of these are likely
to be orthologous, protein sequences were clustered using MMseqs2 (Mirdita et al.,
Bioinformatics, 35: 2856-2858 (2019)) with sequence identity threshold set at 90% resulting
in 171,774 unique clusters. Clusters with fewer than 3 members (very rare sequences or
possible mis-predictions) were filtered out leaving 25,623 clusters. The number of sequences
associated with each cluster ranged from 3 to 18,997 (Figure 3). These 25,623 clusters were
further analyzed to determine the position of each gene (coding sequence) relative to the
array was calculated and assigned a rank within the cassette of genes based on the relative
position to the array. As described above, rank 1 means that the gene is immediately adjacent
to the array and rank 2 indicating the second gene adjacent to the array, and so forth. Known
effectors are usually located close to the array. For instance, Cas9-type effectors are usually
ranked 3-4, while Cas13-type effectors —are typically ranked 1-2, and Cas12-type effectors are
more broadly distributed, but still close to the array (Figures SA-5C). Filtering out all
clusters with median rank above 7 reduced the cluster number to 10,913 (Figure 3).

To annotate protein sequences and identify known CRISPR proteins, representative
sequences for the 10,913 clusters were searched against the prokaryotic subset of the non-
redundant protein database (bacteria+archaea) using blastp. Protein sequences matching
known CRISPR genes with e-value cutoff of 1e-10 and query coverage of 50% were
considered orthologous to known CRISPR genes. Additionally, protein sequences were
searched with HMMSCAN against known CRISPR-related profiles (Burstein) and with RPS-
BLAST against collection of CRISPR profiles. Hits for both of these searches mostly
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overlapped blastp-identified CRISPR sequences, with a few exceptions, which were also
added to the CRISPR cluster ortholog set. Together, from the 10,913 clusters, 3465 clusters
were considered orthologs to known CRISPR proteins leaving 7,642 potential cluster
candidates to be further characterized. Given that many of the 10,913 clusters were generated
with a stringent 90% identity using MMseqs2, these clusters were similar and therefore
additional filtering was performed. To further reduce the number of sequences, 10,913
clusters can be further clustered with MMseqs2 using default settings, which requires the
sequences to overlap by at least 80% (query coverage 0.8). MMseqs2 with default settings
generated 4,205 “superclusters”. The supercluster classification reduced the number of
known CRISPR-associated clusters to 343 and the number of unknown CRISPR
superclusters to 3862. To narrow down the two lists (clusters and superclusters), proteins
were further analyzed and protein domains were predicted by running RPS-BLAST on the
CDD database and HMMSCAN against Pfam (Figures 6A-6B). Associated GO terms were
added using Pfam2Go mapping.

For the 3465 clusters consisting of 51,094 orthologs of known CRIPSR proteins, and
343 superclusters consisting of 2614 clusters we found numerous class I systems which have
effector modules composed of multiple Cas proteins (e.g. Cas1- 4, 5-8, 10-11) , and numerous
class II systems which encompass a single multidomain crRNA-binding protein (e.g., Cas9,

Casl2, Casl3 etc.).

Predictions of TracR-RNAs

To annotate known candidates, the arrays were classified into class 1, 2, or
unclassified based on the identified CRISPR-related proteins associated with each array. For
each array with flanking regions length of at least 3 kb, all those CRISPR-related proteins
were collected and if they consistently fell into class 1 or 2 that array was classified as such.
If an array had no identifiable CRISPR proteins that could distinguish the class, like arrays
flanked by Cas1/Cas2/Cas4 only or no Cas proteins, they were marked as unclassified. If an
array had proteins from both classes, it was marked ambiguous. That is because if a cluster
was classified as 2, that meant that the array already had an effector protein such as
Cas9/Cas12/Cas13 since those are the only proteins that can distinguish class 2 reliably. Those
arrays were unlikely to have yet another effector. If the array was classified as 1, which is the
majority of classified arrays, naturally, it also could have been discarded since class 2 effector
were of primary importance. As such, the aim was to narrow down the candidate CRISPR-

associated proteins by further considering only unclassified or ambiguous arrays.
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Choosing the top 50

Further filtering of the candidate clusters produced a list of 50 candidate proteins to be
used for functional assay. Candidates were divided in four main categories: proteins with no
blast hits, proteins with no predicted domains and blast hits against hypothetical and unknown
proteins, proteins with predicted domains and blast hits against hypothetical and unknown
proteins only and proteins with predicted domains and blast hits against characterized
proteins. For each category protein shorter than 800 amino acids (aa) and proteins not starting
with methionine (Met) were filtered out. The first category included 25 candidates, 6 are
associated with classified arrays and thus not considered for further analysis. Since the
majority of the proteins were filtered out because they had predicted domains with a structural
potential function or were low complexity proteins including many SR repeats, the protein
length threshold for this category was changed to 650 aa and four potential candidates were
selected for functional analysis. The second category of proteins with no predicted domains
and blast hits against hypothetical and unknown proteins contained 347 candidates of which
120 are associated with an already classified array and thus filtered out. From the remaining
227 proteins, 175 proteins were excluded for being shorter than 800 aa and 14 candidates
were excluded for not starting with Met. In addition, proteins with high presence of low
complexity/repeats regions were selected out and selected 15 candidates for further analysis.
The third category included 1644 proteins with predicted domains and blast hits against
hypothetical and unknown proteins of which only 552 candidates were longer of 800 aa.
Exclusion of 152 proteins as already associated with classified arrays and proteins not
starting with Met left 322 candidate proteins. From this shorter list, 15 were selected based on
putative function of the hypothetical domains. Proteins with DNA/RNA binding domains,
nucleases, helicases, restriction and SMC domains were included in the final list for further
functional analysis. The most abundant category is represented by proteins with predicted
domains and blast hits against characterized proteins with 5329 candidates of which 1442
were above 800 aa. After filtering out proteins associated with classified arrays and proteins
not starting with Met, the candidate number decreased to 758. SEQ ID NOs: 1-50 represent
proteins with DNA/RNA binding domains, nucleases, helicases, restriction and SMC
domains that were selected for further analysis. The CRISPR arrays and spacer sequences
corresponding to the CRISPR-associated proteins of SEQ ID NOs: 1-50 are listed in Tables
1-5.
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OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.
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WHAT IS CLAIMED §S:

1. A method of identifying a Clustered Regularly Interspaced Short Palindromic Repeat

(CRISPR)-associated protein comprising:

(a) obtaining a plurality of genomic sequences, wherein a genomic sequence of the
plurality of genomic sequences comprises a CRISPR-associated array;

(b) determining a subset of the plurality of genomic sequences comprising a plurality
of coding sequences within a 20 kilobase (kb) sequence flanking region either at the 3” or 5’
end of the CRISPR-associated array; and

(©) analyzing a coding sequence of the plurality of coding sequences and thereby

identifying the CRISPR-associated protein based on the coding sequence.

2. The method of claim 1, wherein the obtaining step comprises selecting, within the

plurality of genomic sequences, a genomic sequence comprising a CRISPR-associated array.

3. A method of identifying a CRISPR-associated protein comprising:

(a) obtaining a plurality of genomic sequences;

(b) selecting, within the plurality of genomic sequences, a genomic sequence
comprising a CRISPR-associated array;

(©) determining a subset of the plurality of genomic sequences comprising a plurality
of coding sequences within a 20 kilobase (kb) sequence flanking region either at the 3” or 5’
end of the CRISPR-associated array; and

(d) analyzing a coding sequence of the plurality of coding sequences and thereby

identifying the CRISPR-associated protein based on the coding sequence.

4. The method of any one of the preceding claims, wherein the plurality of genomic
sequences comprise one or more of genomes, wherein the one or more of genomes are selected

from: a prokaryotic genome and metagenome.

5. The method of any one of claims 2-4, wherein the selecting step comprises using an
algorithm selected from the group consisting of PILER-CR, CRISPR Recognition Tool (CRT),

and combinations thereof.
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6. The method of any one of the preceding claims, wherein the determining step comprises
using an algorithm selected from the group consisting of MetaGeneMark, Prodigal, and

combinations thereof.

7. The method of any one of the preceding claims, wherein the analyzing step comprises

filtering the coding sequence that comprises more than 500 amino acids.

8. The method of any one of the preceding claims, wherein the analyzing step comprises

filtering a coding sequence that comprises more than 800 amino acids.

9. The method of any one of the preceding claims, wherein the analyzing step further
comprises classifying the CRISPR-associated array based on having three or more coding

sequences present in the 20 kb flanking region.

10. The method of any one of the preceding claims, wherein the analyzing step further
comprises determining a relative position of the coding sequence in the 20 kb flanking region

relative to the CRISPR-associated array.

11. The method of any one of the preceding claims, wherein the analyzing of the coding
sequence further comprises removing known CRISPR-associated proteins from the identified

CRISPR-associated proteins.

12. The method of any one of the preceding claims, wherein the analyzing of the coding
sequence comprises using an algorithm selected from the group consisting of HHMSCAN and

RPS-BLAST.

13. The method of any one of the preceding claims, wherein the analyzing of the coding

sequence further comprises determining the presence of a structural domain.

14. The method of any one of the preceding claims, wherein the analyzing of the coding

sequence comprises determining the presence of a functional domain.
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15. The method of claim 14, wherein the functional domain comprises a DNA binding
domain, a RNA binding domain, a nuclease, a helicase, a restriction domain, or a structural

maintenance of chromosomes (SMC) domain.

16. A computer implemented method comprising:

(a) obtaining a plurality of genomic sequences;

(b) selecting, within the plurality of genomic sequences, a genomic sequence
comprising a CRISPR-associated array;

(©) determining a subset of the plurality of genomic sequences comprising a plurality
of coding sequences within a 20 kilobase (kb) sequence flanking region either at the 3” or 5’
end of the CRISPR-associated array; and

(d) analyzing a coding sequence of the plurality of coding sequences and thereby

identifying a CRISPR-associated protein based on the coding sequence.

17. The method of claim 16, wherein the plurality of genomic sequences comprises one or
more of genomes, wherein the one or more of genomes are selected from: a prokaryotic genome

and metagenome.

18. The method of claim 16 or 17, wherein the selecting step comprises using an algorithm
selected from the group consisting of PILER-CR, CRISPR Recognition Tool (CRT), and

combinations thereof.

19. The method of any one of claims 16-18, wherein the determining step comprises using an
algorithm selected from the group consisting of MetaGeneMark, Prodigal, and combinations

thereof.

20. The method of any one of claims 16-19, wherein the analyzing step comprises filtering

the coding sequence that comprises more than 500 amino acids.
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21. The method of any one of claims 16-20, wherein the analyzing step comprises filtering a

coding sequence that comprises more than 800 amino acids.

22. The method of any one of claims 16-21, wherein the analyzing step further comprises
classifying the CRISPR-associated array based on having three or more coding sequences

present in the 20 kb flanking region.

23. The method of any one of claims 16-22, wherein the analyzing step further comprises
determining a relative position of the coding sequence in the 20 kb flanking region relative to the

CRISPR-associated array.

24. The method of any one of claims 16-23, wherein the analyzing of the coding sequence
further comprises removing known CRISPR-associated proteins from the identified CRISPR-

associated proteins.

25. The method of any one of claims 16-24, wherein the analyzing of the coding sequence
comprises using an algorithm selected from the group consisting of HHMSCAN and RPS-
BLAST.

26. The method of any one of claims 16-25, wherein the analyzing of the coding sequence

further comprises determining the presence of a structural domain.

27. The method of any one of claims 16-26, wherein the analyzing of the coding sequence

comprises determining the presence of a functional domain.
28. The method of claim 27, wherein the functional domain comprises a DNA binding
domain, a RNA binding domain, a nuclease, a helicase, a restriction domain, or a structural

maintenance of chromosomes (SMC) domain.

29. A non-naturally occurring CRISPR/Cas system comprising:



10

15

20

25

30

WO 2022/109466 PCT/US2021/060547
76

(a) a guide RNA, wherein the guide RNA comprises a repeat sequence and a spacer
sequence capable of hybridizing to a target nucleic acid; and

(b) a CRISPR-associated protein or a nucleic acid encoding the CRISPR-associated
protein, wherein the CRISPR-associated protein comprises an amino acid sequence that is at

least 80% identical to a sequence selected from SEQ ID NOs: 1-50.

30. The system of claim 29, wherein the CRISPR-associated protein is capable of binding to
the guide RNA.

31. The system of claim 29 or 30, wherein the CRISPR-associated protein comprises an
amino acid sequence that is at least 85% identical to a sequence selected from SEQ ID NOs: 1-

50.

32. The system of any one of claims 29-31, wherein the CRISPR-associated protein
comprises an amino acid sequence that is at least 90% identical to a sequence selected from SEQ

ID NOs: 1-50.

33. The system of any one of claims 29-32, wherein the CRISPR-associated protein
comprises an amino acid sequence that is at least 95% identical to a sequence selected from SEQ

ID NOs: 1-50.

34. The system of any one of claims 29-33, wherein the CRISPR-associated protein

comprises an amino acid sequence selected from SEQ ID NO: 1-50.

35. The system of any one of claims 29-34, wherein the target nucleic acid is an RNA or

DNA.

36. The system of any one of claims 29-35, wherein the targeting of the target nucleic acid

results in a modification of the target nucleic acid.

37. The system of claim 36, wherein the modification of the target nucleic acid is a cleavage

event.
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38. The system of any one of claims 29-37, wherein the guide RNA further comprises a
trans-activating CRISPR RNA (tracrRNA).

39. The system of any one of claims 29-38, wherein the system is present in a delivery

system.

40. The system of claim 39, wherein the delivery system comprises a delivery vehicle

selected from the group consisting of an adeno-associated virus, a nanoparticle, and a liposome.

41. A method of treating a condition or disease in a subject in need thereof, the method
comprising administering to the subject a system of any one of claims 29-40,

wherein the spacer sequence is substantially complementary to a target nucleic acid
associated with the condition or disease;

wherein the CRISPR-associated protein associates with the guide RNA to form a complex;

wherein the complex binds to the target nucleic acid sequence; and

wherein upon binding of the complex to the target nucleic acid sequence the CRISPR-
associated protein cleaves the target nucleic acid, thereby treating the condition or disease in the

subject.
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identical to SEQ ID NO: 1. It is believed that claims 29-31, limited to said CRISPR/Cas composition, read on this exemplary invention.
Additional CRISPR/Cas compositions will be searched upon the payment of additional fees. Applicants must specify the claims that
encompass any additionally elected CRISPR/Cas compositions. Failure to clearly identify how any paid additional invention fees areto
be applied to the "+" group(s) will result in only the first claimed invention to be searched. An exemplary election would be a
CRISPR/Cas composition comprising a CRISPR-associated protein that is at least 80% identical to SEQ ID NO: 2 (Claims 29-31).

The inventions listed as Groups I, and {1+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features
No technical features are shared between the amino acid sequences of Group |1+ and, accordingly, these groups lack unity a priori.

Additionally, even if the inventions listed as Group ! and Group I+ were considered to share technical features, these shared technical
features are previously disclosed by the prior art, as further discussed below.

Croup | requireo o mothod of idontifying a CRISPR-assaciated pratain, nnt requirad hy gronp 1+
Group I+ requires an isnlated CRISPR/Cas composition, not required by group 1.
Common Technlcal Features

The inventions of Groups | and II+ share the technical feature of a nucleic acid encoding a CRISPR-associated protein (aka '‘Cas’
protein).

However, this shared technical feature does not represent a contribution over prior art, because the shared technical feature is
anticipated by US 2018/0094257 A1 to the Jackson Laboratory (hereinafter 'Jackson labs'). Jackson labs teaches a nucleic acid
comprising a CRISPR-associated protein (aka ‘Cas’ protein) (para [0009] "the invention provides a polynucleotide comprising: ... a DNA-
targeting sequence that is complementary to a target polynucleotide sequence”, para [0059] "the invention provides a kit comprising: (1)
a subject polynucleotide, or a subject vector; (2) a subject second vector encoding the Cas9 protein®).

As the technical feature was known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the inventions.

Groups | and I+ therefore lack unity under PCT Rule 13 because they do not share the same or corresponding special technical feature.
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