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are methods of targeting, editing, and/or modifying of the human genes using the engineered CRISPR systems, and compositions and
cells comprising the engineered CRISPR systems.
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COMPOSITIONS AND METHODS FOR
TARGETING, EDITING OR MODIFYING HUMAN GENES

CROSS-REFERENCE TO RELATED APPLICATIONS
{6601} This application claims the benefit of and priority to U.S. Provisional Patent

Application No. 62/970.455, filed February 5, 2020, the disclosure of which 1s hereby

meorporated by reference 1n s entirety for all purposes.

SEQUENCE LISTING
{8002} The matant application contains a Sequence Listing which has been submitted
clectronically in ASCH format and is hereby incorporated by reference in its entirety. Said

ASCH copv, created on Januvary 28, 2021, is named ATS-002WO_SL txt and 15 333,008

bvies in size.

FIELD OF THE INVENTION

{6003 The present imvention relates to engineered Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR) systems and corresponding guide RNAs that target specific

nucleotide sequences at certain gene loci in the human genome, methods of targeting, editing,
and/or modifying human genes using the enginecred CRISFR systems, and compositions and

cells comprising the enginecred CRISPR systems.

BACKGROUND OF THE INVENTION

[B084] Recent advances have been made in precise genome targeting fechnologies. For
exaraple, specific loci in genomic DNA can be targeted, edited, or otherwise modified by
designer meganucleases, zine finger nucleases, or transcription activator-like cffectors
{TALEs). Furthermore, the CRISPR-Cas gystems of bactenial and archacal adaptive
mnmunity have been adapted for precise targeting of genomic DNA in enkarvotic cells.
Compared to the carlier generations of genome editing tools, the CRISPR-Cas systems are
casy to set up, scalable, and amenable to targeting multiple positions within the eukaryotic
genome, thereby providing a major resource for new applications in genome enginecring.
HEEIRY Two distinct classes of CRISPR-Cas systems have been identified. Class 1
CRISPR-Cas systems utilize multi-protein effector complexes, whereas class 2 CRISPR-Cas

sysiems witlize single-protein effectors {sce, Makarova er of. (20173 Crre, 168: 328). Among
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the three types of class 2 CRISPR-Cas systems, tvpe I and type V systerns tvpically target
DNA and type VI systems typically target RNA (id.}. Naturally occurring type H effector
coraplexes consist of Casy, CRISPR KNA (crRNA), and trans-activating CRISPR RNA
(tractRNA}, but the ¢crRNA and tracrRNA can be fused as a single guide RNA inan
engineered system for simplicity (see, Wang ef o/, (2016) Arnnv. Rev. BiocHeEM., 85: 227},
Certain naturally occurring type V systems, such as type V-A, type V-C, and type V-D
systems, do not require tractRNA and use crRNA alone as the guide for cleavage of target

DNA {(see, Zetsche ef af {(2015) Cery, 163: 759; Makarova er of. {2017y CeLr, 168: 328},

[0006] The CRISPR-Cas systems have been enginecred for various purposes, such as
genomic BNA cleavage, base editing, epigenome editing, and genomic imaging {(see, 2.2,
Wang ef o (20163 Annu. Rev, BiorHeM |, 85: 227 and Ress ef ¢l (2018) NaT. REv. GENET
19: 7703, Although significant developments have been made, there remains a need for new

and useful CRISPR-Cas systems as powerful genome targeting tools.

SUMMARY OF THE INVENTION

T The present mvention is based, i part, upon the development of enginecred
CRISPR-Cas systems {2.2.. type V-A CRISPR-Cas systems) that can be used to target, edit,
or otherwise modify specific target nucleotide sequences thuman ADORAZA, BZM, CDS2,
CHTA, CTLA4, DCK, FAS, HAVCR2 (also called TIM3), LAG3S, PDBCDH (also called PD-
1}, PTPNS6, TIGIT, TRAC, TRBCL, TRBC2, CARDI11, CD247, IL7R, LCK, or PLCGI gene.
In particular, guide nucleic acids, such as single gwide nucleic acids and dual guide nucleic
acuds, can be desigoned to hybridize with the selected target nucleotide sequence and activaic a
Cas nuclease to edit the human genes. CRISPR-Cas systems comprising such guide nucleic

acids are also useful for targeting or modifying the human genes.

HEETRY A CRISPR-Cas system generally comprises a Cas protein and one or more gude
nucleic acids {e. g, RNAg). The Cas protein can be directed to a specific location in a doable-

stranded DNA target by recognizing a protospacer adjacent motif (PAM) 1o the non-target
strand of the DNA, and the one or more guide nucleic acids can be directed to a specific
location by hybridizing with a target nucleotide sequence m the target strand of the DNA.
Both PAM recognition and target nucleotide sequence hybridization are requured for stable
binding of a CRISPR-Cas complex to the DNA target and, if the Cas protein has an effector
function {e.g., nuclease activity}, activation of the effector function. As a resulf, when

creating a CRISPR-Cas system, a guide nucleie acid can be designed to comprise a

N
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nucleotide sequence called spacer sequence that hybndizes with a target nucleotide sequence,
where target nucleotide sequence is located adjacent to a PAM 1 an onentation operable with
the Cas protein. It has been observed that not all CRISPR-Cas systems designed by these
critenta are equally effective. The present invention wdentifies target nucleonde scquences in
particudar human genes that can be efficiently edited, and provides CRISPR-Cas systems

directed to these target nucleotide sequences,

{8009} Accordingly, in one aspect, the present invention provides a guide nucleic acid
comprising a targeter stem sequence and a spacer sequence, wherein the spacer sequence

comprises a nucleotide sequence listed in Table 1, 2, or 3.

6610} In certain embodiments, the targeter stem sequence comprises a nuclectide
sequence of GUAGA. In certain embodimends, the targeter stem sequence is 57 o the spacer
sequence, optionally wherein the targeter stem sequence 1s linked to the spacer sequence by a

hnker consisting of 1, 2, 3, 4, or § nucleotides.

{0011} In certain embodiments, the guide nucleic acid is capable of activating a CRISPR
Assoctated (Cas) nuclease in the absence of a tracrBNA (e g, the guide vucleic acid being a
single guide nueleic acid). In certain embodiments, the guide nucleic acid comprises from §°
to 37 a modulator stem secquence, a loop sequence, a targeter stem sequence, and the spacer

SeQUEnce,
{6812} In certain embodiments, the guide nucleic acid s 3 targeter nucleic acid that, in
combination with a modulator nucleic acid, s capable of activating a Cas nuclease. In certain

crobodiments, the guide nucleic acid comprises from 57 10 37 a targeter stem seguence and the

]

I

PACCT SCQUCHCe.

{6013} In certain embodinents, the Cas muclease 15 atvpe V Cas nuclease. In certain
embodiments, the Cas nuclease 15 a type V-A Cas nuclease. In certain embodiments, the Cas
nuclease comprises an amino acid sequence at least 80% identical to SEQIDNG: 1. In
certain embodiments, the Cas nuclease is Cpfl. In certain embodiments, the Cas nuclease
recognizes a protospacer adjacent motif (PAM) consisting of the nucleotide sequence of
TTTN or CTTN.

[6614] In certain enbodiments, the guide mucleic acid comprises a ribonucleie acid
(RNA}. In certain erabodiments, the guide nucleic acid comaprises a modified RNA. To
certaim embodiments, the guide nacleie acid comprises a combination of RNA and DNA. In

certain crabodiments, the guide nucleic acid comprises a chemical modification. In cortain
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embodiments, the chemical modification 1s present in one or more nucleotides at the 537 end of
the guide nucleic acid. In certain embodiments, the chemical modification is present in one
or more nucleotides at the 37 end of the guide nucleic acid. o certain embodimerds, the
chemical moditication is selected from the group consisting of 2'-O-methyl, 2'-fluoro, 2'-0-
methoxyethyvl, phosphorothioate, phosphorodithioate, pseudouridine, and any combinations

thereof.

{8615} ¢ present invention also provides an engineered, non-naturally occuming system
comprising a guide nucleic acid (2.2, a single gotde nucleic acid} disclosed herein. In certain
crabodiments, the cnginecred, non-naturally occurring system further comprising the Cas
nuclease. In certain embodiments, the guide nmucleic acid and the Cas nuclease are present in

a ribomucleoprotein (RNP) complex.

{6616} The present invention also provides an enginecred, non-naturally occurring systom
comprising the guide nucleic acid {e.g., targeter nucleic acid) disclosed herein, wherein the
engingered, non-naturally occurring system further comprises the modalator nucleic acid. In
certain embodiments, the engincered, non-naturally occurring system, further comprises the
Cas nuclease. In certain embodiments, the guide nucleic acid, the modulator nucleic acid,

and the Cas nuclease are present in an RNP complex,

{6617} In certain embodiments of the engineered, non-naturally occurring system, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
ID NGs: 51 and 131137, wherein the spacer sequence is capable of hybridizing with the
human ADORAZA gene. In certain crubodiments, when the system is delivered mto a
population of human cells ex vive, the genomic sequence at the ADORAZA geve locus is

edited 1n at least §.5% of the cells.

{6618} In certain embodiments of the engineered, non-naturally occurring system, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
ID NQGs: 52, 64-66, 138-145, 622, 625-626, and 634-635, wherein the spacer sequence 18
capable of hybridizing with the human B2M gene. In certain embodiments, when the system
is delivered into a population of human cells ex vivo, the genomic sequence at the B2M gene
tocus is edited 1 at least 1.5% of the cells.

U In certain embodiments of the engineered, non-naturally occurring system, the

spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ

ID NGs: 724, 726-727, 730-732, 735-738, 741-742, and 744-745, wherein the spacer
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sequence is capable of hybridizing with the human CD247 gene. In certain embodiments,
when the system is delivered mnto a population of niman cells ex vive, the genomie sequence

at the C247 gene locus 1s edited 1o at least 1.5% of the celis.

3820 In certain embodiments of the engineered, non-naturally occurring system, the
spacer seguence comprises a nucleotide sequence selected from the group consisting of SEQ
1D NOs: 53 and 146, wherein the spacer sequence is capable of hybridizing with the human
CD52 gene. In cortamn embodiments, when the system s delivered mto a population of
human cells ex vivo, the genomie sequence at the CDS2 gene locus s edited m at least 1.5%

of the cells.

j6621] In certain embodiments of the engineered, non-naturally occurring system, the
spacer seguence comprises a nucleotide sequence selected from the group consisting of SEQ
1D NOs: 54, 147-148, 636-640, 642, 644-648, 650-652, 555-656, 660-663, 666, 668, 670-
671, 673-676, 678-679, and 682-683, wherein the spacer sequence 1s capable of hybnidizing
with the homan CHITA gene. In certain embodiments, when the system is delivered mito a
population of human cells ex vive, the genomic sequence at the CHTA gene focus is edited in

at least 1.59% of the cells.

j6622] In certain embodiments of the engineered, non-naturally occurring system, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
ID NGs: 55, 67-70, and 149-155, wherein the spacer sequence 18 capable of hvbridizing with
the human CTLA4 gene. In certain cmbodiments, when the system 1s delivered into a
population of human cells ex vive, the genomic sequence at the CTLA4 gene locus 1s edited

it at feast 1.5% of the cells.

[6623] iIn certain embodiments of the engincered, non-naturally occurring system, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
ID NGs: 56, 71-74, and 156-159, wherein the spacer sequence 18 capable of hvbridizing with
the human DCK gene. In certain embodiments, when the system is delivered info a
population of human cells ex vive, the genomic sequence at the BCK gene locus is edited in

at least 1.59% of the cells.

j3824] In certain embodiments of the engineered, non-naturally occurring system, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
ID NGs: 57, 75-79, and 160-173, wherein the spacer sequence 1s capable of hybridizing with

the human FAS gene. In certain embodiments, when the system is delivered into a
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population of human cells ex vivo, the genomic sequence at the FAS gene locus 1s edited i at

least 1.53% of the cells.

[0625] In certan embodiments of the engimeercd, non-naturally occurring system, the
spacer sequence comprnises a nucleotide sequence selected from the group consisting of SEQ
1D NGs: 58, 80-86, and 174-187, wherein the spacer sequence is capable of hybridizing with
the buman HAVCR2 gene. I cortam emboduments, when the system is delivered wto a
population of human cells ex vivo, the genomie sequence at the HAVCRZ gene locus 18 edited

in at least 1.5% of the cells.

3026} In certan embodiments of the engimeercd, non-naturally occurring system, the
spacer sequence comprnises a nucleotide sequence selected from the group consisting of SEQ
1D NGs: 748-749 and 753-754, wherein the spacer sequence is capable of hybridizing with
the buman [L7R gene. In certain embodiments, when the system s delivered wto a
population of human cells ex vivo, the genomie sequence at the IL7R gene locus 1s edited m

at least 1.5% of the cells.

{8027} In certain embodiments of the engineered, non-naturally occurring system, the

1

spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ

o

I

D NOs: 59, 87, 88, and 188-198, wherein the spacer sequence 1s capable of hybridizing with
the buman LAG3 gene. In certain embodiments, when the system is delivered into a
population of human cells ex vive, the genomic sequence at the LAG3 gene locus 1s edited m

at least 1.5% of the cells.

[B028] In certain embodiments of the engineered, non-naturally occurring system, the

spacer sequence comprises the nucleotide sequence of SEQ ID NGO: 757, wherein the spacer

w

cquence is capable of hybnidizing with the human LCK gene. In certain embodiments, when
the system is delivered mto a population of human cells ex vivo, the genomuc sequence at the

LCK gene locus 1s edited 1n at least 1.5% of the cells.

{6629} In certain embodiments of the engineered, non-naturally occurring system, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
D NOs: 60, 89-92 and 199-201, wherein the spacer sequence 1s capable of hybridizing with
the human PBCDI gene. In certaim embodiments, when the system s delivered into a
population of human cells ex vive, the genonuc sequence at the PDCIN gene locus 1s edited

i af teast 1.59 of the cells.

6
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{8634} In certain embodiments of the engineered, non-naturally occurring svstem, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of of
SEQ H3 NOs: 759 and 761-762, wherein the spacer sequence is capable of hybridizing with
the human PLCGI gene. In certain embodiments, when the system is delivered into a
popalation of human cells ex vive, the genomic sequence at the PLCGT gene locus is edited

i at least 1.3% of the cells.

{6631} In certain embodiments of the engineered, non-naturally occurring svstem, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
1D NOs: 61, 93-104, and 202-213, wherein the spacer sequencee 15 capable of hybndizing
with the human PTPNG gene. In certain embodiments, when the system is delivered into a
population of human cells ex vive, the genomic sequence at the PTPNG gene locus is edited in
at least 1.5% of the celis.

3

{8632} In certain embodiments of the engineered, non-naturally occurring svstem, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
ID NGs: 62, 103, and 214-217, wherein the spacer sequence 13 capable of hybridizing with
the human TYGIT gene. In certam crobodiments, when the syster is debivered into a
population of human cells ex vive, the genomic sequence at the TIGIT gene locus 1s edited n

at least 1.53% of the celis.

{8633} In certain embodiments of the engineered, non-naturally occurring svstem, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
1D NOs: 63, 106-130, and 218-241, wherein the spacer sequence is capable of hybndizing
with the human TRAC gene. In certain embodiments, when the svstem 1s delivered info a
population of human cells ex vive, the genomic sequence at the TRAC gene locus 1s edited in

at least 1.53% of the celis.

{8634} In certain embodiments of the engineered, non-naturally occurring svstem, the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
1D NQGs: 705-706, 711-712, 714-715, 717, and 719-720, wherein the spacer sequence is
capable of hvbridizing with the human TRBC2 gene. In certain embodiments, when the
aysiern 1s delivered 1nto a population of human cells ex vivo, the genomic sequence at the
TRBC2 gene locas is edited n at feast 1.5% of the cells. In certain embodiments, the spacer
sequenge comprises a nucleotide sequence selected from the group consisting of SEQ 1D

MNQOs: 705-706, wherein the spacer sequence is capable of hyvbridizing with both the human

-3
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TRBCI gene and the human TRBC? gene. In certain embodiments, when the system is
delivered into a population of human celis ex vivo, the genomie sequence at the TRBCT gene

locus is edited 1 at feast 1.5% of'the cells,

3035 In certain embodiments of the engineered, non-naturally occurring system,

W

genomic mutations are detected in no more than 2% of the cells at any off-tareet loci by
CIRCLE-Seq. In certain ernbodiments, genomic mutations arc detected in no more than 1%

of the cells at anv off-target loct by CIRCLE-Seq.

{0036] In another aspect, the present invention provides a human cell comprising an

engineered, non-naturally occurring system disclosed hereimn.

10 6637 in another aspect, the present invention provides a composition comprising a
gwmde nucleic acid, engineered, non-naturally occurring system, or human cell disclosed

herein.

{6635} In another aspect, the present invention provides a method of cleaving a target
DNA comprising the sequence ot a presclected target gene or a portion thereof, the method
15  compnsing contacting the target DNA with an engineered, non-naturally occurring system
disclosed herein, thereby resulting in cleavage of the target BNA. In certain embodmments,
the contacting occurs # virro. In certain embodiments, the contacting oceurs in a cell ex vive.

In certain embodiments, the target DNA 1s genomic BNA of the cell.

{8639} In another aspect, the present invention provides a method of editing human

20 genomic sequence at a preselected target gene locus, the method comprising delivering an
engineered, non-naturally oocurring system disclosed herein into a human cell, therehy
resulting in editing of the genomic sequence at the target gene locus in the human cell, In
certain embodiments, the cell 15 an ivunune cell. In certain embodiments, the mumune cell s

a T lvmphocyie.

A
(¥4

{0040 In certain embodiments, the method of editing human genomic sequence at a
presciected target gene locus comprises delivering an engincered, non-naturally occurring
avaiern disclosed herein into a population of human cells, thereby resulting in editing of the
genomic sequence at the target gene locus n at feast a portion of the buman cells. In certam
embodiments, the population of human cells comprises human mmune cells. In certain

30 embodiments, the population of huroan cells is an 1solated population of buman tomune

cells. In certain embodiments, the mmpnme cells are T lvmphocvies.
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{6641} In certain embodiments of the method of editing human genomic sequence at a
preselected target gene locus, the engineered, non-naturally occurring system is delivered wnto
the ccli(s) as a pre~formed RNP complex. In certain cmbodiments, the pre-formed RNP

complex 1s delivered mto the cell{s) by electroporation.

5 |6042) in certain embodiments, the target gene is human ADORAZA gene, wherein the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
ID NOs: 51 and 131-137. In certain embodiments, the genomic sequence at the ADORAZA

gene locus is edited in at least 1.5% of the human cells.

0343} In certain embodiments, the target gene 1s human B2M gene, wherein the spacer
16 sequence compnses a nucleotide sequence selected from the group consisting of SEQ 1D
NQs: 52, 64-66, 138-145, 622, 625-626, and 634-635,. In certain embodiments, the genonuc

sequence at the B2M gene locus is edited in at least 1.5% of the human cells.

{6044} In certain embodiments, the target gene 1s human CDBS2 gene, wheren the spacer
sequence comprises a nucleotide sequence selected from the group consisting of SEQ 1D
15 NOs: 53 and 146, In certain embodinents, the geoomic sequenee at the CD372 gene locus 18

edited in at least 1.5% of the human cells.

{8043} In certain embodunents, the target gene 1s human CD247 gene, wherein the spacer
sequence comprises a nucleotide sequence selected from the group consisting of SEQ ID
NQOs: 724, 726-727, 730-732, 735-738, 741-742, and 744-745. In certain embodiments, the
20 genomic sequence at the U247 gene locus is edited 1n at least 1.5% of the buman celis.
3040} In certain embodiments, the target gene is human CHTA gene, wherein the spacer
sequenge comprises a nucleotide sequence selected from the group consisting of SEQ 1D
MNQOs: 54, 147-148, 636-640, 642, 644-648, 630-632, 655-656, 660-663, 666, 668, 670-671,

673-676, 678-679, and 682-685. In certain embodiments, the genomic sequence at the CHITA

]
(4]

gene locus is edited in at least 1.5% of the human cells.

{3047} In certain embodiments, the target gene 1s human CTLA4 gene, wherein the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
D NQsg: 55, 67-70, and 149-135 . In certamn embodiments, the genomic sequence at the

CTLA4 gone locus 1s edited m at feast 1.5% of the human cells.

30 [0048} In certain cmbodiments, the target gene is human DCK gene, wherein the spacer

sequence comprises a nucleotide sequence selected from the group consisting of SEQ 1D
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NOgs: 56, 71-74, and 156-139. In certamn embodiments, the genomic sequence at the DCK

gene locus is edited in at least 1.5% of the human cells.

[6049] In certain embodiments, the target gene is human FAS gene, wherein the spacer
sequenee comprnises a nucleotide sequence selected from the group consisting of SEQ 1D
5 NOs: 537 75-79, and 160-173 . In cortam embodiments, the genomic sequence at the FAS

gene locus is edited in at least 1.5% of the human cells.

{6034} In certain embodiments, the target gene 1s human HAVUR?2 gene, wherein the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
1D NOs: 58, 80-86, and 174-187. In certain embodiments, the genomic sequence at the

10 HAVCR2 gene locus is edited in at feast 1.5% of the human cells.

{8051} In certain embodiments, the target gene is human HL7R gene, wherein the spacer
sequence comprises a nucleotide sequence selected from the group consisting of SEQ 1D
NOg: 748-749 and 753-754. In certain embodiments, the genomic sequence at the IL7R gene

locus is edited m at least 1.5% of the human cells.

15 jops2) In certain embodiments, the target gene is human LAG3 gene, wherein the spacer
sequenge comprises a nucleotide sequence selected from the group consisting of SEQ 1D
MNQOs: 59, 87, 88, and 188-198. In certain embodiments, the genomic sequence at the LAG3

gene locus 18 edited n at least 1.5% of the human cells,

{6653] In certain embodiments, the target gene is human LUK gene, wherein the spacer
20 scquence comprises the nucleotide sequence of SEQ 1D NG: 757, 1n certain embodimerds,
the genomic sequence at the LCK gene locus 15 edifed in at least 1.53% of the human cells.
{6654} In certain embodiments, the target gene 1s human PDCD1 gene, whorein the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ

1D KNOs: 60, 89-92, and 199-201. In certain embodiments, the genomie sequence at the

A
(¥4

PBCDT gene locus is edited in at least 1.5% of the human cells.

[B055] In certain embodiments, the target gene 1s human PLCGT gene, wherein the
apacer sequence comprises a sequence of SEQ 1B NO: 759 and 761-762. In certain
embodiments, the genomic sequence at the PLCGT gene locus 1s edited in at least 1.5% of the
human cells.

30 [0054] In certain embodiments, the target gene is human PTPNG gene, wherein the spacer

sequence comprises a nucleotide sequence selected from the group consisting of SEQ 1D

1
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NOs: 61, 93-104, and 202-213. In certain embodiments, the genomic sequence at the PTPNS

gene locus is edited in at least 1.5% of the human cells.

657} In certan embodiments, the target gene 1s human TIGIT gene, wherein the spacer
sequenoee comprnses a nucleotide sequence selected from the group consisting of SEQ 1D
5 NOs: 62,105, and 214-217. In certain embodiments, the genomic sequence af the TIGT

gene locus is edited in at least 1.5% of the human cells.

{6058} In certain embodmments, the target gene 1s human TRAC gene, wherein the spacer
sequence comprises a nucleotide sequence selected from the group consisting of SEQ 1D
NQOs: 63, 106130, and 218-241. In certain embodiments, the genomic sequence at the TRAC

10 gene locus is edited in at least 1.5% of the haman cells.

{8059] In certain emboduments, the target gene 1s human TRBCI gene, wherein the
spacer sequence comprises a nucleotide sequence selected from the group consisting of SEQ
ID NGs: 705-706, 7T11-712, 714-715, 717, and 719-720. In certamn embodiments, the
genomic sequence at the TRBCZ gene locus 1s edited in at least 1.5% of the human cells. In
15 certain embodiments, the method further results in editing of the genomic sequence at human
TRBCI gene locus in the human cell, wherein the spacer sequence comprises a nucleotide
sequence seiected from the group consisting of SEQ 1D NOs: 7035-706. In certain
embodiments, the genomic sequence at the TRBCH gene locus is edited i at least 1.5% ofthe

human celis.

20 {0060 In certain embodiments, genomic mutations are detected i no more than 2% of
the cells at any off-target loct by CIRCLE-5Scq. In certain embodiments, genomic mutations

are detected in no more than 1% of the cells at any off-target foci by CIRCLE-Seq.

BRIEF DESCRIPTION OF THE BRAWINGS

{8061} Figure 1A is a schematic representation showing the structure of an exemplary
25 single guide type V-A CRISPR svstem. Figure 18 is a schematic representation showing the

structure of an exemplary dual gunde type V-A CRISPR system.

8062} Figures 24-2C are a series of schematic representation showing incorporation of
a proteciing group {e.g., a protective nucleotide sequence or a chemical modification)
{Figare 2A), a donor template-recnating sequence (Figure 2B), and an editing enhancer

30 {Figure 2C) into a type V-A CRISPR-Cas system. These additional elements are shown in

the context of a dual guide type V-A CRISPR svstem, but 1 is understood that they can also
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