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NOVEL CRISPR DNA TARGETING ENZYMES AND SYSTEMS

RELATED APPLICATION
This application claims priority to U.S. Provisional Application 62/897,859 filed on September 9,

2019, the entire contents of which is hereby incorporated by reference.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted electronically in
ASCII format and is hereby incorporated by reference in its entirety. Said ASCII copy, created on
September 9, 2020, is named A2186-7028WO_SL.txt and is 475,511 bytes in size.

FIELD OF THE INVENTION
The present disclosure relates to systems and methods for genome editing and modulation of gene
expression using novel Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) and
CRISPR-associated (Cas) genes.

BACKGROUND

Recent advances in genome sequencing technologies and analyses have yielded significant insight
into the genetic underpinnings of biological activities in many diverse arecas of nature, ranging from
prokaryotic biosynthetic pathways to human pathologies. To fully understand and evaluate the vast
quantities of information yielded, equivalent increases in the scale, efficacy, and ease of sequence
technologies for genome and epigenome manipulation are needed. These novel technologies will accelerate
the development of novel applications in numerous areas, including biotechnology, agriculture, and human
therapeutics.

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) and CRISPR-associated
(Cas) genes, collectively known as CRISPR-Cas or CRISPR/Cas systems, are adaptive immune systems in
archaea and bacteria that defend particular species against foreign genetic elements. CRISPR-Cas systems
comprise an extremely diverse group of proteins effectors, non-coding elements, and loci architectures,
some examples of which have been engineered and adapted to produce important biotechnological
advances.

The components of the system involved in host defense include one or more effector proteins
capable of modifying a nucleic acid and an RNA guide element that is responsible for targeting the effector
protein(s) to a specific sequence on a phage nucleic acid. The RNA guide is composed of a CRISPR RNA

(ctRNA) and may require an additional trans-activating RNA (tracrRNA) to enable targeted nucleic acid
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manipulation by the effector protein(s). The crRNA consists of a direct repeat responsible for protein
binding to the crRNA and a spacer sequence that is complementary to the desired nucleic acid target
sequence. CRISPR systems can be reprogrammed to target alternative DNA or RNA targets by modifying
the spacer sequence of the crRNA.

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 consists of
one effector protein that complexes with the RNA guide to target nucleic acid substrates. The single-subunit
effector composition of the Class 2 systems provides a simpler component set for engineering and
application translation and have thus far been an important source of programmable effectors. Nevertheless,
there remains a need for additional programmable effectors and systems for modifying nucleic acids and
polynucleotides (i.e., DNA, RNA, or any hybrid, derivative, or modification) beyond the current CRISPR-
Cas systems, such as smaller effectors and/or effectors having unique PAM sequence requirements, that

enable novel applications through their unique properties.

SUMMARY

In one aspect, provided herein is an engineered, non-naturally occurring Clustered Regularly
Interspaced Short Palindromic Repeat (CRISPR) - Cas system comprising: (a) a CRISPR-associated protein
or a nucleic acid encoding the CRISPR-associated protein, wherein the CRISPR-associated protein
comprises an amino acid sequence of SEQ ID NO: 241; and (b) an RNA guide comprising a direct repeat
sequence and a spacer sequence capable of hybridizing to a target nucleic acid, or a nucleic acid encoding
the RNA guide; wherein the CRISPR-associated protein is capable of binding to the RNA guide and of
modifying the target nucleic acid sequence complementary to the spacer sequence.

In another aspect, provided herein is a cell, wherein the cell comprises: (a) a CRISPR-associated
protein or a nucleic acid encoding the CRISPR-associated protein, wherein the CRISPR-associated protein
comprises the amino acid sequence of SEQ ID NO: 241; and (b) an RNA guide comprising a direct repeat
sequence and a spacer sequence capable of hybridizing to a target nucleic acid, or a nucleic acid encoding
the RNA guide.

In another aspect, provided herein is an in vitro method of binding the system of any previous claim
to a target nucleic acid in a cell comprising: (a) providing the system; and (b) delivering the system to the
cell, wherein the cell comprises the target nucleic acid, wherein the CRISPR-associated-protein binds to
the RNA guide, and wherein the spacer sequence binds to the target nucleic acid.

In another aspect, provided herein is an in vitro method of modifying a target nucleic acid, the
method comprising delivering to the target nucleic acid an engineered, non-naturally occurring CRISPR-

Cas system comprising: (a) a CRISPR-associated protein or a nucleic acid encoding the CRISPR-associated
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protein, wherein the CRISPR-associated protein comprises the amino acid sequence of SEQ ID NO: 241;
and (b) an RNA guide comprising a direct repeat sequence and a spacer sequence capable of hybridizing to
the target nucleic acid, or a nucleic acid encoding the RNA guide; wherein the CRISPR-associated protein
is capable of binding to the RNA guide; and wherein recognition of the target nucleic acid by the CRISPR-
associated protein and RNA guide results in a modification of the target nucleic acid.

In yet another aspect, provided herein is the system as described herein or the cell as described
herein for use in medicine.

This disclosure provides non-naturally-occurring, engineered systems and compositions for novel
single-effector Class 2 CRISPR-Cas systems, which were first identified computationally from genomic
databases and subsequently engineered and experimentally validated. In particular, identification of the
components of these CRISPR-Cas systems allows for their use in non-natural environments, e.g., in bacteria
other than those in which the systems were initially discovered or in eukaryotic cells, such as mammalian
cells. These new effectors are divergent in sequence and function compared to orthologs and homologs of
existing Class 2 CRISPR effectors.

In one aspect, the disclosure provides engineered, non-naturally occurring Clustered Regularly
Interspaced Short Palindromic Repeat (CRISPR) - Cas systems of CLUST.091979 including: a CRISPR-
associated protein, wherein the CRISPR-associated protein includes an amino acid sequence that is at least
80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100%) identical to an amino acid sequence set forth in any one of SEQ ID NOs: 1-56;
and an RNA guide including a direct repeat sequence and a spacer sequence capable of hybridizing to a
target nucleic acid; wherein the CRISPR-associated protein is capable of binding to the RNA guide and of
modifying the target nucleic acid sequence complementary to the spacer sequence. In one aspect, the
disclosure provides engineered, non-naturally occurring Clustered Regularly Interspaced Short Palindromic
Repeat (CRISPR) - Cas systems of CLUST.091979 including: a CRISPR-associated protein or a nucleic
acid encoding the CRISPR-associated protein, wherein the CRISPR-associated protein includes an amino

acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
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92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to an amino acid sequence set forth in any
one of SEQ ID NOs: 1-56; and an RNA guide including a direct repeat sequence and a spacer sequence
capable of hybridizing to a target nucleic acid, or a nucleic acid encoding the RNA guide; wherein the
CRISPR-associated protein is capable of binding to the RNA guide and of modifying the target nucleic acid
sequence complementary to the spacer sequence.

In some aspects, the disclosure provides an engineered, non-naturally occurring Clustered
Regularly Interspaced Short Palindromic Repeat (CRISPR) - Cas system of CLUST.091979 comprising a
CRISPR-associated protein or a nucleic acid encoding the CRISPR-associated protein, wherein the
CRISPR-associated protein comprises an amino acid sequence of SEQ ID NO: 241; and an RNA guide
comprising a direct repeat sequence and a spacer sequence capable of hybridizing to a target nucleic acid;
wherein the CRISPR-associated protein is capable of binding to the RNA guide and of modifying the target
nucleic acid sequence complementary to the spacer sequence. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to an
amino acid sequence set forth in SEQ ID NO: 4, SEQ ID NO: 10, SEQ ID NO: 12, or SEQ ID NO: 14.

In some embodiments of any of the systems described herein, the CRISPR-associated protein
includes at least one (e.g., one, two, or three) RuvC domain or at least one split RuvC domain.

In some embodiments of any of the systems described herein, the CRISPR-associated protein
comprises one or more of the following sequences: (a) PX X, X3X4F (SEQ ID NO: 216), wherein X;is L or
MorlorCorF, XsisYorWorF, XsisKorTorCorRorWorY or Hor V, and X4is I or L or M; (b)
RXiX>X5L (SEQ ID NO: 217), wherein XjislorLorMor Yor Tor F, Xsis RorQor Kor Eor Sor T,
and Xsis LorIor Tor C or M or K; (¢) NX;YX: (SEQ ID NO: 218), wherein X;is I or L or F and X»is K
or Ror V or E; (d) KX XuoX3FAX,XsKD (SEQ ID NO: 219), wherein Xjis TorlorNor AorSorFor 'V,
XzislorVorLorS, XsisHorSorGor R, XyisDorSorE, and XsisIor Vor M or T or N; (e) LX1NX;
(SEQ ID NO: 220), wherein X;is Gor Sor Cor T and Xzis N or Y or K or S; (f) PX i XoX5X4SQX5DS
(SEQ ID NO: 221), wherein Xjis Sor Por A, Xsis YorSorAorPorEor Yor Qor N, Xsis For Y or
H, X4is Tor S, and Xsis M or T or [; (g) KXiXoVRX:X4QEXsH (SEQ ID NO: 222), wherein X;is N or K
orWorRorEorTorY,XsisMorRorLorSorKorVorEorTorlorD,XsisLorRorHorPorT
orKorQofPorSorA, X4isGorQorNorRorKorEorTorTorSorC, and Xsis Ror Wor Y or K
or Tor For S or Q; and (h) XiNGX2X3X4DXsNXeX7XsN (SEQ ID NO: 223), wherein X;is I or K or V or
L, XsisLorM, XsisNorHorP, XyisAorSorC, XsisVorYorlorForTor N, Xsis Aor S, X718 S
or Aor P,and Xgis MorCor L or Ror Nor S or K or L. In some embodiments of any of the systems
described herein, the sequence of SEQ ID NO: 216 is an N-terminal sequence. In some embodiments of

any of the systems described herein, the sequence of SEQ ID NO: 219 is a C-terminal sequence. In some
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embodiments of any of the systems described herein, the sequence of SEQ ID NO: 220 is a C-terminal
sequence. In some embodiments of any of the systems described herein, the sequence of SEQ ID NO: 221
is a C-terminal sequence. In some embodiments of any of the systems described herein, the sequence of
SEQ ID NO: 222 is a C-terminal sequence. In some embodiments of any of the systems described herein,
the sequence of SEQ ID NO: 223 is a C-terminal sequence.

In some embodiments of any of the systems described herein, the CRISPR-associated protein
comprises one or more of the following sequences: (a) ECPITKDVINEYK (SEQ ID NO: 290); (b)
NLTSITIG (SEQ ID NO: 231); (c) NYRTKIRTLN (SEQ ID NO: 232); (d) ISYIENVEN (SEQ ID NO:
233); (e) ELLSVEQLK (SEQ ID NO: 234);(f) HINSMTINIQDFKIE (SEQ ID NO: 235); (g) KENSLGFIL
(SEQ ID NO: 236); (h) GNRQIKKG (SEQ ID NO: 237); (i) DVNFKHA (SEQ ID NO: 238); (j)
GYINLYKYLLEH (SEQ ID NO: 239); (k) KEQVLSKLLY (SEQ ID NO: 240); (@O
EYIYVSCVNKLRAKYVSYFILKEKY YEKQKEYDIEMGF (SEQ ID NO: 241); (m)
DDSTESKESMDKRR (SEQ ID NO: 242); (n) NVQQDINGCLKNIINY (SEQ ID NO: 243); (o)
ALENLENSNFEK (SEQ ID NO: 244); (p) QVLPTIKSLL (SEQ ID NO: 245); (q) YHKLENQN (SEQ ID
NO: 246); (r) ASDKVKEYIE (SEQ ID NO: 247); (s) TNENNEIVDAKYT (SEQ ID NO: 248); (1)
ANFFNLMMKSLHFAS (SEQ ID NO: 249); (u) LLSNNGKTQIALVPSE (SEQ ID NO: 250); (v)
HINGLNADFNAANNIKYI (SEQ ID NO: 251), or a sequence having no more than 1, 2, or 3 sequence
differences (e.g., substitutions) relative to any of the foregoing. In some embodiments, the CRISPR-
associated protein has a sequence at least 70% identical to SEQ ID NO: 4. In some embodiments, the
CRISPR-associated protein has a sequence at least 70% identical to SEQ ID NO: 10.

In some embodiments of any of the systems described herein, the direct repeat sequence includes
a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
9%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to a nucleotide sequence set forth in
any one of SEQ ID NOs: 57-90, SEQ ID NOs: 118-151, or SEQ ID NO: 213. In some embodiments of any
of the systems described herein, the direct repeat sequence includes a nucleotide sequence that is at least
95% (e.g., 95%, 96%, 9T7%, 98%, 99% or 100%) identical to a nucleotide sequence set forth in any one of
SEQ ID NOs: 57-90, SEQ ID NOs: 118-151, or SEQ ID NO: 213.

In some embodiments of any of the systems described herein, the direct repeat sequence comprises
one or more of the following sequences: (a) XiXoTX3XuXsX6X7Xs (SEQ ID NO: 224), wherein X, is A or
CorG, XsisTorCor A, XzisTorGor A, X4isTorG, XsisTorGor A, XeisGorTor A, X;is T or
Gor A,and Xsis Aor Gor T (e.g., ATTGTTGDA (SEQ ID NO: 225)); (b) XiXoX3XuX5XsX7X3Xo (SEQ
ID NO: 226), wherein Xjis TorCor A, XsisTorAor G, XsisTorCor A, X4isTor A, Xsis T or A or
G, XesisTor A, XsisAor T, Xgis AorGor Cor T, and Xois G or A or C (e.g., TTTTWTARG (SEQ ID
NO: 227)); and (¢) XiX2X3AC (SEQ ID NO: 228), wherein X;is A or C or G, X2 is C or A, and X5 is A or
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C (e.g., ACAAC (SEQ ID NO: 229)). In some embodiments of any of the systems described herein, SEQ
ID NO: 224 is proximal to the 5’ end of the direct repeat. In some embodiments of any of the systems
described herein, SEQ ID NO: 228 is proximal to the 3’ end of the direct repeat.

In some embodiments of any of the systems described herein, the CRISPR-associated protein is
capable of recognizing a protospacer adjacent motif (PAM), wherein the PAM includes a nucleic acid
sequence, including a nucleic acid sequence set forth as 5’-NTTN-3’, 5’-NTTR-3’, 5’-RTTR-3’, 5’-TNNT-
3’, 5°-TNRT-3’, 5’-TSRT-3’, 5’-TGRT-3’, 5’-TNRY-3’, 5’-TTNR-3’, 5°-TTYR-3’, 5-TTTR-3’, 5°-
TTCV-3’, 5’-DTYR-3’, 5’-WTTR-3’, 5°-NNR-3’, 5’-NYR-3’, 5’-YYR-3’, 5’-TYR-3’, 5’-TTN-3’, 5’-
TTR-3’, 5°-CNT-3’°, 5’-NGG-3’, 5°-BGG-3’, or 5’-R-3’, wherein “N” is any nucleotide, “B” is C or G or
T,“D”isAorGorT, “R”isAorG, “S”isGor C, “V’isAorCor G, “W”isAorT,and “Y”is CorT.

In some embodiments of any of the systems described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID
NO: 1, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 57. In some embodiments of any
of the systems described herein, the CRISPR-associated protein is a protein having at least 95% (e.g., 95%,
96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID NO: 1, and wherein
the direct repeat sequence comprises a nucleotide sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 57. In some embodiments of any
of the systems described herein, the CRISPR-associated protein is capable of recognizing a protospacer
adjacent motif (PAM) sequence, wherein the PAM sequence comprises a nucleic acid sequence set forth as
5’-TNNT-3’ or 5’-TNRT-3’, wherein “N” is any nucleotide and “R” is A or G.

In some embodiments of any of the systems described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID
NO: 4, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 60. In some embodiments of any
of the systems described herein, the CRISPR-associated protein is a protein having at least 95% (e.g., 95%,
96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID NO: 4, and wherein
the direct repeat sequence comprises a nucleotide sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 60. In some embodiments of any

of the systems described herein, the CRISPR-associated protein is capable of recognizing a protospacer
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adjacent motif (PAM) sequence, wherein the PAM sequence comprises a nucleic acid sequence set forth as
5’-NTTN-3’, 5’-NTTR-3’ (e.g., 5’-TTTG-3), or 5’-NNR-3’, wherein “N” is any nucleotide and “R” is A
or G.

In some embodiments of any of the systems described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID
NO: 10, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 62 or SEQ ID NO: 213. In some
embodiments of any of the systems described herein, the CRISPR-associated protein is a protein having at
least 95% (e.g., 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ
ID NO: 10, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 95%
(e.g., 95%, 96%, Y7 %, 98%, 99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 62
or SEQ ID NO: 213. In some embodiments of any of the systems described herein, the CRISPR-associated
protein is capable of recognizing a protospacer adjacent motif (PAM) sequence, wherein the PAM sequence
comprises a nucleic acid sequence set forth as 5’-NTTN-3" or 5’-RTTR-3’ (e.g., 5’-ATTG-3" or 5’-GTTA-
3’), wherein “N” is any nucleotide and “R” is A or G.

In some embodiments of any of the systems described herein, the spacer sequence of the RNA
guide includes between about 15 nucleotides to about 55 nucleotides. In some embodiments of any of the
systems described herein, the spacer sequence of the RNA guide includes between 20 and 45 nucleotides.

In some embodiments of any of the systems described herein, the CRISPR-associated protein
comprises a catalytic residue (e.g., aspartic acid or glutamic acid). In some embodiments of any of the
systems described herein, the CRISPR-associated protein cleaves the target nucleic acid. In some
embodiments of any of the systems described herein, the CRISPR-associated protein further comprises a
peptide tag, a fluorescent protein, a base-editing domain, a DNA methylation domain, a histone residue
modification domain, a localization factor, a transcription modification factor, a light-gated control factor,
a chemically inducible factor, or a chromatin visualization factor.

In some embodiments of any of the systems described herein, the nucleic acid encoding the
CRISPR-associated protein is codon-optimized for expression in a cell, e.g., a eukaryotic cell, e.g., a
mammalian cell, e.g., a human cell. In some embodiments of any of the systems described herein, the
nucleic acid encoding the CRISPR-associated protein is operably linked to a promoter. In some
embodiments of any of the systems described herein, the nucleic acid encoding the CRISPR-associated
protein is in a vector. In some embodiments, the vector comprises a retroviral vector, a lentiviral vector, a

phage vector, an adenoviral vector, an adeno-associated vector, or a herpes simplex vector.
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In some embodiments of any of the systems described herein, the target nucleic acid is a DNA
molecule. In some embodiments of any of the systems described herein, the target nucleic acid includes a
PAM sequence.

In some embodiments of any of the systems described herein, the CRISPR-associated protein has
non-specific nuclease activity.

In some embodiments of any of the systems described herein, recognition of the target nucleic acid
by the CRISPR-associated protein and RNA guide results in a modification of the target nucleic acid. In
some embodiments of any of the systems described herein, the modification of the target nucleic acid is a
double-stranded cleavage event. In some embodiments of any of the systems described herein, the
modification of the target nucleic acid is a single-stranded cleavage event. In some embodiments of any of
the systems described herein, the modification of the target nucleic acid results in an insertion event. In
some embodiments of any of the systems described herein, the modification of the target nucleic acid results
in a deletion event. In some embodiments of any of the systems described herein, the modification of the
target nucleic acid results in cell toxicity or cell death.

In some embodiments of any of the systems described herein, the system further includes a donor
template nucleic acid. In some embodiments of any of the systems described herein, the donor template
nucleic acid is a DNA molecule. In some embodiments of any of the systems described herein, wherein the
donor template nucleic acid is an RNA molecule.

In some embodiments of any of the systems described herein, the RNA guide optionally includes
a tractrRNA and/or a modulator RNA. In some embodiments of any of the systems described herein, the
system further includes a tracrRNA. In some embodiments of any of the systems described herein, the
system does not include a tracrRNA. In some embodiments of any of the systems described herein, the
CRISPR-associated protein is self-processing. In some embodiments of any of the systems described herein,
the system further includes a modulator RNA.

In some embodiments of any of the systems described herein, the CRISPR-associated protein
comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid
sequence of SEQ ID NO: 1, and the tracrRNA sequence comprises a nucleotide sequence that is at least
&0% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 152, SEQ ID NO: 153, or
SEQ ID NO: 154.

In some embodiments of any of the systems described herein, the system is present in a delivery

composition comprising a nanopatticle, a liposome, an exosome, a microvesicle, or a gene-gun.
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In some embodiments of any of the systems described herein, the systems are within a cell. In some
embodiments, the cell is a eukaryotic cell. In some embodiments, the cell is a mammalian cell. In some
embodiments, the cell is a human cell. In some embodiments, the cell is a prokaryotic cell.

In another aspect, the disclosure provides a cell, wherein the cell includes: a CRISPR-associated
protein, wherein the CRISPR-associated protein includes an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to an amino acid sequence set forth in any one of SEQ ID NOs: 1-56; and an RNA
guide including a direct repeat sequence and a spacer sequence capable of hybridizing to a target nucleic
acid. In another aspect, the disclosure provides a cell, wherein the cell includes: a CRISPR-associated
protein or a nucleic acid encoding the CRISPR-associated protein, wherein the CRISPR-associated protein
includes an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to an amino acid sequence
set forth in any one of SEQ ID NOs: 1-56; and an RNA guide including a direct repeat sequence and a
spacer sequence capable of hybridizing to a target nucleic acid, or a nucleic acid encoding the RNA guide.

In some embodiments of any of the cells described herein, the CRISPR-associated protein includes
at least one (e.g., one, two, or three) RuvC domain or at least one split RuvC domain.

In some embodiments of any of the cells described herein, the CRISPR-associated protein
comprises one or more of the following sequences: (a) PX X, X3X4F (SEQ ID NO: 216), wherein X;is L or
MorlorCorF, XsisYorWorF, XsisKorTorCorRorWorY or Hor V, and X4is I or L or M; (b)
RXiX>X5L (SEQ ID NO: 217), wherein XjislorLorMor Yor Tor F, Xsis RorQor Kor Eor Sor T,
and Xsis LorIor Tor C or M or K; (¢) NX;YX: (SEQ ID NO: 218), wherein X;is I or L or F and X»,is K
or Ror V or E; (d) KX XuoX3FAX,XsKD (SEQ ID NO: 219), wherein Xjis TorlorNor AorSorFor 'V,
XzislorVorLorS, XsisHorSorGor R, XyisDorSorE, and XsisIor Vor M or T or N; (e) LX1NX;
(SEQ ID NO: 220), wherein X;is Gor Sor Cor T and Xzis N or Y or K or S; (f) PX i XoX5X4SQX5DS
(SEQ ID NO: 221), wherein Xjis Sor Por A, Xsis YorSorAorPorEor Yor Qor N, Xsis For Y or
H, X4is Tor S, and Xsis M or T or [; (g) KXiXoVRX:X4QEXsH (SEQ ID NO: 222), wherein X;is N or K
orWorRorEorTorY,XsisMorRorLorSorKorVorEorTorlorD,XsisLorRorHorPorT
orKorQofPorSorA, X4isGorQorNorRorKorEorTorTorSorC, and Xsis Ror Wor Y or K
or Tor ForSor Q; and (h) XiNGX2X3X4DX5NXeX7XsN (SEQ ID NO: 223), wherein X;is I or Kor V or
L, XsisLorM, XsisNorHorP, XyisAorSorC, XsisVorYorlorForTor N, Xsis Aor S, X718 S
or AorP,and Xgis Mor Cor L or Ror Nor S or K or L. In some embodiments of any of the cells described
herein, the sequence of SEQ ID NO: 216 is an N-terminal sequence. In some embodiments of any of the
cells described herein, the sequence of SEQ ID NO: 219 is a C-terminal sequence. In some embodiments

of any of the cells described herein, the sequence of SEQ ID NO: 220 is a C-terminal sequence. In some
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embodiments of any of the cells described herein, the sequence of SEQ ID NO: 221 is a C-terminal
sequence. In some embodiments of any of the cells described herein, the sequence of SEQ ID NO: 222 is a
C-terminal sequence. In some embodiments of any of the cells described herein, the sequence of SEQ ID
NO: 223 is a C-terminal sequence.

In some embodiments of any of the cells described herein, the direct repeat sequence includes a
nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
9%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to a nucleotide sequence set forth in
any one of SEQ ID NOs: 57-90, SEQ ID NOs: 118-151, or SEQ ID NO: 213. In some embodiments of any
of the cells described herein, the direct repeat sequence includes a nucleotide sequence that is at least 95%
(e.g., 95%, 96%, 97%, 98%, 99% or 100%) identical to a nucleotide sequence set forth in any one of SEQ
ID NOs: 57-90, SEQ ID NOs: 118-151, or SEQ ID NO: 213.

In some embodiments of any of the cells described herein, the direct repeat sequence comprises
one or more of the following sequences: (a) XiXoTX3XuXsX6X7Xs (SEQ ID NO: 224), wherein X, is A or
CorG, XsisTorCor A, XzisTorGor A, X4isTorG, XsisTorGor A, XeisGorTor A, X;is T or
Gor A,and Xsis Aor Gor T (e.g., ATTGTTGDA (SEQ ID NO: 225)); (b) XiXoX3XuX5XsX7X3Xo (SEQ
ID NO: 226), wherein Xjis TorCor A, XsisTorAor G, XsisTorCor A, X4isTor A, Xsis T or A or
G, XesisTor A, XsisAor T, Xgis AorGor Cor T, and Xois G or A or C (e.g., TTTTWTARG (SEQ ID
NO: 227)); and (¢) XiX2X3AC (SEQ ID NO: 228), wherein X;is A or C or G, X2 is C or A, and X5 is A or
C (e.g., ACAAC (SEQ ID NO: 229)). In some embodiments of any of the cells described herein, SEQ ID
NO: 224 is proximal to the 5’ end of the direct repeat. In some embodiments of any of the cells described
herein, SEQ ID NO: 228 is proximal to the 3’ end of the direct repeat.

In some embodiments of any of the cells described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID
NO: 1, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 57. In some embodiments of any
of the cells described herein, the CRISPR-associated protein is a protein having at least 95% (e.g., 95%,
96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID NO: 1, and wherein
the direct repeat sequence comprises a nucleotide sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 57. In some embodiments of any
of the cells described herein, the CRISPR-associated protein is capable of recognizing a protospacer
adjacent motif (PAM) sequence, wherein the PAM sequence comprises a nucleic acid sequence set forth as

5’-TNNT-3’ or 5’-TNRT-3’, wherein “N” is any nucleotide and “R” is A or G.
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In some embodiments of any of the cells described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID
NO: 4, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 60. In some embodiments of any
of the cells described herein, the CRISPR-associated protein is a protein having at least 95% (e.g., 95%,
96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID NO: 4, and wherein
the direct repeat sequence comprises a nucleotide sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 60. In some embodiments of any
of the cells described herein, the CRISPR-associated protein is capable of recognizing a protospacer
adjacent motif (PAM) sequence, wherein the PAM sequence comprises a nucleic acid sequence set forth as
5’-NTTN-3’, 5’-NTTR-3’ (e.g., 5’-TTTG-3), or 5’-NNR-3’, wherein “N” is any nucleotide and “R” is A
or G.

In some embodiments of any of the cells described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID
NO: 10, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 62 or SEQ ID NO: 213. In some
embodiments of any of the cells described herein, the CRISPR-associated protein is a protein having at
least 95% (e.g., 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ
ID NO: 10, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 95%
(e.g., 95%, 96%, Y7 %, 98%, 99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 62
or SEQ ID NO: 213. In some embodiments of any of the cells described herein, the CRISPR-associated
protein is capable of recognizing a protospacer adjacent motif (PAM) sequence, wherein the PAM sequence
comprises a nucleic acid sequence set forth as 5’-NTTN-3" or 5’-RTTR-3’ (e.g., 5’-ATTG-3" or 5’-GTTA-
3’), wherein “N” is any nucleotide and “R” is A or G.

In some embodiments of any of the cells described herein, the spacer sequence includes between
about 15 nucleotides to about 55 nucleotides. In some embodiments of any of the cells described herein,
the spacer sequence includes between 20 and 45 nucleotides.

In some embodiments of any of the cells described herein, the CRISPR-associated protein
comprises a catalytic residue (e.g., aspartic acid or glutamic acid). In some embodiments of any of the cells

described herein, the CRISPR-associated protein cleaves the target nucleic acid. In some embodiments of
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any of the cells described herein, the CRISPR-associated protein further comprises a peptide tag, a
fluorescent protein, a base-editing domain, a DNA methylation domain, a histone residue modification
domain, a localization factor, a transcription modification factor, a light-gated control factor, a chemically
inducible factor, or a chromatin visualization factor.

In some embodiments of any of the cells described herein, the nucleic acid encoding the CRISPR-
associated protein is codon-optimized for expression in a cell, e.g., a eukaryotic cell, e.g., a mammalian
cell, e.g., ahuman cell. In some embodiments of any of the cells described herein, the nucleic acid encoding
the CRISPR-associated protein is operably linked to a promoter. In some embodiments of any of the cells
described herein, the nucleic acid encoding the CRISPR-associated protein is in a vector. In some
embodiments, the vector comprises a retroviral vector, a lentiviral vector, a phage vector, an adenoviral
vector, an adeno-associated vector, or a herpes simplex vector.

In some embodiments of any of the cells described herein, the RNA guide optionally includes a
tractRNA and/or a modulator RNA. In some embodiments of any of the cells described herein, the cell
further includes a tracrRNA. In some embodiments of any of the cells described herein, the cell does not
include a tractrRNA. In some embodiments of any of the cells described herein, the CRISPR-associated
protein is self-processing. In some embodiments of any of the cells described herein, the cell further
includes a modulator RNA.

In some embodiments of any of the cells described herein, the cell is a eukaryotic cell. In some
embodiments of any of the cells described herein, the cell is a mammalian cell. In some embodiments of
any of the cells described herein, the cell is a human cell. In some embodiments of any of the cells described
herein, the cell is a prokaryotic cell.

In some embodiments of any of the cells described herein, the target nucleic acid is a DNA
molecule. In some embodiments of any of the cells described herein, the target nucleic acid includes a PAM
sequence.

In some embodiments of any of the cells described herein, the CRISPR-associated protein has non-
specific nuclease activity.

In some embodiments of any of the cells described herein, recognition of the target nucleic acid by
the CRISPR-associated protein and RNA guide results in a modification of the target nucleic acid. In some
embodiments of any of the cells described herein, the modification of the target nucleic acid is a double-
stranded cleavage event. In some embodiments of any of the cells described herein, the modification of the
target nucleic acid is a single-stranded cleavage event. In some embodiments of any of the cells described
herein, the modification of the target nucleic acid results in an insertion event. In some embodiments of any

of the cells described herein, the modification of the target nucleic acid results in a deletion event. In some
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embodiments of any of the cells described herein, the modification of the target nucleic acid results in cell
toxicity or cell death.

In another aspect, the disclosure provides a method of binding a system described herein to a target
nucleic acid in a cell comprising: (a) providing the system; and (b) delivering the system to the cell, wherein
the cell comprises the target nucleic acid, wherein the CRISPR-associated protein binds to the RNA guide,
and wherein the spacer sequence binds to the target nucleic acid. In some embodiments, the cell is a
cukaryotic cell, e.g., a mammalian cell, e.g., a human cell.

In another aspect, the disclosure provides methods of modifying a target nucleic acid, the method
including delivering to the target nucleic acid an engineered, non-naturally occurring CRISPR-Cas system
including: a CRISPR-associated protein, wherein the CRISPR-associated protein includes an amino acid
sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to an amino acid sequence set forth in any one
of SEQ ID NOs: 1-56; and an RNA guide including a direct repeat sequence and a spacer sequence capable
of hybridizing to the target nucleic acid; wherein the CRISPR-associated protein is capable of binding to
the RNA guide; and wherein recognition of the target nucleic acid by the CRISPR-associated protein and
RNA guide results in a modification of the target nucleic acid. In another aspect, the disclosure provides
methods of modifying a target nucleic acid, the method including delivering to the target nucleic acid an
engineered, non-naturally occurring CRISPR-Cas system including: a CRISPR-associated protein or a
nucleic acid encoding the CRISPR-associated protein, wherein the CRISPR-associated protein includes an
amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to an amino acid sequence set forth
in any one of SEQ ID NOs: 1-56; and an RNA guide including a direct repeat sequence and a spacer
sequence capable of hybridizing to the target nucleic acid; wherein the CRISPR-associated protein is
capable of binding to the RNA guide; and wherein recognition of the target nucleic acid by the CRISPR-
associated protein and RNA guide results in a modification of the target nucleic acid.

In some embodiments of any of the methods described herein, the CRISPR-associated protein
comprises one or more of the following sequences: (a) PX X, X3X4F (SEQ ID NO: 216), wherein X;is L or
MorlorCorF, XsisYorWorF, XsisKorTorCorRorWorY or Hor V, and X4is I or L or M; (b)
RXiX>X5L (SEQ ID NO: 217), wherein XjislorLorMor Yor Tor F, Xsis RorQor Kor Eor Sor T,
and Xsis LorIor Tor C or M or K; (¢) NX;YX: (SEQ ID NO: 218), wherein X;is I or L or F and X»is K
or Ror V or E; (d) KX XuoX3FAX,XsKD (SEQ ID NO: 219), wherein Xjis TorlorNor AorSorFor 'V,
XzislorVorLorS, XsisHorSorGor R, XyisDorSorE, and XsisIor Vor M or T or N; (e) LX1NX;
(SEQ ID NO: 220), wherein X;is Gor Sor Cor T and Xzis N or Y or K or S; (f) PX i XoX5X4SQX5DS
(SEQ ID NO: 221), wherein Xjis Sor Por A, Xsis YorSorAorPorEor Yor Qor N, Xsis For Y or
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H, X4is Tor S, and Xsis M or T or [; (g) KXiXoVRX:X4QEXsH (SEQ ID NO: 222), wherein X;is N or K
orWorRorEorTorY,XsisMorRorLorSorKorVorEorTorlorD,XsisLorRorHorPorT
orKorQofPorSorA, X4isGorQorNorRorKorEorTorTorSorC, and Xsis Ror Wor Y or K
or Tor For S or Q; and (h) XiNGX2X3X4DXsNXeX7XsN (SEQ ID NO: 223), wherein X;is I or K or V or
L, XsisLorM, XsisNorHorP, XyisAorSorC, XsisVorYorlorForTor N, Xsis Aor S, X718 S
or Aor P,and Xgis MorCor L or Ror Nor S or K or L. In some embodiments of any of the methods
described herein, the sequence of SEQ ID NO: 216 is an N-terminal sequence. In some embodiments of
any of the methods described herein, the sequence of SEQ ID NO: 219 is a C-terminal sequence. In some
embodiments of any of the methods described herein, the sequence of SEQ ID NO: 220 is a C-terminal
sequence. In some embodiments of any of the methods described herein, the sequence of SEQ ID NO: 221
is a C-terminal sequence. In some embodiments of any of the methods described herein, the sequence of
SEQ ID NO: 222 is a C-terminal sequence. In some embodiments of any of the methods described herein,
the sequence of SEQ ID NO: 223 is a C-terminal sequence.

In some embodiments of any of the methods described herein, the direct repeat sequence includes
a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
9%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to a nucleotide sequence set forth in
any one of SEQ ID NOs: 57-90, SEQ ID NOs: 118-151, or SEQ ID NO: 213. In some embodiments of any
of the methods described herein, the direct repeat sequence includes a nucleotide sequence that is at least
95% (e.g., 95%, 96%, 9T7%, 98%, 99% or 100%) identical to a nucleotide sequence set forth in any one of
SEQ ID NOs: 57-90, SEQ ID NOs: 118-151, or SEQ ID NO: 213.

In some embodiments of any of the methods described herein, the direct repeat sequence comprises
one or more of the following sequences: (a) XiXoTX3XuXsX6X7Xs (SEQ ID NO: 224), wherein X, is A or
CorG, XsisTorCor A, XzisTorGor A, X4isTorG, XsisTorGor A, XeisGorTor A, X;is T or
Gor A,and Xsis Aor Gor T (e.g., ATTGTTGDA (SEQ ID NO: 225)); (b) XiXoX3XuX5XsX7X3Xo (SEQ
ID NO: 226), wherein Xjis TorCor A, XsisTorAor G, XsisTorCor A, X4isTor A, Xsis T or A or
G, XesisTor A, XsisAor T, Xgis AorGor Cor T, and Xois G or A or C (e.g., TTTTWTARG (SEQ ID
NO: 227)); and (¢) XiX2X3AC (SEQ ID NO: 228), wherein X;is A or C or G, X2 is C or A, and X5 is A or
C (e.g., ACAAC (SEQ ID NO: 229)). In some embodiments of any of the methods described herein, SEQ
ID NO: 224 is proximal to the 5’ end of the direct repeat. In some embodiments of any of the methods
described herein, SEQ ID NO: 228 is proximal to the 3’ end of the direct repeat.

In some embodiments of any of the methods described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID

NO: 1, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
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81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 57. In some embodiments of any
of the methods described herein, the CRISPR-associated protein is a protein having at least 95% (e.g., 95%,
96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID NO: 1, and wherein
the direct repeat sequence comprises a nucleotide sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 57. In some embodiments of any
of the methods described herein, the CRISPR-associated protein is capable of recognizing a protospacer
adjacent motif (PAM) sequence, wherein the PAM sequence comprises a nucleic acid sequence set forth as
5’-TNNT-3’ or 5’-TNRT-3’, wherein “N” is any nucleotide and “R” is A or G.

In some embodiments of any of the methods described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID
NO: 4, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 60. In some embodiments of any
of the methods described herein, the CRISPR-associated protein is a protein having at least 95% (e.g., 95%,
96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID NO: 4, and wherein
the direct repeat sequence comprises a nucleotide sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 60. In some embodiments of any
of the methods described herein, the CRISPR-associated protein is capable of recognizing a protospacer
adjacent motif (PAM) sequence, wherein the PAM sequence comprises a nucleic acid sequence set forth as
5’-NTTN-3’, 5’-NTTR-3’ (e.g., 5’-TTTG-3), or 5’-NNR-3’, wherein “N” is any nucleotide and “R” is A
or G.

In some embodiments of any of the methods described herein, the CRISPR-associated protein is a
protein having at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ ID
NO: 10, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 62 or SEQ ID NO: 213. In some
embodiments of any of the methods described herein, the CRISPR-associated protein is a protein having at
least 95% (e.g., 95%, 96%, 97%, 98%, 99% or 100%) identity to an amino acid sequence set forth in SEQ
ID NO: 10, and wherein the direct repeat sequence comprises a nucleotide sequence that is at least 95%
(e.g., 95%, 96%, Y7 %, 98%, 99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 62
or SEQ ID NO: 213. In some embodiments of any of the methods described herein, the CRISPR-associated
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protein is capable of recognizing a protospacer adjacent motif (PAM) sequence, wherein the PAM sequence
comprises a nucleic acid sequence set forth as 5’-NTTN-3" or 5’-RTTR-3’ (e.g., 5’-ATTG-3" or 5’-GTTA-
3’), wherein “N” is any nucleotide and “R” is A or G.

In some embodiments of any of the methods described herein, the spacer sequence includes
between about 15 nucleotides to about 55 nucleotides. In some embodiments of any of the methods
described herein, the spacer sequence includes between 20 and 45 nucleotides.

In some embodiments of any of the methods described herein, the RNA guide optionally includes
a tractRNA and/or a modulator RNA. In some embodiments of any of the methods described herein, the
system further includes a tractrRNA. In some embodiments of any of the methods described herein, the
system does not include a tracrRNA. In some embodiments of any of the methods described herein, the
CRISPR-associated protein is self-processing. In some embodiments of any of the methods described
herein, the system further includes a modulator RNA.

In some embodiments of any of the methods described herein, the target nucleic acid is a DNA
molecule. In some embodiments of any of the methods described herein, the target nucleic acid includes a
PAM sequence.

In some embodiments of any of the methods described herein, the CRISPR-associated protein has
non-specific nuclease activity.

In some embodiments of any of the methods described herein, the modification of the target nucleic
acid is a double-stranded cleavage event. In some embodiments of any of the methods described herein, the
modification of the target nucleic acid is a single-stranded cleavage event. In some embodiments of any of
the methods described herein, the modification of the target nucleic acid results in an insertion event. In
some embodiments of any of the methods described herein, the modification of the target nucleic acid
results in a deletion event. In some embodiments of any of the methods described herein, the modification
of the target nucleic acid results in cell toxicity or cell death.

In another aspect, the disclosure provides a method of editing a target nucleic acid, the method
comprising contacting the target nucleic acid with a system described herein. In another aspect, the
disclosure provides a method of modifying expression of a target nucleic acid, the method comprising
contacting the target nucleic acid with a system described herein. In another aspect, the disclosure provides
a method of targeting the insertion of a payload nucleic acid at a site of a target nucleic acid, the method
comprising contacting the target nucleic acid with a system described herein. In another aspect, the
disclosure provides a method of targeting the excision of a payload nucleic acid from a site at a target
nucleic acid, the method comprising contacting the target nucleic acid with a system described herein. In

another aspect, the disclosure provides a method of non-specifically degrading single-stranded DNA upon
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recognition of a DNA target nucleic acid, the method comprising contacting the target nucleic acid with a
system described herein.

In some embodiments of any of the systems or methods provided herein, the contacting comprises
directly contacting or indirectly contacting. In some embodiments of any of the systems or methods
provided herein, contacting indirectly comprises administering one or more nucleic acids encoding an RNA
guide or CRISPR-associated protein described herein under conditions that allow for production of the
RNA guide and/or CRISPR-related protein. In some embodiments of any of the systems or methods
provided herein, contacting includes contacting in vivo or contacting in vitro. In some embodiments of any
of the systems or methods provided herein, contacting a target nucleic acid with the system comprises
contacting a cell comprising the nucleic acid with the system under conditions that allow the CRISPR-
related protein and guide RNA to reach the target nucleic acid. In some embodiments of any of the systems
or methods provided herein, contacting a cell in vivo with the system comprises administering the system
to the subject that comprises the cell, under conditions that allow the CRISPR-related protein and guide
RNA to reach the cell or be produced in the cell.

In another aspect, the disclosure provides a system provided herein for use in an in vitro or ex vivo
method of: (a) targeting and editing a target nucleic acid; (b) non-specifically degrading a single-stranded
nucleic acid upon recognition of the nucleic acid; (c) targeting and nicking a non-spacer complementary
strand of a double-stranded target upon recognition of a spacer complementary strand of the double-
stranded target; (d) targeting and cleaving a double-stranded target nucleic acid; (e) detecting a target
nucleic acid in a sample; (f) specifically editing a double-stranded nucleic acid; (g) base editing a double-
stranded nucleic acid; (h) inducing genotype-specific or transcriptional-state-specific cell death or
dormancy in a cell; (i) creating an indel in a double-stranded nucleic acid target; (j) inserting a sequence
into a double-stranded nucleic acid target; or (k) deleting or inverting a sequence in a double-stranded
nucleic acid target.

In another aspect, the disclosure provides method of introducing an insertion or deletion into a
target nucleic acid in a mammalian cell, comprising a transfection of: (a) a nucleic acid sequence encoding
a CRISPR-associated protein, wherein the CRISPR-associated protein comprises an amino acid sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%., 91%, 92%, 93%, 94%.
95%, 96%, 97%, 98%, 99% or 100%) identical to an amino acid sequence set forth in any one of SEQ ID
NOs: 1-56; and (b) an RNA guide (or a nucleic acid encoding the RNA guide) comprising a direct repeat
sequence and a spacer sequence capable of hybridizing to the target nucleic acid; wherein the CRISPR-
associated protein is capable of binding to the RNA guide; and wherein recognition of the target nucleic

acid by the CRISPR-associated protein and RNA guide results in a modification of the target nucleic acid.
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In some embodiments of any of the methods provided herein, the CRISPR-associated protein
comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to an amino acid sequence
set forth in SEQ ID NO: 4. In some embodiments of any of the methods provided herein, the CRISPR-
associated protein comprises an amino acid sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%, 99%
or 100%) identical to an amino acid sequence set forth in SEQ ID NO: 4. In some embodiments of any of
the methods provided herein, the direct repeat comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 60. In some embodiments of any
of the methods provided herein, wherein the direct repeat comprises a nucleotide sequence that is at least
95% (e.g., 95%, 96%, 97%, 98%, 99% or 100%) identical to a nucleotide sequence set forth in SEQ ID
NO: 60. In some embodiments of any of the methods provided herein, the target nucleic acid is adjacent to
a PAM sequence, and the PAM sequence comprises a nucleic acid sequence set forth as 5’-NTTN-3", 5’-
NTTR-3’ (e.g., 5’-TTTG-3"), or 5°’-NNR-3’, wherein “N” is any nucleotide and “R” is A or G.

In some embodiments of any of the methods provided herein, the CRISPR-associated protein
comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to an amino acid sequence
set forth in SEQ ID NO: 10. In some embodiments of any of the methods provided herein, the CRISPR-
associated protein comprises an amino acid sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%, 99%
or 100%) identical to an amino acid sequence set forth in SEQ ID NO: 10. In some embodiments of any of
the methods provided herein, the direct repeat comprises a nucleotide sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to a nucleotide sequence set forth in SEQ ID NO: 62 or SEQ ID NO: 213. In some
embodiments of any of the methods provided herein, wherein the direct repeat comprises a nucleotide
sequence that is at least 95% (e.g., 95%, 96%, 97%, 98%, 99% or 100%) identical to a nucleotide sequence
set forth in SEQ ID NO: 62 or SEQ ID NO: 213. In some embodiments of any of the methods provided
herein, the target nucleic acid is adjacent to a PAM sequence, and the PAM sequence comprises a nucleic
acid sequence set forth as 5’-NTTN-3" or 5°-RTTR-3’ (e.g., 5’-ATTG-3" or 5’-GTTA-3"), wherein “N” is
any nucleotide and “R” is A or G.

In some embodiments of any of the methods provided herein, the transfection is a transient
transfection. In some embodiments of any of the methods provided herein, the cell is a human cell.

In another aspect, the disclosure provides a composition comprising: (a) a  CRISPR-associated
protein or a nucleic acid encoding the CRISPR-associated protein, and (b) an RNA guide comprising a

direct repeat sequence and a spacer sequence; wherein the CRISPR-associated protein comprises one or

17



10

15

20

25

30

WO 2021/050534 PCT/US2020/049923

more of the following amino acid sequences: (1) PX1X2X3X4F (SEQ ID NO: 216), wherein X is L or
MorlorCorF, XoisYorWorF, XsgisKorTorCorRorWorYorHorV,and X4islorL
or M; (ii) RX1X2X3L (SEQ ID NO: 217), wherein XiisIorLorMor Y or T or F, X>2is R or Q or
KorEorSorT,and Xsis L or I or T or C or M or K; (iii) NX1YX> (SEQ ID NO: 218), wherein
XiisTorLorFand Xsis KorR or V or E; (iv) KX 1X2X3FAX4XsKD (SEQ ID NO: 219), wherein
XiisTorlorNorAorSorForV, XzislorVorLorS, XsisHorSor GorR, X4isD or S or
E, and Xsis I or Vor M or T or N; (v) LX1NX2 (SEQ ID NO: 220), wherein X;is G or S or C or
T and X2is N or Y or K or S; (vi) PXi1X2X3X4SQXsDS (SEQ ID NO: 221), wherein X1 is S or P
orA, XsisYorSorAorPorEorYorQorN, XzisFor Y orH, X4is Tor S, and Xsis Mor T
or I; (vii) KX1X2VRX3X4QEXsH (SEQ ID NO: 222), wherein Xi1is Nor Kor WorRor Eor T or
Y,XzsisMorRorLorSorKorVorEorTorlorD, XzisLorRorHorPorTorKorQofP
orSorA,X4isGorQorNorRorKorEorIorTorS orC,and XsisRorWorY or Kor T or
For S or Q; and (viii) XiINGX2X3X4DX5NXeX7XsN (SEQ ID NO: 223), wherein Xiis I or K or
VorL, XsisLorM, XzisNorHorP, Xsis AorSorC, XsisVorYorlorForTorN, Xsis A
orS, X7isSorAorP, and XgisMor CorL or Ror N or S or K or L; and wherein the CRISPR-
associated protein is capable of binding to the RNA guide and of modifying the target nucleic acid sequence
complementary to the spacer sequence.

In some embodiments of any of the compositions described herein, the direct repeat sequence
comprises one or more of the following sequences: (a) X1 X TX3X4XsXsX7Xs (SEQ ID NO: 224), wherein
XjisAorCorG,XsisTorCor A, XsisTorGor A, X4is Tor G, Xsis TorGor A, Xsis Gor T or A,
X7;is T or G or A, and Xg is A or G or T (e.g., ATTGTTGDA (SEQ ID NO: 225)); (b)
X1 XoX3X4XsX6X7XsX9 (SEQ ID NO: 226), wherein X is Tor Cor A, X2is T or A or G, X3 is T or C or
A, XyisTor A, XsisTorAor G, Xesis Tor A, Xsis Aor T, Xgis AorGorCor T, and Xois Gor A or C
(e.g., TTTTWTARG (SEQ ID NO: 227)); and (¢) XiX2X3AC (SEQ ID NO: 228), wherein X; is A or C or
G, Xpis Cor A, and X318 A or C (e.g., ACAAC (SEQ ID NO: 229)). In some embodiments of any of the
compositions described herein, SEQ ID NO: 224 is proximal to the 5° end of the direct repeat. In some
embodiments of any of the compositions described herein, SEQ ID NO: 228 is proximal to the 3’ end of
the direct repeat.

In some embodiments of any of the compositions described herein, the CRISPR-associated protein
includes at least one (e.g., one, two, or three) RuvC domain or at least one split RuvC domain.

In some embodiments of any of the compositions described herein, the spacer sequence of the RNA

guide includes between about 15 nucleotides to about 55 nucleotides. In some embodiments of any of the

18



10

15

20

25

30

WO 2021/050534 PCT/US2020/049923

compositions described herein, the spacer sequence of the RNA guide includes between 20 and 45
nucleotides.

In some embodiments of any of the compositions described herein, the CRISPR-associated protein
comprises a catalytic residue (e.g., aspartic acid or glutamic acid). In some embodiments of any of the
compositions described herein, the CRISPR-associated protein cleaves the target nucleic acid. In some
embodiments of any of the compositions described herein, the CRISPR-associated protein further
comprises a peptide tag, a fluorescent protein, a base-editing domain, a DNA methylation domain, a histone
residue modification domain, a localization factor, a transcription modification factor, a light-gated control
factor, a chemically inducible factor, or a chromatin visualization factor.

In some embodiments of any of the compositions described herein, the nucleic acid encoding the
CRISPR-associated protein is codon-optimized for expression in a cell, e.g., a eukaryotic cell, e.g., a
mammalian cell, e.g., a human cell. In some embodiments of any of the compositions described herein, the
nucleic acid encoding the CRISPR-associated protein is operably linked to a promoter. In some
embodiments of any of the compositions described herein, the nucleic acid encoding the CRISPR-
associated protein is in a vector. In some embodiments, the vector comprises a retroviral vector, a lentiviral
vector, a phage vector, an adenoviral vector, an adeno-associated vector, or a herpes simplex vector.

In some embodiments of any of the compositions described herein, the target nucleic acid is a DNA
molecule. In some embodiments of any of the compositions described herein, the target nucleic acid
includes a PAM sequence.

In some embodiments of any of the compositions described herein, the CRISPR-associated protein
has non-specific nuclease activity.

In some embodiments of any of the compositions described herein, recognition of the target nucleic
acid by the CRISPR-associated protein and RNA guide results in a modification of the target nucleic acid.
In some embodiments of any of the compositions described herein, the modification of the target nucleic
acid is a double-stranded cleavage event. In some embodiments of any of the compositions described herein,
the modification of the target nucleic acid is a single-stranded cleavage event. In some embodiments of any
of the compositions described herein, the modification of the target nucleic acid results in an insertion event.
In some embodiments of any of the compositions described herein, the modification of the target nucleic
acid results in a deletion event. In some embodiments of any of the compositions described herein, the
modification of the target nucleic acid results in cell toxicity or cell death.

In some embodiments of any of the compositions described herein, the system further includes a
donor template nucleic acid. In some embodiments of any of the compositions described herein, the donor
template nucleic acid is a DNA molecule. In some embodiments of any of the compositions described

herein, wherein the donor template nucleic acid is an RNA molecule.
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In some embodiments of any of the compositions described herein, the RNA guide optionally
includes a tractRNA. In some embodiments of any of the compositions described herein, the system further
includes a tracrRNA. In some embodiments of any of the compositions described herein, the system does
not include a tracrRNA. In some embodiments of any of the compositions described herein, the CRISPR-
associated protein is self-processing.

In some embodiments of any of the compositions described herein, the system is present in a
delivery composition comprising a nanoparticle, a liposome, an exosome, a microvesicle, or a gene-gun.

In some embodiments of any of the compositions described herein, the compositions are within a
cell. In some embodiments, the cell is a eukaryotic cell. In some embodiments, the cell is a mammalian
cell. In some embodiments, the cell is a human cell. In some embodiments, the cell is a prokaryotic cell.

The effectors described herein provide additional features that include, but are not limited to, 1)
novel nucleic acid editing properties and control mechanisms, 2) smaller size for greater versatility in
delivery strategies, 3) genotype triggered cellular processes such as cell death, and 4) programmable RNA-
guided DNA insertion, excision, and mobilization, and 5) differentiated profile of pre-existing immunity
through a non-human commensal source. See, e.g., Examples 1, 4, and 5 and Figures 1-3 and 5-11D.
Addition of the novel DNA-targeting systems described herein to the toolbox of techniques for genome and

epigenome manipulation enables broad applications for specific, programmed perturbations.

Other features and advantages of the invention will be apparent from the following detailed

description and from the claims.
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BRIEF FIGURE DESCRIPTION

The figures are a series of schematics that represent the results of analysis of a protein cluster
referred to as CLUST.091979.

FIG. 1A, FIG. 1B, FIG. 1C, FIG. 1D, FIG. 1E, FIG. 1F, FIG. 1G, FIG. 1H, FIG. 11, FIG. 1],
FIG. 1K, and FIG. 1L collectively show an alignment of the effectors of SEQ ID NOs: 1-4, 14, 15, 17-19,
21-25, 27-33, 35-49, 51-56.

FIG. 2 is a schematic showing the RuvC domains of CLUST.091979 effectors, which is based
upon the consensus sequence of the sequences shown in Table 6.

FIG. 3 shows an alignment of the direct repeat sequences of SEQ ID NOs: 57, 58, 60, 62, 63, 70,
72-74,76, 77, 80, 83, 84, 86-88, 90, 128, 130, 139, and 213. The consensus sequence (SEQ ID NO: 230)
is shown at the top of the alignment.

FIG. 4A is a schematic representation of the components of the in vivo negative selection screening
assay described in Example 4. CRISPR array libraries were designed including non-representative spacers
uniformly sampled from both strands of the pACYC184 or E. coli essential genes flanked by two DRs and
expressed by J23119.

FIG. 4B is a schematic representation of the in vivo negative selection screening workflow
described in Example 4. CRISPR array libraries were cloned into the effector plasmid. The effector plasmid
and the non-coding plasmid were transformed into E. coli followed by outgrowth for negative selection of
CRISPR arrays conferring interference against transcripts from pACYC184 or E. coli essential genes.
Targeted sequencing of the effector plasmid was used to identify depleted CRISPR arrays. Small RNAseq
was further performed to identify mature ctRNAs and potential tractrRNA requirements.

FIG. 5 is a graph for CLUST.091979 AUX0013988882 (effector set forth in SEQ ID NO: 1)
showing the degree of depletion activity of the engineered compositions for spacers targeting pACYC184
and direct repeat transcriptional orientations, with a non-coding sequence. The degree of depletion with the
direct repeat in the “forward” orientation (5" -ACTA...AACT-{spacer]-3"} and with the direct repeat in the
“reverse” orientation {5’ -AGTT... TAGT-{spacer}-3") are depicted.

FIG. 6A is a graphical representation showing the density of depleted and non-depleted targets for
CLUST.091979 AUX0013988882, with a non-coding sequence, by location on the pACYC184 plasmid.
FIG. 6B is a graphic representation showing the density of depleted and non-depleted targets for
CLUST.091979 AUXO0013988882, with a non-coding sequence, by location on the E. coli strain, E. Cloni.
Targets on the top strand and bottom strand are shown separately and in relation to the orientation of the

annotated genes. The magnitude of the bands indicates the degree of depletion, wherein the lighter bands
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are close to the hit threshold of 3. The gradients are heatmaps of RNA sequencing showing relative
transcript abundance.

FIG. 7 is a WebLogo of the sequences flanking depleted targets in E. Cloni as a prediction of the
PAM sequence for CLUST.091979 AUX0013988882 (with a non-coding sequence).

FIG. 8 is a graph for CLUST.091979 SRR3181151 (effector set forth in SEQ ID NO: 4) showing
the degree of depletion activity of the engineered compositions for spacers targeting pACYC184 and direct
repeat transcriptional orientations, with a non-coding sequence. The degree of depletion with the direct
repeat in the “forward” orientation (5’ -GTTG...CAGG-{spacer]-3’) and with the direct repeat in the
“reverse” orientation {5 -CCTG.. .CAAC-[spacer]-3") are depicted.

FIG. 9A is a graphical representation showing the density of depleted and non-depleted targets for
CLUST.091979 SRR3181151, with a non-coding sequence, by location on the pACYC184 plasmid. FIG.
9B is a graphic representation showing the density of depleted and non-depleted targets for CLUST.091979
SRR3181151, with a non-coding sequence, by location on the E. coli strain, E. Cloni. Targets on the top
strand and bottom strand are shown separately and in relation to the orientation of the annotated genes. The
magnitude of the bands indicates the degree of depletion, wherein the lighter bands are close to the hit
threshold of 3. The gradients are heatmaps of RNA sequencing showing relative transcript abundance.

FIG. 10 is a WebLogo of the sequences flanking depleted targets in E. Cloni as a prediction of the
PAM sequence for CLUST.091979 SRR3181151 (with a non-coding sequence).

FIG. 11 A shows indels induced by the effector of SEQ 1D NO: 4 at an AAVS] target locus of SEQ
1D NO: 206 and a VEGFA target locus of SEQ [D NO: 208 in HEK293 cells. FIG. 118 shows indels
induced by the effector of SEQ 1D NO: 4 at AAVST target loct of SEQ 1D NOs: 253, 235, 257, 259, and
275, VEGFA target loci of SEQ 1D NGs: 263, 263, 267, 269, 271, 273, and 277, and an EMX 1 target locus
of SEQ ID NO: 261 in HEK?293 cells. 16, 11C shows indels induced by the effector of SEQ ID NOG: 10
at an AAVST target loci of SEQ ID NO: 210, an AAVSET target focus of SEQ 1D NO: 212, and a VEGFA
target locos of SEQ ID NO: 215 in HEKZ93 cells. FEG. 11D shows indels induced by the effector of SEQ
1D NO: 10 at AAVST target loct of SEQ ID NOs: 279, 281, 285, and 287, a VEGFA target locus of 3EQ
1D NO: 283, and an EM X1 target locus of SEQ ID NO: 289 in HEK 293 cells.

DETAILED DESCRIPTION
CRISPR-Cas systems, which are naturally diverse, comprise a wide range of activity mechanisms
and functional elements that can be harnessed for programmable biotechnologies. In nature, these systems
cnable efficient defense against foreign DNA and viruses while providing self versus non-self
discrimination to avoid self-targeting. In an engineered setting, these systems provide a diverse toolbox of

molecular technologies and define the boundaries of the targeting space. The methods described herein
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have been used to discover additional mechanisms and parameters within single subunit Class 2 effector
systems, which expand the capabilities of RNA-programmable nucleic acid manipulation.

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 invention belongs. Although methods
and materials similar or equivalent to those described herein can be used in the practice or testing of the
present invention, 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 present specification, including definitions, will control. In addition, the materials, methods,
and examples are illustrative only and not intended to be limiting. Applicant reserves the right to

LT

alternatively claim any disclosed invention using the transitional phrase ‘“‘comprising,” *“consisting

essentially of,” or “consisting of,” according to standard practice in patent law.

29 ¢

As used herein, the singular forms “a,” “an,” and “the” include plural referents unless the context

clearly dictates otherwise. For example, reference to “a nucleic acid” means one or more nucleic acids.

L2 N3 2 ¢

It is noted that terms like “preferably,” “suitably,” “commonly,” and “typically” are not utilized
herein to limit the scope of the claimed invention or to imply that certain features are critical, essential, or
even important to the structure or function of the claimed invention. Rather, these terms are merely intended
to highlight alternative or additional features that can or cannot be utilized in a particular embodiment of
the present invention.

For the purposes of describing and defining the present invention, it is noted that the term
“substantially” is utilized herein to represent the inherent degree of uncertainty that can be attributed to any
quantitative comparison, value, measurement, or other representation. The term “substantially” is also
utilized herein to represent the degree by which a quantitative representation can vary from a stated
reference without resulting in a change in the basic function of the subject matter at issue.

The term “CRISPR-Cas system,” as used herein, refers to nucleic acids and/or proteins involved in
the expression of, or directing the activity of, CRISPR effectors, including sequences encoding CRISPR
effectors, RNA guides, and other sequences and transcripts from a CRISPR locus.

The terms “CRISPR-associated protein,” “CRISPR-Cas effector,” “CRISPR effector,” “effector,”
“effector protein,” “CRISPR enzyme,” or the like, as used interchangeably herein, refer to a protein that
carries out an enzymatic activity or that binds to a target site on a nucleic acid specified by an RNA guide.
In some embodiments, a CRISPR effector has endonuclease activity, nickase activity, and/or exonuclease
activity.

The terms “RNA guide,” “guide RNA,” “gRNA,” and “guide sequence,” as used herein, refer to

any RNA molecule that facilitates the targeting of an effector described herein to a target nucleic acid, such

as DNA and/or RNA. Exemplary “RNA guides” include, but are not limited to, crRNAs, as well as crRNAs
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hybridized to or fused to either tracrRNAs and/or modulator RNAs. In some embodiments, an RNA guide
includes both a crRNA and a tractrRNA, either fused into a single RNA molecule or as separate RNA
molecules. In some embodiments, an RNA guide includes a crRNA and a modulator RNA, either fused
into a single RNA molecule or as separate RNA molecules. In some embodiments, an RNA guide includes
a ctRNA, a tracrRNA, and a modulator RNA, either fused into a single RNA molecule or as separate RNA
molecules.

The terms “CRISPR effector complex,” “effector complex,” or “surveillance complex,” as used
herein, refer to a complex containing a CRISPR effector and an RNA guide. A CRISPR effector complex
may further comprise one or more accessory proteins. The one or more accessory proteins may be non-
catalytic and/or non-target binding.

The terms “CRISPR RNA” and “crRNA,” as used herein, refer to an RNA molecule comprising a
guide sequence used by a CRISPR effector specifically to recognize a nucleic acid sequence. A crRNA
“spacer” sequence is complementary to and capable of partially or completely binding to a nucleic acid
target sequence. A crRNA may comprise a sequence that hybridizes to a tracrRNA. In turn, the ctrRNA:
tractRNA duplex may bind to a CRISPR effector. As used herein, the term “pre-crRNA” refers to an
unprocessed RNA molecule comprising a DR-spacer-DR sequence. As used herein, the term “mature
crRNA” refers to a processed form of a pre-ctRNA; a mature crRNA may comprise a DR-spacer sequence,
wherein the DR is a truncated form of the DR of a pre-crRNA and/or the spacer is a truncated form of the
spacer of a pre-ctRNA.

The terms “trans-activating ctRNA” or “tractRNA,” as used herein, refer to an RNA molecule
comprising a sequence that forms a structure and/or sequence motif required for a CRISPR effector to bind
to a specified target nucleic acid.

The term “CRISPR array,” as used herein, refers to a nucleic acid (e.g., DNA) segment that
comprises CRISPR repeats and spacers, starting with the first nucleotide of the first CRISPR repeat and
ending with the last nucleotide of the final (terminal) CRISPR repeat. Typically, each spacer in a CRISPR
array is located between two repeats. The terms “CRISPR repeat,” “CRISPR direct repeat,” and “direct
repeat,” as used herein, refer to multiple short direct repeating sequences, which show very little or no
sequence variation within a CRISPR array.

The term “modulator RNA” as described herein refers to any RNA molecule that modulates (e.g.,
increases or decreases) an activity of a CRISPR effector or a nucleoprotein complex that includes a CRISPR
effector. In some embodiments, a modulator RNA modulates a nuclease activity of a CRISPR effector or a
nucleoprotein complex that includes a CRISPR effector.

As used herein, the term “target nucleic acid” refers to a nucleic acid that comprises a nucleotide

sequence complementary to the entirety or a part of the spacer in an RNA guide. In some embodiments, the
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target nucleic acid comprises a gene. In some embodiments, the target nucleic acid comprises a non-coding
region (e.g., a promoter). In some embodiments, the target nucleic acid is single-stranded. In some
embodiments, the target nucleic acid is double-stranded. A “transcriptionally-active site,” as used herein,
refers to a site in a nucleic acid sequence being actively transcribed.

As used herein, the term “protospacer adjacent motif” or “PAM?” refers to a DNA sequence adjacent
to a target sequence to which a complex comprising an effector and an RNA guide binds. In some
embodiments, a PAM is required for enzyme activity. As used herein, the term “adjacent” includes
instances in which an RNA guide of the complex specifically binds, interacts, or associates with a target
sequence that is immediately adjacent to a PAM. In such instances, there are no nucleotides between the
target sequence and the PAM. The term “adjacent” also includes instances in which there are a small number
(e.g., 1, 2, 3,4, or 5) of nucleotides between the target sequence, to which the targeting moiety binds, and
the PAM. As used herein, the term “recognizing a PAM sequence” refers to the binding of a complex
comprising a CRISPR-associated protein and a crRNA to a target nucleic acid, wherein the target nucleic
acid is adjacent to a PAM sequence.

The terms “activated CRISPR effector complex,” “activated CRISPR complex,” and “activated
complex,” as used herein, refer to a CRISPR effector complex capable of modifying a target nucleic acid.
In some embodiments, an activated CRISPR complex is capable of modifying a target nucleic acid
following binding of the activated CRISPR complex to the target nucleic acid. In some embodiments,
binding of an activated CRISPR complex to a target nucleic acid results in an additional cleavage event,
such as collateral cleavage.

The term “cleavage event,” as used herein, refers to a break in a nucleic acid, such as DNA and/or
RNA. In some embodiments, a cleavage event refers to a break in a target nucleic acid created by a nuclease
of a CRISPR system described herein. In some embodiments, the cleavage event is a double-stranded DNA
break. In some embodiments, the cleavage event is a single-stranded DNA break. In some embodiments, a
cleavage event refers to a break in a collateral nucleic acid.

The term ‘“‘collateral nucleic acid,” as used herein, refers to a nucleic acid substrate that is cleaved
non-specifically by an activated CRISPR complex. The term “collateral DNase activity,” as used herein in
reference to a CRISPR effector, refers to non-specific DNase activity of an activated CRISPR complex.
The term “collateral RNase activity,” as used herein in reference to a CRISPR effector, refers to non-
specific RNase activity of an activated CRISPR complex.

The term “donor template nucleic acid,” as used herein, refers to a nucleic acid molecule that can
be used to make a templated change to a target sequence or target-proximal sequence after a CRISPR
effector described herein has modified the target nucleic acid. In some embodiments, the donor template

nucleic acid is a double-stranded nucleic acid. In some embodiments, the donor template nucleic acid is a
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single-stranded nucleic acid. In some embodiments, the donor template nucleic acid is linear. In some
embodiments, the donor template nucleic acid is circular (e.g., a plasmid). In some embodiments, the donor
template nucleic acid is an exogenous nucleic acid molecule. In some embodiments, the donor template

nucleic acid is an endogenous nucleic acid molecule (e.g., a chromosome).

LIS LIS

As used herein, the terms “polynucleotide,” “nucleotide,” “oligonucleotide,” and “nucleic acid”
can be used interchangeably to refer to nucleic acid comprising DNA, RNA, derivatives thercof, or
combinations thereof. Methods well known to those skilled in the art can be used to construct genetic
expression constructs and recombinant cells according to this invention. These methods include in vitro
recombinant DNA techniques, synthetic techniques, in vivo recombination techniques, and polymerase
chain reaction (PCR) techniques. See, for example, techniques as described in Maniatis et al., 1989,
MOLECULAR CLONING: A LABORATORY MANUAL, Cold Spring Harbor Laboratory, New York;
Ausubel et al., 1989, CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, Greene Publishing
Associates and Wiley Interscience, New York, and PCR Protocols: A Guide to Methods and Applications
(Innis et al., 1990, Academic Press, San Diego, Calif.)

The term “genetic modification” or “genetic engineering” broadly refers to manipulation of the
genome or nucleic acids of a cell. Likewise, the terms “genetically engineered” and “engineered” refer to a
cell comprising a manipulated genome or nucleic acids. Methods of genetic modification of include, for
example, heterologous gene expression, gene or promoter insertion or deletion, nucleic acid mutation,
altered gene expression or inactivation, enzyme engineering, directed evolution, knowledge-based design,
random mutagenesis methods, gene shuffling, and codon optimization.

The term “recombinant” indicates that a nucleic acid, protein, or cell is the product of genetic
modification, engineering, or recombination. Generally, the term “recombinant” refers to a nucleic acid,
protein, or cell that contains or is encoded by genetic material derived from multiple sources. As used
herein, the term “recombinant” may also be used to describe a cell that comprises a mutated nucleic acid or
protein, including a mutated form of an endogenous nucleic acid or protein. The terms “recombinant cell”
and “recombinant host” can be used interchangeably. In some embodiments, a recombinant cell comprises
a CRISPR effector disclosed herein. The CRISPR effector can be codon-optimized for expression in the
recombinant cell. In some embodiments, a recombinant cell disclosed herein further comprises an RNA
guide. In some embodiments, an RNA guide of a recombinant cell disclosed herein comprises a tractRNA.
In some embodiments, a recombinant cell disclosed herein comprises a modulator RNA. In some

embodiments, the recombinant cell is a prokaryotic cell, such as an E. coli cell. In some embodiments, the

recombinant cell is a eukaryotic cell, such as a mammalian cell, including a human cell.
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Identification of CLUST.091979

This application relates to the identification, engineering, and use of a novel protein family referred
to herein as “CLUST.091979.” As shown in FIG. 2, the proteins of CLUST.091979 comprise a RuvC
domain (denoted RuvC I, RuvC II, and RuvC III). As shown in TABLE 5, effectors of CLUST.091979
range in size from about 700 amino acids to about 800 amino acids. Therefore, the effectors of

CLUST.091979 are smaller than effectors known in the art, as shown below. See, e.g., TABLE 1.

Table 1. Sizes of known CRISPR-Cas system effectors.

Effector Size (aa)
StCas9 1128

SpCas9 1368

SaCas9 1053

FnCpf1 1300

AsCpfl 1307

LbCpfl 1246

C2cl 1127 (average)
CasX 982 (average)
CasY 1189 (average)
C2c2 1232 (average)

The effectors of CLUST.091979 were identified using computational methods and algorithms to
search for and identify proteins exhibiting a strong co-occurrence pattern with certain other features. In
certain embodiments, these computational methods were directed to identifying proteins that co-occurred
in close proximity to CRISPR arrays. The methods disclosed herein are also useful in identifying proteins
that naturally occur within close proximity to other features, both non-coding and protein-coding (e.g.,
fragments of phage sequences in non-coding areas of bacterial loci or CRISPR Casl proteins). It is
understood that the methods and calculations described herein may be performed on one or more computing
devices.

Sets of genomic sequences were obtained from genomic or metagenomic databases. The databases
comprised short reads, or contig level data, or assembled scaffolds, or complete genomic sequences of
organisms. Likewise, the databases may comprise genomic sequence data from prokaryotic organisms, or
cukaryotic organisms, or may include data from metagenomic environmental samples. Examples of

database repositories include the National Center for Biotechnology Information (NCBI) RefSeq, NCBI
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GenBank, NCBI Whole Genome Shotgun (WGS), and the Joint Genome Institute (JGI) Integrated
Microbial Genomes (IMG).

In some embodiments, a minimum size requirement is imposed to select genome sequence data of
a specified minimum length. In certain exemplary embodiments, the minimum contig length may be 100
nucleotides, 500 nt, 1 kb, 1.5 kb, 2 kb, 3 kb, 4 kb, 5 kb, 10 kb, 20 kb, 40 kb, or 50 kb.

In some embodiments, known or predicted proteins are extracted from the complete or a selected
set of genome sequence data. In some embodiments, known or predicted proteins are taken from extracting
coding sequence (CDS) annotations provided by the source database. In some embodiments, predicted
proteins are determined by applying a computational method to identify proteins from nucleotide
sequences. In some embodiments, the GeneMark Suite is used to predict proteins from genome sequences.
In some embodiments, Prodigal is used to predict proteins from genome sequences. In some embodiments,
multiple protein prediction algorithms may be used over the same set of sequence data with the resulting
set of proteins de-duplicated.

In some embodiments, CRISPR arrays are identified from the genome sequence data. In some
embodiments, PILER-CR is used to identify CRISPR arrays. In some embodiments, CRISPR Recognition
Tool (CRT) is used to identify CRISPR arrays. In some embodiments, CRISPR arrays are identified by a
heuristic that identifies nucleotide motifs repeated a minimum number of times (e.g., 2, 3, or 4 times), where
the spacing between consecutive occurrences of a repeated motif does not exceed a specified length (e.g.,
50, 100, or 150 nucleotides). In some embodiments, multiple CRISPR array identification tools may be
used over the same set of sequence data with the resulting set of CRISPR arrays de-duplicated.

In some embodiments, proteins in close proximity to CRISPR arrays (referred to herein as
“CRISPR-proximal protein clusters”) are identified. In some embodiments, proximity is defined as a
nucleotide distance, and may be within 20 kb, 15 kb, or 5 kb. In some embodiments, proximity is defined
as the number of open reading frames (ORFs) between a protein and a CRISPR array, and certain exemplary
distances may be 10, 5, 4, 3, 2, 1, or 0 ORFs. The proteins identified as being within close proximity to a
CRISPR array are then grouped into clusters of homologous proteins. In some embodiments, blastclust is
used to form CRISPR-proximal protein clusters. In certain other embodiments, mmseqs2 is used to form
CRISPR-proximal protein clusters.

To establish a pattern of strong co-occurrence between the members of a CRISPR-proximal protein
cluster, a BLAST search of each member of the protein cluster may be performed over the complete set of
known and predicted proteins previously compiled. In some embodiments, UBLAST or mmseqs2 may be
used to search for similar proteins. In some embodiments, a search may be performed only for a

representative subset of proteins in the family.
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In some embodiments, the CRISPR-proximal protein clusters are ranked or filtered by a metric to
determine co-occurrence. One exemplary metric is the ratio of the number of elements in a protein cluster
against the number of BLAST matches up to a certain E value threshold. In some embodiments, a constant
E value threshold may be used. In other embodiments, the E value threshold may be determined by the
most distant members of the protein cluster. In some embodiments, the global set of proteins is clustered
and the co-occurrence metric is the ratio of the number of elements of the CRISPR-proximal protein cluster
against the number of elements of the containing global cluster(s).

In some embodiments, a manual review process is used to evaluate the potential functionality and
the minimal set of components of an engineered system based on the naturally occurring locus structure of
the proteins in the cluster. In some embodiments, a graphical representation of the protein cluster may assist
in the manual review and may contain information including pairwise sequence similarity, phylogenetic
tree, source organisms / environments, predicted functional domains, and a graphical depiction of locus
structures. In some embodiments, the graphical depiction of locus structures may filter for nearby protein
families that have a high representation. In some embodiments, representation may be calculated by the
ratio of the number of related nearby proteins against the size(s) of the containing global cluster(s). In
certain exemplary embodiments, the graphical representation of the protein cluster may contain a depiction
of the CRISPR array structures of the naturally occurring loci. In some embodiments, the graphical
representation of the protein cluster may contain a depiction of the number of conserved direct repeats
versus the length of the putative CRISPR array or the number of unique spacer sequences versus the length
of the putative CRISPR array. In some embodiments, the graphical representation of the protein cluster
may contain a depiction of various metrics of co-occurrence of the putative effector with CRISPR arrays

predict new CRISPR-Cas systems and identify their components.

Pooled-Screening of CLUST.091979

To efficiently validate the activity, mechanisms, and functional parameters of the engineered
CLUST.091979 CRISPR-Cas systems identified herein, a pooled-screening approach in E. coli was used,
as described in Example 4. First, from the computational identification of the conserved protein and
noncoding elements of the CLUST.091979 CRISPR-Cas system, DNA synthesis and molecular cloning
were used to assemble the separate components into a single artificial expression vector, which in one
embodiment is based on a pET-28a+ backbone. In a second embodiment, the effectors and noncoding
clements are transcribed on an mRINA transcript, and different ribosomal binding sites are used to translate
individual effectors.

Second, the natural crRNA and targeting spacers were replaced with a library of unprocessed

crRNAs containing non-natural spacers targeting a second plasmid, pACYC184. This crRNA library was
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cloned into the vector backbone comprising the effectors and noncoding elements (e.g., pET-28a+), and the
library was subsequently transformed into E. coli along with the pACYC184 plasmid target. Consequently,
cach resulting E. coli cell contains no more than one targeting array. In an alternate embodiment, the library
of unprocessed crRNAs containing non-natural spacers additionally target E. coli essential genes, drawn
from resources such as those described in Baba et al. (2006) Mol. Syst. Biol. 2: 2006.0008; and Gerdes et
al. (2003) J. Bacteriol. 185(19): 5673-84, the entire contents of each of which are incorporated herein by
reference. In this embodiment, positive, targeted activity of the novel CRISPR-Cas systems that disrupts
essential gene function results in cell death or growth arrest. In some embodiments, the essential gene
targeting spacers can be combined with the pACYC184 targets.

Third, the E. coli were grown under antibiotic selection. In one embodiment, triple antibiotic
selection is used: kanamycin for ensuring successful transformation of the pET-28a+ vector containing the
engineered CRISPR effector system and chloramphenicol and tetracycline for ensuring successful co-
transformation of the pACYCI184 target vector. Since pACYC184 normally confers resistance to
chloramphenicol and tetracycline, under antibiotic selection, positive activity of the novel CRISPR-Cas
system targeting the plasmid will eliminate cells that actively express the effectors, noncoding elements,
and specific active elements of the crRNA library. Typically, populations of surviving cells are analyzed
12-14 h post-transformation. In some embodiments, analysis of surviving cells is conducted 6-8 h post-
transformation, 8-12 h post-transformation, up to 24 h post-transformation, or more than 24 h post-
transformation. Examining the population of surviving cells at a later time point compared to an earlier time
point results in a depleted signal compared to the inactive ctRINAs.

In some embodiments, double antibiotic selection is used. Withdrawal of either chloramphenicol
or tetracycline to remove selective pressure can provide novel information about the targeting substrate,
sequence specificity, and potency. For example, cleavage of dsDNA in a selected or unselected gene can
result in negative selection in E. coli, wherein depletion of both selected and unselected genes is observed.
If the CRISPR-Cas system interferes with transcription or translation (e.g., by binding or by transcript
cleavage), then selection will only be observed for targets in the selected resistance gene, rather than in the
unselected resistance gene.

In some embodiments, only kanamycin is used to ensure successful transformation of the pET-
28a+ vector comprising the engineered CRISPR-Cas system. This embodiment is suitable for libraries
containing spacers targeting E. coli essential genes, as no additional selection beyond kanamycin is needed
to observe growth alterations. In this embodiment, chloramphenicol and tetracycline dependence is
removed, and their targets (if any) in the library provide an additional source of negative or positive

information about the targeting substrate, sequence specificity, and potency.
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Since the pACYC184 plasmid contains a diverse set of features and sequences that may affect the
activity of a CRISPR-Cas system, mapping the active crRNAs from the pooled screen onto pACYC184
provides patterns of activity that can be suggestive of different activity mechanisms and functional
parameters. In this way, the features required for reconstituting the novel CRISPR-Cas system in a
heterologous prokaryotic species can be more comprehensively tested and studied.

The key advantages of the in vivo pooled-screen described herein include:

(1) Versatility - Plasmid design allows multiple effectors and/or noncoding elements to be
expressed; library cloning strategy enables both transcriptional directions of the computationally predicted
crRNA to be expressed;

(2) Comprehensive tests of activity mechanisms & functional parameters - Evaluates diverse
interference mechanisms, including nucleic acid cleavage; examines co-occurrence of features such as
transcription, plasmid DNA replication; and flanking sequences for ctRNA library can be used to reliably
determine PAMs with complexity equivalence of 4N’s;

(3) Sensitivity - pACYC184 is a low copy plasmid, enabling high sensitivity for CRISPR-Cas
activity since even modest interference rates can eliminate the antibiotic resistance encoded by the plasmid;
and

(4) Efficiency - Optimized molecular biology steps to enable greater speed and throughput RNA-
sequencing and protein expression samples can be directly harvested from the surviving cells in the screen.

The novel CLUST.091979 CRISPR-Cas family described herein was evaluated using this in vivo
pooled-screen to evaluate is operational elements, mechanisms, and parameters, as well as its ability to be

active and reprogrammed in an engineered system outside of its endogenous cellular environment.

CRISPR Effector Activity and Modifications

In some embodiments, a CRISPR effector of CLUST.091979 and an RNA guide form a “binary”
complex that may include other components. The binary complex is activated upon binding to a nucleic
acid substrate that is complementary to a spacer sequence in the RNA guide (i.e., a sequence-specific
substrate or target nucleic acid). In some embodiments, the sequence-specific substrate is a double-stranded
DNA. In some embodiments, the sequence-specific substrate is a single-stranded DNA. In some
embodiments, the sequence-specific substrate is a single-stranded RNA. In some embodiments, the
sequence-specific substrate is a double-stranded RNA. In some embodiments, the sequence-specificity
requires a complete match of the spacer sequence in the RNA guide (e.g., crRNA) to the target substrate.
In other embodiments, the sequence specificity requires a partial (contiguous or non-contiguous) match of

the spacer sequence in the RNA guide (e.g., crRNA) to the target substrate.
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In some embodiments, a CRISPR effector of the present invention has enzymatic activity, e.g.,
nuclease activity, over a broad range of pH conditions. In some embodiments, the nuclease has enzymatic
activity, e.g., nuclease activity, at a pH of from about 3.0 to about 12.0. In some embodiments, the CRISPR
effector has enzymatic activity at a pH of from about 4.0 to about 10.5. In some embodiments, the CRISPR
effector has enzymatic activity at a pH of from about 5.5 to about 8.5. In some embodiments, the CRISPR
effector has enzymatic activity at a pH of from about 6.0 to about 8.0. In some embodiments, the CRISPR
effector has enzymatic activity at a pH of about 7.0.

In some embodiments, a CRISPR effector of the present invention has enzymatic activity, e.g.,
nuclease activity, at a temperature range of from about 10° C to about 100° C. In some embodiments, a
CRISPR effector of the present invention has enzymatic activity at a temperature range from about 20° C
to about 90° C. In some embodiments, a CRISPR effector of the present invention has enzymatic activity
at a temperature of about 20° C to about 25° C or at a temperature of about 37° C.

In some embodiments, the binary complex becomes activated upon binding to the target substrate.
In some embodiments, the activated complex exhibits “multiple turnover” activity, whereby upon acting
on (e.g., cleaving) the target substrate the activated complex remains in an activated state. In some
embodiments, the activated binary complex exhibits “single turnover” activity, whereby upon acting on the
target substrate the binary complex reverts to an inactive state. In some embodiments, the activated binary
complex exhibits non-specific (i.e., “collateral”) cleavage activity whereby the complex cleaves non-target
nucleic acids. In some embodiments, the non-target nucleic acid is a DNA molecule (e.g., a single-stranded
or a double-stranded DNA). In some embodiments, the non-target nucleic acid is an RNA molecule (e.g.,
a single-stranded or a double-stranded RNA).

In some embodiments wherein a CRISPR effector of the present invention induces double-stranded
breaks or single-stranded breaks in a target nucleic acid, (e.g. genomic DNA), the double-stranded break
can stimulate cellular endogenous DNA-repair pathways, including Homology Directed Recombination
(HDR), Non-Homologous End Joining (NHEJ), or Alternative Non-Homologues End-Joining (A-NHEJ).
NHEIJ can repair cleaved target nucleic acid without the need for a homologous template. This can result in
deletion or insertion of one or more nucleotides at the target locus. HDR can occur with a homologous
template, such as the donor DNA. The homologous template can comprise sequences that are homologous
to sequences flanking the target nucleic acid cleavage site. In some cases, HDR can insert an exogenous
polynucleotide sequence into the cleave target locus. The modifications of the target DNA due to NHEJ
and/or HDR can lead to, for example, mutations, deletions, alterations, integrations, gene correction, gene
replacement, gene tagging, transgene knock-in, gene disruption, and/or gene knock-outs.

In some embodiments, a CRISPR effector described herein can be fused to one or more peptide

tags, including a His-tag, GST-tag, FLAG-tag, or myc-tag. In some embodiments, a CRISPR effector
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described herein can be fused to a detectable moiety such as a fluorescent protein (e.g., green fluorescent
protein or yellow fluorescent protein). In some embodiments, a CRISPR effector and/or accessory protein
of this disclosure is fused to a peptide or non-peptide moiety that allows the protein to enter or localize to
a tissue, a cell, or a region of a cell. For instance, a CRISPR effector of this disclosure may comprise a
nuclear localization sequence (NLS) such as an SV40 (simian virus 40) NLS, c-Myc NLS, or other suitable
monopartite NLS. The NLS may be fused to the N-terminus and/or C-terminus of the CRISPR effector,
and may be fused singly (i.e., a single NLS) or concatenated (e.g., a chain of 2, 3, 4, etc. NLS).

In some embodiments, at least one Nuclear Export Signal (NES) is attached to a nucleic acid
sequences encoding the CRISPR effector. In some embodiments, a C-terminal and/or N-terminal NLS or
NES is attached for optimal expression and nuclear targeting in eukaryotic cells, e.g., human cells.

In those embodiments where a tag is fused to a CRISPR effector, such tag may facilitate affinity-
based or charge-based purification of the CRISPR effector, e.g., by liquid chromatography or bead
separation utilizing an immobilized affinity or ion-exchange reagent. As a non-limiting example, a
recombinant CRISPR effector of this disclosure comprises a polyhistidine (His) tag, and for purification is
loaded onto a chromatography column comprising an immobilized metal ion (e.g. a Zn**, Ni**, Cu** ion
chelated by a chelating ligand immobilized on the resin, which resin may be an individually prepared resin
or a commercially available resin or ready to use column such as the HisTrap FF column commercialized
by GE Healthcare Life Sciences, Marlborough, Massachusetts. Following the loading step, the column is
optionally rinsed, e.g., using one or more suitable buffer solutions, and the His-tagged protein is then eluted
using a suitable elution buffer. Alternatively, or additionally, if the recombinant CRISPR effector of this
disclosure utilizes a FLAG-tag, such protein may be purified using immunoprecipitation methods known
in the industry. Other suitable purification methods for tagged CRISPR effectors or accessory proteins of
this disclosure will be evident to those of skill in the art.

The proteins described herein (e.g., CRISPR effectors or accessory proteins) can be delivered or
used as either nucleic acid molecules or polypeptides. When nucleic acid molecules are used, the nucleic
acid molecule encoding the CRISPR effector can be codon-optimized. The nucleic acid can be codon
optimized for use in any organism of interest, in particular human cells or bacteria. For example, the nucleic
acid can be codon-optimized for any non-human eukaryote including mice, rats, rabbits, dogs, livestock, or
non-human primates. Codon usage tables are readily available, for example, at the “Codon Usage Database”
available at www.kazusa.orjp/codon/ and these tables can be adapted in a number of ways. See Nakamura
et al. Nucl. Acids Res. 28:292 (2000), which is incorporated herein by reference in its entirety. Computer
algorithms for codon optimizing a particular sequence for expression in a particular host cell are also

available, such as Gene Forge (Aptagen; Jacobus, PA).
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In some instances, nucleic acids of this disclosure which encode CRISPR effectors for expression
in eukaryotic (e.g., human, or other mammalian cells) cells include one or more introns, i.e., one or more
non-coding sequences comprising, at a first end (e.g., a5’ end), a splice-donor sequence and, at second end
(e.g., the 3’ end) a splice acceptor sequence. Any suitable splice donor / splice acceptor can be used in the
various embodiments of this disclosure, including without limitation simian virus 40 (SV40) intron, beta-
globin intron, and synthetic introns. Alternatively, or additionally, nucleic acids of this disclosure encoding
CRISPR effectors or accessory proteins may include, at a 3’ end of a DNA coding sequence, a transcription
stop signal such as a polyadenylation (polyA) signal. In some instances, the polyA signal is located in close

proximity to, or adjacent to, an intron such as the SV40 intron.

Deactivated/Inactivated CRISPR Effectors

The CRISPR effectors described herein can be modified to have diminished nuclease activity, e.g.,
nuclease inactivation of at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at
least 97%, or 100% as compared with the wild type CRISPR effectors. The nuclease activity can be
diminished by several methods known in the art, e.g., introducing mutations into the nuclease domains of
the proteins. In some embodiments, catalytic residues for the nuclease activities are identified, and these
amino acid residues can be substituted by different amino acid residues (e.g., glycine or alanine) to diminish
the nuclease activity.

The inactivated CRISPR effectors can comprise or be associated with one or more functional
domains (e.g., via fusion protein, linker peptides, “GS” linkers, etc.). These functional domains can have
various activities, e.g., methylase activity, demethylase activity, transcription activation activity,
transcription repression activity, transcription release factor activity, histone modification activity, RNA
cleavage activity, DNA cleavage activity, nucleic acid binding activity, and switch activity (e.g., light
inducible). In some embodiments, the functional domains are Kriippel associated box (KRAB), VP64,
VP16, Fokl, P65, HSF1, MyoD]1, and biotin-APEX.

The positioning of the one or more functional domains on the inactivated CRISPR effectors is one
that allows for correct spatial orientation for the functional domain to affect the target with the attributed
functional effect. For example, if the functional domain is a transcription activator (e.g., VP16, VP64, or
p65), the transcription activator is placed in a spatial orientation that allows it to affect the transcription of
the target. Likewise, a transcription repressor is positioned to affect the transcription of the target, and a
nuclease (e.g., Fok1) is positioned to cleave or partially cleave the target. In some embodiments, the
functional domain is positioned at the N-terminus of the CRISPR effector. In some embodiments, the

functional domain is positioned at the C-terminus of the CRISPR effector. In some embodiments, the
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inactivated CRISPR effector is modified to comprise a first functional domain at the N-terminus and a

second functional domain at the C-terminus.

Split Enzymes

The present disclosure also provides a split version of the CRISPR effectors described herein. The
split version of the CRISPR effectors may be advantageous for delivery. In some embodiments, the CRISPR
effectors are split to two parts of the enzymes, which together substantially comprises a functioning
CRISPR effector.

The split can be done in a way that the catalytic domain(s) are unaffected. The CRISPR effectors
may function as a nuclease or may be inactivated enzymes, which are essentially RNA-binding proteins
with very little or no catalytic activity (e.g., due to mutation(s) in its catalytic domains).

In some embodiments, the nuclease lobe and a-helical lobe are expressed as separate polypeptides.
Although the lobes do not interact on their own, the RNA guide recruits them into a ternary complex that
recapitulates the activity of full-length CRISPR effectors and catalyzes site-specific DNA cleavage. The
use of a modified RNA guide abrogates split-enzyme activity by preventing dimerization, allowing for the
development of an inducible dimerization system. The split enzyme is described, e.g., in Wright et al.
“Rational design of a split-Cas9 enzyme complex,” Proc. Natl. Acad. Sci., 112.10 (2015): 2984-2989,
which is incorporated herein by reference in its entirety.

In some embodiments, the split enzyme can be fused to a dimerization partner, e.g., by employing
rapamycin sensitive dimerization domains. This allows the generation of a chemically inducible CRISPR
effector for temporal control of CRISPR effector activity. The CRISPR effector can thus be rendered
chemically inducible by being split into two fragments, and rapamycin-sensitive dimerization domains can
be used for controlled reassembly of the CRISPR effector.

The split point is typically designed in silico and cloned into the constructs. During this process,
mutations can be introduced to the split enzyme and non-functional domains can be removed. In some
embodiments, the two parts or fragments of the split CRISPR effector (i.e., the N-terminal and C-terminal
fragments) can form a full CRISPR effector, comprising, e.g., at least 70%, at least 80%, at least 90%, at
least 95%, or at least 99% of the sequence of the wild-type CRISPR effector.

Self-Activating or Inactivating Enzymes

The CRISPR effectors described herein can be designed to be self-activating or self-inactivating.
In some embodiments, the CRISPR effectors are self-inactivating. For example, the target sequence can be
introduced into the CRISPR effector coding constructs. Thus, the CRISPR effectors can cleave the target

sequence, as well as the construct encoding the enzyme thereby self-inactivating their expression. Methods
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of constructing a self-inactivating CRISPR system is described, e.g., in Epstein et al., “Engineering a Self-
Inactivating CRISPR System for AAV Vectors,” Mol. Ther., 24 (2016): S50, which is incorporated herein
by reference in its entirety.

In some other embodiments, an additional RNA guide, expressed under the control of a weak
promoter (e.g., 7SK promoter), can target the nucleic acid sequence encoding the CRISPR effector to
prevent and/or block its expression (e.g., by preventing the transcription and/or translation of the nucleic
acid). The transfection of cells with vectors expressing the CRISPR effector, RNA guides, and RNA guides
that target the nucleic acid encoding the CRISPR effector can lead to efficient disruption of the nucleic acid
encoding the CRISPR effector and decrease the levels of CRISPR effector, thereby limiting the genome
editing activity.

In some embodiments, the genome editing activity of a CRISPR effector can be modulated through
endogenous RNA signatures (e.g., miRNA) in mammalian cells. The CRISPR effector switch can be made
by using a miRNA-complementary sequence in the 5" -UTR of mRNA encoding the CRISPR effector. The
switches selectively and efficiently respond to miRNA in the target cells. Thus, the switches can
differentially control the genome editing by sensing endogenous miRNA activities within a heterogeneous
cell population. Therefore, the switch systems can provide a framework for cell-type selective genome
editing and cell engineering based on intracellular miRNA information (Hirosawa et al. ““Cell-type-specific
genome editing with a microRNA-responsive CRISPR—Cas9 switch,” Nucl. Acids Res., 2017 Jul 27;
45(13): e118).

Inducible CRISPR Effectors

The CRISPR effectors can be inducible, e.g., light inducible or chemically inducible. This
mechanism allows for activation of the functional domain in a CRISPR effector. Light inducibility can be
achieved by various methods known in the art, e.g., by designing a fusion complex wherein
CRY2PHR/CIBN pairing is used in split CRISPR effectors (see, e.g., Konermann et al., “Optical control
of mammalian endogenous transcription and epigenetic states,” Nature, 500.7463 (2013): 472). Chemical
inducibility can be achieved, e.g., by designing a fusion complex wherein FKBP/FRB (FK506 binding
protein / FKBP rapamycin binding domain) pairing is used in split CRISPR effectors. Rapamycin is
required for forming the fusion complex, thereby activating the CRISPR effectors (see, e.g., Zetsche ef al.,
“A split-Cas9 architecture for inducible genome editing and transcription modulation,” Nature Biotech.,
33.2 (2015): 139-142).

Furthermore, expression of a CRISPR effector can be modulated by inducible promoters, e.g.,
tetracycline or doxycycline controlled transcriptional activation (Tet-On and Tet-Off expression system),

hormone inducible gene expression system (e.g., an ecdysone inducible gene expression system), and an
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arabinose-inducible gene expression system. When delivered as RNA, expression of the RNA targeting
effector protein can be modulated via a riboswitch, which can sense a small molecule like tetracycline (see,
e.g., Goldfless et al., “Direct and specific chemical control of eukaryotic translation with a synthetic RNA-
protein interaction,” Nucl. Acids Res., 40.9 (2012): c64-¢64).

Various embodiments of inducible CRISPR effectors and inducible CRISPR systems are described,
e.g., in US 8871445, US 20160208243, and WO 2016205764, each of which is incorporated herein by

reference in its entirety.

Functional Mutations

Various mutations or modifications can be introduced into a CRISPR effector as described herein
to improve specificity and/or robustness. In some embodiments, the amino acid residues that recognize the
Protospacer Adjacent Motif (PAM) are identified. The CRISPR effectors described herein can be modified
further to recognize different PAMs, e.g., by substituting the amino acid residues that recognize PAM with
other amino acid residues. In some embodiments, the CRISPR effectors can recognize, e.g., 5’-NTTN-3’,
5’-NTTR-3’, 5’-RTTR-3’, 5’-TNNT-3", 5’-TNRT-3’, 5’-TSRT-3", 5’-TGRT-3’, 5’-TNRY-3’, 5’-TTNR-
3, 5-TTYR-3’, 5’-TTTR-3’, 5’-TTCV-3’, 5°-DTYR-3", 5’-WTTR-3’, 5’-NNR-3’, 5°-NYR-3’, 5’-YYR-
3,5-TYR-3",5-TTN-3’,5-TTR-3", 5°-CNT-3", 5°-NGG-3’, 5’-BGG-3’, or 5’-R-3’, wherein “N” is any
nucleotide, “B” isCorGor T, “D”is AorGor T, “R”is Aor G, “S”is Gor C, “V”is Aor C or G, “W”
isAorT,and “Y”is Cor T.

In some embodiments, the CRISPR effectors described herein can be mutated at one or more amino
acid residue to modify one or more functional activities. For example, in some embodiments, the CRISPR
effector is mutated at one or more amino acid residues to modify its helicase activity. In some embodiments,
the CRISPR effector is mutated at one or more amino acid residues to modify its nuclease activity (e.g.,
endonuclease activity or exonuclease activity). In some embodiments, the CRISPR effector is mutated at
one or more amino acid residues to modify its ability to functionally associate with an RNA guide. In some
embodiments, the CRISPR effector is mutated at one or more amino acid residues to modify its ability to
functionally associate with a target nucleic acid.

In some embodiments, the CRISPR effectors described herein are capable of cleaving a target
nucleic acid molecule. In some embodiments, the CRISPR effector cleaves both strands of the target nucleic
acid molecule. However, in some embodiments, the CRISPR effector is mutated at one or more amino acid
residues to modify its cleaving activity. For example, in some embodiments, the CRISPR effector may
comprise one or more mutations that increase the ability of the CRISPR effector to cleave a target nucleic
acid. In another example, in some embodiments, the CRISPR effector may comprise one or more mutations

that render the enzyme incapable of cleaving a target nucleic acid. In other embodiments, the CRISPR

37



10

15

20

25

30

WO 2021/050534 PCT/US2020/049923

effector may comprise one or more mutations such that the enzyme is capable of cleaving a strand of the
target nucleic acid (i.e., nickase activity). In some embodiments, the CRISPR effector is capable of cleaving
the strand of the target nucleic acid that is complementary to the strand that the RNA guide hybridizes to.
In some embodiments, the CRISPR effector is capable of cleaving the strand of the target nucleic acid that
the RNA guide hybridizes to.

In some embodiments, one or more residues of a CRISPR effector disclosed herein are mutated to
an arginine moiety. In some embodiments, one or more residues of a CRISPR effector disclosed herein are
mutated to a glycine moiety. In some embodiments, one or more residues of a CRISPR effector disclosed
herein are mutated based upon consensus residues of a phylogenetic alignment of CRISPR effectors
disclosed herein.

In some embodiments, a CRISPR effector described herein may be engineered to comprise a
deletion in one or more amino acid residues to reduce the size of the enzyme while retaining one or more
desired functional activities (e.g., nuclease activity and the ability to interact functionally with an RNA
guide). The truncated CRISPR effector may be used advantageously in combination with delivery systems
having load limitations.

In one aspect, the present disclosure provides nucleic acid sequences that are at least 10%, 15%,
20%, 25%, 30%, 35%, 40%., 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 91%, 98%, or 99% identical to the nucleic sequences described herein, while maintaining
the domain architecture shown in FIG. 2. In another aspect, the present disclosure also provides amino acid
sequences that are at least 10%, 15%, 20%, 25%, 30%, 35%, 40%., 45%, 50%, 55%, 60%, 65%, 10%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the amino acid
sequences described herein, while maintaining the domain architecture shown in FIG. 2.

In some embodiments, the nucleic acid sequences have at least a portion (e.g., at least 1, 2, 3, 4, 5,
6,7,8,9,10,11, 12, 13, 14, 15, 20, 30, 40, 50, 60, 70, 80, 90, or 100 nucleotides, e.g., contiguous ot non-
contiguous nucleotides) that are the same as the sequences described herein. In some embodiments, the
nucleic acid sequences have at least a portion (e.g., atleast 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 20,
30, 40, 50, 60, 70, 80, 90, or 100 nucleotides, e.g., contiguous or non-contiguous nucleotides) that is
different from the sequences described herein.

In some embodiments, the amino acid sequences have at least a portion (e.g., at least 1, 2, 3, 4, 5,
6,7,8,9,10,11,12, 13, 14, 15, 20, 30, 40, 50, 60, 70, 80, 90, or 100 amino acid residues, e.g., contiguous
or non-contiguous amino acid residues) that is the same as the sequences described herein. In some
embodiments, the amino acid sequences have at least a portion (e.g., at least 1, 2, 3,4,5,6,7, 8,9, 10, 11,
12,13, 14, 15, 20, 30, 40, 50, 60, 70, 80, 90, or 100 amino acid residues, e.g., contiguous or non-contiguous

amino acid residues) that is different from the sequences described herein.
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To determine the percent identity of two amino acid sequences, or of two nucleic acid sequences,
the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in one or both of
a first and a second amino acid or nucleic acid sequence for optimal alignment and non-homologous
sequences can be disregarded for comparison purposes). In general, the length of a reference sequence
aligned for comparison purposes should be at least 80% of the length of the reference sequence, and in
some embodiments at least 90%, 95%, or 100% of the length of the reference sequence. The amino acid
residues or nucleotides at corresponding amino acid positions or nucleotide positions are then compared.
When a position in the first sequence is occupied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the molecules are identical at that position. The percent
identity between the two sequences is a function of the number of identical positions shared by the
sequences, taking into account the number of gaps, and the length of each gap, which need to be introduced
for optimal alignment of the two sequences. For purposes of the present disclosure, the comparison of
sequences and determination of percent identity between two sequences can be accomplished using a
Blossum 62 scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a frameshift gap penalty
of 5.

In some embodiments, a nuclease comprises a sequence set forth as PX;X>XsXu4F (SEQ ID NO:
216), wherein Xjis LorMorlorCorF, Xsis Yor WorF, XsisKorTorCorRorWor YorHor V,
and X4is I or L or M. In some embodiments, the sequence set forth in SEQ ID NO: 216 is an N-terminal
sequence. In some embodiments, a nuclease comprises a sequence set forth as RX1X>XsL (SEQ ID NO:
217), wherein XjisIorLorMorYorTorF, XsisRorQorKorEorSorT,and XsisLorIor T or C
or M or K. In some embodiments, a nuclease comprises a sequence set forth as NX;YX, (SEQ ID NO: 218),
wherein X;is L or L or Fand X,is K or R or V or E. In some embodiments, a nuclease comprises a sequence
set forth as KX XoX5FAX XsKD (SEQ ID NO: 219), wherein Xjis Torlor Nor AorSor For V, Xsis |
orVorLorS,XsisHorSorGorR, X4isDorSorE, and XsisIor Vor M or T or N. In some embodiments
of any of the systems described herein, the sequence of SEQ ID NO: 219 is a C-terminal sequence. In some
embodiments, a nuclease comprises a sequence set forth as LX;NX, (SEQ ID NO: 220), wherein X, is G or
SorCorTandX:is Nor Y or K orS. In some embodiments of any of the systems described herein, the
sequence of SEQ ID NO: 220 is a C-terminal sequence. In some embodiments, a nuclease comprises a
sequence set forth as PX 1 XoXs3XuSQXsDS (SEQ ID NO: 221), wherein Xjis Sor Por A, Xsis Yor Sor A
orPorEorYor QorN, XsisFor Y or H, X4is T or S, and Xsis M or T or L. In some embodiments of any
of the systems described herein, the sequence of SEQ ID NO: 221 is a C-terminal sequence. In some
embodiments, a nuclease comprises a sequence set forth as KX Xo VRX:X4QEXsH (SEQ ID NO: 222),
wherein X;is Nor KorWorRorEorTor Y, XzisMorRorLorSorKorVorEorTorIorD, Xsis
LorRorHorPorTorKorQofPorSorA,X4sisGorQorNorRorKorEorlIorTorS orC, and Xs
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isRorWorY or KorTorForS or Q. In some embodiments of any of the systems described herein, the
sequence of SEQ ID NO: 222 is a C-terminal sequence. In some embodiments, a nuclease comprises a
sequence set forth as XiNGXoX3XuDXsNXeX7XsN (SEQ ID NO: 223), wherein X isIor Kor Vor L, X,
isLorM,XsisNorHorP, XsisAorSorC,XsisVorYorlorForTorN, Xsis Aor S, X;isSor A
or P,and XgisM or Cor L or Ror N or S or K or L. In some embodiments of any of the systems described

herein, the sequence of SEQ ID NO: 223 is a C-terminal sequence.

RNA and RNA Guide Modifications

In some embodiments, an RNA guide described herein comprises a uracil (U). In some
embodiments, an RNA guide described herein comprises a thymine (T). In some embodiments, a direct
repeat sequence of an RNA guide described herein comprises a uracil (U). In some embodiments, a direct
repeat sequence of an RNA guide described herein comprises a thymine (T). In some embodiments, a direct
repeat sequence according to TABLE 2 or TABLE 8 comprises a sequence comprising a uracil, in one or
more places indicated as thymine in the corresponding sequences in TABLE 2 or TABLE 8.

In some embodiments, the direct repeat comprises only one copy of a sequence that is repeated in
an endogenous CRISPR array. In some embodiments, the direct repeat is a full-length sequence adjacent
to (e.g., flanking) one or more spacer sequences found in an endogenous CRISPR array. In some
embodiments, the direct repeat is a portion (e.g., processed portion) of a full-length sequence adjacent to
(e.g., flanking) one or more spacer sequences found in an endogenous CRISPR array.

Spacer and Direct Repeat

The spacer length of RNA guides can range from about 15 to 55 nucleotides. The spacer length of
RNA guides can range from about 20 to 45 nucleotides. In some embodiments, the spacer length of an RNA
guide is at least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18 nucleotides, at
least 19 nucleotides, at least 20 nucleotides, at least 21 nucleotides, or at least 22 nucleotides. In some
embodiments, the spacer length is from 15 to 17 nucleotides, from 15 to 23 nucleotides, from 16 to 22
nucleotides, from 17 to 20 nucleotides, from 20 to 24 nucleotides (e.g., 20, 21, 22, 23, or 24 nucleotides),
from 23 to 25 nucleotides (e.g., 23, 24, or 25 nucleotides), from 24 to 27 nucleotides, from 27 to 30
nucleotides, from 30 to 45 nucleotides (e.g., 30, 31, 32, 33, 34, 35, 40, or 45 nucleotides), from 30 or 35 to
40 nucleotides, from 41 to 45 nucleotides, from 45 to 50 nucleotides, or longer.

In some embodiments, the direct repeat length of the RNA guide is at least 16 nucleotides, or is
from 16 to 20 nucleotides (e.g., 16, 17, 18, 19, or 20 nucleotides). In some embodiments, the direct repeat

length of the RNA guide is about 19 to about 40 nucleotides.
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Exemplary direct repeat sequences (e.g., direct repeat sequences of pre-ctRNAs (e.g., unprocessed
crRNAs) or mature crRNAs (e.g., direct repeat sequences of processed ctRNAs)) are shown in TABLE 2.
See also TABLE 8.

Table 2. Exemplary direct repeat sequences of crRNA sequences.

Effector Direct Repeat Sequence

SEQ ID NO: 1 ACTATGTTGGAATACATTTTTATAGGTATTTACAACT (SEQ ID NO: 57)

SEQ ID NO: 2 ATTGTTGGAATATCACTTTTGTAGGGTATTCACAAC (SEQ ID NO: 58)

SEQ ID NO: 3 AATGTTGTTCACCCTTTTT (SEQ ID NO: 59)

SEQ ID NO: 4 CCTGTTGTGAATACTCTTTTATAGGTATCAAACAAC (SEQ ID NO: 60)

SEQ ID NO: 10 ATTGTTGTAGACACCTTTTTATAAGGATTGAACAAC (SEQ ID NO: 62)
CTTGTTGTATATGTCCTTTTATAGGTATTAAACAAC (SEQ ID NO: 213)

SEQ ID NO: 14 GTTGTTTAATACCTATAAAAGAATATATACAACAAG (SEQ ID NO:
128)

SEQ ID NO: 15 CTTGTTGTATATACTCTTTTATAGGTATTAAACAAC (SEQ ID NO: 63)

SEQ ID NO: 17 GTTGTATCCACCGTATAAAACATAGTGTCCAACATC (SEQ ID NO:
130)

SEQ ID NO: 18 GATGTTGTTATGCTGTTTTTGTAAGTAATAAACAAC (SEQ ID NO: 70)

SEQ ID NO: 21 ATTGTTGTACGAACCATTTTATATGGTAATAACAAC (SEQ ID NO: 72)

SEQ ID NO: 22 ACTGTAAAACCCCTGCAGATGAAAGGAAAGTACAACAGT (SEQ ID
NQO: 73)

SEQ ID NO: 23 ATCATGTTGTACATACTATTTTTTAAGTATTAAACAACTA (SEQ ID
NO: 74)

SEQ ID NO: 24 CTTGTTGTATATACTCTTTTATAGGTATTAAACAAC (SEQ ID NO: 63)

SEQ ID NO: 27 ATTGTTGGGGTACTTCTTTTATAGGGTACTCACAAC (SEQ ID NO: 76)

SEQ ID NO: 28 ATTGTTGTAGACCTTGTGTTTTAGGGGTCTAACAACG (SEQ ID NO:
77)

SEQ ID NO: 29 GTTGTAAATACATCTCATATTGTATTCCAACACAGT (SEQ ID NO: 139)

SEQ ID NO: 31 ATTGTTGGAATATCACTTTTGTAGGGTATTCACAAC (SEQ ID NO: 58)

SEQ ID NO: 32 AATTGTTGAGATACCGTTTTTTATGGTATTGGCAAC (SEQ ID NO: 80)

SEQ ID NO: 35 ATTGTTGTAGACCTTGTGTTTTAGGGGTCTAACAACG (SEQ ID NO:
77)

SEQ ID NO: 36 GTTGTAAATACATCTCATATTGTATTCCAACACAGT (SEQ ID NO: 139)

SEQ ID NO: 38 AATTGTTGAGATACCGTTTTTTATGGTATTGGCAAC (SEQ ID NO: 80)

SEQ ID NO: 39 ATTGTTGGAATATCACTTTTGTAGGGTATTCACAAC (SEQ ID NO: 58)

SEQ ID NO: 41 ATTGTGTTGGGATACACTTTTATAGGTATTTACAAC (SEQ ID NO: 83)

SEQ ID NO: 42 TATTGTTGAATACCTTTCTTATAAAGGTAATTACAAC (SEQ ID NO: 84)

SEQ ID NO: 44 ATTGTTGAATGTATTCTTTTTTAGGACAGATACAAC (SEQ ID NO: 86)

SEQ ID NO: 45 GTTGTATCCACCGTATAAAACATAGTGTCCAACATC (SEQ ID NO:
130)

SEQ ID NO: 46 TATTGTTGAATACCTTTCTTATAAAGGTAATTACAAC (SEQ ID NO: 84)

SEQ ID NO: 47 ATTGTTGAATGGTATCTTTTATAGACTGATTACAACT (SEQ ID NO: 87)

SEQ ID NO: 48 ATTGTTGGATAATAGGTTTTTTATCTTAATTACAAC (SEQ ID NO: 88)

SEQ ID NO: 51 TATTGTTGAATACCTTTCTTATAAAGGTAATTACAAC (SEQ ID NO: 84)

SEQ ID NO: 53 TATTGTTGAATACCTTTCTTATAAAGGTAATTACAAC (SEQ ID NO: 84)
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SEQ ID NO: 55 ATTGTTGGATAATAGGTTTTTTATCTTAATTACAAC (SEQ ID NO: 88)
SEQ ID NO: 56 ATTGTTGTAGATACCTTTTTGTAAGGATTGAACAAC (SEQ ID NO: 90)

In some embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at
least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 1, and the direct
repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
nucleotide sequence of SEQ ID NO: 57. In some embodiments, the CRISPR-associated protein comprises
an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ
ID NO: 2, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 58. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 3, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 59. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 4, and the direct repeat sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 60. In some embodiments, the CRISPR-associated protein comprises an amino
acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 10, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 62 or SEQ ID NO: 213. In some embodiments,
the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%)
identical to the amino acid sequence of SEQ ID NO: 14, and the direct repeat sequence comprises a

nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
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91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ
ID NO: 128. In some embodiments, the CRISPR-associated protein comprises an amino acid sequence that
is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 15, and the direct
repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
nucleotide sequence of SEQ ID NO: 63. In some embodiments, the CRISPR-associated protein comprises
an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ
ID NO: 17, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 130. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 18, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 70. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 21, and the direct repeat sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 72. In some embodiments, the CRISPR-associated protein comprises an amino
acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 22, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 73. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 23, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 74. In some

embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
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81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 24, and the direct repeat sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 63. In some embodiments, the CRISPR-associated protein comprises an amino
acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 27, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 76. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 28, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 77. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 29, and the direct repeat sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 139. In some embodiments, the CRISPR-associated protein comprises an amino
acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 31, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 58. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 32, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 80. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 35, and the direct repeat sequence
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comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 77. In some embodiments, the CRISPR-associated protein comprises an amino
acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 36, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 139. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 38, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 80. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 39, and the direct repeat sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 58. In some embodiments, the CRISPR-associated protein comprises an amino
acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 41, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 83. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 42, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 84. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 44, and the direct repeat sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
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sequence of SEQ ID NO: 86. In some embodiments, the CRISPR-associated protein comprises an amino
acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 45, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 130. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 46, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 84. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 47, and the direct repeat sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 87. In some embodiments, the CRISPR-associated protein comprises an amino
acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 48, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 88. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 51, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 84. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%., 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 53, and the direct repeat sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 84. In some embodiments, the CRISPR-associated protein comprises an amino

acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
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92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID
NO: 55, and the direct repeat sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%., 83%, 84%, 85%, 86%, 87%. 88%, &89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 88. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 56, and the direct repeat sequence comprises a nucleotide sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 90.

In some embodiments, an RNA guide comprises a direct repeat sequence set forth in FIG. 3. For
example, in some embodiments, the RNA guide comprises a direct repeat of the consensus sequence shown
in FIG. 3 or a portion of the consensus sequence shown in FIG. 3. In some embodiments, an RNA guide
comprises a direct repeat having a sequence set forth as X1 XoTX3X4X5XX7Xg (SEQ ID NO: 224), wherein
XjisAorCorG,XsisTorCor A, XsisTorGor A, X4is Tor G, Xsis TorGor A, Xsis Gor T or A,
X7is Tor Gor A, and Xsg is A or G or T. For example, in some embodiments, an RNA guide comprises a
direct repeat having a sequence set forth as ATTGTTGDA (SEQ ID NO: 225). In some embodiments, SEQ
ID NO: 224 is proximal to the 5’ end of the direct repeat. In some embodiments, SEQ ID NO: 225 is
proximal to the 5’ end of the direct repeat. In some embodiments, an RNA guide comprises a direct repeat
having a sequence set forth as X;XoX3X4XsX6X7X3Xo (SEQ ID NO: 226), wherein X is T or C or A, Xs is
TorAorG, XzisTorCor A, XyisTor A, XsisTorAorG, XeisTor A, X;isAor T, Xgis A or G or
Cor T, and X9 is G or A or C. For example, in some embodiments, an RNA guide comprises a direct repeat
having a sequence set forth as TTTTWTARG (SEQ ID NO: 227). In some embodiments, an RNA guide
comprises a direct repeat having a sequence set forth as X1 X>X3AC (SEQ ID NO: 228), wherein X is A or
Cor G, Xsis Cor A, and X; is A or C. For example, in some embodiments, an RNA guide comprises a
direct repeat having a sequence set forth as ACAAC (SEQ ID NO: 229). In some embodiments, SEQ ID
NO: 228 is proximal to the 3’ end of the direct repeat. In some embodiments, SEQ ID NO: 229 is proximal
to the 3” end of the direct repeat.

In some embodiments, the spacer of an RNA guide binds to a target nucleic acid adjacent to a PAM
sequence of TABLE 3. For example, in some embodiments, a complex of an effector and an RNA guide

disclosed herein binds to a target nucleic acid adjacent to a PAM sequence as indicated in TABLE 3.

Table 3. PAM sequences corresponding to CLUST.091979 effectors.

Effector PAM Sequence
SEQ ID NO: 1 5-TTNT-3’
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5’-TNRT-3’

SEQ ID NO:

2

5-TTR-3
5-WTTR-3’

SEQ ID NO:

4

5’-NNR-3’

5’-NTTN-3’
5’-NTTR-3’
5’-TTTN-3’
5-TTTG-3

SEQ ID NO:

10

5’-NTTN-3’
5’-RTTR-3’
5-ATTR-3’
5-RTTG-3’
5-ATTG-3°
5 -GTTA-3

SEQ ID NO:

14

5’-TTN-3°
5-TTY-3’
5-YYR-3’

SEQ ID NO:

15

5’-CNT-3’

SEQ ID NO:

21

5-TTCV-3
5-TTYR-3’

SEQ ID NO:

23

5’-GTA-3

SEQ ID NO:

24

5’-CNT-3’

SEQ ID NO:

27

5-TTR-3
5-YYR-3’
5-TYR-3

SEQ ID NO:

28

5’-NGG-3’
5’-BGG-3’
5'-CGG-3’
5'-GG-3’

SEQ ID NO:

31

5-TTR-3

SEQ ID NO:

32

5-TYR-3

SEQ ID NO:

35

5’-NGG-3’
5’-BGG-3’
5'-CGG-3’
5'-GG-3’

SEQ ID NO:

38

5-TYR-3

SEQ ID NO:

39

5-TTR-3’

SEQ ID NO:

41

5-TYR-3

SEQ ID NO:

42

5-TYR-3
5-TTYR-3’
5’-DTYR-3’

SEQ ID NO:

44

5’-TTNR-3’
5-TTTR-3’

SEQ ID NO:

46

5-TYR-3
5-TTYR-3’
5’-DTYR-3

SEQ ID NO:

48

5-YYR-3’
5-TTR-3
5-TTG-3
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SEQ ID NO: 51 5-TYR-3
5-TTYR-3’
5’-DTYR-3
SEQ ID NO: 53 5-TYR-3
5-TTYR-3’
5’-DTYR-3’
SEQ ID NO: 55 5-YYR-3’
5-TTR-3
5-TTG-3
SEQ ID NO: 56 5-TTG-3°
5’-NYR-3’
5-TYR-3

In some embodiments, an RNA guide further comprises a tractRNA. In some embodiments, the
tractRNA is not required (e.g., the tractrRNA is optional). In some embodiments, the tractRNA is a portion
of the non-coding sequences shown in TABLE 9. For example, in some embodiments, the tractrRNA is a

sequence of TABLE 4.

Table 4. Exemplary tracrRNA sequences.

Effector tractRNA Sequence

SEQ ID NO: 1 ATTGGGACTTCCGGAAGTAAAATATCCACCTGAGGATTTTAGGACAT
ATAATTTCTAATAAAAATGAACGGAAAAATTTCCGTTCATTTTTTTTT
TGTTTATT (SEQ ID NO: 152)

TATTGGGACTTCCGGAAGTAAAATATCCACCTGAGGATTTITAGGACA
TATAATTTCTAATAAAAATGAACGGAAAAATTTCCGTTCATTTTTTTT
TTGTTTATTG (SEQ ID NO: 153)

GACGAGAACGGAGTGTGGCTCCTGAGGAAAAACGACAAACATCCAA
CATATTTTATCTACCAGAACGGAACACTCTATCAATATGAGGAAGAT
TGATTAGTTGATGTTTTCATAATAATTTITATCTGGAATTTGAAAAGAT
TCCAGATTTTTTTTTTATTTCG (SEQ ID NO: 154)

SEQ ID NO: 2 GCAATCAACAAGACTTTCATTTTCAAGGCAAAATGCGATAAGAACG
ATGTCATATCGTTATGGGAA (SEQ ID NO: 155)

GATGCTCCGAAAACGTGGTTGTTCGGACAACAAAAAAATGAATGTT
TCTAATGTATTAA (SEQ ID NO: 156)

GACGGAAAAATAAATGAGGATGGTATGTTTGTTGAAAACTTGGAAT
AATTCTGTATATACCAATTAGAAT (SEQ ID NO: 157)

TGTTGATTGCTGATTCTTCGTTGTTTGATTTGTGTTGTGCCATAATCT
TAAAATT (SEQ ID NO: 158)
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SEQ ID NO: 3

CGCAAGATATAAGGCAATCGGAAACGGATGGACAGTTGATGTAATT
TCACATATTTTTAAGAATTTGAAAAATTAATTTGGTA (SEQ ID NO:
159)

GGACATTTCGTAAATCATATGGAGATACGGAGTTCAAGTCAATTGA
AGAGCTTCCTGAATTTAGAGATAACATACTTATACAACTAGATTGAT
TG (SEQ ID NO: 160)

ATCAATACATAGATGATGAGAAATGGAGAAAAAAATTTGTTCGCCC
AACAAACACTAAT (SEQ ID NO: 161)

SEQ ID NO: 14

CTGGTAATACTGTAAAATCTCCGTGTATAGGGCAAGTAATTGTAACT
GGGGTAATTCTATCTACTATTATAGTTTTAGAA (SEQ ID NO: 162)

SEQ ID NO: 17

CAGAAGTCGTTCAAGTTCAAGGTCAAAACGGACAAGGAGACGGTCG
AATTATTCAG (SEQ ID NO: 163)

GGGAGGGTGACATTCAGAAGTCGTTCAAGTTCAAGGTCAAAACGGA
CAAGGAGACGGTCGAATTAT (SEQ ID NO: 164)

AAGTGTCTTCAACACATTGAAGAAAACTCTCGGTGCAATATATGGA
AAGCTCGATGAAAACGGAAATTTITATTGAGAATGAATGTAATAAGT
AACTGGAATA (SEQ ID NO: 165)

CCGTGGGAGGATTTGGATTTGGTTGAAGACATCAGAAAAATTTTCGA
AATGGAATAGAGGGAACCGGAATTTTTTCCGGTTTTTCTTTGTCCTTT
CGA (SEQ ID NO: 166)

SEQ ID NO: 18

CAGAGTAACCTTTCCTGATATGTTGTTACACATTTTTGTAAGTGTTAA
ACAACTGACGCATTGATATTGCCTTGTCTATTAA (SEQ ID NO: 167)

CAATCGCGAGTTTATACTGAAATGTTGTTACACTGTTTTTGTAAGTGT
TAAACAACCTTGCACAAATGTCATCTACCAGTAC (SEQ ID NO: 168)

SEQ ID NO: 21

CCGAGCGACCCACAAACCTATTGTCGTACGCATCATTTCACATGATA
ATAACAACGAATATTCCTGCAAGCATGATTT (SEQ ID NO: 169)

TATGACATTATGATATTGTTGTATGCATCATTTCACATGGTAATAAC
AACGAAGAGAAACACCGAGCGACCCACAAA (SEQ ID NO: 170)

ACATCTTTTATGACATTATGATATTGTTGTATGCATCATTTCACATGG
TAATAACAACGAAGAGAAACACCGAGCGACCCACAAA (SEQ ID NO:
171)

SEQ ID NO: 22

GCTAAAATATAGTCCTGTGGATGTTGAATACATTTCTTTTAAGTGTA
CTTACAACCAACGCTGTACACATTGCTAATGGATG (SEQ ID NO: 172)

TGCTAAAATATAGTCCTGTGGATGTTGAATACATTTCTTTTAAGTGT
ACTTACAACCAACGCTGTACACATTGCTAATGGATG (SEQ ID NO:
173)
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CAACACCAAGGCTGAGGCAAAGAAGAGGGCTGATGATATGAACAA
ACAGAATAGGGTCATACACCAGCTGTCTGTTTATTTGTGTCC (SEQ ID
NO: 174)

AATTAGACTGATAAACAAAGAATAATGAGAACTATAATAGGGAGGT
GTACCCCCGAATTTAAGCCAGTGGAGAACCATACAAACCTATCATAT
AG (SEQ ID NO: 175)

SEQ ID NO: 23

TGGGTATGCGTTGTTTAATACTTAAAAAAATGTATGTACAACATGTC
TGTGGAAAGTCTTTCTATTGTATAT (SEQ ID NO: 176)

CGTTGTTTAATACTTAAAAAAATGTATGTACAACATGTCTGTGGAAA
GTCTTTCTATTGTATATAGGA (SEQ ID NO: 177)

TGGGTATGCGTTGTTTAATACTTAAAAAAATGTATGTACAACATGTC
TGTGGAAAGTCTTTCTATTGTATATAGGAATTTTATATAATTATITAA
TTATCAATGAATTATATTAGTAT (SEQ ID NO: 178)

GGTGGGTATGCGTTGTTTAATACTTAAAAAAATGTATGTACAACATG
TCTGTGGAAAG (SEQ ID NO: 179)

SEQ ID NO: 27

AATGAACGAGATTGTTGGGATATACCTTTTATAGGATTTTCACAACA
TCTGAGTTGTTTGATGTTAAAAACTT (SEQ ID NO: 180)

GATAAAAATGAACGAGATTGTTGGGATATACCTTTTATAGGATTTTC
ACAACATCTGAGTTGTTTGATGTTAAAAACTTT (SEQ ID NO: 181)

SEQ ID NO: 29

GCTAATATAAAGATTGTACTGTGTTGAGATACACTTTTAGAGGTATT
TACAACAAAATGCGTGATATGGAAATGA (SEQ ID NO: 182)

ATACCAACATAAATACAGGTCTITGCTGTTTCTGGTCGGTCGTAAACA
CCTCTAAAAGGATTGTTTCGACATAGGTTACTGACGCTTCAAG (SEQ
ID NO: 183)

AATGAAGAAATAACTGTGTTGAGATACACTTTTAGAGGTATITACAA
CACCATATAAACCTGACCATCTCCT (SEQ ID NO: 184)

SEQ ID NO: 31

AGGAAGATGTCAGACGTTTTTATTGTTGGAATACTCGTTTTTTACGG
TATTTACAACTGCCCCGTAGCGGAATCAAAATACCAC (SEQ ID NO:
185)

ATGTCAGACGTTTTITATTGTTGGAATACTCGTTTTTTACGGTATTTAC
AACTGCCCCGTAGCGGAATCAAAATACC (SEQ ID NO: 186)

AAATAACAAAAATTCTGGACGGGAAAGGAAGATGTCAGACGTTTTT
ATTGTTGGAATACTCGTTTTTTACGGTATTTACAACTGCCCCGTAGCG
GAATC (SEQ ID NO: 187)
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ATAACAAAAATTCTGGACGGGAAAGGAAGATGTCAGACGTTTTTAT
TGTTGGAATACTCGTTTTTTACGGTATTTACAACTGCCCCGTAGCGG
AAT (SEQ ID NO: 188)

SEQ ID NO: 32

TATTGCAACTATTACAACAAACTTAGCGAATGGATTGGCAAAGATAT
GTATAACACGCCG (SEQ ID NO: 189)

ATTGCAACTATTACAACAAACTTAGCGAATGGATTGGCAAAGATAT
GTATAACACGCCG (SEQ ID NO: 190)

SEQ ID NO: 36

GCTAATATAAAGATTGTACTGTGTTGAGATACACTTTTAGAGGTATT
TACAACAAAATGCGTGATATGGAAATGA (SEQ ID NO: 182)

ATACCAACATAAATACAGGTCTITGCTGTTTCTGGTCGGTCGTAAACA
CCTCTAAAAGGATTGTTTCGACATAGGTTACTGACGCTTCAAG (SEQ
ID NO: 183)

AATGAAGAAATAACTGTGTTGAGATACACTTTTAGAGGTATITACAA
CACCATATAAACCTGACCATCTCCT (SEQ ID NO: 184)

SEQ ID NO: 38

TATTGCAACTATTACAACAAACTTAGCGAATGGATTGGCAAAGATAT
GTATAACACGCCG (SEQ ID NO: 189)

ATTGCAACTATTACAACAAACTTAGCGAATGGATTGGCAAAGATAT
GTATAACACGCCG (SEQ ID NO: 190)

SEQ ID NO: 39

AGGAAGATGTCAGACGTTTTTATTGTTGGAATACTCGTTTTTTACGG
TATTTACAACTGCCCCGTAGCGGAATCAAAATACCAC (SEQ ID NO:
185)

ATGTCAGACGTTTTITATTGTTGGAATACTCGTTTTTTACGGTATTTAC
AACTGCCCCGTAGCGGAATCAAAATACC (SEQ ID NO: 186)

AAATAACAAAAATTCTGGACGGGAAAGGAAGATGTCAGACGTTTTT
ATTGTTGGAATACTCGTTTTTTACGGTATTTACAACTGCCCCGTAGCG
GAATC (SEQ ID NO: 187)

ATAACAAAAATTCTGGACGGGAAAGGAAGATGTCAGACGTTTTTAT
TGTTGGAATACTCGTTTTTTACGGTATTTACAACTGCCCCGTAGCGG
AAT (SEQ ID NO: 188)

SEQ ID NO: 41

GTATGATGACAGAAGAAACACGGAAGACAATAGAGAGCGTCATAGT
GGTTCTCGGCATAGCAATCATGCTG (SEQ ID NO: 191)

ATGATGACAGAAGAAACACGGAAGACAATAGAGAGCGTCATAGTG
GTTCTCGGCATAGCAATCATGCTGGCAGCCGCCGTCCGAATAATGAC
GCAGAACAAAGCAATTGTGAAATATG (SEQ ID NO: 192)

AGAAGGTACTGCCGCCTTATGACCGACGAGAACGGAGTGTGGCTCC
TGAGGAAAAAC (SEQ ID NO: 193)
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GACGAGAACGGAGTGTGGCTCCTGAGGAAAAACGACAAACATCCAA
CATATTTTATCTACCAGAACGGAACACTCTATCAATATGAGGAAGAT
TGATTAGTTGATGTTTTCATAATAATTTITATCTGGAATTTGAAAAGAT
TCCAGATTTTTTTTTTATTTCG (SEQ ID NO: 194)

SEQ ID NO: 43

TCGTTGAATACGATATCGCCGAAACAATTGATTGGAGAAGTACGCTT
TGTTTCAAGACATGGAATACGTATGGTTCTCCTCAATGGGACTCGAA
GATCAAGAA (SEQ ID NO: 197)

ATCGTTGAATACGATATCGCCGAAACAATTGATTGGAGAAGTACGC
TTTGTTTCAAGACATGGAATACGTATGGTTCTCCTCAATGGGACTCG
AAGATCAAGAACCAG (SEQ ID NO: 198)

GAGCTTTTCTGGCAATGTAGACATTAAAGCTGGTATCGTTGAATACG
ATATCGCCGAAACAATTGATTGGAGA (SEQ ID NO: 199)

SEQ ID NO: 44

TTTITGTTATATATTTGTCCTGTTAGGTTAAATCACCGCGCCTGATGA
CGAAGTCGGTGGTAGAATTAGACTAATATTAAATATGTCTCATG
(SEQ ID NO: 195)

CCTATTAGATATTCCGTATTTCTTTAAGACTGTTATAATACAAATATA
CTACAAATCATGCAATTTTTGATTTTTAACAAAA (SEQ ID NO: 196)

SEQ ID NO: 45

CAGAAGTCGTTCAAGTTCAAGGTCAAAACGGACAAGGAGACGGTCG
AATTATTCAG (SEQ ID NO: 163)

GGGAGGGTGACATTCAGAAGTCGTTCAAGTTCAAGGTCAAAACGGA
CAAGGAGACGGTCGAATTAT (SEQ ID NO: 164)

AAGTGTCTTCAACACATTGAAGAAAACTCTCGGTGCAATATATGGA
AAGCTCGATGAAAACGGAAATTTITATTGAGAATGAATGTAATAAGT
AACTGGAATA (SEQ ID NO: 165)

CCGTGGGAGGATTTGGATTTGGTTGAAGACATCAGAAAAATTTTCGA
AATGGAATAGAGGGAACCGGAATTTTTTCCGGTTTTTCTTTGTCCTTT
CGA (SEQ ID NO: 166)

SEQ ID NO: 48

TITTTTCATTGTTCTCAAATTGTTGGATAATGTTTTGTGTGTTTCATTTT
TGTCATTGTGTCACCTTAACTGACAAGGTGGCACATTTTTTATGTCA
AT (SEQ ID NO: 200)

TITTTCATTGTTCTCAAATTGTTGGATAATGTTTTGTGTGTTTCATTTTT
GTCATTGTGTCACCTTAACTGACAAGGTGGCACATTTTTTATGTCAA
TA (SEQ ID NO: 201)

AATATATCTGCTAAGGTCATATTTTTCATTGTTCTCAAATTGTTGGAT
AATGTTTTGTGTGTTTCATTTTTGTCATTGTGTCACCTTAACTGACAA
GGTGGCACATTTTTTATGTCAATATG (SEQ ID NO: 202)
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SEQ ID NO: 52 TCGTTGAATACGATATCGCCGAAACAATTGATTGGAGAAGTACGCTT
TGTTTCAAGACATGGAATACGTATGGTTCTCCTCAATGGGACTCGAA
GATCAAGAA (SEQ ID NO: 197)

ATCGTTGAATACGATATCGCCGAAACAATTGATTGGAGAAGTACGC
TTTGTTTCAAGACATGGAATACGTATGGTTCTCCTCAATGGGACTCG
AAGATCAAGAACCAG (SEQ ID NO: 198)

GAGCTTTTCTGGCAATGTAGACATTAAAGCTGGTATCGTTGAATACG
ATATCGCCGAAACAATTGATTGGAGA (SEQ ID NO: 199)

SEQ ID NO: 55 TITTTTCATTGTTCTCAAATTGTTGGATAATGTTTTGTGTGTTTCATTTT
TGTCATTGTGTCACCTTAACTGACAAGGTGGCACATTTTTTATGTCA
AT (SEQ ID NO: 200)

TITTTCATTGTTCTCAAATTGTTGGATAATGTTTTGTGTGTTTCATTTTT
GTCATTGTGTCACCTTAACTGACAAGGTGGCACATTTTTTATGTCAA
TA (SEQ ID NO: 201)

AATATATCTGCTAAGGTCATATTTTTCATTGTTCTCAAATTGTTGGAT
AATGTTTTGTGTGTTTCATTTTTGTCATTGTGTCACCTTAACTGACAA
GGTGGCACATTTTTTATGTCAATATG (SEQ ID NO: 202)

SEQ ID NO: 56 ACAAATTTTTGATTATGGCACACAAAAAGAACATAGGAGCAGAGAT
AGTAAAAACTTACTCTTTTAAGGTGAAGA (SEQ ID NO: 203)

TTATTTTATAGGATAATAGAGCTAACAAGCATTAACAATTATTAAAA
CGATTTATATTGAAAATAAATTTTGTGGGAATATTTATTTTTACTACC
TTTGCATCGTAATACAATTAAACAAATTTTTGATTATGGCA (SEQ ID
NO: 204)

In some embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at
least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 1, and the tracrRNA
sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the
nucleotide sequence of SEQ ID NO: 152, SEQ ID NO: 153, or SEQ ID NO: 154. In some embodiments,
the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%)
identical to the amino acid sequence of SEQ ID NO: 2, and the tracrRNA sequence comprises a nucleotide
sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 155,
SEQ ID NO: 156, SEQ ID NO: 157, or SEQ ID NO: 158. In some embodiments, the CRISPR-associated
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protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid
sequence of SEQ ID NO: 3, and the tracrRNA sequence comprises a nucleotide sequence that is at least
80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO:159, SEQ ID NO: 160, or
SEQ ID NO: 161. In some embodiments, the CRISPR-associated protein comprises an amino acid sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 14, and the
tractRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
nucleotide sequence of SEQ ID NO: 162. In some embodiments, the CRISPR-associated protein comprises
an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ
ID NO: 17, and the tractrRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 163, SEQ ID NO: 164, SEQ ID NO: 165, or
SEQ ID NO: 166. In some embodiments, the CRISPR-associated protein comprises an amino acid sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 18, and the
tractRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
nucleotide sequence of SEQ ID NO: 167 or SEQ ID NO: 168. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 21, and the tracrRNA sequence comprises a nucleotide sequence that
is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO:169, SEQ ID NO: 170,
or SEQ ID NO: 171. In some embodiments, the CRISPR-associated protein comprises an amino acid
sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 22,
and the tracrRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%)
identical to the nucleotide sequence of SEQ ID NO: 172, SEQ ID NO: 173, SEQ ID NO: 174, or SEQ ID

NO: 175. In some embodiments, the CRISPR-associated protein comprises an amino acid sequence that is
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at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 871%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 23, and the tractrRNA
sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the
nucleotide sequence of SEQ ID NO: 176, SEQ ID NO: 177, SEQ ID NO: 178, or SEQ ID NO: 179. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 27, and the tracrRNA sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 180 or SEQ ID NO: 181. In some embodiments, the CRISPR-associated protein
comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid
sequence of SEQ ID NO: 29, and the tractrRNA sequence comprises a nucleotide sequence that is at least
80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 182, SEQ ID NO: 183, or
SEQ ID NO: 184. In some embodiments, the CRISPR-associated protein comprises an amino acid sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 31, and the
tractRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
nucleotide sequence of SEQ ID NO: 185, SEQ ID NO: 186, SEQ ID NO: 187, or SEQ ID NO: 188. In some
embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80% (e.g.,
81%, 82%, 83%, 84%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%,
99% or 100%) identical to the amino acid sequence of SEQ ID NO: 32, and the tracrRNA sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 189 or SEQ ID NO: 190. In some embodiments, the CRISPR-associated protein
comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid
sequence of SEQ ID NO: 36, and the tractrRNA sequence comprises a nucleotide sequence that is at least
80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 182, SEQ ID NO: 183, or

SEQ ID NO: 184. In some embodiments, the CRISPR-associated protein comprises an amino acid sequence
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that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 38, and the
tractRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
nucleotide sequence of SEQ ID NO: 189 or SEQ ID NO: 190. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NO: 39, and the tracrRNA sequence comprises a nucleotide sequence that
is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 185, SEQ ID NO:
186, SEQ ID NO:187, or SEQ ID NO: 188. In some embodiments, the CRISPR-associated protein
comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid
sequence of SEQ ID NO: 41, and the tractrRNA sequence comprises a nucleotide sequence that is at least
80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 191, SEQ ID NO: 192, SEQ
ID NO: 193, or SEQ ID NO: 194. In some embodiments, the CRISPR-associated protein comprises an
amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ
ID NO: 43, and the tractrRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 197, SEQ ID NO: 198, or SEQ ID NO: 199. In
some embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80%
(e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 44, and the tractrRNA sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 195 or SEQ ID NO: 196. In some embodiments, the CRISPR-associated protein
comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid
sequence of SEQ ID NO: 45, and the tractrRNA sequence comprises a nucleotide sequence that is at least
80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 163, SEQ ID NO: 164, SEQ
ID NO: 165, or SEQ ID NO: 166. In some embodiments, the CRISPR-associated protein comprises an
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amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ
ID NO: 48, and the tractrRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%,
82%., 83%, 84%, 85%, 86%, 87%. 88%, &89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99% or
100%) identical to the nucleotide sequence of SEQ ID NO: 200, SEQ ID NO: 201, or SEQ ID NO: 202. In
some embodiments, the CRISPR-associated protein comprises an amino acid sequence that is at least 80%
(e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, &89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 52, and the tractrRNA sequence
comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the nucleotide
sequence of SEQ ID NO: 197, SEQ ID NO: 198, or SEQ ID NO: 199. In some embodiments, the CRISPR-
associated protein comprises an amino acid sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V1%, 98%, 99% or 100%) identical to the
amino acid sequence of SEQ ID NQO: 55, and the tracrRNA sequence comprises a nucleotide sequence that
is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%) identical to the nucleotide sequence of SEQ ID NO: 200, SEQ ID NO:
201, or SEQ ID NO: 202. In some embodiments, the CRISPR-associated protein comprises an amino acid
sequence that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to the amino acid sequence of SEQ ID NO: 56,
and the tracrRNA sequence comprises a nucleotide sequence that is at least 80% (e.g., 81%, 82%, 83%,
84%, 85%, 86%, 87%, &8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%)
identical to the nucleotide sequence of SEQ ID NO: 203 or SEQ ID NO: 204.

The RNA guide sequences can be modified in a manner that allows for formation of the CRISPR
complex and successful binding to the target, while at the same time not allowing for successful nuclease
activity (i.e., without nuclease activity / without causing indels). These modified guide sequences are
referred to as “dead guides” or “dead guide sequences.” These dead guides or dead guide sequences may
be catalytically inactive or conformationally inactive with regard to nuclease activity. Dead guide sequences
are typically shorter than respective guide sequences that result in active RNA cleavage. In some
embodiments, dead guides are 5%, 10%, 20%, 30%, 40%, or 50% shorter than respective RNA guides that
have nuclease activity. Dead guide sequences of RNA guides can be from 13 to 15 nucleotides in length
(e.g., 13, 14, or 15 nucleotides in length), from 15 to 19 nucleotides in length, or from 17 to 18 nucleotides
in length (e.g., 17 nucleotides in length).

Thus, in one aspect, the disclosure provides non-naturally occurring or engineered CRISPR systems

including a functional CLUST.091979 CRISPR effector as described herein, and an RNA guide wherein
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the RNA guide comprises a dead guide sequence, whereby the RNA guide is capable of hybridizing to a
target sequence such that the CRISPR system is directed to a genomic locus of interest in a cell without
detectable cleavage activity. A detailed description of dead guides is described, e.g., in WO 2016094872,

which is incorporated herein by reference in its entirety.

Inducible RNA Guides

RNA guides can be generated as components of inducible systems. The inducible nature of the
systems allows for spatiotemporal control of gene editing or gene expression. In some embodiments, the
stimuli for the inducible systems include, e.g., electromagnetic radiation, sound energy, chemical energy,
and/or thermal energy.

In some embodiments, the transcription of RNA guide can be modulated by inducible promoters,
e.g., tetracycline or doxycycline controlled transcriptional activation (Tet-On and Tet-Off expression
systems), hormone inducible gene expression systems (e.g., ecdysone inducible gene expression systems),
and arabinose-inducible gene expression systems. Other examples of inducible systems include, e.g., small
molecule two-hybrid transcription activations systems (FKBP, ABA, etc.), light inducible systems
(Phytochrome, LOV domains, or cryptochrome), or Light Inducible Transcriptional Effector (LITE). These
inducible systems are described, e.g., in WO 2016205764 and US 8795965, each of which is incorporated

herein by reference in its entirety.

Chemical Modifications

Chemical modifications can be applied to the phosphate backbone, sugar, and/or base of the RNA
guide. Backbone modifications such as phosphorothioates modify the charge on the phosphate backbone
and aid in the delivery and nuclease resistance of the oligonucleotide (see, e.g., Eckstein,
“Phosphorothioates, essential components of therapeutic oligonucleotides,” Nucl. Acid Ther., 24 (2014),
pp- 374-387); modifications of sugars, such as 2’-O-methyl (2°-OMe), 2’-F, and locked nucleic acid (LNA),
enhance both base pairing and nuclease resistance (see, e.g., Allerson et al. “Fully 2 ‘-modified
oligonucleotide duplexes with improved in vifro potency and stability compared to unmodified small
interfering RNA,” J. Med. Chem., 48.4 (2005): 901-904). Chemically modified bases such as 2-thiouridine
or N6-methyladenosine, among others, can allow for either stronger or weaker base pairing (see, e.g.,
Bramsen et al., “Development of therapeutic-grade small interfering RNAs by chemical engineering,”
Front. Genet., 2012 Aug 20; 3:154). Additionally, RNA is amenable to both 5° and 3" end conjugations
with a variety of functional moieties including fluorescent dyes, polyethylene glycol, or proteins.

A wide variety of modifications can be applied to chemically synthesized RNA guide molecules.

For example, modifying an oligonucleotide with a 2’-OMe to improve nuclease resistance can change the
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binding energy of Watson-Crick base pairing. Furthermore, a 2’-OMe modification can affect how the
oligonucleotide interacts with transfection reagents, proteins or any other molecules in the cell. The effects
of these modifications can be determined by empirical testing.

In some embodiments, the RNA guide includes one or more phosphorothioate modifications. In
some embodiments, the RNA guide includes one or more locked nucleic acids for the purpose of enhancing
base pairing and/or increasing nuclease resistance.

A summary of these chemical modifications can be found, e.g., in Kelley et al., “Versatility of
chemically synthesized guide RNAs for CRISPR-Cas9 genome editing,” J. Biotechnol. 2016 Sep 10;
233:74-83; WO 2016205764; and US 8795965, each which is incorporated by reference in its entirety.

Sequence Modifications

The sequences and the lengths of the RNA guides, tractrRNAs, and crRNAs described herein can
be optimized. In some embodiments, the optimized length of RNA guide can be determined by identifying
the processed form of tracrRNA and/or crRNA, or by empirical length studies for RNA guides, tractrRNAs,
crRNAs, and the tracrRNA tetraloops.

The RNA guides can also include one or more aptamer sequences. Aptamers are oligonucleotide
or peptide molecules that can bind to a specific target molecule. The aptamers can be specific to gene
effectors, gene activators, or gene repressors. In some embodiments, the aptamers can be specific to a
protein, which in turn is specific to and recruits / binds to specific gene effectors, gene activators, or gene
repressors. The effectors, activators, or repressors can be present in the form of fusion proteins. In some
embodiments, the RNA guide has two or more aptamer sequences that are specific to the same adaptor
proteins. In some embodiments, the two or more aptamer sequences are specific to different adaptor
proteins. The adaptor proteins can include, e.g., MS2, PP7, Qp, F2, GA, fr, JP501, M12, R17, BZ13, JP34,
JP500, KU1, M11, MX1, TW18, VK, SP, FI, ID2, NL95, TW19, AP205, ¢Cb5, ¢Cb8r, $Cb12r, ¢Cb23r,
7s, and PRRI1. Accordingly, in some embodiments, the aptamer is selected from binding proteins
specifically binding any one of the adaptor proteins as described herein. In some embodiments, the aptamer
sequence is a MS2 loop. A detailed description of aptamers can be found, e.g., in Nowak et al., “Guide
RNA engineering for versatile Cas9 functionality,” Nucl. Acid. Res., 2016 Nov 16;44(20):9555-9564; and
WO 2016205764, each of which is incorporated herein by reference in its entirety.

Guide: Target Sequence Matching Requirements
In CRISPR systems, the degree of complementarity between a guide sequence and its
corresponding target sequence can be about 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or 100%.

To reduce off-target interactions, e.g., to reduce the guide interacting with a target sequence having low
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complementarity, mutations can be introduced to the CRISPR systems so that the CRISPR systems can
distinguish between target and off-target sequences that have greater than 80%, 85%, 90%, or 95%
complementarity. In some embodiments, the degree of complementarity is from 80% to 95%, e.g., about
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, or 95% (for example, distinguishing
between a target having 18 nucleotides from an off-target of 18 nucleotides having 1, 2, or 3 mismatches).
Accordingly, in some embodiments, the degree of complementarity between a guide sequence and its
corresponding target sequence is greater than 94.5%, 95%, 95.5%, 96%, 96.5%, 97%, 97.5%, 98%, 98.5%,
99%, 99.5%, or 99.9%. In some embodiments, the degree of complementarity is 100%.

It is known in the field that complete complementarity is not required provided that there is
sufficient complementarity to be functional. Modulations of cleavage efficiency can be exploited by
introduction of mismatches, e.g., one or more mismatches, such as 1 or 2 mismatches between spacer
sequence and target sequence, including the position of the mismatch along the spacer/target. The more
central (i.e., not at the 3’ or 5° ends) a mismatch, e.g., a double mismatch, is located; the more cleavage
efficiency is affected. Accordingly, by choosing mismatch positions along the spacer sequence, cleavage
efficiency can be modulated. For example, if less than 100% cleavage of targets is desired (e.g., in a cell
population), 1 or 2 mismatches between spacer and target sequence can be introduced in the spacer

sequences.

Methods of Using CRISPR Systems

The CRISPR systems described herein have a wide variety of utilities including modifying (e.g.,
deleting, inserting, translocating, inactivating, or activating) a target polynucleotide in a multiplicity of cell
types. The CRISPR systems have a broad spectrum of applications in, e.g., DNA/RNA detection (e.g.,
specific high sensitivity enzymatic reporter unlocking (SHERLOCK)), tracking and labeling of nucleic
acids, enrichment assays (extracting desired sequence from background), detecting circulating tumor DNA,
preparing next generation library, drug screening, disease diagnosis and prognosis, and treating various

genetic disorders.

DNA/RNA Detection

In one aspect, the CRISPR systems described herein can be used in DNA/RNA detection. Single
effector RNA-guided DNases can be reprogrammed with CRISPR RNAs (crRNAs) to provide a platform
for specific single-stranded DNA (ssDNA) sensing. Upon recognition of its DNA target, activated Type V
single effector DNA-guided DNases engage in “collateral” cleavage of nearby non-targeted ssDNAs. This
crRNA-programmed collateral cleavage activity allows the CRISPR systems to detect the presence of a

specific DNA by nonspecific degradation of labeled ssDNA.
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The collateral ssDNA activity can be combined with a reporter in DNA detection applications such
as a method called the DNA Endonuclease-Targeted CRISPR trans reporter (DETECTR) method, which
achieves attomolar sensitivity for DNA detection (see, e.g., Chen et al., Science, 360(6387):436-439, 2018),
which is incorporated herein by reference in its entirety. One application of using the enzymes described
herein is to degrade non-specific ssDNA in an in vitro environment. A “reporter” ssDNA molecule linking
a fluorophore and a quencher can also be added to the in vitro system, along with an unknown sample of
DNA (either single-stranded or double-stranded). Upon recognizing the target sequence in the unknown
picce of DNA, the effector complex cleaves the reporter ssDNA resulting in a fluorescent readout.

In other embodiments, the SHERLOCK method (Specific High Sensitivity Enzymatic Reporter
UnLOCKing) also provides an in vitro nucleic acid detection platform with attomolar (or single-molecule)
sensitivity based on nucleic acid amplification and collateral cleavage of a reporter ssDNA, allowing for
real-time detection of the target. Methods of using CRISPR in SHERLOCK are described in detail, e.g., in
Gootenberg, et al. “Nucleic acid detection with CRISPR-Cas13a/C2c2,” Science, 356(6336):438-442
(2017), which is incorporated herein by reference in its entirety.

In some embodiments, the CRISPR systems described herein can be used in multiplexed error-
robust fluorescence in situ hybridization (MERFISH). These methods are described in, e.g., Chen et al.,
“Spatially resolved, highly multiplexed RNA profiling in single cells,” Science, 2015 Apr 24;
348(6233):aaa6090, which is incorporated herein by reference in its entirety.

Tracking and Labeling of Nucleic Acids

Cellular processes depend on a network of molecular interactions among proteins, RNAs, and
DNAs. Accurate detection of protein-DNA and protein-RNA interactions is key to understanding such
processes. In vitro proximity labeling techniques employ an affinity tag combined with, a reporter group,
e.g., aphotoactivatable group, to label polypeptides and RNAs in the vicinity of a protein or RNA of interest
in vitro. After UV irradiation, the photoactivatable groups react with proteins and other molecules that are
in close proximity to the tagged molecules, thereby labelling them. Labelled interacting molecules can
subsequently be recovered and identified. The RNA targeting effector proteins can for instance be used to
target probes to selected RNA sequences. These applications can also be applied in animal models for in
vivo imaging of diseases or difficult-to culture cell types. The methods of tracking and labeling of nucleic
acids are described, e.g., in US 8795965; WO 2016205764; and WO 2017070605, each of which is

incorporated herein by reference in its entirety.

High-Throughput Screening
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The CRISPR systems described herein can be used for preparing next generation sequencing (NGS)
libraries. For example, to create a cost-effective NGS library, the CRISPR systems can be used to disrupt
the coding sequence of a target gene, and the CRISPR effector transfected clones can be screened
simultaneously by next-generation sequencing (e.g., on the Ion Torrent PGM system). A detailed
description regarding how to prepare NGS libraries can be found, e.g., in Bell ef al., “A high-throughput
screening strategy for detecting CRISPR-Cas9 induced mutations using next-generation sequencing,” BMC

Genomics, 15.1 (2014): 1002, which is incorporated herein by reference in its entirety.

Engineered Cells

Microorganisms (e.g., E. coli, yeast, and microalgae) are widely used for synthetic biology. The
development of synthetic biology has a wide utility, including various clinical applications. For example,
the programmable CRISPR systems can be used to split proteins of toxic domains for targeted cell death,
e.g., using cancer-linked RNA as target transcript. Further, pathways involving protein-protein interactions
can be influenced in synthetic biological systems with e.g., fusion complexes with the appropriate effectors
such as kinases or enzymes.

In some embodiments, RNA guide sequences that target phage sequences can be introduced into
the microorganism. Thus, the disclosure also provides methods of “vaccinating” a microorganism (e.g., a
production strain) against phage infection.

In some embodiments, the CRISPR systems provided herein can be used to engineer
microorganisms, e.g., to improve yield or improve fermentation efficiency. For example, the CRISPR
systems described herein can be used to engineer microorganisms, such as yeast, to generate biofuel or
biopolymers from fermentable sugars, or to degrade plant-derived lignocellulose derived from agricultural
waste as a source of fermentable sugars. More particularly, the methods described herein can be used to
modify the expression of endogenous genes required for biofuel production and/or to modify endogenous
genes, which may interfere with the biofuel synthesis. These methods of engineering microorganisms are
described e.g., in Verwaal et al., “CRISPR/Cpf1 enables fast and simple genome editing of Saccharomyces
cerevisiae,” Yeast, 2017 Sep 8. doi: 10.1002/yea.3278; and Hlavova et al., “Improving microalgae for
biotechnology—from genetics to synthetic biology,” Biotechnol. Adv., 2015 Nov 1; 33:1194-203, each of
which is incorporated herein by reference in its entirety.

In some embodiments, the CRISPR systems provided herein can be used to engineer eukaryotic
cells or eukaryotic organisms. For example, the CRISPR systems described herein can be used to engineer
cukaryotic cells not limited to a plant cell, a fungal cell, a mammalian cell, a reptile cell, an insect cell, an
avian cell, a fish cell, a parasite cell, an arthropod cell, an invertebrate cell, a vertebrate cell, a rodent cell,

a mouse cell, a rat cell, a primate cell, a non-human primate cell, or a human cell. In some embodiments,
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eukaryotic cell is in an in vitro culture. In some embodiments, the eukaryotic cell is in vivo. In some
embodiments, the eukaryotic cell is ex vivo.

In some embodiments, the cell is derived from a cell line. A wide variety of cell lines for tissue
culture are known in the art. Examples of cell lines include, but are not limited to, 293T, MF7, K562, HelLa,
and transgenic varieties thereof. Cell lines are available from a variety of sources known to those with skill
in the art (see, e.g., the American Type Culture Collection (ATCC) (Manassas, Va.)). In some embodiments,
a cell transfected with one or more nucleic acids (such as nuclease polypeptide encoding vector and RNA
guide) is used to establish a new cell line comprising one or more vector-derived sequences to establish a
new cell line comprising modification to the target nucleic acid or target locus. In some embodiments, the
cell is an immortal or immortalized cell.

In some embodiments, the cell is a primary cell. In some embodiments, the cell is a stem cell such
as a totipotent stem cell (e.g., omnipotent), a pluripotent stem cell, a multipotent stem cell, an oligopotent
stem cell, or an unipotent stem cell. In some embodiments, the cell is an induced pluripotent stem cell
(iPSC) or derived from an iPSC. In some embodiments, the cell is a differentiated cell. For example, in
some embodiments, the differentiated cell is a muscle cell (e.g., a myocyte), a fat cell (e.g., an adipocyte),
a bone cell (e.g., an osteoblast, osteocyte, osteoclast), a blood cell (e.g., a monocyte, a lymphocyte, a
neutrophil, an eosinophil, a basophil, a macrophage, a erythrocyte, or a platelet), a nerve cell (e.g., a
neuron), an epithelial cell, an immune cell (e.g., a lymphocyte, a neutrophil, a monocyte, or a macrophage),
a liver cell (e.g., a hepatocyte), a fibroblast, or a sex cell. In some embodiments, the cell is a terminally
differentiated cell. For example, in some embodiments, the terminally differentiated cell is a neuronal cell,
an adipocyte, a cardiomyocyte, a skeletal muscle cell, an epidermal cell, or a gut cell. In some embodiments,
the cell is a mammalian cell, e.g., a human cell or a murine cell. In some embodiments, the murine cell is

derived from a wild-type mouse, an immunosuppressed mouse, or a disease-specific mouse model.

Gene Drives

Gene drive is the phenomenon in which the inheritance of a particular gene or set of genes is
favorably biased. The CRISPR systems described herein can be used to build gene drives. For example, the
CRISPR systems can be designed to target and disrupt a particular allele of a gene, causing the cell to copy
the second allele to fix the sequence. Because of the copying, the first allele will be converted to the second
allele, increasing the chance of the second allele being transmitted to the offspring. A detailed method
regarding how to use the CRISPR systems described herein to build gene drives is described, e.g., in
Hammond et al., “A CRISPR-Cas9 gene drive system targeting female reproduction in the malaria
mosquito vector Anopheles gambiae,” Nat. Biotechnol., 2016 Jan; 34(1):78-83, which is incorporated

herein by reference in its entirety.
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Pooled-Screening

As described herein, pooled CRISPR screening is a powerful tool for identifying genes involved in
biological mechanisms such as cell proliferation, drug resistance, and viral infection. Cells are transduced
in bulk with a library of RNA guide-encoding vectors described herein, and the distribution of gRNAs is
measured before and after applying a selective challenge. Pooled CRISPR screens work well for
mechanisms that affect cell survival and proliferation, and they can be extended to measure the activity of
individual genes (e.g., by using engineered reporter cell lines). Arrayed CRISPR screens, in which only one
gene is targeted at a time, make it possible to use RNA-seq as the readout. In some embodiments, the
CRISPR systems as described herein can be used in single-cell CRISPR screens. A detailed description
regarding pooled CRISPR screenings can be found, e.g., in Datlinger et al., “Pooled CRISPR screening
with single-cell transcriptome read-out,” Nat. Methods., 2017 Mar; 14(3):297-301, which is incorporated

herein by reference in its entirety.

Saturation Mutagenesis (“Bashing”)

The CRISPR systems described herein can be used for in sifu saturating mutagenesis. In some
embodiments, a pooled RNA guide library can be used to perform in situ saturating mutagenesis for
particular genes or regulatory elements. Such methods can reveal critical minimal features and discrete
vulnerabilities of these genes or regulatory elements (e.g., enhancers). These methods are described, e.g.,
in Canver et al., “BCL11A enhancer dissection by Cas9-mediated in situ saturating mutagenesis,” Nature,

2015 Nov 12; 527(7577):192-7, which is incorporated herein by reference in its entirety.

Therapeutic Applications

In some embodiments, the CRISPR systems described herein can be used to edit a target nucleic
acid to modify the target nucleic acid (e.g., by inserting, deleting, or mutating one or more amino acid
residues). For example, in some embodiments the CRISPR systems described herein comprise an
exogenous donor template nucleic acid (e.g., a DNA molecule or an RNA molecule), which comprises a
desirable nucleic acid sequence. Upon resolution of a cleavage event induced with the CRISPR system
described herein, the molecular machinery of the cell can utilize the exogenous donor template nucleic acid
in repairing and/or resolving the cleavage event. Alternatively, the molecular machinery of the cell can
utilize an endogenous template in repairing and/or resolving the cleavage event. In some embodiments, the
CRISPR systems described herein may be used to modify a target nucleic acid resulting in an insertion, a
deletion, and/or a point mutation). In some embodiments, the insertion is a scarless insertion (i.e., the
insertion of an intended nucleic acid sequence into a target nucleic acid resulting in no additional unintended

nucleic acid sequence upon resolution of the cleavage event). Donor template nucleic acids may be double-
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stranded or single-stranded nucleic acid molecules (e.g., DNA or RNA). Methods of designing exogenous
donor template nucleic acids are described, for example, in WO 2016094874, the entire contents of which
is expressly incorporated herein by reference.

In another aspect, the disclosure provides the use of a system described herein in a method selected
from the group consisting of RNA sequence specific interference; RNA sequence-specific gene regulation;
screening of RNA, RNA products, IncRNA, non-coding RNA, nuclear RNA, or mRNA; mutagenesis;
inhibition of RNA splicing; fluorescence in situ hybridization; breeding; induction of cell dormancys;
induction of cell cycle arrest; reduction of cell growth and/or cell proliferation; induction of cell anergy;
induction of cell apoptosis; induction of cell necrosis; induction of cell death; or induction of programmed
cell death.

The CRISPR systems described herein can have various therapeutic applications. In some
embodiments, the new CRISPR systems can be used to treat various diseases and disorders, e.g., genetic
disorders (e.g., monogenetic diseases) or diseases that can be treated by nuclease activity (e.g., Pcsk9
targeting or BCL11a targeting). In some embodiments, the methods described here are used to treat a
subject, e.g., a mammal, such as a human patient. The mammalian subject can also be a domesticated
mammal, such as a dog, cat, horse, monkey, rabbit, rat, mouse, cow, goat, or sheep.

The methods can include the condition or disease being infectious, and wherein the infectious agent
is selected from the group consisting of human immunodeficiency virus (HIV), herpes simplex virus-1
(HSV1), and herpes simplex virus-2 (HSV2).

In one aspect, the CRISPR systems described herein can be used for treating a disease caused by
overexpression of RNAs, toxic RNAs and/or mutated RNAs (e.g., splicing defects or truncations). For
example, expression of the toxic RNAs may be associated with the formation of nuclear inclusions and late-
onset degenerative changes in brain, heart, or skeletal muscle. In some embodiments, the disorder is
myotonic dystrophy. In myotonic dystrophy, the main pathogenic effect of the toxic RNAs is to sequester
binding proteins and compromise the regulation of alternative splicing (see, e.g., Osborne et al., “RNA-
dominant diseases,” Hum. Mol. Genet., 2009 Apr 15; 18(8):1471-81). Myotonic dystrophy (dystrophia
myotonica (DM)) is of particular interest to geneticists because it produces an extremely wide range of
clinical features. The classical form of DM, which is now called DM type 1 (DM1), is caused by an
expansion of CTG repeats in the 3 "-untranslated region (UTR) of DMPK, a gene encoding a cytosolic
protein kinase. The CRISPR systems as described herein can target overexpressed RNA or toxic RNA, e.g.,
the DMPK gene or any of the mis-regulated alternative splicing in DM1 skeletal muscle, heart, or brain.

The CRISPR systems described herein can also target trans-acting mutations affecting RNA-
dependent functions that cause various diseases such as, e.g., Prader Willi syndrome, Spinal muscular

atrophy (SMA), and Dyskeratosis congenita. A list of diseases that can be treated using the CRISPR systems
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described herein is summarized in Cooper et al., “RNA and disease,” Cell, 136.4 (2009): 777-793, and WO
2016205764, each of which is incorporated herein by reference in its entirety.

The CRISPR systems described herein can also be used in the treatment of various tauopathies,
including, e.g., primary and secondary tauopathies, such as primary age-related tauopathy
(PART)/Neurofibrillary tangle (NFT)-predominant senile dementia (with NFTs similar to those seen in
Alzheimer Disease (AD), but without plaques), dementia pugilistica (chronic traumatic encephalopathy),
and progressive supranuclear palsy. A useful list of tauopathies and methods of treating these diseases are
described, e.g., in WO 2016205764, which is incorporated herein by reference in its entirety.

The CRISPR systems described herein can also be used to target mutations disrupting the cis-acting
splicing codes that can cause splicing defects and diseases. These diseases include, e.g., motor neuron
degenerative disease that results from deletion of the SMN1 gene (e.g., spinal muscular atrophy), Duchenne
Muscular Dystrophy (DMD), frontotemporal dementia, and Parkinsonism linked to chromosome 17
(FTDP-17), and cystic fibrosis.

The CRISPR systems described herein can further be used for antiviral activity, in particular,
against RNA viruses. The effector proteins can target the viral RNAs using suitable RNA guides selected
to target viral RNA sequences.

Furthermore, in vitro RNA sensing assays can be used to detect specific RNA substrates. The RNA
targeting effector proteins can be used for RNA-based sensing in living cells. Examples of applications are
diagnostics by sensing of, for examples, disease-specific RNAs.

A detailed description of therapeutic applications of the CRISPR systems described herein can be
found, e.g., in US 8795965, EP 3009511, WO 2016205764, and WO 2017070605, each of which is

incorporated herein by reference in its entirety.

Applications in Plants

The CRISPR systems described herein have a wide variety of utility in plants. In some
embodiments, the CRISPR systems can be used to engineer genomes of plants (e.g., improving production,
making products with desired post-translational modifications, or introducing genes for producing
industrial products). In some embodiments, the CRISPR systems can be used to introduce a desired trait to
a plant (e.g., with or without heritable modifications to the genome) or regulate expression of endogenous
genes in plant cells or whole plants.

In some embodiments, the CRISPR systems can be used to identify, edit, and/or silence genes
encoding specific proteins, e.g., allergenic proteins (e.g., allergenic proteins in peanuts, soybeans, lentils,
peas, green beans, and mung beans). A detailed description regarding how to identify, edit, and/or silence

genes encoding proteins is described, e.g., in Nicolaou et al., “Molecular diagnosis of peanut and legume
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allergy,” Curr. Opin. Allergy Clin. Immunol., 11(3):222-8 (2011) and WO 2016205764, each of which is

incorporated herein by reference in its entirety.

Delivery of CRISPR Systems

Through this disclosure and knowledge in the art, the CRISPR systems described herein,
components thereof, nucleic acid molecules thereof, or nucleic acid molecules encoding or providing
components thereof can be delivered by various delivery systems such as vectors, e.g., plasmids or viral
delivery vectors. The CRISPR effectors and/or any of the RNAs (e.g., RNA guides) disclosed herein can
be delivered using suitable vectors, e.g., plasmids or viral vectors, such as adeno-associated viruses (AAV),
lentiviruses, adenoviruses, and other viral vectors, or combinations thereof. An effector and one or more
RNA guides can be packaged into one or more vectors, e.g., plasmids or viral vectors.

In some embodiments, vectors, e.g., plasmids or viral vectors, are delivered to the tissue of interest
by, e.g., intramuscular injection, intravenous administration, transdermal administration, intranasal
administration, oral administration, or mucosal administration. Such delivery may be either via one dose or
multiple doses. One skilled in the art understands that the actual dosage to be delivered herein may vary
greatly depending upon a variety of factors, including, but not limited to, the vector choices, the target cells,
organisms, tissues, the general conditions of the subject to be treated, the degrees of
transformation/modification sought, the administration routes, the administration modes, and the types of
transformation/modification sought.

In certain embodiments, delivery is via adenoviruses, which can be one dose containing at least 1
x 10° particles (also referred to as particle units, pu) of adenoviruses. In some embodiments, the dose
preferably is at least about 1 x 10° particles, at least about 1 x 107 particles, at least about 1 x 10® particles,
and at least about 1 x 10? particles of the adenoviruses. The delivery methods and the doses are described,
e.g.,in WO 2016205764 and US 8454972, each of which is incorporated herein by reference in its entirety.

In some embodiments, delivery is via plasmids. The dosage can be a sufficient number of plasmids
to clicit a response. In some cases, suitable quantities of plasmid DNA in plasmid compositions can be from
about 0.1 to about 2 mg. Plasmids will generally include (i) a promoter; (ii) a sequence encoding a nucleic
acid-targeting CRISPR effector, operably linked to the promoter; (iii) a selectable marker; (iv) an origin of
replication; and (v) a transcription terminator downstream of and operably linked to (ii). The plasmids can
also encode the RNA components of a CRISPR complex, but one or more of these may instead be encoded
on different vectors. The frequency of administration is within the ambit of the medical or veterinary
practitioner (e.g., physician, veterinarian), or a person skilled in the art.

In another embodiment, delivery is via liposomes or lipofectin formulations or the like and can be

prepared by methods known to those skilled in the art. Such methods are described, for example, in WO

68



10

15

20

25

30

WO 2021/050534 PCT/US2020/049923

2016205764, US 5593972, US 5589466, and US 5580859, each of which is incorporated herein by
reference in its entirety.

In some embodiments, delivery is via nanoparticles or exosomes. For example, exosomes have
been shown to be particularly useful in delivery RNA.

Further means of introducing one or more components of the CRISPR systems described herein to
a cell is by using cell-penetrating peptides (CPP). In some embodiments, a cell penetrating peptide is linked
to a CRISPR effector. In some embodiments, a CRISPR effector and/or RNA guide is coupled to one or
more CPPs for transportation into a cell (e.g., plant protoplasts). In some embodiments, the CRISPR
effector and/or RNA guide(s) are encoded by one or more circular or non-circular DNA molecules that are
coupled to one or more CPPs for cell delivery.

CPPs are short peptides of fewer than 35 amino acids derived either from proteins or from chimeric
sequences capable of transporting biomolecules across cell membrane in a receptor independent manner.
CPPs can be cationic peptides, peptides having hydrophobic sequences, amphipathic peptides, peptides
having proline- rich and anti-microbial sequences, and chimeric or bipartite peptides. Examples of CPPs
include, e.g., Tat (which is a nuclear transcriptional activator protein required for viral replication by HIV
type 1), penetratin, Kaposi fibroblast growth factor (FGF) signal peptide sequence, integrin 33 signal peptide
sequence, polyarginine peptide Args sequence, Guanine rich-molecular transporters, and sweet arrow
peptide. CPPs and methods of using them are described, e.g., in Hillbrink et al., “Prediction of cell-
penetrating peptides,” Methods Mol. Biol., 2015; 1324:39-58; Ramakrishna et al., “Gene disruption by cell-
penetrating peptide-mediated delivery of Cas9 protein and guide RNA,” Genome Res., 2014
Jun;24(6):1020-7; and WO 2016205764, each of which is incorporated herein by reference in its entirety.

Various delivery methods for the CRISPR systems described herein are also described, e.g., in US
8795965, EP 3009511, WO 2016205764, and WO 2017070605, each of which is incorporated herein by

reference in its entirety.

EXAMPLES
The invention is further described in the following examples, which do not limit the scope of the

invention described in the claims.

Example 1 - Identification of Components of CLUST.091979 CRISPR-Cas System

This protein family was identified using the computational methods described above. The
CLUST.091979 system comprises single effectors associated with CRISPR systems found in uncultured
metagenomic sequences collected from environments not limited to gut, bovine gut, human gut, sheep gut,

terrestrial, feces, and mammalian digestive system environments (TABLE 5). Exemplary CLUST.091979
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effectors include those shown in TABLE 5 and TABLE 6, below. The effector sequences set forth in SEQ
ID NOs: 1-4, 14, 15, 17-19, 21-25, 27-33, 35-49, 51-56 were aligned to identify regions of sequence
similarity, as shown in FIGs. 1A-1L. A bar graph depicts sequence similarity, with the tallest bars
indicating the residues with the highest sequence similarity. Non-limiting regions of sequence similarity

are shown in TABLE 7. The regions of sequence similarity indicate that the effectors disclosed herein are

PCT/US2020/049923

a family with a conserved C-terminal RuvC domain representative of nucleases.

Table 51. Representative CLUST.091979 Effector Proteins

source effector accession # spacers effector SEQID
size NO
gut metagenome AUX0013988882_8|P 4 775 1
bovine gut metagenome SRR094437_845781_4|M 11 786 2
gut metagenome SRR1221442 316828 61|P 2 774 3
bovine gut metagenome SRR3181151 741875 3|M 8 756 4
bovine gut metagenome SRR5371369 1764679_7|P 7 746 5
bovine gut metagenome SRR5371371 1138852 2|M 3 733 6
bovine gut metagenome SRR5371379_2478682_1|M 9 744 7
bovine gut metagenome SRR5371385_201181_1|P 4 754 8
bovine gut metagenome SRR5371385_201181_1|M 4 746 9
bovine gut metagenome SRR5371401_1055766_58|M 15 745 10
bovine gut metagenome SRR5371439 988701 _11|M 5 744 11
bovine gut metagenome SRR5371497 203858 6|M 5 745 12
bovine gut metagenome SRR5371501 2762794 _1|M 2 712 13
terrestrial metagenome SRR5678926_1309611_3|P 6 741 14
feces metagenome SRR6059713 382107_4|P 4 752 15
feces metagenome SRR6060192_2608084_13|P 16 766 16
sheep gut metagenome SRR7634052_1662339_24|M 8 784 17
gut metagenome AUX0017332817_2|M 5 782 18
human gut metagenome 0OQVL01000914 15]|P 6 735 19
mammals-digestive system-asian 3300001598 |EMG_10017415_6|P 2 774 20
elephant fecal-elephas maximus
mammals-digestive system-cattle 3300021254|Ga0223824_10022219_2|P 3 755 21
and sheep rumen
mammals-digestive system-cattle 3300021431|Ga0224423_10015012_2|P 11 789 22
and sheep rumen
mammals-digestive system-fecal 3300012973|Ga0123351_1009859 3|P 6 766 23
mammals-digestive system-fecal 3300012979|Ga0123348_10005323_4|M 4 752 24
mammals-digestive system-rumen- | 3300028797|Ga0265301_10000251_12|M 26 814 25
bos taurus
mammals-digestive system-rumen- | 3300028797 |Ga0265301_10000251_10|P 26 776 26
bos taurus
mammals-digestive system-rumen- | 3300028797 |Ga0265301_10009039_3|M 2 778 27
bos taurus
mammals-digestive system-rumen- | 3300028887|Ga0265299_10000013_320|P 8 772 28
bos taurus
mammals-digestive system-rumen- | 3300028887 |Ga0265299_10000026_77|P 2 781 29
bos taurus
mammals-digestive system-rumen- | 3300028887|Ga0265299_10000133_30|M 11 798 30
bos taurus
mammals-digestive system-rumen- | 3300028887 |Ga0265299_10011526_3|M 15 786 31
bos taurus
mammals-digestive system-rumen- | 3300028887 |Ga0265299_10012919_3|P 10 781 32
bos taurus
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mammals-digestive system-rumen- | 3300028914 |Ga0265300_10009460_3|M 2 798 33
bos taurus

mammals-digestive system-rumen- | 3300031853 |Ga0326514_10013355_6|M 4 724 34
bos taurus

mammals-digestive system-rumen- | 3300031993 |Ga0310696_10000014_323|P 8 772 35
bos taurus

mammals-digestive system-rumen- | 3300031993 |Ga0310696_10000226_76|P 2 781 36
bos taurus

mammals-digestive system-rumen- | 3300031993 |Ga0310696_10000447_27|M 11 798 37
bos taurus

mammals-digestive system-rumen- | 3300031993 |Ga0310696_10026614_2|M 2 781 38
bos taurus

mammals-digestive system-rumen- | 3300031993 |Ga0310696_10030100_3|M 14 786 39
bos taurus

mammals-digestive system-rumen- | 3300031998 |Ga0310786_10000003_467|M 9 798 40
bos taurus

mammals-digestive system-rumen- | AUX0013988882|Ga0247611_10000101_23|P | 6 771 41
ovis aries

mammals-digestive system-rumen- | 3300028805|Ga0247608_10000186_37|P 7 764 42
ovis aries

mammals-digestive system-rumen- | 3300028805|Ga0247608_10000895_42|M 8 768 43
ovis aries

mammals-digestive system-rumen- | 3300028805|Ga0247608_10006074_1|M 10 789 44
ovis aries

mammals-digestive system-rumen- | 3300028833 |Ga0247610_10000007_379|M 8 784 45
ovis aries

mammals-digestive system-rumen- | 3300028833|Ga0247610_10004486_2|M 7 764 46
ovis aries

mammals-digestive system-rumen- | 3300028888 |Ga0247609_10000668_74|M 11 758 47
ovis aries

mammals-digestive system-rumen- | 3300028888 |Ga0247609_10003329_9|M 8 785 48
ovis aries

mammals-digestive system-rumen- | 3300028888 |Ga0247609_10016480_8|M 2 805 49
ovis aries

mammals-digestive system-rumen- | 3300031992 |Ga0310694_10000010_351|M 8 784 50
ovis aries

mammals-digestive system-rumen- | 3300031992 |Ga0310694_10022272_2|M 7 764 51
ovis aries

mammals-digestive system-rumen- | 3300031994 |Ga0310691_10000084_157|M 8 768 52
ovis aries

mammals-digestive system-rumen- | 3300031994 |Ga0310691_10000270_20|M 7 764 53
ovis aries

mammals-digestive system-rumen- | 3300032030|Ga0310697_10001273_44|P 2 805 54
ovis aries

mammals-digestive system-rumen- | 3300032030|Ga0310697_10005481_13|P 8 785 55
ovis aries

pig gut metagenome OBLI01003123_14|M 4 735 56

Table 62. Amino Acid Sequences of Representative CLUST.091979 Effector Proteins

>AUX0013988882_81P

[gut metagenome]
MGNTTKKGNLTKTYLFKANLSEQDFKLWRSIVEEYQRYKEVLSKWVCDHLTTMKIGDILPYIDRYSKKIDNKTGEYPENTYYSL
CEEHKDEPLYKIFQFDSNCRNNALYEVIRKINCDLYTGNILNLGETYYRRNGEVKRVLANYATKISGMKPSVRKRKVTSDSTEE
EIRNQVVYEIFNNNIKNEKDEKGVLEYAESKCKTNEAYVERIRLLYDEFYIKHTDEIKEYVEYICVEQLKEFCGVKVNRSKS SMN
INIQNESITRVDGKCTYILHLPIGKKVYDIKLWGNRQVVLNVDGTPVDIIDIINRHGESIDIIFKNGDIYEFSEFVVSEDFKKDDE
EIGNVVGVDVNTKHMLIQTNIVDNGNVDGEFENIYKELVNDKEFSECVSKEDLELFKELSKYVSEFCPIECQFLETRYAEQKGILV
YEKLRLAEKILTSVLDRSFEKYNGIDCNIANYISNVRMLRSKCKSYFTLKMKYKELQHKYDNEMGYVDTESDSCVEMDSRRKEN
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PEVQTNEAMELIGKMESVAQDITIGCRDNIITYAYNVERRNGYDTVGLENLESSQFERFSSVRSPKSLLNYHHLKGKHIDEIDSD
ECSVKVNKDLYNEFTLEDDGTISDITLSDKGKYRNDLSMEYNQIIKTIHFADIKDKEIQLGNNGNVQTIVLVPSYEFTSQMNSKTHK
IYVVNVKNERTGKTEQKLANKNMVRLGQERHINGLNADVNASMNIAY IVENKEMRNAMCTNPKSETGYSVPELTSRIKKQONIMY
VELKKMGMVEVLNEKSTEI (SEQ ID NO: 1)

>SRR094437_845781_4|M

[bovine gut metagenome]
MAQHKSNNEESAINKTEFIFKAKCDKNDVISLWEPAAKEYCDYYNKVSKWIADNLITMKIGDLAQYITNQONSKYYTAVINKKKKD
LPLYRIFQKGEFSSQCADNALYCAIKSINPENYKGNSLGIGESDYRREGYIQSVVSNEFRTKMSSLKATVKWKKEDVNNVDDETLK
IQTIYDVDKYGIETAKEFKELIETLKTRVETPQLNDTIARLECLCDYYSKNEKAINNEIETMATADLOQKEFGGCQRKSLNAFTIH
KODSLMEKVGNTSFRLQLPFRKKTYVINLLGNRQVVNEVNGKRVDLIDIAENHGDLVTENIKNGVLEVHLTSPIVEDKDVRDIR
NVVGIDVNIKHSMLATSIKDVGNVKGY INLYKELLNDDEEFVSTCNESELALYROMSENVNEGILETDSLEFERIVNQSKGGCLKN
KLIRRELAMQKVFERITKTNKDONIVDYVNYVKMMRAKCKASYILKEKYDEKQKEYYVKMGEFTDESTESKETMDKRREEFPEVN
TDTAKELLVKQONNIRQODITIGCRDNIVITYAFNVEKNNEYDTLSVEYLDSSQFDKRRIATPKSLLKYHKFEGKTKDEVENMMKSEK
LSNAYYTEFKYENDVVSDIDYSDEGNLRRSKLNEGNWIIKSIHFADIKDKEVQLSNNNKMNIVECPSAFSSQMDSITHTLYYVEK
ITKNKKGKEKKKYVLANKKMVRTQQEKHINGLNADYNSACNLKYIALNDELRDKMTDREFKASKKIKTMYNIPAYNIKSNEFKKNL
SAKTIQTFRELGHYRDGKINEDGMEVENLE (SEQ ID NO: 2)

>SRR1221442_316828_61|P

[gut metagenome]
MLNIKNNGESVDMNTIELAMKEYNRYYNICSDWICNNLMTPIGSLYQYIDDKCKNNAYAQNLIAEEWKDKPLYYMEYKGYNANN
CANAICCAIRSQVPEVNKAENILNLSYTYYFRNGVIKSVISNYASKMRILSDKQIKYCIVSENTPDKILIEQCILELKRRHEDL
KDWEENLKYLILKGNESAITREFTILKDEFYSKNIERVKEEREIMAIAELKDFGGCRRKDDKLSMCIQSAGNSKDIKVSRVKTTHN
YTELVDDYTENFNIKESALDENVMGRRDVVKTKLNKTEDDSNTWGGTELLVDIINNHGCSLTFKLVDDKLYVDIPIDTEHINKT
TDEFKKSVGIDVNLKHSLLNTDILDNGGINGYINIYKKLLADDAFMSACTKADLVNYIDIAKTVIFCPIEADFIISNVVEKYLHM
KDNTNKMEIAFSSVLMNIRKELEIKLLHSSKEESPLIRKQIIYINCIICLRNELKQYAIAKHRYYKKQQEYDTLCDTLHGVDYK
QIHPYAQSKEGAEQMKKMKTIENNLIANRNNIIEYAYTVFELNNEDLIALENITKDIMEDKKKRKSEPSINSLLKYHKVINCTE
DNINDNETYQKFAKYYNVSYENGKVTGATLSQEGNKVKLKDDEFYDKLLKVLHETSIKDYFTTLSNKRKIAVAHVPAYYTSQIDS
IDNKICMIKSTDKNGKSTYKIADKTIVRPTQEKHINGLNADYNAARNINFIVADEKWRKKEVRPTNTNKPLYNSPVESPAVKSE
GGTIKNLQILSATKTIIL (SEQ ID NO: 3)

>SRR3181151_741875_3|M

[bovine gut metagenome]
MITKQVKSIVLKVKNTNECPITKDVINEYKKYYNICSEWIKDNLTSITIGDIASFLKEATNKDTIPTYINMGLSEEWKYKPIYH
LETDDYHEKSANNLLYAYFKEKNLDCYNGNILNLSETYYRRNGYFKSVVGNYRTKIRTLNYKIKRKNVDENSTNEDIELQVMYE
IAKRKLNIKKDWENYISYIENVENINIKNIDRYNLLYKHEFCENESTINCKMELLSVEQLKEFGGCVMKQHINSMTINIQDEKIE
NKENSLGFILNLPLNKKKYQIELWGNRQIKKGNKDNYKTLVDEFINTYGONIIFTIKNNKIYVVESYECELKEKEINFDKIVGID
VNEFKHALFVASERDKNPLODNNQLKGYINLYKYLLEHNEFTSLLTKEELDIYKEIAKGVTEFCPLEYNLLETRIENKGGKSNDKE
QVLSKLLYSLOIKLKNENKIQEYIYVSCVNKLRAKYVSYFILKEKYYEKQKEYDIEMGE TDDSTESKESMDKRRLEFPERNTQTI
ANGFLEKLSNVQODINGCLKNIINYAYKVEFEQNGFGVIALENLENSNFEKTQVLPTIKSLLEYHKLENQNINNINASDKVKEY I
EKEYYELTTNENNEIVDAKYTKKGI IKVKKANFFNLMMKSLHFASNKDEFILLSNNGKTQIALVPSEYTSQMDSIEHCLYVDKN
GKKVDKKKVRQKQETHINGLNADEFNAANNIKYITIENENLRKLECGKLKVSGYNTPILDATKKGOFNILAELKKONKIKIFEIEK
(SEQ ID NO: 4)

>SRR5371369_1764679_7|P

[bovine gut metagenome]
MASHKKTESNQIIKTFPFKLKNANGLSLDVLNDAITEYQONYYNICSDWIKDHLTMKISELYKYIPDEKKNSGYALTLISDEWKD
KPMYMMFKKGYPANNRDNAIYETLNTCNTEHYTGNILNEFPDTYYRREGYVASTISNYVTKISKMSTGSRSKNISNDSDVDTIME
QVIYEMEHNGWTSVKDWENQMEYLESKTDSNPNEVYRMTTLYEFYKSHIDEVNSKMETMSIDLLIKEGGCRRKDSKKSMYIMGG
SNTPFDITQIGDNSLNIKEFSKNLNVDVEFGRYDVIKDNTLLVDI INGHGASEVLKIINDEIYIDINVSVPEDKKIATTNKVVGID
VNIKHMLLATNILDDGNVKGYVNIYKEVINDSDEFKKVCNSTVMKYEFTDESKEVIFCPLEFDFLESRVCNQKGIYNDNSVMEKSE
SDVLNKLKWNEIETGDNTKRIYIENVMKLRTOMKAYAIVKNAYYKQQOSEYDFGKSEEFIQEHPEFSNTDKGIEILHKLDNISKKI
LGCRNNIIQYSYNLEFEINGYDMISLEKLTSSQFKKKSEPTVNSLLKYHKILGCTQEEMEKKDIYSVIKKGYYDITIFDNDVVTDA
KLSTKGELSKEFKDDEEFNLMIKSIHFADIKDYFITLSNNGTAGVSLVPSEFFTSQMDSIDHKIYEVQODNKSGKLKLANKHKVRSSQ
EKHINGLNADYNAARNIAYIMENTECRNMEMKQSRTDKSLYNKPSYETFIKTQGSAVAKLKKEGEFMKILDEASY (SEQ ID
NO: 5)

>SRR5371371_1138852_2|M
[bovine gut metagenome]
MAHKKNIGAEIVKTYSEFKVKNTNGITMEKLMNAIDEYQSYYNLCSDWICKNLTTMTIGDLDRY IPEKAKDNIYATVLLDEVWKN
OPLYKIFGKKYSSNNRNNALYCALSSVIDMTKENVLGESKTHYIRNGYILNVISNYASKLSKLNTGVKSRAIKETSDEATIIEQ
VIYEMEHNKWESIEDWKNQIEYLNSKTDYNPTYMERMKTLSAYYSTHKSEVDAKMQEMAVENLVKEGGCRRNNSKKSME IMGSN
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TTNYTISYIGDNCENINFANILNEDVYGRRDVVKNGEVLVDIMANHGDSIVLKIVNGELYADVPCSVTLNKVESNEDKVVGIDV
NMKHMLLSTSVIDNGSSDEVNIYKEMSNNAEFMALCPEKDRKYYKDISQYVIFAPLELDLLESRISKQGEVKMEKAYSEILESL
KWKEFEFANGDNKNRIYVESIQKIRQQIKALCVIKNAYYEQQSAYDIDKTQEYIETHPEFSLTEKGMSIKSKMDKICQTIIGCRNNI
IDLAYSFFERNGYSIIGLEKLTSSQFKNTKSMP TCKSLLNLHKVLGHTLSELETLPINDIVKYYTEFTTDNEGRITDASLSEKGK
IRKMKDRELNQAIKATHFADVKDYFATLSNNGQTGIFEFVPSQFTSQMDSNTHNLYEFEVDKNGGLKMASKDKTRPKQEYHRNGLP
ADYNAARNIAYIGLDETMRNTEFLKKVNSNKSLYNQPIYDTGIKKTAGVESRMKKLKRYEII (SEQ ID NO: 6)

>SRR5371379_2478682_1 1M

[bovine gut metagenome]
MIKSIKLKVKGDCPITKDVINEYKEYYNRCSDWIKNNLTSITIGEIGKFLODVIGKTTGYIEVALSDKWKDKPMYYLETDQYDT
NHANNLLYSEFIQENNLDGYDGNSLNISGTYYRKQGYFKLVSSNYRTKIRTLNCKIKRKKVDVDSTSEDIESQVMYEIINRSLNK
KSDWDSFISYIENVENPNIDSINRYTLLRDYFCDNEDVIKNKIELLSIEQLKDFGGCIMKQHINTMSLNIQHFKIEEKENSLGE
ILYLPLNKKQYQIELWGHRQIKKGSKESCETLVDFINTYGENIVETINNDELYVVESYESEFGKEETNFEKSVGLDINFKHALE
VISELDNDQEFDGYINLYKYILSHSEFTNLLTEDERKDYEELSKVVTECPFENQLLEFARYDKMSKECKKEQVLSKLLY SLOKKLK
NENRTKEYIYVSCVNKLRAKYISYFILREKYDEKNKEYDIEMGEVDDSTESKESMDKRREFENPEFRNTLVANELLAKMSKVQQDT
NGCMSNIINYVYKVEFEQNGYNIIALENLENSNFEKRQVLPTIKSLLKYHKLENOQNINDIKASDKIKEYIENGYYSEFTTNENNET
VDAKYTAKGDIKVKNAKFENLMMKILHFASIKDEFVLLSNNGKSQIALVPPEYTSQMDSIDHCIYMTENDKGKIVKVDKRKVRT
KQERHINGLNADENAANNIKYIVSNEKWRNVECTPKKAKYNTPALDATKKGQFRILDDMKKLNATKLLEIEK (SEQ ID NO:
)

>SRR5371385_201181_1|P

[bovine gut metagenome]
MYQLNQYIMASHKKTESNQIIKTESEFKIKNANGLSLDVLNDAITEYONYYNICSDWIKDHLTMKISELYKYIPDEKKNSGYALT
LISDEWKDKPMYMMEKKGYPANNRDNAIYETLNTCNTEHYTGNILNESDTYYRREGYVASAISNYVTKISKMSTGSRYKNISND
SDVDTIMEQVIYEMEHNGWTISVKDWENQMEYLESKTDSNPNEVYRMTITLYEFYKSHIDEVNSKMETMSIDSLIKEGGCRRKDSK
KSMYIMGGSNTPEDITQIGGNSLNIKESKNLNVDVEGRYDVIKDNTLLVDIINGHGASEVLKIINDEIYIDINVSVPEDKKIAT
TNKVVGIDVNIKHMLLATNILDDGNVKGYVNIYKEVINDSDEFKKVCNSTVMKYFTDESKEVTECPLEFDEFLESRVCNQKGIYND
NSAMEKSESDVLNKLKWNEIETGDNTKRIYIENVMKLRSOQMKAYAIVKNAYYKQQSEYDEFGKSEEFIQEHPEFSNTDKGIEILHK
IDNISKKILGCRNNIIQYSYNLEEINGYDMISLEKLTSSQFKKKPFPTVNSLLKYHKILGCTQEEMEKKDIYSVIKKGYYDIIF
DNGVVIDAKLSAKGELSKFKDDEFFNLMIKSIHFADIKDYFITLSNNGTAGVSLVPSYFTSQMDSIDHKIYEFVQODNKSGKLKLAN
KHKVRSSQEKHINGLNADYNAARNIAYIMENTECRNMEMKQSRTDKSLYNKPSYETFIKTQGSAVSKLKKDGEVKILDEASV
(SEQ ID NO: 8)

>SRR5371385_201181_11|M

[bovine gut metagenome]
MASHKKTESNQIIKTEFSFKIKNANGLSLDVLNDAITEYQONYYNICSDWIKDHLTMKISELYKYIPDEKKNSGYALTLISDEWKD
KPMYMMFKKGYPANNRDNAIYETLNTCNTEHYTGNILNESDTYYRREGYVASAISNYVTKISKMSTGSRYKNISNDSDVDTIME
QVIYEMEHNGWTSVKDWENQMEYLESKTDSNPNEVYRMTTLYEFYKSHIDEVNSKMETMSIDSLIKEGGCRRKDSKKSMYIMGG
SNTPFDITQIGGNSLNIKEFSKNLNVDVEFGRYDVIKDNTLLVDI INGHGASEFVLKIINDEIYIDINVSVPEDKKIATTNKVVGID
VNIKHMLLATNILDDGNVKGYVNIYKEVINDSDEFKKVCNSTVMKYEFTDESKEVIFCPLEFDFLESRVCNQKGIYNDNSAMEKSE
SDVLNKLKWNEIETGDNTKRIYIENVMKLRSOMKAYAIVKNAYYKQQOSEYDEFGKSEEFIQEHPEFSNTDKGIEILHKLDNISKKI
LGCRNNIIQYSYNLEFEINGYDMISLEKLTSSQFKKKPEFPTVNSLLKYHKILGCTQEEMEKKDIYSVIKKGYYDITIFDNGVVIDA
KLSAKGELSKFKDDEEFNLMIKSIHEFADIKDYFITLSNNGTAGVSLVPSYFTSQMDSIDHKIYEVQODNKSGKLKLANKHKVRSSQ
EKHINGLNADYNAARNIAYIMENTECRNMEMKQSRTDKSLYNKPSYETFIKTQGSAVSKLKKDGEVKILDEASY (SEQ ID
NO: 9)

>SRR5371401_1055766_58|M

[bovine gut metagenome]
MIKSIQLKVKGECPITKDVINEYKEYYNNCSDWIKNNLTSITIGEMAKFLQSLSDKEVAYISMGLSDEWKDKPLYHLEFTKKYHT
KNADNLLYYYIKEKNLDGYKGNTLNISNTSFRQFGYFKLVVSNYRTKIRTLNCKIKRKKIDADSTSEDIEMOQVMYEITKYSLNK
KSDWDNEFISYIENVENPNIDNINRYKLLRECEFCENENMIKNKLELLSVEQLKKFGGCIMKPHINSMTINIQDFKIEEKENSLGE
ILHLPLNKKQYQIELLGNRQIKKGTKEIHETLVDITNTHGENIVEFTIKNDNLY IVFSYESEFEKEEVNFAKTVGLDVNEKHAFE
VISEKDNCHLDGYINLYKYLLEHDEFTNLLTEDERKDYEELSKVVTEFCPFENQLLEFARYNKMSKECKKEQVLSKLLYALQKKLK
DENRTKEYIYVSCVNKLRAKYVSYFILKEKYYEKQKEYDIEMGEFVDDSTESKESMDKRRTEYPFRNTPVANELLSKLNNVQQODI
NGCLKNIINYIYKIFEQNGYKVVALENLENSNFEKKQVLPTIKSLLKYHKLENQNVNDIKASDKVKEYIENGYYELMTNENNET
VDAKYTEKGAMKVKNANFENLMMKSLHFASVKDEFVLLSNNGKTQIALVPSEFTSQMDSTDHCLYMKKNDKGKLVKADKKEVRT
KQERHINGLNADENAANNIKYIVENEVWRGIFCTRPKKTEYNVPSLDTTKKGPSAILNMLKKIEAIKVLETEK (SEQ ID
NO: 10)

>SRR5371439_988701_11|M
[bovine gut metagenome]
MIKSIVEFKVKGDCPITKDVIKEYKEYYNRCSEWIKNNLTSITIGEIGKFLQDTMGKTHGYIKVALSDEWKDKPMYYLEFTEKYDT
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KHANNLLYYFIQENNLDRYEGNSLNIPSYYYKREGYFKLVTSNYRTKIRTLNCKIKRKKIDVDSTCVDIENQVIYEITKKGLNK
KSDWDNYISYIENIEMPNIDSINRYKLLRDYFCENENVIKNKIELLSIEQLKNEFGGCIMKQHINTMILNIKRLKIEEKENSLGE
ILHLPLNKKQYQIELWGNRQIKKGTKESNETLVDEINTYGEDVVE TIKKNELYAKFSYECEFEKEETNFEKSYVGLDINEKHALE
VISELDDDQFYGYINLYKYILSHSEFTNLLTEDEKKDYEDLSNAITFCPFENQLLETRYDKKSKLYKKEQVLSKILYSLQKKLK
DENRKQEYIYVSCVNKLRAKYVSYFILKEKYNEKQKEYDIEMGEVDDSTESKESMDKRRYEYPEFRNTPVANELLEKMNNVQQD I
SGCLKNIINYAYKVFEQNGYNIVALENLENSNEFEKRNVLPTIKSLLKYHKLENQNITDIKASDKIKEYIENGYYELITNENNEI
IDAKYTENGDIKVKNARFENLMMKSLHFASIKDEFVLLSNNGKSQIALVPSEYTSQMDSTDHCIYMTENDKGKLVKVDKRKVRT
KQERHINGLNADFNAANNIKYIVENEKWRKVECAPQKAKYNTPTLDATKKGQFRILEDLKKLKATKLLEIGK (SEQ ID NO:
11

>SRR5371497_203858_6|M

[bovine gut metagenome]
MIKSIQLKVKGECPITKDVINEYKEYYNNCSDWIKNNLTSITIGEMAKFLQSLSDKEVAYISMGLSDEWKDKPLYHLEFTKKYHT
KNADNLLYYYIKEKNLDGYKGNTLNISNTSFRQFGYFKLVVSNYRTKIRTLNCKIKRKKIDADSTSEDIEMOQVMYEITKYSLNK
KSDWDNEFISYIENVENPNIDNINRYKLLRECEFCENENMIKNKLELLSVEQLKKFGGCIMKPHINSMTINIQDFKIEEKENSLGE
ILHLPLNKKQYQIELLGNRQIKKGTKESHETLVDITNTHGENIVEFTIKNDNLY IVFSYESEFEKEEVNFAKTVGLDVNEKHAFE
VISEKDNCHLDGYINLYKYLLEHDEFTNLLTEDERKDYEELSKVVTEFCPFENQLLEFARYNKMSKECKKEQVLSKLLYALQKKLK
DENRTKEYIYVSCVNKLRAKYVSYFILKEKYYEKQKEYDIEMGEFVDDSTESKESMDKRRTEYPFRNTPVANELLSKLNNVQQODI
NGCLKNIINYIYKIFEQNGYKVVALENLENSNFEKKQVLPTIKSLLKYHKLENQNVNDIKASDKVKEYIENGYYELMTNENNET
VDAKYTEKGAMKVKNANFENLMMKSLHFASVKDEFVLLSNNGKTQIALVPSEFTSQMDSTDHCLYMKKNDKGKLVKADKKEVRT
KQERHINGLNADENAANNIKYIVENEVWRGIFCTRPKKTEYNVPSLDTTKKGPSAILNMLKKIEAVKILETEK (SEQ ID
NO: 12)

>SRR5371501_2762794_1 M

[bovine gut metagenome]
MKNNLTTVTIGEMAKFLQETTGKNVTYITMGLSEEWKDKPLYHLFYGKYHTKNADNLLYYFIKAKKLDEYDGNMLNLGDTYYRQ
FGYFKLVVSNYRTKIRTLNLNVKRKRVDVDSTSEDIESQVMYEIVKRNLNTISDWENYISYIEDVETPNIDNINRYKELONYEC
ENEEDIKNKIEFLSIEQLKDFGGCIMKPHINSMTINIQDFKIEEIENSLGEFVLOQLPLNKKYHQIELYGNRQVKKGTKENYKTLV
DIINTHGENIVEFTIENNELYVVESYEYELKKKDINFEKMAGIDVNFKHALFVISETDNNQLNHYINLYKHILEHNEFTTLLTDS
ERKDYEEIAKTVIFCPFEYQLLE TREDKNSNANVKEQALSKILYDLOQKKLKSQONKIKEYIYVSCVNKLRAKYVSYFILKEKYYE
KOKEYDIQMGEVDDSTESKSSMVKRRVEYPFRNTPVANALLAIVNNVQODINGCLKNIINYAYKVEFELNDYNVVALENLENANE
EKKQVIPTIKSLLKYHKLEMONINDIKANDTIKKYIENEYYQLITNENNEIVNAIYTPKGITKLKYANFEFNLLMKSLHEFASIKD
EFILLSNNGNTNIALVPHEYTSQMDSIDHCIYMVONDKGNLVKAHKTKVRTKQEKHINGLNADEFNAANNIKYIVENEKWRNIEC
KIPKKIEYNTPVLDVTKKGQSNIIKTLKNLNATKILEIKK (SEQ ID NO: 13)

>SRR5678926_1309611_31|P

[terrestrial metagenome]
MKKSIKFKVKGNCPITKDVINEYKEYYNKCSDWIKNNLTSITIGEMAKFLQETLGKDVAYISMGLSDEWKDKPLYHLEFTKKYHT
NNADNLLYYYIKEKNLDGYKGNTLNIGNTFFRQFGYFKLVVSNYRTKIRTLNCEIKRKKIDADSTSEDIEMQTMYEI IKHNLNK
KIDWDEFISYIENVENPNIDNINRYKLLRKCEFCENENMIKNKLELLSIEQLKNFGGCIMKQHINSMTLI IQHFKIEEKENSLGE
ILNLPLNKKQYQIELWGNRQVNKGTKERDAFLNTYGENIVEFIINNDELYVVESYEYELEKEEANFVKTVGLDVNFKHAFEVTSE
KDNCHLDGYINLYKYLLEHDEFTNLLTNDEKKDYEELSKVVTEFCPFENQLLFARYNKMSKEFCKKEQVLSKLLYALQKQLKDENR
TKEYIYVSCVNKLRAKYVSYFILKEKYYEKQKEYDIEMGEFVDDSTESKESMDKRRTEFPFRNTPVANELLSKLNNVQQDINGCL
KNIINYIYKIFEQNGYKIVALENLENSNFEKKQVLPTIKSLLKYHKLENQNVNDIKASDKVKEYIENGYYELITNENNEIVDAK
YTEKGAMKVKNANFENLMMKSLHFASVKDEFVLLSNNGKTQIALVPSEFTSOMDSTDHCLYMKKNDKGKLVKADKKEVRTKQEK
HINGLNADEFNAANNIKYIVENEVWREIFCTRPKKAEYNVPSLDTTKKGPSAILHMLKKIEAIKILETEK (SEQ ID NO:

14)

>SRR6059713_382107_4|P

[feces metagenome]
MAKSIMKKSIKEFKVKGNSPINEDIINEYKGYYNTCSNWINNNLTSITIGEMGKELKDVMRKTTGY IDVALSDEWKDKPMYYLET
KKYNPKHANNLLYYFIKEKKLDKENGNILNVPEYYYRKEGYFKLVAGNYRTKINTILNFKIKSKKVDANSLSEDIEMQTIYEIVK
RGLNKKSDWDSYISYIECVONPNIDNINRYKLLRDYEFCENEDVIKNKIEILSTIEQIKEFGGCIMKPHINSMTEGIQKFKIEETE
NSLGEFTENLPLNKNNYKIELWGHRQLKKGNKESNVNVSLDDEINTYGONVVETIKRKKLYIVESYDYEFERGECNFEKSVGLDV
NEKHSLEVTSEIDNNQFDGYINLYKYILSNNEFTSLLTDSERKDYEDLANIVTEFCPFEYQLLESRYDKLSKISEKEKVLSKILY
SLOKKLKNEKRTKEYIYVSCVNKLRAKYVSYFKLKQKYNEKQKEYDIEMGEVDDSTESKESMDKRREFENPEFINTPVAKELLEKM
NNVKQDINGCKKNIVVYAYKVLEQNGYNITALENLENSNFEKIRVLPKIKSLLEYHKFENKNINDIKNSDKYKEFITEPGYFELT
TNENNEIIDAKYTQKGDIKIKNADFINIMIKALNFASIKDEFILLSHNGKSQIATLVPAEYTSQMDSIDHCIYMTKNDKGKLVKY
DKRKVRTKQERHINGLNADFNAACNIKYIVINEDWRKVECIKPKKEDYNTPLLDATKNGQFRIIDKLKKINATKLLEMEK
(SEQ ID NO: 15)

>SRR6060192_2608084_13|P
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[feces metagenome]
MANKKEFKLTKNEVVKSEVLKVANQKKCATITNETLOQEYRKNYYNKVSQWINNNLTKMTIGDLIQYAPTVSKKGKKQPDGTMVYDTP
LYVIYAMSDEWKNKPLYYIFKKEYNTNNANNLLYEATRNLNVDEYDGNQINENSTYYRTQGYVNRVESNYRTKINTLDIKIKKS
KVDENSDVETLELQTMYEINKINLKTNKDWEERLOYLTMQENPNONTIDRTKILENYFINNNDTIFQKMEELSIKQLTEFGGCK
MKDNTTSMTINIQDEFKIKRKENSIGYIMTIPEFNKKNYVDVELYGHKQTIKGHKNSYTEIVDIVNKHGNTITEFKIKNNQLEFATIITS
DTEVTKPEPQYEKIVGVDVNIKHTLMVTSEKDNGKLKGY INLYKEVLKNDEFKKLINKTELDNFKSLSQIVTEFCPIEYDEFLESR
IFDDENTKKELAFSNVLYDIQKQLKNTNNILQYNYTACVNKLRAKYKAYEVLKMSYMKQQOKIYDTNMGEFEFDISTESKETMDQRR
SLYPFINTEIAQNIITKMNNVQQODINGCLKNIFKYTYTVEFENNNYDTIVLENLENANFEKHNPLPNITSLLKYHKVQGLTIQEA
EQHEKVGNLIQNDNYIFQLNEDNKIINADYSQKAYYKVCKALFFNQAIKTLHFASVKDEMIKLSNNNKVCVATIIPPEYTSQIDS
NTHKLYFINKDGKLLKADKKTVRKTQEKHINGLNADENAASNIKYIVONETWRNLETNKTNNTYGLPILTPSKKGQSNITITQLM
KINATQELVV (SEQ ID NO: 16)

>SRR7634052_1662339_24|M

[sheep gut metagenome]
MYNSKKKGEGDIQKSFKEFKVKTDKETVELFRKAAVEYSEYYKRLTTFLCERLTDMTWGEVASF IPEKYRKNEYYKYLIKEENKD
LPLYKMFTKAASSMEIDHSIERYVEALNPEGNTGNILGECKSSYVRGGYLKNVVSNIRTKFATLKTGIKYKKENPAEDDEETIL
GQTVFEMEKRGLEFKCDFEKTIKYLNEKGKTQEAERLQCIMEYFSTNTDKINEYRESLVLDDIRKEFGGCNRSKSNSESVTLEKA
DIKEDGLTGYTMKVSKKLKETHLLGHRRVVEVVNGRRVNLVDICGDKSGDSKVEVVDGDNLYVCISAPVKE SKNGMEAKKYIGY
DMNMKHSITISVSDNASDMKGELNIYKELLKDEGFRKTLNATELEKYEKLAEGVNIGIIEYDGLYERIVKQKKENSVDGLKVQAE
KKLIEREAATIERVIDKLRKGTSDTDTENYINYNKILRAKIKSAYITLKDKYYEMLGKYDSERAGSGDLSEENKIKYKDEFNETEK
GKEILGKLNNVYKDIIGCRDNIVIYAVNLEIRNGYDTVALEYLESSQMKARRIPSTGGLLKGHKLEGKPEGEVTAYLKANKIPK
SYYSFEYDGNGMLTDVKYSDMGEKARGRNREFKNLYVPKELRWASIKDKEVQLSNYKDIQMVYVPSPYTSQTDSRTHSLYYIETVK
VDEKTGKEKKEHIVAPKESVRTEQESEFVNGMNADTNSANNIKYIFENETLRDKEFLKRTKDGTEMYNRPAFDLKECYKKNSNVSV
FNTLKKTLGAIYGKLDENGNFIENECNK (SEQ ID NO: 17)

>AUX0017332817_2|M

[gut metagenome]
MAGHSKIKENHIMKAFLMKVKETRKKQWQSNEFIRSEIAKFTNYYNGLSKEFIADRLLDDMVTTLAPLIEEKKRNSEYYKYLTNGD
WDGKPLYFIFKEGENSTNADNILANSLVRVYCEQNYTGNGEGLSYSYYVVIGFAKEVIANYRSSEFQKPKVKIKKKKLSENPTED
ELIEQCIYTIYYEFNEKKDIQKWKDEIKFLKERGESKETRLKRIQTLFEFYKDKSHKELVDERVANLVVDNIKEFGGCKRDIDC
PSMGIQIQHNEFDISINEKRNGYTICEFGPNKKNLTKLEVEGNRMVLLNGEEIVDLPNTHGEKLTLIDRGNAIYAAITAQVPEFEKH
MPDGNKTVGIDLNLKHSVFATSIVDNGKLAGYISIYKELLKDDEFVKYCPKDLLREMKDASKYVEFAPIEIELLRSRVIYNKGY
ACVENYENVYKAEVAFVNVIKRLQSQCEANGDAQGALYMSYLSKMRAQLKNYINLKLAYYDHQSAYDLKMGFTDISTESKETMD
ERRKLFPEFNKEKEAQEILAKMKNISNVIIACRNNIAVYMYKMEFERNGYDEFIGLEKLESSQMKKRQSRSFPTVKSLLNYHKLAGM
TMDEIKKQEVSSNIKKGEFYDLEFDADGKLYGAKYSNKGNVHEFIEDEFYISGLKAIHFADMKDYEFVRLSNNGKVSVALVPPSETS
QOMDSVEHKFFMKKNANGKLIVADKKDVRSCQEKHKINGLNADYNAACNIGF IVEDDYMRESLLGSPTGGTYDTAYFDTKIQGSK
GVYDKIKENGETYIAVLSDDVITAEYV (SEQ ID NO: 18)

>0QVL01000914_15|P

[human gut metagenome]
MAHKKNVGAEIVKTYSEFRKVKNTNGITMEKLMNAIDEFQSYYNLCSDWICKNLTTMTIGDLDQYIPEKAKGNTYATVLLDEAWKN
QPLYKIFGKKYSSNNRNNALYCALSSVIDMIKENVLGESKTHYIRNDYIINVISNYASKLSKLNTGVKSRAIKETSDEATIIEQ
VIYEMEHNKWESIEDWKNQIEYLNSKTDYNPTYMERMKTLSAYYSTHKSEVDAKMQEMAVENLVKEGGCRRNNSKKSME IMGSN
TTNYTISYIGGNSENINFANILNEDVYGRRDVVKNGEVLVDIMANHGDSIVLKIVNGELYADVPCSVTLNKVESNEDKVVGIDV
NMKHMLLSTSITDNGSSDELNIYKEMSNNAEFMALCPEEDRKYYKDISKYVIFAPLELDLLESRISKQGKVKMEKVYSETILEAL
KWKFEFANGDNKNRIYVESIQKIRQQIKALCVIKNAYYEQQSAYDIDKTQEYIETHPESLTEKGMSIKSKMDKICQTIIGCRNNI
IDYAYSEFFERNGYSIIGLEKLTSSQFEKTKSMP TCKSLLNFHKVLGHTLSELETLPINDVVKKGYYTEFTTDNEGKITDASLSEK
GKVRKMKDDEFENQATKATHFADVKDYFATLSNNGQTGIFFVPSQEF TSQMDSNTHNLYFENAKNGGLKLAPKYKVRQTQEYHING
LPADYNAARNIAYIGLDETMRNTFLKKANSNKSLYNQPIYDTGIKKTAGVESRMKKLKRYEITI (SEQ ID NO: 19)

>3300001598 |[EMG_10017415_61P

[mammals-digestive system—asian elephant fecal-elephas maximus]
MLNIKNNGESVDMNTIELAMKEYNRYYNICSDWICNNLMTIPIGSLYQYIDDKCKNNAYAQNLIAEEWKDKPLY YMEYKGYNANN
CANAICCAIRSQVPEVNKAENILNLSYTYYFRNGVIKSVISNYASKMRILSDKQIKYCIVSENTPDKILIEQCILELKRRHEDL
KDWEENLKYLILKGNESAITRFTILKDEYSKNIERVKEEREIMATAELKDFGGCRRKDDKLSMCIQSAGNSKDIKVSRVKTTHN
YTELVDDYTENEFNIKESALDENVMGRRDVVKTKLNKTEDDSNTWGGTELLVDI INNHGCSLTFKLVDDKLYVDIPIDTEHINKT
TDFKKSVGIDVNLKHSLLNTDILDNGGINGYINIYKKLLADDAFMSACTKADLVNYIDIAKTVIFCPIEADFIISNVVEKYLHM
KDNTNKMEIAFSSVLMNIRKELEIKLLHSSKEESPLIRKQIIYINCIICLRNELKQYATAKHRYYKKQQEYDTLCDTLHGVDYK
QIHPYAQSKEGAEQMKKMKTIENNLIANRNNIIEYAYTVFELNNEDLIALENITKDIMEDKKKRKSEFPSINSLLKYHKVINCTE
DNINDNETYQKFAKYYNVSYENGKVIGATLSQEGNKVKLKDDEFYDKLLKVLHF TSIKDYFTTLSNKRKIAVAHVPAYYTSQIDS
IDNKICMIKSTDKNGKSTYKIADKTIVRPTQEKHINGLNADYNAARNINEFIVADEKWRKKEVRPTNTNKPLYNSPVESPAVKSE
GGTIKNLQILSATKTIIL (SEQ ID NO: 20)
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>3300021254|Ga0223824_10022219_2|P

[mammals—-digestive system-cattle and sheep rumen]
MAHVRTKNEGNMAKTYSEFKVRETNLKKDVMIEYNEYYNRLSDWICGNLTKMTIGELAELVPEKKRNTSYYLAATDEKWINEPMY
KLEFTDEYTKKSSETDPLVANSNNCDNLILTATDVLNPEGYEGNLLSLCKSTYRTEGYAKQI ISNMKTKIGALKPNVKRRVLGEN
PTYDEKMIQVLYEMYNNGIADVTGENDRIKYLKKQETPNEKLI SRMKMLRDEFEFKENRND IMDKCRIMAVEQLVSEGGCKRNING
ASMTLRNQCISVKRKDGCQGYVVAIPVGTKNSIVEDLYGRRDVIKDGVELVDVCGKHTDTITIKSVNGELFLDMPVAINFEKKS
GKCTKTVGIDVNTKHMLIQTSVKDNGKEFDYYVNLYKIFAEDEELNKILGDDEVMYVNIKKNAENLSFLPLEMDLLYSRILDGPQK
YKLAEDRITELLKQWGINEDAGCMSQERIYVQCVRKLRGNLKRLLYLONKYYEAQQEYDKKMGEFDDKSTDSKETMDKRRWESPE
RNTEEGTKLYDEINTYQNRITIGIRNSIIDYAYLVLEYNGYDNLSLEYLTSSQFKVNKTEPTTNSLLKYHKLQGKTKTEAEKCDA
YISHKSKYKLSLKDGVIDSIDYSAEGLKQIKKDRSRNITIIKATHFADVKDREVLSSNNGNASVTEVPSYHTSQIDSTDHKMEVT
NKGKIVDKRKVRQIQETHVNGLNSDENAARNIQYISENEEWRNALCKPTENMYNEPIYVPLVKSQONGMEFKATKKLGATKIWQE
(SEQ ID NO: 21)

>3300021431|Ga0224423_10015012_2|P

[mammals—-digestive system-cattle and sheep rumen]
MAHRNKNLAENCINKTEFSEFKVKAEKEEINSKWIPATIKEYTAYYNRISDWICDRLTNTTVGELIGIIGYKTDKKGNALAYIKDGS
SEKYRNLPLYCMEKKNEFPATTADNIMYQVIEKLGYVDKYNGNSLGLSGTYYRRIGYIANVIGNYRTKVRGMKASVKYRNEDPNDV
TEDVLENQTIFEINKNGFECKGDFEKHIEYLKNRELTDRLNKLILRMECLYNYYVEHEDAVKAKMENYATESFKTEFGGCHRNSN
RSMSIQFTNNSPLEIKKVGKTSEDLYMPINGEVACLQIMGNKQAVCVGENGERCDLVDIVNSHSKTITIKI INGEMYVDIPCVY
NEEKKDEDTIKSVGVDVNIKHEILATSVIDNGQLNGYENIYKELINNKEEVDTENGDIKAFEAFKDNAAYVTFGLLEPDLLETR
FYERSGFEKDDRHIKLRERERILTGILKRIGQEHSDVDVRNYVREVNMLRSKYESYEVLKNKYYEKMQEFDSTQONYVDVSTASK
ETMDKRREDNPFRNTEVANELLGKIDNVLGDIKGCMANI ITYAFKVLOKNGYNTIGLEYLDSSQFENMRTLTPTSILKYHKMEG
KSVDAVESWIKENKIPSNRYDEFIYEDNHLTDVLINSNGIAYQKKNLEMNLVIKATSFADIKNKEVQLSNNTNVSILEAPAAFTS
QMDSNRHVIYTVKNNKGKLALVDKKRVRPNQEKHINGLHSGYNAACNVKEICDNEFFRNTMTI SNKGKNLYSQPTYDIKEAYKK
NAGCKVINDFIKNGNAVICCIENNKLIETNGRQ (SEQ ID NO: 22)

>33000129731Ga0123351_1009859_3|P

[mammals—-digestive system—-fecal]
MANKKEFKLTKNEVVKSEVLKVANQKKCATITNETLOQEYRKNYYNKVSQWINNNLTKMTIGDLIQYAPTVSKKGKKQPDGTMVYDTP
LYVIYAMSDEWKNKPLYYIFKKEYNTNNANNLLYEATRNLNVDEYDGNQINENSTYYRTQGYVNRVESNYRTKINTLDIKIKKS
KVDENSDVETLEPQTMYEINKINLKTNKDWEERLOYLTMQENPNONTIDRTKILENYFINNNDTIFQKMEELSIKQLTEFGGCK
MKDNTTSMTINIQDEFKIKRKENSIGYIMTIPEFNKKNYVDVELYGHKQTIKGHKNSYTEIVDIVNKHGNTITEFKIKNNQLEFATIITS
DTEVTKPEPQYEKIVGVDVNIKHTLMVTSEKDNGKLKGY INLYKEVLKNDEFKKLINKTELDNFKSLSQIVTEFCPIEYDEFLESR
IFDDENTKKELAFSNVLYDIQKQLKNTNNILQYNYTACVNKLRAKYKAYEVLKMSYMKQQOKIYDTNMGEFEFDISTESKETMDQRR
SLYPFINTEIAQNIITKMNNVQQODINGCLKNIFKYTYTVEFENNNYDTIVLENLENANFEKHNPLPNITSLLKYHKVQGLTIQEA
EQHEKVGNLIQNDNYIFQLNEDNKIINADYSQKAYYKVCKALFFNQAIKTLHFASVKDEMIKLSNNNKVCVATIIPPEYTSQIDS
NTHKLYFINKDGKLLKADKKTVRKTQEKHINGLNADENAASNIKYIVONETWRNLETNKTNNTYGLPILTPSKKGQSNITITQLM
KINATQELVV (SEQ ID NO: 23)

>3300012979|Ga0123348_10005323_4 M

[mammals—-digestive system—-fecal]
MAKSIMKKSIKEFKVKGNSPINEDIINEYKGYYNTCSNWINNNLTSITIGEMGKELKDVMRKTTGY IDVALSDEWKDKPMYYLET
KKYNPKHANNLLYYFIKEKKLDKENGNILNVPEYYYRKEGYFKLVAGNYRTKINTILNFKIKSKKVDANSLSEDIEMQTIYEIVK
RGLNKKSDWDSYISYIECVONPNIDNINRYKLLRDYEFCENEDVIKNKIEILSTIEQIKEFGGCIMKPHINSMTEGIQKFKIEETE
NSLGEFTENLPLNKNNYKIELWGHRQLKKGNKESNVNVSLDDEINTYGONVVETIKRKKLYIVESYDYEFERGECNFEKSVGLDV
NEKHSLEVTSEIDNNQFDGYINLYKYILSNNEFTSLLTDSERKDYEDLANIVTEFCPFEYQLLESRYDKLSKISEKEKVLSKILY
SLOKKLKNEKRTKEYIYVSCVNKLRAKYVSYFKLKQKYNEKQKEYDIEMGEVDDSTESKESMDKRREFENPEFINTPVAKELLEKM
NNVKQDINGCKKNIVVYAYKVLEQNGYNITALENLENSNFEKIRVLPKIKSLLEYHKFENKNINDIKNSDKYKEFITEPGYFELT
TNENNEIIDAKYTQKGDIKIKNADFINIMIKALNFASIKDEFILLSHNGKSQIATLVPAEYTSQMDSIDHCIYMTKNDKGKLVKY
DKRKVRTKQERHINGLNADFNAACNIKYIVINEDWRKVECIKPKKEDYNTPLLDATKNGQFRIIDKLKKINATKLLEMEK
(SEQ ID NO: 24)

>3300028797|Ga0265301_10000251_12|M

[mammals—-digestive system-rumen-bos taurus]
MVKVEINVELSEKNQITTNIFDTEKISNSYINHINHQFMATHKKTDNQTIVKAYVMKAKMSKHDIERVWKPTIDEYINYYNKLS
DWICKNLTSVTIGDLLKYVGEKQINKGVGYYTYFIDEQKTDLPLYTLEFTDCPKTHADNLLFEAVRKINPENYNGNLLSLFETGY
RRNGYFDNVISNYRTKMTTLKINPKYKRESSENMPTDEVLLEQTVYEVTKNDEKNDDDWKKSIDYMKQKSEPNTALIFRMETLE
DYWKDHKQDVEQYINQKRVECLKDEFGGCKRRADGLSMVILLNKKLTKIEADGLTSYKLTTNLEGGKYMINIFGHRALVSVCNGE
RAENENIDICNKHGERFTEFKIENGNLEVALTADYNYEKQPNLPKNIVGVDINIKHSMLNSSIEDKGKVKGYVNLYKEFLSDKNE
RKTITSDEELNQYIELSKYATFGITELDSLFARATDTEKSILCKRELAMODVEFEKLEKRYKDDHKIKEYLGSTQKLRAQYISYFE
KIKEAYNRKQQEYDLAHGKTDNPDEVYKSDFINEPSAKEMLVKLNRIERKIIGCRNNIVTYAFNVIKNNGYDTIGVEYLTSSQF
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EKKRRLPSIKSLLNYRKLLGKPKDEWNLKEWNDVYMCYRPELDDAGNIMNETITNEGIKRNKESTEFYNSFIKAIHFADVKDKEA
QLTNNNTMNTVEIPSSETSQIDSKTRKLYLLEYTEKCDNGKTKKVVKEFINKRVLRKIQEQHLNGMNADNNAARNIRDITKNLRD
VETKKQTDKNCYNSAEFMIQTKEFKKRLPQATVEFGELNRNGYVKVLTQEEYDELTKSAK (SEQ ID NO: 25)

>3300028797|Ga0265301_10000251_101P

[mammals—-digestive system-rumen-bos taurus]

MATHKKTDNQTIVKAYVMKAKMSKHDIERVWKP TIDEYINYYNKLSDWICKNLTSVTIGDLLKYVGEKQINKGVGYYTYFIDEQ
KIDLPLYTLFTDCPKTHADNLLEFEAVRKINPENYNGNLLSLEFETGYRRNGYFDNVISNYRTKMTTLKINPKYKRESSENMPTDE
VLLEQTVYEVTKNDEFKNDDDWKKSIDYMKQKSEPNTALIFRMETLEDYWKDHKQDVEQY INQKRVECLKDEGGCKRRADGLSMV
ILLNKKLTKIEADGLTSYKLTTNLEGGKYMINIFGHRALVSVCNGERAENENIDICNKHGERF TEFKIENGNLEVALTADYNYEK
OPNLPKNIVGVDINIKHSMLNSSIEDKGKVKGYVNLYKEFLSDKNFRKTITSDEELNQYIELSKYATFGITELDSLEFARATDTE
KSILCKRELAMODVEFEKLEKRYKDDHKIKFYLGSTQKLRAQYISYFKIKEAYNRKQQEYDLAHGKTDNPDEVYKSDEINEPSAK
EMLVKLNRIERKIIGCRNNIVTYAEFNVIKNNGYDTIGVEYLTSSQFEKKRRLPSIKSLLNYRKLLGKPKDEWNLKEWNDVYMCY
RPELDDAGNIMNETITNEGIKRNKESTEYNSFIKAIHFADVKDKEFAQLTNNNTMNTVEIPSSEFTSQIDSKTRKLYLLEYTEKCD
NGKTKKVVKEINKRVLRKIQEQHLNGMNADNNAARNIRDITKNLRDVETKKQTDKNCYNSAEFMIQTKEKKRLPQATVEGELNR
NGYVKVLTQEEYDELTKSAK (SEQ ID NO: 26)

>3300028797Ga0265301_10009039_3|M

[mammals—-digestive system-rumen-bos taurus]
MAHKGEKEGYQIKTLKFKVRSHDIGKSLYDIVNEYTNYYNKVSKWICDNLDTP IGELSKNISEKRHNSKYYRATNDPNWKNEPM
WKIFTKKESNGETFSEQGKNDKLANLSNCDNILSYSIIDYNIDGYTGNILGLTDTSYRLNGYISNCISNYKTKIRTAKPKVRST
AITEHSTVEEKTNNTIYEMVRKGEFMSPNDEFKNQIKYLTEKENPNDKLIDRLSILHSEFYTENEEDVNNAFSRMSVEMLKNNNGCT
RNGDKKTLNISSIDYKVTRKEGCDGYILSEFGSRNQKYNIDLWGRRDTISNGKELIDLSEHGEPLTITSENGDYYVCMTIVDVPEE
KKSTGSTEKVASVDVNTKHTMLSTDVIDDGTLKGYLNIYKKLLLDTELTSLLHKQDFDDMKELSHNVCEFGPIEYNFLLSRILDL
DAYEKKVEDRITHSMKEMLKTETDERNKMYLGSVIKMRALLKVYISTKNRYHKEQQSYDESMGFTDTSTASKDTMDKRREENPE
SETETGKKLNNDLSALSKKIIGCRDNIVRYAYTTLODNGYTMIGVEDLNSSTEANTRNPFPTIKSLLNYHHLSGKTPEEARNID
TYSKESDHYTLTTDEEGKITDAKYTKKAETKIKKKRARDTIIKAIHFAEVKDVMCVMSNNGTASVAFEPSYFSSQMDSATHKVY
TTRNKKGKDVIASKETVRPRQEKHINGMNCDINSPKNLSYLITNEEFREMELTPTKNGYNEPEFYKSRVKSAASMMSGLKKLGAT
MPLTDENAIFSTPKPKKNIGKQ (SEQ ID NO: 27)

>3300028887Ga0265299_10000013_320|P

[mammals—-digestive system-rumen-bos taurus]
MGNKVQSNETIVKTYTFKVREFISGATHEIMKSAIKQYIEDSNNLSDWINNQLTNKTICEVGALIPIEKRETSYYKSTVDELWA
NKPCEFKMETNDEFTKEENFATRNIGNGKNCKNIITSAYKSTVNPSEFRNVLDLTEKVYESDGYGANVCSNYKTKLRTLKPAKIKLV
SSLSDCDDNTLTEQVIREKQKYGYSTPKDFEKRIEYLNEKEKSEQNSKITERLQKLYEFYDNNTKLVEEKELELSVKSLVEFGG
CRRGEKTMTLNLPDIGYEIQRKDDKYGYIFTLKCSKKRKIIIDVWGSKATIDSNGNDKVDIINTHGKSINFKIINNEMYIDITV
DVPFAKRKLGIKKVVGIDVNTKHMLMATNIKVIDSIKGYVNLYKEFLNSKEIMDVASPETKKNFEDMSMEVNECPIEYNTMEAL
IFKLNNGDIRTEQAIRRTLHQLSKKEFSDGNHETERIYVQONVESIREQLKHE ILLSNRYYSEQSDYDTKMGE IDENTTSNATMDK
RREDKSLMFRYTQRGRQLYEERIECGRKITEIRDNIITYARNVEVLNGYDTIALEYLTNATIQKPTRPTSPKSLLDYFKLKGKP
VVEAEKNERITKNRKYYNLIPDENDNVINIEYTEEGKVAIKKSIARDHIMKAVHFAEVKDKEIQLSNNGKTQVALVPSNYTSQOM
NSETHTVYLMKNPKTKKLVIMDKDKVRPIQEKYKLNGLNADENSARNIAYIVENEILRNSEFLKEETKKYTYNTPLEFTPRLKSSE
KIITELKKLGMTTVIE (SEQ ID NO: 28)

>3300028887|Ga0265299_10000026_771P

[mammals—-digestive system-rumen-bos taurus]
MANKSTKGNLPKTIIMKANLSPDGEFTQWERVVKEYQAYKDTLSKWVAQNLTAMKIGDLLPYLDKYSKKTNKETGERPVNVYYQL
CEQHKDEPLYKLETYDSNSRNNAMYEITRKTNCDGYKGNILGISETHYRRNGEVKNILANYTTKISTLELSERKRKIDSDSPED
LIRSQVVYEMQOKNNIKDAKGFKSITIEYLKSKKEVNIQYLERLQILYEYFKNHENEIKEYITLAAVEQLKSFGGVRVNNEKS SMN
LEIQGFSITRVDGACTYILHLPINGKIHGIKLWGNRQVVVNKDGTPVDILDLTNQHGSTINITIKNGEIYFAFTVISDEVKPEH
QIKNVVGVDVNTKHMLMQOSNITDNGNVKGYFNIYKVLVEDRRFTSLLSEEQLKYFCELANIVSFCPIETEFLEFARYAEYKKMSN
NAEMRQIEKVESDILDEQYKKYKDIDTSIANYISYVRKLRSQCCAYFKLKMKYKELQRQFDKEQDYKDLSTESKETMDKRRWEN
PFRNTPEASKLIKKMDNVSRQLIGCRDNIITYAYRVEFEKNGYDTISLENLESSQFENNDHVIAPKSLLEYHHLKGKTMNYLLSD
ECKVRITTKDGKVKEWYHVELNDKDEIDNIFLTPEGETEKEKNLENNMVIKIVHFADIKDKEFIQLGNYNKLQTVLVPSYEFTSQOM
DSKTHSVYVVETANTKTSKKELKLVSKKRVRROQOEWHINGLNADYNAACNIAHIAKNIELRQIMCKTPQTKNGYSSPVLTSKVK
SQVEMVRELKKMGKTILYSNDSLPE (SEQ ID NO: 29)

>3300028887|Ga0265299_10000133_30|M

[mammals—-digestive system-rumen-bos taurus]
MAHRKKKDDEATLSYKFKVKVIEGDLTADDITKCIAENAEQGNHEF SEFIHKNLTSKTIGEFASQLPVEKRQFGYYQYATIGGTMP
AKKNASDEDKPKGELIDWSKKPEYVLESKGYSATHAVNLIFNVYLNSEEGKAEF SAKNSMNLSKSQFAYSGEVQIVCANYASMLA
NARPDKIKFEEITEATDDGTKKMQVVREMAERYLMKPKNFASRIEYLEANNTKGKFDKTIQRLRLLOPFFEKNEEGITELYYDL
SVKALEHSGQCTYKGGRTISILEIGDIRISRKENAKGYLLTIPINRKSVVEDLYGRKDTIGGDGRDLIDIMNTHGSSLQEFTADG
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NDIYLTITATKNEFIKEKPTENEDTVLGGDVNIKHSYTVESTSPKDIPDEVNEYEYFAKDGEIMKLAPKPMWDY IVAAATKELTI
LPIETPAISATVYGKRTIEEGISRATFRETQKLIALEKAIERVMKQVEDKYNDGKHPLEATYIGNAIKYRRLIKGYLAQKKKYYS
AHSEYDKAMGYTDDDTDRKENMDERREFDDSKKFRYTPEAQALLDTMHTIEKKIVGCVSNAISYAYHKEDENGENVIALENLTSA
TFAKKYKSDKPESIKKLLNEFDKLLGKTLDEAKASKSI SKHPNWYELVADENGCVSDIRITDEGQSATYRSLVTETIMKVSHEAE
TKDREFIGLANSGRLQVGLVPSQYTSYIDSTTHTLYAVIEDGKTVLAPKEVVRASQERHINGLNADYNSALNLKYMITDENFRKT
FTSETSADKEGWGKPMESPTTRSQDEVFSAIKKIGAITVLED (SEQ ID NO: 30)

>3300028887Ga0265299_10011526_3|M

[mammals—-digestive system-rumen-bos taurus]
MAQHKSNNEESAINKTEFIFKAKCEKNDVISLWEPAAKEYGDYYNKVSKWIADNLITMKIGDLAQYITNQONSKYYTAVINKKKKD
LPLYRIFQKGEFSSQCADNALYCAIKSINPENYKGNSLGIGESDYRREGYIQSVVSNEFRTKMSSLKVSVKYKKEDVSNVDDETLK
IQTIYDVDKYGIETAKEFKELIETLKTRVETPQLNDTIARLKCLCDYYSKNEKAINNEIETMATADLOQKEFGGCQRKSLNAFTIH
KODSLMEKVGNTSFRLOQLSFRKKTYVINLLGNRQVVNEVNGKRVDLIDIAENHGDLITENIKNGELFLHITSPIVEDKDVRDIR
NVVGIDVNIKHSMLATSIKDDGNVKGY INLYKELLNDDVEVSTCNESELALYROMSENVNEGILETDSLEFERIVNQSKGGCLKN
KLIRRELAMQKVFERITKTNKDONIVDYVNYVKMMRAKCKASYILKEKYDEKQKEYYVKMGEFTDESTESKETMDKRREEFPEVN
TDTAKELLVKQNNIRQODITIGCRDNIVIYAFNVEKNNEYDTLSVEYLDSSQFDKRRIPTPKSLLKYHKFEGKTKDEVENMMKSEK
LSNAYYTEFKYENDVVSDIDYSDEGNLRRSKLNEGNWIIKATIHFADIKDKEVQLSNNNKMNIVECPSAFSSQMDSITHTLYYVEK
ITKNKKGKEKKKYVLANKKMVRTQQETHINGLNADYNSACNLKYIALNYELRDKMTDREFKASKKIKTMYNIPAYNIKSNEFKKNL
SAKTIQTFRELGHYRDGKINEDGMEVEILE (SEQ ID NO: 31)

>3300028887|Ga0265299_10012919_3|P

[mammals—-digestive system-rumen-bos taurus]
MAHKNSDGENTINKTFIFKVKCEKNDIISFWKPAAEEYCNYYNKLSEWIGKNLISMKIGDLAKYIDNPKSKYYLSVTIDENKKDL
PLYKIFQKGFSSIDADNALYCAIDKLNPEGYNGNILGVGKSDYRRNGYVSSVIGNEFRTKMVSLKANVRWKKIDIGNVDEETLRR
QTICDVEKYRIESEKDFRDLIDILKAREETPRLKEKISRLELLYDYYSKNTKTIKSEMENMAI SDLQKEFGGCVRKSLNTITIHK
ODSKIEKEGNTSEFRLHMVENKKPYTITLLGNRQVVKYIDGKRVDIVNIVEKHGDWITENIKNGELEVHLTKCVEFSKGOKEIKK
AAGVDVNIKHAMLAASIVDDGQLKGYVNLYRELIEDDDEVSTEGDSDSGKTELGMYQKMAKTVEFGVLEVESLEERVVNQQSGW
KLDNQLIRRERAMEKVFDRIVKTTSNKHIIDYVNYVKMLRAKYKAYFILDEKYHEKQREYDLSMGEFTDESDERRELYPEINTET
AKEILGKKRNVEQDLIGCRDNIVTYAFNVLRNNGYDTISVEYLDSSQFDKRRMPTPKSLLEYHKFKGKTQODEVERLMSEKKEFAK
TNYDIHYDGENKVDGIVYSKEGELROQKKLNEFMNLVIKATHFADIKDKFAQLCNNNDVNVVEGPSAFTSQMDSETHSLYYVEKET
NGKNGKTGKKEFVLADKKSVRRRQETHINGLNADEFNAARNLEYIASNPELLERMTKRTKSGKDMYNTPSWNIRQEFKKNLSVRTI
NTFRELGNVKYGKINNEGLEVEDDV (SEQ ID NO: 32)

>3300028914Ga0265300_10009460_3|M

[mammals—-digestive system-rumen-bos taurus]
MAHRKKKDDEATLSYKFKVKVIEGDLTADDITKCIAENAEQGNHEF SEFIHKNLTSKTIGEFASQLPAEKRQFGYYQYATIGGTMP
AKKNASDEDKPKGELIDWSKKPEYVLESKGYSATHAVNLIFNVYLNSEEGKAEF SAKNSMNLSKSQFAYSGEVQIVCANYASMLA
NARPDKIKFEEITEATDDGTKKMQVVREMAERYLMKPKNFASRIEYLEANNTKGKFDKTIQRLRLLOPFFEKNEESITELYYDL
SVKALEHSGQCTYKGGRTISILEIGDIRISRKENAKGYLLTIPINRKSVVEDLYGRKDTIGGDGRDLIDIMNTHGSSLQEFTADE
NDIYLTITATKNFIKEKPTENEDTVLGGDVNIKHSYTVESASPKDIPDEVNEYEYFAKDGEIMKLAPKPMWDYIVAAATKELTI
LPIETPAISATVYGKRTEEGISRATFRETQKLIALEKAIERVMKQVEDKYNDGKHPLEAIYIGNAIKYRRLIKGYLAQKKKYYS
AHSEYDKAMGYTDDDTDRKENMDERREDDSKKERYTPEAQALLDTMHTIEKKIVGCVSNAI SYAYHKFDENGENVIALENLTSA
TEAKKYKSDKPESIKKLLNFDKLLGKTLDEAKASKSISKHPNWYELVADENGCVSDIRITDEGQSATYRSLVTETIMKVSHEFAE
TKDRFIGLANSGRLOVGLVPSQYTSYIDSTTHTLYAVIEDGKTVLAPKEVVRASQERHINGLNADYNSALNLKYMITDENERKT
FTSETSADKEFGWGKPMESPTTRSQDEVEFSAIKKIGAITVLED (SEQ ID NO: 33)

>33000318531Ga0326514_10013355_6|M

[mammals—-digestive system-rumen-bos taurus]
MVTITLAPLIEEKKRDSEYYKYLTNGDWDGKPLYFIFKEGENSTNADNILANSLVRVYCEQNYTGNGEFGLSYSYYVVIGFAKEVI
ANYRSSFQKPKVKIKKKKLSENPTEDELIEQCIYTIYYEFNEKKDIKKWKDEIKFLKERGESKETRLKRIQTLFEFYKDKNHKE
LVDERVANLVVDNIKEFGGCKRDIGCPSMGIQIQHNFDISINEKRNGYTICEFGPNKKNLTKLEVEGNRMVLLNGEEIVDLPNTH
GEKLTLIDRGNAIYAALTAQVPFEKHMPDGNKTIVGIDLNLKHSVEFATSIVDNGKLAGYISIYKELLKDDEFVKYCPKDLLREMK
DASKYVFFAPIEIELLRSRVIYNKGYACVENYENVYKAEVAFVNVIKRLQSQCEANGDAQGALYMSYLSKMRAQLKNYINLKLA
YYDHQSAYDLKMGEFNDISAESKETIDERRKLEFPFSKEKEAQEILAKMKNISNVITACRNNIAVYMYKMEERNGYDFIGLEKLES
SOMKKRQSRSFPTVKSLLNYHKLAGMTMDEIKKQEVSSNIKKGEYDLEFDADGKLYGAKYSNKGNVHFIEDEFYISGLKAIHEA
DMKDYEFVRLSNNGKVSVALVPPSEFTSQMDSVEHKEFMKKNANGKLIVADKKDVRSCQEKHKINGLNADYNAACNIGEIVEDDYM
RESLLGSPTGGTYDTAYFDTKIQGSKGVYDKIKENGETYIAVLSDDVITAEE (SEQ ID NO: 34)

>3300031993(1Ga0310696_10000014_323|P

[mammals—-digestive system-rumen-bos taurus]
MGNKVQSNETIVKTYTFKVREFISGATHEIMKSAIKQYIEDSNNLSDWINNQLTNKTICEVGALIPIEKRETSYYKSTVDELWA
NKPCEFKMETNDEFTKEENFATRNIGNGKNCKNIITSAYKSTVNPSEFRNVLDLTEKVYESDGYGANVCSNYKTKLRTLKPAKIKLV
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SSLSDCDDNTLTEQVIREKQKYGYSTPKDFEKRIEYLNEKEKSEQNSKIIERLQKLYEFYDNNTKLVEEKELELSVKSLVEEFGG
CRRGEKTMTLNLPDIGYEIQRKDDKYGYIFTLKCSKKRKIIIDVWGSKATIDSNGNDKVDIINTHGKSINEKIINNEMYIDITV
DVPFAKRKLGIKKVVGIDVNTKHMLMATNIKVTIDSIKGYVNLYKEFLNSKEIMDVASPETKKNFEDMSMEVNECPIEYNTMEAL
IFKLNNGDIRTEQAIRRTLHQLSKKESDGNHETERIYVONVESIREQLKHF ILLSNRYYSEQSDYDTKMGE IDENTTSNATMDK
RREDKSLMEFRYTQRGRQLYEERIECGRKITEIRDNIITYARNVEVLNGYDTIALEYLTNATIQKPTRPTSPKSLLDYFKLKGKP
VVEAEKNERITKNRKYYNLIPDENDNVINIEYTEEGKVAIKKSTIARDHIMKAVHEFAEVKDKEFIQLSNNGKTQVALVPSNYTSQOM
NSETHTVYLMKNPKTKKLVIMDKDKVRPIQEKYKLNGLNADENSARNIAYIVENEILRNSEFLKEETKKYTYNTPLETPRLKSSE
KIITELKKLGMTTVIE (SEQ ID NO: 35)

>3300031993|Ga0310696_10000226_761P

[mammals—-digestive system-rumen-bos taurus]
MANKSTKGNLPKTIIMKANLSPDGEFTQWERVVKEYQAYKDTLSKWVAQNLTAMKIGDLLPYLDKYSKKTNKETGERPVNVYYQL
CEQHKDEPLYKLETYDSNSRNNAMYEITRKTNCDGYKGNILGISETHYRRNGEVKNILANYTTKISTLELSERKRKIDSDSPED
LIRSQVVYEMQOKNNIKDAKGFKSITIEYLKSKKEVNIQYLERLQILYEYFKNHENEIKEYITLAAVEQLKSFGGVRVNNEKS SMN
LEIQGFSITRVDGACTYILHLPINGKIHGIKLWGNRQVVVNKDGTPVDILDLTNQHGSTINITIKNGEIYFAFTVISDEVKPEH
QIKNVVGVDVNTKHMLMQOSNITDNGNVKGYFNIYKVLVEDRRFTSLLSEEQLKYFCELANIVSFCPIETEFLEFARYAEYKKMSN
NAEMRQIEKVESDILDEQYKKYKDIDTSIANYISYVRKLRSQCCAYFKLKMKYKELQRQFDKEQDYKDLSTESKETMDKRRWEN
PFRNTPEASKLIKKMDNVSRQLIGCRDNIITYAYRVEFEKNGYDTISLENLESSQFENNDHVIAPKSLLEYHHLKGKTMNYLLSD
ECKVRITTKDGKVKEWYHVELNDKDEIDNIFLTPEGETEKEKNLENNMVIKIVHFADIKDKEFIQLGNYNKLQTVLVPSYEFTSQOM
DSKTHSVYVVETANTKTSKKELKLVSKKRVRROQOEWHINGLNADYNAACNIAHIAKNIELRQIMCKTPQTKNGYSSPVLTSKVK
SQVEMVRELKKMGKTILYSNDSLPE (SEQ ID NO: 36)

>3300031993|Ga0310696_10000447_27|M

[mammals—-digestive system-rumen-bos taurus]
MAHRKKKDDEATLSYKFKVKVIEGDLTADDITKCIAENAEQGNHEF SEFIHKNLTSKTIGEFASQLPVEKRQFGYYQYATIGGTMP
AKKNASDEDKPKGELIDWSKKPEYVLESKGYSATHAVNLIFNVYLNSEEGKAEF SAKNSMNLSKSQFAYSGEVQIVCANYASMLA
NARPDKIKFEEITEATDDGTKKMQVVREMAERYLMKPKNFASRIEYLEANNTKGKFDKTIQRLRLLOPFFEKNEEGITELYYDL
SVKALEHSGQCTYKGGRTISILEIGDIRISRKENAKGYLLTIPINRKSVVEDLYGRKDTIGGDGRDLIDIMNTHGSSLQEFTADG
NDIYLTITATKNFIKEKPTENEDTVLGGDVNIKHSYTVESTSPKDIPDEVNEYEYFAKDGEIMKLAPKPMWDYIVAAATKELTI
LPIETPAISATVYGKRTEEGISRATFRETQKLIALEKAIERVMKQVEDKYNDGKHPLEAIYIGNAIKYRRLIKGYLAQKKKYYS
AHSEYDKAMGYTDDDTDRKENMDERREDDSKKERYTPEAQALLDTMHTIEKKIVGCVSNAI SYAYHKFDENGENVIALENLTSA
TEAKKYKSDKPESIKKLLNFDKLLGKTLDEAKASKSISKHPNWYELVADENGCVSDIRITDEGQSATYRSLVTETIMKVSHEFAE
TKDRFIGLANSGRLOVGLVPSQYTSYIDSTTHTLYAVIEDGKTVLAPKEVVRASQERHINGLNADYNSALNLKYMITDENERKT
FTSETSADKEFGWGKPMESPTTRSQDEVEFSAIKKIGAITVLED (SEQ ID NO: 37)

>3300031993(1Ga0310696_10026614_2|M

[mammals—-digestive system-rumen-bos taurus]
MAHKNSDGENTINKTFIFKVKCEKNDIISFWKPAAEEYCNYYNKLSEWIGKNLISMKIGDLAKYIDNPKSKYYLSVTIDENKKDL
PLYKIFQKGFSSIDADNALYCAIDKLNPEGYNGNILGVGKSDYRRNGYVSSVIGNEFRTKMVSLKANVRWKKIDIGNVDEETLRR
QTICDVEKYRIESEKDFRDLIDILKAREETPRLKEKISRLELLYDYYSKNTKTIKSEMENMAI SDLQKEFGGCVRKSLNTITIHK
ODSKIEKEGNTSEFRLHMVENKKPYTITLLGNRQVVKYIDGKRVDIVNIVEKHGDWITENIKNGELEVHLTKCVEFSKGOKEIKK
AAGVDVNIKHAMLAASIVDDGQLKGYVNLYRELIEDDDEVSTEGDSDSGKTELGMYQKMAKTVEFGVLEVESLEERVVNQQSGW
KLDNQLIRRERAMEKVFDRIVKTTSNKHIIDYVNYVKMLRAKYKAYFILDEKYHEKQREYDLSMGEFTDESDERRELYPEINTET
AKEILGKKRNVEQDLIGCRDNIVTYAFNVLRNNGYDTISVEYLDSSQFDKRRMPTPKSLLEYHKFKGKTQODEVERLMSEKKEFAK
TNYDIHYDGENKVDGIVYSKEGELROQKKLNEFMNLVIKATHFADIKDKFAQLCNNNDVNVVEGPSAFTSQMDSETHSLYYVEKET
NGKNGKTGKKEFVLADKKSVRRRQETHINGLNADEFNAARNLEYIASNPELLERMTKRTKSGKDMYNTPSWNIRQEFKKNLSVRTI
NTFRELGNVKYGKINNEGLEVEDDV (SEQ ID NO: 38)

>3300031993(1Ga0310696_10030100_3|M

[mammals—-digestive system-rumen-bos taurus]
MAQHKSNNEESAINKTEFIFKAKCEKNDVISLWEPAAKEYGDYYNKVSKWIADNLITMKIGDLAQYITNQONSKYYTAVINKKKKD
LPLYRIFQKGEFSSQCADNALYCAIKSINPENYKGNSLGIGESDYRREGYIQSVVSNEFRTKMSSLKVSVKYKKEDVSNVDDETLK
IQTIYDVDKYGIETAKEFKELIETLKTRVETPQLNDTIARLKCLCDYYSKNEKAINNEIETMATADLOQKEFGGCQRKSLNAFTIH
KODSLMEKVGNTSFRLOQLSFRKKTYVINLLGNRQVVNEVNGKRVDLIDIAENHGDLITENIKNGELFLHITSPIVEDKDVRDIR
NVVGIDVNIKHSMLATSIKDDGNVKGY INLYKELLNDDVEVSTCNESELALYROMSENVNEGILETDSLEFERIVNQSKGGCLKN
KLIRRELAMQKVFERITKTNKDONIVDYVNYVKMMRAKCKASYILKEKYDEKQKEYYVKMGEFTDESTESKETMDKRREEFPEVN
TDTAKELLVKQNNIRQODITIGCRDNIVIYAFNVEKNNEYDTLSVEYLDSSQFDKRRIPTPKSLLKYHKFEGKTKDEVENMMKSEK
LSNAYYTEFKYENDVVSDIDYSDEGNLRRSKLNEGNWIIKATIHFADIKDKEVQLSNNNKMNIVECPSAFSSQMDSITHTLYYVEK
ITKNKKGKEKKKYVLANKKMVRTQQETHINGLNADYNSACNLKYIALNYELRDKMTDREFKASKKIKTMYNIPAYNIKSNEFKKNL
SAKTIQTFRELGHYRDGKINEDGMEVEILE (SEQ ID NO: 39)

>3300031998|Ga0310786_10000003_467|M
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[mammals—-digestive system-rumen-bos taurus]
MAHRKKKDDEATLSYKFKVKVIEGDLTADDITKCIAENAEQGNHEF SEFIHKNLTSKTIGEFASQLPAEKRQFGYYQYATIGGTMP
AKKNASDEDKPKGELIDWSKKPEYVLESKGYSATHAVNLIFNVYLNSEEGKAEF SAKNSMNLSKSQFAYSGEVQIVCANYASMLA
NARPDKIKFEEITEATDDGTKKMQVVREMAERYLMKPKNFASRIEYLEANNTKGKFDKTIQRLRLLOPFFEKNEESITELYYDL
SVKALEHSGQCTYKGGRTISILEIGDIRISRKENAKGYLLTIPINRKSVVEDLYGRKDTIGGDGRDLIDIMNTHGSSLQEFTADE
NDIYLTITATKNFIKEKPTENEDTVLGGDVNIKHSYTVESASPKDIPDEVNEYEYFAKDGEIMKLAPKPMWDYIVAAATKELTI
LPIETPAISATVYGKRTEEGISRATFRETQKLIALEKAIERVMKQVEDKYNDGKHPLEAIYIGNAIKYRRLIKGYLAQKKKYYS
AHSEYDKAMGYTDDDTDRKENMDERREDDSKKERYTPEAQALLDTMHTIEKKIVGCVSNAI SYAYHKFDENGENVIALENLTSA
TEAKKYKSDKPESIKKLLNFDKLLGKTLDEAKASKSISKHPNWYELVADENGCVSDIRITDEGQSATYRSLVTETIMKVSHEFAE
TKDRFIGLANSGRLOVGLVPSQYTSYIDSTTHTLYAVIEDGKTVLAPKEVVRASQERHINGLNADYNSALNLKYMITDENERKT
FTSETSADKEFGWGKPMESPTTRSQDEVEFSAIKKIGAITVLED (SEQ ID NO: 40)

>AUX0013988882(Ga0247611_10000101_231P

[mammals—digestive system-rumen-ovis aries]
MANKRTDTTINLNKTVIMLTNMLPEVRAMEFQAGIRQAQAYADLVNKWICSNLTNKIGEVLLPYIDNKNCVYYELCYKYKEAPLY
TIFMKGKFDLNSRNNALYCAVVAQNIDNYSGNIFGESQSDYRRNGYCKVVESNYATKMSSLKPSIKKVTINEESTEETIQSQVI
YEMEFTNGROQWGKPEYFAEHLKYLEMKDNVSDKLMERMKTLCEYYQTHTDLIDTMAMNAGVEALKQFEGLKLNRDKESMTITTNS
TSPYTLTRVAGTCAYNLHIPCRKRSYDIRLWGNRQTVRWVNGELVDIADIINQHGQTIIFTIKNGNVYVHIPYGLNFEKTEHET
KNVVGVDVNTKHMLMQTSIKDNGWVKGYVNIYKALVEDEEFVKYISKSDLKLYKDLSKYVSEFCPLELNLLYTRYLSKKGLPENE
ADNNAEKCVEKVLNNLVKQYEGDDVHVVNYIHNVKKLRALCKASFVLYKKYAELQKAFDDAQGYNDQSTETKETMDKRRWENPE
IQTREAQELIAKMDNAVAGIIGCRDNIITYAYKVEGDNNYDTVGLENLTTSQFDNYSTVKSPKSLLSYYGLLGQQVDSDKYNAV
MTESNKDWYDFKTDGDGNITDITLTAAGEAQKAKSLENNKVLKNIHFADVKDKEIQLGNNGSIQTVLVPPSYTSQMDSKTHTIY
VKETVDPKNKNKKKLKLVDKKLVRHGQEYHKNGLNADINAALNIAYIVENQEMREVMCLHP SKKDGVYDQPFLKATTKYPATVA
GILLKMGKTTNWGEK (SEQ ID NO: 41)

>3300028805|Ga0247608_10000186_371P

[mammals—digestive system-rumen-ovis aries]
MNKSYVEFKSNVAIDDIMSLEFEPAIEEYINYYNRTSDEICDNLTSMKIGDLANY IKNKENVYCKEVLNDDIKDLPLYKIFSLNLN
SSQOKKNADNALYEAIKVLNADGYKGKNILGLGDTYFRRNGYVKNVISNYRTKEVTLKPNVKYSKIDINSVIEQLIKTQTIFEVV
NKKIESETDFENLITYFKNRETPNDEKIKRLELLEDYYTKHKNEINEEIEKHAVESLKSENGCRRNGNRKTMTVOMQOKMLLKKH
GLTSYILHLVLDKKPYDINLMGNRQTVKVDNNGNRVDLVDISSKHGYDLTFEVKGKTLEFFTEFSSEKDESKKEQEIKNILGIDIN
TKHSMLATSITDNGKVKGYINIYVELLKNKDEVSTLNKEELAYYTEMAKEFVSEGLLEIPSLFERVSNQYDKKNNVSITDETLLK
REIATISQTLDNLAKKYRDKNCKIASYIDYTKMLRSKYKSYFILKQKYYEKNHEYDDKMGESDISTNSKETMDPRRFENPEINTD
IAKGLIVKLENVKCDIVGCRDNIIKYAYDVIVLNGFDTIGLEYLDSSNFERDRLPFPTAKSIMTYYGFEGKKYSEIDKSVENTK
YYNEFIFNENETIKDISYSVYGLKEIQKKRFKNLVIKAIGFADIKDKEVQLSNNTNMNVIFVPAAFTSOQMDSNTHKIYVKEIMDK
NNKKQLOLIDKRKVRTKQEFHINGLNADENAANNIKYIAENNDLLLTMCTKTKENNRYGNPLYNIKDTFKKKIPSSILNIFKKK
DMYQIICD (SEQ ID NO: 42)

>3300028805|Ga0247608_10000895_42 |M

[mammals—digestive system-rumen-ovis aries]
MEFRIFAALKLTNMGHVRLOKREGEVYKTYKLKVKSESGNVDIKAGIVEYDQKENNVSQWIADHLTSMTIGEAASRISPHKMDSQ
YAMTSLSDEWKDQPLYKIFTRGEGGMNADNLIIECTKTEENCKYDKEKSLGEFSESVERTEFGFAANASSDMKSRMTQAKVKIGRK
NIDEDSADDEKCLOAIYEIQKNELLTDDNWKDRIGYLEMKGDQERELERTTILYDYYRANRTTVLDKLDNLKVETLSKERGSKR
KSDRKILTLNGISYDIKRKEGCQGFELKEFSVDKNHMEFDLLGHRALIKNGEMLVDIENCHGSQLSLEIDGDDMYAIISMRTECE
KNESKLEKIIGADVNIKHMFLMTSEKDDGNTKCYVNLYRELLSDSDETDVLNKEEYEIFSELSKYVMEGLIETPYLGSRVIGTT
QHEKIVEDKITSGMKKIAIRLEFQEGKVRERIYVONVLKIRALLKALFSTKLAYSNEQKIYDNLMREFGEKDDRRKDEGEFHTTCRG
TSLRSEMDMLSKKILACRDNIVEYGYYVIGLNGEFDGISLENLESSTEFMDVKISYPSCNSMLDHFKLKGKTIEEAENHETVGKE T
KKGYYVMTLVNGKINDINYSEKAVMLHKKNLLYDTVIKSTHFADVKDKEVELSNNGKVSVVIVPPYEFSSQMDSVTHKVETEEIV
VOKKSSNGKVRKTKKTVLVDKRKVRKTQESHINGLNADYNAALNLKYIAETIDWRSTLCEFKTWNTYGSPOQWDSKIKNQKTMIDR
LDSLGAIELKNW (SEQ ID NO: 43)

>3300028805(Ga0247608_10006074_1|M

[mammals—digestive system-rumen-ovis aries]
MSHEFNKNKGENEISKTFIFKTKCGKNDITSLWVPAMEEYCTYYNRVSKWICDNLTEMRIGDLAQYIDNHGSAYYSAVTDITKK
DLPLYKIFKKGEFSGLCADNALYCAIAKLNPEGYDGNMEGLSETYYRRQGYIANVEGNYRTKMNAGLKVGCAKWKKEDTNDVDDE
ILMEQVIVDVVKYDIDSKNEFKEYIEVLKCREENPKLLETIERLECLYGYYSQHEEDIKKKIEELVVEELKTFGGCVRKSMTSC
TITVODEVMERIGNTGYRINLTENKKPYVLGLLGNRQVVRYVDGDRVELVDIVNNHGNQITEFNLKNGELEVHLTSGVDESKEES
SMENIVGVDVNIKHSMLASSIVDDGNVNGYINIYKELVNDDEEFVSTEGDSESGLNELELYRQMAESVNEFGLMETDSLEFERYVEQ
WKGSDSDSRLARRERVVGKVEDRIVKTNGDVHVVNYIHAVKMLRAKCKAYEFVLKOQKYYEKQKEYDDAHGYTDESTASKETMDKR
REFENPEFVETDVAKELLGKLACVEQDIIGCRDNIVIYAEFNVEFRRNGYDTISLEYLDSSQFKKIGMGAPTPKSLLKYHKLEGKTVE
EVESIISEKGLKKNLYVEKFGDNGLLSDIEYSDEGLIRKKKADFGNIITKATIHFADIKDKEVQLTNNSDMGVVECPSAEFTSQOMD
SKTHRLYFVEGLDGNGKNKYVLANKWSVRRQOERHINGLNADENSACNCQHIAYDPILRDAMT IKVEAGKGMYNKPSYDIRKKE
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KKNLSAATLKTEFIKLGNTVKGMIVNGQFVEMES (SEQ ID NO: 44)

>3300028833|Ga0247610_10000007_379 M

[mammals—digestive system-rumen-ovis aries]
MYNSKKKGEGDIQKSFKFKVKIDKETVELFRKAAVEYSEYYKRLTTELCERLTDMTWGEVASE IPEKYRKNEYYKYLIKEENKD
LPLYKMFTKAASSME IDHSIERYVEALNPEGNTGNILGEFCKSSYVRGGYLKNVVSNIRTKFATLKTGIKYKKENPAEDDEETIL
GQTVFEMEKRGLEFKCDFEKTIKYLNEKGKTQEAERLOQCLMEYFSTNTDKINEYRESLVLDDIRKEFGGCNRSKSNSESVTLEKA
DIKEDGLTGYTMKVSKKLKEIHLLGHRRVVEVVNGRRVNLVDICGDKSGDSKVEVVDGDNLYVCISAPVKE SKNGMEAKKYIGV
DMNMKHSIISVSDNASDMKGEFLNIYKELLKDEGFRKTLNATELEKYEKLAEGVNIGIIEYDGLYERIVKQKKENSVDGLKVQAE
KKLIEREAAIERVILDKLRKGTSDTDTENYINYNKILRAKIKSAYILKDKYYEMLGKYDSERAGSGDLSEENKIKYKDEEFNETEK
GKEILGKLNNVYKDIIGCRDNIVITYAVNLEIRNGYDTVALEYLESSQMKARRIPSTGGLLKGHKLEGKPEGEVTAYLKANKIPK
SYYSFEYDGNGMLTDVKYSDMGEKARGRNREKNLVPKFLRWAS IKDKEFVQLSNYKDIQMVYVPSPYTSQTDSRTHSLYYIETVK
VDEKTGKEKKEHIVAPKESVRTEQESEFVNGMNADTNSANNIKY IFENETLRDKEFLKRTKDGTEMYNRPAFDLKECYKKNSNVSV
FNTLKKTLGAIYGKLDENGNFIENECNK (SEQ ID NO: 45)

>33000288331Ga0247610_10004486_2|M

[mammals—digestive system-rumen-ovis aries]
MNKSYVEFKSNVAIDDIMSLEFEPAIEEYINYYNRTSDEICDNLTSMKIGDLANY IKNKENVYCKEVLNDDIKDLPLYKIFSLNLN
SSQOKKNADNALYEAIKVLNADGYKGKNILGLGDTYFRRNGYVKNVISNYRTKEVTLKPNVKYSKIDINSVIEQLIKTQTIFEVV
NKKIESETDFENLITYFKNRETPNDEKIKRLELLEDYYTKHKNEINEEIEKHAVESLKSENGCRRNGNRKTMTVOMQOKMLLKKH
GLTSYILHLVLDKKPYDINLMGNRQTVKVDNNGNRVDLVDISSKHGYDLTFEVKGKTLEFFTEFSSEKDESKKEQEIKNILGIDIN
TKHSMLATSITDNGKVKGYINIYVELLKNKDEVSTLNKEELAYYTEMAKEFVSEGLLEIPSLFERVSNQYDKKNNVSITDETLLK
REIATISQTLDNLAKKYRDKNCKIASYIDYTKMLRSKYKSYFILKQKYYEKNHEYDDKMGESDISTNSKETMDPRRFENPEINTD
IAKGLIVKLENVKCDIVGCRDNIIKYAYDVIVLNGFDTIGLEYLDSSNFERDRLPFPTAKSIMTYYGFEGKKYSEIDKSVENTK
YYNEFIFNENETIKDISYSVYGLKEIQKKRFKNLVIKAIGFADIKDKEVQLSNNTNMNVIFVPAAFTSOQMDSNTHKIYVKEIMDK
NNKKQLOLIDKRKVRTKQEFHINGLNADENAANNIKYIAENNDLLLTMCTKTKENNRYGNPLYNIKDTFKKKIPSSILNIFKKK
DMYQIICD (SEQ ID NO: 46)

>3300028888|Ga0247609_10000668_74 |M

[mammals—digestive system-rumen-ovis aries]
MAHKTKESEKLVKSFKLKVDISNCEIEKKWIPSFEEYTNYYNGVSNWICENLISMKIGDLGQYIKNTESVYYKFITDESISNLP
LYKIFTLKQTONVDNALEFCAIKEINPEKYNGNSIGLGETDYRREFGYVQCVISNYRTKIGTMKASIKYKTLPENQSYDVIFEQTM
YEMIDKSLEKKEDWENIISNYKAKQTENTSKINRMETLYSFEFIEHSEEIIEKSNLVATIEQLALFNGCKRKSLSTMTIHSQHSKL
OKNGLTSEVECINQKIGSINLEGNRQLVSVDENGNRNDIIDICNNYGDEFITFQIKNGKMEIILTAKVDEDKENIEIKNVVGADV
NIKHNMIASSIIDNGNVEGYINIYKELLNDEDFCSSCINEELDIYKEISKSVNEGLLECESLESRVSAQIYKENESISKLDDRE
LRREKSIENVLNRLSKQYRYKDCKIATYIDYTKIMRDSYKSYFITIKEKYYEKQKEYDISMGYVDESTNSKKTMDKRREFENPEIE
TETAKNILSKLNRIESRLIGCRNNITNYAFDVEKNNGEFDTIALEYLDSSQFDKTKVLTPISMLKYHKFEGKSIEEVKTLNVKE'S
MDNYEFEFDNNGKITNISEFSQLGKREVMKINEFENLITIKATHFAEIKDKFIQLSNNKPINIVLVPSAFSSQOMDSKDHKLYVDENG
KLINKRKVRKQQERHINGLNADENAACNLSYLAKNNELLEKVCLKRKKEFGKASYSVPYWNVKDAFKKNVSSNMIATIKKMNMVK
VE (SEQ ID NO: 47)

>3300028888[Ga0247609_10003329_9|M

[mammals—digestive system-rumen-ovis aries]
MAHKTNNGENTINKTFIFKAKCEKNDIISLWKPAAEEYCNYYNKLSKWIGDSLTTMKIGDLAQYITNQNSAYYLAVTINDSKKDL
PLYKIFQKGFSSQCADNALYSAIKAINPENYNGNSLEIGETDYRREGYVQSVIGNEFRTKMSSLKVSVKYKKEFDVNDVDEETLKT
QTIYDVDKYGIESIKDENEFIEVLKLREETPQLNEKITRLECLCGYYSKNEENIKNEIETMAI SDLQKEFGGCQRKSLNTLTIHK
ONSLMEKVGNTSEFTLQLSENKKPYTINLLGNRQVVKEVDGKRVDLIDITEKHGDWVTENIKNDELEVHLTSPIDFEKEVCEIKN
AVGVDVNIKHNMLATSIKDDGNVKGYINLYKELVNDCDEFISTCNEDEFDLYROQMSESVNEGILETDSLFERVVNQSKGGCLNNK
FIRRELAMOQKVEDNITKTNKDONIVDYVNYVKMLRAKYKAYFILKEKYYEKQKEYDIKMGF TDVSTESKETMDKRRMEEFPEVNT
DTAKELLAKLNNIEQDLIGCRDNIVTYAFNIFKNNGYDTLAVEYLDSAQFDKRRMPTPTSLLKYHKFEGKTKDEVEDMMKSKKE
SNAYYTFKEFENDVVSNIEYSNDGIWKQKQLNEGNLITIKATIHFADIKDKEVQLCNNNKMNIVECPSAFTSOMDSITHTLYYVEKT
TKKKNGKEEKKYVLANKKMVRTQQETHINGLNADYNSACNLKY IALNDELRNEMTDTEFKVINRQKTMYGIPAYNIKRGEFKKNLS
AKTINTEFRKLGHYRDGKINEDGMEVETLA (SEQ ID NO: 48)

>3300028888[Ga0247609_10016480_8|M

[mammals—digestive system-rumen-ovis aries]
MAHKTNNGENTINKTFIFKAKCDNNDIISLWKPAMEEYCTYYNKLSQWICNNLTSMKVKDLFAYLDDKQKTKPCVDKKTGETKI
GVGYYRYFIENNKEDMPLYWLEFTKNCSSSHADNLLFEEFVRKVNHEEYNGNSLGMGETDYRREGYFQNVISNEFRTKMSSLKATTK
WKKEFDVNDVDEDTLKNQTIYDVDKYGIESVNDENERIDILKIREETEQTKDKIARLECLCKYYKEHEEDIKNEIATMAIADLQK
FGGCORKSMNTLTIHKQDSPMEKVGNTSENLRLTENKKPYTLNLLGNRQVVKEVGGKRIDLINITENHGDWITFNIKNNELEVH
MTSPVDFEKEVCEIKNAVGVDVNIKHMMLATSIVDDGNVKGYINLYRELVNNNDEIATFGNSKNGHOGLEI YEQMAENVNEGIL
ETESLFERVVNQSNGGELNNQLIRREIAMQKVEDNITKTNNDKNIVNYVNYVKMLRAKYKAYFILKEKYYEKQKEYDDMMGEND
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ESTENKEMMDKRRFEFSEFINTDTAQELLIKLNKVEQDLIGCRDNIVTYAFNVEKTINGYDTLAVEYLDSAQEFDKAKMPTPKSLLK
YHKFEGKTIDEVKEMMNNKNE TNAYYNFKFENEIVKDIEYSTDGIWRQKKLNEFMNLIIKATHFADIKDKEVQLCNNNSMNVVEC
PSAFTSQMDSITHSLYYIEKTSKTKNGKEKKQYVLANKKMVRTQQEKHINGLNADENSACNLKYIALDEELRNAMTDEENPKKQ
KTMYGVPAYNIKNGEKKNLSTKTINTFRTLGHYRDGKINEDGVEVENLA (SEQ ID NO: 49)

>3300031992|Ga0310694_10000010_351|M

[mammals—digestive system-rumen-ovis aries]
MYNSKKKGEGDIQKSFKFKVKIDKETVELFRKAAVEYSEYYKRLTTELCERLTDMTWGEVASE IPEKYRKNEYYKYLIKEENKD
LPLYKMFTKAASSME IDHSIERYVEALNPEGNTGNILGEFCKSSYVRGGYLKNVVSNIRTKFATLKTGIKYKKENPAEDDEETIL
GQTVFEMEKRGLEFKCDFEKTIKYLNEKGKTQEAERLOQCLMEYFSTNTDKINEYRESLVLDDIRKEFGGCNRSKSNSESVTLEKA
DIKEDGLTGYTMKVSKKLKEIHLLGHRRVVEVVNGRRVNLVDICGDKSGDSKVEVVDGDNLYVCISAPVKE SKNGMEAKKYIGV
DMNMKHSIISVSDNASDMKGEFLNIYKELLKDEGFRKTLNATELEKYEKLAEGVNIGIIEYDGLYERIVKQKKENSVDGLKVQAE
KKLIEREAAIERVILDKLRKGTSDTDTENYINYNKILRAKIKSAYILKDKYYEMLGKYDSERAGSGDLSEENKIKYKDEEFNETEK
GKEILGKLNNVYKDIIGCRDNIVITYAVNLEIRNGYDTVALEYLESSQMKARRIPSTGGLLKGHKLEGKPEGEVTAYLKANKIPK
SYYSFEYDGNGMLTDVKYSDMGEKARGRNREKNLVPKFLRWAS IKDKEFVQLSNYKDIQMVYVPSPYTSQTDSRTHSLYYIETVK
VDEKTGKEKKEHIVAPKESVRTEQESEFVNGMNADTNSANNIKY IFENETLRDKEFLKRTKDGTEMYNRPAFDLKECYKKNSNVSV
FNTLKKTLGAIYGKLDENGNFIENECNK (SEQ ID NO: 50)

>3300031992(Ga0310694_10022272_2|M

[mammals—digestive system-rumen-ovis aries]
MNKSYVEFKSNVAIDDIMSLEFEPAIEEYINYYNRTSDEICDNLTSMKIGDLANY IKNKENVYCKEVLNDDIKDLPLYKIFSLNLN
SSQOKKNADNALYEAIKVLNADGYKGKNILGLGDTYFRRNGYVKNVISNYRTKEVTLKPNVKYSKIDINSVIEQLIKTQTIFEVV
NKKIESETDFENLITYFKNRETPNDEKIKRLELLEDYYTKHKNEINEEIEKHAVESLKSENGCRRNGNRKTMTVOMQOKMLLKKH
GLTSYILHLVLDKKPYDINLMGNRQTVKVDNNGNRVDLVDISSKHGYDLTFEVKGKTLEFFTEFSSEKDESKKEQEIKNILGIDIN
TKHSMLATSITDNGKVKGYINIYVELLKNKDEVSTLNKEELAYYTEMAKEFVSEGLLEIPSLFERVSNQYDKKNNVSITDETLLK
REIATISQTLDNLAKKYRDKNCKIASYIDYTKMLRSKYKSYFILKQKYYEKNHEYDDKMGESDISTNSKETMDPRRFENPEINTD
IAKGLIVKLENVKCDIVGCRDNIIKYAYDVIVLNGFDTIGLEYLDSSNFERDRLPFPTAKSIMTYYGFEGKKYSEIDKSVENTK
YYNEFIFNENETIKDISYSVYGLKEIQKKRFKNLVIKAIGFADIKDKEVQLSNNTNMNVIFVPAAFTSOQMDSNTHKIYVKEIMDK
NNKKQLOLIDKRKVRTKQEFHINGLNADENAANNIKYIAENNDLLLTMCTKTKENNRYGNPLYNIKDTFKKKIPSSILNIFKKK
DMYQIICD (SEQ ID NO: 51)

>3300031994|Ga0310691_10000084_157|M

[mammals—digestive system-rumen-ovis aries]
MEFRIFAALKLTNMGHVRLOKREGEVYKTYKLKVKSESGNVDIKAGIVEYDQKENNVSQWIADHLTSMTIGEAASRISPHKMDSQ
YAMTSLSDEWKDQPLYKIFTRGEGGMNADNLIIECTKTEENCKYDKEKSLGEFSESVERTEFGFAANASSDMKSRMTQAKVKIGRK
NIDEDSADDEKCLOAIYEIQKNELLTDDNWKDRIGYLEMKGDQERELERTTILYDYYRANRTTVLDKLDNLKVETLSKERGSKR
KSDRKILTLNGISYDIKRKEGCQGFELKEFSVDKNHMEFDLLGHRALIKNGEMLVDIENCHGSQLSLEIDGDDMYAIISMRTECE
KNESKLEKIIGADVNIKHMFLMTSEKDDGNTKCYVNLYRELLSDSDETDVLNKEEYEIFSELSKYVMEGLIETPYLGSRVIGTT
QHEKIVEDKITSGMKKIAIRLEFQEGKVRERIYVONVLKIRALLKALFSTKLAYSNEQKIYDNLMREFGEKDDRRKDEGEFHTTCRG
TSLRSEMDMLSKKILACRDNIVEYGYYVIGLNGEFDGISLENLESSTEFMDVKISYPSCNSMLDHFKLKGKTIEEAENHETVGKE T
KKGYYVMTLVNGKINDINYSEKAVMLHKKNLLYDTVIKSTHFADVKDKEVELSNNGKVSVVIVPPYEFSSQMDSVTHKVETEEIV
VOKKSSNGKVRKTKKTVLVDKRKVRKTQESHINGLNADYNAALNLKYIAETIDWRSTLCEFKTWNTYGSPOQWDSKIKNQKTMIDR
LDSLGAIELKNW (SEQ ID NO: 52)

>3300031994 |Ga0310691_10000270_20|M

[mammals—digestive system-rumen-ovis aries]
MNKSYVEFKSNVAIDDIMSLEFEPAIEEYINYYNRTSDEICDNLTSMKIGDLANY IKNKENVYCKEVLNDDIKDLPLYKIFSLNLN
SSQOKKNADNALYEAIKVLNADGYKGKNILGLGDTYFRRNGYVKNVISNYRTKEVTLKPNVKYSKIDINSVIEQLIKTQTIFEVV
NKKIESETDFENLITYFKNRETPNDEKIKRLELLEDYYTKHKNEINEEIEKHAVESLKSENGCRRNGNRKTMTVOMQOKMLLKKH
GLTSYILHLVLDKKPYDINLMGNRQTVKVDNNGNRVDLVDISSKHGYDLTFEVKGKTLEFFTEFSSEKDESKKEQEIKNILGIDIN
TKHSMLATSITDNGKVKGYINIYVELLKNKDEVSTLNKEELAYYTEMAKEFVSEGLLEIPSLFERVSNQYDKKNNVSITDETLLK
REIATISQTLDNLAKKYRDKNCKIASYIDYTKMLRSKYKSYFILKQKYYEKNHEYDDKMGESDISTNSKETMDPRRFENPEINTD
IAKGLIVKLENVKCDIVGCRDNIIKYAYDVIVLNGFDTIGLEYLDSSNFERDRLPFPTAKSIMTYYGFEGKKYSEIDKSVENTK
YYNEFIFNENETIKDISYSVYGLKEIQKKRFKNLVIKAIGFADIKDKEVQLSNNTNMNVIFVPAAFTSOQMDSNTHKIYVKEIMDK
NNKKQLOLIDKRKVRTKQEFHINGLNADENAANNIKYIAENNDLLLTMCTKTKENNRYGNPLYNIKDTFKKKIPSSILNIFKKK
DMYQIICD (SEQ ID NO: 53)

>3300032030(Ga0310697_10001273_441P

[mammals—digestive system-rumen-ovis aries]
MAHKTNNGENTINKTFIFKAKCDNNDIISLWKPAMEEYCTYYNKLSQWICNNLTSMKVKDLFAYLDDKQKTKPCVDKKTGETKI
GVGYYRYFIENNKEDMPLYWLEFTKNCSSSHADNLLFEEFVRKVNHEEYNGNSLGMGETDYRREGYFQNVISNEFRTKMSSLKATTK
WKKEFDVNDVDEDTLKNQTIYDVDKYGIESVNDENERIDILKIREETEQTKDKIARLECLCKYYKEHEEDIKNEIATMAIADLQK
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FGGCQRKSMNTLTIHKQDSPMEKVGNTSENLRLTENKKPYTLNLLGNRQVVKEVGGKRIDLINITENHGDWITENIKNNELEVH
MTSPVDFEKEVCEIKNAVGVDVNIKHMMLATSIVDDGNVKGYINLYRELVNNNDE IATEGNSKNGHQGLEIYEQMAENVNEGIL
ETESLFERVVNQSNGGELNNQLIRREIAMQKVEDNITKTNNDKNIVNYVNYVKMLRAKYKAYF ILKEKYYEKQKEYDDMMGEND
ESTENKEMMDKRRFEFSEFINTDTAQELLIKLNKVEQDLIGCRDNIVTYAFNVEKTINGYDTLAVEYLDSAQEFDKAKMPTPKSLLK
YHKFEGKTIDEVKEMMNNKNE TNAYYNFKFENEIVKDIEYSTDGIWRQKKLNEFMNLIIKATHFADIKDKEVQLCNNNSMNVVEC
PSAFTSQMDSITHSLYYIEKTSKTKNGKEKKQYVLANKKMVRTQQEKHINGLNADENSACNLKYIALDEELRNAMTDEENPKKQ
KTMYGVPAYNIKNGEKKNLSTKTINTFRTLGHYRDGKINEDGVEVENLA (SEQ ID NO: 54)

>3300032030(Ga0310697_10005481_131P

[mammals—digestive system-rumen-ovis aries]
MAHKTNNGENTINKTFIFKAKCEKNDIISLWKPAAEEYCNYYNKLSKWIGDSLTTMKIGDLAQYITNQNSAYYLAVTINDSKKDL
PLYKIFQKGFSSQCADNALYSAIKAINPENYNGNSLEIGETDYRREGYVQSVIGNEFRTKMSSLKVSVKYKKEFDVNDVDEETLKT
QTIYDVDKYGIESIKDENEFIEVLKLREETPQLNEKITRLECLCGYYSKNEENIKNEIETMAI SDLQKEFGGCQRKSLNTLTIHK
ONSLMEKVGNTSEFTLQLSENKKPYTINLLGNRQVVKEVDGKRVDLIDITEKHGDWVTENIKNDELEVHLTSPIDFEKEVCEIKN
AVGVDVNIKHNMLATSIKDDGNVKGYINLYKELVNDCDEFISTCNEDEFDLYROQMSESVNEGILETDSLFERVVNQSKGGCLNNK
FIRRELAMOQKVEDNITKTNKDONIVDYVNYVKMLRAKYKAYFILKEKYYEKQKEYDIKMGF TDVSTESKETMDKRRMEEFPEVNT
DTAKELLAKLNNIEQDLIGCRDNIVTYAFNIFKNNGYDTLAVEYLDSAQFDKRRMPTPTSLLKYHKFEGKTKDEVEDMMKSKKE
SNAYYTFKEFENDVVSNIEYSNDGIWKQKQLNEGNLITIKATIHFADIKDKEVQLCNNNKMNIVECPSAFTSOMDSITHTLYYVEKT
TKKKNGKEEKKYVLANKKMVRTQQETHINGLNADYNSACNLKY IALNDELRNEMTDTEFKVINRQKTMYGIPAYNIKRGEFKKNLS
AKTINTEFRKLGHYRDGKINEDGMEVETLA (SEQ ID NO: 55)

>0BLI01003123_14|M

[pig gut metagenome]
MAHKKNIGAEIVKTYSEFRKVKNTNGITMEKLMAAIDEYQSYYNLCSDWICKNLTTMTIGDLDRYIPEKSKDNIYATVLLDEVWKN
QPLYKIFGKKYSANNRNNALYCALSSVIDMNKENVLGESKTHYVRNGYIINVISNYASKLSKLNTGVKSRAIKETSDEATIIEQ
VIYEMEHNKWESIEDWKNQIEYLNSKTDYNPTYMERMKTLSAYYSEHKSEIDAKMQEMAVENLVKEGGCRRNNSKKSME IMGSN
HINYTISYIGENCENINFANILNFDVYGRRDVVKNGEVLVDIMANHGDSIVLKIVNGELYADVPCSVTILNKVESNEFDKVVGIDY
NMKHMLLSTSVIDNGSLDELNIYKEMSNNAEFMALCPEKDRKYYKDISQYVIFAPLELDLLESRISKQDKVKMEKAYSETLEAL
KWKFEFANGDNKNRIYVESIQKIRQQIKALCVIKNAYYEQQSAYDIDKTQEYIETHPESLTEKGMSIKSKMDKICQTIIGCRNNI
IDYAYSEFFERNGYTIIGLEKLTSSQFEKTKSMP TCKSLLNFHKVLGHTLSELETLPINDVVKKGYYAFTTDNEGRITDASLSEK
GKVRKMKDDEFENQATKATHFADVKDYFATLSNNGQTGIFFVPSQEF TSQMDSNTHNLYFENAKNGGLKLASKSKVRKSQEYHING
LPADYNAARNIAYIGLDEIMRNTFLKKANSNKSLYNQPIYDTGIKKTAGVESRMKKLKKYKVI (SEQ ID NO: 56)

Table 73. Conserved Sequences of CLUST.091979 Effectors.

Sequence Residues Position
PXi X Xs3XyF XiisLorMorlor CorF N-terminal
(SEQ ID NO: 216) Xzis Yor Wor F

XzisKorTorCorRorWorYorHorV
XyislorL orM

RXiX>X5L XiislorLorMorYorTorF Mid sequence
(SEQ ID NO: 217) XsisRorQorKorEorSor T

XszisLorlorTor CorMor K
NX1YX> XiisTorLorF Mid sequence
(SEQ ID NO: 218) XzisKorRorVorE
KXiXoX5FAXXsKD XiisTorlorNorAorSorForV C-terminal
(SEQ ID NO: 219) XzisTorVorLorS

XszisHorSorGorR
X4isDorSorE
XsislorVorMorTor N
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LXiNX> XiisGorSorCor T C-terminal
(SEQ ID NO: 220) XzisNorYorKorS
PX1XoX5XsSQX5DS XiisSorPor A C-terminal
(SEQ ID NO: 221) XzisYorSorAorPorEor YorQor N

XsisFor Y or H
X4is Tor S
XsisMor Torl
KX:1X>VRXX4QEXsH XiisNorKorWorRorEorTorY C-terminal

(SEQ ID NO: 222)

XsisMorRorLorSorKorVorEorTorlorD
XsisLorRorHorPorTorKorQofPorSor A
X4isGorQorNorRorKorEorlorTor S or C
XsisRorWor Yor KorTorForSorQ

XINGX>X3XaDXsNX6X7XsN
(SEQ ID NO: 223)

XiisTorKor VorL

XsisLor M

Xsis NorHor P

Xsis AorSor C
XsisVorYorlorFor T or N

Xsis Aor S

X7is Sor Aor P
XgisMorCorLorRorNorSorKorL

C-terminal

Examples of direct repeat sequences and spacer lengths for these systems are shown in TABLE

8.
5 Table §4. Nucleotide Sequences of Representative CLUST.091979 Direct Repeats and Spacer Lengths
CLUST.091979 Effector Protein Accession Direct Repeat Nucleotide Sequence Spacer
Length(s)
AUX0013988882_8|P (SEQ ID NO: 1) ACTATGTTGGAATACATITTTATAGGTATTTACAACT (SEQ 28-29
ID NO: 57)
AGTTGTAAATACCTATARARATGTATTCCAACATAGT (SEQ
ID NO: 118)
SRR094437_845781_4|M (SEQ.ID NO: 2) ATTGTTGGAATATCACTITTGTAGGGTATTCACAAC (SEQ 30-31
ID NO: 58)
GTTGTGAATACCCTACAARAGTGATATTCCAACAAT (SEQ
ID NO: 119)
SRR1221442 316828_61|P (SEQID NO: 3) AATGTTIGTICACCCTTITT (SEQ ID NO: 59) 47
AAAAAGGGTGAACAACATT (SEQ ID NO: 120)
SRR3181151_741875_3|M (SEQ ID NO: 4) CCTGTTGTGAATACTCTTITATAGGTATCAAACAAC (SEQ 26 - 30
ID NO: 60)
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GTTGTTTGATACCTATAAAAGAGTATTCACAACAGG (SEQ
ID NO: 121)
SRR5371369_1764679_7|P (SEQID NO: 5) ATTGTTGTAACTCTTATTITGTATGGAGTARACAAC (SEQ 30
ID NO: 61)
GTTGTTTACTCCATACAAAATAAGAGTTACAACAAT (SEQ
ID NO: 122)
SRR5371371_1138852_2|M (SEQ ID NO: 6) ATTGTTGTAGACACCTTTTTATAAGGATTGAACAAC (SEQ 29-43
ID NO: 62)
GTTGTTCAATCCTTATAAAAAGGTGTCTACAACAAT (SEQ
ID NO: 123)
SRR5371379_2478682_1|M (SEQ.ID NO: 7) CTTGTITGTATATACTCTTTTATAGGTATTARACAAC (SEQ 29-38
ID NO: 63)
GTTGTTTAATACCTATAAAAGAGTATATACAACAAG (SEQ
ID NO: 124)
SRR5371385_201181 1|P (SEQ ID NO: 8) ATTGTTGTAACTCTTATTTTGTATGGAGTARACAAC (SEQ 25-30
ID NO: 61)
GTTGTTTACTCCATACAAAATAAGAGTTACAACAAT (SEQ
ID NO: 122)
SRR5371385_201181_1|M (SEQ ID NO: 9) ATTGTTGTAACTCTTATTITGTATGGAGTARACAAC (SEQ 25-30
ID NO: 61)
GTTGTTTACTCCATACAAAATAAGAGTTACAACAAT (SEQ
ID NO: 122)
SRR5371401_1055766_58|M (SEQ ID NO: CTTGTTGTATATGTCCTTTTATAGGTATT (SEQ ID NO: 30-51
10) 64)
AATACCTATAARAAGGACATATACAACAAG (SEQ ID NO:
125)
SRR5371439_988701_11|M (SEQ ID NO: 11) | CTTGTTGTATATACTCTTTTATAGGTATTAAACAAC (SEQ 29-30
ID NO: 63)
GTTGTTTAATACCTATAAAAGAGTATATACAACAAG (SEQ
ID NO: 124)
SRR5371497_203858_6|M (SEQ ID NO: 12) CTTGTTGTATATGTCTTTTTATAGGTATTGAACAAC (SEQ 30
ID NO: 65)
GTTGTTCAATACCTATAAAAAGACATATACAACAAG (SEQ
ID NO: 126)
SRR5371501_2762794_1|M (SEQ ID NO: 13) | TACTCTTTTTTAGGTAATGAACAAC (SEQ ID NO: 66) 41
GTTGTTCATTACCTAAARAAAGAGTA (SEQ ID NO: 127)
SRR5678926_1309611_3|P (SEQID NO: 14) | CTTGTTGTATATATTCTTTITATAGGTATTAAACAAC (SEQ 24-37
ID NO: 67)
GTTGTTTAATACCTATAAAAGAATATATACAACAAG (SEQ
ID NO: 128)
SRR6059713_382107_4|P (SEQ ID NO: 15) CTTGTITGTATATACTCTTTTATAGGTATTARACAAC (SEQ 28-31
ID NO: 63)
GTTGTTTAATACCTATAAAAGAGTATATACAACAAG (SEQ
ID NO: 124)
SRR6060192_2608084_13|P {SEQ ID NO: 16) | CATGTTGTACATACTATTTITTAAGTATTAAACAAC (SEQ 27-42
ID NO: 68)
GTTGTTTAATACTTAAAAAATAGTATGTACAACATG (SEQ

ID NO: 129)
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SRR7634052_1662339_24|M (SEQ ID NO: GATGTTGGACACTATGTTTTATACGGTGGATACAAC (SEQ 30
17) ID NO: 69)
GTTGTATCCACCGTATAAAACATAGTGTCCAACATC (SEQ
ID NO: 130)
AUX0017332817_2|M (SEQ ID NO: 18) GATGTTGITATGCTGITTITGTAAGTAATAAACAAC (SEQ 29-30
ID NO: 70)
GTTGTTTATTACTTACAAAAACAGCATAACAACATC (SEQ
ID NO: 131)
0QVL01000914_15|P (SEQ ID NO: 19) ATTGTTGTAGACCTCTTTTTATAAGGATTGAACAAC (SEQ 30
ID NO: 71)
GTTGTTCAATCCTTATAAAAAGAGGTCTACAACAAT (SEQ
ID NO: 132)
3300001598 | EMG_10017415_6|P (SEQ ID AATGTTGTTCACCCTTTTT (SEQ ID NO: 59) 47

NO: 20)

AAAAAGGGTGAACAACATT (SEQ ID NO: 120)
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3300021254|G30223824_10022219_2 | P (SEQ ATTGTTGTACGAACCATTTTATATGGTAATAACAAC (SEQ 29-30
ID NO: 21) ID NO: 72)

GTTGTTATTACCATATAAAATGGTTCGTACAACAAT (SEQ

ID NO: 133)
3300021431 | Ga0224423_10015012_2 | P (SEQ ACTGTAAAACCCCTGCAGATGAAAGGAAAGTACAACAGT 27-42
ID NO: 22) (SEQ ID NO: 73)

ACTGTTGTACTTTCCTTTCATCTGCAGGGGTTTTACAGT

(SEQ ID NO: 134)
3300012973 | Ga0123351_1009859_3 | P (SEQ ATCATGTTGTACATACTATTTTTTAAGTATTAAACAACTA 26-29
ID NO: 23) (SEQ ID NO: 74)

TAGTTGTTTAATACTTAAAAAATAGTATGTACAACATGAT

(SEQ ID NO: 135)
3300012979 | G30123348_10005323_4| M CTTGTTGTATATACTCTTTTATAGGTATTAAACAAC (SEQ 28-31
(SEQ ID NO: 24) ID NO: 63)

GTTGTTTAATACCTATAAAAGAGTATATACAACAAG (SEQ

ID NO: 124)
3300028797 | Ga0265301_10000251_12 | M ATTGTTGAATGGCTATGTTTGTATGCTATTTACAAC (SEQ 28-30
(SEQ ID NO: 25) ID NO: 75)

GTTGTAAATAGCATACAAACATAGCCATTCAACAAT (SEQ

ID NO: 136)
3300028797 | G30265301_10000251_10| P ATTGTTGAATGGCTATGTTTGTATGCTATTTACAAC (SEQ 28-30
(SEQ ID NO: 26) ID NO: 75)

GTTGTAAATAGCATACAAACATAGCCATTCAACAAT (SEQ

ID NO: 136)
3300028797 | Ga0265301_10009039_3 | M ATTGTTGGGGTACTTICTTTTATAGGGTACTCACAALC (SEQ 29-30
(SEQ ID NO: 27) ID NO: 76)

GTTGTGAGTACCCTATAAAAGAAGTACCCCAACAAT (SEQ

ID NO: 137)
3300028887 | G30265299_10000013_320| P ATTGTTGTAGACCTTIGTIGTITTITAGGGGTCTAACAACG (SEQ 29-30
(SEQ ID NO: 28) ID NO: 77)

CGTTGTTAGACCCCTAAAACACAAGGTCTACAACAAT (SEQ

ID NO: 138)
3300028887 | Ga0265299_10000026_77 | P ACTGTGTTGGAATACAATATGAGATGTATTTACAAC (SEQ 30
(SEQ ID NO: 29) ID NO: 78)

GTTGTAAATACATCTCATATTGTATTCCAACACAGT (SEQ

ID NO: 139)
3300028887 | G30265299_10000133_30| M ATTGTTGTGGCATACCGCAAGGCGGATGCTGACAALC (SEQ 26-34
(SEQ 1D NO: 30) ID NO: 79)

GTTGTCAGCATCCGCCTTGCGGTATGCCACAACAAT (SEQ

ID NO: 140)
3300028887 | Ga0265299_10011526_3 | M ATTGTTGGAATATCACTTTTGTAGGGTATTCACAAC (SEQ 30-31
(SEQ ID NO: 31) ID NO: 58)

GTTGTGAATACCCTACAAAAGTGATATTCCAACAAT (SEQ

ID NO: 119)
3300028887 | Ga0265299_10012919_3 | P (SEQ AATTGTTGAGATACCGTTTITTITATGGTATTGGCAAC (SEQ 28-43
ID NO: 32) ID NO: 80)

GTTGCCAATACCATAAAAAACGGTATCTCAACAATT (SEQ

ID NO: 141)
3300028914|G30265300_10009460_3 | M ATTGTTGTGGCATACCGTATTACGGGTGCTGACAA (SEQ ID | 31

(SEQ ID NO: 33)

NO: 81)
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TTGTCAGCACCCGTAATACGGTATGCCACAACAAT (SEQ ID

NO: 142)
3300031853 |Ga0326514_10013355_6|M GATGTTGITATGCTIGITITIGTAAGTAATAAACAAC (SEQ 28-30
(SEQ ID NO: 34) ID NO: 70)

GITGTTTATTACTTACAAAAACAGCATAACAACATC (SEQ

ID NO: 131)
3300031993 | Ga0310696_10000014_323|P ATTGTTGTAGACCTTGTGTTTTAGGGGTCTAACAACG (SEQ | 29-30
(SEQ ID NO: 35) ID NO: 77)

CGTTGTTAGACCCCTAAAACACAAGGTCTACAACAAT (SEQ

ID NO: 138)
3300031993 |Ga0310696_10000226_76|P ACTGTGTTGGAATACAATATGAGATGTATTTACAAC (SEQ 30
(SEQ ID NO: 36) ID NO: 78)

GITGTARATACATCTCATATTGTATTICCAACACAGT (SEQ

ID NO: 139)
3300031993 |Ga0310696_10000447_27|M ATTGTTGTGGCATACCGCAAGGCGGATGCTGACAAC (SEQ 26-34
(SEQ ID NO: 37) ID NO: 79)

GTTGTCAGCATCCGCCTTGCGGTATGCCACAACAAT (SEQ

ID NO: 140)
3300031993 |Ga0310696_10026614_2|M AATTGTTGAGATACCGTTTTTTATGGTATTGGCAAC (SEQ 30
(SEQ ID NO: 38) ID NO: 80)

GITGCCAATACCATAAAAAACGGTATCTCAACAATT (SEQ

ID NO: 141)
3300031993 |Ga0310696_10030100_3|M ATTGTTGGAATATCACTTTTGTAGGGTATTCACAAC (SEQ 30-31
(SEQ ID NO: 39) ID NO: 58)

GITGTGAATACCCTACAAAAGTGATATTICCAACAAT (SEQ

ID NO: 119)
3300031998 |Ga0310786_10000003_467 M ATTGTTGTGGCATACCGTATTACGGGTGCTGACAAC (SEQ 25-31
(SEQ ID NO: 40) ID NO: 82)

GITGTCAGCACCCGTAATACGGTATGCCACAACAAT (SEQ

ID NO: 143)
AUX0013988882|Ga0247611_10000101_23|P | ATTGTGTTGGGATACACTTITTATAGGTATITACAAC (SEQ 29-31
(SEQ ID NO: 41) ID NO: 83)

GITGTAARATACCTATAAAAGTGTATCCCAACACAAT (SEQ

ID NO: 144)
3300028805 |Ga0247608_10000186_37|P TATTGTTGAATACCTTTCTTATARAGGTAATTACAAC (SEQ 29-46
(SEQ ID NO: 42) ID NO: 84)

GITGTAATTACCTTTATAAGAAAGGTATTCAACAATA (SEQ

ID NO: 145)
3300028805 | Ga0247608_10000895_42|M TGTTGTAARATGGCTTTTTATGGGCAACGAACAACTC (SEQ 28 -45
(SEQ ID NO: 43) ID NO: 85)

GAGTTGTTICGTTGCCCATAAARAAGCCATTTACAACA (SEQ

ID NO: 1406)
3300028805 | Ga0247608_10006074_1|M ATTGTTGAATGTATTCTTTTTTAGGACAGATACAAC (SEQ 28-30
(SEQ ID NO: 44) ID NO: 86)

GITGTATCTGTCCTAAAAAAGAATACATTCAACAAT (SEQ

ID NO: 147)
3300028833|Ga0247610_10000007_379|M GATGTTGGACACTATGTTTTATACGGTGGATACAAC (SEQ 30

(SEQ ID NO: 45)

ID NO: 69)
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GTTGTATCCACCGTATAAAACATAGTGTCCAACATC (SEQ
ID NO: 130)

3300028833|GaOZ47610_10004486_2|M TATTGTTGAATACCTTTICTTATAAAGGTAATTACAAC (SEQ 29-46
(SEQ ID NO: 46) ID NO: 84)

GTTGTAATTACCTTTATAAGAAAGGTATTCAACAATA (SEQ

ID NO: 145)
3300028888 | GaOZ47609_10000668_74| M ATTGTTGAATGGTATCTTTTATAGACTGATTACAACT (SEQ 29-41
(SEQ ID NO: 47) ID NO: 87)

AGTTGTAATCAGTCTATAAAAGATACCATTCAACAAT (SEQ

ID NO: 148)
3300028888|GaOZ47609_10003329_9 | M ATTGTTGGATAATAGGTTTITTITATCTTAATTACAAC (SEQ 29-30
(SEQ ID NO: 48) ID NO: 88)

GTTGTAATTAAGATAAAAAACCTATTATCCAACAAT (SEQ

ID NO: 149)
3300028888|GaOZ47609_10016480_8|M ACTGTTGAATAGTTGATTTTATATCCTATTTACAAC (SEQ 29-30
(SEQ 1D NO: 49) ID NO: 89)

GTTGTAAATAGGATATAAAATCAACTATTCAACAGT (SEQ

ID NO: 150)
3300031992|G30310694_10000010_351|M GATGTTGGACACTATGTTTTATACGGTGGATACAAC (SEQ 30
(SEQ 1D NO: 50) ID NO: 69)

GTTGTATCCACCGTATAAAACATAGTGTCCAACATC (SEQ

ID NO: 130)
3300031992|G30310694_10022272_2|M TATTGTTGAATACCTTTICTTATAAAGGTAATTACAAC (SEQ 29-46
(SEQ ID NO: 51) ID NO: 84)

GTTGTAATTACCTTTATAAGAAAGGTATTCAACAATA (SEQ

ID NO: 145)
3300031994 | Ga0310691_10000084_157 |M TGTTGTAAATGGCTTTTTATGGGCAACGAACAACTC (SEQ 28-45
(SEQ ID NO: 52) ID NO: 85)

GAGTTGTTCGTTGCCCATAAAAAGCCATTTACAACA (SEQ

ID NO: 146)
3300031994 | Ga0310691_10000270_20|M TATTGTTGAATACCTTTCTTATAAAGGTAATTACAAC (SEQ | 29-46
(SEQ ID NO: 53) ID NO: 84)

GTTGTAATTACCTTTATAAGAAAGGTATTCAACAATA (SEQ

ID NO: 145)
3300032030|G30310697_10001273_44|P ACTGTTGAATAGTTGATTTTATATCCTATTTACAAC (SEQ 29-30
(SEQ.ID NO: 54) ID NO: 89)

GTTGTAAATAGGATATAAAATCAACTATTCAACAGT (SEQ

ID NO: 150)
3300032030|G30310697_10005481_13 | P ATTGTTGGATAATAGGTTTITTITATCTTAATTACAAC (SEQ 29-30
(SEQ ID NO: 55) ID NO: 88)

GTTGTAATTAAGATAAAAAACCTATTATCCAACAAT (SEQ

ID NO: 149)
0BLI01003123_14| M (SEQ ID NO: 56) ATTGTIGIAGATACCTTTTITGTAAGGATIGAACAAC (SEQ 30

ID NO: 90)

GTTGTTCAATCCTTACAAAAAGGTATCTACAACAAT (SEQ
ID NO: 151)
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Example 2 - Identification of Transactivating RNA Elements

In addition to an effector protein and a crRNA, some CRISPR systems described herein may also

include an additional small RNA that activates robust enzymatic activity referred to as a transactivating

RNA (tracrRNA). Such tracrRNAs typically include a complementary region that hybridizes to the crRNA.

The crRNA-tractRNA hybrid forms a complex with an effector resulting in the activation of programmable

enzymatic activity.

tractRNA sequences can be identified by searching genomic sequences flanking CRISPR arrays
for short sequence motifs that are homologous to the direct repeat portion of the crRNA. Search
methods include exact or degenerate sequence matching for the complete direct repeat (DR) or DR
subsequences. For example, a DR of length n nucleotides can be decomposed into a set of
overlapping 6-10 nt kmers. These kmers can be aligned to sequences flanking a CRISPR locus, and
regions of homology with 1 or more kmer alignments can be identified as DR homology regions
for experimental validation as tracrRNAs. Alternatively, RNA cofold free energy can be calculated
for the complete DR or DR subsequences and short kmer sequences from the genomic sequence
flanking the elements of a CRISPR system. Flanking sequence elements with low minimum free
energy structures can be identified as DR homology regions for experimental validation as
tractRNAs.

tractRNA elements frequently occur within close proximity to CRISPR associated genes or a
CRISPR array. As an alternative to searching for DR homology regions to identify tracrRNA
elements, non-coding sequences flanking CRISPR effectors or the CRISPR array can be isolated
by cloning or gene synthesis for direct experimental validation of tracrRNAs.

Experimental validation of tractrRNA elements can be performed using small RNA sequencing of
the host organism for a CRISPR system or synthetic sequences expressed heterologously in non-
native species. Alignment of small RNA sequences from the originating genomic locus can be used
to identify expressed RNA products containing DR homology regions and sterotyped processing
typical of complete tracrRNA elements.

Complete tractrRNA candidates identified by RNA sequencing can be validated in vitro or in vivo
by expressing the ctRNA and effector in combination with or without the tractrRNA candidate and
monitoring the activation of effector enzymatic activity.

In engineered constructs, the expression of tractrRNAs can be driven by promoters including, but
not limited to U6, U1, and H1 promoters for expression in mammalian cells or J23119 promoter
for expression in bacteria.

In some instances, a tractRNA can be fused with a crRNA and expressed as a single RNA guide.
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o The system can include a tracrRNA that is contained within a non-coding sequence listed in
TABLE 9. For example, in some embodiments, the system includes a tractrRNA set forth in any

one of SEQ ID NOs: 152-204.

5 Table 95. Non-coding Sequences of Representative CLUST.091979 Systems
>33000288871Ga0265299_10012919_3|P

TATATCGTGGCCGAATATGTTAACGCGGACGACGTCCGTCTTGTGAAGT TTCAGGACGAGGATTTCGACAGGCTTCTTGACAAG
GTTAGAGAATGGAACAAGAAACATCTIGITGTTGGARATCGGAACTTCGAAGARARATT TGCGTARTCCAARAAT TTTCCGTAT
ATTTGCGGCGTGARATTAARAARTATGT TTAACTAAARACAAAGATTATGGCACACAAGAATCCTGATGGGGAGAACACCATCAA
CAARACTTTTATTTTCAAAGTGAAATGCGAGAAGAATGATATTATATCGTTCTGGAAACCCGCAGCTGAAGAGTATTGCAACTA
TTACAACAAACTTAGCGAATGGATTGGCAAAGATATGTATAACACGCCGTCATGGAACATCCGGCARGAGT TCAAGAAGAATTT
AAGTGTTAGAACCATAAACACGTTTCGTGAGCT TGGCAATGTGAAATACGGCAAAATCAACAATGAAGGGCTITTTGTCGAAGA
CGATGTGTAAACATTAAGATTTCCATACGACAGGATTCAAAAAAACGTTCTTTGARATATTGGAT TGGTGGCAAGAGGCTGTTT
TTTTTAGGCTAAAAAGTTGTGTAAATAGCAGAAACACAGAACATAACATARAATCT (SEQ ID NO: 91)

>33000287971Ga0265301_10000251_12|M
AACTGCTACAATTCTGCCGAGTTTATGATTCAGACAAAATTCAAAAARAAGACTTCCGCAAGCAACCGTTTTTGGTGAATTGAAC
AGAAACGGGTATGTTAAAGTATTGACCCAAGAAGAATATGACGAACTCACAAAATCAGCAAAATAATTTATTACTGATTGAAAA
ATAAAGCGTTICTTTGACATATTGTATAACAAACAAGCATTTITTGTAAGAGATAACCCATTTCATTTTATTGATATACAATGAAA
TGAAAAGAATAT (SEQ ID NO: 92)

>SRR094437_845781_4|M
GATAAATTTGCCCGTAATGTTATCGGGTTCAAGTCATATCACGAACTGCTTGATAATGCTATCATAAAAGARAAAATTACAACGG
GAATTTGGTTATGAAGATGCTCCGAAAACGTGGTTGTITCGGACAACAAAAAAATGAATGTTTCTAATGTATTAAAACAATAATT
CAATTACAATTTTAAGATTATGGCACAACACAAATCAAACAACGAAGAATCAGCAATCAACAAGACTTTCATTTTICAAGGCAAA
ATGCGATAAGAACGATGTCATATCGTTATGGGAACCAGCGGCAAAGGAATACTGCGACTATTATAACAAAGTGAGCAAGTGGAT
TAAAACTATGTATAACATACCCGCATATAACATTAAGTCCAATTTCAAGAAAAATTTGAGCGCCAAAACAATTCAAACTTTTAG
AGAACTTGGACACTACCGTGACGGAAAAATAAATGAGGATGGTATGTTITGTTGAAAACTTGGAATAATTCTGTATATACCAATT
AGAATTGAAAAAAAAACGCTCTTTGACATATTGTTTTCTACATAAAAACAAGATTTTACACAACGCAATACATCATAAAGTGTT
GCGTTATAACAAATAACAAAAATTCT (SEQ ID NO: 93)

>3300021254|1Ga0223824_10022219_2|P
TTTATTCAATGCGAACCAGAGGTCTTGACGCATGAATCTIGGCTATACATATCGTTATGCGACCGACGAAGAGAAAATATTGATT
AAAAGATGCAAATATTGAATAGGCAATTTTAAATTGTGAAAAAAAAAATGATTGAATATAAGTTTACGTTTGAACTGGATGGAC
ATCTATCGGCGTACGATTTIGTTACGTTIGCAAGAACGGTTTGAAAGGGAATTGAATCCTTATTTTGATGATGGGAGCATATCTG
GTACTCTITICTTATGCAAATGATGATTAATATGCAAATAATATGGCACATGTAAGAACAAAAAATGAAGGAAACATGGCAAARAA
CATATTCTTTTAAGGTCAGAGAAACAAACCTTAAAAAGGATGTGATGATTGAATATAACGAATATTATAACAGGTTATCCGATT
GGATATGTGGCAATTTAACCAAAATCTCGGAAAATGAAGAATGGAGGAATGCCTTATGCAAACCAACAGAARAACATGTACAACG
AACCGATTTACGTTCCCTITGGTTAAATCACAGAACGGAATGTTCAAGGCAATTAAAARAATTGGGCGCAACGAAGATATGGCAAG
AATAGAAAGACCGATTTTITAAATCTGAAATCACTTCTAACGAATTGTATACTAAAGAAATATAAAGAATATACATCTITITATGA
CATTATGATATTGTTGTATGCATCATTTCACATGGTAATAACAACGAAGAGAAACACCGAGCGACCCACAAACCTATTGTCGTA
CGCATCATTTCACATGATAATAACAACGAATATTCCTIGCAAGCATGATTTAACAATTTTTAAGAACCTGGTGGTTTCTICCGTTIG
GGTTCTTITTTAGTATCITIGCCTTIGTTGAAACAAATAAAACAAATTGAATTATGATTTATAAAGGCAAAGAAATAGACGAAAGT
TACCACATCAATAAATGGGAAGATGAAGAGATTTACTCIGGTCCAACCCATTATGAATCATTCGAAGCCGATGAAATAAAAGAG
TTCTACCTCAAGGCACTTGCAAAGGAAAAGGAA (SEQ ID NO: 94)

>AUX0017332817_2 1M

GTGCGCATATACACTCAATTCGCCGATGACCGTGTIGTACGCGAAGGATTGTATCGACGGATTCTTTAGTATAAGACAAGATACC
GAAATGCGCCTCGTGTATAAAAATGAGATAGCACGCGGGCTTGAGTGTATCAATATTGTAAGATAGTAGTTTTICIGTTATTTTIA
CATATTGATGTGTTTIGGCATGGTTTTITGTTAAAATATAATCTAGCAGTATTGAGACTGCGGAGTAACGTGTCTAACTGTTICA
TTATAAGCAGTAAAGACTAATATTTTTATATCTTAAACTTATTTTTATTATGGCTGGTCACAGCAAAATCAAAGAAAATCACAT
TATGAAGGCGTITTCTTATGAAAGTAAAAGAAACGCGAAAAAAACAGTGGCAATCAAATTTTATTAGAAGTGAGATTGCTAAGTT
TACAAATTATTACAATGGGCTGTCAAAGTTCCTTCTTGGAAGCCCGACTGGAGGGACATATGACACTGCATATTTTGATACAAA
GATTCAAGGCTCCAAGGGGGTATATGATAAGATTAAAGAAAACGGAGAAACTTATATTGCAGTATTAAGTGATGACGTTATTAC
GGCAGAGGTGTAAAATCCTICTGCCAACATCGCAAGTAACTCATTGAAAATTAGTTAAATGCGAATGCCAACAAAAGTGAACGAA
CTGACTTIGTAAAGCAGGATGTTGTTATATCTTTTTGTAGATAATAAGCAACAAGATACAATCAATCGCGAGTTTATACTGAAAT
GTITGTTACACTGTTTTIGTAAGTGTTAAACAACCTTIGCACAAATGTCATCTACCAGTACAATAGATGTTGTTATACTGTTTIGT
AGGTATTAAACAACCATTIGCGCAGACTGACAGAGTAACCTTITCCTGATATGTTGTTACACATTTTTIGTAAGTGTTAAACAACTG
ACGCATTGATATTGCCTIGICTATTAAGAATGTTGTTATGCTCTTTTTATTIGGTATAAACAACCGAGCAACTGGTACTCAAATT
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TTAAATACTGICGCGCTATGTITATGTACATCGAACAGCTACCACTCAATGGCTTTGTITTIGCAACCGTGATTAATTCAATCGCGG
TTGCATTIGTITITTATGATGIGTTTTTGTATATATTATGTATATATGGAAAAGGAAAACAGGGTATCGGAGTTATGGAGCAAGTT
CTCTGATATTGACTTGCGCCGAAGCCAAATGACATATATGCCAATAAGAGGTAGTAAAAGATACGGCAGAAGAATAAAACGTAG
TGACATCGAGTACGAGTACAGATATCTGTATAGAGCAAACAAACATTGGTAATATGACCGTAGCTAAATTATCAAGTAATCATA
AGCCAGCGTGCCTTGGACGAATCTCAGCTTTAAACACCCCGATTAGATTTGAGTGTCGGGCTGGTAATAGTATAAGGCCTGGCA
ACATAGAGTATAGCTATAAAAGATGGAAAACGTCGTAATTTCAACTATGCACAACCCGCATACGCTGGCTTATTACCAAGGTAA
GCTGGCTCCTATGCATTTCAGACAAGATACAGG (SEQ ID NO: 95)

>33000214311Ga0224423_10015012_2|P
AGCCTGTATACAGGGACAAGGTTAAGTACAACACCAAGGCTGAGGCAAAGAAGAGGGCTGATGATATGAACAAACAGAATAGGG
TCATACACCAGCTGTICTGITTATTTGTGTICCTAAATGTCATAAGTGGCATATAGGTAGGAGCAGTGTGGAGAGTGTGCGCAGGG
AAGGGTACTTTAGTCAGATTTGAAATTAATTGTTATATGGCGCATAGAAATAAAAACCTAGCAGAAAACTGCATTAACAAAACA
TTCAGTTTTAAAGTCAAAGCCGAAAAAGAGGAGATAAATTCAAAATGGATTCCAGCCATTAAAGAATATACTGCTTATTATAAC
AGGATAAGTGACTGGATAAACCTGTATTCACAGCCTACTTATGATATTAAGGAAGTTTATAAGAAAAACGCTGGTTGCAAAGTG
ATAAACGACTTCATTAAAAACGGTAACGCCGTTATATGTTGTATCGAAAATAACAAACTAATTGAGACAAATGGAAGACAATAG
TTCAAATTTTAAATGTAAAACAGTCATTAATGTATTAATATATAATACATAGCAAAAATCCAGATGTTGAATACATTICTTTTA
AGTGTACTTACAACGCGGTIGGCATTGCTAAAATATAGTCCIGTGCGATGTTGAATACATTITCTTTTAAGTGTACTTACAACCAAC
GCTGTACACATTGCTAATGGATGATGACGATATAGAGGTGTTGAACTACCTTAATGAAAACTACACCAATGAAAACATTGAGTA
TATACGCGGTTGGTGGATGGATGACGACGATAAACTCCAGACACTTGACAGGTTTTTGAAAAATTTTTCAATATAGACCTGTCA
CTGTTGCGGCTATAAGAAGACCGATTTGACACTGAAAGACCGATACTGGGTTTGCCCCGAATGCGGTGCAAAACTAGACCGCGA
TACCAATGCAGGAATAAACATTAAGAATGAGACAATTAGACTGATAAACAAAGAATAATGAGAACTATAATAGGGAGGTGTACC
CCCGAATTTAAGCCAGTGGAGAACCATACAAACCTATCATATAGGGGTTCAATGAATCTGCGAATTTCTGACAAARAACAGGGTTT
AACAGCCAGTGTACCAATGACTAACACAGGACATATAAAGACAAATCTAACAATAAAARAAAAATATTGACCAATTCTIGCAGAAA
AAACAGGTTGGTTTCGGTTATGTTGGTGAATAAAGACAGTTAGATTAATTTTATATGGAAATGAAAATAGAGACAAAAGACGAG
AACATCTACGTATTCATCTATGCCAAGTCCGCCTACTICGGCAATACATTTGAATATGGCGGCACATTTTCCGTCGGCAAGGAC
GACAACTGGAACGATGTGAGAGGCCACGTTACCGAA (SEQ ID NO: 96)

>AUX0013988882|Ga0247611_10000101_23|P
GACAACATCCTGGTCAAGACCGAGGTTAACAGAAGGTACTGCCGCCTTATGACCGACGAGAACGGAGTGTGGCTCCTGAGGARA
AACGACABACATCCAACATATTTTATCTACCAGAACGGAACACTCTATCAATATGAGGAAGATTGATTAGTTGATGTTTTCATA
ATAATTTTATCTGGAATTTGARAAGATTCCAGATTTTTTTTTTATTTCGACTGTACARARAACAGGTTCCGTTGCGTTATATAG
GTGTAAATTAAAAATTCAGTCAAACAAAAATTGGAATAAAATATGGCTAACAAGAGAACAGACACAACAATCAACCTTAACAAA
ACCGTTATAATGTTAACGAACATGCTGCCAGAAGTACGGGCAATGTTTCAGGCGGGAATACGCCAGGCTCAAGTTTATGCAGAC
TTGGTGAACAAGTGGATATGT TCACAGGAAATGAGAGAGGTTATGTGTCTCCATCCGTCAARAAAAGGACGGGGTGTACGACCAA
CCGTTCCTGAAAGCTACAACCARATACCCAGCCACGCTAGCTGGTATCCTGCTTAAGATGGGARAAACAACCAATTGGGGTGAG
ABRATAATACCCACCCGCCCCATTTTTTTACACTGATTAGTTCTTTGACTTATTGATTTATATTGGTTTACACAAATTATCGACA
CAATAAATAAAAAAAATTGTATATTAGTAGTATGATGACAGAAGAAACACGGAAGACAATAGAGAGCGTCATAGTGGTTCTCGG
CATAGCAATCATGCTGGCAGCCGCCGTCCGAATAATGACGCAGAACARAGCAATTGTGARATATGATGAACAGGTTGAAACCAT
GCAAACTTGCATA (SEQ ID NO: 97)

>AUX0013988882_8|P
ATGGAAGTTGTACGTGGTGGAAATCAATGGGAGGCTTTATGACAATTACGATGAGACTATGAAAGCATCAAAAAATGTAAGGTCT
GTATTGGGACTTCCGGAAGTAAAATATCCACCTGAGGATTTTAGGACATATAATTTCTAATAAAAATGAACGGAARARATTTCCG
TTCATTTTITTITTTGTITTATTIGGTGAAAAAATAGTATCTTTIGTAAAAAATAAATGTTAAAATATTTTTTATGGGAAATACTACA
AAAAAAGGAAATTTGACGAAGACTTATTTATTCAAAGCCAATCTTTCAGAACAAGACTTTAAATTATGGAGGTCTATTIGTTGAA
GAGTATCAAAGATATAAGGAAGTGTTGAGTAAATGGGTATGTGACCATCTTAGAAATGCAATGTGTACGAACCCGAAAAGTGAG
ACTGGATATTICTIGTACCGTICTTGACTTCAAGAATCAAGAAACAGAACATTATGGTTGTAGAATTGAAAAAAATGGGCATGGTT
GAAGTCTITGAATGAAAAATCAACAGAAATTTAAGAAAAAAATATTTATATAATGTACTGAAAATAAGTAAATAATAAATATTIGT
GTAAAAAACTTGATATTITITTTTTITIGITATCTTTATAATATAAAATAAAATGTAAATATGAAAAATCTGTTAAAACTCAAAGAA
CAAATCAAGGATTACAAACATCTTICAGTITTGTGTTGGAGAAAGAAGATGAATCTGAACTCCATTATAGATGTATGACTGAAGAT
TTTTCGTTCAAGGTATCTGAAGAAAAAGACGGAACACTT (SEQ ID NO: 98)

>SRR3181151_741875_3|M
TTATAAACATCTAAAAAGAAAGACTTATGACAACAAAACAAGTTAAATCAATCGTTTTAAAAGTAAAARACACTAATGAATGCC
CTATTACAAAAGATGTAATAAATGAATATAAAAAATATTATAATATATGTAGTGAATGGATTAAAGATAATCTAACAAGTATTA
CTATTGGAAACGAAAATTTACGAAAATTATTTTGTGGTAAACTTAAAGTAAGTGGATATAATACACCAATATTAGACGCAACAA
AAAAAGGTCAATTTAATATATTGGCAGAATTAAAAAAACAGAATAAAATTAAAATATTTGAAATAGAAAAATAAGTCTTATGAT
TACAAAAATAATAGATTTICAAACATTTTITTITAATTICTATTTTATTGACTAATTCATTGAAATATAAATAATTACAAATAACCC
(SEQ ID NO: 99)

>33000288051Ga0247608_10000186_37|P
GATAGATATAGTATTGCAGCATTICIGGCTTGCGAATCATCAGCAATGCAAAAATGTGACTATTGGAACAATGATGATGCCCAA

92




WO 2021/050534 PCT/US2020/049923

GATTACATAAGAAACTACAAAGAGGCTITATAGTAATGCAGTAAGACTTGCGTTTITTTAATGATTAAGCAACACGCTTAACATIG
TCAAATGTAACGACATTAAGTGCGTGTTTCATAAGGGCAGCGAACCTTTICGCCGCCCTICTTTTTTTIGTITGCTGTAACGGAATT
ATGTTTACTTTTGTGCCATCAAGTATATAGTITCCCTTAATAAATTGTATATTAATTAAAAGTTTGGCACAATATTTGATGCGTA
CAAATTAAAATAAAAACATTTTGAATTTTAAAATTTAATTTGTAATTTTAAATAAGAAAGTTTTATTTAACTAAAATAAAARARA
ATGAATAAATCTTATGTTTTITAAGTCGAATGTGGCTATTGATGACATTATGTCTTTATTITGAACCGGCAATTGAAGAGTACATA
AACTATTACAATAGAACCAGCGATTTCATTIGTGATAATCTTACATCAATGAAAATCGGAGATTTGTTIGCTTCTAACAATGTGT
ACTAAGACAAAAGAAAATAATAGATACGGTAACCCCCICTATAATATCAAAGATACTTTTAAAAAGAARATACCATCTTCAATA
CTTAATATATTCAAAAAAAAGGATATGTATCAAATAATATGTGATTAATTATGCCTTITTTTTAATAAAAAATTGTTAAATAATA
CTITTIGTTTATTAATAAATTATAAATATCACAGTAAACTATTAGGGATTTGTAAAATTTATGGAAATTATATACATGATGGCACT
AAGATTTGGTTATTAAGAAATTTTTCTGTATAAGTATAATAACCTATTTATAATTATAATTGAATAAAATGTATAATATGGAAA
ACACAGGCTTTITATACAGTTTCAAATATTGAAACTTCTCATAAGCCAACCGAAAATTCTAATGACGAAATTCTTAGGATTTTCA
ATAAAAGAAGGCCTTATTGCCCTTCAGACTTTAAGAAGCAACATTTTATT (SEQ ID NO: 100)

>33000288331Ga0247610_10000007_379|M
AGGCTCAACCTICCTCAACCCGATTTATCTTGAGATCGCCAAGTACGGACACTTCGGGAGGAAGAGCTATGTGAAGGACGGCATC
AAGTACTTCCCGTIGGGAGGATTTGGATTTGGTTGCGAAGACATCAGAAAAATTTTCGAAATGGAATAGAGGGAACCGGAATTTTTT
CCGGTTTITICTTTGICCTTTCGAAAATAAATAGTATCTTTGTAAAAAAACAACAGATTATGTACAATAGTAAGAAGAAGGGGGA
GGGTGACATTCAGAAGTCGTTCAAGTTCAAGGTCAAAACGGACAAGGAGACGGTCGAATTATTCAGAAAGGCCGCAGTCGAATA
CTCGGAATACTACAAGAGGCTGACAACATTCCTCTIGTGAGATGTATAACAGACCAGCGTTTGACTTGAAGGAGTGCTACAAGAA
AAATTCCAATGTAAGTGTICTTCAACACATTGAAGAAAACTCTCGGTGCAATATATGGAAAGCTCGATGAAAACGGAAATTTTAT
TGAGAATGAATGTAATAAGTAACTGGAATAAAAGAAATTAGACAGAGTAA (SEQ ID NO: 101)

>33000288871Ga0265299_10011526_3|M
TTGTATTGGTTGCTGTATGGCGACGGAAGTGACATATATGATGACGGGTIGGTTTGACTGTGTTCATAATTTTGCCCGTAATGTT
ATCGGGTTTCAGTCATATCACGAACTGCTTGATAATGCTATTATAAAAGAAAAATTACAACGGTAATTTIGGTTATGAAGATGCT
CCGAAAACGTGGTTIGTTICGGACAACAAAAAAATGAATGTTTCTAATGTATTAAAACAATAATTCAATTACAATTTTAAGATTAT
GGCACAACACAAATCAAACAACGAAGAATCAGCAATCAACAAGACTTITCATTTTCAAGGCAAAATGCGAGAAGAACGATGTCAT
ATCGTTATGGGAACCAGCAGCAAAGGAATACGGCGACTATTATAACAAAGTGAGCAAGTGGATTAAAACTATGTATAACATACC
CGCATATAACATTAAGTCCAATTTCAAGAAAAATTTGAGCGCCAAAACAATTCAAACTTTTAGAGAACTTGGACACTACCGTGA
CGGAAAAATAAATGAGGATGGTATGTTITGTTGAAATTTTGGAATAATTCTGTATATACCAATTAGAATTGAAAARARAACGCTC
TTTGACATATTIGTTTTCTACATAAAAACAAGATTTTACACAACGCAATACATCATAAAGTGTTGCGTTATAACAAATAACAAAA
ATTCTGGACGGGAAAGGAAGATGTCAGACGTTTTTATIGTTGGAATACTCGTTTTTTACGGTATTTACAACTGCCCCGTAGCGG
AATCAAAATACCACCGCATIGTTGGAGTACAAGTTTTACACGGTATTCACAGTACGAACACCGAATGAACTGAAAAAAATAAAC
CCGACCTTGCAACCGTAGATATAAATAAAGCAATACAAAATTTGAAACTATGGCACACATTAAAAARAATTGACGAAATGGCAAG
TCAAACTGTTTICACTCCGTITCTGACGCATTGTTCAAAAAAGCGTTTGAGGAATTTGAAAAGGAGTTGAAAGAAGTTCTCAAATC
GCACAACAATATCATTTATTGTGGAGGTGAT (SEQ ID NO: 102)

>3300028797|1Ga0265301_10009039_3 1M
CTCATCAAATTGTACAAGTCGTTGACGGACACTGAATTTCGACAAGAAGAAAATCATCAATGATGTICTACGACGGCACTTTTGAG
ATAATCCTCAAATACCCAAAGAAGAAGAACGGGACATTICGIGTTCTGGAAACATTACAAGAAGTAACACAATGATACACAGTAT
GTTGTAAGAAATAAGATTTAGGCTTTAATTTTAATATATGCGAAAATATGGCACACAAAGGAGAAAAGGAAGGCTACCAAATCAAG
ACACTGAAGTTCAAGGTACGCTCGCATGACATCGGGAAATCACTTTATGATATTGTCAACGAATACACCAACTACTATAACAAA
GTAAGCAAATGGATATGTGACAACCTTIGGTTACAACGAGCCATTCTACAAGTCAAGGGTGAAAAGCGCCGCCTCCATGATGTICA
GGATTGAAAAAACTGGGCGCCACCATGCCATTGACGGATGAAAATGCCATTTTTTCAACACCAAAACCGAAGAAARAACATTGGA
AAACAATAATTTACACAAAGTICTACGGCGGGAATCGTGATAAAAATGAACGAGATTGTTIGGGATATACCTTTTATAGGATTTTIC
ACAACATCTIGAGTTGTTIGATGTTAAAAACTTTAACTAATAAGGCAAGAAGTCCCATTCCTTCAGGTGGGGGTAGTTCATTTIGT
TGGGATACTCGTTTCACACGGTATTCACAACTTCCAACCAACCATTAAAAAACCTTCAAATATTGTTGGAGTACCCGTTITTATA
CGGTGCAAAGCCTCCCCGACGATTTCAAGTTCCTIGTACGAAGATGTCAATTTTGGATAGCAACTGTTACCAATAAACATATTICA
AAAGTAATCAAATATATTCAAAAACAACTCGTATAAATATATAAAGTICGTIGATATTTATTATAAAGAAGCCGAAGGAGAGAGC
GGTTTCCGAACAATAAAGATATACAGAGGTTTTATICTTGACGGCACTCTCTCCTTTAGCCGCAAGTTTAATTCCTICTITTITTITIA
TTGCACTATGGTCATCGACAGCAAATATACCAAGACATTCAAGTCAAACGGACTGACCCATCAGAAATATGACGAGTIGCICTC
GTITTGCTTCTATGCTGCGTGACCATAAGAACACCATCTCCGAATATGTCAATGCCAACCTTGAACACTACCTCGAATACTCAAA
ACTCGACTTCCTTAAGGAAATGCGTGCGAGGTACAAGGATGTICGTTCCGAGTTCGTTTGACGCTCAACTCTACACG (SEQ ID
NO: 103)

>0OBLI01003123_14|M

AGAATCTGTCCTATATGTGGGAAACATTGCGAATATGAGGAAATGCGAGGGCGACCACATTIGTTCCATGGTCAAAGGGCGGTAAA
ACCGATATAGGCAACCTCCAAATGCTATGCAAGAAGTGCAATCACGAAAAGTCCAATAGATATTAGTGGCGTAATCAAAAATTT
GITTGIGTTGAGGAAAAGCAGTGAAAAAAAACATTGITTITTCCTICAATTTTTATTTGCATAATTCAAATAATTTTTTATTTTAT
AGGATAATAGAGCTAACAAGCATTAACAATTATTAAAACGATTTATATTGAAAATAAATTTTGTGGGAATATTTATTTTITACTA
CCTTTGCATCGTAATACAATTAAACAAATTTTTGATTATGGCACACAAAAAGAACATAGGAGCAGAGATAGTAAAAACTTACTC
TTTTAAGGTGAAGAATACCAATGGCTATCACAATGGAAAAATTAATGGCCGCCATTGATGAGTATCAGTCGTACTATAACCTTIG
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CAGTGATTGGATATGCAAGGGTCTTGACGAAATAATGAGGAATACTTTTCTGAAAAAAGCAAATAGCAATAAATCATTGTATAA
TCAGCCAATCTACGATACGGGTATCAAGAAAACCGCAGGTGTGTTTICCTAGAATGAAAAAATTAAAGAAATATAAAGTTATCTG
AAATAAAATATGTATTTTITICITTGTGGAAATACCTATTAATAGACTGATTTICTAATAAGTTATAAGAAATACTGTATGTAGTAA
ATAAGATATCATATTTTTIGCGGAGAGGCACATGCGAGTATGCTATAGGGTTTITTGCTACCGAGCAGAAAGCAAAAGAAARAAATGC
AGGGATGATATCATTTCATICTTGCATTITTIGCTTATACATATTCAATCAAGTATCATTTITCTGTTTTTACTATTATCCTATAAA
ATAAAATTTTCCTCAACATTTCCAAATTTAATTTGCAATAATTTTTTTTGATAAAAAGTGCAAATAAATTTTATAGATTCAAAA
CTTTTGATTAACTTTGTAACAAGAAAAACATTAAGGATTATGGGTTACACATATTTTAGGGTTACTGATGARAAGGGCAAGGGAT
GTTATGCCAAAGGCGGCTGAAATCATAAAGGATATTTITC (SEQ ID NO: 104)

>3300028887(Ga0265299_10000133_30|M
CTTCACCTCGTACAGCCGACAATAAGTTTCGCTTGGACTGAACTTATGTGCGCCTGCGCATTCATAGCGGGTGGCGTATCAGGC
TATCTCATCAAGGGCAAGATGCCAAACGACGGGAACAAGTACCAGTCGGTAGAGGGAAAGGAATAGGACAAAAARARACACATC
ACCCCCAGCGCATCGGGCGCGGAGGTCGGGTGTGCATATAACGGTGTCTGTGGCGCAACTGGTAGCGCAGTGGATTGTGGTTCC
ARAGGTTGCGAGTTCGAGCCTCGCCAGACACCCATTATCACACGGAAGCATTGGATGGAAGTGCAAGTACCTACTGGGAACTTC
CTGAAAGCGCAAGCAAAGTCGAGGTCTAACGGTACTTATGACCGAGGTAATGGCGGGGCGTTGGTTCGAGTCCAACACAATGTT
TCCATTTACACGGAGAGTTGCAGGAGTGGTAACTGGTCAGATTGCTAATCTGAAGCCCACCTCGTTGTGGCAGGGGTCCGAATC
CCTTACTCTCCGCCAAGCAACATACCCGCAGAGTAGTCGCGTATATTCTGTCGGTGTGGTCAGAAAGAAGTGAATGTGATGCGA
ACGCGCGAAACCATCGCATTTAGAGTCCGAATCTCCTCTGCGGTAGCCAGTCCGCATAGTTTAATCAGGTTAAAACATTCTGAC
GCTTTTTTAAATCGCGGGAGTAGTTCAGTGGTAGAACATCGGCTTCCCAAGCCGAGGGTCGCGGGTTCGAGTCCCGTTTCCCGC
TCAACACATAGGCTGTGGACAAGCTGGGCGAAAGTATTTITTITCCATAGTTTTACACCAACGCCCGCCTTTTCCTAAACGCATTG
GAGAGATAGAGGACTTGCCTTCTAAACAAGCAGTACGGGGGAACTTGCATCCGACCTCCGTTTCAATGCGGTAGAACTCCGCTC
CCGTGACAGCGACGAATGATGCAATAGCGGTTCACGAGATACCTCAAGAAACTTCATTTTTCAAAAGCCACAATAGTTCAACTG
GTAGAACGGCGGTATCGTAAACCGCAGGTTGCTGGTTCAATTCCTGCTTGTGGCTCAACAATTTCGGGGGCTTGCAACGCTGCC
ACTGCGGGTGGAAGCCAGCGACAAGAACTTGTGTGAAGCCGAAACGCAGTCCTTCGGGAGAGGGGCGAAGGGGCAAGCGAGATG
TGTCCCACTTTITTTAAAGTAACAGGCTTTAATAAATATTTATCATTCCCGAAAGGCTGTGCGGAACAGCCTICTCGGCTTTTACG
GGGATTTAGTTCAGTTGGTAGAACATCTGGTTCGCAATCAGAAGGTCGCGGGTTCGACTCCCGCAATCTCCACAAATATAAATA
TAGTATTGCCCTGTGGTGCAATCGGTAACACACCAGATTCTGAATCTGGAATTTCGAGTTCGAGCCTCGGTGGGGCAACACAAT
AGGCAGCCGTACTGCCGAATACAAGCCTGTGGAGAACCCAACCGTGGATGACCGTTGCCTATGCAACCTAAARAGCGGTGGTTC
TGTGAAGCAGGAAGCGGAAATACAATATTCCGCATACGGTGGTGGTGTAATCGGTAACATAACAATATCCGAAAAGTTTAAACC
ATACACCCGACGATTATTTTTATTCATTGTTAGCGACCGCCGTGAGGCGGACGCAGGCTGGCGGTCGGATAATGACGCATAATG
GCGGTTGTGAAAGCCGACGGAAAGCACTACATCGTTAAGTGCCAGCCACCATAATAGGCAGCCGTACTGCCGAATTTAAGCCTG
TGGAGAACCCAACCGTGGATGACCGTTGCGTAAGCAACCTAAAAAGCGATGGTTCTGCGAAGCAGGAAGGAAATGCCCAATTTA
TTAGGTTTTTCCATACGGTATGACAGCCTICTAACTGTAGCGCATTACAAAACAAACGCTACCATTACATAAATGGTCAGAGGCA
TAACGCCGAGCGCAGGTATGGTATGCGTTCAAGTCGCAGTCACGGAAGCCCCAGATAAAAATGGGAGGTGCTTGCGGTCAAGCG
AGTGGTCAGCGGGCTTGCACTCGGTGTGGCAACAATGGTCGTTTCCGAACTTACGACCATTCAAARAAGATAAGGTAGTGGCTTG
TGAGTGAAAAGAAACTCTCGATACGCTCCITTCGTCTAACGGTCAGGACGCGAGATTCTCAATCTCGTAATGCGGGTTCGATTC
CCGCAGGGAGTACAATGGCGAACACACGACAATCCAAACTGAAGGGGAACTGGAAAACCCTCGCTCCGAGATAACATCAGCGCA
GAGAGGTTGGTGAGGCAACCGTAAAAGTAATCCTIGTGTGCAAGCAAGAAGGAAGTTCGGGTTCAAGTCCCGATGAGGATTATIG
TTGAAGAGGGATATGATTCAACCATAGCACTTATGGTGCTGTGCAAGGGTTATAGGCAGCCGTACTGCCGAATACAAGCCTGTG
GAGAACCCAACAGTGGATGACCGTTGCCTATGCAACCTAAAAAGCGGTGGTTCTGCGAAGCAGGAAGGARAATGCCCAATTTATT
AGGTTTTTCCATACGGTATCACTACTCGCGGTGCGATGTGGAAATAACCGCGATTTGGTCAGTTGGTGAAGTTGGTTATCATACC
TGCCTGTCACGCAGGTGTTCACGAGTTCGAGCCTCGTACTGACCGCAGACAAAGACAAAGAACGAGAGGACTTGTATGACTTGC
AAATGTCACGGACTCAAACAAGAAAAGTTTATAGGCTATTAGAGGATGACTGTITTCTTTAATTTGTTTICTTGTACTGAAGGTC
ATCACTGCCGTGCCACCAAGCCGTGCAAGTCCAAATGGTGCGTTAGTTCAGTTGGTTAGAATGCCAGCCTGTCACGCTGGAGGT
CGCGGGTTCGATTCCCGCACGCACCGCAATAATCTGGATATAGGCAAATTACACATATCATATGTCGCCCCGCGTAATCATAGA
CGACACTGCGGACGACAGCGGCGAGAATGTCGAAAGGCTCGACAGCATAATGACATTCGACATCACCGACACCCCGATATACGA
AGGCGGGGAGGAACTTGAGATAAACGCAAAATTCAACAGATAGAAATAATTAAAACAAACGGCAATGGCACACAGAAAAAAGAA
AGATGACGAAGCAACGCTATCGTACAAGTTCAAGGTAAAGGTCATAGAGGGCGACCTGACGGCAGACGACATAACGAAGTGTAT
CGCGGAAAACGCGGAGCAGGGCAACCATTTICTICCGAGTTCATACACGATGAGAATTTCAGGAAGACCTTCACATCCGAGATCAG
CGCGGACAAGTTCGGATGGGGCAAGCCGATGTTCAGCCCGACCACCAGAAGTCAGGACGAAGTGTTCTCCGCGATAARAGAAAAT
CGGGGCGATAACCGTGCTGGAAGATTAGCGCATATTATTCTCATATCTAAAATTGGAAGGACACCTGCGGACGCGGGTGTCCTT
TTTTCTTAAAATGCCAATTTATAAATAATATATAACTTATATTTATTIGTACTTTTTTIGTTTAACTAAAACACATAGACAAATA
TGGAAATTCAACAGATTAGGTITTATAAACCCAGTTGATTTTGAAGAAACAATCGTTAATGTACCCACGGAGAAGGGCGAAAGAT
TCCTGAGAACAAAARATCTATACGGACGAGTATTCACCCGAARACATTCATAAAACTCTGCGAGAAG (SEQ ID NO: 105)

>33000288881Ga0247609_10000668_74|M

TGGCGATTATTICTTACGGCAAAGGCCTTATCCATGCATACATAAATCGAGACATCAAAAGTTTTTGCTTGCCAAACACTTTAAT
ATGTGAATGCCATATACCAAAACATACCAGATATATTACTGATTACTCAGGTACAAATATAGCCGCAAAGAAAATCATCATCGA
CAAAGTTIGICTGGGAGAAGGTATGTATAAAAACATAATGGTATTAGGGGAGAAATTTTCTTGGACGGAATGAATATAATTTCAT
ACCAACACCGIGCATTGATTAAACTAAATTAAATTATCAAGCATAAAAAGTTTGGCACGGTTTTTGATATAGTAAATTTGTATT
TAAAATTTTTAATATGGCACACAAAACTAAAGAATCAGAAAAATTAGTAAAGTCTTTCAAATTAAAAGTAGACATTAGCAATTG
CGAAATTGAAAAGAAATGGATTCCTTICTTTTGAAGAATACACAAATTATTATAATGGAGTAAGTAATTGGATTTGTGAACTATT
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AGAAAAAGTTTIGCCTGAAAAGAAAAAAATTTGGAAAGGCTICTTATTCAGTACCATATTGGAACGTTAAAGACGCATTTAAGAA
AAACGTTAGCTCAAACATGATTGCTACAATTAAAAAAATGAATATGGTAAAGGTTTTTTAATGCGTGATTATGGCGTTITTITAA
ACATAAAATCATTTATAATATATTGAAAAACATTTTATTATATAAAATATGCATCTTAGTGAAACCGTIGTTTTCGTATAGATTG
CTGGATTATACTTTTTTATAGGATAATTACAGCTCGAACTTICTTTIGATGGCATTAATAAGATATTIGTTGGATTAT (SEQ 1D
NO: 106)

>3300028805]1Ga0247608_10000895_42|M
ATCATGGCTGAAAGCGTCCGCCTGATTGCAGAGCAAACCGCAAGCCCGAAGGTTGTCATCAAGAGCCGTTACGCTCTIGGTCGAC
GCAGGTTTCTATCCTGAGTTGAACTATGTGACCTTCTITCGTGAACACTCCAGATCAACTGGTTTAATCACTGCGGGTAGCAAGC
GATTGACTACGGAAGGCCGATTCGATAGAGTCGGTCTITCTTTITITTTITTGTATATTTTCTTTITTITTGGTTTGGAAATGTTCCGT
ATATTTGCAGCACTAAAACTAACCAATATGGGACATGTACGTTTGCAAAAAAGAGAGGGAGAGGTTTATAAGACCTACAAACTT
AAAGTAAAGAGCTTTTCTIGGCAATGTAGACATTAAAGCTGGTATCGTTGAATACGATATCGCCGAAACAATTGATTGGAGAAGT
ACGCTTTGTTTCAAGACATGGAATACGTATGGTTCTCCTCAATGGGACTCGAAGATCAAGAACCAGAARAACCGATGATCGATCGA
CTGGATTICGTTGGGTGCAATAGAATTGAAAAACTGGTGATTTTGATCATGGTTTTGAAACAAAATATTGATTTTICGTTICTTIG
ACATGCTTGTTAAAAATTGAGTATCAGTTTAATATAAAGAATATAT (SEQ ID NO: 107)

>0QVL01000914_15|P
GGAAACAATTATAACGATGCCTACAAAACGTTAATTCAAATGAGAGACAAAGGAATTTTAACGCAGGAAGTTGTAAATGTATTT
ACCCTATTGAAAGGGCGGTATATTAAAGAAAAAGCAATACGGAACACAATATAATACTATCAATTAAATTTTTTGGTAGTTTCAT
TTGGAATTGCCAATTATTTTTITTATTTTATAGAATAATAGAGCCAACAAGCATTAGCAATTATTAAATCGATTTATATTGAAAA
TAAATTTTGTIGGGAATATTTATTTTTACTATCTTTGCATCGTAAGATAATTACAAAACATTAACAACATTTATTAAACAATTAA
ACAAATTTTAATTATGGCGCACAAAAAGAACGTAGGAGCAGAGATAGTAAAAACTTACTCTITTTAAGGTAAAGAATACCAATGG
TATCACAATGGAAAAATTGATGAACGCCATTGACGAGTTTCAGTCATACTATAACCTTTIGTAGCGATTGGATATGCAAGGGTCT
TGACGAAACAATGAGGAACACTTTTCTGAAAAAAGCAAATAGCAATAAATCATTGTATAATCAGCCAATCTACGATACGGGTAT
CAAGAAGACCGCAGGTIGIGTTTTCCAGAATGAAAAAATTAAAGAGATATGAAATTATCTAAAATARAATATGAATTTTTICTTIG
CGGAAATACCTTTTAATAGATTGATTTICTAATAAGTTATAAGAAATACAATAGATACTGAAGGAAARATCAAAGTGTAATCAARAA
ATTTGTTTIGIGTTGAGGAAGCAGTGAAGAAATTTCATIGTTTCCTCAATTTTTATTTGCATAATCCAAAAAGTTTTTTATTTTA
TAGGATAATAAGACTAACAAATCTCAACGACTATTAAAACGATTTATATAAAAAAAGTTTTGCAGTTCCAATCTTTTTTIGCTAT
CTTTGCAGTIGTTGAAAGACAACAAAGATTTAAGTTTAACAAACAAATACTTTITTATTACATATTTTAATTTTTTTIGTATTATGA
CAATAGAAGAAAAAGCAAGGGAAGAATACCCTTATATAACCCCATCTIGATGGGTATGAATGCCATGATTATAATGAAGCCGCTA
AAGACGGTTITTATTGAGGGGGCAAAATGGATGCTTGAAAAAGCCGCTGAATGGTTTAAGAAT (SEQ ID NO: 108)

>3300028888|Ga0247609_10003329_9 1M
ATATGGGCAAAGCGTGATAAAATTGAAAACAAATATGTCAAAGAACCATTAAAACGAGTCAATGAAGATATGTGGTGGATGTAC
TATGTTTATGAATGGAATGIGTTTTATGTIGCTTGAAGAAAATGTCCATCCATATATGAAAAAATAAATTTTACCACACATATTA
TTATTCGTGTCATGCCGATGAGGTTTGGCACGATTTTIGTTTATATGGAGAGACATAATGTCAGTCAATACATGACAACTTGTC
ACAATAACTGACATTAAAAGTTTGGCACAATATTTGCTTATAAGAAAAACGAACAAGTAAAATTAAAATTTTATAGATTATGGC
ACACAAAACAAACAACGGAGAAAACACCATCAACAAAACTTTCATCTTCAAAGCAAAATGCGAGAAGAACGATATTATATCGTT
ATGGAAACCCGCAGCAGAAGAGTATTGCAACTATTATAACAAATTGAGCAAATGCGATTGGTAAAACAATGTACGGCATTICCTGC
ATATAACATCAAAAGAGGTTTTAAGAAGAATTTAAGTGCCAAAACTATAAACACATTTAGAAAACTTGGACACTATCGTIGATGG
AAAAATAAATGAGGATGGCATGTITTGTTGAAACTTTGGCATAGAATTTIGCATATACCAATTAGAATTGAAAAAATCGCICTITTIG
ACACACTGAAACATACAAAAACACCACAATTTTITTAATCCITTITCTATTITGTATTTTATTGAAATAAAATGTATTATAGTAATA
TATCTGCTAAGGTCATATTTTITCATTIGTICTICAAATTGTITGGATAATGTITTTGTGTIGTITTCATTTTTIGTICATTGTGTCACCTTA
ACTGACAAGGIGGCACATTTITITTATGTCAATATGCTCAGTTGAGGTTTIGGCATAATTTTTGTATAATGGTAAATGGATAAGAAT
TGAAATTACAATGACAACAAAACAAAGGTTAATAAAGAGAATAAACAAGGCATTCGGATTTGAATTAACGGATGCAACACCTTIG
TTTCCACCATCAAGGTAGAAGATGGGGAAGCGGTGGTITTC (SEQ ID NO: 109)

>3300028805(1Ga0247608_10006074_1|M
GAAGGCGGCGCGTTTGAAATCGCTAACGTAATTGAAAATGCCAAGAAGCAGAATCTCGGGCAGGGTGGATACAAGGAATTGTIGC
AATGATTTCCTIGAAACATGCGAGGGAAACGTTTTTCAGTGGGAAATACGAACACCATTICTTGGTAGTGGATTTGTTATTITTGGT
AAATATAATTAACGCGGCATTIGTICGTCAGTGAATATAATATTGCATTTICGACAGTATTTTATAAGTATTTTGACTTATAAACAG
TATTTATAAGTTATTCGGCTTATAGGTTAATTAGCCTATAGATGTTIGTTTATAGGTTGGATGACCTATAGTGCCAAGTTTTGAA
GAAATCGTTATAGTCATCGTTCTGCCCTATTAGATATTCCGTATTTICTTTAAGACTGTTATAATACAAATATACTACAAATCAT
GCAATTTTTGATTTTTAACAAAAATTAAGAAATAGGGTATTATIGTIGTATTGTTTTTITGTTATATATTTGTCCTGTTAGGTTAA
ATCACCGCGCCTGATGACGAAGTCGGTGGTAGAATTAGACTAATATTAAATATGTCTCATGAATTTAACAAGAATAAAGGTGAG
AATGAGATTAGCAAGACCTTTATTTTCAAAACAAAATGCGGGAAGAATGATATTACATCATTATGGGTTCCCGCGATGGAGGAG
TATTGCACGTATTACAACAGGGTAAGCAAATGGGGGAAAGGTATGTACAACAAGCCGTCATATGACATACGGAAGAAATTCAAG
AAGAACTTGAGTGCGGCTACTTTGAAAACTTTCATTAAGTTGGGAAACACGGTGAAAGGGATGATTGTCAACGGACAGTTTGTT
GAAATGGAATCATAGGTTGACAGAAACGGAAAATCGGTTTGTITIGTTAGAAGAATATTTGTTGAAATTCATTTTICTTTTGCTA
ACGTATATACAAATAACTGTAATAGAATATCTTATATAAGATAT (SEQ ID NO: 110)

>33000129731Ga0123351_1009859_3|P
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ACAAATGAAATTATGGGACAAGTAAAACTTAATAAACCTICITCTGTATATCAAAATATTGACTATCTTTAGACATAACCTTGTC
AAATAATAAATCTAAATTACTICTITTITCCTITITCTTTITITAAATAATTTCATATTAAATATTCCCATAATTTATTAATATATTTT
TTTTTCATTACTTATTTCICIGTTATATAAATAGTTACATAAAAAAATTAAAACTATTTITTTAAAAAGTCTTGTGTATATAAAA
AAAATATAGTACCTTTGCACCCGAAATCAAGATTTAATCCIGTITTTCATATTATATTTATCAATTTTATACTAATTAATAAACT
TATGGCAAATAAAAAATTTAAACTTACAAAAAATGAAGTCGTGAAATCATTCGTACTCAAAGTTGCTAACCAAAAARAAATGTGC
TATCACTAACGAAACACTTCAAGAATATAAAAACTATTATAATAAGGTAAGTCAGTGGATTAATAACATCGTACAAAATGAAAC
GTGGAGAAATCTATTTACTAACAAAACCAATAATACATATGGATTACCTATACTAACACCTTCAAAAAAAGGACAATCTAATAT
CATTACACAATTAATGAAAATTAATGCAACACAAGAACTTGTTGTATAATATAATCTATTTTTAAATTTATAATACTAATATAA
TTCATTGATAATTAAATAATTATATAAAATTCCTATATACAATAGAAAGACTTTCCACAGACATGTTIGTACATACATTTITITTA
AGTATTAAACAACGCATACCCACCAATGGTACACGAAAATTTTCATGTTIGTACATACTATTTTTAGGTATTAAACAACTCACTG
TTTTGACGATTAATATAGGCATGTTGTACATACTCTTTTTAGATATTAACAACCTGTAAACAATAACAATATTTACAACAATAA
TCCATTTTTGAAATAATGAAAAATTTTCTIGGAAAAATTTTTTAACAAGTCTIGTTTTTGAAATAATGAAAARATTTCTGGAAAAA
TTTTTTTAACAAACCCATTTTITGATTGGTITCATTTTTTATTGGAAAATTAGTGTGTGGAACTACCCACCCGTATATGAGCAAGT
GTTATGGGGTGTAACGTGGGGAGGGTTACATAGGGGGGTCTTTGGTAGGGGGTACATAGCTAGGGTAATAATGGGGTICTTTGGT
AGGGGGTACATAGGTAGTCCCCATATATTATTATAAAAAGTAAAATAAATGATATATGCAAGAGTTTTTGAAAATTTATTTTTA
TTTTGCTACTTAGACTTTACAAAAAGTAGATATATAGTATTTTCTTITTCAAAATATTTTIGTAGTTTGGAAAAAAAGCAGTACCT
TTGCACACGGAAACGAAAAACAAGTTTAACCTATTAAATTTTTAGTTTATGGCAATAAACATTTTGACTTATTCTGCTATGGCA
GAAAAATCTTGGGAAAATTTTATGCGTGAAAATTGCGGTTACGAGCGCATTAGTACATTTTATAGTGATTTCACTATTGCAGAC
CATTGTGGTGGTGTAAACGCAATAAAAGAC (SEQ ID NO: 111)

>33000129791Ga0123348_10005323_4 1M
GATGTGAATGAAGAATTTCTTGGTGGCTTGCGAAGCACTATGACATATCTTGGAGCAAAGAGATTGAAAGATATTCCGAAATGT
TGCGTTTICTATCGTGTAAATCATCAGTTGAATACAATTTATGAGAATACAACCGATAGGAAAATAATATAAATTTTATATTATT
TTGAGAAAAAGAGTCTAAATTTGGGCTCTITITTTCGTTTTTTATCGAAAAAATATGAAAAAAGTTTGTAAAAAATTTGTAATATT
GAAAAAATAGTATTATATTTGTATCAAATTTAAAAATAAAATATAAATATGGCAAAATCAATAATGAAAAAATCAATTAAATTC
AAAGTAAAAGGAAATAGTCCAATAAACGAAGATATTATAAATGAGTATAAAGGTTATTATAATACCTGTAGTAATTGGATTAAT
AATAATTTAACAAGCATAACTATTGGTGAAAATGCAAGACTGGAGAAAAGTGTTTTGTATCAAACCAAARAARAGAAGATTACAAT
ACACCTTTATIGGATGCTACGAAAAATGGTCAATTTAGAATACTTGACAAGTTGAAAAAATTAAATGCTACTAAATTATTAGAA
ATGGAAAAATAATAAATATATACAATAAATTTATATAATTTTGTCTATTTTTAATTTTAGTTCATTAGATAATATGTTCATAAA
TTCATTGACATATAATTATAAATAAATATATATGCAATAAAATTCGAGAGACATTTICATCAGAGATGICTICTTTTTITATTTTTT
GITATATTTATATTATGAATATTAGATTGGAACTCATAAAGACAAAGGATAAACAGAACATTGCAAAGCGTATAGTGGAAAGCA
ATCACTCATATGTTCCAACCTIGGCGTAGTGTAGGACGAAGGATAGATTATCTTATTTATTTGGATAATGATGTTGTCGGA
(SEQ ID NO: 112)

>33000288881Ga0247609_10016480_8 1M
GTGAACTATATCTACGAATCAATCGAAGGAATATTGACAAAAACAATGAATCCAACCACTTTACAGGATATCATCCTTAACGGA
ATCACATATACACCAGTGGAAGACAACACAACAACATGCGACGGATGTGAATTTAAAGACACATAAGGCCAATGTATGCTAACA
CACCTATTCGATAACGACATGGTCCAAAACTGCCTCAAGGAAAAAAACGGCGTTGCAGATATCATATATGTCAAAARAGAAAAT
TAATCGGAATCTTGATTIGGATTTTAATATTATTTGTIGTATAATTACAATAGAAAGAAAATTTTGTATATTTTAAAATTTGTA
AATTAAAATTTAGAAAAATGGCACACAAAACAAACAACGGAGAAAATACAATCAATAAAACTTTTATTTTCAAAGCAAAGTGCG
ATAATAACGATATTATATCGTITATGGAAACCCGCAATGGAAGAGTATTIGTACTTATTACAATAAATTAAGCCAATGGATTTGCA
AGACAATGTATGGAGTACCAGCTTACAACATTAAAAACGGTTTCAAAAAAAATCTGAGCACAAAGACAATCAATACGTTTAGAA
CGCTTGGCCACTATCGTGACGGAAAAATAAACGAAGACGGCGTATTCGTTGAAAACCTGGCATAATAAGGAGTAAARAAAATGTT
CTTTGATATTCTGACACAAATGAAAAAACAATCAAAAATTTATTTICIGTITTTIGCTTIGTAATTTATTGAAATAAAATGTATTATA
TAGAAATATGICGGTGGATAATAGCTCAAATAGTCTGTIGACTGTTGAATAGTAAGTTTTITTACTCTATTGACAACAGGTGATGT
GGATGGAACATACAAAGTTTATTGTITGAGTAATAGGTTTTACACTTTTACCACAACTTTAGTGATTTTATGTATAAARATAATTA
AAATCATATATAAAAATTTTTCCAGAAAGTAGTACTTATTGAATTAAAATTATATTGTGAAAAATGGTTTTTGATTTTAATTTT
ATTTGTTGTATAATTGAAATGTAATTTAATTTAGAATTGTATAAATAAAAAACGTAAAAATGAGACTGCCAACAGAAATTTATG
AGTCAGGCACAATGGTTAGTAAGATATCGGAAAAACCATTTAAATCAGGTTTAAGGGTTAATACTGTAAAGTCTGTAGTTGAAC
ATCCACATAAGATTGACCCGAATACTAATAAGGGTGTTICCA (SEQ ID NO: 113)

>3300028887(Ga0265299_10000013_320|P

GACTACGACTGGTTCTCAAATGTGTACGGCGCCATCAGGCAGGAACGTGAGAAAATGAGAAGGGAAGAGGAGGAACGCAGGAAG
AACGAACCCAAGACGGTGAAAACCAAAGAGGTTGACTIGTTICGGGGATGATGACCTGCCGTTCTAATAAAAAAAAAAACAAACC
TCTCCGAAATTGAACGTATCAACTTCGGAGAGGTTATATAGGGTGATGGAAATGTTAAATAAAAAGTTTAAAAATAACTATGGG
AAACAAAGTACAAAGTAATGAAACAATAGTTAAGCACTTATACATTTAAAGTGCGTGGATTCATAAGTGGTGCTACCCACGAAAT
AATGAAATCAGCCATAAAACAATATATAGAAGATTCTAACAATCTATCAGATTGGATTAATGTAGAGAATGAAATACTTAGGAA
CTICTTTICCTITAAAGAAGAGACTAAAAAATACACTTATAATACACCATTATTCACTCCCAGACTTAAGTCATCGGAAAAAATAAT
AACAGAATTGAAAAAATTGGGTATGACTACGGTTATAGAATAACCATTACACATTTITTTITCATAACAAACGTTCTTTAACATAT
TGGAAAATAAGAAAATACGATATTCATATAAAAATCCGTICCCACACAAAATTAATGTAATATCTTAGTTTTGTTACATCAACAC
TATATAATTAAAAAAATAAAAAAATATTTTIGTGGATTCAAAAAATCATTATATATTTGCGTCCGAAAATTAACACTTATGTCAA
ACAAATTTAAAATGTAAAAGAACTATGCAAACAGAAACACAGAATTTCACAGGCGAGTTGAGAGCAATCAACACAACAATGGGT
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TCAAGCAAGAGCTACAAGACAATCTGCCGTTGCGCACTTGACATCCTCAAGGGATATATCGTTACGCACGACATTAGGGACAAC
TTCTCA (SEQ ID NO: 114)

>33000288871Ga0265299_10000026_77|P
ACAGAGGGTGTATGGATAGGCATGAACCACCAAGGCAAAATACTCGATGGCTTGCAGGGAGGCTTTGTGTAACAACTGTGAACCC
CCGATTGATTACAAGGCACTGAACGATGCCGAGATATATTTTTATGGAAAAGAAGTTAAATTTTAAAAATTAAAAGATATGGCG
AACAAAAGCACAAAAGGAAACCTGCCCAAGACAATCATAATGAAGGCAAACCTTAGCCCCGATGGTTTCACTCAATGGGAAAGG
GTTGTAAAAGAATACCAAGCCTACAAAGACACGTTGAGTAAATGGGTAGCCCAAAATCTCAGACAARATAATGTGCAAGACACCG
CAGACAAAGAACGGCTACTCATCACCIGTGCTCACCTCAAAGGTTAAAAGCCAAGTGGAAATGGTAAGAGAATTGAAAAAAATG
GGAAAAACCATTCTTTATTCCAATGATTCACTTCCTTITTTGAAACTAAAATGTCTTATGTGTATTITGAATTATAGGCTAATATA
AAGATTGTACIGIGTTGAGATACACTTTTAGAGGCTATTTACAACAAAATGCGTGATATGGAAATGAAGAAATAACTGIGTTGAG
ATACACTTTTAGAGGTATTTACAACACCATATAAACCTGACCATCTCCTIGAATCTCGCCCGACACGGATAATGTTAGATATGTT
CACAATACAACTGCATGTIGCTATTCAAGAAAAAATAGTATATTTACAATATGTTIGGTGCATAATATTAGATGTGCTTACACAAC
GCAGACCTGAAAAGCCAGGATAAAAGTATGCGGGATTGTGTTTTTAGAACACTGTTCAATCCGCTIGTATGTCGCTTGAAGCGTC
AGTAACCTATGTCGAAACAATCCTITTTAGAGGTGTTTACGACCGACCAGAAACAGCAAGACCTGTATTTATGTTGGTATACGGT
TCTTTTTAGGGGATTAGTAGTTGAATCCCTTITTCACCCTTGGTGTTCACGGGTTGTGAGACATTCTTCATACCCATGCGTGTICT
TCTCAGCCATCTTACCGAAAGTTATAGGCACAATATGTTCAATGCCTGCCTGCTGAGCATTGTAGCATATATCAGACAG (SEQ
ID NO: 115)

>SRR1221442_316828_61|P
AGAATGCTTTCCCCAATTGAATGTGAAAGACTACAGACACTGCCAGATAACTATACCGAAGGTGTTAGCAAATGCGCAAGATAT
AAGGCAATCGGAAACGGATGGACAGTTGATGTAATTTCACATATTTTTAAGAATTTGAAARAATTAATTTGGTATTTTGAAATAT
TTGACTTATTTITTGCAACATAAAATTTAAAACAAATTTATATGGCACACGCGAAAAAAAAATTTTGACAAAGGAAAGCAAATAA
CAAAAACGTTCTCTTTCAAGGTGTTAAATATTAAGAACAATGGCGAATCAGTTGATATGAATACTATAGAATTAGCCATGAAAG
AGTACAATAGGTATTATAACATTTGTAGTIGATTGGATTTGCAACAATCTAATGACGCCAATTGGTTCCCTATATCAATACATAG
ATGATGAGAAATGGAGAAAAAAATTTGTTCGCCCAACAAACACTAATAAACCGTTGTATAACTCTCCAGTTTTCTCCCCTGCTG
TAAAATCTGAAGGTGGTACTATTAAAAATCTCCAAATTTTAAGCGCAACAAAGACCATAATTCTTTGATTTAATTATTAATACA
TATATCGTTCGTAAATTTAATACAACCACAACCAAATATGATAATTTGCATAATTAAAAAAATTCACATATCTTTGTAGCATAA
AAACAAATAGAGAAAAAATGACACTTTACAGATTTACACTTITTAGGCAATACACAAATTTATGTATATGCTGGCACGTTTGAAG
ATGCTCTCAGGACATTTCGTAAATCATATGGAGATACGGGATTCAAGTCAATTGAAGAGCTTCCTGAATTTAGAGATAACATAC
TTATACAACTAGATTGATTGAAACAAACGTCAATTACCCACCACTGAAGTAGTGGGTTICTTTGCAGTGATTTTATGAAAACGA
TAGAAGACAGAGCAGACATAGCAAGCGATATTGCTAAAAGAGAATTTGAAGAAGATAGTTATTGGAGTCATTACGCAGACGATA
TGGTAACATCTIGCTTTTGTTGAAGGATGCTATAAAGGCTATATTTCAGGTGCGACA (SEQ ID NO: 116)

>SRR5678926_1309611_3|P
AAGGAGATAGATTATGACAGGGAAGGTAATATCACAAATATATATCTTITACTATGAGTCAGATAGTTTATGGAATGAAAAATTT
GAATTTATATTAACATTAGATGGTTATGAATTAAAGATACCTATTTTITATAGTAAGTGTAAGATAGTTTTGGCACGGAAATTIGC
AGTAATGTTTICCTIGTCAAGAACAAATAAAATAAAAAATATGAAAAAATCAATTAAATTCAAAGTAAAAGGAAATTGTCCAATA
ACCAAAGATGTITATAAATGAATATAAAGAATATTATAATAAATGCAGTGATTGGATTAAGAATAATTTAACAAGCATAACTATT
GGGGAAATGGCAAAATTTCTCAATGAAGTGTGGAGAGAAATATTTTGTACAAGGCCTAAAAAGGCAGAATATAACGTTCCATCG
TTGGATACAACAAAAAAAGGACCATCTGCAATATTGCATATGTTGAAAAAAATCCGAGGCAATTAAAATATTAGAAACAGAAAAG
TAGTGACTATAGATATAAACTTCTATGATAGATATCTGTITTITTTAATTICTATTATGCAATATAATATATTGAAATATARAACAAT
TATAAATAAAACGGGTGTATACAACAAGTTITTITGTITITTICTTATTICATTATCTGTATATTTGTATTATAAACAAATACAAATA
TGTATAATGAATCAGGAATATATTGCTATAAAAACAAAATAAACGGAAAATTATATATTGGACAGGCGCTAAATCTTAAAAGAA
GATATTTAAACTTTTTAAATATCAACCACAGATATGCGGGTCAAGTAATAGAAAACGCACGTAAAAAATATGGTGTAGATAACT
TTGAATATTCAATCCTTACTCACTGTCCAGTAGACGAATTAAATTATTIGGGAAGCATTTTATGTAGAAAGATTAAATTGTGTCA
CACCCCACGGTTATAATATGACTAATGGGGGCGATTCAGTATATACTTCTACACAAGCATTTAAAGATGCACAAACTGAAAAGT
TGAAGCAAACTATTCTATCTAAGAATCCTAATCTTAATGTCAGCAAAGTAAAATATGAAGGTAATAGAATTTCAGTTATAATTA
CTTGCCCAATACATGGCACATTTAAAAAAACGCCTGATTACTTTAGAAATCCAGAAATAAATGATTTIGTGTTIGTICCTAAATGTG
TGAGGGAAGATATAAGACAAAAGACTGAAGATAGTTTCTITTAAACAAGCAACAAAGAAATGGGGAGATAAGTATGATTATTICTA
AAACTATAATAGTAGATAGAATTACCCCAGTITACAATTACTTGCCCTATACACGGAGATTTTACAGTATTACCAGGGAACCATG
TGTGTAAAGATAAAAATACTGGAGGATGCCAACAATGTAGTGAAGAAAGACAACATATTGAATCATTAGAAAAAGGTAGCGTGA
AGGTCATTAAGATGATAAAGAAAAAGTTTGGAAACAAATATTCATTAGATAAATTCGAATATAGGGGAGATAAAGAAAAAGTAA
TTCTTATTTGCCCTATTCATGGAGAATTTTCAATGACGCCAGGTAATTTAAGATATAGCAACGGTTIGTICCACAATGCACTTTAG
AAAATGCTTATCGTATAAAAT (SEQ ID NO: 117)

97




10

15

20

25

30

WO 2021/050534 PCT/US2020/049923

Example 3 - Identification of Novel RNA Modulators of Enzymatic Activity

In addition to the effector protein and the crRNA, some CRISPR systems described herein may
also include an additional small RNA to activate or modulate the effector activity, referred to herein as an
RNA modulator.

o RNA modulators are expected to occur within close proximity to CRISPR-associated genes or a
CRISPR array. To identify and validate RNA modulators, non-coding sequences flanking CRISPR
effectors or the CRISPR array can be isolated by cloning or gene synthesis for direct experimental
validation.

e Experimental validation of RNA modulators can be performed using small RNA sequencing of the
host organism for a CRISPR system or synthetic sequences expressed heterologously in non-native
species. Alignment of small RNA sequences to the originating genomic locus can be used to
identify expressed RNA products containing DR homology regions and sterotyped processing.

o (Candidate RNA modulators identified by RNA sequencing can be validated in vitro or in vivo by
expressing a ctRNA and an effector in combination with or without the candidate RNA modulator
and monitoring alterations in effector enzymatic activity.

e In engineered constructs, RNA modulators can be driven by promoters including U6, U1, and H1
promoters for expression in mammalian cells, or J23119 promoter for expression in bacteria.

e In some instances, the RNA modulators can be artificially fused with either a crRNA, a tractrRNA,

or both and expressed as a single RNA element.

Example 4 — Functional Validation of Engineered CLUST.091979 CRISPR-Cas Systems

Having identified components of CLUST.091979 CRISPR-Cas systems, loci from the
metagenomic source designated AUX0013988882 (SEQ ID NO: 1) and from the metagenomic source
designated SRR3181151 (SEQ ID NO: 4) were selected for functional validation.

DNA Synthesis and Effector Library Cloning

To test the activity of the exemplary CLUST.091979 CRISPR-Cas systems, systems were designed
and synthesized using a pET28a(+) vector. Briefly, an E. coli codon-optimized nucleic acid sequence
encoding the CLUST.091979 AUX0013988882 effector (SEQ ID NO: 1 shown in TABLE 6) and an E.
coli codon-optimized nucleic acid sequence encoding the CLUST.091979 SRR3181151 effector (SEQ ID
NO: 4 shown in TABLE 6) were synthesized (Genscript) and individually cloned into a custom expression
system derived from pET-28a(+) (EMD-Millipore). The vectors included the nucleic acid encoding the
CLUST.091979 effector under the control of a lac promoter and an E. coli ribosome binding sequence. The

vector also included an acceptor site for a CRISPR array library driven by a J23119 promoter following the
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open reading frame for the CLUST.091979 effector. The non-coding sequence used for the CLUST.091979
AUXO0013988882 effector (SEQ ID NO: 1) is set forth in SEQ ID NO: 98, and the non-coding sequence
used for the CLUST.091979 SRR3181151 effector (SEQ ID NO: 4) is set forth in SEQ ID NO: 99, as
shown in TABLE 9. Additional conditions were tested, wherein the CLUST.091979 effectors were
individually cloned into pET28a(+) without a non-coding sequence. See FIG. 4A.

An oligonucleotide library synthesis (OLS) pool containing “repeat-spacer-repeat” sequences was
computationally designed, where “repeat” represents the consensus direct repeat sequence found in the
CRISPR array associated with the effector, and “spacer” represents sequences tiling the pACYC184
plasmid or E. coli essential genes. In particular, the repeat sequence used for the CLUST.091979
AUXO0013988882 effector (SEQ ID NO: 1) is set forth in SEQ ID NO: 57, and the repeat sequence used
for the CLUST.091979 SRR3181151 effector (SEQ ID NO: 4) is set forth in SEQ ID NO: 60, as shown in
TABLE 8. The spacer length was determined by the mode of the spacer lengths found in the endogenous
CRISPR array. The repeat-spacer-repeat sequence was appended with restriction sites enabling the bi-
directional cloning of the fragment into the aforementioned CRISPR array library acceptor site, as well as
unique PCR priming sites to enable specific amplification of a specific repeat-spacer-repeat library from a
larger pool.

Next, the repeat-spacer-repeat library was cloned into the plasmid using the Golden Gate assembly
method. Briefly, each repeat-spacer-repeat was first amplified from the OLS pool (Agilent Genomics) using
unique PCR primers and pre-linearized the plasmid backbone using Bsal to reduce potential background.
Both DNA fragments were purified with Ampure XP (Beckman Coulter) prior to addition to Golden Gate
Assembly Master Mix (New England Biolabs) and incubated per the manufacturer’s instructions. The
Golden Gate reaction was further purified and concentrated to enable maximum transformation efficiency
in the subsequent steps of the bacterial screen.

The plasmid library containing the distinct repeat-spacer-repeat elements and CRISPR effectors
was electroporated into E. Cloni electrocompetent E. coli (Lucigen) using a Gene Pulser Xcell® (Bio-rad)
following the protocol recommended by Lucigen. The library was either co-transformed with purified
pACYC184 plasmid or directly transformed into pACYC184-containing E. Cloni electrocompetent E. coli
(Lucigen), plated onto agar containing chloramphenicol (Fisher), tetracycline (Alfa Aesar), and kanamycin
(Alfa Aesar) in BioAssay® dishes (Thermo Fisher), and incubated for 10-12 hours at 37 °C. After estimation
of approximate colony count to ensure sufficient library representation on the bacterial plate, the bacteria
were harvested, and plasmid DNA WAS extracted using a QIAprep Spin Miniprep® Kit (Qiagen) to create
an “output library.” By performing a PCR using custom primers containing barcodes and sites compatible
with Illumina sequencing chemistry, a barcoded next generation sequencing library was generated from

both the pre-transformation “input library” and the post-harvest “output library,” which were then pooled
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and loaded onto a Nextseq 550 (Illumina) to evaluate the effectors. At least two independent biological

replicates were performed for each screen to ensure consistency. See FIG. 4B.

Bacterial Screen Sequencing Analysis

Next generation sequencing data for screen input and output libraries were demultiplexed using
Illumina bel2fastq. Reads in resulting fastq files for each sample contained the CRISPR array elements for
the screening plasmid library. The direct repeat sequence of the CRISPR array was used to determine the
array orientation, and the spacer sequence was mapped to the source (pACYC184 or E. Cloni) or negative
control sequence (GFP) to determine the corresponding target. For each sample, the total number of reads
for each unique array element (r.) in a given plasmid library was counted and normalized as follows: (r,+1)
/ total reads for all library array elements. The depletion score was calculated by dividing normalized output
reads for a given array element by normalized input reads.

To identify specific parameters resulting in enzymatic activity and bacterial cell death, next
generation sequencing (NGS) was used to quantify and compare the representation of individual CRISPR
arrays (i.e., repeat-spacer-repeat) in the PCR product of the input and output plasmid libraries. The array
depletion ratio was defined as the normalized output read count divided by the normalized input read count.
An array was considered to be *“strongly depleted” if the depletion ratio was less than 0.3 (more than 3-fold
depletion), depicted by the dashed line in FIG. 5 and FIG. 8. When calculating the array depletion ratio
across biological replicates, the maximum depletion ratio value for a given CRISPR array was taken across
all experiments (i.e. a strongly depleted array must be strongly depleted in all biological replicates). A
matrix including array depletion ratios and the following features were generated for each spacer target:
target strand, transcript targeting, ORI targeting, target sequence motifs, flanking sequence motifs, and
target secondary structure. The degree to which different features in this matrix explained target depletion
for CLUST.091979 systems was investigated.

FIG. 5 and FIG. 8 show the degree of interference activity of the engineered CLUST.091979
compositions, with a non-coding sequence, by plotting for a given target the normalized ratio of sequencing
reads in the screen output versus the screen input. The results are plotted for each DR transcriptional
orientation. In the functional screen for the composition, an active effector complexed with an active RNA
guide will interfere with the ability of the pACYC184 to confer E. coli resistance to chloramphenicol and
tetracycline, resulting in cell death and depletion of the spacer element within the pool. Comparison of the
results of deep sequencing the initial DNA library (screen input) versus the surviving transformed E. coli
(screen output) suggests specific target sequences and DR transcriptional orientations that enable an active,
programmable CRISPR system. The screen also indicates that the effector complex is only active with one

orientation of the DR. As such, the screen indicated that the CLUST.091979 AUX0013988882 effector
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was active in the “forward” orientation (5’-ACTA.. . AACT-[spacer]-3") of the DR (FIG. 5) and that the
CLUST.091979 SRR3181151 effector was active in the “reverse” orientation (5 -CCTG. . LCAAC -[spacer |-
3%y of the DR (FIG. 8).

FIG. 6A and FIG. 6B depict the location of strongly depleted targets for the CLUST.091979
AUX0013988882 effector (plus non-coding sequence) targeting pACYC184 and E. coli E. Cloni essential
genes, respectively. Likewise, FIG. 9A and FIG. 9B show the location of strongly depleted targets for the
CLUST.091979 SRR3181151 effector targeting pACYC184 and E. coli E. Cloni essential genes,
respectively. Flanking sequences of depleted targets were analyzed to determine the PAM sequences for
CLUST.091979 AUX0013988882 and CLUST.091979 SRR3181151. WebLogo representations (Crooks
et al., Genome Research 14: 1188-90, 2004) of the PAM sequences for CLUST.091979 AUX0013988882
and CLUST.091979 SRR3181151 are shown in FIG. 7 and FIG. 10, respectively, wherein the “20”
position corresponds to the nucleotide adjacent to the 5’ end of the target.

Thus, multiple effectors of CLUST.091979 CRISPR-Cas show activity in vivo.

Example 5 — Targeting of Mammalian Genes by CLUST.091979

This Example describes indel assessment on multiple targets using nucleases from CLUST.091979
introduced into mammalian cells by transient transfection.

The effectors of SEQ ID NO: 4 and SEQ ID NO: 10 were cloned into a pcda3.1 backbone
(Invitrogen). The plasmids were then maxi-prepped and diluted to 1 ug/uL. For RNA guide preparation, a
dsDNA fragment encoding a crtRNA was derived by ultramers containing the target sequence scaffold, and
the U6 promoter. Ultramers were resuspended in 10 mM TrissHCl at a pH of 7.5 to a final stock
concentration of 100 uM. Working stocks were subsequently diluted to 10 uM, again using 10 mM Tris*HCl
to serve as the template for the PCR reaction. The amplification of the crRNA was done in 50 pL reactions
with the following components: 0.02 ul of aforementioned template, 2.5 pl forward primer, 2.5 ul reverse
primer, 25 uLL NEB HiFi Polymerase, and 20 pl water. Cycling conditions were: 1 x (30s at 98°C), 30 x
(10s at 98°C, 15s at 67°C), 1 x (2min at 72°C). PCR products were cleaned up with a 1.8X SPRI treatment
and normalized to 25 ng/pL. The prepared crRNA sequences and their corresponding target sequences are
shown in TABLE 10. The direct repeat sequence of the mature crRNAs of SEQ ID NO: 205, SEQ ID NO:
207, SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID NO: 256, SEQ ID NO: 258, SEQ ID NO: 260, SEQ ID
NO: 262, SEQ ID NO: 264, SEQ ID NO: 266, SEQ ID NO: 268, SEQ ID NO: 270, SEQ ID NO: 272, SEQ
ID NO: 274, and SEQ ID NO: 276 is set forth in SEQ ID NO: 60. The direct repeat of the mature crRNAs
of SEQ ID NO: 209 and SEQ ID NO: 214 is set forth in SEQ ID NO: 62. The direct repeat of the mature
crRNAs of SEQ ID NO: 211, SEQ ID NO: 278, SEQ ID NO: 280, SEQ ID NO: 282, SEQ ID NO: 284,
SEQ ID NO: 286, and SEQ ID NO: 288 is set forth in SEQ ID NO: 213.
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Table 10. RNA guide and Target Sequences for Transient Transfection Assay.

Effector mature ctrRNA Sequence Target Sequence PAM
Sequence Sequence
SEQ ID | CCTGTTGTGAATACTCTTTTATA | AAVSI: 5-TTTG-3
NO: 4 GGTATCAAACAACGGAAGTGGT | GGAAGTGGTTGGTCAGCAT
’ TGGTCAGCATGGATTA GGATTA (SEQ ID NO: 206)
(SEQ ID NO: SEQ ID NO: 205)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | VEGFA: 5-TTTG-3°
NO: 4 GGTATCAAACAACTGTGAAGTG | TGTGAAGTGACCTGGGAGCT
’ ACCTGGGAGCTAACTG AACTG (SEQ ID NO: 208)
(SEQ ID NO: 207)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | AAVSI: 5-TTTG-3°
NO: 4 GGTATCAAACAACGAGAGGTG | GAGAGGTGAGGGACTTGGG
' AGGGACTTGGGGGGTAA (SEQ GGGTAA (SEQ ID NO: 253)
ID NO: 252)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | AAVSI: 5-TTTG-3°
NO: 4 GGTATCAAACAACTGAGAATGG | TGAGAATGGTGCGTCCTAGG
’ TGCGTCCTAGGTGTTC (SEQ ID TGTTC (SEQ ID NO: 255)
NO: 254)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | AAVSI: 5-TTTG-3°
NO: 4 GGTATCAAACAACGCAGCCTGT | GCAGCCTGTGCTGACCCATG
' GCTGACCCATGCAGTC (SEQID | CAGTC (SEQ ID NO: 257)
NO: 256)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | AAVSI: 5-TTTG-3°
NO: 4 GGTATCAAACAACGGAAGTGGT | GGAAGTGGTTGGTCAGCAT
’ TGGTCAGCATGGATTA (SEQID | GGATTA (SEQ ID NO: 259)
NO: 258)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | EMXI1: 5-TTTG-3°
NO: 4 GGTATCAAACAACAGCCAGTGT | AGCCAGTGTTGCTAGTCAAG
' TGCTAGTCAAGGGCAG (SEQID | GGCAG (SEQ ID NO: 261)
NO: 260)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | VEGFA: 5-TTTG-3°
NO: 4 GGTATCAAACAACTTGACATTG | TTGACATTGTCCACACCTGG
’ TCCACACCTGGAATCG (SEQID | AATCG (SEQ ID NO: 263)
NO: 262)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | VEGFA: 5-TTTG-3°
NO: 4 GGTATCAAACAACGAAATCTAT | GAAATCTATTGAGGCTCTGG
’ TGAGGCTCTGGAGAGA (SEQID | AGAGA (SEQ ID NO: 265)
NO: 264)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | VEGFA: 5-TTTG-3°
NO: 4 GGTATCAAACAACGGAAGCTGG | GGAAGCTGGATGAGCCTGG
’ ATGAGCCTGGTCCATG (SEQID | TCCATG (SEQ ID NO: 267)
NO: 266)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | VEGFA: 5-TTTG-3°
NO: 4 GGTATCAAACAACCCCATACTG | CCCATACTGGGGACCAAGG

GGGACCAAGGAAGTGT (SEQID

NO: 268)

AAGTGT (SEQ ID NO: 269)
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SEQ ID | CCTGTTGTGAATACTCTTITATA | VEGFA: 5-TTTG-3’
NO: 4 GGTATCAAACAACATGATGCTT | ATGATGCTTTGCCGTAACCC
: TGCCGTAACCCTTCGT (SEQID | TTCGT (SEQ ID NO: 271)
NO: 270)
SEQ ID | CCTGTTGTGAATACTCTTITATA | VEGFA: 5-TTTG-3’
NO: 4 GGTATCAAACAACAAGAGTCAT | AAGAGTCATTGCCCCACTTT
: TGCCCCACTTTACCCT (SEQID | ACCCT (SEQ ID NO: 273)
NO: 272)
SEQ ID | CCTGTTGTGAATACTCTTTTATA | AAVSI: 5-TTTG-3’
NO: 4 GGTATCAAACAACGAGAGGTG | GAGAGGTGAGGGACTTGGG
: AGGGACTTGGGGGGTAA (SEQ | GGGTAA (SEQ ID NO: 275)
ID NO: 274)
SEQ ID | CCTGTTGTGAATACTCTTITATA | VEGFA: 5-TTTG-3’
NO: 4 GGTATCAAACAACGTGAAGTTC | GTGAAGTTCTAAACTTCATA
: TAAACTTCATATTACC (SEQID | TTACC (SEQ ID NO: 277)
NO: 276)
SEQ ID | ATTGTTGTAGACACCTTTTTATA | AAVSI: 5-ATTG-3’
NO: 10 AGGATTGAACAACAACCCCCGT | AACCCCCGTCTACCTGCCCA
: CTACCTGCCCACAGGG CAGGG (SEQ ID NO: 210)
(SEQ ID NO: 209)
SEQ ID | CTTGTTGTATATGTCCTTTTATA | AAVSI: 5-GTTA-3’
NO: 10 GGTATTAAACAACGTAGAGGGA | GTAGAGGGAGAAATGGAAT
: GAAATGGAATCCATAT CCATAT (SEQ ID NO: 212)
(SEQ ID NO: 211)
SEQ ID | ATTGTTGTAGACACCTTTTTATA | VEGFA: 5-ATTG-3’
NO: 10 AGGATTGAACAACGCACCAACG | GCACCAACGGGTAGATTTG
: GGTAGATTTGGTGGTG GTGGTG (SEQ ID NO: 215)
(SEQ ID NO: 214)
SEQ ID | CTTGTTGTATATGTCCTTTTATA | AAVSI: 5-GTTA-3’
NO: 10 GGTATTAAACAACGTAGAGGGA | GTAGAGGGAGAAATGGAAT
' GAAATGGAATCCATAT (SEQID | CCATAT (SEQ ID NO: 279)
NO: 278)
SEQ ID | CTTGTTGTATATGTCCTTTTATA | AAVSI: 5-ATTG-3’
NO: 10 GGTATTAAACAACGAGTCGCTT | GAGTCGCTTTAACTGGCCCT
' TAACTGGCCCTGGCTT (SEQID | GGCTT (SEQ ID NO: 281)
NO: 280)
SEQ ID | CTTGTTGTATATGTCCTTTTATA | VEGFA: 5-ATTG-3’
NO: 10 GGTATTAAACAACTCCACACCT | TCCACACCTGGAATCGGCTT
: GGAATCGGCTTTCAGC (SEQID | TCAGC (SEQ ID NO: 283)
NO: 282)
SEQ ID | CTTGTTGTATATGTCCTTTTATA | AAVSI: 5-ATTG-3’
NO: 10 GGTATTAAACAACAACCCCCGT | AACCCCCGTCTACCTGCCCA
: CTACCTGCCCACAGGG (SEQID | CAGGG (SEQ ID NO: 285)
NO: 284)
SEQ ID | CTTGTTGTATATGTCCTTTTATA | AAVSI: 5-GTTA-3’
NO: 10 GGTATTAAACAACGTAGAGGGA | GTAGAGGGAGAAATGGAAT

GAAATGGAATCCATAT (SEQ ID
NO: 286)

CCATAT (SEQ ID NO: 287)
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SEQ ID | CTTGTTGTATATGTCCTTTTATA | EMXI1: 5-GTTA-3’
NO: 10 GGTATTAAACAACGACCCATGG | GACCCATGGGAGCAGCTGG
’ GAGCAGCTGGTCAGAG (SEQID | TCAGAG (SEQ ID NO: 289)

NO: 288)

Approximately 16 hours prior to transfection, 100 pl of 25,000 HEK293T cells in

DMEM/10%FBS+Pen/Strep were plated into each well of a 96-well plate. On the day of transfection, the
cells were 70-90% confluent. For each well to be transfected, a mixture of 0.5 pl of Lipofectamine 2000
and 9.5 ul of Opti-MEM was prepared and then incubated at room temperature for 5-20 minutes (Solution
1). After incubation, the lipofectamine:OptiMEM mixture was added to a separate mixture containing 182
ng of effector plasmid and 14 ng of crRNA and water up to 10 pL (Solution 2). In the case of negative
controls, the crRNA was not included in Solution 2. The solution 1 and solution 2 mixtures were mixed by
pipetting up and down and then incubated at room temperature for 25 minutes. Following incubation, 20
uL of the Solution 1 and Solution 2 mixture were added dropwise to each well of a 96 well plate containing
the cells. 72 hours post transfection, cells are trypsinized by adding 10 pL of TrypLE to the center of each
well and incubated for approximately 5 minutes. 100 uL. of D10 media was then added to each well and
mixed to resuspend cells. The cells were then spun down at 500g for 10 minutes, and the supernatant was
discarded. QuickExtract buffer was added to 1/5 the amount of the original cell suspension volume. Cells
were incubated at 65°C for 15 minutes, 68°C for 15 minutes, and 98°C for 10 minutes.
Samples for Next Generation Sequencing were prepared by two rounds of PCR. The first round (PCR1)
was used to amplify specific genomic regions depending on the target. PCR1 products were purified by
column purification. Round 2 PCR (PCR2) was done to add Illumina adapters and indexes. Reactions were
then pooled and purified by column purification. Sequencing runs were done with a 150 cycle NextSeq
v2.5 mid or high output kit.

FIG. 11A, FIG. 11B, FIG. 11C, and FIG. 11D show percent indels in AAVS1, VEGFA, and
EMX1 target loci in HEK293T cells following transfection with the effectors of SEQ ID NO: 4 or SEQ ID
NO: 10, respectively. The bars reflect the mean percent indels measured in two bioreplicates. For the
effectors of SEQ ID NO: 4 and SEQ ID NO: 10, the percent indels were higher than the percent indels of
the negative control at each of the targets.

As shown in FIG. 11A, a complex formed by the effector of SEQ ID NO: 4 and the crRNA of SEQ
ID NO: 205 was active at the AAVS] target of SEQ ID NO: 206, and a complex formed by the effector of
SEQ ID NO: 4 and the ctrRNA of SEQ ID NO: 207 was active at the VEGFA target of SEQ ID NO: 208.
As shown in FIG. 11B, a complex formed by the effector of SEQ ID NO: 4 and the crRNA of SEQ ID NO:
252 was active at the AAVS]1 target of SEQ ID NO: 253, a complex formed by the effector of SEQ ID NO:
4 and the crRNA of SEQ ID NO: 254 was active at the AAVS] target of SEQ ID NO: 255, a complex

104



10

15

20

25

30

WO 2021/050534 PCT/US2020/049923

formed by the effector of SEQ ID NO: 4 and the crRNA of SEQ ID NO: 256 was active at the AAVS1
target of SEQ ID NO: 257, a complex formed by the effector of SEQ ID NO: 4 and the crRNA of SEQ ID
NO: 258 was active at the AAVSI target of SEQ ID NO: 259, and a complex formed by the effector of
SEQ ID NO: 4 and the crRNA of SEQ ID NO: 274 was active at the AAVSI target of SEQ ID NO: 275.
Also as shown in FIG. 11B, a complex formed by the effector of SEQ ID NO: 4 and the ctrRNA of SEQ ID
NO: 260 was active at the EMX1 target of SEQ ID NO: 261. Also as shown in FIG. 11B, a complex formed
by the effector of SEQ ID NO: 4 and the crRNA of SEQ ID NO: 262 was active at the VEGFAT1 target of
SEQ ID NO: 263, a complex formed by the effector of SEQ ID NO: 4 and the ctRNA of SEQ ID NO: 264
was active at the VEGFAT1 target of SEQ ID NO: 265, a complex formed by the effector of SEQ ID NO: 4
and the ctRNA of SEQ ID NO: 266 was active at the VEGFAT target of SEQ ID NO: 267, a complex
formed by the effector of SEQ ID NO: 4 and the ctrRNA of SEQ ID NO: 268 was active at the VEGFA1
target of SEQ ID NO: 269, a complex formed by the effector of SEQ ID NO: 4 and the crRNA of SEQ ID
NO: 270 was active at the VEGFA1 target of SEQ ID NO: 271, a complex formed by the effector of SEQ
ID NO: 4 and the ctRNA of SEQ ID NO: 272 was active at the VEGFA1 target of SEQ ID NO: 273, and a
complex formed by the effector of SEQ ID NO: 4 and the crRNA of SEQ ID NO: 274 was active at the
VEGFAI target of SEQ ID NO: 275. The effector of SEQ ID NO: 4 utilized a 5’-TTTG-3" PAM for each
of the targets in FIG. 11A and FIG. 11B.

As shown in FIG. 11C, a complex formed by the effector of SEQ ID NO: 10 and the crRNA of
SEQ ID NO: 209 was active at the AAVSI target of SEQ ID NO: 210, a complex formed by the effector
of SEQ ID NO: 10 and the ctRNA of SEQ ID NO: 211 was active at the AAVSI1 target of SEQ ID NO:
212, and a complex formed by the effector of SEQ ID NO: 10 and the crRNA of SEQ ID NO: 214 was
active at the VEGFA target of SEQ ID NO: 215. As shown in FIG. 11D, a complex formed by the effector
of SEQ ID NO: 10 and the ctRNA of SEQ ID NO: 278 was active at the AAVSI1 target of SEQ ID NO:
279, a complex formed by the effector of SEQ ID NO: 10 and the crRNA of SEQ ID NO: 280 was active
at the AAVS] target of SEQ ID NO: 281, a complex formed by the effector of SEQ ID NO: 10 and the
crRNA of SEQ ID NO: 284 was active at the AAVS] target of SEQ ID NO: 285, and a complex formed
by the effector of SEQ ID NO: 10 and the crRNA of SEQ ID NO: 286 was active at the AAVS] target of
SEQ ID NO: 287. Also as shown in FIG. 11D, a complex formed by the effector of SEQ ID NO: 10 and
the crRNA of SEQ ID NO: 288 was active at the EMX1 target of SEQ ID NO: 289, and a complex formed
by the effector of SEQ ID NO: 10 and the crRNA of SEQ ID NO: 282 was active at the VEGFA target of
SEQ ID NO: 283. The effector of SEQ ID NO: 10 utilized a 5’-ATTG-3" PAM and a 5’-GTTA-3" PAM
for the targets in FIG. 11C and FIG. 11D.

This Example suggests that nucleases in the CLUST.091979 family have activity in mammalian

cells.
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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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CLAIMS

What is claimed is:

1. An engineered, non-naturally occurring Clustered Regularly Interspaced Short Palindromic Repeat

(CRISPR) - Cas system comprising:

(a) a CRISPR-associated protein or a nucleic acid encoding the CRISPR-associated protein,
wherein the CRISPR-associated protein comprises an amino acid sequence of SEQ ID NO:
241; and

(b) an RNA guide comprising a direct repeat sequence and a spacer sequence capable of
hybridizing to a target nucleic acid, or a nucleic acid encoding the RNA guide;

wherein the CRISPR-associated protein is capable of binding to the RNA guide and of modifying

the target nucleic acid sequence complementary to the spacer sequence.

2. The system of claim 1, wherein the CRISPR-associated protein comprises an amino acid sequence
that is at least 80% (e.g., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) identical to an amino acid sequence set forth in
SEQ ID NO: 4, SEQ ID NO: 10, SEQ ID NO: 12, or SEQ ID NO: 14.

3. The system of claim 1, wherein the CRISPR-associated protein comprises an amino acid sequence

that is at least 95% identical to an amino acid sequence set forth in SEQ ID NO: 4.

4. The system of claim 1, wherein the CRISPR-associated protein comprises an amino acid sequence

that is at least 95% identical to an amino acid sequence set forth in SEQ ID NO: 10.

5. The system of any previous claim, wherein the CRISPR-associated protein comprises at least one

RuvC domain or at least one split RuvC domain.

6. The system of any previous claim, wherein the spacer sequence of the RNA guide comprises

between 15 nucleotides to 55 nucleotides.

7. The system of any previous claim, wherein the spacer sequence of the RNA guide comprises

between 20 and 45 nucleotides.
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10.

11.

12.

13.

14.

15.

16.

The system of any previous claim, wherein the CRISPR-associated protein further comprises a
peptide tag, a fluorescent protein, a base-editing domain, a DNA methylation domain, a histone
residue modification domain, a localization factor, a transcription modification factor, a light-

gated control factor, a chemically inducible factor, or a chromatin visualization factor.

The system of any previous claim, wherein the nucleic acid encoding the CRISPR-associated

protein is codon-optimized for expression in a cell.

The system of any previous claim, wherein the nucleic acid encoding the CRISPR-associated

protein is operably linked to a promoter.

The system of any previous claim, wherein the nucleic acid encoding the CRISPR-associated

protein is in a vector.

The system of claim 11, wherein the vector comprises a retroviral vector, a lentiviral vector, a

phage vector, an adenoviral vector, an adeno-associated vector, or a herpes simplex vector.

The system of any previous claim, wherein the system does not comprise a tracrRNA.

The system of any previous claim, wherein the system is present in a delivery composition

comprising a nanoparticle, a liposome, an exosome, a microvesicle, or a gene-gun.

The system of any previous claim, within a cell.

A cell, wherein the cell comprises:

(a) a CRISPR-associated protein or a nucleic acid encoding the CRISPR-associated protein,
wherein the CRISPR-associated protein comprises the amino acid sequence of SEQ ID
NO: 241; and

(b) an RNA guide comprising a direct repeat sequence and a spacer sequence capable of

hybridizing to a target nucleic acid, or a nucleic acid encoding the RNA guide.
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18.

19.

The cell of claim 16, wherein the CRISPR-associated protein comprises one or more of the

following sequences:

(a) PXiX>X3X4F (SEQ ID NO: 216), wherein X;is LorM or I or Cor F, Xis Y or W or F,
XszisKorTorCorRorWorYorHorV,and Xsis I or L or M;

(b) RXiXoX5L (SEQ ID NO: 217), wherein Xiis lor LorMor Y or T or F, Xis R or Q or K
orEorSorT,and XsisLorIorTorCorMorK;

(©) NX;YX5 (SEQ ID NO: 218), wherein X;is I or L or F and X,is K or R or V or E;

(d) KX X X3FAXuXsKD (SEQ ID NO: 219), wherein X is TorlorNor AorSorFor V, X,
islorVorLorS, XsisHorSorGorR, X4sisDorSorE, and XsislorVorMor T or
N;

(e) LXiNX; (SEQ ID NO: 220), wherein X;is G or S or C or T and Xzis Nor Y or K or S;

® PX1X>X3X4SQXsDS (SEQ ID NO: 221), wherein X;is Sor P or A, X;is Y or Sor A or P
orEorYorQorN, XzisForYorH, XsisTor S, and XsisM or T or I;

(2) KX X, VRX3X4QEXsH (SEQ ID NO: 222), wherein X;is N or K or W or R or E or T or
Y,XsisMorRorLorSorKorVorEorTorlorD,XsisLorRorHorPorT orK or
QofPorSorA, X4sisGorQorNorRorKorEorIorTorSorC,and Xsis R or Wor
Y orKorTorF orSorQ;and

(h) XiINGXoX3X4DXsNXX7XsN (SEQ ID NO: 223), wherein Xjis lor Kor Vor L, Xsis L
orM, XsisNorHorP, Xsis AorSorC,XsisVorYorlorForTorN, Xsis AorS, Xy
isSorAorP,and XsisMorCorLorRorNorSorKorL.

An in vitro method of binding the system of any previous claim to a target nucleic acid in a cell
comprising:

(a) providing the system; and

(b) delivering the system to the cell,

wherein the cell comprises the target nucleic acid, wherein the CRISPR-associated-protein binds

to the RNA guide, and wherein the spacer sequence binds to the target nucleic acid.

An in vitro method of modifying a target nucleic acid, the method comprising delivering to the

target nucleic acid an engineered, non-naturally occurring CRISPR-Cas system comprising:

(a) a CRISPR-associated protein or a nucleic acid encoding the CRISPR-associated protein,
wherein the CRISPR-associated protein comprises the amino acid sequence of SEQ ID

NO: 241; and
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21.

(b)

an RNA guide comprising a direct repeat sequence and a spacer sequence capable of

hybridizing to the target nucleic acid, or a nucleic acid encoding the RNA guide;

wherein the CRISPR-associated protein is capable of binding to the RNA guide; and

wherein recognition of the target nucleic acid by the CRISPR-associated protein and RNA guide

results in a modification of the target nucleic acid.

The method of claim 19, wherein the CRISPR-associated protein comprises one or more of the

following sequences:

(a)

(b)

(c)

(d)

(e)

@)

(2

(h)

PXiX,X3X4F (SEQ ID NO: 216), wherein Xjis LorM or I or Cor F, X,is Y or W or F,
XsisKorTorCorRorWorYorHorV,and X4is I or L or M;

RXiXoX3L (SEQ ID NO: 217), wherein X isITor LorMor Y or Tor F, Xsis R or Q or K
orEorSorT,and XsisLorIorTorCorMorK;

NXi1YX2 (SEQ ID NO: 218), wherein X;is I or L or F and X;is K or R or V or E;

KX X X3FAXuXsKD (SEQ ID NO: 219), wherein X is Torlor NorAorSorFor V, X,
islorVorLorS,XsisHorSorGorR, XsisDorSorE, and XsisIor VorMor T or
N;

LXiNX, (SEQ ID NO: 220), wherein X is Gor Sor Cor T and X;is Nor Y or K or S;
PX:1X>X3X4SQXsDS (SEQ ID NO: 221), wherein X is Sor P or A, X,is Y or S or A or P
orEorYorQorN, XsisForYorH, X4sis Tor S, and XsisM or T or I;

KX XaVRX3X4QEXsH (SEQ ID NO: 222), wherein X;is N or K or Wor Ror E or T or
Y,XsisMorRorLorSorKorVorEorTorlorD,XsisLorRorHorPorTorK or
QofPorSorA, XsisGorQorNorRorKorEorIorTorSorC,and Xsis R or W or
Y orKorTorF orSorQ;and

XiNGXoX3X4DXsNXeX7XsN (SEQ ID NO: 223), wherein Xjis lor Kor Vor L, Xsis L
orM, XsisNorHorP, X4isAorSorC,XsisVorYorlorForTorN, Xsis Aor S, Xy
iIsSorAorP,and XsisMorCorLorRorNorSorKorL.

The system of any one of claims 1-15 or the cell of claim 16 or 17 for use in medicine.
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