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SYNTHETIC MINIATURE CRISPR-CAS (CASMINE) SYSTEM FOR
EUKARYOTIC GENOME ENGINEERING

CROSS-REFERENCE TO RELATED APPLICATIONS
{6001} The preosent application claims priotity to US. Provisional Apphication MNo.
63/073,377 filed September 1, 2020, and U.5. Provisional Application No. 63/191,611 filed
May 21, 2021, the full disclosures of which are incorporated by reference in their entirety for

all purposes.

BACKGROUND
[0002] Techniques involving Clustered Regularly Interspaced Short Palindromic Repeat
(CRISPR}-associated (Cas} protein have brought revolutionary capability to genome
engineering apphications (M. Jinek et al, Science 337, (2012} 816-21; L. Cong ¢t al., Science
336, (2013 819-23. While Cas mucleases {c.g., Streprococcus pyogenes Cas9,
Lachnospiracece bactermim CaslZa) allow for efficient and specific genome editing,
nuclease-deactivated Cas (dCas) molecules fused with transeriptional and epigenome
effectors enable targeted regelation of endogenouns genes in mammalian cells (L. §. Qi et al,
Cell 152, (2013} 1173-43; B. Zetsche et al., Cell 163, (2015} 759-71; Y. E. Tak et al., Nat.
Methaods 14, (2017 1163-66; B. P. Klamnstiver ¢t al., Nat. Biotechnol. 37, {(2019): 276-82; X.
Xu & 8 L. Gy, I Mol Biol. 431, (2019): 34-47; D, C. Swarts, §. van der Oost, & M. Jinck,
Mol. Cell 66, (2017): 221-33). These systems offer promising approaches o gene therapies
against genctic diseases {B. 1. Hilton et al,, Nat. Biotechnol. 33, (2015} 510-17; T. §. Klanan
et al., Nat. Biotechnol. 35, (2017y 561-68; C. Felbwann, B. G. Gowen, P. €. Lin, J. A
Doudna, & J. E. Com, Nat. Rev. Drug Discov. 16, (2017} 89-100). However, their large size
usually prohibits apphcations. For example, adenc-associated virus (AAV} has a limited
payioad packaging capacity (< 4.5 kb), and many Cas effectors or fusion proteins are beyond

this Hmit.

[0003] The discovery of naturally occurring Cas effectors, including Casl4 (Casi2f) and
Cas®, having smaller sizes when compared to Cas9 or Casi2a (usually 1000 to 1500 amino

acids) has offered a natural reservoir of compact Cas effectors (L. B. Hamrington et al,
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Science 362, (2018): 839-42; T. Karvelis et al., Nucleic Acids Res. 48, (2020} 5016-23; §.
N. Takeda et al, Mol. Cell 81, (2021} 558-70; P. Pausch ¢t al., Science 369, (2020): 330-37)
{FIG. 1). For example, the class 2 type V-F system, CRISPR-Casi4 (400-700 amino acids) is
a fanuly of exceptionally compact RNA-guided nucleases from uncultivated archaea. The
compact Casl4d effector has not, though, been shown useful in mammalian cells (L. B.
Harrington et al.,, Science 362, (2018): 839-42; T, Karvelis et al, Nucleic Acids Res. 48,
(2020): 5016-23). Similarly, the reported compact Cas® bas been found to exhibit only

moderate activity 1n eukarvotic cells (P. Pausch et al, Science 369, (2020): 330-37).

[6604] o view of these and other challenges associated with the use of many existing
CRISPR-Cas systems, there is a need m the art for mmproved CRISPR-Cas system
components, ¢.g., compact and highly efficient Cas effectors and/or related guide RNA
molecules, for genome engincering applications. In particular, there is a need for mproved
CRISPR-Cas systems capable of sufficient functioning i mammalian celis. The present

disclosure addresses this need and provides associated and other advantages.

BRIEF SUMMARY
[0045]  In gencral, provided herein are muniature Cas effectors engineered, for example,
from the type V-F Casl4 (529 amino acuds) for efficient gene activation and base editing in
manunalian cells. Tn cases where a natural Cas effector fails to work in mavunalian cells, the
provided enginecred Cas effectors, via guide RNA and protein engineering, can exhibit
thousands-fold improvements in activation fevels of reporter and endogenous genes in these
cell types. The engincered Cas cffectors can further have bigh specificity with no detected
off-targets, and allow for robust base editing when fused with an adenine base editor, and
robust deletion-insertion gene editing. The synthetic matenals and related methods disclosed
herein thus provide useful tools for broad applications mcluding those i the ficlds of gene

therapy and cell engineering.

[0006] In one aspect, the disclosure provides an engineered Clustered Regularly
Interspaced Short Palindromic Repeat (CRISPR}-associated {Cas) protein that is functional in
cukarvotic cells. The Cas protein includes a modified anmino acid sequence that is at least
80% identical to a native amino acid sequence of a wild-type Cas protein. The native amino
actd soquence has a leongth of less than 700 amino acids and includes a

{(B/E/K/MNIXRAWERON motf. The modificd amunoe acid sequence mchides one or more
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substitutions in the native amine acid sequence. At least one of the one or more substitutions
is at a position either {1} within or no more than 30 anmino acids upstream or downstream of

the ﬂ)l

MOIX(RFWEAN motif, (2) at or no more than 30 anuno acids upstream or
downstream of position 241 of the native amino acid sequence, (3} at or no more than 30
amino acids upstream or downsiream of position 516 of the native amino acid sequence, or

{4) having an clectrically charged amino acid in the native amino acid sequence.

{3087] In another aspect, the disclosure provides a single-guide RNA {sgRNA} including
an engineered CRISPR RNA {crRNA/trans-activating CRISPR RNA (tracrRNA) fusion
nucleotide sequence that is at least 60% identical to a wild-tvpe crRNA/racrRNA fusion
nucleotide sequence. The wild-type crRNA/tracyRNA fusion nucleotide sequence includes
{Iy a 3" region corresponding to an RNA siem-loop hanpin structure, (2} a poly-U region
proximate to the 3 region, and (3) a 5 poly-G region. The enginecred crRNA/traceRNA
fusion oucleotide sequence mcludes one or more modifications to the wild-type
crRNAMAraceRNA fusion nacleotide sequence. The modifications include substitution of at
least one U of the polyv-U region, ¢.g., with a (5, deletion of at least a portion of the 37 region,
deletion of at least a portion of the 37 poly-G region, or a combination of any of these

modifications.

[0008] In another aspect, the disclosure provides a nucleic acid encoding any of the
engineered Cas proteins disclosed herein. Tn another aspect, the disclosure provides a nucleic

acid encoding any of the sgRNA molecules disclosed herein.

[000%9]  In another aspect, the disclosure provides a vector including a nucleic acid encoding
any of the engimecred Cas profeins disclosed herein, a nucleic acid encoding any of the

sgRNA molecules disclosed hercin, or a combination thercof.

[3016] In another aspect, the disclosure provides a systenm mcluding an sgRNA and any of
the engineered Cas proteins disclosed herein. In ancther aspect, the disclosure provides a Cas
protein and any of the sgRNA mwlecules disclosed heremn. In another aspect, the disclosure
provides a system mcluding both a nucleie acid encoding an sgRNA, and a nucleic acid
encoding any of the engineered Cas proteins disclosed herein. In another aspect, the
disclosure provides a system including both a nucleic acid encoding a Cas protein, and a

nucleic acid encoding any of the sgRNA molecules disclosed heremn.

3611} In ancther aspect, the disclosure provides a method of modulating one or more

target nucleic acids m a cell. The method mmcludes contacting the cell with any of the

2
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engincered Cas proteins disclosed herein, any of the sgRNA molecuales disclosed herein, any
of the nucleic acids disclosed herein, any of the vectors disclosed herein, or any of the

systems disclosed herein.

{6012} In another aspect, the disclosure provides a pharmaceutical composition. The
pharmaceutical composition includes any of the engincered Cas proteins disclosed herem,
any of the sgRNA molecules disclosed herein, any of the nucleic acids diselosed heren, any

of the vectors disclosed herein, or any of the systems disclosed herein.

[6013] In another aspect, the disclosure provides a method of preventing or treating a
disorder, e.g., a genetic disorder, in a subject. The method includes administering to the
subject an amount of any of the pharmaceutical compositions disclosed herein, where the
amgount s sufficient to modulate one or more target nucleic acids associated with the

disorder.

[6014] To another aspect, the disclosure provides a method of treating an infection in a
subject. The method includes admunistering to the subject an amount of any of the
pharmaceutical compositions disclosed herein, where the amount is sufficient to modulate

one or more target nuckeic acids associated with the infection.

BRIEF DESCRIPTION OF THE DRAWINGS
{6615}  FIG. 1 illustrates that engincered novel nuniature Cas effector (CasMINI) can serve
as a tool for RNA-guided targeted genome engincering requiring better delivery and

expression.

[0016] FIG. 2 presents schematic construct designs for testing dCasi4-VPR fusion for
CRISPR activation in a TRE3G-GFP HEK293T reporter cell line. Two mutations were
mtroduced in the Ruvl domain of {asl4d 1o generate nuclease-deactivated dCasid. The
sgRNA targets the TRE3G promoter with a TTTR PAM.

{6817} FIG. 3 presents graphs showing performance of GFP activation by the constructs of
FIG. 2 as measured by flow cyvtometry. Representative histograms of target and non-target
groups show the pereentages of GFP positive population and that dCasi4 fails to function in

mammalian cells.

{6018} FIG. 4 presents a schematic itllustration of strategies for sgRNA engineenng. Design

1, G-U swap; Design 2, stem-loop trancation; Design 3, 57 poly G removal.
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[3619]  FIG. 5 presents a schematic llustration of wild-type Cas14 sgRNA.

[6620] FIG. 6 prosends a schematic Ulustration of sgRNA engineering Design | of FIG. 4.
{6021} FIG. 7 presents a schematic illustration of sgRNA engincering Design 2 of FIG. 4.
{3022} FIG. 8 presents a schematic illustration of sgRNA engineering Design 3 of FIG. 4.

66231  FIG. 9 presents graphs showing performance of GFP activation by transfecting the
HEK293T TRE3G reporter line with plasmids contaiming the dCasl14-VPR constructs and
four targeting sgRNA of FIGS. 4-8, as well as a non-targeting sgRNA. Left, bars represent
activated GFP positive percentage; Right, bars represent GFP mcean values; Dash ling, the
mean value of non-targeting sgRNA group. Dots ropresent three biological rephicates. Fold

changes are caleulated relative to the non-targeting sgRNA.

[6024] FIG. 10 presents schematic illustrations of the design of sgRNA plasmids with the

destgns of FIGS. 4-8 for mammalian expression.

[0025] FIG. 11 presents representative flow cytometry scatier plots showing the percentage
of GFP positive cells for cach of the sgRNA designs of FIGS . 4-8.

{6626 FIG. 12 prosents schematic dlustrations of a hibrary of designs for dCasi4-VPR
fusions by fusing VPR to the N or € terminus of dCasl4, combining different SV40 or ¢-

MY nuclear localization signals {NLSs}, and different linkers (PZA, glycine-serine linker).

{60277 FIG. 13 1s a graph showing percentage activated GFP values characterizing gene
activation activity of the different dCas14-VPR fusions of FIG. 12, Dots represent three
biological replicates. Dash line represents the GFP mean value of the non-targeting sgRNA.

Values showing the fold of activation normalized to the noun-target sgRNA are labeled.

[6028] FIG. 14 1s a graph showing mean activated GFP values characterizing gene
activation activity of the different dCasi4-VPR fusions of FIG. 12, Dots represent three
biological replicates. Dash line represents the GFP mean value of the non-targeting sgRNA.

Vahies showing the fold of activation normalized to the non-target sgRNA are labeled.

[6023] FIG. 135 presenis an overview of the iterative protein enginecring straiegy. The
TREIG-GFP HEK293T cell line is used to measure GFP activation efficiency of dCasi4-
VPR vanants by flow cytometry 48 h post transfection. The best dCas14-VPR variant for

GFP activation 15 used as the starting sequence for the next round of screcning.

v
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{3630} FIG. 16 shows alignment of Cas14 to reported Cas12a protein and DiTopB, with the

conserved active residues of three RuvC domains indicated.

{6031} FIG. 17 is a schematic illustration indicating the positions of residues chosen for

mutagenesis for iterative enginecring of the dCasi4 protein.

{0032} FIG. 18 is a schematic Hustration showing dCasl4 protein residues targeted for
mutagenesis, the double-stranded DNA substrate, the sgRNA, and the binding centers of the

dimer.

[6033] FIG. 19 presents graphs showing the GFP activation performance of 28 variants
from the first screening round of the iterative protein engineering strategy of FIG. 135, Top,
GFP mean values. Bottom, GFP percentage values. The GFP activation folds normalized to a

non-target sgRNA tfargeting lacZ] are labeled.

[6034] FiG. 20 presents representative flow cytometry histograms showing the percentage
of GFP positive cells for wild-type dCasl4-VPR using non-targeting sgRNA (top} and
targeting agRNA.

[B035]  FIG. 21 presents representative flow cvtometry histograms showing the percentage
of GFP posttive cells for wild-type dCasMINI-VI-VPR using non-targeting sgRNA (top) and
targeting sgRNA.

[0036] FIG. 22 presents representative flow cytometry histograms showing the percentage
of GFP positive cells for vartants with single (red), double (blue). triple {green} and

quadruple (beige) mutations. Values show the percentage of GFP positive cells.

{6837} FIG. 23 presents graphs showing the GFP activation performance of variants in two
libraries from the second screening round of the iterative profein engineering strategy of FIG.

is

[6038] FIG. 24 presents representative flow cviometry histograms showing the percentage
of GFP posttive cells for wild-type dCasMINI-V2-VPR using non-targeting sgRNA (top) and
targeting SgRNA.

{6639 FIG. 25 1s a graph showing the GFP activation performance of varants from the

third and fourth screening rounds of the iterative protein engimeering strategy of F1G. 15,
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[3048] FIG. 26 presents representative flow cviometry histograms showing the percentage
of GFP posttive cells for wild-type dCasMINI-V3-VPR using non-targeting sgRNA (top) and
targeting sgRNA.

{6041} FIG. 27 presents represemtative flow oytometry histograms showing the percentage
of GFP posttive cells for wild-type dCasMINE-V4-VPR using non-targeting sgRNA (top) and
targeting sgRMNA.

{3842} FIG. 28 is a graph showing the gradual improvement of CasMIN{ performance in
terms of GFP activation. The fold change of cach group s calculated by nommalizing gene

activation to wild-type dCasl14-VPR.

{00437 FIG. 29 illustrates scquence alignment between Casl4d and representative CaslZa

proteins. The activity-enhancing residues and the conserved mouf (IVE)XREN are mdicated.

[6044] FiG. 30 presents schematic lustrations of constructs used 1o test endogenous gene
activation by a dCasMINI-VPR system, and confocal microscopy images showing expression

and nuclear localization. Cell nucler are stained using Hoechst 33342 Bars, 20 um.

{6845} FIG. 31 presents results from gene activation of endogenous HBG in HEK293T
cells using dCasMINI-VPR with vanous single sgRNAs. Top, a schematic illustration of the
sgRNA distributions and PAMs. Transcriptional start site (TSS) is designated as *07, and the
positions of the first T in cach PAM are labeled. Bottom, fold changes of top sgRNAs are

shown,

[6846] FIG. 32 presents results from gene activation of endogenous ILIRN m HEK293T
cells using dCasMINI-VPR with various single sgRNAs. Top, a schematic iHustration of the
sgRNA distributions and PAMs. Transcriptional stast site {TSS) is designated as *07, and the
positions of the first *T in cach PAM are labeled. Bottom, fold changes of top sgRNAg are

shown.

{6847} FIG. 33 presents results from gene activation of endogenous ASCLY in HEK293T
colls using dCasMINI-VPR with various single sgRNAs. Top, a schematic iHustration of the
sgRNA distributions and PAMs. Transcriptional start site {TSS} 1s designated as “0’°, and the
positions of the first “T in cach PAM are labeled. Bottom, fold changes of top sgRNAs are

shown.

~3



30

WO 2022/051250 PCT/US2021/048362

[3048] FIG. 34 presents results from characterization of a library of 10 sgRNAs using
dCasMINI-VPR for activating the human ondogenous IFNy gene. The top schematic
dlustration shows the binding sites and PAMs using by cach sgRNA, designed to target
within 300 bp of the transcriptional start site {TSS, position 0). The position of the first *T of
each PAM is shown. The bottom diagram shows characterized gene activation activity of all

sgRNAs asing qPCR. Diots represent biclogical replicates.

[6049] FIG. 35 presents results from charactenization of a library of 10 sgRNAs using
dCasMINI-VPR for activating the human endogenous {D2 gene. The top schematic
tlustration shows the binding sites and PAMs using by cach sgRNA, designed to target
within 300 bp of the transcriptional start site {TSS, position (). The position of the first *T of
each PAM is shown. The bottom diagram shows characterized gene activation activity of all
sgRNAs wsing immunostaining followed by flow cytometrv. Dots represent biological

replicates.

[B0506] FIG. 36 presents resulis from characterization of a library of 10 sgRNAs using
dCasMINI-VPR for activating the human endogenous CXCR4 gene. The top schematic
tustration shows the binding sites and PAMs using by cach sgRNA, designed to target
within 500 bp of the transcriptional start site (TSS, position (). The position of the first *T of
each PAM is shown. The bottom diagram shows characterized gene activation activity of all
sgRNAs using immunostaming followed by flow cytometry. Dots represent biological

replicates.

{6031} FIG. 37 presents resulis from characterization of a library of 20 sgRNAs using
dCasMINI-VPR for activating the human endogenous IFNy gene. The top schematic
ihustration shows the binding sites and PAMs using by cach sgRNA, designed to target
within 500 bp of the transcriptional start site (TS5, position 0. The position of the first ‘T of
cach PAM is shown. The bottom diagram shows characterized gene activation activity of all
sgRNAs using gPCR. Dots represent biclogical replicates.

[6052] FIG. 38 presents schematic illustrations of constructs used for dCasMINI-VPR,

dCasl4-VPR and sgRNA to compare CasMINI and Casi4.

{68531 FIG. 39 presents graphs comparing endogenous IFNy gene activation by dCasMINI-
VPR and dCasl14-VPR. Fold changes of improvement of dCasMINI-VPR over d{as14-YPR

are shown.
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[3054] FIG. 40 presents graphs comparing endogenous HBB gene activation by
dCasMINI-VPR and dCasl4-VPR. Fold changes of improvement of dCasMINI-VPR over
dCas[4-VPR are shown,

[G085]  FIG. 41 presents graphs comparing endogenous CD2 gene activation by dCasMINI-
VPR and dCasl4-VPR. Fold changes of improvement of dCasMINI-VPR over dCasl4-VPR

are shown.

{3856} FIG. 42 presents graphs comparing endogenous CXCR4 gene activation by
dCasMINI-VPR and dCasl14-VPR. Fold changes of improvement of dCasMINI-VPR over
dCas14-VPR are shown.

[G057F  FIG. 43 presents schematic dlustrations of dCasl12a-VPR and orRNA used for
comparisons of dCasMINI-VPR and LbdCasi2a-VPR systems using sgRNAs targeting the

REI genomic sites.

{6038} FIG. 44 is a graph showing activation of GFP m the dCasMINI-VPR and
LbdCas12a-VPR system comparison of FIG. 43,

{30501 FIG. 45 presents graphs showing activation of endogenous genes in the dCasMINI-
VPR and LbdCasi2a-VPR system comparnson of FIG. 43,

168608 FIG. 46 1s a graph showing RNA-seqg data of cell samples transfocted with the
fargeting sgRNA vs. the non-targeting sgRNA and dCasMINI-VPR from the comparison of
FIG. 43, Mean values of two biological replicates are plotied. The data pomts for GFP

transcripts arc labeled.

{6861} FIG. 47 19 a graph showing RNA-seq data of cell samples transfected with the
targeting sgRNA vs. the non-targeting sgRNA and dCasi?a-VPR from the comparison of
FIG. 43, Mean values of two biological replicates are plotted. The data pomts for GFP

transcripts are labeled.

[G062] FIG. 48 presents graphs showing comparisons of biological rephicates for cach
condition tested in the experiment of FIGS. 43-47, From top left to bottom right, dCasMINI-
YVPR-+non-targeting  sgRNA, dCasMINI-VPR-+argeting  sgRNA, dCasiZa-VPR-+non-
targeting sgRNA, dCasi2-VPR+argeting sgRNA. The calculated Pearson Correlation for

cach condition is shown.
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{36631 FIG. 49 presents graphs showing correlation of side-by-side comparison of
dCasMINI-VPR vs. dCas12a-VPR for the non-targeting guide (left) and the targeting guide

{right}. The calculated Pearson Correlation for each condition is shown.
{6064} FIG. 501s a graph overlaying the data of FIGS. 46 and 47.

[B865] FIG. 51 1s a graph from the comparison of FIG. 43 showmg the distribution of
standard deviations for logie][transcripts per million {TPM)+1] values of all genes in RNA
sequencing library among non-targeting and targeting replicates for cach gene for dCasMINI-

VPR and LbdCasi2a-VPR, respectively.

[6066] FIG. 52 illusirates a comparison of base editing activity using dCasMINI or
dCasl2a fused to the same ABERc editor. The schematic diagram shows the counstructs used
in the experiments. The graph shows the percentage of AT to GeC conversion observed
when using dCas12a-ABE and dCasMINI-ABE for selected genonuc sites. NT, non-targeting
sgRNA or crRNA. T, T1, T2, targeting sgRNAs or crRNAs,

{60671 FIG. 53 illustrates the silencing of GFP reporter genes using dCasMINI fused to a
transcriptional repressor KRAB. The schematic diagrams show the constructs used in the
expenimeuts. The graph shows that repression activity observed with the dCasMINI-KRAB

construct is comparable to that observed with dCas12a-KRAB.

[6668] FIG. 54 presents graphs showing the percentage of gene editing indels, including
deletions, insertions, and substitutions, observed when using systems mclading one of three

provided Cas proteins and one of eleven different sgRNAs.

{38691 FIG. S5 shows representative sequences from the genomic region targeted by
sgVEGFADS and the corresponding percentages of the sgRNA m the gene editing tests of
FIG. 54

{6073 FIG. 56 presents schematic ittustrations of constracts for four designs by fusing
TadA-8¢ {TadA*) to dCasMINI at the N terminus without (Design 1) or with mCherry
{Design 2), fusing TadA* to dCasMINT at the C terminus (Design 3), or fusing a heterodimer
TadA-TadA* to dCasMINT at the N terminus (Besign 4). The construct of sgRNA 1s shown

on the botiom.

{6071} FIG. 57 is a graph comparing four dCasMINI-ABE designs for base editing

efficiencies at three differcnt genomic sites in HEK293T cells. The data shown are the

10
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percentage of reads with A«T to GeC conversion over the total aligned reads using deep
sequencing. Data are representative of three biological replicates. GS0, genomic site 0. Bars

represent mean values and points represent two independent biological replicaies.

{68721 FIG. 38 presents schematic illustrations of constructs for dCasMINI-ABE Design 4
and its sgRNA and coostructs for dCasl2a-ABE and 1ts rRNA used for side-by-side

companison for base editing,.

{38731 FiG. 59 1s a graph showing base editing activity using dCasMINI-ABE and
dCasi2a-ABE at three genonuc sites using sgRNAs or orRNAs targeting the same genonue
sites. G581, genomie site 1. Bars represent mean values, and data represent three biclogical

replicates.

[6874] FIG. 60 13 a graph showing base editing efficiencies i HEK293T cells of more
genomie sites with dCasMINE-ABE Design 4, including two sttes in the IFNy locus, three
sites in the HBB locus, and four sites in the VEGFA lJocus. The data shown are the
percentage of reads with AsT to G+C conversion over the total aligned reads using deep
sequencing. G81-3, genomic sites 1-3. Bars represent mean valoes and points represent three

independent biclogical replicates.

[B875] FIG. 61 shows raw sequencing reads from deep sequencing using dCasMINI-ABE
and sgRNA targeting site 3 in the IFNy locus or site 4 in the VEGFA locus. The sequenced
reads and percentage among the total aligned reads are shown on the night. Representative

variants with > 0.2% of the total reads generated by CRISPResso? are shown.

{68767 FIG. 62 15 a graph showmg AT to G+C conversion base editing freguency in
HEK293T cells by dCasMINI-ABE at adenines for five sites. The schematic of the nucleotide
position is shown on the top: the ‘R™ in TTTR PAM is position ‘0’ The arrowed boxes
represent the observed most efficient A+T to G+ conversion positions (position 3 and 4}. The
data shown is the number of reads with AT to G=C conversion at a specific position over the
total number of reads for AT to G+C conversion using deep sequencing. GS1, genomic site

1. Bars represent mean vabues and data represent three independent biological replicates.

[0077] FIG. 63 presents schematic lustrations of constructs encoding the nuclease active
CasMINI and its sgRNA for gene editing, and a table showing three CasMINT vanants tested.
Al experiments used sgRNA Design 2.

i1
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{6878] FIG. 64 is a graph showing ndel activity of each CasMINI variant at four sites of
the VEGFA locus measured by deep sequencing in HEKZ93T cells. The data using a non-
targeting (NT) sgRNA is shown as a representative negative control. The dotted line shows
the basal indel level detected from wild type HEK293T cells. Bars represent mean values,

and data represent three independent biological replicates.

{60791 FIG. 65 1s a graph showing indel activity of the wild type Cas12f, CasMINI-V2, and
CasMINI-V3.1 at two sites of the HBB and 1FNy loct 1 HEK293T cells. The dotted line
shows the data using a sgNT as a representative negative control. Bars represent mean values

and data represent three independent biological replicates.

{6086} FIG. 66 shows raw sequencing reads from decp sequencing using the wild type
Casi2f, CasMINI-V2, CasMINI-V3.1, CasMINI-V4 by targeting the site 3 in the VEGFA
locus. The sequenced reads and percentage among the total aligned reads are shown on the
right. Representative vanants with > 0.2% of the total reads generated by CRISPResso2 are

shown.

[0081] FIG. 67 presents a series of graphs showing the largest indel length during genome
editing over cight distinet sites {except for V4 which has four active sites}. The data represent

the percentage of aligned reads with an insertion or deletion of the given length.

{6082} FIG. 68 presents a scrics of graphs showing indel activity at cach nucleotide

position during genome editing over eight distinet sites {except for V4 which has four active
sites}. The data represent the percentage of total reads with a deletion at the position. The
schematic on the top show the PAM (4 bp} and the spacer (23 bp), which is aligned to each

nucleotide position. The "R’ in TTTR PAM is position *07.

{30831 FIG. 69 presents an tHustration of the engincering

(=2

features, and applications of the

provided Cas systemn.

DETAILED DESCRIPTION
[0084] Provided herein arc materials and methods nvolving syuthetic compact, efficient,
and specific genome engincering systems that advantageously are highly effective
mammalian cells. The provided systems have been developed through  particular
improvement strategies involving, for example, optinuzation of the single guide RNA

{sgRNA} design and targeted Cas protein engineering (M. T. Reetz & J. 1. Carballeira, Mat.
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Protoc. 2, (2007} 891-903; G. Qu, A Li, . G Acevedo-Rocha, Z. Sun, & M. T. Reetz,
Angew Chem Int. Ed. Engl. 59, (2020} 13204-31; X Xu et al., Chembiochem 17 (2016} 56-
64). Many of the optimization and enginecring approaches described herein use principles not
previcusly appreciated or implemented. As a result of these approaches, the provided variants
can, for example, efficiently activate reporter and endogenous gene expression in eukaryotic,
¢.g., manunalian, cells, Notably, the provided systems exhibit 2 to 3 logs of improvement
over the wild-type Casl4d, outperform the type V-A dCasli2a systern, and are specific 1o
manmmalian cells without detectable off-targets. Further, when fused to an adenine base
edifor, the systems can allows robust conversion of AT to G=C. Thus, the systems and
processes disclosed hercin provide useful tools for a vanety of genome cngincering
applications, including those within eukaryotic cells and/or those that require compact

effector sizes for delivery and function.

[0085] Certain embodiments provide an engingered muntature Cas effector, name

CasMINi, derived from the naturally ocourring type V-F Cas12f (Casl4) system, which was
only 529 amino acids compared to 1,368 amino acids of commonly used SpCasS or 1,228
anuno acid of LbCasi2a. While the natural Casl4 shows no activity 1o mammalian cclls,
synthetic CasMINT engineered via erative protein screening and optimized sgRNA designs
exhibits highly efficient activation of target genes. The efficiency of activation is, for
example, comparable to or better than that of the Casl2a system. Also beneficially, no
significant detectable off-target activity is detected with the CasMINT system, and the systom

has been shown useful for other genetic engineering applications such as base editing.

[6086] Despite the rapid advancement of CRISPR-Cas sysiems, a biotechnological
challenge for cell engineenng or m vivo delivery remains, particular with respect to
cukarvotic cells, doe to the large size of Cas effectors. The engineered compact molecules
disclosed herein bave greatly reduced sizes, making them more suitable than other Cas
effectors for medical treatment methods. For example, the small size of the CasMINI system
malkes 1t compatible with adenoc-associated virus {AAV) packaging and can enhance delivery
cfficicncy when using lipid nanoparticles to carry mRNA payloads. Furthcrmore, the small
size advantageousty makes the provided materials less imnunogenic when corpared to large
protemn pavicads. Moreover, the general RNA and protein engineering approach used m the
work also makes it possible to engineer Cas effectors, e.g., Cas14/las12f cffectors, from

other bacterial species.
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L Cas proteins

{60871 1In one aspect, an engincered Cas protemn s provided. The engineered Cas protein
disclosed herein provides surprising improvements in its abtlity to fonction in eukarvotic
cells. The engineered Cas protein has a modified aminc acid sequence that is at least 80%
identical to a native amino acid sequence of a wild-type Cas protein. The modified amino
acid sequence of the ongineered Cas protein can be, for example, at least 80%, at least 82%,
at least 84%, at least 86%, at least 88%, at least 90%, at least 919%, at least 929, at least 93%,
at least 94%, at least 95%. at least 96%, at least 979, at least 98%. or at least 99% identical

1o a native amino acid sequence of a wild-type Cas protein.

[6088] CRISPR systems are generally divided mnto two classes, with class T systems using
a complex of vultiple Cas proteins to degrade forcign nucleic acids, and class 2 systemas
using a single, generally larger, Cas proten for the same purpose. Class 1 s divided wnto
types 1, L and 1V, and class 2 is divided into types H, V, and VL In some embodiments, the
wild-type Cas protein that the engincered Cas protein is a modification of i1s a type V Cas
protein. The wild-type Cas protein can be, for example, a type V-A Cas protein, a type V-B
Cas protein, a tvpe V-C Cas protein, a tvpe V-D¥ Cas protein, a type V-E Cas protein, a type
V-F Cas protein, a type V-G Cas protein, a type V-H Cas protein, a type V-I Cas protein, a
type V-§ Cas protein, a type V-K Cas protein, or a type V-U Cas protein. In some
embodiments, the wild-tvpe Cas protein s a type V-J protein, such as a wild-type Cas® (Cas

12J) protein.

[668%] o somc embodiments, the wild-type Cas protem is a tvpe V-F Cas protem such as
Casi4. In some embodiments, the wild-tvpe Cas protein 15 a Casid {(Cas12f) protein having
the native amino sequence of SEQ ID NG: 1. Casld proteins are Type V subtype F RNA-
guided nucleic acid-binding proteins that can be targeted to DNA and/or RNA, and are much
smaller than typical CRISPR effectors, ranging in size from about 400 amino acids to about
700 amino acids. At least 24 different Casl4 variants have been identified that cluster into
three subgroups, Casl4a, Casidb, and Casldc, based on sequence comparison, all of which
share a predicted RuvC nuclease domain characteristic of tvpe V CRISPR-Cas DNA-
targeting enzymes. The small size of Casl4 proteins allows Casld proteins and effector
domain fusions thereof to be paired with a CRISPR array encoding multiple guide RNAs
while remaining under the packaging size limit of the versatile adeno-associated virus (AAV)

delivery vehicle for primary cell and in vivo delivery. Targeted AAY delivery of dCasld
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systems to cells can allow for long-term expression of a corrective payload that avoids
permanent genetic modifications or frequent re-administration, complementing other nucleic
acid-targeting technologics such as DNA nuclease editing or antisense oligonucleotides.
CRISPR-Casi4 and engineered varants such as dCasl4d allow for flexible mucleic acid
engineening, regulation of gene expression, and therapeutics, expanding the genome editing

and regulation toolbox.

~

{3690}  In some embodiments, the wild-type Cas protein that the engineered Cas protein is a
modification of has a native amino acid sequence with a length of fess than 700 amino acids.
This relatively small size provides several advantages to the provided engiucered Cas protein.
For example, the small size can allow the Cas protein 1o be delivered to ahost eell, e.g., a cell
of a human patient, via a single adeno-associated virus delivery system that would be
otherwise incapable of delivering a larger protein. The native amino acid sequence can have a
length that s, for example, between SO0 anuno acids and 700 amino acids, e.g., between 500
amino acids and 620 amino acids, between 540 amino acids and 660 amino acids, between
560 amino acids and 680 amino acids, or between 380 amino acids and 700 amino acids. In
terras of upper limits, the native amino acid sequence can have a length that is less than 700
amino acids, e.g., less than 680 amino acids, less than 660 ammo acids, less than 640 amino
acids, less than 620 amino acids, less than 600 amino acids, less than 580 amino acids, less
than 560 anunc acids, less than 540 amino acids, or less than 520 amine acids. In terms of
lower lumits, the native amino acid sequence can have an length that is greater than 500
amino acids, e.g., greater than 520 anuno acids, greater than 540 amino acid, greater than 560
amino acids, greater than 380 amino acids, greater than 600 amino acids, greater than 620
anuino acids, greater than 540 amino acids, greater than 660 amino acids, or greater than 700
amino acids. Larger lengths, e.g., greater than 700 anuno acids, and smaller lengths, ez, less

than 500 amino acids, are also contermplated.

[0091] In some embodiments, the modified amuno acid sequence of the engmeered Cas
protein includes one or more substitutions in the native amino acid sequence, where the
positions of at least some of thesc substitutions follow one or more particular rules
deterovined to have surprising advantages for the characteristics of the enginecred Cas
protemn. For example, the particular substitution rules have been selected for thewr ability to
produce engineered Cas proteins capable of fimctioning within eukaryotie cells. According to
these particular rules, all or some of the one or more substitutions in the pative anuno acid

sequence are cither (1) within or no more than 30 amino acids downstreamn of a

i5
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(B/E/K/NIXRFHEMON motif of the native amine acid sequence, {2) at or no more thap 30
amino acids upstream or downstream of position 241 of the native aming acid sequense, (3)
at or po more than 30 amino acids upstream or downstream of position 516 of the native
amino acid sequence, or {4} having an electrically charged amino acid in the native amino

acid sequence.

[3092] In some embodiments, the one or more substitutions in the native anuno acid
sequence include sobstitutions in one of the above four categories. The one or more
substitutions can inchide substitutions in one category that is either category {13, {2}, (3} or
{4). The one or more substitutions can consist of substitutions in one category that is either
category {1}, (2}, (3), or {4). In some embodiments, the one or more substitutions are each
independently in one of two categones selected from categories {13 and (2}, (1) and (3}, (1)
and (4), (2} and (3}, (2) and (4}, or (3} and {4). In some embodiments, the one or more
substitutions include substitutions n each of the two categories (13 and (23, (1) and (3}, ()
and {4}, (2) and (3), 23 and {4}, or (3} and (4). In some embodiments, the one or more
substitutions consist of substitutions in cach of the two categories (1} and (2), (1) and (3}, (1)
and {(4), (2) and (3), (2} and (4}, or (3} and (4). To some embodiments, the one or more
substitutions are each independently in one of the three categories (1), (2) and (3); (1), (2},
and {(4); {13, (33, and (4% or (2), (3), and (4). In some embodiments, the one or more
substitutions include substitutions in each of the three categories (13, {2) and (3); (1), {2}, and
{4y, (1}, (3), and (4); or (2}, (3}, and (4). In some embodiments, the one or more substitutions
consist of substitutions in cach of the three categories (1), (2) and (3); (1}, {23, and (4); {1},
(3), and {4}; or (2), (3}, and {4}. In some cmbodiments, the one or more substitutions include

substitutions in each of the four categories.

{60931 Further, in some embodiments, additional substitution rules are followed wherein all
ot some of the one or more amino acid substitutions in the native amuno acid sequence are 1o
a small anuno acid, ¢.g., arginine (R), alanine (A}, serine (8), or glveine {G). In some
embodiments, the one or more substitutions includes a substitution to R, In some
embodiments, cach of the onc or more substitutions is a substitution to R In some
cmbodiments, the onc or more substitutions includes a substiution to A, In some
embodunents, cach of the one or more substitutions is a sebstitution to A In some
cmbodiments, the one or more sobstitutions includes a substitution to 8. In some
cmbodiments, cach of the one or more substitutions is a substitution to S, In some
crabodiments, the ome or more substitufions includes a substitution to G, In some

16
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embodiments, cach of the onc or more substitutions is a substitution to G. In some
embodiments, the one or more substitutions include substitutions to the two amino acids R
and A, Rand S, Rand G, A and S, A and G, or S and G. In some embodiments, the one or
more substitutions consist of substifutions that are each independently to one of the two
amino acids R and A, Rand § Rand G, A and §, A and G, or 8§ and G. In some
crabodiments, the one or more substitutions consist of substitutions o cach of the two amino
acids Rand A, Rand S, Rand G, Aand 8, A and G, or S and G, In some embodiments, the
one or more substitufions inchude substitutions to the three anuno acids R, A, and §; R, A,
and G; R S, and G; or A, 8§, and G. In some embodiments, the one or more substitutions
consist of substitutions that are each independently to one of the three amino acids R, A, and
S RA and GRS, and G or A, S, and G, In some embodiments, the one or more
substitutions consist of substitutions to each of the three amine acids R, A, and & R, A, and
G, R S, and G or A, 8, and G. In some embodiments, the one or more substitutions mclhude
substitutions to the four amino acids R, A, 8, and G. In some embodiments, the one or more
substitutions consist of substitutions that are each independently to one of the four amino
acids R, A, 5, and G, In some embodiments, the one or more substitutions consist of

substitutions to cach of the four amine acids R, A, S, and G.

{60947 In some combodiments, the native amino acid sequence mchides a
{B/ERKMNXRFWE/KIN motif, and the modified amine acid sequence mchudes one or more
substitutions at positions within or no more than 30 amino acids upstream or downstream of
the motif. The modified amino acid sequence can include, for example, one, two, three, four,
five, six, seven, eight, nine, ton, or more than ten substitutions within or no more than 30
amino acids upstreara or downstream of the motif. At least one of the one or more
substitutions to the native amino acid sequence can be, for example, within or no more than
28 amino acids, 26 amino acids, 24 amino acids, 22 amino acids, 20 amino acids, 18 amino
acitds, 16 amino acids, 14 amino acids, 12 amino acids, or 10 anminge acids of the motif. In
some embodiments, at least one of the one or more substitutions within or no more than 30
amino acids upstream or downstream of the motif is to an R, A, 5§, or G. In some
embodiments, each of the one or more substitutions within or no more than 30 amino acids
upstream or downstream of the motif ig independently to an R, A, S, or G. In some
embodiments, all of the substitutions to the native amino acid sequence are at posifions

within or no more than 30 amino actds upstream or downstream of the motif.
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{3695  The one or more substitutions at positions within or no more than 30 amino acids
upstream or downstream of the (D/E/MK/MNIX(R/FWEAN motif of the native amino acid
sequence can include, for example, one or more substitutions at posttions selected from

positions 143, 147, 131, and 154 of the native amino acid sequence. In some embodiments,

(4

¢.g., when the native amine acid sequence 1s the sequence of SEG 1D NG 1, the one or more
substitutions include substitutions are at one or more positions selected from D143, T147,
E151, and K154, In some cmbodiments, ¢.g., when the native amino acid sequence is the
sequence of SEQ 1D NO: 1, the one or more substitutions include one or more substifutions

selected from DI43R, T147R, EI51R, and K154R.

o
oo

[60%6] In some embodiments, the modified amino acid sequence includes one or more
substitutions at or no more than 30 amine acids upstream or downstream of position 241 of
the native amino acid sequence. The modified amino acid sequence can inchude, for example,
one, two, three, four, five, six, seven, eight, nine, ten, or more than ten substitutions within or
no more than 30 amino acids upstream or downstream of position 241, At least one of the one
18 or more substitutions to the native amino acid sequence can be, for example, within or no
morg than 28 amino acids, 26 anuno acids, 24 anuno acids, 22 amino acds, 20 anuno acids,
18 amino acids, 16 ammo acids, 14 amino acids, 12 amino acids, or 10 amino acids of
position 241, In some embodiments, at least one of the one or more substitutions within or no
more than 30 amino acids upstream or downstream of position 24! istoan R A, S, or G In
20 some embodiments, cach of the one or more substitutions within or no more than 30 amino
acids upstream or downstream of position 241 15 independently to an B, A, 5§, or G. In some
cmbodiments, all of the substitutions to the native amine acid scquence are at positions

within or no more than 3¢ amino acids upstreant or downstream of position 241

{60971 The one or more substitutions at positions within or no more than 30 amino acids
25  upstreamn or downstream of position 241 of the pative amino acid sequence can melude, for
example, a substitution at positions 241 of the native amino acid sequence. In some
embodiments, e.g., when the native amino acid sequence is the sequence of SEQ D NG 1,
the one or more substitutions include a substitution at position E241. In some cmbodiments,
¢.g.. when the native amino acid sequence is the sequence of SEQ 1D NO: 1, the one or more

substitutions inchide an E241 subsitution.

<>

[3098] In some embodiments, the modified amino acid sequence includes one or more

substitutions at or no more than 30 amino acids upstream or downstream of position 516 of

i8
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the native amino acid sequence. The modificd amino acid sequence can include, for example,
one, two, three, four, five, six, seven, gight, nine, ten, or more than ten substitutions within or
no more than 30 anuno acuds upstream or downstream of position 516, At least ong of the one
or more substitutions to the native amino acid sequence can be, for example, within or no

more than 28 amine acids, 26 amino acids, 24 amine acids, 22 amino acids, 20 amino acids,

18 amino acids, 16 amino acids, 14 amino acids, 12 amino acids, or 10 amino acids of
position 516, In some embodiments, at least one of the one or more substitutions within or no
more than 30 amune acids upstream or downstream of position 516 istoan R, A 5, or G In
some embodiments, each of the one or more substitutions within or no more than 30 amino
acids upstreamn or downstream of position 516 15 independently to an R, A, §, or G In some
embodiments, all of the substitutions to the native amino acid sequence are at posifions

within or no more than 30 amino acids upstream or downstream of position 516,

[3099] The one or more substitutions at positions within or no more than 30 amino acids
upstream or downstream of position 516 of the native amino acid sequence can inclade, for
example, one or more substitutions at positions selected from positions 504, 507, 516, 519,
527, and 528 of the native amino acid sequence. In some embodiments, ¢.g., when the native
amino acid sequence is the sequence of SEQ 1D NO: 1| the one or more substitutions include
substitutions are at one or more positions sclected from N304, E507, N516, N519, E527, and
E528. In some embodiments, e.g., when the native amino acid sequence is the sequence of
SEQ 1D NO: 1, the one or more substitutions include one or more substitutions sclected from
WN504R, E307R, N516R, NSIOR, ES27R, and E528R.

[0198]  To some embodiments, the modified amino acid sequence includes one or more
substitutions at positions of the native amino acid sequence having an electrically charged
amino acid. The modified amino acid sequence can include, for example, substitutions at
positions having an aspartic acid (D), ghatamic acid (B}, lysine (K}, arginine (R), or lustidine
(H). In some embodiments, at least one of the one or more substitutions for an ¢lectrically
charged amino acid 1s to an R, A, 5, or G. In some embodiments, each of the one or more
substitutions for an clectrically charged amino acid is independentlv toan R A S, or G In
some embodiments, all of the substitutions to the native amino acid sequence are at positions

having an electrically charged amino acid.

[3101]  In some embodiments, ¢.g., when the native anino acid sequence is the sequence of

SEQ 1D NO: |, the one or more substitulions at positions having an electrically charged
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amino inchide substitutions are at one or more positions selected from K11, K73, D143,
F151, K134, B241, D318, K330, K457, B425, E462, E507. ES27. and E328. In some
embodiments, ¢.g., when the native amino acid sequence is the sequence of SEQ 1D NO: 1,
the one or more substitutions nclude one or more substitutions selected from K11R, K73R,
DI43R, EI131R, K1534R, E241R, D31I8R, K330R, E425N, K457R, E462R, ESO7R, E527R,
and E528R. In some embodiments, the modified amino acid sequence includes a DI43R
substitution. In some embodiments, the only substitution in the modified amuno acid sequence
1s D143R. In some embodiments, the modified amino acid sequence 1s the sequence of SEQ

IDNO: 2.

[6102] In some embodiments, the modified amino acid sequence of the engineered Cas
protetn includes two substitutions in the native amino acid sequence. In some embodiments,
the modified amino acid sequence has exactly two substitutions in the native amino acid
sequence. In some embodiments, the modified amine acid sequence mcludes two
substitutions at positions selected from positions 143, 147, 151, 154, 241, 330, 425, 504, 507,
516, 519, 527, and 528, in some embodiments, the modified amino acid sequence has exactly
two substitutions, where the exactly two substitutions are at posttions selected from positions
143, 147, 151, 154, 241, 330, 425, 504, S07. 516, 519, 527. and 528. Tn some entbodiments,
¢.g., when the native amino acid sequence is the sequence of SEQ ID NO: 1, the modified
amino acid sequence includes two substitutions at positions selected from D143, T147, Ei51,
K134, E241, K330, 425, NS0O4, ESO7, N516, N519, E527, and E528. In some embodiments,
e.g., when the native amino acid sequence 1s the sequence of SEQ 1D NO: 1, the modified
amino acid sequence has exactly two substitutions, where the exactly two substitutions are at
positions selecied from D143, Ti47, EiS1, K154, E241, K330, E425, N504, ES07, N516,
N519, 527, and ES28.

{3103} In some embodiments, the modified amino acid sequence mcludes a substitution at
position 143 and a substitution at a position selected from positions 147, 151, 154, 241, 330,
425, 504, 507, 516, $19, 527, and 528. In some embodiments, the modified amino acid
includes a substitution at position 143 and exactly one other substitution, where the exactly
one other substitution is at a position selected from positions 147, 151, 154, 241, 330, 425,
504, 507, 516, 519, 527, and 528. In some embodiments, ¢.g., when the native amino acid
sequence is the sequence of SEQ ID N(O: 1, the modified amino acid sequence includes a
substitution at position 3143 and a substitution at a posttion selected from positions T147,

EIS1 K54, E241, K330R, E425N, N304, ES07, N516, N319, E527, and E52Z8. In some
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embodiments, e.g., when the sative amino acid sequence is the sequence of SEQ D NG 1,
the maodified amino acid includes a substitstion at position D143 and exactly one other
substitution, where the exactly one other substitution is at a position selected from positions

Ti47 EI51, K154, E241, K330R, E425N, N504, ESOT7, N516, N519, ES27, and E528.

{0104}  In some embodimentds, ¢.g., when the vative anuno acid sequence 18 the sequence of
SEQ D NG: 1, the modified amine acid inclades two substitutions selected from DH43R,
TI47R, EISIR, EI151A, K154R, E241R, N304R, ESQTR, NSI6R, NSI9R, E327R, and
E528R. In some embodiments, ¢.g., when the native amino acid sequence is the sequence of
SEG 1D NO: 1, the modified anuno acid mncludes exactly two sabstitutions, where the two
substitutions are selected from DI143R, TH47R, EISIR, EIS1A, KI134R, E24iR, N504R,
ES07R, N516R, NSI9R, E327R, and E328R. In some embodiments, ¢.g., when the native
amino acid sequence is the sequence of SEQ ID NO: 1, the modified aming acid includes two
substitutions selected from DI43R/TH4TR, DI43R/EISIR, DI43R/E241R, DI43R/E425N,
D I43R/ESOTR,  DI43R/NSI9R,  DI43R/ES2ZTR,, DI43R/ES28R, D I43R/RISES,
D143/RI51G, and DI43R/EIS1A. In some embodiments, ¢.g., when the native amino acid
seguence is the sequence of SEQ 1D NO: 1, the modified anuno acid includes exactly two
substitutions, where the two substitutions are selected from DI43R/T147R, DI43R/EISIR,
DI143R/E241R, DI43R/E425N, DI43R/ES0TR, DI43R/N319R,  DI43R/ES27R,,
DI43R/ESZER, DI43R/RISIS, DI43/RISIG, and DI43R/EISTIA. In some embodiments, the
modified amino acid sequence includes a DI43R substiution and a Ti47R substitution. fn
some embodiments, the only substitutions in the modified amino acid sequence are a D143R
substitution and a T147R substitution. In some embodiments, the modified amino acid

seguence 18 the sequence of SEQ ID NG 3.

(01051 In some embodiments, the modified amino acid sequence of the engineered Cas
protein includes three substitutions in the native arino acid sequence. In some embodiments,
the modified amino acid sequence has exactlv three substitutions in the native amino acid
sequence. In some embodiments, the modified amino acid sequence includes three
substitutions at positions selected from positions 143, 147, 151, 154, 241, 330, 425, 504, 507,
516,519, 527, and 528, In some embodiments, the modified anmivo acid sequence has exactly
three substitutions, where the exactly three substitutions are at posttions selected from
positions 143, 147, 151, 154, 241, 330, 425, 504, 507, 516, 519, 527. and 528. In some
embodiments, ¢.g., when the native amino acid sequence is the sequence of SEQ ID NG: 1,

the modified amino acid scquence includes three substiutions at positions sclected from
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D143, T147, E151, K154, E241, K330, E425, N504, E507, N516, N519, E527 and E528. In
some embodiments, ¢.g., when the native amino acid sequence is the sequence of SEQ ID
NQO: 1, the modified amino acid sequence has exactly three substitutions, where the exactly
three substitutions are at positions selected from D143, T147, EI51, K154, £241, K330,
E425, N504, ES07, N516, N519, E527 and E528.

[3106] In some embodiments, the modified amino acid sequence includes a substitution at
position 143, a substitution at position 147, and a substitution at a position sclected from
positions 151, 154, 241, 330, 425, 504, 507, 516, 519, 327, and 528 In some embodiments,
the moditicd amino acid includes a substitution at position 143, a substitution at position 147,
and exactly one other substitution, where the exactly one other substitution 18 at a posttion
seiected from positions 151, 134, 241, 330, 425, 504, 507, 516, 519, 5327, and 328, In some
crabodiments, e.g., when the native amino acid scquence is the sequence of SEQ ID NG: 1,
the modified anmino acid sequence includes a substitution at position D143, a sabstitution at
position T147, and a substitation at a position selected from positions E151, K154, E241,
K330, E425, N504, E507, N516, N519, E527, and E528. In some embodiments, e.g.. when
the native amino acid sequence is the sequence of SEQ 1D NG: 1, the modified amino acid
mcludes a substitution at position D143, a substitution at position T147, and exactly one other
substitution, where the exactly one other substitution is at 3 position selected from positions

B151 K154, E241, K330, E425, N304, ES07, N516, N519. ES27, and ES28.

{0107} In some embodiments, ¢.g., when the native amino acid sequence is the sequence of
SEQ ID NO: 1, the modified amino acid includes three substitutions selected from DI43R,
THTR, EISIR, EISTA, EI518, EI5SIG, KI154R, E241R, K330R, E425N, NS04R, ES07R,
N516R, NS19R, E527R, and E528R. In some embodiments, e.g., when the native anuno acid
sequence 1s the sequence of SEQ ID NG 1, the modified amino acid includes exactly three
substitutions, where the three substitutions are selected from D143R, TI47R, E151R, E1314,
E1S1S, EI51G, Ki54R, E241R, K330R, E425N, N504R, ESQ7R, N516R, N519R, ES27R,
and ES28R. In some embodiments, e.g., when the native amino acid sequence is the sequence

of SEQ ID NG: 1, the modified amino acid includes three substitutions selected from

D143R/T14TR/K330R, D143R/TI4TR/K154R, DI43R/TI4TR/EZ4IR,
DI143R/TI47R/ESOTR, DI43R/TI4TR/NSI9R, DI43R/TI4TR/ES2TR,
D143R/TI47R/ES28R, DI43R/TI4TR/ELSTS, DI43R/TI47TR/EISIG, and

DI43R/TI4TR/EISIA . To some embodiments, ¢.g., when the native amino acid sequence is

the sequence of SEQ 1D NO: 1, the modified amino acid includes exactly three substitutions,
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where  the  three  substitations are  selected from  DI43R/TI47R/K330R,
DI43R/TI4TR/KIS4R, DI43R/TI4TR/E241R, DI43R/TI4TR/ESOTR,
DI143R/TI47R/NS19R, DI43R/TI4TR/ES2TR, DI43R/TI4TR/ES28R,
DI43R/TI47R/EISES, DHM3R/TI4TR/EISIG, and DI43R/TI4TR/EISIA. In some
embodiments, the modified amino acid sequence includes a D143R substitution, a T147R
substitution, and a K330R substitution. In some embodiments, the only substitutions in the
modified amne acid sequence are a D43R substitution, a TI47R substitution, and a K330R
substitution. In some embodiments, the modified amino acid sequence 1s the sequence of

SEQ IDNO: 4.

[6108] In some embodiments, the modified amino acid sequence of the engineered Cas
protein includes four sebstitutions in the native amino acid sequence. In some embodiments,
the modified anuno acid sequence has exactly four substitutions in the native amino acid
sequence. In some embodiments, the modified amino acid sequence includes four
substitutions at positions selected from positions 143, 147, 151, 154, 241, 330, 425, 504, 507,
516, 519, 527, and 528, in some embodiments, the modified amino acid sequence has exactly
four substitutions, where the exactly four substitutions are at positions selected from positions
143, 147, 151, 154, 241, 330, 425, 504, 507. 516, 519, 527. and 528. Tn some entbodiments,
¢.g., when the native amino acid sequence is the sequence of SEQ ID NO: 1, the modified
amino acid sequence includes four substitutions at positions selected from D143, T147, Ei51,
K134, E241, K330, 425, NS0O4, ES07, N516, N519, E527, and E528. In some embodiments,
e.g., when the native amino acid sequence 1s the sequence of SEQ ID NO: 1, the modified
amino acid sequence has exactly four substitutions, where the exactly four substitutions are at
positions selected from D143, T147, E151, K154, E241, K330, E425, N504, ES07, N516,
N519, 527, and ES28.

[3109]  In some embodiments, the modified amino acid sequence mcludes a substitution at
position 143, a substifution at position 147, a substitution at position 330, and a substitation at
a position selected from posttions 151, 154, 241, 425, 504, 507, 516, 519, 527, and S28. In
some embodiments, the modified amine acid includes a substitution at position 143, a
substitution at position 147, a substitution at position 330, and cxactly one other substitution,
where the exactly one other substifution 18 at a posttion selected from positions 151, 154, 241,
425, 504, 507, 516, 519, 527, and 528. In some embodiments, e.g., when the native amino
acid sequence is the sequence of SEQ 1D NO: 1, the modified amino acid sequence includes a

substitution at position 3143, a substitution at position T147, a substitution at K330, and a

o
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substitution at a posttion selected from positions E151, K134, E241, E425, N304, E507,
N516, N519, E527, and E528. In some embodiments, e.g., when the pative amino acid
sequence i1s the sequence of SEQ ID NO: |, the modified amine acid includes a substitution
at posttion D143, a substitution at position T147, a substitution at position K330, and exactly
one other substitution, where the exactly one other substitution is at a posttion selected from

positions B151, K154, E241, E425, N504, E507, N516, N519, E527, and E528.

{3118}  In some embodiments, ¢.g., when the native amino acid sequence is the sequence of
SEQ D3 NO: 1, the modified amino acid includes four substitutions sclected from D143R,
TI47R, EISIR, E151A, EI318, BI51G, KI134R, E241R, K330R, E425N, NSO4R, ES07R,
N316R, NSI9R, E527R, and E528R. In some embodiments, ¢.g., when the native amino acid
sequence is the sequence of SEQ ID NO: 1, the modified amino acid includes exactly four
substitutions, where the four substitutions are sclected from DI43R, TI4TR, EISIR, E1S14,
EI1S1S, EI51G, K154R, E241IR, K330R, E425N, N504R, ES07R, N516R, N319R, ES27R,
and ES28R. In some embodiments, e.g., when the native amino acid sequence is the sequence
of SEQ 1D NO: 1, the modified amino acid includes four substitutions selected from
DI43R/TI4TRKIIOR/ES 28R, DI43R/TI4TR/K330R/ELSIA, and
D143R/TI47RACG30R/ES2Z7R. In some embodiments, e.g.

when the native amino acid

sequence is the sequence of SEQ ID NO: 1, the modified amino acid includes exactly four
substitutions, where the four sabstititions are selected from DI43R/TI4TR/K330R/ES28R,
DU43R/TT4TR/K330R/EISTA, and DI43R/TI4TR/K330R/ES2TR. In some embodiments,
the modified amino acid sequence includes a TM43R substitution, a TI47R substitution, a

330R substitution, and an ES28R substitution. In some embodiments, the only substitutions
m the modified amine acid sequence are a DI43R substitution, a TI47R substitution, a
K330R substitution, and an E528R substitution. In some embodunents, the modified amino

acid sequence is the sequence of SEG 1D NO: 5.

{0111}  In some embodiments, the modified amuno acid sequence of the engmeered Cas
protein includes five substitutions in the native amino acid sequence. In some embodiments,
the modified amino acid sequence has exactly five substitutions in the native anuns acid
sequence. In some embodiments, the modified amino acid sequence meludes five
substitutions at positions selected from positions 143, 147, 151, 154, 241, 330, 504, 507, 516,
519, 527, and 528, In some embodiments, the modified amino acid sequence has exactly five
substitutions, where the exactly five substitutions are at positions selected from positions 143,

147, 151, 154, 241, 330, 504, 507, 516, 519, 527, and 528, In some cmbodiments, ¢.g., when
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the native aming acid sequence is the sequence of SEQ 1D NO: 1, the modified amino acid
sequence includes five substitutions at positions selected from D143, Ti47, Ei51, K134,
E241, K330, N304, ESO7, N516, N519, ES27, and ES28. In some embodiments, ¢.g., when
the native amino acid sequence is the sequence of SEQ ID NO: 1, the modified amino acid
sequence has exactly five substitutions, where the exactly five substitutions are at positions
sciccted from D143, Ti47, E151, K154, E241, K330, N504, E507, N316, N319, ES27, and

0112} In some embodiments, the modified amino acid sequence includes a substitution at
position 143, a substitution at posttion 147, a substitution at position 330, a substitution at
position 151, and a substitution at a position sclected from positions 154, 241, S04, 507, 516,
519, 527, and 328. In some embodiments, the modified amino acid includes a substitution at
position 143, a substitution at position 147, a substitution at position 330, a substitution at
position 151, and exactly one other substitution, where the exactly one other substitution is at
a position selected from positions 151, 154, 241, 504, 507, 516, 519, 527, and 328. In some
embodiments, e.g.. when the native amino acid sequence is the sequence of SEQ 1D NO: 1,
the modified amino acid sequence meludes a substitution at posttion 143, a substitution at
position T147, a substitution at K330, a substitution at E151, and a sebstitution at a position
selected from positions K154, E241, E425 N304, ESO7, N516, N519, E527, and E328. In
some embodiments, ¢.g., when the native amino acid sequence is the sequence of SEQ ID
NG: i, the modified amino acid includes a substitution at position D43, a substitution at
position T147, a substitution at position K330, a substitution at EI151, and exactly one other
substitution, where the exactly one other substitution is at a position selected from positions

K154, E241, E425, N504, ES07, N516, N519, E527, and E528.

(01131 In some embodimenis, .g., when the native amino acid sequence 18 the sequence of
SEQ ID NO: 1, the modified amino acid includes five substitutions sclected from DI43R,
TI47R, EI51R, E1S1A, EI51S, EI51G, K154R, E241R, K330R, NSO4R, ES07R, N316R,
N5I9R, E327R, and E328R. In some embodiments, ¢.g., when the native amino acid
sequence 1s the sequence of SEQ ID NO: 1, the modified amimo acid includes exactly five
substitutions, where the five substitutions are selected from DI43R, T147R, EI5IR, E1514,
E1515, EISIG, Ki54R, E241R, K330R, NS04R, E307R, N516R, N319R, ES27R, and
E528R. In some embodiments, e.g., when the native aming acid sequence is the sequence of
SEQ ID NGO 1, the modified amino acid mcludes five substitutions selected from

DUM3R/TI4TR/K330R/EISTA/ES2TR and DI43R/TI4TR/KIZOR/EISTA/ESZER. In some
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embodiments, e.g., when the sative amino acid sequence is the sequence of SEQ 1D NG 1,
the modified amino acid ncludes exactly five substitutions, where the five substitutions are
selected from DI43R/TI4TR/K330R/EISIA/ES2TR and
DI43R/TI47R/K330R/EISTA/ES28R. In some embodiments, the modified amino acd
sequence inclades a D143R substitution, a TI47R sobstitution, a K330R substitution, an
ESZ8R substitution, and an E151A substitution. In some embodiments, the only substitutions
i the modificd amino acid sequence are a DI43R substitution, a T147R substitution, a
K330R substitution, an ES28R  substitution, and an FIS1A substitution. In some

embodiments, the modified amino acid sequence is the sequence of SEQ ID NG: 6.

[6114] In some embodiments, the engmeered Cas protein is further modified such that the
Cas protein is a fully or partially nuclease deactivated Cas (dCas) protein. Such alteration or
modification includes altering one or more amino acids to inactivate the nuclease activity or
the nuclease domain, as well as removing the polypeptide sequence or polypeptide sequences
exhibiting nuclease activity, i.e., the nuclease domain, such that the polypeptide sequence or
polypeptide sequences exhibiting nuclease activity, 1.¢. nuclease domain, are absent from the
Casl4 protem. Thus, in some embodiments, a nuclease-null Casl4 protein (dCasl4) includes
polypeptide sequences modified to nactivate nuclease activity or removal of a polvpeptide
sequence or sequences fo inactivate nuclease activity. The dCasi4 protein retains the ability
to bind to target mucleic acid cven though the nuclease activity has been mactivated.
Accordingly, the dCas14 protein jncludes the polvpeptide sequence or sequences required for
nucleic acid binding. In some embodiments, one or both of D326 and D510 are substitute

with an amino acid that reduces, substantially eliminates, or chiminates nuclease activity. In

some embodiments, one or both of 3326 and D310 are substituted with alanine.

[0115] In some embodiments, the engineered Cas protein is attached to, bound to, or fused
with an effector domain, such as a transcriptional regulatory domain or an epigenctic
modifying domain. In some embodiments, the effector domain 15 fused to the CHterminus of
the engineered Cas protein. In some embodiments, the effector domain 1s fused to the N-
terminus of the engincered Cas protein. In some cmbodiments, the effector domain comprises
a subcellular localization signal. In some embodiments, the subceliular localization signals is
an organelle localization signal, such as a nuclear localization signal (NLS), nuclear export
signal {(NES}, or mitochondrial localization signal. In some embodiments, the effector domain
comprises a polypeptide that can (i) cleave a nucleic acid {c.g., DNA and/or RNA}, (i1} affect

RNA stability, (11} edit a nucleotide, (iv) activate transcription, {v) repress transcription, {iv)

[l
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activate translation, {v} repress trapslation, (vi} methvlate a nocleic acid (2.g., DNA and/or
RNA}, (vii} demethylate a nucleie acid {e.g., BDNA and/or RNA}, {viii} affect RNA splicing,
{(ix) enable affinity purification or mmunoprecipitation {¢.g., FLAG, HA, biotin, or HALO

fags}, and/or {x) enable proximity-based protein labeling and identification.
H.  Guide RNA

[31i6]  In another aspect, a single-guide RNA (sgRNA) protein is provided. The sgRNA
disclosed herein provides surprising improvements in is ability to fimction in cukaryotic
cells. The sgRNA protein has an engmnecred CRISPR RNA ({crRNAMtrans-activating
CRISPR RNA (tracrRNA) fusion nucleotide sequence that is at least 60% identical to a wild-
type crRNA/racrRNA fusion nucleotide sequence. The engineered crRNA/tracrRNA fusion
nucleotide sequence can be, for example, at least 60%, at least 64%, at feast 58%, at least
72%, at least 76%, at least 80%, at least 82%, at least 84%, at least 86%, at least 88%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at feast 99% identical to a wild-type tracrRNA nuclestide sequence. In
terms of ranges, in some embodiments the enginecred crRNAAracRNA fusion nucleotide
sequence 1s between 60% and 100% identical to a wild-type crRNA/racRNA fusion
nucleotide sequence, e.g., between 60% and 82%, between 63% and 86%. between 66% and
90%, between 70% and 95%, or between 74% and 100%. In some embodiments, the wild-
type crRNAfractRNA fusion nucleotide scquence s mceluded in the sequence of SEQ 1D

NG 7.

{6117} ¥o some crubodiments, the engincered crRNA/tracrRNA fusion nucleotide sequence
mcludes one or more modifications to the wild-type crRNA/tractRNA fusion nucleotide
sequence, where the modifications follow one or more particalar rules determined to have
surprising advantages for the characteristics of the provided sgRNA. For example, the
particular modification rules have been selected for thetr ability to produce sgRNA capable of
functioning within cukarvotic cells. According to these particular rules, all or some of the
modifications to the wild-type crRNA/traceRNA fusion nucleotide sequence mvolve etther
{1} substitution of at least one U of a poly-U region of the wild-type nucleotide sequence,
e.g., with a G, (2} deletion of at least a portion of a 37 region of the wild-type sequence
corresponding to an RNA stem-loop hairpin structure, or (3} deletion of at least a portion of a

5" poly-3 region of the wild-type nucleotide sequence.
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3118} In somc embodiments, the ose or more modifications to the wild-type
crRNA/tracrRNA fusion nucleotide sequence include modifications in one of the above three
categories. The one or more modifications can mclude a moditication 1 one category that is
cither category (1), (2}, or (3}. The one or more modifications can consist of a modification in
one calegory that 1s either category (1), (2}, or {3). In some embodiments, the one or more
modifications include modifications inn cach of the two categories (1) and (2}, {1} and (3}, or
{2y and (3). In some cmbodiments, the one or more modifications consist of modifications
each of the two categories (1) and (2), (1) and (3}, or (2} and (3}. In some embodiments, the
one or more modifications mchuede modifications m each of the three categories (1), (2) and

{3).

{61191 In some embodiments, the wild-type crRNA/racrRNA fusion nocleotide sequence
includes a poly-U region proximate to the 37 end of the sequence. The poly-U region can
melude, for example, four waci nucleotides, five uracil nuclestides, six uracil nucleotide,
seven uractl nucleotides, eight oractl nucleotides, or more than eight uracil nucleotides. In
some embodiments, the engmeered crRNAsAracrRNA fusion nucleotide sequence of the
provided sgRNA includes substitution of at least one U of the poly-U region, where cach
substitution is ndependently to a G. The engincered crRNAAracrRNA fusion nucleotide
sequence can include substitation of only one uracil nuclestide of the poly-U region to a G,
only two uracil nucleotides of the poly-U region each to a G, ondy thee wracil nucleotides of
the poly-U region cach to a G, only four uracil nucleotides of the poly-U region cach to a G,
only five uracil nucleotides of the poly-U region each to a G, onlv six uracil nucleotides of
the poly-U region cach to a G, only seven uracil nucleotides of the poly-U region cach to a G,
only cight uracil nucleotides of the poly-U region each to a G, or more than cight uracil
nucleotides of the polyv-1J region cach to a G. In some embodiments, each urac nucleotide of
the poly-U region is substituted with a G. In some embodiments, the substitations 1 the poly-
U region are contiguous. In some embodiments, the substitutions in the poly-U region are
noncontiguous. In some embodiments, the engincered crRNA/AractRNA fusion nucleotide

sequence imcludes the sequence of SEQ ID NO: &

{61208} In some embodiments, the wild-type crRNA/tracrRNA fusion nucleotide sequence
mcludes a 37 region corresponding to an RNA stem-loop hairpin structure, and the engineered
crBNA/MracrBRNA fusion nucleotide sequence of the provided sgBNA inchudes deletion of at
least a portion of the 37 region. The amount of the 37 wild-type crRNA/tracrRNA region

corresponding to an RNA hairpin structure that 5 deleted m creating the engineered



(4

20

[\
(v

WO 2022/051250 PCT/US2021/048362

crRNA/traceRNA fusion nucleotide sequence can be, for example, from 1% to 100%, ¢.g.,
from 1% to 60%, from 10% to 70%, from 20% to 80%, from 30% to 90%, or from 40% to
100%. In terms of upper limits, the amount of the 3° wildtype crRNA/tracrRNA region
corresponding to an BNA hairpin structure that is deleted in creating the engineered
crBRNAMracrRNA fusion nucleotide sequence can be less than 100%, ¢.g., less than 90%, less
than 80%, less than 70%, less than 60%, less than 50%. less than 40%, less than 30%, less
than 20%, or less than 10%. To teoms of lower binuts, the amount of the 37 wild-type
crRNA/tracrRNA region corresponding to an RNA hairpin structure that is deleted in creating
the enginecred orRNAAracyRNA fusion nucleotide sequence can be, for example, at least 19,
¢.g., at least 10%, at least 20%, at least 30%, at least 40%, at lcast 50%, at least 60%, at least
70%, at least 80%, or at least 90%. In some embodiments, the only modification to the wild-
tvpe arRNA/tracrRNA fusion nucleotide sequence 1s deletion of at least 3 portion of the 37
region corresponding to an RNA hairpin structure. In some embodiments, the engineered

crRNA/tracrRNA oucleotide sequence includes the sequence of SEQ D NO: 9,

0121} In some embodiments, the wild-type crRNA/tracrRNA fusion mucleotide sequence
macludes a poly-G region proximate to the 57 end of the sequence. The poly-G region can
mclude, for example, three guanine nucleotides, four guamine nucleotides, five guanine
mucleotide, six guanine nucleotides, seven guanine nucleotides, or more than seven aracil
nucleotides. In some embodiments, the enginecred crRNA/tractRNA fusion nuclectide
sequence of the provided sgRNA meludes deletion of at least one guanine of the poly-G
region. The engineered crRNA/tracrRNA fusion nucleotide sequence can include deletion of
only one guanine nucleotide of the poly-G region, only two guanine nucleotides of the poly-
G region, only thee guanine nucleotides of the polv-G region, only four guanine nucleotides
of the poly-G region, only five guanine nucleotides of the poly-G region, only six guanine
micleotides of the poly-G region, only seven guanine nucleotides of the poly-G region, or
more than seven guanine nucleotides of the poly-G region. In some embodiments, each
guanine nucleotide of the polv-G region is deleted. In some cmbodiments, the engimeered

crRNA/tracrRNA fusion nucleotide sequence includes the sequence of SEQ 1D NG: 10

{0122} Tn some embodiments, the provided sgRNA includes a spacer nucleotide sequence
corresponding to a 537 Protospacer Adjacent Mot (PAM) having a 5°-TTTR-3" nucleotide
sequence. In some embodiments, the target nucleic acid associated with the provided sgRNA
is dsDNA. In such embodiments. dsDNA-targeting specificity is determined, at least in part,

by two parameters: the sgRNA spacer targeting a protospacer in the target dsDNA (the

)
O
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sequence in the target dsDNA corresponding to the sgRNA spacer on the non-complementary
DNA strand) and a short PAM sequence located immediately 57 {upstream} of the protospacer
on the non-complementary DNA strand. In some crobodiments, the PAM 5 §'-TTTG-3' or 5'-
TTTA-3 . In some embodiments, the PAM 18 3-TTTG-3. In some embodunents, the PAM 15
S-TTTA-3.

1. Nudeic agds

i3123] In another aspect, a nucleic acid sequence is provided, where the nucleic acid
sequence encodes any of the enginecred Cas proteins disclosed berem and described m
further detai} above, or anv of the sgRNA molecules disclosed herein and described in further
detail above. In some embodiments, the nucleic acid sequenece inchides or consists of DNAL

I some embodiments, the nucleic acid sequence includes or consists of RNA, ¢.g., aRNA,
IV, Vectors

[0124] 1Ion another aspect, a vector is provided, where the vector includes at least one
mucleic acid sequence encoding any of the enginecred Cas proteins disclosed herein, or at
least one mucleic acid sequence encoding any of the sgRNA meolecules disclosed herein. In
some embodiments, the provided vector includes at least one nucleic acid sequence encoding
any of the engineered Cas proteins disclosed herein, and at least one nucleie acid sequence

encoding any of the sgRNA molecules disclosed herein.

[6125] In some embodiments, the provided vector includes one or more nuclear
localization signals (NLS). In some embodiments, the one or more nuclear localization
signals include an SV40 NLS. In some embodiments, the one or more nuclear localization
signals nclude a ¢-Mye NLS. fn some cmbodunents, the one or more nuclear localization
signals include both an SV40 NLS and a ¢-Myc NLS. In some embodiments, the one or
more nuclear localization signals include two or more copies of an §V40 NLS. In some
embodiments, the one or more nuclear focalization signals include two or more copies of a ¢-
Myc NLS. In some embodiments, the one or more nuclear localization signals mclude both
On¢ OF MOore copies, e.g., two or more copies, of an SV40 NLS and one or more copies, e.g.,

two or more copies, of a ¢-Myc NLS.

[0126] In some embodiments, the provided vector includes one or more additional nucleic
acid sequences that each independently encode a transcriptional activator. Transcriptional

activators suitable for use with the provided vectors include, but are not limited to, a VP64
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transcriptional activator, a tripastite VP64-p63-Rta (VPR) transcriptional activator, a p300
transcriptional activator, a TET! transcriptional activator, a TETZ transcriptional activator, an
HSFI transcriptional activator, an NFAT transcriptional activator, an NFKB transcriptional

activator, a PRDM transcriptional activator, and combinations thereof.

{0127} In some embodiments, the provided vector includes one or more additional nucleic
acid sequences that cach independently encode a transeriptional repressor. Transcriptional
repressors suitable for use with the provided vectors inchude, buat are not limited to, a KRAB
transeriptional repressor, a bipartite KRAB-DNMT3L (KL) transcriptional repressor, a
tripartite KRAB-DNMT3A-DNMT3L (KAL) transcriptional repressor, a SID transcriptional
repressor, an HPL transcriptional repressor, an EZH2 transcriptional repressor, and

combinations thereof,

[3128] In some embodiments, the provided wvector includes one or more sgRNAg
configured to enable the simultaneous activation or repression of two or more reporter gengs

Of endog@nous QONneS.

(61291 In some embodiments, the provided vector further includes a base editor. In some
embodiments, the provided vector further includes a prime editor. In some embodiments, the
provided vector further includes a fluorescent protein. In some emboduments, the provided
vector 1s 3 viral vector. The provided vector can be, for example, an adeno-associated virus
{AAV} vector, an adenovirus vecior, a retroviras vector, a lentivirus vector, or a herpes

staplex viras (HSV) vector.
V. Systems

[3136]  In another aspect, a system, ¢.g., a ntbonucleotide complex, including a Cas protein
and an sgRNA is provided. In some embodiments, the Cas protein of the provided system is
any of the enginecred Cas proteins disclosed heremn and described in further detail above. In
some embodiments, the sgRNA of the provided system is any of the sgRNA molecules
disclosed herein and described in further detail above. In some embodiments, the provided
system nclades both one or more, €.g., two or more, Cas proteins disclosed herein, and one

or more, €.g., two or more, sgRNA molecules disclosed herein.

{3131} In another aspect, a system inchuding a nucleic actd encoding a Cas protein and a
nucleic acid encoding an sgRNA is provided. In some embodiments, the nucleic acid

encoding a Cas protein 1s any of those disclosed herein and described in further detail above.
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in some embodiments, the nucleic acid encoding an sgRNA s any of those disclosed herein
and described in further detail above. In some embodiments, the provided system includes
both one or more, ¢.g., two or more, nucleic acids cach independently encoding a Cas proten
as disclosed herein, and one or more, ¢.g., two or more, nucleic acids each independently

encoding a sgRNA melecule as disclosed herein.

[0132] In general, the provided systems are characterized by elements that promote the
formation of a nucleic acid-targeting complex inclading a Cas protein and an sgRNA at the
stte of a target sequence, which can be present in a DNA molecule or an RNA molecule. As
used herein, the term “arget sequence” refers to a sequence to which a guide sequence {also
referred to herein as a “spacer” or “spacer sequence”) m an sgRNA is designed to have
complementarity, where hybndization between the target sequence and the sgRNA allows for
localization of the Cas protein to the target sequence. Full complementarity is not necessarily
required, provided there 1s sufficient complementarity to allow for hybridization between the
target sequence and the sgRNA. In some embodiments, a target sequence is located in the
nucleus or cytoplasm of a cell. In some embodiments, the target sequence may be within an

organellc of a cukaryotic cell, for cxample, a mitochoundrion or 3 chloroplast.

[0133] Insome embodiments, the target nucleotide sequence is present in a gene sequence.
In some embodiments, the target nucleotide sequence is present in a promoter region of the
gene, and can be present in the sense strand or anti-sense strand of the gene. In some
embodiments, the target nuclestide sequence is present in a 5” UTR region of the gene, and
can be present in the sense strand or anti-sense strand of the gene. In some embodiments, the
target nucleotide sequence 1s present in a 5 UTR/REBS region of the gene, and can be present
m the sense strand or anti-sense strand of the gene. In some embodiments, the target
nucleotide sequence is present in a coding region of the gene, and can be present in the sense

strand or anti-sense strand of the gene.

[3134] In some embodiments, one or more vectors driving expression of one or more
clements of the provided system, and are introduced into a host cell such that expression of
the clements of the systern directs formation of a nucleic acid-targeting complex at onc or
more target sequence sites in the host cell. For example, a Cas protein and an sgRNA could
cach be operably linked to separate regulatory clemenis on separate vectors. Alternatively,
two or more of the elements expressed from the same or different regulatory elements can be

combined in a single vector, with one or more additional vectors providing any components
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of the system not included in the first vector. System clements that are combined in a single
vector can be arranged in any suitable orientation, such as one element located 5" with respect
to (upstream” of) or 3 with respect to (“downstream” of) a second element. The coding
sequence of one clement can be located on the same or opposite strand of the coding
sequence of a second clement, and oriented in the same or oppostte direction. In some
cmbodiments, a single promoter drives expression of a transcript encoding a Cas protein and
an sgRNA. In some embodiments, the Cas protein and sgRNA are operably linked to and

expressed from the same promoter.
Vi, Pharmaceutical compositions

[6135] In ancther aspect, a pharmmacewtical composition 1 provided. The provided
pharmaceutical composition includes one or more, €.g., two or more of any of the engmeered
Cas proteins as disclosed herein and described 10 further detail above; one or more, e.g., two
or more, of any of the sgRNA molecales disclosed herein and described m further detail
above; one or more, ©.g., two or more, of any of the nucleic acids disclosed herein and
described in funher detail above; one or more, ¢.g., two or more, of any of the vectors
disclosed herem and deseribed in further detail above; one or more, ¢.g., two or more, of any
of the svstems disclosed herein and described in further detail above, or any combination

thereof.

{3136} In some embodiments, the pharmaceutical composition inchudes a therapeutically
effective amount of a pharmaceutically acceptable excipient. In some embodiments, the
phamaceutical composition nchides one or more of a dilucnt, adjuvant, or carrier in a
formulation suitable for admimistration, e.g., administration to a mammal. Switable diluents,
adjuvants, or camers can include, for example, lipids, ¢.g., liposomes, ¢.g., hposome
dendrimers; Hguids, such as water and odls, including those of petroleum, animal, vegetable
or synthetic origin, such as peanut oil, sovbean oil, mineral o1l sesame oil and the bike; gum
acacia; gelating starch paste; tale; kerating colloidal silica; urea; and the like. Additional
examples of suttable diluents include distilled water, buffered water, physiclogical saline,
PBS, Ringer's solution, dextrose solution, and Haok's solution. The pharmaceutical
compositions can also include additional substances to approximate physiclogical conditions,
sach as pH adjusting and buffering agents, toxicity adjusting agents, wetting agents and
detergents. In addition, anxiliary, thickening, lubricating and coloring agents can altematively

ot additionally be used. Pharmaceutical compositions can be formulated into preparations io



10

o
W

WO 2022/051250 PCT/US2021/048362

solid, semisohid, liguid or gaseous forms, such as tablets, capsules, powders, granules,

ointraents, solutions, suppositories, igjections, inhalants, gels, microspheres, and aerosols.

(01371 The provided pharmaceutical composition can also mchide any of a variety of
stabilizing agents, such as an antioxidant for example. When the pharmaceutical composition
ineludes a polypeptide, the polypeptide can be complexed with various well-known
compounds that enhance the in vivo stability of the polypeptide, or otherwise enhance its
pharmacological properties {£.g., increase the half-hife of the polypeptide, reduce its toxicity,
and/or erthance solubility or uptake). Examples of such moditications or complexing agents
mclude sulfate, gluconate, citrate, and phosphate. The nucleic acids or polvpeptides of a
composition can also be complexed with molecules that enhance their 1n vivo attributes. Such
molecules include, for example, carbohydrates, polvamines, amino acids, other peptides, 1ons

{e.g., sodium, potassivm, calcium, magnesium, manganese), and lipids.
Vil Methods of Nucleic Acid Modulation

{3138} Io another aspect, a method of modulating one or more target nucleic acids m a cell
is provided. The method includes contacting the cell with one or more, ¢.g., two or more of
any of the cngincered Cas proteins as disclosed herein and described in further detail above;
ong or mwore, ¢.g., two or more, of any of the sgRNA molecules disclosed herein and
described in further detail above; one or more, e.g., two or more, of any of the nucleie acids
disclosed herein and described in further detail above; one or more, €.g., two or more, of any
of the vectors disclosed herein and described in further detail above: one or more, e.g., two or
more, of any of the systems disclosed hercin and described in further detail above; or any

contbimnation thereof,

{3139 In some cmboduuents, the provided method results in selective modulation of one
or more target nucleic acids in a cell. For example, selective modulation can modulate one or
more target nucleic acids by at least 10%, ¢.g., at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%. at least 80%, at least 90%, or greater than 90%,
compared to the level of modulation of the target vucleic acids n the absence of the
contacting, while not substantially modulating any non-target nucleic acids. In some
cmbodiments, selective modulation includes modulating any noun-target nucleic acids by, loss

-
7
i

than 10%, ¢.g.. less than 9%, less than 8%, loss than 7%, less than 6%, less than 5%, less than

4%, less than 3%, less than 2%, or less than 1%.
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3140} In some embodiments, the provided method results 18 modulation of the
transcription of one or more target nucleic acids, In some embodiments, the method results in
the merease or decrease of transcription of target DNA. In some embodunents, the method is
used to control the transcription of a targeted gene-coding RNA (protein-encoding mRNA)

and/or a targeted non-coding RNA {(e.g., tRNA, (RNA, snoRNA, aitRNA, miRNA, long
ncRNA. ete}. In some embodiments, the method modifies a polypeptide associated with
DNA (e, lustone). In some embodiments, method tnvolves enzvmatic activity such as
methyliransferase  activity, demethylase activity, acetvltransferase activity, deacetylase
activity, kinase activity, phosphatase activity, sbiquitin hgase activity (e.g., ubiquitination
activity}, deubiquitinating activity, adenvlation activity, deadenylation activity, SUMOvlating
activity, deSUMOvlating activity, rnibosylation activity, dertbosylation  activity,
myristoviation activity, demyristovlation activity glycosviation activity (¢.g., from GleNAc
transferase} or deglycosylation activity. The enzymatic activities listed herein catalyze
covalent modifications to protems. Such modifications are known o the art to alter the
stability or activity of the target protein {(e.g., phosphorylation due to kinase activity can
stimelate or silence protein activity depending on the target protein}. Of particular interest as
protein targets are histones. Histone proteins are known in the art to bind DNA and form
complexes known as nucleosomes. Histones can be modified {e.g., bv methylation,
acetylation, ubiquitination, phosphorylation} to elicit structural changes in the surrounding
DNA, thus controlling the accessibility of potentially large portions of BNA to interacting
factors such as transcription factors, polymerases and the like. A single lustone can be
modified in many different wavs and i many different combinations {¢.g., trimethyvlation of
bysine 27 of histone 3, H3K27, is associated with DNA regions of repressed transcription
while trimethylation of lysine 4 of histone 3, H3K4, is associated with DNA regions of active

franscription).

{6141} In some embodiments, the provided method results in modulation of the translation
of one or more target nucleic acids, fo some embodiments, the method modulate translation

of one or more target RNA molecules.

{0142} Tn some cmbodiments, the one or more target nucleic acids arc in a cell that s a
cukarvotic cell. In some embodiments, the one or more target nucleic acids are i a cell that is
an animal cell. In some embodiments, the one or more target nucleie acids are i a cell that is
a mammalian cell. In some embodiments, the one or more target nucleic acids are in a cell

that 15 a human cell. In some embodiments, the one or more target nucleic acids are 1n a cell
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that 1s a stem cell. In some embodiments, the one or more target nucleic acids are in a cell
that is a blood cell. In some embodiments, the one or more target nucleic acids are in a cell
that is an immune cell. In some embodiments, the one or more target nucleic acids are i a
cell that s a plant cell. In some embodiments, the one or more target nucleic acids are in a
cell that 1s in vivo. In some embodiments, the one or more target nucleic acids are in a cell

that s part of an organcid.

{31431  In some embodiments, the modulating of the one or more target nucleic acids
mcludes activating at feast one of the one or more target nucleic acids. In some embodiments,
the modulating of the onc or more target nucleic acids meludes repressing at least one of the
one or more target nucleic acids. In some embodiments, the modulating of the one or more
target nucleic acids mcludes editing at least one of the one or more target nucleic acids. In
some embodiments, the modulating of the one or wmore target nucleic acids includes editing a
primer of at least one of the one or more target nucleic acids. Tn some embodiments, the
modulating of the one or more target nucleic acids includes nicking at least one of the one or
more target nuckeic acids. In some embodiments, the modulating of the one or more target
nucleic acids includes labeling at least one of the one or more target nucleic acids. In some
embodiments, the modulating of the one or more target nucleic acids mcludes altering the
spatiotemporal positioning of at least one of the one or more target nucleic acids. In some
erabodiments, the modulating of the one or more target nucleic acids includes altering the
methylation of at least one of the one or more target nucleic acids. In some emboduments, the
modulating of the one or more target mucleic acids includes altering the acetvlation of at least
one of the one or more target nucleic acids. In some embodiments, the modulating of the one
or more target nucleic acids includes altering the acetvlation of at least one lustone or
nucleosome associated with at least one of the one or more target nucleic acids. In some
cmbodiments, the modulating of the one or more target nucleie acids mchudes altering the
methylation of at least one histone or nucleosome associated with at least one of the one or
more target mucleie acids.

Vill. Methods of Treatment

[6144] In another aspect, a method of preventing a disorder, ¢.g., a genetic disorder, in a
subject 1s provided. The method includes administering o the subject an amount of any of the
pharmaceutical compositions disclosed herein and described in further detail above, where

the administered amount is sutficient to modulate one or more target nucleic acids associated



WO 2022/051250 PCT/US2021/048362

with the disorder. In some embodiments, the administered amount is sufficient to correct one

or more mutations in the one or more target nucleic acids.

[0145] Dhsorders suitable for treating with the provided method include, but are not linuted
to, X-linked scvere combined mmmune deficiency, sickle cell anemia, thalassenua,
hemophilia, neoplasia, cancer, age-related macular degencration, schizophrenia, trinucleotide
repeat disorders, fragile X syndrome, prion-related disorders, amyotrophic lateral sclerosis,
drug addiction, autism, Alzheimer’s disease, Parkinson’s disease, cystic fibrosis, blood and
coagulation disease or disorders, inflammation. facicscapulohumeral muscular dystrophy,
retintits pigmentosa, Leber congenttal amaurosis, glaucoma, immune-rclated discases or
disorders, metabolic diseases and disorders, liver diseases and disorders, kidney diseases and
disorders, muscular/skeletal diseases and disorders, neurclogical and nearonal diseases and
disorders, cardiovascular diseases and disorders, pulmonary discases and disorders, and

ocular diseases and disorders.

i0146] Also provided is a method of treating an infection in a subject. The method includes
admunistering to the subject an amount of anv of the pharmaceutical compositions disclosed
herein and described in further detail above, where the admmistered amount is sufficient to
modelate one or more target naocleic acids associated with the mfection. In some
crabodiments, the admuustered amount is sufficient 1o cut or nick at least one of the one or

more target nucleic acids. In some embodiments, the infectious agent is a virus,

0147} In some cmbodiments, the administering of any of the provided methods s via a
delivery system using a virus, a nanoparticle, a liposome, a micelle, a virosome, a nucleie
acid complex, a protein-RNA conjugate, and combinations thereof Administration can be
achieved 1n various ways, including oral. buccal, rectal, parenteral, intraperitoneal,
idradermal, transdermal, intra~tracheal, intraocular, etc., admunistration. The active agent can
be systemic after adounistration or can be localized by the use of regional administration,
mtramural administration, or ase of an implant that acts to retain the active dose at the site of
implantation. The active agent can be formulated for immediate activity or it may be

formulated for sustained release.

[G148] In some embodiments, the administering of any of the provided methods is via a
single adeno-associated virus debivery system. In some embodiments, the administering 15 via

a dual adeno~-associated virus delivery system.
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3149  As used herein, the term “subject” generally refers to a vertebrate, preferably a
mammal, more preferably a human. In some cases, a subject is a patient. Mammals include,
but arc not lunited 1o, murines, stmians, humans, farm animals, sport animals, and pets. In

some embodiments, the subject of any of the provided methods is human,
X, Embodiments

{3150} The following embodiments are contemplated. All combinations of features and

embodiment are conteraplated.

[0151] Embodiment 1. An engineered Clustered Regularly Interspaced Short Palindromic
Repeat (CRISPR)-associated {Cas) protein that is functional in cukaryotic cells, the Cas
protein comprising a modified anmino acid sequence that is at least 80% identical to a native
amino acid sequence of a wild-type Cas protein, wherein: the native amino acid sequence has
a length of less than 700 amino acids and comprises a {D/E/K/MNIX(R/FHEAON motif, and
the modified amino acid scquence comprises one or more substitutions in the native aming
acid sequence, wherein at least one of the one or more substitutions is at a position cither (1)
within or no more than 30 awmuno acids wupstream or downstreamm of the
{D/E/KMNIX(RFWE/KN motif, (2} at or no more than 30 amino acids upsiream or
downstrearn of position 241 of the native amino acid sequence, (3) at or no more than 30
amino acids upstream or downstream of position 516 of the native anuno acid seguence, or
{4) having an electrically charged amino acid in the native amino acid sequence.

{61532} Embodiment 2: An embodiment of embodiment 1, wherein at least one of the one or
more substitutions s to an anuno acid selected from the group consisting of argimine (R},
alanine (A}, serine {(8). and ghyveine (G).

[0153] Embodiment 3. An embodiment of embodiment |, wherein the wild-tvpe Cas
protein is a type V Cas protein.

[6154] FEmbodiment 4: An embodiment of embodiment I, wherein the wild-type Cas
protein 18 3 wild-type V-F (Cas14 or Cas 128 protein or a wild-type V-J (Cas® or Cas 12]}
protein.

{3155} Embodiment 5. An embodiment of embodiment 1, wherein the native amino acid

sequence is the sequence of SEQ ID NO: 1

{0156} Embodiment 6: An embodiment of any of the embodiments of embodiment 1-5,

wherein the ong or more substitittions comprise a substitution at a posttion selected from the
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group consisting of D143, K11, K73, T147, E151, K154, E241, D318, K330, K457, E423,
E462, N504, E507. N516, N519, E527, and E528.

[01587] Embodiment 7: An embodiment of embodiment 6, wherein the substitution is
selected from the group consisting of DI43R, K1IR, K73R, TI47R, EI151IR, K154R, E241R,
D318R, K330R, E425N, K457R, E46ZR, NS504R, ES07R, N516R, N319R, ES327R, and
ES28R.

3158} Embodiment 8: An embodiment of embodiment 7, wherein the substitution is

selected from the group consisting of D143R, TI47R, EISIR, and E241R.

[6139] Embodiment 9. An embodiment of any of the embodiments of embodiment 6-8,
wherein the one or more substitutions comprise two substitutions at positions selected from
the group consisting of D143, TI47, E151, K54, E241, K330, E425, N304, E507, N5i6,
N519, E527, and E528,

[6160] FEmbodiment 10: An embodiment of embodiment 9, wherein the two substitutions
comprise a substitution at D143 and a substitution at a position selected from the group
consisting of T147, B131, K134, E241, K330R, E425N, N304, E507, N516, N319, E527, and

0161} Embodiment 11. An embodiment of cmbodiment 9 or 10, wherein the two
substitutions are sclected from the group consisting of DI43R, TH4TR, EISIR, EIS1A,
K134R, E241R N504R, ESO7R, N516R, N319R, E327R, and ES28R.

[3162] Embodiment 12: An embodiment of any of the cmbodiments of cmbodiment 11,
wherein the two substitutions are sclected from the group consisting of DI43R/TI47R,
D143R/EISIR,  DI43R/EZ41IR, DI43R/E425N, DI43R/ES07R, DI43R/NSI9R,
DI143R/ES2TR, DI43R/ES28R, DI43R/RISIS, DI43/RISIG, and DI43R/EISIA.

[6163] Embodiment 13: An embodiment of any of the embodiments of embodiment -12,
wherein the one or more substitutions comprise three substitutions at positions selected from
the group consisting of D143, Ti47, E151, K134, E241, K330, B425, N304, E507, N3l6,
N319, E527, and E528.

[0164] Embodiment 14 Ao embodiment of embodiment 13, wherein the three substitutions

comprise substitutions at D143 and T147 and a substitution at a position selected from the
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group consisting of B151, K154, E241, K330, £425, N504, E507, N516, N519, E527, and
£528.

[0165] Embodiment 15 An embodiment of embodiment 13 or 14, wherein the three
substitutions arc selected from the group consisting of DI43R, TI47R, EISIR, EIS1A,

5 EISIS, EISIG, KI54R, E241R, K330R, E425N, NSQ4R, ES07R, N516R, N519R, E327R,
and E528R.

i3166] Embodiment 16. An embodiment of embodiment 15, wherein the three substititions

are selected from the group consisting of DI43R/TI4TR/KI30R, DI43R/TI47R/K154R,

D143R/TI47R/E241R, DI43R/TI47R/ESOTR, DI43R/TI47R/NSI9R,
10 DI43R/TI47R/ES2TR, DI43R/TI4TR/ESZ8R, DI43R/TI4TR/ELISS,

DUM3R/TI4TR/EISIG, and DI3R/TIATR/ELS LA,

[3167] Embodiment 17: An embodiment of any of the embodiments of embodiment 13-16,
wherein the one or more substitutions comprise four substitutions at positions selected from
the group consisting of D143, Ti47, EI151, K154, E241, K330, E425, N504, ES07, N5i6,
N519, ES27, and E5S28.

[
1

[3168] Embodiment 18 An embodunent of embodiment 17, wherem the four substitutions
comprise substitutions at D143, T147, and K330 and a substitution at a position selected from

the group consisting of E151, K134, E241, E425, N504, ES07, N516, N519, ES27, and E528.

[6169] Embodiment 19: An embodiment of embodiment 17 or I8, wheremn the four
2% sobstitutions are selected from the group consisting of DI43R, TI47R, EISIR, EISIA,

EIS1S, EI51G, KI154R, E241R, K330R, E425N, NS04R, ES07R, N316R, N519R, ES27R,

and E528R,

0178} Embodiment 20: An embodiment of embodiment 19, wherein the four substitifions

are  selected fromm  the group cousisting  of  DI43R/THTR/KIZOR/ESZER,
D143R/TI4TR/K330R/ETSTA, and DI43R/TI4TR/K330R/ES2TR.

(3
v

{3171} Embodiment 21: An embodiment of any of the embodiments of embodiment 17-20,
wherein the one or more substitutions comprnise five substitutions at positions selected from
the group consisting of D143, Ti47, EI51, K154, E241, K330, N504, ES07, N516, N519,
E527, and E528.
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3172} Embodiment 22: An embodiment of cmbodiment 21, wherein the five substitutions
comprise substitutions at D143, T147, K330, E151, and a substitution at a position selected

from the group consisting of. K154, E241, N504, E507, N516, N519, E527, and E528.

[6173] Embodiment 23: An embodiment of embodiment 21 or 22, wherein the five
substitutions arc selected from the group counsisting of DI43R, TI47R, EISIR, EIS1A,
KI54R, E241R, K330R, NSO4R, ESOTR, NSI16R, N5I9R, E327R, and E528R.

i3174] Embodiment 24: An embodiment of embodiment 23, wherein the five substitutions
are selected from the group consisting of DIM43R/TI4TR/KIZOR/EISTA/ESZER and
D43R/TI47TR/KS30R/EISTA/ES2TR.

[3175] Embodiment 25: An crabodiment of any of the embodiments of embodiment 1-24,

wherein the Cas protein is a fully or partially nuclease deactivated Cas {(dCas) protein.

i0176] FEmbodiment 26: An embodiment of embodinent 1, wherein the modified amuno
acid sequence comprises a sequence selected from the group consisting of SEQ ID NGS: 2, 3,

4,5, and 6.

{31777 Embodiment 27 A single~-guide RNA (sgRNA} comprising an engineered CRISPR
RNA (crRNAYtrans-activating CRISPR RNA (tractRNA) fusion nucleotide sequence that 1s
at least 60% identical to a wild-type crRNA/racrRNA fusion nucleotide sequence, wherein:
the wild-type crRNA/ractRNA fusion nucleotide sequence comprises (1) a 3 region
corresponding to an RNA stem-loop hairpin structare, (2} a poly-U region proximate to the 3°
region, and {3) a 57 poly-G region; and the enginecred crRNA/tracrRNA fusion nuclectide
sequence comprises one or more modifications to the wild-type crRNA/racrRNA fusion
nucleotide sequence, the modifications selected from the group consisting of substitation of
at least one U of the poly-U region, deletion of at least a portion of the 3° region; and deletion
of at keast a portion of the 57 poly-G region.

{6178} Embodiment 28. An embodiment of embodiment 27, wherein the wild-type
crRNAAracrRNA fusion nucleotide sequence is the sequence of SEQ 1D NQ: 7.

{31791  Embodiment 29: An embodiment of embodiment 27 or 28, wherein the engineered
crRNA/MracrRNA fusion nucleotide sequence comprises substitutions of at least one U of the

poly-U region with a G.
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i#180] Embodiment 30 An cmbodiment of cmbodiment 29, wherein the engincercd

crRNA/tracrRNA fusion nuclestide sequence comprises the sequence of SEQG 1D NG 8.

[0181] Embodiment 31 An embodiment of embodiment 29, wherein the engmeered
crRNA/tracrRNA fusion nucleotide sequence comprises deletion of at least a portion of the 37

Tegion.

[#182] Embodiment 32: An embodiment of embodiment 31, wherein the engincered

crRNA/tracrRNA fusion nuclestide sequence comprises the sequence of SEG 1D NG 9.

[0183] Embodiment 33: An embodiment of embodiment 31, wherein the engmeered
crRNAAracrRNA fusion nucleotide sequence comprises deletion of at least a portion of the 57
poly-G region.

[0184] Embodiment 34: An cmbodiment of embodiment 33, wherein the engincered

crRMNA/tracrRNA fusion nucleotide sequence comprises the sequence of SEQ 1D NG 10

[G1857 Embodiment 35 An embodiment of any of the embodiments of embodiment 27-34,
further comprising a spacer nucleotide sequence corresponding to a 5 Protospacer Adjacent

Motif (PAM) baving a 5°-TTTR-3" nucleotide sequence.

[0186] Embodiment 36. A nucleic acid sequence encoding the engineered Cas protein of

any of the embodiments of embodiment 1-26.

{6187} Embodiment 37 A nucleic acid sequence cncoding the sgRNA of any of the

cmbodiments of embodiment 27-35,

3188} Embodiment 3% A vector comprising one or both of the mmeleic acid of

embodiment 36 and the nucleic acid of embodiment 37.

[6189] Embodiment 39 An embodiment of embodiment 38, further comprising one or

more nuclear localization signals (NLS}).

wherein the one or more

>

[3198] Embodiment 40: An embodiment of embodiment 39

nuclear localization signals comprise one or both of an SV40 NLS and a ¢-Myc NLS.

[0191] Embodiment 41: An embodiment of any of the embodiments of embodiment 38-40,
further comprising one or more additional nucleic acid sequences cach independently

encoding a transcriptional or epigenctically modifying activator.
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[3192] Embodiment 42: An cmbodiment of embodiment 41, wherein the one or more
transcriptional or cpigenetically modifving activators comprise one or more of a VP64
transcriptional activator, a tripartitc VP64-p65-Rta (VPR) transcriptional activator, a p300
franscriptional activator, a TET! transcniptional activator, a TET2 transcriptional activator, an
NFAT transcriptional activator, an NFkB transctiptional activator, and a PRDM

transcriptional activator.

3193} Embodiment 43. An embodiment of any of the cbodiments of embodiment 38-42,
further comprising one or more additional nucleic acid sequences cach independently

encoding a transcriptional or epigenctically modifving repressor.

[6194] Embodiment 44: An embodiment of embodiment 43, wherein the one or more
transcriptional or epigenetically modifying repressors comprise one of more of a KRAB
transcriptional  repressor, a DNMT3A DNA  methyvitransferase, a DNMT3B DNA
methyliransterase, a DNMT3L DNA methyliransferase, a bipartite KRAB-DNMT3A (KA)
repressor, a bipartite KRAB-DNMT3L (KL) repressor, a tripartite KRAB-DNMT3A-
DNMT3L (KAL) ropressor, an SID transcriptional repressor, an EZH2 transcriptional
repressor, an HP1 heterochromatin protein, a GU3 transcriptional repressor, and a MBD3

transcriptional repressor.

[3195] Embodiment 45. An embodiment of any of the embodiments of embodiment 38-44,
further comprising one or more additional nucleic acid sequences cach mdependently

encoding a base edifor.

[3196] Embodiment 46: An embodiment of any of the embodiments of embodiment 38-45,
further comprising one or more additional nucleic acid sequences cach independently

encoding a prime editor.

131971 Embodiment 47; An embodiment of any of the embodiments of embodiment 38-46,
further comprising one or more additional nucleic acid sequences cach independently

encoding a fluorescent protein.

[3198] Embodiment 48: An embodiment of any of the embodiments of embodiment 38-47,
further comprising one or more additional nucleic acid sequences each independently

encoding a retron clement.
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3199  Embodiment 49 An embodiment of any of the cbodiments of embodiment 38-48,
wherein the vector is an adenc-associated virus {(AAV) vector, an adenovirus vector, a

retrovirus vector, a lentivitus vector, or a herpes simplex vitus (HSV) vector,

{6204 Embodiment 30 A system comprising: the engincered Cas protein of any of the

crabodiments of embodument 1-26; and an sgRNA.

[3201] Embodiment 531; A system comprising: a Cas protein; and the sgRNA of any of the

embodiments of embodiment 27-33.

[0202] Embodiment 52: An embodiment of embodiment 51, wherein the Cas protein 1s the

engineered Cas protein of any of the embodiments of embodiment 1-26.

[30203] Embodiment 53. A system comprising: the nucleic acid sequence of embodiment

36; and a nucleic acid sequence enooding an sgRNA.

{0204} Embodiment 54 A system comprising: 3 nucleic acid sequence encoding a Cas

protein; and the nucleic acid sequence of embodiment 37,

[3205] Embodiment 53: An embodiment of embodiment 34, wherein the nucleic acid

encoding a Cas protein 1s the nacleic acid sequence of embodiment 36,

[6206] Embodiment 56: A method of modulating one or more target nucleic acids in a cell,
the method comprising contacting the cell with the enginecred Cas protein of any of the
cmbodiments of embodiment 1-26, the sgRNA of any of the embodiments of embodiment
27-35, the nucleic acid of any of the crubodiments of embodiment 36 or 37, the vector any of
the embodiments of embodiment 38-49, or the system of any of the embodiments of

embodiment 50-35.

[0207] Embodiment 57 An embodiment of embodiment 56, wherein the cell s a
cukaryotic cell.
[0208] Embodiment 58: An embodment of embodiment 57, wherein the eukarvotic cell 1s
an ammal cell.
[6209] Embodiment 59 An embodiment of embodiment 58, wherein the animal cell is a

mammalian cell.

[0216] Embodiment 60: An emabodiment of eiobodiment 39, wherein the manvnalian cell s

a human cell.
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3211} Embodiment 61. An embodiment of any of the cbodiments of embodiment 57-60,

wherein the cell is a stem cell.

[6212] Embodiment 62: An embodiment of any of the embodiments of embodiment 57-61,

wherein the cell is a blood cell.

[0213] Embodiment 63: An embodiment of any of the embodiments of embodiment 57-62,

wherein the cell is an immune cell.
[6214] Embodiment 64: An embodiment of embodiment 57, wherein the cell is a plant cell.

[6215] Embodiment 65. An embodiment of any of the embodiments of cmbodiment 56-64,

wherein the cell is 1 vivo.

i0216] Embodiment 66; An embodiment of any of the embodiments of embodiment 56-64,

wherein the cell is part of an organoid.

{6217} Embodiment 67. An embodiment of any of the embodiments of embodiment 36-66,
wherein the modulating comprises activating at least one of the one or more target nucleic

acids.

[0218] Embodiment 58: An embodiment of any of the embodiments of embodiment 36-67,
wherein the modulating comprises repressing at least one of the one or more target nucleic
acids.

{0219} Embodiment 69: An embodiment of any of the embodiments of embodiment 56-68,
wherein the modulating comprises editing at least one of the one or more target nucleic acids.
[6228] Embodiment 70 An embodiment of any of the embodiments of embodiment 36-69,
wherein the modulating comprises editing a primer of at least one of the one or more target
ucleic acids.

{0221} Embodiment 71; An embodiment of embodiment 69 or 70, wherein the editing
comprises nicking the at least one target nucleic acid.

[6222] Embodiment 72; An embodiment of embodiment 69 or 70, wherein the editing

comprises performing one or more gene knockouts.

[3223] Embodiment 73: An embodiment of embodiment 69 or 70, wherein the editing

comprises performing one or more gene knock-ins.
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3224} Embodiment 74 An embodiment of embodiment 69 or 70, wherein the editing

comprises performing one or more base substitiutions.

[0225] Embodiment 75: An embodiment of any of the embodiments of embodiment 56-74,

wherein the modulating comprises cutting genomic DNA.

[0226] Embodiment 76 An embodiment of embodment 75, wherein the modulating

further comprises mutating the genomic DNA.

{62277 Embodiment 77. An cmbodiment of embodiment 76, wherein the mutating
comprises one or more nsertions, one or more deletions, one or more substifutions, or a

combination thereof,

[3228] Embodiment 78 An embodiment of any of the embodiments of embodiment 56-77,
wherein the modulating comprises labeling at least one of the one or more target nucleic

acids.

62297 Embodiment 79 An embodiment of any of the embodiments of embodiment 36-78,
wherein the modulating comprises altering the spatictemporal posttioning of at lcast one of

the one or more target nucleic acids within the cell.

[0236] Embodiment 80: An embodiment of any of the embodiments of embodiment 56-79,
wherein the modulating comprises alicring the methylation of at feast one of the one or niore

farget nucleic acids.

{0231} Embodiment 81: An embodiment of anv of the embodiments of embodiment 36-80,
wherein the modulating comprises altering the acetylation of at least one of the one or more

target nucleic acids.

[0232] FEmbodiment 32: An embodiment of any of the embodiments of embodiment 36-81,
wherein the modulating comprises altering the acetylation of at least one histone or

nucleosome associated with at least one of the one or more target nucleic acids.

[#233] Embodiment 83 An embodiment of any of the embodiments of embodiment 56-82,
wherein the modulating comprises aliering the methylation of at least one histone or

nucleosome associated with at least one of the one or more target nucleic acids.
{6234} Embodiment 84: A pharmaceutical composition comprising the engineered Cas

protein of any of the emboduvents of cmbodiment 1-26, the sgRNA of any of the

embodiments of embodiment 27-35, the nucleic acid of embodiment 36 or 37, the vector of
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any of the embodiments of embodiment 38-49, or the system of any of the embodiments of

embodiment 50-35.

[0235] Embodiment 85 An embodiment of embodiment 84, further comprising a

therapeutically effective amount of a pharmaceutically acceptable excipient.

[0236] Embodiment 86; A method of preventing or treating a genetic disorder in a subject,
the method comprising administering to the subject an amount of the pharmmaceutical
composition of embodiment 84 or 85, wherein the amount is sufficient to modelate one or

more target nucleic acids associated with the genetic disorder.

{6237} Embodiment 87: An embodiment of embodiment 86, wherein the amount is

sufficient to correct one or more mutations m the one or more target nucleic acids.

[0238] Embodiment 8: An embodiment of embodiment 86 or 87, wherein the genetic
disorder is sclected from the group comsisting of X-linked severe combined uanmne
deficiency, sickle cell anenma, thalassenma, hemophilia, neoplasia, cancer, age-related
macular degencration, schizophrenta, trimucleotide repeat disorders, fragile X syndrome,
prion-related disorders, amyotrophic lateral sclerosis, drug addiction, autism, Alzheimer’s
discase, Parkinson’s discase, cvstic fibrosis, blood and coagulation discase or disorders,
mflammation, facioscapulohumeral muscular dystrophy, retinitis  pigmentosa, Leber
congenital amaurosis, glaucoma, tmmunc-related discases or disorders, metabolic discascs
and disorders, hiver disecases and disorders, kidoey discases and disorders, muscular/skeletal
discases and disorders, neurological and newronal diseases and disorders, cardiovascular

diseases and disorders, pulmonary diseases and disorders, and ocular diseases and disorders.

{0239} Embodiment 89: An embodiment of any of the embodiments of embodiment 86-88,
wherein the administering is via a delivery system selected from the group consisting of a
virus, a nanoparticle, a liposome, a micelle, a virosome, a nucleie acid complex, a protein-

RNA comjugate, and combinations thereof.

[
7

{0240 Embodiment 90; An embodiment of embodiment 89, wherein the administering i

via a single adeno-associated virus delivery svstem.

.

§241} Embodiment 91 An embodiment of embodiment 89, wherein the adminstering is
3

via a dual adenc-associated virus delivery system.
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3242} Embodiment 92: An embodiment of any of the cmbodiments of embodiment 86-91,

wherein the subject is human.

[0243] Embodiment 93: A method of treating an infection in a sobject, the method
comprising administering to the subject an amount of the pharmaceutical composition of
crabodiment 84 or 85, wherein the amount is sufficicnt to modulate one or more target

nucleic acids associated with the infection.

i3244] Embodiment 94 Ao embodiment of embodiment 93, wherein the one or more target

nucleic acids are nucleic acids of an mnfectious agent causimg the mfection,

[6245] Embodiment 93 An embodiment of embodiment 94, wherein the amount is
sufficient to cut or nick at least one of the one or more target nucleic acids.

6246} Embodiment 96: An embodiment of cmbodiment 94 or 93, whercin the infectious
agent is a virus.

{62477 Embodiment 97 An embodiment of any of the embodiments of embodiment 93-96,
wherein the adnunistering s via a delivery system selected from the group consisting of a
virus, 3 nanoparticle, a liposome, a nucelle, a virosome, a nucleic acid complex, a protein-
RNA conjugate, and combinations thereof.

i0248] FEmbodiment 98 An crabodiment of embodiment 97, wherein the administering 1s
via a3 single adeno-associated virus dehivery systent.

{0249} Embodiment 99; An embodiment of embodiment 97, wherein the administering is
via a dual adenoc-associated virus delivery system.

[0238] Embodiment 100: An embodiment of any of the embodiments of embodument 93-

99, wherein the subject is human.
X, Examples

{3251} The present disclosure will be better understood m view of the following non-
limiting examples. The following examples are intended for ilustrative purposes only and do

not liait in any way the scope of the present invention.

Example 1. Functional testing of Casi4 in mammalian cells

{32521  To test whether the naturally occurring Casl4 can fimetion in mammalian colls,

nuclease deactivated Casl4d was generated by introducing two mustations to the conserved
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active sites of Casl4 i the RuvC domaias (L. B. Harrington et al., Science 362, (2018} 839-
42, T. Karvelis et al., Nucleic Acids Res. 48, (2020} 5016-23). Specifically, the Casl4
sequence was amplified from plasoud Addgene #1 12500, and the dCasl4 was generated by
miroducing two mutations (D326A and DS10A) to the wild-type sequence. The resulting
protern was then fused to a tnpartite VPR activator (A, Chavez et al. Cell 155, {2016): 563-
67y (FIG. 2}, This Cas construct and others described in these Examples were cloned using

InFusion and Stellar competent cells (Takara Bio).

{32531 Using a doxycycline (Dox)-inducible TRE3G-EGFP HEK293T reporter cell line
and a sgRNA targeting the promoter, activation efficiency of dCasi4-VPR was measured.
Wild-type HERK293T cells {(ATCC) and the HEK293T TRE3G-GFP reporter line stably
encoding EGFP under a Tet-On promoter (pTRE3G) (Y. Gao et al, Genome Res. 22, (2012):
1760-74} were cultured in DMEM with high glucose, sodium pyruvate and GhitaMAX
{Thermo Fisher), additionally supplemented with 10% FBS (Sigma). Cells were grown at 37
°C and 5% CO: and maintained at confluency below 80%. All ransfections were performed
Cells were plated 1 day before at 1x10° cells/mL. For this and other GFP activation assays
described n these Examples, 500 ng of dCas constructs and 250 ng sgRNA or orRNA
plasmids were transfected to HEK293T TRE3G-GFP cells m 24-well plates. Transfected
cells were analyzed 2 days post-transfection for GFP activation. Here, no reporter activation
was observed (FIG. 3), implving the natural Casl4 svstem fails to function in the human

genome context.

Example 2, Casi4 suide BNA ensineering

{62841 o test if the lack of Casl4d activity obscrved in Example 1 could be attributed to
suboptimized design of sgRNA and/or the weak binding activity of Casl4 to the chromatin
DNA, altemate guide RNA designs were tested (FIG. 4). These alternate designs were based
on the natural tracrRNA sequence (FIG. 3}, and incladed a G-U swap to disrupt the poly U
sequence {Design | in FIG. 4, FIG. 6}, RNA hairpin trancation {(Design 2 in FIG. 4, FIG. 7),
and poly G removal (Design 3 i FIG. 4, FIG. 8} (B, Chen et al,, Cell 155, (2013), 1479-91).

[0255] The sgRNA backbone fragments were ordered via gBlocks from Integrated DNA
Technologies (IDT}). The sgRNA and/or crRNA plasmids described i this and other
Examples were cloned using T4 DNA Ligase (New England Biolabs). To analyze fluorescent

protein expression, cells were dissociated using 0.05 % Trypsin EDTA (Life Technologies),
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resaspended in PBS with 5 % FBS, and analvzed by flow cytometey on CytoFLEX § flow
cytometer (Beckman Coulter). At least 10,000 cells containing constructs of mterest of each
sample were analyzed using Flowlo. The analvzed cells were gated for positive fluorescent
protem  expression based on the non-ransfected control corresponding 1o construct

CXPIOssion.

[3256]  Interestingly, cach of the tested sgRNA designs mproved gene activation, with the
Presign 2 outperforming the others. While the wild-type sgRNA showed no activation, Design
X A

2 sgRNA exhibited modest activation (3% of GFP+ cells and 3 6-fold upregulation over the
noo-targeting sgRNAY (FIGS. 9-11). Design 2 was used for later Examples.

{6287} A hibrary of fustons with different protein fusions, linkers, and nuclear localization
signals was also tested. (FIG. 12}, Using the sgRNA Design 2, we found one protein fusion
outperformed other fusions (FIGS. 13 and 14), and was used for later Examples. Degpite this

optimization, however, other fusions showed only modestly lower reporter activation.

Example 3. Casl4 protein engineering

[6288] A pguided iterative protein engineering strategy was next used to improve the
performance of Casl4 variants as screencd via a gene activation assay (FIG. 15} In thus
assay, variants showing enhanced activation of GFP n cach cycle were used as the starting
point of the next cyele. For mitial mutations, the protein sequences of Casl4 was aligned to a
fanuly of Casi2a proteins for wdentification of predicted conserved motifs and residues in the
target DNA binding pocket {(FIGS. 16-18). Based on this analysis, 28 vanants were
engineered by substituting cach identified and targeted amino acid to the positively charged
arginine (R} that might enhance Casl4-DNA imteraction, or by substituting selected
individual residues to the conserved residues in CasiZa (FIG. 19). Surprisingly, while most
variants showed no improvement of activation over the wild-type dCasi4-VPR, a fow
variants (IM43R, TI47R, E1S1R, E241R) sigmficantly enhanced activation (FIGS. 19 and
22y, D143R {(CasMINI-V i} 10 particular showed more than 24-fold of improvement over the

wild-type (FIGS. 19-21).

{0239} Two libranes with double mutations were generated for the second round of
screening: one bad 11 variants all comtaining D43R, and the other had 20 variants all
containing D143R and a saturation mutation of E151 to all 19 non-glutamic acid {E) amino
acids. From the first library, DI43R/TI47R, DI43R/EISIR, DI43R/EZ4IR, DI43R/ES0TR

were shown to exhibit improvement over the DI43R variant. The DI43R/T147R variant
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(CasMINI-V2} showed the best improvement (1.55-fold improvement over the best single
vagiant) (FIG. 23). From the second library, in addition to substitutions with R, those with
serine (S}, glveine {G), or alanine (A} also improved activation (FIG. 23). These resulis

suggest that replacement with small-size amino acids is important for enhanced activity.

{6266 The third scroening round of screen mcluded 13 triple varants based on
DI43R/T147R. The DI43R/TI4TR/K330R variant (CasMINI-V3) outperformed other
variants {1 26-fold over the best double variant D143R/T147R, FIG. 25}, The fourth round of
screen testing a quadruple library based on DI43R/TI47R/K330R showed one variant
DI143R/TIATRAIOR/ES 28R (CasMINI-V4) with 1.15-fold uoprovement over the best

friple vanant (FIG. 25). This variant was chosen as “CasMINI for further charactenzation.

{3261} The iterative scroening altogether vielded a gradually improved Casld variant
tibrary (FIG. 28). Interestingly, single mutations at 10143, T147, and E151 showing improved
activity are all at positions close to a (D/E)XRKN motif that 1s highly conserved in the
CasiZa family (FIG. 29}, These results demonstrate that this domain is a likely hotspot for

enhancing Cas i4-DNA joteraction.

Example 4. CasMINI activation of endosenous genes

[0262] To test whether the engincered protein of Example 3 can activate endogenous
genes, dCasMINI was fused to VPR, an N-torpunal SV40 NLS, a C-terminal MYC NLS, and
raCherry. Nuclear localization was confurmed via confocal microscope fluorescence maging
{FIG. 30). HEK2937 cells transduced by dCasMINI-VPR lentivirus was sceded in a 96~well
w-plate {Ibidi. Inc}. Cells were stained with Hoechst 33342 (Theomo Fisher Scientific} to
label nucleus at 37 °C for 10 mm. Confocal microscopy was performed with a Nikon
Spinning Disk Confoeal microscope with TIRF. Activation of endogenous genes including
HBG, ILIRN, and ASCLI was tested n the HEK293T cells. For cach gene. a panel of 10
sgRNAs was designed, cach with different protospacer adjacent motifs (PAMs, TTTA,
TTTC, or TTTG) and binding orientation, targeting within 500 bp upstream from the
transcriptional start site {TSS) (T. Karvelis et al., Nucleie Acids Res. 48, (2020) 5016-23)
(FIGS. 31-33). Ohgos for targeting spacers were annealed and ligated into BsmBI digested
backbone vectors.

[0263] Testing across these sgRNAs showed that gene activation was hughly dependent on
the sgRNA targeting site. For all three genes, approximately 20-40% of tested sgRNAs

showed significant activation, with the best sgRNA activating the target gene by hundreds to
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thousands of fold improvement of activation. TTTG and TTTA PAMs worked best while
TTTC PAM failed to show activation. The results therefore confimmed that TTTR PAM

enabled highly efficient gene activation.

Example S, Comparison of CasMINE and Casid

[0264] The performance of CasMINI relative to that of wild-type Cas14 for gene activation
of a panel of endogenous genes, including IFNy, HBB, CDB2, and CXCR4, was next
compared. For Ny, CDZ, and CXCR4, 10 sgRNAs were designed, and for HBB 20
sgRNAs were designed (FIGS. 34-37). To test activation of the endogenous genes, 800 ng of
dCas plasmids and 500 ng sgRNA or crRNA plasmids were transfected to HEKZ93T cells in
24-well plates. The transfected cells were analyzed 3 days post-transfection for endogenous
gene activation. Using the TTTR PAM, it was observed that a large portion of sgNAs
activated the target genes efficiently. The fold improvement of activation on these genes was
higher if the genes were silenced (IFNy, CD2, HBB), which was consistent with what has
been reported for dCasS-mediated activation (8. Konermann ¢t al,, Nature 517, (2015) 5383~

88},

[0265] Activation of IFNvy and HBB was observed using qPCR. The transfecied cells as
described above were harvested using Accutase (STEMCELL), and total RNA was extracted
using RMNeasy Plus Mini Kit (Qiagen). ¢cBNA was prepared using 1Script ¢DNA Synthesss kit
{Bio-Rad) and stored at -80 °C. gPCR reactions were prepared in 384-well plates with iTag
Universal SYBR Green Supermix (Bio-Rad) and run on a CFX384 Touch Real-Time PCR
thermocycler (BioRad). All primers were purchased from IDT. Any Cq values over 35 were
considered to be 35, as there were fluctuations for transcripts with weak expression level.
Samples transtected with non-targeting sgRNA or crRNA plasnuds were used as negative
controls. The relative expression fold mmprovements were analyzed using the AACg method.
The levels of activation fold improvement over negative controfs were normalized to the

expression of GAPDIL

[3266] Activation of IFNy was also observed using ELISA. Supernatants from transfected
coll cultures were harvest 3 days post-transfection, and stored at -80 °C. The secreted protein
was quantifted using the ELISA MAX Deluxe kits for human IFNy on a Synergy Hi plate
reader (BioTek}. Absorbance at 450 nm and 570 nam was measured and profemn

concentrations were determined by the standard curve fitted to a power law.
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{32677 Activation of {D2 and CXCR4 was observed using immunostaining followed by
flow cytometry. Cells were dissociated using Accutase (STEMCELL) and stained in 5 %
FBS in PBS at 4 °C for 30 min. Antibodies and relevant isotvpes of CD2 and CXCR4 were

purchase from BioLegend (#309224, #306310, #400122, #400220).

[0268] The top sgRNAs were selected for cach gene and used to corapare dCasMINI-VPR
and dCas14-VPR side-by-side (FIG. 38). For all sgRNAs tested, consistent and greatly
enhanced activation were observed for each gene. For example, comparing dCasMINI-VPR
to dCas14-VPR 43- or 120-fold mmprovement was observed for IFNy activation using two
differont sgRNAs measured by guantitative PCR {(gPCR), and 25-fold or 7-fold improvement
measured by enzyme-hnked immunosorbent assay (ELISA) (FIG. 39). When co-dehivering
both sgRNAs, even better activation was observed, with improvements that were measured at
300-fold improvement by gPCR and 768-fold improvement by ELISA. Similar improvement
was observed for HBB, CD2, and CXCR4 measured by gPCR or flow cyvtometry: dCasMINI-
VPR showed up to 525-fold improvement of HBB activation, 64-fold improvement of CD2
activation, and 11-fold improvement of CXCR4 activation (FIGS. 40-42). The relative lower
activation on CXCR4 was likely due to the already high expression level of CXCR4 m

HEK293T cells.

Example &6, Comparison of CasMINE and LbCas12

{3268} Further experiments tested whether CasMINT performed equally well to LbCasi2a.
The CasiZa system is a large Cas effector (1228 aminoe acids), which is more than twice the
size of CasMINI (FIG. 43). The Casl2a effector was chosen as a comparator because 1t
shares a stmular PAM (TTTV) as dCasMINT (TTTR), making it fair to compare the
performance of two systems side-by-side using the sgRNAs targeting the same genomic site.
Four genes — GFP, IFNy, HBB. and CXCR4 - were chosen, and Casl2a crRNAs were
designed for binding to the same target sites as those of the best performing sgRNA of
CasMINI. Nuclease-deactivated LbdCasl2a and its crRNA backbone were amplified as
described previcusly (H. R, Kempion, L. E. Goudy, K. 8. Love, & L. §. (1, Mol Cell 78,
(2020): 184-91).

{6276} Results indicated that dCasMINL-VPR outperformed dCasiZa-VPR for GFP
activation by 2-fold (244-fold vs. 112-fold of activation, FIG. 44). Further, for most
endogenous genes dCasMINI-VPR was observed to outperformed dCas12a-VPR, suggesting

that the CasMINI system is comparable or betier than Casi2a for gene activation (FIG. 43).

L
s
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Recent structural studies suggested that Casl4 forms a dimer when binding to the target DNA
(8. N. Takeda et al., Mol. Cell 81, (2021): 558-70). It is theorized that for cach target site a
dimer of dCasMINI-VPR binds to the target sitc and enhances activation. These findings
therefore demonstrate that CasMINI is a small effector comparable to or more effective than

the CasiZa system (Y. E. Tak et al., Nat. Methods 14, (2017} 1163-66}.

Example 7. Evaluation of CasMINI specificity in the mammalian genome

i3271]  To test whether CasMINT is specific in the manunalian genome context, whole-
transeriptome RNA sequencing {RNA-seq) in HEK293T cells. The TRE3IG-GFP HEK293T
reporter cell line was transfected with the dCas and relevant sgRNA or crRNA plasmids and
purified based on the expression of fluorescence proteins (mCherry and BFP) 2 days post-
transfoction. Total RNA was isolated using RNeasy Plus Mini Kit (Q1agen). RNA sequencing
library preparation and next-generation scquencing were conducted by Novogene
Corporation {Chula Vista, CA). The libraries were sequenced on a NovoSeq6000 platform.
Paired-end 150-bp reads were acquired and aligned to the hg3R8 genome with added GFP
using STAR. Transcript abundances were ostimated using STAR and htseq using the
gquantmode option. The counts were mmported with tximport, and then normalized and
statistically compared using DESeq2. he38 annotations were downloaded from Gencode (3.
Harrow ¢t al., Genome Res. 22, {2012): 1760-74). Custom R Scripts were used to perform
further tpm normalization and quality control. Downstream plots used the pheatmap, ggplot2,
and tidyverse packages including a custom modified EnhancedVolcano function. The
varation of LbdCas12a-VPR versus dCasMINI-VPR svstems were represented in violin plots
by considering the distribution of standard deviations for gene expression across the four
replicates (two targeting and two non-targeting replicates). Lincar models and correlation

coefficients were obtained using QR decomposition and regression

{32721 In these experniments, prepared HEK293T cells were transfected with dCasMINI-
VPR with a targeting or non-targeting sgRNA, and dCastZa-VPR was used with a targeting
and non-targeting sgRNA for comparnison (FIGS. 46 and 473 The two biological replicates
showed consistent RNA-seq profiling (FIGS. 48 and 49). For both dCasMINI-VPR and
dCasi2a-VPR, no significant off-target effects comparing the targeting sgRNA fo the non-
targeting sgRINA were detected. Overlaving the RNA-seq data of dCasiZa and dCasMINI
{two duplicates shown) demonstrated dCasMINT activated GFP with a better efficiency (FIG.

50). The viohn plot of the both datasets also confirmed the two Cas effectors had similar off-
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target profiles for gene activation (D, Kim et al., Nat. Biotechnol. 34, (2016} 863-68) (FIG.
51). These data together demonstrate the high specificity of using CasMINI in mammalian

cells,

Example 8. Application of CasMINI to base editing in mammalian cells

{3273} Previously developed base editing systems derived by fusing Cas9® or Casi2 with
base editors are oo large {o fit into the packaging capacity of AAV {(~4.5 kb) (M. F. Richter
ct al., Nat. Biotechnol. 38, {2020} 883-01; X Liectal, Nat. Biotechnol 36, (2018} 324-27).
In contrast, the greatly reduced size of CasMINI, permits #t to reasonably fit i into this size
hoit. A fusion of the dCasMINI and a adenine base editor (ABE8¢) was constructed,
resulting in a compact fusion protein (2.4 kb compared to 4.5 kb usmg dCasi2a). Selocted
genonuc sites for converting AT to G+C were tested using both base editors. Deep

sequencing of edited cells was used {o measure the frequency of AsT to G+C conversion.

{0274} For base editing assays, cells were plated at 40,000 cells per well in 48-well plates
and transfected using 750 ng of dCas plasmids and 250 ng of sgRNA or crRNA plasnuds.
The transfected cells were analyzed 3 days post-transfection for endogenous gene activation.
The genomic DNA lysate was prepared as described previously (M. F. Richter et al., Nat.
Biotechnol. 38, (2020): 883-91} and used as templates for high-throughput scquencing
{(HTS). Targeted genomic regions of mierest were amplified with Q3 Hot Stant High-Fidelity
Mastermix, 2x (NEB, # M04945} using two-round PCRs to add Humina adaptors and unigue
barcodes for each sample. Librares were sequenced with on an IHomina Mi-Seq as
previousty deseribed (M. F. Richter et al, Nat Biotechnol 38, (2020) §83-91).
CRISPResso? was used to process fastg.gz files obtained from the IHomina sequencing run.
The “min_average read guality” flag was set to 30 to filter out reads with average phred33
quality scores less than 30. For cach sample, the Alleles frequency table txt was used to
quantify the substitution percentage using the following procedure. For each read:amplicon
alignment, all columns with an msertion or deletion were removed, and the columns
corresponding to the 5 base pairs at the 57 and 37 ends of the amphicon were also removed.
The quantification region was defined as the columns in the alignment corresponding to the
sgRNA as well as 10 columns extending from both ends of the ginde. H the sgRNA was
reverse complemented with respect to the amplicon, a true mutation is defined as a T-to-C

mutation; else, a true mutation s defined as an A-to-G mutation. All other substitutions were
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defined as random mutations. The substittion percentage was defined as the percentage of

remaining reads containing at least one true mutation inside the quantification region.

(627531 Results indicated that dCasMINI-ABE showed an editing efficiency comparable to
that of dCas12a-ABE {(FIG. 52} These findings confirmed that CasMINI can be used in

broad genome engineering applications.

[3276]  Next, different designs were gencrated by fusing dCasMINT to the deoxyadenosine
deaminase TadA-%c {TadA™*) domain or to a heterodimer TadA-TadA* (Design -4 in FIG.
56} {T. P. Huang, G. A Newby, & B. R. Ly, Nat. Protoc. 16, {2021): 1089; M. F. Richter et
al., Nat Biotechnol. 38, (Z2020): 883}. The conversion efficiency of AeT o G+C was measured
via high-throughput sequencing (HT'S) using these designs at three genomic sites (FIG. 57).
Among these protein designs, Design 4 with the TadA-TadA™ fusion outperformed others.
The frequency of AT to G+C conversion using dCasMINI-ABE Design 4 (~3.0 kb) and
dCasl2a-ABE (~4.5kb} was next compared side-by-side at the same genomic sites and the
two systems were found to exhibit similar editing efficiency across these sites (FIGS. 58 and

59

{6277} The performance of this fusion for AT to G=C base editing was next characterized
at atotal of 12 genomic sites, including nwltiples sitcs 1 vicindty regions of IFNy, HBB, and
VEGFA loci. For many genomic sites, detectable AsT to GeC base conversion was observed
{(FIGS. 60 and 61}. The base editing cfficiency was dependent on the target site, and the
patiern for AT to G conversion was further analyzed. Interestingly, it was observed that
most efficient AsT to GoC editing occurred m a narrow window A3-Ad (3-4 bp downstream
of the PAM, the 'R’ in the TTTR PAM is position “0"} (FIG. 62), suggesting that carcful

sgRNA target design is needed for efficient base editing.

Example 9. Application of CasMINI to transcriptional repression in mammalian cells

{6278} To evaluate the functionality of the provided CasMINT systems as transcriptional
repressors, dCasl?a and dCasMINT (having 4 mutations} were cach independently fused to
the transcriptional repressor domain KRAB. The resulting fusions were then tested using a
single sgRNA targeting the same site on a synthetic reporter system (SV40 promoter driving
EGFP, stably inserted into the genome) wr HEK293T cells. Observation of the cells
transfected with both dCasi2a-KRAB + ¢rBRNA or dCasMINI-KRAB + sgRNA, resulied in
detection of moderate but statistically significant repression of the target GFP gene. As

shown in FIG. 53, dCasi2a (vellow bars) exhibited up to 34% repression compared o a non-
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targeting crRNA {grev bary, dCasMINI (blue bars} exhibited up to 25% repression of the
target GFP compared to its control group with the non-targeting sgRNA {light grey}. These
results demonstrate that the provided systems can be used for transcriptional or ¢pigenctic

repression of endogenous genes in the genome.

Example 18. A

lication of CasMINI to sene editing in mammalian cells

{32791 To further evaluate the ablity of the provided CasMINT systems to edit genes, three
constructs were created. Two of these, CasMINI-VZ E2 and CasMINI-V2 E3, included a
Cas protein variant having two substitutions in the Casl4 amino acid sequence, and one,
CasMINI-V4 4, included a Cas protein variant having four substitations. The E2 constract
mcluded a 3xFLAG® tag, while the E3 and E4 constructs included a human influenza
hemagglutiin (HA) tag. Adduionally, 11 different sgRNAs were constmucted as shown in
Table | below. Each guide RNA targeted either TTTG or TTTA PAMs of template or non-
template DNA strands, and the genes DNMTI or VEGFA of the human genome. For cach
locus, a PCR pnmer was designed for perfornung deep sequencing to guantify the percentage

of variants for cach mutation, ¢.g., indels, including insertions and deletions.

Table 1. sgRNA constructs.

MNumber  Relevani gene Guide name Guide sequence PAM

1 Hurnan DNMTE  sgDNMT1-02 gotcageaggeaceigectcage TG
2 Human DNMTE  sgDNMTL-04 titcccticagCTAAAATAAAGG TITA
3 Human DNMTt  sgDNMT1-03 {(cotgaagegasatadaaggaaan TETA*
4 Human DNMT1  sgDNMTI-07  ACATGTCAATCTGTCCGTTCACA  TTTA
5 Huoman VEGFA  sgVEGFA-O1 geaagigiccagggatgelicee TETG*
6 Homan VEGFA  sgVEGFA-Q2 atgicigcaggecagatgaggse TITG
7 Human VEGFA  sgVEGFA-03 ggactggagitgoticatgtaca TTTGH
8 Human VEGFA  sgVEGFA-04 geaggicagaaataggegoicca TITG
9 Human VEGFA  sgVEGFA-03 ctectggacceectattictgac TITG*
10 Human VEGFA  sgVEGFA-06 ganagggegigeggroapttige TITG*
i1 Human VEGFA  sgVEGFA-08 gccagagecggegigigeagacg TITA

* non~template strand

[32806] Gene editing results, quantified as the percentage of indels, including deletion,
msertion, and substitution allelic mutations in the region within 50 base pairs of the sgRNA,

are presented in FIG 54, The data show that all tested CasMINI systems can mnduce indels,
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and thus, gene cditing. Among the 11 tested sgRNAs, 4 could induce measurable indels
above the background. Among the tested CasMINI constructs, E2 exhibited slightly better
gene editing, with 7% of cditing efficicncy. These resulis suggests that the performance of
gene editing can be dependent on the sgRNA targeting location. Furthermore, the
representative sequences presented in FIG. 54 show that the modifications are biased towards

the distal region of the target DNA PAM (protospacer adjacent motif, TTTR) by the sgRNA.

{32811 To further investigate whether nuclease-active verstons of dCasMINI variants
{CasMINT} could cut and edit genomic DNA in human cells, CasMINI-VZ (B143R/TI47R),
V3.1 (DI43R/TI4TR/ELISTA), and V4 (DI43R/TI4TR/KI30R/ES28R) were compared side-
by-side with the wild type Cas12f (FIG. 63). The V2 and V3.1 variants were included due to
saspicion that the proximity of the K330R and ES28R mutations to the catalytic sites in the
Rav{ domains might negatively impact the DBNA cleavage ability of CasMINI-V4. Using the
sgRNA Design 2, all variants were tested by targeting four selected sites in the VEGFA
genomic locos and measured indel {msertion/deletion} formation efficiency via deep
sequencing. Interestingly, it was chserved that CasMINI-V3.1 outperformed V2 and V4,
which showed consistently higher indel formation across all tested sites (FI1G. 64). The use of

esign 2 sgRNA also enabled modest indel formation with the wild tvpe Casi2f

mammalian cells, which has not been observed before.

[3282] To further characterize gene editing using CasMINE-V3.1, the indel formation
efficiency was guantified at four additional genomic sites in B8 or FFNy (FIGS. 34 and 39).
Robust gene editing was observed using CasMINI-V3.1 at these sites, which was more
¢fficient than the wild type Casl2t or CasMINI-V2 (FIGS. 65 and 66). These data sugges
that the CasMINI variants enabling optimal gene editing can be different from those used for

best gene activation.

{32831 The indel patterns formed by the CasMINT variants were further analyzed by
averaging the indel length at top genomic sites. Compared to the wild type Casi2f, CasMINI-
V3.1 showed larger deletions {around 20 bp), which was also larger than was reported for
Cas? (FIG. 67) (B. P. Kleinstiver, Nat. Biotechnol, 37, (2019): 276; 1. Strecker et al., Nat.
Commun. 10, (2019} 212). Indel formation frequency at cach nucleotide position was also
evaluated. Interestingly, major indel editing was obscrved at the PAM-distal region spanuing
outside of the sgRNA-binding sequence (FIG. 68). Previous in vitro assavs showed that

Casl2f cleavage predominantly centered arownd positions 20-24 bp relative to the PAM
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sequence (1. Karvelis ¢t al., Nucleic Acids Res. 48, (2020): 5016}, Consistently, our results
using CasMINI showed that in vivo gene editing also peaked around positions 20-30 bp
relative to PAM (FIG. 68). We thus confirm that CasMINI can be used in broad genome

editing applications in addifion to gene activation,
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SEQID NO

Sequence

Description

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSIKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPBAVFWQEISEIFRQLOKQAAEIYNOSLIELYYE
FIRGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFARYSISDNDLFHFNKKMFARRRILLIKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACEIADFFHKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFKCEKCNFKENADYNA NPKLKSTKEEP

Casld

58]

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGOFPDAVEWQEISEIFRGLOKGAAEIYNQSLIELYYE]
FIKGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVEQKGGQYTGFEISNHNADFHKIPFGRWOVK KYRPWEKFDFEQVQKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLISID
VPKIDKGYDPSHGGIDYVGVKSPLYCAINNAFSRYSISDNDLFHF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHENNYFNFEYRKKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/D143R
{CasMINI-V1)

MAKNTITTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTHS
DNFPIPLYKOKGGOYTGFEISNHNSDFHKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKVYMNGDYOQTSYIEVKRGSKICEKSAWMENLSID
YPKIDKGVDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIKNKVGETVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHFKCEKCNFRENADYNA SNPKLKSTKEEP

Casi4/Di43R/T147R
{CasMINI-VZ)

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE
FHOGKGIANASSVEHYLSRVCYRRAAELFIKNAAIASGELRSIGKSNFRLKELIKNMKSGLPTTKS
DNFPIPLYKOKGGOYTGFEISNHNSDRHKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKYMNGDYQTSYI RGSKICEKSAWMINLSID
VPKIDKGVDPSHGGIDVGYRSPLVCAINNAFSRYSISDNDLFHENKKMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHEKCEKCNFKENADYNA NPKLKSTKEEP

Casl4/Di43R/T147R/K
330R {Cas-MiNIV3}

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
VERNACLFCKARKLDDKFYQXLRGQFPDAVIWOEISEHFROQLOKGAAENYNCGSLIELYYE!
FIKGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVERGSKICEKSAWMLNLSID
YPKIDKGVDPSHGGIDVGVRSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKIKNRHE
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKERP

330R/E528R (Cas-MiN
V)

Cas14/D143R/T1
{
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MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYRRAAALFKNAAIASGLRSKIKSNFRUKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKVMNGDYOQTSYIEVKRGSKICEKSAWMEINLSID
VPKIDKGVDPSHGGIDVGVRSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLIIKNRHE
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNF ADYNAALNISNPKLKSTKERP

Cas14/D143R/T147R/K
330R/E151A/ES28R

S GGEGCTTCACTGATAAAG TGGAGAACCGCTTCACCAAAAGCTETCCCTTAGGGGATT
AGAACTTGAGTGAAGGTGGEUTGLTTGCATCAGLCTAATGTCGAGAAGTGLTTTCTTC
GGAAAGTAACCCTCRAAACAAATTCATTTITCCTCTCCAATTCTGCACAAGAAAGTTGC
AGAACCCGAATAGACGAATGAAGGAATGCAACNNNNNNNNNNMNNNNNNNNNNNN
N3’

Wild-type sgRNA

5'GGGCTTCACTGATAAAGTGGAGAACCECTTCACCAARAGLTGTCCCTTAGGGGATT
AGAACTTGAGTGAAGGTGGGITGCTTGCATCAGCLTAATGTCGAGAAGTGCTTTCTTC
GGAAAGTAACCCTCGAAACAAATTCATTGTTICCTCTCCAATTCTGCACAAGAAAGTIGE
AGAACCCGAATAGACGAATGAAGGAATGCAACNNNNNNNNNNNMNNNNNNNNNNN
N3’

sgRNA design 1

5 GGEECTTCACTGATAAAGTGGAGAACCGCTTCACCAAAAGCTETCCCTTAGGGRATT
AGAACTTGAGTGAAGGTGGGCTGCTIGCATCAGCCTAATGTCOAGAAGTGCTTTCITC
GGAAAGTAACCCTCGAAACAAATTCATTTGAATGAAGGAATGCAACNNNNNNNNNN
NNNNNNNNNNNNG

sgRNA design 2

S'GGCTTCACTGATAAAGTGGAGAACCGUTTCACCAAAAGCTGTCCCTTAGGGGATTA

GAACTTGAGTGAAGGTGGGCTGCTTGCATCAGCCTAATETCGAGAAGTGCTYTCTICG
GAAAGTAACCCTCGAAACAAATTCATTTGAATGAAGGAATGCAACNNNNNNNNNNN
NNNNNNNNNNNG

sgRNA design 3

MAKNTITKTLRLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDEKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGOFPDAVFWQEISENFRCGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKQKGGQYTGFEISNHNSDFHKIPFGRWOVKKEIDKYRPWEKFDFEQVGISPE
PISLLLSTORRKRNKGW SKDEGTEAEIKKYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLYCAINNAFSRYSISDNDLFHFNKIKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/K1iR

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSIKHLKVAAYCTT
QVERNACLFCRARKLDDKFYQKLRGQFPDAVFWOEISEIFRQLOKQAARIYNQOSHIELYYES
FIRGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSFK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVYKSPLYCAINNAFSRYSISDNDLFHFNKKIMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFKCEKCNFKENADYNA NPKLKSTKEER

-

Casl4/K73R

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPRDAVEWQEISEIFRGLOKRAAEIYNQSLIELYYEIF
IKGKGIANASSVERYLSDVCY TRAAELFINAAIASGLRSIGKSNFRUKELIKNMKSGLPTTKSD
NFPIPLVKOKGGQYTGFEISNHNSDRIKIPFGRWOVKKEIDKYRPWEKFDFEQVQISPIPI
SLLESTORRERNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMLINLSIDVP
KIDKGYDPSHGGIDYGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHKRA
GHGAKNKLKPITILTEKSERFRKKUERWACEIADFFIKNKVGETVORMENLESMKRKEDSYFNI
RLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYREKNEFPHF
KCEKONFKENADYNAALNISNPKLKSTKEEP

Casi4/Q108R




WO 2022/051250 PCT/US2021/048362

4 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEXNKDEVKEACSKHLKVAAYCTT |Casld/T147R
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTES
DNFPIPLVKQKGGQYTGFEISNHNSDFIIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Py

15 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT |Casl4/EL5IR
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSDVCYTRAARLFKNAAIASGLRSKIKSNFREKELKNMKSGLPTTKS
DNFPIPLYKOKGGCY TGFEISNHNSDRHKIPF GRWQVKKEIDKYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKEER

16 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEXNKDIVKEACSKHLKVAAYCTT {Casl4/K154R
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVOYTRAAELFRNAAIASGLRSKIKSNFRLKELKNMESGLPTTIS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

i7 MAKNTITKTLKLRIVRPYNSARVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT [Casl4/NiSSR

FIKGKGIANASSVEHYLSDVCYTRAAELFKRAAIASGLRSKIKSNFRLKELKNIMIKSG
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMLNLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLIKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHFEKCEKCNFKENADYNAALNISNPKLKSTKEER

i8 MAKNTITKTLKLRIVRPYNSARVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT |Casl4/K196R
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVROKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSPK
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

18 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT Casl4/E241R
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSDVCYTRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNHNSDFHKIPFGRWQVK YRPWEKFDFROQVOKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
YPRKIDKGYDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENADYNAALNISNPELKSTKEEP




WO 2022/051250 PCT/US2021/048362

20 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEXNKDEVKEACSKHLKVAAYCTT |Casl4/E289R
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKHIKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVY KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKYMNG DY RVKRGSKICEKSAWMUNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

21 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT |Casi4/D318R
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVIMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIGKGVRPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLF HENKKMFARRRILLKINRHE
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKEER

22 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEXNKDIVKEACSKHLKVAAYCTT {Casl4/V327R
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPRHGGIDRGVKSPLVCAINNAFSRYSISONDUFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

23 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT {Caslt4/K330R
QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS
DNFPIPLYKQKGGQYTGFEISNHNSDRIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSFK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMLNLSID
VPKIDKGVDPSHGGIDVGYRSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFEKCEKCNFKENADYNAALNISNPKLKSTKEER

24 MAKNTITKTLKLRIVRPYNSARVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT |Casl4/E425N
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTERKSERFREKLIERWACEIADFFIKNKVGTVOMENLNSMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

25 MAKNTITTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT |Casl4/KA57R
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSDVCYTRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOXGGQYTGFEISNHNSDFIKIPFGRWQVK KYRPWEKFDFEQVQHSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
YPRKIDKGYDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLROYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENADYNAALNISNPELKSTKEEP

o)
98]



WO 2022/051250
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26

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKHIKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIRIRKVAPNNTSKT CSKCGHLNNYFNFEYRKKNKE
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

=

Casl4/EA82R

27

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKREKCNFKENADYNAALNISNPKLKSTKEER

Casi4/CE00R

23

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHFRREKCNFKENADYNAALNISNPILKSTKEEP

Cas14/K493R/C500R

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLIKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFKCRKCNFKENADYNAALNISNPKLKSTKEEP

Casl4/E501R

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKVYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCRFKENADYNAALNISNPKLKSTKEER

Cas14/ES04R

31

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSDVCYTRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
YPRKIDKGYDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHFKCEKCNFRKRNADYNAALNISNPKLKSTKEEP

Casl4/ES507R
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MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEXNKDIKVEEACSKHLEVAAYCTT |Casl4/NS08D
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKHIKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKVMNGDYOQTSYIEVKRGSKICEKSAWMEINLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKEDADYNAALNISNPKLKSTKEER

(28]
]

=

33 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT |Casl4/YS11A
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADANAALNISNPKLKSTKEEP

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEXNKDIVREACSKHLKVAAYCTT {Casl4/A514G
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLYVKQKGGQYTGFEISNHNSDFIIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONIKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAGLNISNPKLKSTKEEP

8]
B

35 AKNTITKTUALRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTTQY [Cast4/NS 16R
ERNACLFCKARKLDDKFYQKLRGOFPDAVFWOQEISEIFRQLOKGAAEIYNQSHIELYYEIFIK
GKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTSDNF
PIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSPKPISLL
LSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSIDVPKID
KGVDPSHGGIDVGEVKSPLVCAINNAFSRYSISONDLFHFNKKMFARRRILLKKNRHKRAGH
GAKNKLKPITH TERSERFRKKLIERWACEIADFRIINKVGTVOMENLESMERKEDSYFNIRL
RGFWPYAEMONKIEFKLKOY GIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKFPHFKC
EKCNFKENADYNAALRISNPKILKSTKEEP

36 MAKNTITKTLKLRIVRPY NSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT |Cas14/NSIOR
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALNISRPKLKSTKEER

37 MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT |Casl4/ES27R
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSDVCYTRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYOQTSYIEVKRGSKICEKSAWMLNLSID
YPRKIDKGYDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENADYNAALNISNPELKSTKREP
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MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKHIKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKERP

=

Casl4/E528R

39

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVCYTRAARLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKEER

Cas14/Di43R/EISIR

44

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAAELFRNAAIASGLRIKIKSNFRLKELKNMIKSGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/D143R/K154R

41

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMISGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFRGVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLIKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFEKCEKCNFKENADYNAALNISNPKLKSTKEER

Casld/D143R/E241R

42

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRUKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVRSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Casl4/D143R/K330R

43

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSRVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNIMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
YPRKIDKGYDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIKNKVGTVOMENLNS MKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENADYNAALNISNPELKSTKEEP

Casl4/D143R/EZ45N

[o3}
[
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MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVOYTRAAELFKNAAIASGLRSKHCSNFREKELKNMICSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKRNADYNAALNISNPKLKSTKEEPR

=

Cas14/D143R/ESOTR

45

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTES
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACEIADFHKNKVYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADYNAALRISNPKLKSTKEEP

Cas14/Di43R/NS16R

46

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHFKCEKCNFKENADYNAALNISRPKLKSTKEER

Cas14/D143R/N519R

47

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMISGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLIKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKREP

Casld/D143R/ES27R

48

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRUKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKERP

49

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSRVCYRRAARLFKNAAIASGLRSKIKSNFRUKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
YPRKIDKGYDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFREKNKVGTVOMENLESMEKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENADYNAALNISNPELKSTKEEP

Casl4/D143R/T147R/E
151R




WO 2022/051250

PCT/US2021/048362

50

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGOQFPDAVFWOQERISEIFRQLOQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYRRAAELFRNAAIASGLRSKIKSNFREKELKNMESGLPTTES
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIOMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

=

Cas14/D143R/T147R/K
154R

51

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFROVOKSPY
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKEER

Casl4/Di43R/T147R/E
241R

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLYVKQKGGQYTGFEISNHNSDFIIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIKNKVGTVOMENLNSMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Casi4/Di43R/T147R/E
425N

53

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLIKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFKCEKCNFKRNADYNAALNISNPKLKSTREEP

Casl4/Di43R/TIATR/E
507R

84

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSIKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALRISNPKLKSTKEER

Cas14/D143R/T147R/N
516R

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDRFYOKLRGQFPDAVFWOERISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSRVCYRRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
YPRKIDKGYDPSHGGIDYGVESPLYCAINNAFSRY SISDNDLFHENKKMEPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENADYNAALNISRPKLKSTKEEP

Casl4/Di43R/TI47R/N
519R




WO 2022/051250

PCT/US2021/048362

56

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDEVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKHKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKREP

=

Casi4/D143R/T147R/E
527R

57

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKERF

Casl4/Di43R/T147R/E
528R

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYRRAASLFKNAAIASGLRIKHKSNFRLKELKNMIKSGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Casi4/Di43R/T147R/E
1518

59

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOKLRGQOFPDAVRWOQEISEIFROQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSRVEYRRAAGLFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK

PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID

VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLIKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHENKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHFEKCEKCNFKENADYNAALNISNPKLKSTKEER

Casl4/Di43R/TIATR/E
151G

&0

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPDAVFWQEISEIFRGLOKCGAAEIYNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYRRAAALFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKQKGGQYTGFEISNHNSDFIKIPFGRWOVK KYRPWEKFDFEQVQKSPK
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/DL43R/TL47R/E
151A

61

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRYCY TRAALLFKNAAIASGLRSIIKSNFRLKELKNMKSGLPTTS
NFPIPLVKOKGGQYTGFEISNHNSDRIIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPKPY
SELLSTQRRKRNKGWSKDEGTEAERIKKVMNGDYQTSYIEVKRGSKICEKSAWMLUNLSIDVP
DPSHGGIDVGVESPLYCAINNAFSRYSISDNDLFHFNKKIMEPARRRILLKKNRHKRA
GHGAKNKLKPITHTEKSERFRIKKLIERWACEIADFFHNKVGTYOMENLESMKRKEDSYFNI
RLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNY FNFEYRKKNKFPHF
KCEKCNFKENADYNAALNISNPKLKSTKEEP

-

Casl4/Di43R/ELBIL




WO 2022/051250

PCT/US2021/048362

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAASLFIKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGOYTGFEISNHNSDFHKIPFGRWQVY KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

=

Casi4/D143R/E151S

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVCYTRAATLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTES
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKEER

Casl4/Di43R/EISIT

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAAWLFINAAIASGLRSIIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/D143R/EISIW

685

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT

QVERNACLFCKARKLDDKFYOQKLRGQFPDAVRWOQEISEHIFROQLOKOAAEIYNGSLIELYYE!

FIKGKGIANASSVEHYLSRVCYTRAAFLFKNAAIASGLRSKIKSNFRLKELKNIMKSGLPTTKS

DNFPIPLYKQKGGQYTGFEISNHNSDRIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSFK

PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID
VPKIDKGVDPSHGGIDVGVKSPLVCAINNAFSRY SISDNDLFHFNKKIMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHFEKCEKCNFKENADYNAALNISNPKLKSTKEER

Casld/D143R/ELSIF

66

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYTRAACLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/D143R/EL51C

a7

l\AAKNTﬂKTLKLRNRPYNSAE\: ‘(tVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCH'

DNFPIPL VKQK(:(:(‘YHJFL!SNHNSDP KiPF CJRWQV-('\r- DKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYOQTSYIEVKRGSKICEKSAWMLNLSID
YPRKIDKGYDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENADYNAALNISNPELKSTKEEP

Casl4/Di43R/EL51K




WO 2022/051250

PCT/US2021/048362

&3

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAAGLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Casi4/D143R/EI51G

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FICGKGIANASSVEHYLSRVOYTRAAILFKNAAIASGLRSKIKSNFRLKELKNMISGLPTTKSD
NFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKICEI DI YRPWEKF DFEQVQKSPKP
SLELSTGRRKRNKGWSKDEGTEAEIKKVMNGDYGTSYIEVKRGSKICEKSAWNMLNLSIDVP
KIDKGYOPSHGGIDVGYKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHKRA
GHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFHKNKVGTVOMENLESMKRKEDSYFN)
RLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSIKCGHUNNYFNFEYRKKNKFPHF
KCEKCNFKENADYNAALNISNPKLESTKEEP

Casl4/Di43R/E1511

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAAPLFKNAAIASGLRSKHKSNFRLKELKNMIKSGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/Di43R/E151P

71

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT

QVERNACLFCKARKLDDKFYOQKLRGQFPDAVRWOQEISEHIFROQLOKOAAEIYNGSLIELYYE!

FIRGKGIANASSVEHYLSRVOYTRAAHLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS

DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK

PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID

VPKIDKGVDPSHGGIDVGVKSPLVCAINNAFSRY SISDNDLFHFNKKIMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHFEKCEKCNFKENADYNAALNISNPKLKSTKEER

Casld/D143R/E151H

72

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYTRAAALFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/D143R/E151A

73

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSRVCY TRAAVEFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYOQTSYIEVKRGSKICEKSAWMLNLSID
YPRKIDKGYDPSHGGIDVGVKSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENADYNAALNISNPELKSTKEEP

Casl4/Di43R/ELSLV




WO 2022/051250

PCT/US2021/048362
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N

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAAGH FICNAAIASGERSIIKSNFRLKELKNMKSGEPTTKS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHF NKIMFARRRILLIIKNRHIC
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

=

Casi4/D143R/EI510G

75

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVOYTRAAMLFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIDVGEVYKSPLYCAINNAFSRYSISDNDLFHF NKKIMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENADYNAALNISNPKLKSTKEER

Casl4/Di43R/E151M

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAADLFKNAAIASGLRSKIKSNFRLUKELKNMKSGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPSHGGIDVGVESPLVCAINNAFSRYSISDNDLFHFNKIKMFARRRIHLLKKNR MK
RAGHGAKNKLKPITILTEKSERFRREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENADYNAALNISNPKLKSTKEEP

Cas14/D143R/EI51D

77

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOKLRGQOFPDAVRWOQEISEIFROQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSRVOYTRAANLFKNAAIASGLRSKIKSNFRLKELKNIMKSGLP >
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMLNLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLIKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHFEKCEKCNFKENADYNAALNISNPKLKSTKEER

Casld/D143R/EISIN

78

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYRRAAYLFKNAAIASGLRSIKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSHGGIDVGVKSPLYCAINNAFSRYSISDNDLF HF NKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENADYNAAL PKLKSTKEEP

Cas14/D143R/ELSLY

79

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT

DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVK
PISLLLSTORRKRNKGWSKDEGTEAEIKKYMNGDYOTSY! RGSKICEKSAWMLNLSID

YPRKIDKGYDPSHGGIDVGYRSPLVCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF

PHEKCEKCNFRENADYNAALNISNPELKSTKREP

DKYRPWEKFDFEQVQKSPK

Casi4/D143R/T147R/K
330R/ELS1A/ES2TR
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80

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKHIKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKVMNGDYOQTSYIEVKRGSKICEKSAWMEINLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISONDUF HFNKIKMFPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRKENAAYNAALMISNPKLKSTKEER

=

Cas14/Di26A/D510A

81

MAKNTITKTLRLRIVRPYNSAEVEKIVADEKNNREALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIGKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/D326A/DE10A/K
11R

82

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCRARKLDDKFYQKLRGOFPDAVFWQOEISEIFRQLOKQAAEIYNOSHIELYYE
FIKGKGIANASSVEHYLSDVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPIHGGIAVEVKSPLYCAINNAFSRYSISONDUFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/DI26A/D510A/K
73R

55
®

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEIFRGLOKRAAEI YNOSLIELYYEIF
IKGKGIANASSYEHYLSDVEYTRAAELFKNAAIASGLRSKIKENFRLK IMICSGLPTTISD
NFPIPLVKQKGGQYTGFEISNHNSOFIKIPFGRWQVKIE DIKYRPWEKF DF EQVQKSPKR]
SLLLSTOQRRKRNKGWSKDEGTEAEIKKYMNGDYQTSYIEVKRGSKICEKSAWMLNLSIDVP
KIDKGVDPSHGGIAVGVKSPLVCAINNAFSRYSISD! HENKKMFARRRILLKKNRHEKRA
GHEAKNKLUCPITHTEKSERFRKKUIERWACEIADFFHINKVGTVGMENLESMKRKEDSYFNI
RLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNY FNFEYRKKNKFPHF
KCEKCNFKENAAYNAALNISNPKUSTKEER

Casld/D326A/D510A/
QLo8R

84

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRUKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSIGGIAVGEVRSPLYCAINNAFSRYSISDNDLFHFNKKIMEFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKVYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Cas14/D3I26A/D51047
D143R

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSDVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYOQTSYIEVKRGSKICEKSAWMLNLSID
VPRKIDKGVYDPSHGGIAVGVESPLYCAINNAFSRYSISONDLFHFNKKMEARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENAAYNAALMISNPKLKSTKEER

Casld/D326A/D510A/T
147R

~d
(98]
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MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYTRAARLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKQKGGQYTGFEISNHNSDFIIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISONDUF HFNKIKMFPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRKENAAYNAALMISNPKLKSTKEER

Cas14/D326A/D510A/E
151R

87

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSDVCYTRAAELFRNAAIASGERSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCY TGFEISNHNSDRHKIPF GRWQVKKEIDKYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIGKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/D326A/DE10A/K
154R

88

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVOYTRAAELFKRAAIASGLRSKIKSNFRLKELIKNMKS KS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPIHGGIAVEVKSPLYCAINNAFSRYSISONDUFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/DI26A/D510A7
N155R

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGQFPDAVRWOQEISEHIFROQLOKOAAEIYNGSLIELYYE!
FIRGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS
DNFPIPLYROKGGOQYTGFEISNHNSDHIKIPFGRWQVKKEIDKYRPWEKF DFEQYVQKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Casld/D326A/D510A/K
196R

i

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVEKQKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFROVOKSPK
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSIGGIAVGEVRSPLYCAINNAFSRYSISDNDLFHFNKKIMEFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Cas14/D326A/D510A/K
241R

91

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT

FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]

FIKGKGIANASSYEHYLSDVCYTRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS

DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK

PISLLLSTORRKRNKGWSKDEGTEAEHKVMNGDYOTSYIRVKRGSKICEKSAWMLNLSID
VPRKIDKGVYDPSHGGIAVGVESPLYCAINNAFSRYSISONDLFHFNKKMEARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF

PHEKCEKCNFRENAAYNAALMISNPKLKSTKEER

Casld/D326A/D510A/E
289R
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MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKHIKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGOYTGFEISNHNSDFHKIPFGRWQVY KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEHKVMNGDYQTSYIEVKRGSKICEKSAWM
YPKIDKGVRPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRIKKNKF
PHEKCEKCNFRKENAAYNAALMISNPKLKSTKEER

=

Casi4/DI26A/D510A7
D318R

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIARGVKSPLVCAINNAFSRYSISDNDLFHENKKMFARRRILLKKNRHE
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/D326A/DE10AN
327R

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLVKOQKGGQYTGFEISNHNSDFHKIPFGRWQVHKE KVRPW:KFD“EQ\/QKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWN
VPKIDKGVDPRHGGIAVGEYRSPLVCAINNAFSRYSISDNDUFHFNKKMFARRRIL
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIKNKVGTVOMENLESMKRKE D'“V
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/DI26A/D510A/K
330R

95

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS
DNFPIPLYKQKGGQYTGFEISNHNSDRIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSFK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMLNLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLEPITILTEKSERFRKKLIERWACEIADFFIKNKYGTVOMENLNS MKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Casld/D326A/D510A/E
425N

a6

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT

QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!

FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS

DNFPIPLVKQRKGGQYTGFEISNHNSDRIKIPFGRWOVKKEIDKYRPWEKFDFEGVOKSPK

PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID

VPKIDKGVDPSIGGIAVGEVRSPLYCAINNAFSRYSISDNDLFHFNKKIMEFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIIEFKLROYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Cas14/D326A/D510A/K
457R

37

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSDVCYTRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPRKIDKGVYDPSHGGIAVGVESPLYCAINNAFSRYSISONDLFHFNKKMEARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIRIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFRENAAYNAALMISNPKLKSTKEER

Casl4/D3264/D510A/E
462R




WO 2022/051250

PCT/US2021/048362

98

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKHIKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISONDUF HFNKIKMFPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKREKCNFKENAAYNAALMISNPKLKSTKEER

=

Cas14/D326A/D510A/C
500R

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT

QVERNACLFCKARKLDDKFYQKLRGOFPDAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!

FHCGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS

DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK

PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID

VPKIGKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF

PHFRREKCNFIENAAYNAALNISNPKLKSTKEER

Cas14/D326A/DE10A/K
4G9R/CHO0R

100

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSDVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVGKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPIHGGIAVEVKSPLYCAINNAFSRYSISONDUFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCRKCNFKENAAYNAALNISNPILKSTKEEP

Cas14/D3264/D510A/E
501R

101

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT

QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE

FIRGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS

DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK

PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID

VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHFKCEKCRFKENAAYNAALNISNFKLKSTKEEP

Casld/D326A/D510A/E
504R

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSIGGIAVGEVRSPLYCAINNAFSRYSISDNDLFHFNKKIMEFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNTSITCSKCGHLNNYFNFEYRKINKF
PHEKCEKCNFERNAAYNAALNISNPKLESTKEEP

Cas14/D326A/D510A/K
507R

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSDVCYTRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPRKIDKGVYDPSHGGIAVGVESPLYCAINNAFSRYSISONDLFHFNKKMEARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFRKNKVGTVOMENLESMEKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFREDAAYNAALNISNPKLKSTKEEP

Caslda/D326A/D510A/
N508D

-3
[t




WO 2022/051250

PCT/US2021/048362

104

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWORISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKHIKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISONDUF HFNKIKMFPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENAAANAALNISNPKLKSTKEEP

=

Cas14/D326A/D510ASY
5114

105

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIGKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENAAYNAGENISNPRLCSTKEER

Casi4/D326A/DE10AA
514G

AKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHIKVAAYCTTQV
ERNACLFCKARKLDDKFYQKLRGOFPDAVFWOEISEIFRQLOKGAAENYNGSHELYYEIFIK
GEGIANASSVEHYLSDVCOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTICSDNF
PIPLVKGKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQYOKSPKRISLL
LSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVICRGSKICEKSAWMLNLSIDVPKID

GVDPSHGGIAVGVISPLYCAINNAFSRYSISDNDLFHFNKIKMFARRRILLKKNRHKRAGH
GAKNKLKPITILTEKSERFREKUERWACEIADFFIKNKVETVOMENLESMKRKEDSYFNIRL
RGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKFPHFKC
EKCNFKENAAYNAALRISNPKLICSTIEER

Cas14/DI26A/D510A7
N516R

107

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT

QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE

FIRGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTKS

DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSFK

PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID

VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHFKCEKCNFKENAAYNAALNISRPKLKSTKEEP

Casld/D326A/D510A/
NS19R

108

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSDVCYTRAAELFKNAAIASGLRSIKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSIGGIAVGEVRSPLYCAINNAFSRYSISDNDLFHFNKKIMEFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKREP

109

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSDVCYTRAAELFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPRKIDKGVYDPSHGGIAVGVESPLYCAINNAFSRYSISONDLFHFNKKMEARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENAAYNAALNISNPKLKSTKERP

Casl4/D3264/D510A/E
528R




WO 2022/051250

PCT/US2021/048362

110

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKHKSNFRLKELKNMKSGLPTTS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
YPKIDKGVDPSHGGIAVGVESPLVCAINNAFSRYSISONDLF HFNKKMFARRRILLKKNRHIK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRKENAAYNAALMISNPKLKSTKEER

=

Casi4/DI26A/D510A7
D143R/T147R

i1l

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVCYTRAARLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIGKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/D326A/D5104A]
D143R/E151R

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAAELFRNAAIASGLRIKIKSNFRLKELKNMIKSGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPIHGGIAVEVKSPLYCAINNAFSRYSISONDUFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/DI26A/D510A7
D143R/K154R

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYOKLRGQOFPDAVRWOQEISEIFROQLOKOAAEIYNGSLIELYYE
FIRGKGIANASSVEHYLSRVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMISGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFRGVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLEPITILTEKSERFRKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Casld/D326A/D510A/
D143R/E241R

114

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGOFPDAVFWCQEISEIFRGLOKGAAEIYNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRUKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSIGGIAVGVRSPLYCAINNAFSRYSISDNDLFHF NKKMFARRRILLKG N
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Cas14/D3I26A/D51047
D143R/K330R

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSRVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNIMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPRKIDKGVYDPSHGGIAVGVESPLYCAINNAFSRYSISONDLFHFNKKMEARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIKNKVGTVOMENLNS MKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENAAYNAALMISNPKLKSTKEER

Casid/D3268/D5104/
D143R/E245N




WO 2022/051250

PCT/US2021/048362

iie

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVOYTRAAELFKNAAIASGLRSKHCSNFREKELKNMICSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKVMNGDYOQTSYIEVKRGSKICEKSAWMEINLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISONDUF HFNKIKMFPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKRNAAYNAALNISNPILKSTKEEP

=

Casi4/DI26A/D510A7
D143R/ES07R

117

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT

QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!

FHCGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTES
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QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWORISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSVEHYLSRVCYTRAAKLFKNAAIASGLRSKHISNFRLKEL KSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV?
PISLLLSTORRKRNKGWSKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISONDUF HFNKIKMFPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRKENAAYNAALMISNPKLKSTKEER

=

Casi4/DI26A/D510A7
D143R/E151K

141

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVCYTRAAGLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK KYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID
VPKIGKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/D326A/D5104A]
D143R/E1516

pory
>
o

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRYCYTRAAILFKNAAIASGLRSIKIKSNFRLKELKNMKSGLPTTKSD
NFPIPLVKOKGGQYTGFEISNHNSDRHKIPFGRWQVKKEIDKYRPWEKF DFEQVQKSPKPY
SELLSTQRRKRNKGWSKDEGTEAEIKKYMNGDYQTSYIEVKRGSKICEKSAWMLNLS{DVP
KIDKGYDPSHGGIAVGVKSPLYCAINNAFSRYSISONDLFHFNKKMFARRRILLKKNRHKRA
GHGAKNKLKPITILTEKSERFREKUERWACEIADFFIKNKVGTYOMENLESMKRKEDSYFNI
RLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNY FNFEYRKKNKFPHF
KCEKCNFKENAAYNAALNISNPKLKSTKEEP

Cas14/DI26A/D510A7
D143R/E15L!

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT

QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE

FIRGKGIANASSVEHYLSRVOYTRAAPLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS

DNFPIPLYKQKGGQYTGFEISNHNSDRIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSFK

PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID

VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

4

Casld/D326A/D510A/
D143R/E151P

144

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT
QVERNACLFCKARKLODKFYQKLRGOFPROAVFWQEISEIFRGLOKCGAAEIVNQSLIELYYE!
FIKGKGIANASSVEHYLSRVCYTRAAHLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP
PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID
VPKIDKGVDPSIGGIAVGEVRSPLYCAINNAFSRYSISDNDLFHFNKKIMEFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKVYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Cas14/D3I26A/D51047
D143R/E151H

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDRFYOKLRGQFPDAVFWOERISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSRVCY TRAAALFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTHS
DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPRKIDKGYDPSHGGIAVGVEKSPLYCAINNAFSRYSISONDLFHFNKKMEPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENAAYNAALMISNPKLKSTKEER

Caslda/D326A/D510A/
D143R/E151A




WO 2022/051250

PCT/US2021/048362

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYTRAAVLFKNAAIASGLRSKIKSNFREKELKNMEKSGLPTTIS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKVMNGDYOQTSYIEVKRGSKICEKSAWMEINLSID
VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISONDUF HFNKIKMFPARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRKENAAYNAALMISNPKLKSTKEER

=

Casi4/DI26A/D510A7
D143R/E151V

147

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FHCGKGIANASSVEHYLSRVOYTRAAQLFKNAAIASGLRSKIKSNFRLKELKNMESGLPTTKS
DNFPIPLYKOKGGCY TGFEISNHNSDRHKIPF GRWQVKKEIDKYRPWEKFDFEQVOKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIGKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF
PHFKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/D326A/D5104A]
D143R/E1510

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPOAVFWQEISEHFRGLOKCAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRYCYTRAAMLFIKNAAIASGLRSIIKSNFRUKELKNMKSGLPTTKS
DNFPIPLYVKOKGGQYTGFEISNHNSDFIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGW SKDEGTEAEIKKVYMNGDYQTSYIEVKRGSKICEKSAWMLNLSID
VPKIDKGVDPIHGGIAVEVKSPLYCAINNAFSRYSISONDUFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRRKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNT S TCSKCGHLNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALNISNPKLKSTKEER

Cas14/DI26A/D510A7
D143R/E151M

148

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT

QVERNACLFCKARKLDDKFYOQKLRGQFPDAVFWOQEISEHFRQLOKOAAEIYNGSLIELYYE

FIRGKGIANASSVEHYLSRVOYTRAADLFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS

DNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFDFEQVOKSFK

PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWRMENLSID

VPKIDKGVDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMFARRRILLKKNRHK
RAGHGAKNKLEPITILTEKSERFRKKLIERWACETADFHEKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKOYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKF

PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Casld/D326A/D510A/
D143R/E151D

156

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLRVAAYCTT

QVERNACLFCKARKLDDKFYQKLRGOFPDAVFWCQEISEIFRGLOKGAAEIYNQSLIELYYE!

FIKGKGIANASSVEHYLSRVCYTRAANLFKNAAIASGLRSKIKSNFRLKELKNMEKSGLPTTHS
DNFPIPLVKOKGGQYTGFEISNHNSDFIKIPFGRWOVKKEIDKYRPWEKFDFEQV QISP

PISLLLSTQRREKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVKRGSKICEKSAWMIENLSID

VPKIDKGVDPSIGGIAVGEVRSPLYCAINNAFSRYSISDNDLFHFNKKMEFARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFHKNKYGTVOQMENLESMKRKEDSY
FNIRLRGFWPYAEMONIGEFKLKQYGIEIRKVAPNNT SI(TCSKCGHLNNYFNFEYRKICNKF

PHEKCEKCNFKENAAYNAALNISNPKLKSTKEEP

Cas14/D3I26A/D51047
DA43R/ELSIN

151

MARKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLEVAAYCTT
FERNACLFCKARKLDDKFYOKLRGOQFPDAVFWOEISEIFRQLOKQAAEIYNGSLIELYYE]
FIKGKGIANASSYEHYLSRVEYRRAAYLFKNAAIASGLRSKHCSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNHNSDFIKIPFGRWQVK KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAWMENLSID
VPRKIDKGVYDPSHGGIAVGVESPLYCAINNAFSRYSISONDLFHFNKKMEARRRILLKKNRHK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFRENAAYNAALMISNPKLKSTKEER

Caslda/D326A/D510A/
D143R/EISLY




WO 2022/051250

PCT/US2021/048362

MAKNTITITLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAAYCTT
QVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNGSLIELYYE
FIKGKGIANASSVEHYLSRVCYRRAAALFKNAAIASGLRSKIKSNFRUKELKNMKSGLPTTKS
DNFPIPLYKOKGGQYTGFEISNENSDFHIKIPFGRWQV? KYRPWEKFDFEQVQKSPK
PISLLLSTORRKRNKGWSKDEGTEAEIKVMNGDYOQTSYIEVKRGSKICEKSAWMEINLSID
VPKIDKGVDPSHGGIAVGVRSPLVCAINNAFSRYSISDNDLFHFNKKMEPARRRILLKIKNRHIK
RAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFKNKVGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQY GIEIRKVAPNNTSKTCSKCGHUNNYFNFEYRKKNKF
PHEKCEKCNFKENAAYNAALMISNPKLKSTIKREP

m

Casi4/DI26A/D510A7
D143R/T147R/K330R/E
151A/E527R
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MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHEKVAAYCTT
QVERNACLFCKARKLDDKFYOQKLRGOFPRAVRWQEISEIFRGLOKGAAEIYNQSLIELYYE!
FICGKGIANASSVEHYLSRVCYRRAAALFKNAAIASGLRSKIKSNFRLKELKNMKSGLPTTKS
DNFPIPLYKOKGGCYTGFEISNHNSDRIKIPFGRWQVK FEQVQKSPK
PISLLLSTQRRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVRKRGSKICEKSAWMENLSID

VPKIDKGVDPSHGGIAVGYRSPLYCAINNAFSRYSISDNDLFHFNIKKMFARRRILLIKKNRHK
RAGHGAKNKLKPITILTEKSERFREKLIERWACEIADFHKNKYGTVOMENLESMKRKEDSY
FNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHINNYFNFEYRKIKNKF

PHFKCEKCNFKENAAYNAALNISNPKLKSTKERF

Cas14/D326A/D5104A]
D143R/TLATR/K330R/E
151A/E528R
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PIKIRIVGSGSSKEEKFTNCYSLSKTLRFKAIPVGKTOENIDNKRLLVEDEKRAEDYKGVKKL
')\IU"SI'(' }

NYISLFREKTRTEKENKELENLEINERKEIAKAFKGNEGYKSL
LYNSFNGFTTAFTGFFDNRENMFSEEAKSTSIAFRCINENLTRY
iSNN’iDi:EE\\,’DAI -DKHEVOEIKEKHLNSDYDVEDFFEGEFFNFVLTQEGIDVYNANIGGFVTE
SGEKIKGLNEYINLYNOKTKOKLPKFKPLYKGVLSDRESLSFYGEGYTSDEEVLEVFRNTLNK
SIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKK
TEKYEDDRRKSFRIIGSFSLEQLOEYADADLSVVEKLKEHGKVDEIYKVYGSSEKLEDA
DFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVD
HIYDAIRNYVTOKPYSKDKFKLY FONPOFMGGWDKDIETDYRATILRYGSKYYLAIMDKKY
AKCLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVEFFSKKWMAYYNPSEDIGHIYKNGTRKK
GDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFES
ASKKEVDKLVEEGKLYMFOQIYNKDFSOKSHGTPNLHTMYFKLLFDENNHG IRLISGGAELF
MRRASLKKEELVVHPANSPIANKNPDNPKIKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPK
NIFKINTEVRVLLKHDDNPYVIGIARGERNLLYWVYVDGKGNIVEQYSLNEUNNFNGIRIKTD
YHSLLDKKEKERFEARQNWTSIENIKELKAGYISOVVHKICELVEKYDAVIALEDLNSGFKNS
RVKVEKGVYQKFEKMLUIDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFF
YIPAWLTSKIDPSTGRYNLLKTKYTSIADSKKFISSFORIMYVPEEDLFEFALDYKNFSRTDAD
YIKKWKLYSYGNRIRIFRNPKKNNVEDWEEVCLTSAYKELFNKYGINYOQGDIRALLCEGSD
KAFYSSFMALMSLMLOMRNSITGRTDVDFLISPYINSDGIFYDSRNYEAGENAILPKNAD
ANGAYNIARKVEWAIGOFKKAEDEKEDRVKIAISNKEWLEYAGQTSVKHGSYRYDVPOVASL
GSGDGIGSGENGSSEMBAKSLTAWSRTLVIFKDVEVDFTREEWKLLD TAGQIVYRNVIML
ENYKNLVSLGYOLTKPDVILRLEKGEEPHMGGGSGEDPAAKRVELDMGSGATNFRLLKGA
GDVEENPGPYSKGEEDNMARKEFMRFKVHMEGSYNGHEFEIEGEGEGRPYEGTQTAKL
KVTKGGPLPFAWDILSPOFMYGSKAYVIKHPADIPDYLKLSFPEGFKWERVMNFEDGGVY
TVTQDRSSLODGEFIYKVKLRGTNFPSDGPYMOKKTMGWEASSERMYPEDGALKGEIKQR
LKLKDGGHYDAEVEKTTYKAKKPVGLPGAYNYNIKLDITSHNEDYTIVEQYERAEGRHSTGG

MDELYK*

ESLQ7347

pHR-PGK-SVAD NIS-
dibCpfi-KOX1_KRAB-c-
Myc_NLS-PZA-
mCherry-WPRE

SVA0_NLS-dLbCpfi-
KOX1_KRAB-¢-
Myc_NLS-PZA-mCherry

&5
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PEKKREVGSGSSKLEKFTNCYSLSKTLRFKAIPVEGKTQENIDNKRELVEDEXRAEDYKGVKKL
LDRYYLSFINDVLHSI NNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSL
FRKBIET LDDKDEIALYNSFNGFTTAFTGFFDNRENMEFSEEAKSTSIAFRCINENLTRY
ISNMDIFEKVDAIFDKREVOEIKEKILNSDYDVEDFFEGEFFNFVLTOQEGIDVYNALGGFVTE
SGEKIKGLNEYINLYNGRKTKOKLPKFICPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNK
NSEIFSSIKKLEKLFKNFOEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKK
AV EDDRRKSFRKIGSFSLEQLOEYADADLSVVEKLKEIQRVDEIYKVYGSSEKLFDA
DFVLEKSLKKNDAVVAIMIKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVD
HIYDAIRNYYTOKPYSKDKFKLY FONPOFMGGWDKDHETDYRATILRYGSKYYLAIMDKKY
AKCLOQKIDKDDVNGNYEKINYKLLPGPNKMUPKVFFSKKWMAYYNPSEDIQKIVKNGTRKK
GDMENINDCHKUDFFKOSISRYPKWSNAYDFNFSETEKYKDIAGFYREVEEQGYKVSFES

ASKKEVDKLVEEGKLYMFOIYNKDFSOSHGTPNLHTMYFKLLFDENNHG QIRLSGGAELF
MRRASLKKEELVVHPANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPK
NIFKINTEVRVLLIKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEINNFNGIRIKTD
YHSLLDKKEKERFEARQNWTSIENIKELKAGYISOVVHKICELVEKYDAVIALEDLNSGFKNS
RVKVEKOVY QK FERMUIDKINYMVDKKSNPCATGGALKGYQITNKFESFKSMSTOGNGFIF
YIPAWLTSKIDPSTGRVYNLLKTKY TSIADSKKFISSFDRIMYVPEEDLFEFALDYKNFSRTDAD
YiKIKWKLYSYGNRIRIFRNPRKKNNVFDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEGSD
KAFYSSFMALMSLMLOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENALPKNAD

ANGAYNIARKVLWAIGOFKKAEDEKEDKVKIAISNKEWLEYAGTSVIKHGSYPYDVPOYASL
GSGRGIGSGENGSSEMNNSQGRVTFEDVTVNFTQGEWQRINPEQRNLYRDVMLENYS

NLVSVGRGETTKFDVILRLEQGKEPWILEEEEVLGSGRAEKNGDIGGQIWKPKDVIKESLAR
EVPSINKEHMGGGSGEDPAAKRVKLDMGSGATNFSLLKOAGDVEENPGPYSKGEEDNM
AHKEFMRFKVHMEGSYNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFAWDILSPOF

MYGSKAYVIHPADIPDYLKLSF WERVMNFEDGGYVTVTODSSLODGEFIYKVILR
GTNFPSDGPYVMOKKTMGWEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYRA
KICPVOLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*

L

BSLOT3A8

pHR-PGK-SVAD_NIS-
dLbCpR-ZtM3_KRAB-c-
My _NLS-P2A-
mCherry-WPRE

SVAD_NLS-dLbCpil-
ZIM3_KRAB-c-
Myc_NIS-P2ZA-mCherry
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PIRKIKRIVGSGSAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDIKVEEACSKH
LKVAAYCTTGVERNACLFCKARKLDDIFYQKLRGOFPDAVFWGEISEIFROLOKOGAAEIYN
QSLELYYEIFIKGKGIANASSVEHYLSDVOYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMEK
SGLPTTKSDNFPIPLVEKQKGGQYTGFEISNHNADFHKIPFGRW QVKKEIDKYRPWEKFDFE
QVOKSPRPISLLLETORRKRNKGWSKDEGTEAEIKKVIMNGDYQTSYIEVRKRGSKICEKSAW
MLNLSIDVPKIDKGVDPSHGGIAVGVESPLYCAINNAFSRYSISDNDLFHFNKKMEARRRIL
LKKNRHERAGHGAKNKLKPITH TEKSERFRKKLIERWACKHIADFFINKVGTVOMENLESM
KRKEDSYFNIRLRGFWPYAEMOQNKIEFKLKQYGIEIRKVAPNNT SKCGHLNNYFNFEY
RKEKNKFPHFKCEKCNFKENAAYNAAL IPKLKSTKEEPAYPYDVPDYASLGSGDGIGSGS
NGSSLMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGY
QLTKPDVILRLEKGEEPHMGGGSGEDPAAKRVKLDMGSGVSKGEEDNMALKEFMRFKY
HMEGSVNGHEFEIEGEGEGRPYEGTOTAKLKVTKGGPLPFAWDILSPOFMYGSKAYVKH
PADIPDYLKISFPEGFKWERVMNFEDGGVVTIVTODSSLADGEFIYHVKLRGTNFPSDGRY
MOKKTMGWEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVICTTYKAKKPVOLPGAY
NVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK™

1SL3701

[

pHR-PGK-5VA0_NLS-
Casld/D3264/D510A-
KOX1_KRAB-c-
Myc_NLS-mCherry-
WPRE

SVA0_NLS-
Cas14/D326A/D5104A-
KOX1_KRAB-c-
Myc_NLS-mCherry
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PEKKREVGSGSARNTITKYLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKH
LKVAAYCTTQVERNACLFCKARKLDDKFYQKLRGOFPDAVEWQEISEIFRQLOKQAAEIYN
QSLIELYYEIFIKGKGIANASSVEHYUSDVCYTRAARLFKNAAIASGL
SGLPTTKSDNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWAQY KYRPWEKFDFE
QVOKSPRPISLLLSTORRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVIKRGSKICEKSAW
MILNLSIDVPKIDKGY DPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMEFARRRIL
LKKNRHKRAGHGAKNKLEPITILTEKSERFRKKLIERWACE! NKVGTVOMENLESM
KREEDSYFNIRLRGFWPYAEMOQNKIEFKLKGQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEY
RKKNKFPHFKCEKCNFKENAAYNAALNISNPCLKSTREEPAYPYDVPDYASLGSGDGIGSGES
NGSSUMNNSQGRVTFEDVTVNFTOGEWORINPEQRNLYRDVMLUENYSNLVSVGQGET
TKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESLAREVPSINKEHM
GEGSGEDPAAKRVKLDMGSGVSKGEEDNMAHKEFMRFKVHMEGSVNGHEFEIEGEGE
GRPYEGTQTAKLKVTKGGPLPFAWDILSPGFMYGSKAYVIKHPADIPDYLKUSFPEGFKWE
RYMNFEDGGVYTVTGDSSLODGEFIYKVKLRGTNFPSDGPYMOKKTMGWEASSERMY

YERAEGRHSTGGMDELYK

PEDGALKGEIKQRLKLKDGGHYDAEVITTYKAKKPVYOLPGAYNVNIKLDITSHNEDYTIVEQ,

SL9702

e

SKIKSNFRLKELKNMEK | pHR-PGK-SV40_NLS-

Casl4/D326A/D510A-
ZIM3_KRAB-¢-
Miyc_NLS-mCherry-
WPRE

SV40_NLS-
Cas14/D326A/D510A-
ZIM3_KRAB-c-

fyc NLS-mCherry

158

LKVAAYCTTQVERNACLFCKARKLDDKFYQKLRGOFPDAVFWGEISEIFROLOKOGAAEIYN
QSLIELYYEIFIKGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMK
SGLPTTKSDNFPIPLVEKQKGGQYTGFEISNHNADFHKIPFGRW QVKKEIDKYRPWEKFDFE
QVOKSPKPISLLLETORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAW
MLNLSIDVPKIDKGVDPSHGGIAVGVESPLYCAINNAFSRYSISDNDLFHFNKKMFARRRIL
LKKNRHERAGHGAKNKLKPITH TEKSERFRKKLIERWACE! Fi VGTVOMENLESM
KRKEDSYFNIRLRGFW PYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEY
RKEKNKFPHFKCEKCNFKENAAYNAALNISNPKLKSTKEEPAYPYDVPDYASLGSGDGIGSGS
NGSSLMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGY
QLTKPDVILRLEKGEEPHMGGGSGEDPAAKRVKLDMGSGVSKGEEDNMALKEFMRFKY
HMEGSVNGHEFEIEGEGEGRPYEGTOTAKLKVTKGGPLPFAWDILSPOFMYGSKAYVKH
PARHPDYLKLSFPEGFKWERVMNFEDGGVVTVTODSSLODGEFIYVKLRGTNFPSDGRY
MOKKTMGWEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVICTTYKAKKPVOLPGAY
NVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK™

PIRKIKRIVGSGSAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVEKEACSKH {oSL

pHR-PGH-5VAG__NLS-
Casid/Di43R/D3264/D
510A-KOX1_KRAB-c-
Myc_NLS-mCherry-
WPRE

SVA0_NLS-
Cas14/D143R/D326A/D
S10A-KOX1_KRAB-¢-
Myc_NLS-mCherry

158

PRIKKRKVGSGSAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVYKEACSKH
LKVAAYCTTQVERNACLFCKARKLDDKFYQKLRGOFPDAVFWQEISEIFROLGKGAAEIYN
QSLELYYEIFIKGKGIANASSVEHYLSRVCYTRAAELFKNAAIASGLRSKIKSNFRLKELKNMIC
SGLPTTHSDNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWQVKKEIDKYRPWEKFOFE
QVOKSPKPISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAW
MLNLSIDVPKIDKGYDPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKIMFARRRIL
LKKNRHKRAGHGAKNKLKPITI TEKSERFRIEKLERWACEI ADFFIKNKVGTVOMENLESM
KRKEDSYENIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEY
RIEKNKFPHFKCEKCNFKENAAYNAALNISNPKLKSTKEEPAYPYDVPDYASLGSGDGIGSGS
NGSSLMNNSQGRVTFEDVTYNFTOGEWORINPEQRNLYRDVMLENYSNLVSVGQGET
TYPDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESLAREVPSINKEHM
GGEGSGEDPAAKRVKLDMGSGVSKGEEDNMAHKEFMRFKVHMEGSYNGHEFEIEGEGE
GRPYEGTOQTAKLKVTKGGPLPFAWDILSPOFMYGSKAYVEKHPADIPDYLKLS KWE
RVMNFEDGGVVTVTODSSLODGEFIYKVKLRGTNFPSDGPYMOKKTMGWEASSERMY
PEDGALKGEHQRLKLKDGGHYDAEVKTTYKAKKPVOLPGAYNVNIKLDITSHNEDYTIVEQ)

YERAEGRHSTGGMDELYK®

nSL9704

pHR-PGK-SV4Q_NLS-
Casidal/D143R/D326A
JDB10A-ZIM3_KRAB-c-
Myc NLS-mCherry-
WPRE

SV40_NLS-
Casl4al/D143R/D326A
/D510A-ZIM3_KRARB-c-
Myc NLS-mCherry

&7
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160

PEKKREVGSGSARNTITKYLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKH
LKVAAYCTTQVERNACLFCKARKLDDKFYQKLRGOFPDAVEWQEISEIFRQLOKQAAEIYN
QSLIELYYEIFIKGKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNME
SGLPTTKSDNFPIPLVKOKGGQYTGFEISNHNSDFHKIPFGRWOQVIKG KYRPWEKFDFE
QVOKSPRPISLLLSTORRKRNKGWSKDEGTEARIKKVMNGDYQTSYIEVIKRGIKICEKSAW
MILNLSIDVPKIDKGY DPSHGGIAVGVKSPLYCAINNAFSRYSISDNDLFHFNKKMEFARRRIL
LKKNRHKRAGHGAKNKLEPITILTEKSERFRKKLIERWACE! NKVGTVOMENLESM
KREEDSYFNIRLRGFWPYAEMOQNKIEFKLKGQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEY
RKKNKFPHFKCEKCNFKENAAYNAALNISNPKLKSTKEEPAYPYDVPDYASLGSGDGIGSGES
NGSSLMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQGIVYRNVMLENYKNLVSLGY
QLTKPDVHRLEKGEEPHMGGGSGEDPAAKRVKLDMGSGVSKGEEDNMAIKEFMRFKY
HMEGSYNGRHEFEIEGEGEGRPYEGTOQTAKLKVTKGGPLPFAWHLSPOFMYGSKAYVIH
PADIPOYLKISFPEGFKWERVMNFEDGGVVTVTGRSSLODGEFYKVKLRGTNFPSDGPY
MOKKTMGWEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVOLPGAY
NVNIKLDITSHNEDYTIVEQYERAEGRHS TG MDELYK®

SL9705

e

pHR-PGK-SVAG_NLS-
Casl4al/D143R/T147R
/D326A/D510A
KOX1_KRAB-c-

Myc NLS-miCherry-
WPRE

SV40_NLS-
Casl4al/0143R/T147R
JD326A/DE10A-
KOX1_KRAB-c-
Myc_NLS-mCherry

16l

PREKRKVGSGSAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVYKEACSKH
LKVAAYCTTGVERNACLFCKARKLDDKFYQKLRGOFPDAVFWGEISEIFROLOKOAAEIYN
QSUELYYEIFH(GKGIANASSVEHYLSRVCYRRAAELFKNAAIASGLRSKIKSNFRLKELKNMK
SGLPTTKSDNFPIPLVKOKGGQYTGREISNHNSDRIKIPFGRWOVKKEIDKYRPWEKFDFE
QVOKSPKPISLLLSTORRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKICEKSAW
MLNLSIDVPKIDKGVDPSHGGIAVGVHSPLYCAINNAFSRYSISONDLFHFNKKMFARRRIL
LKKNRHKRAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIKNKVGTVOMENLESM
KRKEDSYFNIRLRGFWPYAEMONKIEFKLKQYGIEIRKVAPNNTSKTCSKCGHLNNYFNFEY
REKKNKFPHFKCEKCNFKENAAYNAALNISNPRLKSTHEEPAYPYDVPDYASLGSGDGIHESGS
NGSSLMNNSQGRVTFEDVTVNFTQGEWOQRLNPEQRNLYRDVMLENYSNLVEVGQOGET
TKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWIPKDVICESLAREVPSINKEHM
GGGSGEDPAAKRVKLDIMGSGVSKGEEDNMAHKEFMRIKVHMEGSYNGHEFEIEGEGE
GRPYEGTOQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWE
RVMNFEDGGYVTVTODSSLGDGEFIYKVKLRGTNFPSDGPYMOKKTMGWEASSE
PEDGALKGEIKORLKLKDGGHYDAEVKTTYKAKKPYOLPGAYNVNIKLDITSHNEDYTIVEQ

YERAEGRHSTGGMDELYK™

oSL8706

oHR-PGI-SVAD_NLS-
Casl4al/D143R/T147R
/D326A/D510A-
ZIM3_KRAB-c-
Myc_NLS-mCherry-
WPRE

SVAD_NLS-
Casl4al/D143R/T147R
/D3264/D510A
ZIM3_KRAB-¢-
fMiyc_NLS-mCherry

[0284]

Although the foregoing disclosure has been described in some detail by way of

lustration and example for purpose of clanty of understanding, one of skill n the art will

appreciate that certain changes and modifications within the spirit and scope of the disclosure

may be practiced, ¢.g., within the scope of the appended claims. It sbould also be understood

that aspects of the disclosure and portions of varicus recited embodiments and features can be

combined or mterchanged either i whole or 1o part. In the foregoing descriptions of the

various embodiments, those embodiments which refer to another embodiment may be

appropnately combined with other embodunents as will be appreciated by one of skill 1o the

art. Furthermore, those of ordinary skall m the art will appreciate that the foregomg

description is by way of example only, and 1s not intended to Himit the disclosure. In addition,

cach reference provided herein is incorporated by reference in its euntirety for all purposes to

the same extent as if each reference was individually incorporated by reference.
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WHAT IS CLAIMED IS:

i An engineered Clustered Regularly Tnterspaced Short Palindromue
Repeat (CRISPR)-associated {Cas) protein that is functional in eukaryotic cells, the Cas
protein comprising a modified amino acid sequence that is at least 80% identical to a native
amino acid sequence of a wild-type Cas protein, wherein:

the native amino acid sequence has a length of less than 700 amino acids and
comprises a {DVE/K/NIX(R/FHE/AN motif, and

the modified amine acid sequence comprises one or more substitutions i the
native amino acid sequence, wherein at least one of the one or more substitutions 1s at a
position either (1} within or no more than 30 amino acids upstream or downatream of the
{D/EK/MNIX(RFHE/KIN motif, (2) at or no more than 30 amino acids upstream or
downstream of position 241 of the native amino acid sequence, (3) at or no more than 30
amino acids upstream or downstream of position 516 of the native amino acid sequence, or

{4) having an electrically charged amino acid in the native amino acid sequence.

2. The engineered Cas protein of claim I, wherein at least one of the one
or more substitutions is 1o an amino acid sclected from the group consisting of arginine (R},

alanine (A), serine €S), and glveine (G).

-
23

‘The engineered Cas protein of claim 1, wherein the wild-type Cas

protemn 1s atype V Cas protein.

4, The enginecred Cas protein of claim |, wherein the wild-tyvpe Cas
protein 1s a wild-type V-F {Casl4 or Cas 12} protein or a wild-type V-I (Cas® or Cas 12])

protein.

3. The engineered Cas protein of claim 1, wherein the native amino acid

sequence is the sequence of SEQ IDNG: 1.

~

6. The engimecred Cas protein of claim 1, wherein the one or more
substitutions comprise a substitution at a position selected from the group consisting of D143,
K11, K73, Ti147, 151, K154, E241, D318, K330, K457, E425, F462, N304, E307, N51s,
N519, ES27, and E528.

3%
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7. The engincered Cas protein of claim 6, wherein the substitution is
selected from the group consisting of DI43R, K11IR, K73R, TI47R, EI5IR, K154R, E241R,
D318R, K330R, E425N, K457R, E462R, N504R, ESOTR, NSI6R, NSI9R, ES27R, and
E528R.

8. The engineered Cas protein of claim 7, wherein the substitution is

selected from the group consisting of DI43R, T147R, EIS IR, and E241R.

9. The engineered Cas protein of claim 6, wherein the one or more
substitutions comprise two substitutions at positions selected from the group consisting of

D143, Ti47 E151, K154, E241, K330, E423, N504, E507, N516, N519, 527 and ES28.

16, The engmeered Cas protein of claim 9, wherein the two substitutions
comprise a substitution at D143 and a substitution at a position selected from the group
consisting of T147, E1531, K154, E241, K330R, E425N, N304, E507, N516, N519, E527, and

i1, The enginecred Cas protein of claim 9, wherein the two substitutions
are selected from the group consisting of DI43R, TI47R, E15IR, EI51A, K154R, E241R,
N504R, ESOTR, N316R, N519R, E527R, and ES28R.

12, The enginecred Cas protein of claim 11, wherein the two substitutions
are selected from the group consisting of DI43R/TI47R, DI43R/EISIR, DI43R/EZ41R,
DI143R/E425N, DI43R/ESOTR,  DI43R/N3IIOR, DI43R/ES2TR,  DI43R/ES28R,
DI143R/R1ISIS, DI43/RI5IG, and DI43R/EIS1A.

13, The cnginecred Cas protein of claim 9, wherein the one or more
substitutions comprise three substitutions at positions selected from the group consisting of

D143, T147, B151, K154, E241. K330, B425, N504, E507. N516, N519, E527, and ES28.

14, The engimeered Cas protein of claim 13, wherein the three substitutions
comprise substitutions at D143 and T147 and a substitution at a position selected from the
group consisting of EI51, K134, E241, K330, E425, N304, E507, N516, N519, E527, and
E528.

50
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£5. The engineered Cas protein of claim 13, wherein the three substitutions
are selected from the group consisting of BI43R, Ti47R, EISIR, E151A, E181S, EIS1G,
K154R, E241R, K330R, E425N, N304R, ES07R, NS16R, N519R, ES2ZTR, and E528R.

16, The engineered Cas protein of claim 15, wherein the three substitutions
are selected from the group consisting of DI43R/TI4TR/K330R, DI43R/TI4TR/KIS4R,

D143R/TI4TR/E24 1R, DI3R/TI4ATR/ESOTR, DI43R/TI47R/NSI9R,
D143R/T147R/ES2ZTR, DI43R/TI47R/ES28R, DI43R/TI4TR/ELSLS,

D143R/TI47R/EISIG, and DI43R/TI4TR/ELS 1AL

t7.  The engineered Cas protein of claim 13, wherein the one or more
substitutions comprise four substitutions at positions selected from the group consisting of

D143, V147, EISL K154, E241, K330, E425, N304, E507, N516, N519, ES27, and £528.

18.  The engineered Cas protein of claim 17, wherein the four substitutions
comprise substitutions at 3143, T147, and K330 and a substitution at a position sclected from
the group consisting of B151, K154, E241, E425, N304, ESQ7, N516, N519, ES27, and E528.

19, The enginecred Cas protemn of claim 17, wherein the four substitutions
are selected from the group consisting of DI43R, TI47R, EISIR, E151A, E151S5, EISIG,
K154R, E241R, K330R, E425N, N504R, ES07R, N516R, N519R, E527R, and E528R.

20, The engincered Cas protein of claim 19, wherein the four substitutions
are  sclected from  the group  counsisting  of  DI43R/TI4TR/K33OR/ES2ER,
DI43R/TI47R/K3Z0R/ETISTA, and DI43R/TI47R/K330R/ES2TR.

21, The enginecred Cas protein of claim 17, wherein the one or more
substitutions comprise five substitutions at posttions selected from the group consisting of

D143, T147, B151, K154, E241, K330, N504, £507, N516, N519, E527, and ES28.

22, The engincered Cas protein of claim 21, wherem the five substitutions
comprise substitutions at D143, T147, K330, E151, and a substitation at a position selected

from the group counsisting of. K154, E241, N304, ES07, N516, N519, E527, and E528.

51
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23, The engineercd Cas protein of claim 21, wherein the five substitutions
are selected from the group consisting of DI43R, TI47R, E1SIR, EI51A, K154R, E241R,
K330R, N304R, E307R, N316R, NSI9R, E527R, and E328R.

24, The engineered Cas protein of claim 23, wherein the five subatitutions
are sclected from the group consisting of DI43R/TI47TR/K330R/EISIA/ES2ER and
DI43R/TIATR/AZ30R/EISTA/ESTTR.

25, The engineered Cas protein of claim |, wherein the Cas protein s a

fully or partially nuclease deactivated Cas (dCas) protein.

26.  The enginecred Cas protemn of claim |, wherein the modified anuno
,

acid sequence comprises a sequence selected from the group consisting of SEQ ID NOGS: 2, 3,

4,5, and 6.

7. A single-guide RNA (sgRNA) comprising an engineered CRISPR
RNA (crRNAYtrans-activating CRISPR RNA (tractRNA) fusion nucleotide sequence that is
at least 60% identical to a wild-type crRNAftracrRNA fusion nucleotide sequence, wheretiu
the wild-tvpe crRNA/tracyRNA fusion nucleotide sequence comprises (1) a 37
region corresponding to an RNA stem-loop hatrpin structure, (2) a poly-U region proximate
to the 37 region, and (3) a 5 poly-G region; and
the enginecred ctRNA/tracrRNA fusion mucleotide sequence comprises one or
more modifications to the wild-type crRNA/tracrRNA fusion nucleotide sequence, the
modifications selected from the group consisting of:
substitution of at least one U of the poly-U region,
deletion of at least a portion of the 37 region; and

deletion of at least a portion of the 37 poly-G region.

23, The sgRNA of claim 27, wherein the wild<type crRNA/tractRNA

fusion nucleotide sequence is the sequence of SEQ ID NG 7.

29, The sgRNA of clamm 27, wherem the engineered crRNA/tracrRNA
fusion nucleotide sequence comprises substitutions of at least one U of the poly-U region

with a G.



[

N2

]

[N

2

397

WO 2022/051250 PCT/US2021/048362

30, The sgRNA of claim 29, wheremn the ongineered crRNA/tracrRNA

fusion nucleotide sequence comprises the sequence of SEQ ID NG: 8.

31, The sgRNA of claim 29, whereim the engincered crRNAAracrRNA

fusion nucleotide sequence comprises deletion of at least a portion of the 37 region.

32, The sgRNA of claim 31, wheremn the engineered crRNA/tracrRNA

fusion nucleotide sequence comprises the sequence of SEQ ID NG: 9.

33, The sgRNA of claim 31, wherein the engineered crRNA/tracrRNA

fusion nucleotide sequence comprises deletion of at least a portion of the 37 poly-G region.

34, The sgRNA of claim 33, wherein the engineered crRNA/tracrRNA

fusion nucleotide sequence comprises the sequence of SEQ ID NO: 10

+3

35, The sgRNA of clam 27, further comprising a spacer nucleotide
seqguence corresponding to a 57 Protospacer Adjacent Motf (PAM) having a 5°-TTTR-3’

nucleotide sequence.

36, A nucleic acid sequence encoding the enginecred Cas protein of claim
i

37 A nuclee acid sequence encoding the sgRNA of clavm 27.

38, A vector comprising the nucleic acid of claum 36.

36, The vector of claim 38, further comprising one or more muclear

localization signals (NLS),

40, The vector of claim 39, wheremn the one or more nuclear localization

signals comprise one or both of an SV40 NLS and a ¢-Mye NLS.

41, The vector of claim 38, further comprising one or more additional
nucleic acid sequences cach independently encoding a transcriptional or epigenetically

modifying activator.

42. The vector of claim 41, wherein the one or more transcriptional or

epigenetically modifying activators comprise one or more of a VP64 transcriptional activator,
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a tripartitc VP64-p63-Rea (VPR) transcriptional activator, a p300 transcriptional activator, a
TETH transcriptional activator, a TET? transcriptional activator, an NFAT transcriptional

activator, an NFkB transcriptional activator, and a PRDM transcriptional activator.

43, The vector of claim 38, further comprising one or more additional
nucleic acid sequences each ndependently encoding a transcriptional or cpigenctically

modifying repressor.

44, The vector of claim 43, wherein the one or more transcriptional or
epigenetically modifying repressors comprise one or more of a KRAB transcriptional
repressor, a DNMT3A DNA methyltransferase, a DNMT3E DNA methvltransferase, a
DNMT3L DNA methyliransferase, a bipartite KRAB-DNMT3A (KA) repressor, a bipartite
KRAB-DNMT3L (KL} repressor, a tripartite KRAB-DNMT3A-DNMT3L (KAL) repressor,
an SID transcriptional repressor, an EZH2 transcriptional repressor, a HP1 heterochromatin

protein, a Gh3 transcriptional repressor, and a MBI transcriptional repressor.

45, The vector of claim 38, further comprising one or more additional

nucleic acid sequences each independently encoding a base editor.

46. The vector of claim 38, further comprising one or more additional

nucleic acid sequences each independently encoding a prime editor.

47, The vector of claim 38, further comprising one or more additional

nucleic acid sequences cach independently encoding a fluorescent protem.

48, The vector of clamm 38, further comprising one or more additional

nucleic acid sequences each independently encoding a retron element.

49, The vector of claim 38, wherein the vector is an adeno-associated viras
(AAV} vector, an adenovirus vector, a retrovirus vector, a lentivirus vector, or a herpes

stmplex virus (HSV) vector.

50, A sysiem comprising:
the engincered Cas protein of claim 1; and
an sgRNA.

51, A systenm: comprising
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a Cas protein; and

the sgRNA of claim 27

W

2
Lo

protein of claim |

53,

The system of claim 31, wherein the Cas protein is the enginecred Cas

A system comprising:

the nucleic acid sequence of clain 36; and

anucleic acid sequence encoding an sgRNA.

54,

A gystem comprising!

a nucleic acid sequence encoding a Cas protein; and

the nucleic acid sequence of claim 37,

35.

The system of claim 54, wherein the nucleic acid encoding a Cas

protein is the nucleic acid sequence of claim 36,

56.

A method of modulating one or more target nucleic acids in a cell, the

raethod corprising contacting the cell with the engincered Cas protein of claim 1

(o
~k

60,

61.

62

The method of claim 56, wherein the cell is a cukaryotic cell.

The method of claim 57, wherein the eukarvotic cell 1s an animal cell.
The method of claim 58, wherein the andmal cell 1s a2 mammalian cell.
The method of claim 39, wherein the mammalian cell 15 a human cell.
The method of claim 57, wherein the ccll is a stem ¢ell.

The method of clamm 37, wherem the cell is a bloed cell.

The method of claim 37, wherein the cell is an immune cell.

The method of claim 57, wheremn the cell s a plant cell.

The method of claim 36, wherein the cell 1s in vivo.

The method of claim 56, wherein the cell 1s part of an organoid.

23]
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67.  The mothod of claim 56, wherein the modulating comprises activating

at least one of the one or more target nucleic acids.

68, The method of claim 56, wherem the modulating comprises repressing

at least one of the one or more target mucleic acids.

69, The method of claim 36, wherein the modulating comprises editing at

least one of the one or more target nucleie acids.

70, The method of claim 56, wherein the modulating comprises editing a

primer of at least one of the one or more target nucleic acids.

71, The method of claim 69, wherein the editing comprises nicking the at

least one target nucleic acid.

72, The method of claim 69, wherein the editing comprises performing one

or more gene knockouts.

73. The method of claim 69, wherem the editing comprises performing one

or more gene knock-ins.

74. The method of claim 69, wherein the editing comprises perfornung one

or more base substitutions.

75, The method of claim 56, whercin the modulating comprises cutting

genomic DNA.

76. The method of claim 75, wheren the modulating further comprises

mutating the genomic DNA.

77.  The method of claim 76, wherein the mutating comprises one Of more

msertions, one or more deletions, one or more substitations, or a combination thercof.

78. The method of claim 36, wherein the modulating comprises labeling at

least one of the one or more target nucleie acids.
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79. The method of claim 56, wherein the modulating comprises altering
the spatiotemporal positioning of at least one of the one or more target nucleic acids within

the cell.

30, The method of claim 56, wherein the modulating comprises altering

the methylation of at least one of the one or more target nucleic acids.

81.  The method of claim 56, whercin the modulating compnses altering

the acetylation of at least one of the one or more target nucleic acids.

82, The method of claim 56, wherem the modulating comprises altering
the acctvlation of at least one histone or nucleosome associated with at least one of the one or

moore target nucleic acids.

83, The method of claim 36, wherein the modulating comprises altering
the methvlation of at least one histone or nucleosome associated with at least one of the one

or more target pucleic acids.

4. A pharmaceutical composition comprising the engineered Cas profein

of claim 1.

85.  The pharmaceutical composition of claim 84, further comprising a

therapeutically effective amount of a pharmaceutically acceptable excipient.

86. A method of preventing or treating a genetic disorder in a subject, the
oethod comprising admunistering to the subject an amoumt of the pharmaceutical
composition of clam 84, wherein the amount is sufficient to modulate one or more target

nucleic acids assoctated with the genetic disorder.

&7 The method of claim 86, wherein the amount is sufficient to correct

one or more mwitations in the one or more target nucleic acids.

88.  The method of claim 86, wherein the genetic disorder is selected from
the group consisting of X-linked sovere combined immune deficiency, sickle cell anemia,
thalassernia, hemophilia, neoplasia, cancer, age-related macular degeneration, schizophrenia,
innucleotide repeat disorders, fragile X syndrome, prion-related disorders, amyotrophic

lateral sclerosts, drug addiction, autism, Alzheimer’s discase, Parkinson’s disease, cystic

57



137

(5]

™o

[ 4 W2 B2

[

]

WO 2022/051250 PCT/US2021/048362

fibrosis, blood and coagulation discase or disorders, nflammation, facioscapulohumeral
muscular dystrophy, retinitis pigmentosa, Leber congenital amaurosis, glaucoma, immune-~
related discases or disorders, metabolic diseases and disorders, Hiver discases and disorders,
kidnev diseases and disorders, muscular/skeletal diseases and disorders, neurclogical and
neuronal diseases and disorders, cardiovascular diseases and disorders, pulmonary discases

and disorders, and ocular diseases and disorders.

86, The method of claim 86, wherein the administering is via a delivery
svstem selected from the group cousisting of a virus, a nanoparticle, a liposome, a mucelle, a

virosome, a nucleic acid complex, a protem-BRNA conjugate, and combinations thereof.

90, The method of clavn 89, wherein the adrotustening s via a single

adeno-associated virus delivery svsten.

91, The method of claim 89, wherein the administering s via a dual adeno-

associated virus debivery system.

92, The method of claim 86, wherein the subject is human.
93, A method of treating an infoection m a subject, the method comprising

administering o the subject an amount of the pharmaceotical composition of claim 84,
wherein the amount is sufficient to modulate one or more target nucleic acids associated with

the mnfection.

94, 'The method of claim 93, wherein the one or more target nucleic acids

are nucleic acids of an infectious agent causing the infection.

95, The method of claim 94, wherein the amount 1s sufficient to cut or nick

at least one of the one or more target nucleic acids.
96, The method of claim 94, wherein the infectious agent 1s a virus.

97, The method of claim 93, wherein the administering 18 via a dehivery
svstem selected from the group consisting of a virus, a nanoparticle, a liposome, a micelle, a

virosome, a nucleic acid complex, a protein-RNA conjugate, and combinations thereof.

98.  The method of claim 97, wherein the adnunistering is via a single

adeno-associated virus delivery system.
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99, The method of claim 97, wherein the admunistering is via a dual adeno-

associated virus delivery svstem.

100, The method of claim 93, wherein the subject 1s human.



