CLAIMS

What is claimed is:

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

(CRISPR) - Cas system of CLUST.091979 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;

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

(CRISPR) - Cas system of CLUST.091979 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 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 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.

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

RuvC domain or at least one split RuvC domain.
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10.

11.

12.

13.

14.

15.

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

between about 15 nucleotides to about 55 nucleotides.

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

between 20 and 45 nucleotides.

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 28, 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 tractrRNA.

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 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 %,
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16.

17.

(b)

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 comprising a direct repeat sequence and a spacer sequence capable of

hybridizing to a target nucleic acid.

The cell of claim 15, wherein the CRISPR-associated protein comprises one or more of the

following sequences:

(a)

(b)

(c)

(d)

(e

)

(2)

(h)

PXiXoX3X4F (SEQ ID NO: 216), wherein Xjis LorM orIor C or F, X;is Y or W or F,
XszisKorTorCorRorWorYorHorV,and X4is I or L or M;

RX:XoX5L (SEQ ID NO: 217), wherein XjisIorLorMor Y or Tor F, Xsis Ror Q or K
orEorSorT,and XsisLorIorTor CorM orK;

NX:YX, (SEQ ID NO: 218), wherein X;is [ or L or F and X,is Kor R or V or E;

KX X2X3FAXy XKD (SEQ ID NO: 219), wherein Xjis TorIor Nor Aor Sor For V, X,
islTorVorLorS, XsisHorSorGorR, XsisDorSorE, and XsisIor VorMor T or
N;

LXiNX: (SEQ ID NO: 220), wherein X;is Gor S or Cor T and Xzis Nor Y or K or S;
PX1XoX3X4SQXsDS (SEQ ID NO: 221), wherein X;is Sor P or A, Xzis Y or S or A or P
orEorYorQorN, XsisFor YorH, X4is Tor S, and Xsis M or T or I;

KX X2VRX3X4QEXsH (SEQ ID NO: 222), wherein X;is N or K or W or R or E or T or
Y, XsisMorRorLorSorKorVorEorTorlorD, XsisLorRorHorPorTorK or
QofPorSorA,X4sisGorQorNorRorKorEorIorTorSorC,and Xsis R or W or
YorKorTorForS orQ; and

XiINGXoX3XuDXsNXeX7XsN (SEQ ID NO: 223), wherein X is I or Kor Vor L, Xzis L
orM, XsisNorHorP, X4sisAorSorC, XsisVorYorIorForTorN, X¢is Aor S, Xy
isSorAorP,and XgisMorCorLorRorNorSorKorL.

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

comprising:

(a)
(b)

providing the system; and

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.
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18.

19.

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 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 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.

The method of claim 18, wherein the CRISPR-associated protein comprises one or more of the

following sequences:

(a) PXXoX3X4F (SEQ ID NO: 216), wherein X;is LorM or I or C or F, X,is Y or W or F,
XszisKorTorCorRorWorYorHorV,and X4isIorL or M;

(b) RX;XoX5L (SEQ ID NO: 217), wherein XjisIorLorMor Y or Tor F, Xzis R or Q or K
orEorSorT,and XsisLorIorTor CorM orK;

(c) NX:YX, (SEQ ID NO: 218), wherein X;is I or L or F and X»is Kor R or V or E;

(d) KX XoX3FAXuXsKD (SEQ ID NO: 219), wherein X is TorIorNorAorSorFor V, X;
islorVorLorS, XsisHorSorGorR, XsisDorSorE, and XsisIorVorMor T or
N;

(e) LXiNX; (SEQ ID NO: 220), wherein X;is Gor Sor Cor T and X,is Nor Y or K or S;

® PXi1XoX3X4SQXsDS (SEQ ID NO: 221), wherein X is Sor P or A, X,is Y or S or A or P
orEorYorQorN, XsisForY orH, X4is Tor S, and Xsis M or T or I,

() KX X2VRX:X4QEXsH (SEQ ID NO: 222), wherein X;is N or K or W or R or E or T or
Y, XsisMorRorLorSorKorVorEorTorIorD, XsisLorRorHorPorTorK or
QofPorSorA,X4sisGorQorNorRorKorEorIorTorSorC, and Xsis R or W or
YorKorTorForSorQ;and

(h) XiINGXoX3X4DXsNXeX7XsN (SEQ ID NO: 223), wherein X;is I or Kor Vor L, X;is L
orM, XsisNorHorP, X4sisAorSorC, XsisVorYorIorForTorN, X¢is A or S, Xy
isSorAorP,and XgisMorCorLorRorNorSorKorL.
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20.

21.

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 more of the following amino acid

sequences:

®

(i)

(iii)

@iv)

v)

(vi)

(vii)

(viii)

PXiXoX3X4F (SEQ ID NO: 216), wherein X;is Lor M or I or C or F, X,is Y or
WorF, XsisKorTorCorRorWorYorHorV, and Xsis I or L or M;
RX:X>X5L (SEQ ID NO: 217), wherein XjisTorLorMor Y or T or F, Xzis R or
QorKorEorSorT,and Xsis LorIor T or C or M or K;

NX:YX, (SEQ ID NO: 218), wherein X;is [ or L or F and X,is Kor R or V or E;
KX X2X3FAXAXsKD (SEQ ID NO: 219), wherein X;is TorIor Nor A or S or F
orV,XsislorVorLorS,XsisHorSorGorR, X4isD or S orE, and Xsis I or
VorMorTorN;

LXiNX: (SEQ ID NO: 220), wherein X;is Gor Sor Cor T and Xzis Nor Y or K
orS;

PX1XuoX3X4SQX5DS (SEQ ID NO: 221), wherein X;is Sor Por A, X»is Y or S or
AorPorEorYorQorN, XsisFor YorH, X4is Tor S, and Xsis M or T or I;
KX X2VRX3X4QEXsH (SEQ ID NO: 222), wherein X;is N or K or W or R or E
orTorY,XzisMorRorLorSorKorVorEorTorlIorD, X3isL or R or H
orPorTorKorQofPorSorA,XsisGorQorNorRorKorEorIorTorS
or C,and Xsis Ror Wor Y or Kor Tor ForS or Q; and
XiINGXoX3X4DXsNXeX7XsN (SEQ ID NO: 223), wherein X;is [ or Kor V or L,
XsisLorM, XsisNorHor P, Xsis AorSorC, XsisVorYorIorForTorN,
XeisAorS,X7isSorAorP,and XgisMorCorLorRorNorSorKorL; and

wherein the CRISPR-associated protein binds to the RNA guide, and the spacer binds to a target

nucleic acid.

The system of any one of claims 1-14, the cell of any one of claims 15-16 or the composition of

claim 20 for use in medicine.
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