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NUCLEOBASE EDITORS AND METHODS OF USE THEREQF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 62/976,590, filed

February 14, 2020, which is expressly incorporated herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

This invention was made with governmuent support under Grant No. ROT HUTI6848

awarded by the National lnstitutes of Health. The government has certain rights in the invention.

FIELD

The present disclosure relates to nuclecbase editors and methods of use thereof.

BACKGROUND

Many genetic diseases anse from single nucleotide alterations. Duchenne muscular
dystrophy {DMD) 15 a fatal genetic muscle disease atfecting approximately 1 in ~5000 male births
worldwide, which 1s caused by mutations 1n the DA gene. Most of the DAD mutations are due
to deletions or duplications with over 500 point mutations accounting for ~10% of the cases. DMD
codes tor the dystrophin protein, a cytoskeletal protein that functions in the muscle force
transmission and sarcolemmal stability of muscle fibers. Loss of dystrophin leads to progressive

muscle weakness and wasting,

loss of ambulation, respiratory impairment, cardiomyopathy, and
eventual death. Previous studies showed that exon deletion through CRISPR genome editing can
restore dystrophin expression and function. Although promising, this strategy has safety concerns
as 1t relies on repair of the double strand DNA break (DSB) created by CRISPR/Cas9, which can
cause unwanted large deletion and even chromosomal rearrangement.

Therefore, what 15 needed are corupositions for precise correction of disease-associated

mutations.

SUMMARY

Disclosed herein are fusion proteins, systems, and compositions for editing disease-
associated mutations and methods of use thereof.

In some aspects, disclosed herein is a fusion protein comprising a {as9 nickase and a
nucleotide deaminase, wherein the Cas9 nickase comprises a first amino acid substitution at a
position selected from the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when
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compared to SEQ H NO: 11, and wherein the Cas9 nickase comprises a second amino acid
substitution at a position selected from the group consisting of 1111, 1135, 1218, 1219, 1322,
1335, and 1337 when compared to SEQ 1D NG 11

In some embodiments, the first amine acid substitution is selected from the group
consisting of A262T, R324L, 54091, E480K, E543D, Mo6941, and E1219V when compared o
SEG D NO: 11, In some embodiments, the second aming acid substitution is selected from the
group consisting of LI1TIR, D1133V, GI218R, E1219F, AI322R, RI335V, R1335Q, RI3335E,
and T1337R when compared to SEQ ID NO: 11.

In some embodiments, the Cas9 nickase comprises the amino acid sequence selected from
the group consisting of SEQ 1D NQOs: 12-20.

In some embodiments, the Cas9 nickase when in conjunction with a bound guide RNA
{gRNA} specifically binds to a target nucleic acid sequence.

In some embodiments, the Cas9 nickase recognizes a NG protospacer adjacent motif
{PAM) sequence.

In some embodiments, the nucleotide deaminase is a cytidine deaminase or an adenine
dearninase. In some embodiments, the adenine deaminase is g dimeric adenine deaminase or a
monomeric adenine deaminase domain. In some embodiments, the monomeric adenine deaminase
comprises amino acid substitutions AS6(G and V82G when compared to SEQ ID NO: 47 In some
embodiments, the adenine deaminase comprises the amino acid sequence set forth in SEQ 1D NO:
22 0r 23,

In some aspects, disclosed herein is a system for base editing comprising:

a first nucleotide sequence encoding a N-terminal portion of a Cas9 nickase fused at its C-
terminus to an intein-N; and

a second nucleotide sequence encoding an intein-C fused to the N-terminus of a C-terminal
pottion of the Cas? nickase;

wherein the first nuclectide sequence further comprises a nuclectide sequence encoding a
nucieotide deaminase fused to the N-terminus of the N-termunal portion of the Cas9 vickase,

wherein the Cas?Y nickase comprises a first amino acid substitution at a position selected from
the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when compared to SEQ ID NO:
11, and

wherein the Cas9 nickase comprises a second amino acid substitution at a position selected
from the group consisting of 1111, 1135, 1218, 1219, 1322, 1335, and 1337 when compared to

SEQ ID NO: 11

3
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in some embodiments, the N-terminal portion of the Cas® nickase comprises the amino
actd positions 2-573 of the amino acid sequence selected from the group consisting of SEQ ID
NOs: 12-20 and the C-terminal portion of the Cas9 nickase comprises the aming acid posttions
574-1368 of the amino acid sequence selected from the group consisting of SEQ ID NQOs: 12-20.

In some embodiments, the first nucleotide sequence or the second nucleotide sequence
further comprises a nucleotide encoding a guide RNA (gRNA)

In some aspects, disclosed berein is a composition comprising

a first recombinant adeno-associated virus {AAV) particle comprising a first nucleotide
sequence encoding a N-terminal portion of a Cas9 nickase fused at its C-terminus to an intein-N;
and

a second recombinant AAV particle comprising a second nucleotide sequence encoding an
intein-C fused to the N-terminus of a C-terminal portion of the Cas9 nickase;

wherein the first nucleotide sequence further comprises a nucleotide sequence encoding a
nucieotide deaminase fused to the N-terminus of the N-termunal portion of the Cas9 vickase,

wherein the Cas?Y nickase comprises a first amino acid substitution at a position selected from
the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when compared to SEQ 1D NO:
11, and

wherein the Cas9 nickase comprises a second amino acid substitution at a position selected
from the group consisting of 1111, 1135, 1218, 1219, 1322, 1335, and 1337 when compared to
SEQ ID NO: 11

In some embodiments, the first nucleotide sequence comprises the sequence as set forth in
SEQ ID NO: 3 or SEQ ID NO: 5. In some embodiments, the second nucleotide sequence
comptrises the sequence as set forth in SEQ ID NO: 4 or SEQ D NO: 6,

In some aspects, disclosed herein is a method of treating a genetic disease or disorder in a
subject, comprising administering a therapeutically effective amount of the composition of any
preceding aspect. In some embodiments, the genetic disease or disorder is Duchenne muscular
dystrophy, dysferhinopathy, or spinal muscular atrophy. In some embodiments, the genetic disease

or disorder is due to a point mutation in a causative gene from a :C pair to an AT pair.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, which are incorporated in and constitute a part of this
specification, illustrate several aspects described below.

Figs. la-le show in vitro studies of mdx™" mutation correction using ABE-NG. Fig. la
shows genomic DNA, encoded amino acids and guide RNA with PAM (lughlighted in blue)

~
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sequences at the stop codon mutation site (red). Fig. 1b shows the reporter construct containing a
puromycin resistance cassette fused with E2A peptide, ma™ target sequence and ATG-removed
EGEP. Correction of the stop codon within the target seguence would allow EGEFP expression,
Fig. tc shows fluorescence microscopy images of HEK293 celis transfected with reporter alone,
or reporter, gRNA and one of the base editors (ABEmax, ABE-x and ABE-NG). Scale bar: 500
um. Figs. 1d-1e shows flow cytometry analysis of EGFP expression in HEK293 cells transtected
as described in Fig. 1c. ¥p < 0.05, ***¥*%p < §.0001 {one-way ANOVA). The sequences in Fig. 1
are GAACAGCTGCAGAACAGGAGATAACAG (SEQ ID NG: 620), GTTaTCTCCTGTTCTG
CAGCTGT (SEQ ID NO: 621).

Figs. Za-2f show optimization of the PAM-interacting domain to improve the editing
efficiency of ABE-NG at the NGN sites. Figs. 2a-2f show measurements of the base editing
efficiencies of ditferent ABE variants on a NGG-PAM site and five different sites with NGH or
GAT PAM. The gRNA sequences are listed on the top of each graph with the PAM sequences in
red and the target adenines 1n blue. ns, not significant; **p <0.01; ***p <0.001; ***¥p < 0.0001
{one-way ANOVA)}. The sequences in Fig. 2 are ATGACAGGCAGGGGCACCGCGG (SEQ 1D
NG 622y, GAGCGAGCAGCGTCTTCGAGAGT (SEQ ID NGO 623), GCAGACGGCA
GTCACTAGGGGGC (SEQ ID NO: 624y, GTCGCAGGACAGCTTTTCCTAGA (SEQ ID NO:
625y, GGGAAGCTGGGTGAATGGAGCGA (SEQ ID NO: 626), GATCCAGGT
GCTGCAGAAGGGAT (SEQ ID NO: 6273

Figs. 3a-3d show re-engineering of the adenmine deaminase domain to improve the
etfictency and specificity of ABE-NG. Fig. 3a shows schematics of the adenine deaminase domain
used in ABE-NG editors. Fig. 3b shows quantification of the editing efficiency of different ABE-
NG variants with modified TadA* domain at the md™ target site. ****p < 0.0001 {one-way
ANOVA). Fig 3c shows the number of off-target RNA editing events in Neuro-2a cells
transfected with different ABE-NG variants, **¥p <0.05; %5 <0.001 {one~-way ANOVA). Fig.
3d shows quantification of the off-target RNA editing (A-to-1} activities on four RNA adenines
previously identified as being efficiently modified by ABEmax in HEK293 cells. ***%p < (.0001
(one-way ANOVA}

Figs. 4a-4b show comparison of the editing efficiency of different ABEs at the mdx™”
target site {(Fig. 4a) and human dysferlin Q605X site (Fig. 4b). AH base editors carry the SpCas9-
NG and ditfer at the adenine deaminase domain. ns, not statistically significant; ** p <0.0F; *#**
p < 0.0001 {one~-way ANOVA for Fig. 4a; two-way ANOVA for Fig. 4b}. The sequence in Fig. 4
is GTTATCTCCTGTTCTGCAGC (SEQ ID NO: 570) and ATCCTACAGCATGGTGGCTG
(SEQ ID NO: 590).
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Figs. Sa-5b show the intein split of ABEmax had relatively low editing activity. Fig. 5a
shows schematics showing the two halves of intein-split ABEmax. The TadA-TadA™ was fused
with Npu intein N-terminal fragment and SpCas9 nickase (nSpCas®) was fused with Npu intein
C-terminal fragment. Fig. 5b shows genomic DNA PCR analysis of HEK293 cells at S days after
transfection with S2-gRNA and different versions of ABEs.

Figs. 0a-0h show intein-mediated assembly of full-length ABE-NG. Fig. 6a shows
schematics of the intetn split ABE-NG. The N-terminal and C-terminal intein sequences
reconstitute the full-length protein when co-expressed within cells. Fig. 6b shows Western blot
analysis of HEK293 cell lysates transfected with different versions of ABEs. Fig 6¢ shows
fluprescence microscopy images of HEK293 cells transfected with reporter alone, or reporter,
gRINA and one of the base editors (ABE-NG, split_v1 N+C or Split v2 N+C). Scale bar: 500 ym.
Fig. 6d shows flow cytometry analysis of EGFP expression tn HEK293 cells transfected as
described in Fig. 6¢. Fig. 6 shows Western blot analysis of HEK293 cell lysates transfected with
full-length tABE-NGA, Gp41-1 or Npu split of tABE-NGA. FL, the full-length 1ABE-NGA band;
N, the N-terminal fragment of the 1ABE-NGA. Fig. 6f shows densitometry quantification of the
Western blot data shown in Fig. 6e. Fig. 6g shows the asserubly efficiency of the Gp41-1 and Npu
split of IABE-NGA (defined as the percentage of the full-length tABE-NGA bands). Fig. 6h shows
quantification of the editing efficiency of full-length tABE-NGA, Gp41-1 split and Npu split of
IABE-NGA at the mdx’ target site. Npu Split_1g is same as Npu Split except that only the C-
termuinal construct carries the gRNA . ns, not sigonificant; *p < 0.05; ¥*¥p < 0.001; ¥**¥p < §.0001
{one~-way ANOVAY

Fig. 7. Immunotluorescence staining of heart and gastrocnemius muscle sections with anti-
dystrophin antibody and DAPI The mdv™ mice at 5 weeks of age received either Sx10Y, 1x10
AAVI-ING/mdx*-gRNA or 1x10" vg/kg AAV9-ING/non-targeting-gRNA  (NT-gRNA)
through tail vein injection, and sacrificed at 10 weeks of age for immunofluorescence staining
analysis. Scale bar: 100 pm.

Figs. 8a-8k show widespread restoration of dystrophin expression in mdy mice
following systemic administration of AAVS-iNG. Fig. 8a shows dystrophin and laminin-o2 co-
immunostaining of heart sections from WT and mdx® mice (10 weeks or 10 months of age) with
or without tail vein injection of AAVI-NG (a total of 1x10' vg/kg, 1:1 of the N and C-terminal
half). Scale bar: 100 pm. Figs. 8h-8d show quantification of dystrophin-positive fibers in the heart
(Fig. 8b}, gastrocnemius (GA, Fig. &) and diaphragm (Diaph, Fig 3d) muscles. 10w, 10 weeks
old; 10m, 10 months old. **p < 0.01; **¥¥*p < 0.0001 (Student’s #-test). Fig. 8¢ shows Western

blot analysis of heart homogenates from 10-week-old mice with anti-dystrophin, Cas® and Gapdh
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antibodies. The WT muscle lysates were loaded at 5 ug/lane while the madx? muscle lysates were
loaded at 25 ug/lane. Fig. 8t shows densitometry quantification of Western biot data shown in Fig,
&e. *p < 0.05 {one-way ANOVA). Fig 8¢ shows Western biot analysis of heart homogenates from
10-month-old mice with anti-dystrophin and Gapdh antibodies. Fig. 8h shows densitometry
guantification of Western blot data 1o Fig. 8g **p < 0.01; ***%p <{.0001 {one-way ANOVA).
Fig. 81 shows representative sequencing trace of dystrophin transcripts of WT and mdx™ mouse
hearts (10 weeks or 10 months old) with or without AAV9-ING treatment. Figs. 8 and 8k show
quantification of the targeted T-to-C editing efficiency in the mdx’ mouse hearts (Fig. 8}, 10
weeks; Fig. 8k, 10 months) as assayed by sequencing of dystrophin transcripts. ***¥p < 0.0001
{Student’s #test }.

Fig. 9 shows stitched large images showing dystrophin and laminin-o2 imumunostaining of
the entire heart sections of a WT mouse at 10 weeks of age. Scale bars: 0.5 mm.

Fig. 10 shows stitched large images showing dystrophin and laminin-g2 immunostaining
of the entire heart sections of a control mdx™ mouse at 10 weeks of age. Scale bars: 0.5 mm.

Fig. 11 shows stiiched large images showing dystrophin and laminin-o2 immunostaining
of the entire heart sections md™ mouse #142 five weeks after intravenous injection of AAVY-
iNG at § weeks of age. Mouse number is shown in yellow. Scale bars: 0.5 mm.

Fig. 12 shows stitched large images showing dystrophin and laminin-g2 immunostaining
of the entire heart sections mdx™ mouse #147 five weeks after intravenous injection of AAVY-
iNG at 5 weeks of age. Mouse nurmber is shown in yellow. Scale bars: 0.5 mm.

Fig. 13 shows stitched large images showing dystrophin and faminin-o2 immunostaining
of the entire heart sections mdx® mouse #148 five weeks after intravenous injection of AAV9-
iNG at 5 weeks of age. Mouse number ts shown in yellow. Scale bars: 0.5 mm.

Fig. 14 shows stiiched large images showing dystrophin and laminin-o2 immunostaining
of the entire heart sections md™ mouse #149 five weeks after intravenous injection of AAVY-
iNG at § weeks of age. Mouse number is shown in vellow. Scale bars: 0.5 mm.

Fig. 15 shows stiiched large images showing dystrophin and laminin~o2 tmmunostaining
of the entire heart sections mdx™ mouse #1350 five weeks after intravenous injection of AAV9-
iNG at 5 weeks of age. Mouse nurmber is shown in yellow. Scale bars: 0.5 mm.

Figs. 16a-16b show immunoftuorescence staining of dystrophin and laminin a2 in the
gastrocnemius (Fig. 16a) and diaphragm (Fig. 16b) muscles from WT and mdx® {10 weeks of
age) treated with or without tail vein injection of AAV3-ING. Scale bar: 100 um.

Fig. 17 shows Western blot analysis of gastrocnemius muscles from WT and mde™ (10

weeks of age) treated with or without tail vein injection of AAVO-ING |
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Fig. 18 shows stiiched large tmages showing dystrophin and laminin-o2 immunostaining
of the entire heart sections of a WT mouse at 10 months of age. Scale bars: 0.5 mm.

Fig. 19 shows stitched large images showing dystrophin and faminin-o2 immunostaining
of the entire heart sections of a control mdx™ mouse at 10 months of age. Scale bars: 0.5 mm.

Fig. 20 shows stiiched large images showing dystrophin and laminin~o2 tmmunostaining
of the entire heart sections mdx?™ mouse #1976 9-10 months after intravenous injection of AAVS-
iNG at S weeks of age. Mouse nurober is shown in yellow. Scale bars: 0.5 mm.

Fig. 21 shows stitched large images showing dystrophin and laminin-o2 immunostaining
of the entire heart sections md™” mouse #1982 9-10 months after intravenous injection of AAVS-
iNG at 5 weeks of age. Mouse number is shown in yellow. Scale bars: 0.5 mm.

Fig 22 shows stiiched large images showing dystrophin and laminin-o2 immunostaining
of the entire heart sections mdx™ mouse #1985 9-10 months after intravenous injection of AAVS-
iNG at § weeks of age. Mouse number is shown in yellow. Scale bars: 0.5 mm.

Fig. 23 shows stiiched large images showing dystrophin and laminin~o2 tmmunostaining
of the entire heart sections mdx?” mouse #1984 9-10 months after intravenous injection of AAVS-
iNG at S weeks of age. Mouse nurober is shown in yellow. Scale bars: 0.5 mm.

Figs. 24a-24c show restoration of dystrophin expression in the skeletal muscles of 10-
month-old mdy®™ mice after tail vein injection of AAV9-iING at 5 weeks of age. Fig. 24a shows
immunoflucrescence staining of dystrophin in diaphragm and gastrocnemius muscles of WT and
mdx*™ mice with or without systemic AAV9-ING delivery. Fig. 24b shows Western blot of
dystrophin expression in gastrocnemius muscles. Fig. 24¢ shows quantification of Western blot
data.

Figs. 25a-25m show systemic delivery of AAVS-NG tmproved histopathology and
contractility in mdx’ mice. Fig. 25a shows trichrome staining of muscle and heart sections
showing the extensive fibrosis in diaphragm and gastrocoemius (GA) muscles of md™ mice (10
months of age), which were substantially reduced following systemic AAVY-iING delivery. The
mde* mouse heart had little fibrosis at 10 months of age. Scale bar: 200 um. Figs. 25b-25d show
quantification of fibrotic area of the diaphragm, gastrocnemius and heart muscles. ns, not
significant; *p < 0.05; **p <0.01; **¥¥*p <0.001; **%*p <0.0001 {one-way ANOVA). Figs. 25¢-
254 show measurement of CINF in the diaphragm (Figs. 25e and 25f) and gastrocnemius {Figs.
25¢ and 25h) muscles of mdx™ mice with or without AAVS-ING treatment at 10 weeks (Figs.
2Se and 25g) or 10 months (Figs. 251 and 25h) of age {two-tailed, unpaired Student’s #~test). Figs.
251-251 show muscle fiber size measurement and distribution in diaphragm and gastrocnemius

muscles of the mice (WT and mdx™ with or without AAV9-ING) at 10 weeks of age. ns, not
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significant; **p < 0.01 {one-way ANOVA} Fig 25m shows tetanic torque measurements of the
posterior compartment muscles. *p <0.05; ****p < 0.0001 {one-way ANOVA).

Figs. 26a-26d show measurement of muscle fiber size in diaphragm and gastrocnemius
muscles at 10 months of age. Figs 20a-26b show average CSA of diaphragm (Fig. 26a) and
gastrocnemius (Fig. 26b) wuscle fibers. ¢, d, Distribution of diapbragm (Fig. 26¢) and
gastrocnemius {Fig. 26d) muscle fiber areas. ns, not significant; *p < 0.05 (one-way ANOVA}.

Figs. 27a-27; show host tmumune respouse, toxicity and off-target studies of AAVOaNG
therapy in mdx’ mice. Figs. 27a and 27b show host immune response to AAVY capsid and the

base editor transgene {anti-Cas®). IM, intramuscular injection; IV, intravenous injection, ¥#*%

p<
0.0001 {one-way ANOVA) compared to WT or mdy™. Figs. 27¢-27e show measurements of
serum AST (Fig 27c¢), ALT (Fig. 27d}yand BUN {(Fig. 27¢) of mice treated with or without AAV9-
iING. ns, not statistically significant {one-way ANOVA}. Fig. 271 shows predicted off-target sites
with different number of mismatches from the mde™ target gRNA, and the sequences of two most
sirotlar off-target sites located on chromosome 16 and 1, respectively. Figs. 27g and 27h show
quantification of deep sequencing reads of the genomic DNA PCR amplicons of the chromosome
16 off-target site (Fig. 27g) or the chromosome 1 off-target site (Fig. 27h) from Neuro-2a cells
transfected with ABE-NG, tABE-NGA or conirol plus the gRNA. ns, not significant {one-way
ANOVA). Fig. 271 shows guantification of the A*-to-G editing in md%™ mice treated with or
without AAVO-ING, ***%p < $.0001 (student’s s-test). Fig 27} shows quantification of the
bystander C%to-T editing in md%™ mice treated with or without AAVS-ING. ***p < 0.001
{student’s f~test). The sequences in Fig 27 are GTTATCTCCTOTTCTGCAGOTOT (SEQ ID NG:
621y, GTTATCTCCTGCTCTGCAGCAGA (SEQ ID NO: 628), GATATCTCCTGTY
TCTGCAGGAGA (SEQ 1D NG: 629),

Fig. 28 shows oft-target activities of AAV9-iNG. The nuclectide frequency at the on-target
site of the four madx* mice at 10 months after treatment with AAVO-iNG. The desired edit at A*
is highlighted in green and the bystander C® edit in red. The sequence in Fig. 28 is
GITATCTCCTGTTCTGCAGOTGT (SEQ I NG 621

Figs. 29a-29¢ show off-target RNA editing activities in the mdx™ mouse hearts (10 weeks
and 10 months of age) induced by systemic delivery of AAV9-iNG. Fig. 2%a shows the number
of RNA SNVs in three AAV9-ING treated mouse hearts after filterning the RNA SNVs in three
control mouse hearts. Fig. 29b shows the A-to-1 editing rate of all RNA SNVs. Fig. 29¢ shows the
A-to-1 editing rate of the common RNA SNVs in the three AAVI-NG treated mouse hearts.

Figs. 30a-30b show 1ABE-NGA editing-mediated exon skipping of human DMD exon 55

in DMD-hPSC-derived cardiomyocytes. Fig. 30a shows Sanger sequencing showiog that 1ABE-
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NGA mediated effictent conversion of A to (3 at the splice acceptor site of human BMD exon 55,
Fig. 30b shows RT-PCR analysis showing that 1ABE-NGA editing led to skipping of exon 55 in
AEAZ-534 DMD-PSC-dertved cardiomyoeytes. The WT, AE48-54 (green arrow) and ES5S
skipped transcript {red arrow} were clearly discernable.

Figs. 31a-31c show 1ABE-NGA editing-rmuediated exon 7 wnchusion of human SMN2. Fig.
31a shows sequences of SMN1T and SMINZ exon 7 with the different nucleotides at position ©
highlighted 10 red. Two gRNAs were designed to edit A36 to G with the PAM highlighted 1o
purple. Fig. 31b shows RT-PCR analysis of Neuro-2a cells transfected with a SMINZ reporter gene
plus or minus the base editors and gRNAs. The exon 7 inclusion (FL) or exclusion (A7) transcripts
were measured. Fig. 31c shows quantification of the RT-PCR products. ##p<0.01, **#*p<0.0001;
ns, not significant when compared with the control group, using one-way ANOVA with Turkey
post  test.  The  seguences in  Fig. 3la  are GOTTTCAGACAAAATCA
AAAAGAAGGAAGGTGCTCACATTCCTTAAATTAAGGA (SEQ ID NO: 632), GGTTTT
AGACAAAATCAAAAAGAAGGAAGGTGCTCACATTCCTTAAATTAAGGA (SEQ ID NO:
633), GTGCTCACATTCCTTAAATTAAGG (SEQ ID NG: 634), gGCTCACATICCTTA
AATTAAGGA (SEQ ID NO: 635),

Figs. 32a-32¢ show the IABE-NGA editing of mouse Angpti3 (Fig. 32a), Apoc3 (Fig. 32b)
and Asgri (Fig. 32¢) in Neuro-2a cells. ¥*p<0.01; **#p<(.001; ****p<0.0001

DETAILED DESCRIPTION

Fusing the CRISPR-Cas® nickase with nuclecbase deaminases {e.g. cytidine or adenine
deaminase), a new paradigm-shifting class of genome editing technology, termed “base editors”,
have recently been developed. DNA base editors, via catalyzing the conversion of one base to
another, directly and precisely install point mutations into chromosomal DNA without making
DSBs. Therefore, base editing cau be developed as promising therapeutics to correct the genetic
diseases without DNA cleavage. In particular, the adenine base editors (ABEs) show remarkable
fidelity 10 mouse embryos and rice as compared to cytosine base editors (CBEs), waking them
highly attractive in therapeutic development. Moreover, nearly half of the point mutations causing
human diseases are G-to-A or C-to-T, highlighting the potential of ABEs in correcting a large
number of human diseases. In particular, 174 out of 508 pathogenie point mutations for BMD are
due to G:C to AT conversion {Table 5), which can be targeted by ABE editing.

/i vive base editing can correct a custom-made mouse model of Duchenne muscular
dystrophy (DMD), which carries a nonsense mutation in exon 20 with a classical 5°-TGG

protospacer adjacent motif (PAM) sequence o the noncoding strand tor recoguition by the Cas9
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from Streptococcus pyogenes (8pCas9). In silico analysis of the ClinVar database showed that
about 42.8% of the 53469 human disease-causing mutations can be potential targets for base
editing correction, however, the majority (~72.4%) of these potential targets cannot be suitable
for SpCas9 base editing due to the lack of the §7-NGG PAM sequence within the suitable distance
from the mutations. Several variants of SpCas9 have recently been engineered with relaxed PAM
{(such as xCas9-3.7, SpCas9-NG and ScCas9) and non-G PAM. These enzymes greatly increase
the target scope for correcting human mutations. However, theur performance to correct genetic
mutations in preclinical animal models remains to be determined. Here, the efficacy of correcting
a commonly used mouse model of DMD, mdy™ mice were explored, using NG-targeting base
editors.

The present disclosure provides fusion proteins, systems, and compositions for editing
disease~-associated mutations and uses thereof for treating a disease (for example, Duchenne
muscular dystrophy}.

Reference will now be made in detail to the ermnbodiments of the invention, examples of
which are illustrated in the drawings and the examples. This invention may, however, be embaodied
in many different forms and should not be construed as limited to the embodiments set forth
herein.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skili in the art to which this disciosure

belongs.

Terminology

Terms used throughout this application are to be construed with ordinary and typical
meaning to those of ordinary skill in the art. However, Applicant desires that the following terms
be given the particular definttion as defined below.

As used herein, the article “a,” “an,” and “the” means “at least one.” unless the context in
which the articie 15 used clearly indicates otherwise.

The term “comprising” and variations thereof as used herein is used synonymously with
the term “including” and variations thereof and are open, non-linuting terms. Although the terms
“comprising” and “including” have been used hergin to describe vartous embodiments, the terms
“consisting essentially of " and “consisting of” can be used in place of “compnsing” and
“inchading” to provide for more specific embodiments and are also disclosed.

As used herein, the terms “may,” “optionally.” and “may optionally” are used

interchangeably and are meant to include cases in which the condition occurs as well as cases 1o
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which the condition does not oceur. Thus, for example, the statement that a formulation “may
include an excipient” 1s meant to include cases in which the formulation includes an excipient as
well as cases in which the formulation does not include an excipient.

LA

The terms "about" and "approximately” are defined as being "'close to" as understood by
one of ordinary skill in the art. In one non-himiting embodiment, the terms are defined to be within
10%. In another non-limiting embodiment, the terms are defined to be within 5%. In stll ancther
nou-limiting ernbodiment, the terms are defined to be within 1 %

The term “Cas9” or “Cas9 nuclease” refers to an RNA-guided nuclease comprising a Cas®
protein, or a fragment thereof {(e.g., a protein comprising an active, nactive, or partially active
DNA cleavage domain of Cas9, and/or the gRNA binding domain of Cas9). A Cas9 nuclease is
also referred to sometimes as a casni nuclease or a CRISPR (clustered regularly interspaced short
palindromic repeat}-associated nuclease. CRISPR is an adaptive immune system that provides
protection against mobile genetic elements (viruses, transposable elements and comjugative
plasmids). CRISPR clusters contain spacers, sequences complementary to antecedent roobile
elements, and target invading nucleic acids. CRISPR clusters are transcribed and processed info
CRISPR RNA (crRNA). In type 1T CRISPR gysterns correct processing of pre~-crRNA requires a
trans-encoded small RNA (tractRNA), endogencus ribonuclease 3 {rnc) and a Cas? protein. The
tracrRNA serves as a guide for ribonuclease 3-aided processing of pre-crRNA. Subsequently,
Cas9/crRNA/tracrRNA  endonucieclvtically  cleaves linear or circular dsDNA  target
complementary to the spacer. The target strand not complementary to ¢rRNA is first cut
endonucleolytically, then trimmed 37-5" exonucleolytically. In nature, BNA-binding and cleavage
typically requires protein and both RNAs. However, single guide RNAs (“sgRNA”, or simply
“gNRA”} can be engineered so as to incorporate aspects of both the crRNA and tracrRNA into a
single RNA species. See, e.g., Jinek M., Chylinski K., Fonfara I, Hauver M., Doudna J. A,
Charpentier E. Science 337:816-821(2012), the entire contents of which 13 hereby incorporated
by reference. Cas9 recognizes a short motif in the CRISPR repeat sequences (the PAM or
protospacer adjacent motif) to help distinguish self versus non-self. Cas9 nuclease sequences and
structures are well known to those of skill in the art (see, e.g., “Complete genome sequence of an
M1 strain of Streptococcus pyogenes.” Ferretti et al | J. F, McShan W. M, Ajdic D J, Savic D
I, Savic G, Lyon K, Primeaux O, Sezate S, Suvorov A N, Kenton S, Lat H S, Lin S. P, (han
Y,HaH G, NajarF 2, Ren Q, Zhu H, Song L., White J, Yuan X, Clitton S. W., Roe B A |
McLaughlin R, E., Proc. Natl. Acad. Sci. U.S AL 98:4658-4663(2001); “CRISPR RNA maturation
by trans-encoded small RNA and host factor RNase 17 Delicheva E., Chylinski K, Sharma C.
M., Gonzales K, Chao Y, Pirzada Z. A, Eckert M. R, Vogel J., Charpeuntier E., Nature 471:602-
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607(2011), and “A programmable dual-RNA-guided DNA endonuclease tn adaptive bacterial
immunity.” Jinek M, Chylinsks K, Fonfara I, Haver M., Doudna J. A | Charpentier E. Science
337:816-821{2012}, the entire contents of each of which are incorporated herein by reference).
Cas9 orthologs have been described in various species, including, but not limited to, 8. pyvogenes
and S. thermophilus. Additional suitable Cas9 nucleases and sequences will be apparent to those
of skill in the art based on this disclosure, and such Cas9 mucleases and sequences include Cas®
sequences from the organisms and loct disclosed in Chylinsks, Rhun, and Charpeotier, “The
tractRNA and Cas9 families of type Il CRISPR-Cas immunity systems” (2013} RNA Bioclogy
10:5, 726-737; the entire contents of which are mmcorporated herein by reference. In some
embodiments, a CasY nuclease has an tnactive {e.g., an inactivated) DNA cleavage domain, that
is, the Cas9 is a nickase.

A "composition” 1s intended to include a combination of active agent and another
compound or composition, inert (for example, a fusion protein, nucleic acid, or virus) or active,
such as an adjuvant,

Dvstrophinopathies are a group of muscular dystrophies resulting from mutations in the
dystrophin gene, located on the short arm of the X chromosome in the Xp21 region (Kunkel et al.
1985; Monaco et al. 1985; Ray et al. 1985). Of these, “Duchenne muscular dystrophy” or “DMDY”
18 the most common dystrophinopathy resulting from complete absence of the dystrophin gene
product, the subsarcolemmal protein dystrophin (Hoffman et al. 1987a; Koenig et al. 1987,
Hoffman et al. 1988). While dystrophin deficiency can be a primary cause of DMD, multiple
secondary pathways are respounsible for the progression of muscle necrosis, abnormal fibrosis and
failure of regeneration that results in a progressively worsening chinical status. There 15 evidence
supporting oxidative radical damage to myofibers (Rando 2002), inflammation {Spencer and
Tidball 2001; Porter et al. 2002), abnormal calcium homeostasis {Allen 2010; Millay 2009),

~

myonuclear apoptosis {Rando 2001b; Sandri et al. 2001, Tews 2002}, abnormal fibrosis and
failure of regeneration {Rando 2001b; Berpasconi 1995}, (Melone 2000; Morrison 2000; Luz
2002). This body of hiterature has been validated by cross sectional genome- wide approaches that
allow an overall analysis of multiple defective mechanisms in DMD (Chen et al. 2000; Porter
2003). The main symptom of DMD is muscle weakness associated with muscle wasting first with
the voluntary muscles, e.g., the hips, pelvic area, thighs, shoulders, and calf muscles.

As used herein, the term “effective amount” refers to an amount of a composition necessary
or sutfictent to realize a desired biclogic effect. An effective amount of the composition would be
the amount that achieves a selected result, and such an amount could be determined as a matter of

routine experimentation by a person skilled 1n the art. For example, an effective amount of the
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composition could be that amount necessary for preventing, treating and/or ameliorating
Duchenne muscular dystrophy in a subject. The term is also synonymous with “sufficient amount.”

The term “subject” is defined herein to include animals such as mammals, including, but
not limited to, primates (e.g., humans}, cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice
and the like. In some erobodiments, the subject is a human.

3

"Pharmaceutically acceptable carnier” (sometimes referred to as a “carrier”) means a
carrier or excipient that is useful 1n preparing a pharmaceutical or therapeutic composition that is
generally safe and non-toxic, and includes a carrier that is acceptable for veterinary and/or human
pharmaceutical or therapeutic use. The terms "carrier” or "pharmaceutically acceptable carrier”
can include, but are not limited to, phosphate buffered saling solution, water, emulsions (such as
an otl/water or water/oil emulsion} and/or various types of wetting agents.

As used herein, the term “carrier” encompasses any excipient, diluent, filler, salt, butfer,
stabilizer, solubilizer, lipid, stabilizer, or other material well known in the art for use in
pharmaceutical formulations. The chotce of a carrier for use in a composition will depend upon
the intended route of administration for the composition. The preparation of pharmaceutically
acceptable carriers and formulations containing these materials 1s described in, e.g., Remingion's
Pharmaceutical Sciences, 21st Edition, ed. University of the Sciences in Philadelphia, Lippincott,
Williams & Willans, Philadelphia, PA, 2005, Examples of physiologically acceptable carriers
include saline, glycerol, DMSQO, buffers such as phosphate buffers, citrate buffer, and buffers with
other organic acids; antioxidants including ascorbic acid; low molecular weight (less than about
10 residues} polypeptides; proteins, such as serum albumin, gelatin, or immusoglobulins,
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparaging, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextrins; chelating agents such as EDTA; sugar alechols such as mannitol
or sorbitol; sali-forming counterions such as sodium; and/or nonionic surfactants such as
TWEEN™ (ICI, Inc.; Bridgewater, New Jersey), polyethylene glycol (PEG), and
PLURONICS™ (BASF: Florham Park, NJ). To provide for the administration of such dosages
for the destred therapeutic treatment, compositions disclosed herein can advantagecusly comprise
between about 0.1% and 99% by weight of the total of one or more of the subject compounds
based on the weight of the total composition including carrier or diluent.

A gRNA 15 a component of the CRISPR/Cas system. A “gRNA” {guide ribonucleic acid)
herein refers to a fusion of a CRISPR-targeting RNA (crRNA} and a traps-activation crRNA
{(tractRNA}, providing both targeting specificity and scaffolding/binding ability for Cas9 nuclease.

A “crRNA” is a bacterial RNA that confers target specificity and requires tractRNA to bind to
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Cas9. A “tractRNA” 1s a bacterial RNA that links the erRNA to the Cas9 nuclease and typically
can bind any ¢rRNA. The sequence specificity of a Cas DNA-binding protein is determined by
gRNAs, which have nucleotide base-pairing complementarity to target DNA sequences. The
native gRNA comprises a Specificity Determining Sequence {SDS), which specifies the DNA
sequence to be targeted. At least a portion of the target DNA sequence is complementary to the
SDS of the gRNA. For Cas9 to successfully bind to the DNA target sequence, a region of the
target sequence is complementary to the SDS of the gRNA sequence and is immediately followed
by the correct protospacer adjacent motif (PAM) sequence {e.g., NGG or NG for Cas9 used herein).
In some embodiments, an SDS is 100% complementary to its target sequence. In some
embodiments, the SDS sequence is less than 100% complementary to its target sequence and 1s,
thus, considered to be partially complementary to its target sequence. For example, a targeting
sequence may be 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% complementary to
its target sequence.

The term “linker,” as used herein, refers to a chemical group or a molecule hnking two
molecules or moieties, e.g., two domains of a fusion protein, such as, for example, a Cas9® domain
and a nucleic acid editing domain (e.g., a deaminase dornain}. In some emnbodiruents, a linker joins
a gRNA binding domain of an RNA-programmable nuclease, including a Cas9 nuclease domain,
and the catalytic domain of a nucleic acid editing protein. In some embodiments, a linker joins a
Cas? and a nucleic acid editing protein. Typically, the linker is positioned between, or flanked by,
two groups, molecules, or other moieties and connected to each one via a covalent bond, thus
connecting the two. In some embodiments, the linker is an amino acid or a plurality of amino acids
{e.g, a peptide or protein}. In some embodiments, the linker 1s an organic molecule, group,
polymer, or chemical moiety. In some embodiments, the linker is 5-100 amino acids in length, for
example, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 30-35, 35-40, 40-45, 45-50, 50-60, 60-70, 70-80, 80-90, 90-100, 100-150, or 150-200 amino
acids in length. Longer or shorter linkers are also contemplated.

The term “mutation,” as used herein, refers to a substitution of a residue within a sequence,
e.g., a nucleic acid or amino acid sequence, with another residue, or a deletion or insertion of one
or more residues within a sequence. Mutations are typically described herein by identifying the
original residue followed by the position of the residue within the sequence and by the identity of
the newly substituted residue. Various methods tor making the amino acid substitutions
{mutations) provided herein are well known 1n the art, and are provided by, for example, Green
and Sambrook, Molecular Cloning: A Laboratory Manual (4th ed., Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, NY. (2012}

14



L

10

5

[ o]
(¥

WO 2021/163492 PCT/US2021/017868

The term “nickase” as used herein, refers to a nuclease that cleaves only a single DNA
strand, either due to its natural function or because it has been engineered to cleave only a single
DINA strand. hinek et al., “A programmable dual-RNA-gutded DNA endonuclease in adaptive
bacterial immunity” Science 337(6096):816-821 (2012) and Cong et al. Multiplex genome
engioeering using CRISPR/Cas systems” Science 339(6121):819-823 (2013).

The term “nucleic acid editing domain,” as used herein refers to a protein or enzyme
capable of making one or more modifications {e.g., deamination of a cytidine residue} to a nucleic
acid {e.g., DNA or RNA)}. Exemplary nucleic acid editing domains include, but are not limited to
a deaminase, a nuclease, a nickase, a recombinase, a methyltransferase, a methylase, an acetylase,
an acetyltransferase, a transcriptional activator, or a iranscriptional repressor domain. In some
embodiments the nucleic acid editing domain comprises a deaminase {e.g , a cytidine deaminase
or an adenine deaminase}.

An “aderune deaminase” 1s an enzyme involved in purine metabolism. It 18 needed for the
breakdown of adenosine from food and for the turnover of nucleic acids 1 tissues. lis primary
function in humans is the development and maintenance of the immune system. An adenine
dearvinase catalyzes hydrolytic deamination of adenosine (forming inosine, which base pairs as
(3} in the context of DNA.

The term “recombinant” as used herein in the context of proteins or nucleic acids refers to
proteins or nucleic acids that do not occur in nature, but are the product of human engineering.
For example, in some embodiments, a recombinant protein or nucleic acid molecule comprises an
amino acid or nucleotide sequence that comprises at least one, at least two, at least three, at least
four, at least five, at least six, or at least seven mutations as compared to any naturally occurring
sequence.

As used herein, the terms “treating” or “treatment” of a subject includes the administration
of a drug to a subject with the purpose of curing, healing, alleviating, relieving, altering,
remedying, ameliorating, improving, stabilizing or affecting a disease or disorder, or a symptom
of a disease ot disorder. The terms “treating” and “treatroent” can also refer to reduction in severity
and/or frequency of symptoms, elimination of symptoms and/or underlying cause, and
improvement or remediation of damage. For example, Duchenne muscular dystrophy, may result
in e.g., a slowing of muscle degeneration, decreased fatigue, increased muscle strength, reduced
blood levels of creatine kinase {CK), decreased difficulty with motor skills, decreased muscle
fiber deformities, decreased inflammation or fibrotic tissue infiltration in the muscle, stabilization

of the progression of the disease (e g., by halting progressive muscle weakness) etc.
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“Therapeutically effective amount” or “therapeutically effective dose”™ of a composition
{e.g. a fusion protein, a nucleic acid, or virus) refers to an amount that is effective to achieve a
desired therapeutic result. In some embodiments, a desired therapeutic result is the prevention of
Duchenne muscular dystrophy. In some embodiments, a desired therapeutic result is the treatment
of Duchenne muscular dystrophy. Therapeutically effective arnounts of a given therapeutic agent
will typically vary with respect to factors such as the type and severity of the disorder or disease
being treated and the age, gender, and weight of the subject. The term can also refer to an amount
of a therapeutic agent, or a rate of delivery of a therapeutic agent {(e.¢., amount over time), effective
to facilitate a desired therapeutic effect, such as coughing relief. The precise desired therapeutic
effect will vary according to the condition to be treated, the tolerance of the subject, the agent
and/or agent formulation to be administered (e.g., the potency of the therapeutic agent, the
concentration of agent in the formulation, and the like), and a variety of other factors that are
appreciated by those of ordinary skill in the art. In some instances, a desired biological or medical
response 18 achieved following administration of multiple dosages of the composition o the
subject over a period of days, weeks, or years.

A "vector” 1s a composition of matter which comprises an isolated nucleic acid and which
can be used to deliver the isolated nucleic acid to the interior of a cell. Numerous vectors are
known in the art including, but not limited to, linear polynucleotides, polynucleotides associated
with ionic or amphiphilic compounds, plasmids, and viruses. Thus, the term "vector" includes an
autonomousty replicating plasmid or a virus. The term should also be construed to include non-
plasmid and non-viral compounds which facilitate transfer of nucleic acid into cells, such as, for
example, polylvsine compounds, lposomes, and the like. Examples of viral vectors include, but
are not limited to, lentiviral vectors, adenoviral vectors, adenc-associated virus vectors, retroviral
vectors, and the like.

An “adeno-associated virus” or “AAV” 13 a virus which wnfects humans and some other
primate species. The wild-type AAV genome is a single-stranded deoxyribonucleic acid (ssDNA),
either positive~ or negative-sensed. The genome comprises two inverted terminal repeats (FTRs),
one at each end of the DNA strand, and two open reading frames (ORFs): rep and cap between
the ITRs. The rep ORF comprises four overlapping genes encoding Rep proteins required for the
AAV life cycle. The cap ORF comprises overlapping genes encoding capsid proteins: VP1, VP2
and VP3, which interact together to form the viral capsid. VP, VP2 and VP3 are translated from
one mRNA transcript, which can be spliced in two different manners: either a fonger or shorter
intron can be excised resulting in the formation of two 1soforms of mRNAs: a ~23 kb-and a ~2.6

kb-long mRNA isoform. The capsid forms a supramolecular assembly of approximately 60

16



L

10

5

[ o]
(¥

WO 2021/163492 PCT/US2021/017868
individual capsid protein subunits into a non-enveloped, T-1 icosahedral lattice capable of
protecting the AAV genome. The mature capsid is composed of VP1, VP2, and VP3 (molecular
masses of approximately 87, 73, and 62 kDa respectively) in a ratio of about 1:1:10.

The term "mucleic acid” as used herein means a polymer composed of nucleotides, e.g.
deoxyribonucleotides or ribonucieotides.

The terms "ribonucleic acid" and "RNA" as used herein mean a polymer composed of
sibonucleotides.

The terms "deoxyribonucleic acid” and "DNA" as used herein mean a polymer composed
of deoxyribonucleotides.

The term "oligonucleotide” denotes single- or double-stranded nuclectide multimers of
from about 2 to up to about 100 nucleotides in length. Suitable oligonucleotides may be prepared
by the phosphoramidite method described by Beaucage and Carruthers, Tefrahedron Lest, 22
1859-1862 (1981), or by the triester method according to Matteucct, et al, J. dm. Chem. Soc.,
103:3185 (1981), both incorporated herein by reference, or by other chernical methods using either
a commercial automated oligonucleotide synthesizer or VLSIPSTM technology. When
oligonucleotides are referred to as "double-stranded,” it 15 understood by those of skill in the art
that a pair of oligonucleotides exist in a hydrogen-bonded, helical array typically associated with,
for example, DNA. In addition to the 100% complementary form of double-stranded
oligonucleotides, the term "double-stranded,” as used herein is also meant to refer o those forms
which include such structural features as bulges and loops, described more fully in such
biochemistry texts as Stryer, Biochemiswry, Thud Ed., (1988), incorporated herein by reference
for all purposes.

The term "polynuciectide” refers to a single or double stranded polymer composed of
nuclectide monomers.

The term "polypeptide” refers to a compound made up of a single chain of D- or L-amino
acids or a mixture of D- and L-amino acids joined by peptide bonds.

The terms “identical” or percent “identity,” tn the context of two or more nucleic acids or
polypeptide sequences, refer to two or more sequences or subsequences that are the same or have
a specified percentage of amino acid residues or nucleotides that are the same (1.¢,, about 60%
identity, preferably 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, T1%, 72%, 73%,
T4%, 75%, 76%, T7%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, §5%, 86%, 87%, 88%, 89%, 90%,
1%, 92%, 93%,94%, 95%, 96%, 97%, 98%, 99% or higher identity over a specified region when
compared and aligned for maximum correspondence over a comparnson window or designated

region) as measured using a BLAST or BLAST 2.0 sequence cornparison algorithms with default
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parameters described below, or by manual alignment and visual inspection (see, e.g., NCBI web
site or the like). Such sequences are then said to be “substantially identical.” This definition also
refers to, or may be applied to, the compliment of a test sequence. The definition also 1ncludes
sequences that have deletions and/or additions, as well as those that have substitutions. As
described below, the preferred algorithms can account for gaps and the like Preferably, identity
exists over a region that is at least about 10 amino acids or 20 muclectides in length, or more
preferably over a region that 1s 10-50 amino acids or 20-50 nucleotides 1u length. As used herein,
percent (7o) nucleotide sequence identity is defined as the percentage of amino acids in a candidate
sequence that are identical to the nucleotides in a reference sequence, after aligning the sequences
and introducing gaps, if necessary, to achieve the maximum percent sequence identity. Alignment
for purposes of determining percent sequence identity can be achieved 1n various ways that are
within the skill in the art, for instance, using publicly available computer software such as BLAKT,
BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR) software. Appropriate parameters for
measuring alignment, including any algorithros needed to achieve maximal alignment over the
full-length of the sequences being compared can be determined by known methods.

For sequence comparisons, typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence comparison algorithm, test and reference
sequences are entered into a computer, subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. Preferably, default program parameters
can be used, or alternative parameters can be designated. The sequence comparison algorithm then
calculates the percent sequence identities for the test sequences relative o the reference sequence,
based on the program parameters.

One example of an algorithm that s suttable for determining percent sequence identity and
sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in Altschul
et al. (1977) Nuc. Acids Res. 25:3389-3402, and Altschul et al. (1990} J. Mol il 215:403-410,
respectively. Software for performing BLAST analyses is publicly available through the National
Ceunter for Biotechnology Information (www.nchinlm nwh.gov). This algorithm involves first
identifying high scoring sequence pairs (HSPs) by identifving short words of length W in the
query sequence, which either match or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database sequence. T is referred to as the neighborhood
word score threshold (Altschul et al. (1990 J Mol Biol 215:403-410). These initial
neighborhood word hits act as seeds for initiating searches to find fonger HSPs containing them.
The word hits are extended in both directions along each sequence for as far as the cumulative

alignment score can be increased. Cumulative scores are calculated using, for unucleotide
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sequences, the parameters M (reward score for a pair of matching residues; always >0) and N
{penalty score for mismatching residues; always <0}, For amino acid sequences, a scoring matrix
is used to calculate the cumulative score. Extension of the word hits in each direction are halted
when: the cumulative alignment score falls off by the quantity X from its maximum achieved
value; the cumulative score goes to zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of either sequence is reached. The BLAST
algorithm parameters W, T, and X deternune the sensitivity and speed of the alignment. The
BLASTN program (for nuclectide sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) or 10, M=5, N=—4 and a comparison of both strands. For amino acid sequences,
the BLASTP program uses as defaults a wordlength of 3, and expeciation (E} of 10, and the
BLOSUMG2 scoring matrix {(see Henikoff and Henikoff (1989) Froc. Na#l Acad. Sci. USA
&9:10915) alignments (B) of 50, expectation (E} of 10, M=35, N=-4, and a comparison of both
strands.

The BLAST algorithm also performs a statistical analysis of the stnularity between two
sequences {see, e.g., Karlin and Altschul (1993) Proc. Natl. Acad Sci. USA 90:5873-5787}. One
measure of similarity provided by the BLAST algorithm is the smallest sum probability (P(N}),
which provides an indication of the probability by which a match between two nucleotide or amino
acid sequences would cccur by chance. For example, a nucleic acid is considered simtlar to a
reference sequence if the smallest sum probability in a comparison of the test nucleic acid to the
reference nucleic acid 1s less than about 0.2, more preferably less than about 0.01.

The term “increased” or “increase” as used herein generally means an increase by a
statically significant amount; for the avoidance of any doubt, “increased” means an increase of at
feast 10% as compared to a reference level, for example an increase of at igast about 20%, or at
least about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least
about 70%, or at teast about 80%, or at least about 90% or up to and including a 100% wncrease or
any increase between 10-100% as compared to a reference level, or at least about a 2-fold, or at
feast about a 3-told, or at least about a 4-fold, or at least about a 5-fold or at feast about a 10-fold
increase, of any increase between 2-fold and 10-fold or greater as compared to a reference level.

The term “reduced”, “reduce”, “reduction”, or “decrease” as used herein generally means
a decrease by a statistically significant amount. However, for avoidance of doubt, “reduced”
means a decrease by at least 10% as compared to a reference level, for example a decrease by at
feast about 20%, or at least about 30%, or at least about 40%, or at least about 50%, or at least

about 60%, or at least about 70%, or at least about 80%, or at least about 90% or up to and
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including a 100% decrease (i ¢. absent level as compared to a reference sample}, or any decrease
between 10-100% as compared to a reference level.

Throughout this application, various publications are referenced. The disclosures of these
publications in their entireties are hereby incorporated by reference into this application in order
to more fully describe the state of the art to which this pertains. The references disclosed are also
individually and specifically incorporated by reference herein for the material contained in them

that 1s discussed in the sentence in which the reference is relied upon.

Compositions

in some aspects, disclosed herein is a fusion protein comprising a Cas9 nickase and a
nucleotide deaminase, wherein the Cas9 nickase comprises g first amino acid substitution at a
position selected from the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when
compared to SEQ ID NO: 11, and wherein the Cas9 nickase comprises a second amino acid
substitution at a position selected from the group consisting of 1111, 1135, 1218, 1219, 1322,
1335, and 1337 when compared to SEQ 1D NO: 11, In some embodiments, the Cas? nickase and
the nucleotide dearninase are operably linked.

In some embodiments, the first amine acid substitution is selected from the group
consisting of A262T, R3241, 54091, E480K, E543D, MoS4l, and E1219V when compared to
SEG ID NO: 11 In some embodiments, the second amino acid substitution is selected from the
group consisting of L1111R, D1135V, GI218R, E1219F, A1322R, R1335V, R13350Q, R1335E,
and T1337R when compared to SEQ ID NO: 11

In some embodiments, the fusion protein comprises a Cas9 nickase fused to a deaminase
and further fused to a Uracil BNA glycosylase inhibitor (UG domain.

In some embodiments, the Cas9 nickase comprises an amino acid sequence at least 80%
identity (at least 80%, at teast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
8%, at least 99%, or at least 99.5%) to the amino acid sequence selected from the group
consisting of SEQ ID NQOs: 12-20. In some embodiments, the Cas9 nickase comprises the amino
acid sequence selected from the group consisting of SEQ ID NQOs: 12-20.

In some embodiments, the Cas9 nickase when in conjunction with a bound guide RNA
{gRNA} specifically binds to a target nucleic acid sequence.

In some embodiments, the Cas9® nmickase recognizes a NG protospacer adjacent motif
{PAM} sequence.

In some embodiments, the nuclectide deaminase is a cyvtidine deaminase or an adenine

dearvinase. In some embodiments, the nucleotide dearvinase is a cytidive deaminase. In some
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embodiments, the nucleotide deaminase is an adenine deaminase. In some embodiments, the
adenine deaminase 18 a dimeric adenine deaminase or a monomeric adenine deaminase domain,
In some embodiments, the dimeric adenine deaminase comprises an amino acid sequence at least
80% identity {at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or at least 99.5%) to SEQ ID NOs: 22, In some embodiments, the
monomeric adenine deaminase comprises an amino acid sequence at least 80% identity {(at least
80%, at least 83%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or at least 99.5%) to SEQ D NQGs: 23 In some embodiments, the monomeric adenine
deanunase comprises amino acid substitutions AS6G and V82G when compared to SEQ ID NO:
47. In some embodiments, the adenine deaminase comprises the amino acid sequence set forth in
SEQ ID NO: 22 or 23,

In some embodiments, the adenine deaminase is encoded by a nucleotide sequence at least
80% 1dentity {at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
feast 98%%, at least 99%, or at least 99.5%) to SEQ ID NGO: 41 or 42, In some embodiments, the
adenine deaminase is encoded by the nuclectide sequence as set forth in SEQ ID NO: 41 or 42

In some embodiments, the Cas9 nickase comprising the monomeric adenine deaminase
domain has a lower off-target RNA editing activity than a Cas® nickase comprising a dimeric
adenine deaminase domain {(e.g., at least 10% lower, at least 20% lower, at least 30% lower, at
feast 40% lower, at least 50% lower, at least 60% lower, at least 70% lower, at least 80% lower,
at least 90% lower, at least 95% lower, at least 99% lower, or at least 2 times lower, at least 3
times lower, at least 4 times fower, at least 5 times lower, at least 6 times lower, at least 7 times
tower, at least 8 imes lower, at least © imes lower, at least 10 times lower, at least 20 times lower,
at least 50 times Jower, at least 100 times lower, at least 150 times lower, at time 200 times lower,
at least 500 times lower, or at least 1000 times lower).

In sorme aspects, disclosed herein 18 a construct comprising a nucleotide sequence encoding
the fusion protein of any preceding aspect. In some embodiments, the construct further comprises
a promoter operably linked to the nuclectide sequence, wherein the promoter is a CMV promoter.
Accordingly, in some embodiments, the nuclestide sequence of any preceding aspect is at least
80% identity {at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or at least 99.5%) to SEQ ID NG 1 or SEQ 1D NO: 2.

In some aspects, disclosed herein 15 a system for base editing comprising:

a first nucleotide sequence encoding a N-terminal portion of a Cas9 nickase fused at its C-

terminus to an intein-N; and
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a second nucleotide sequence encoding an intein-C fused to the N-terminus of a C-terminal
portion of the Cas9 nickase;

wherein the first nucleotide sequence further comprises a nuclieoctide sequence encoding a
nucleotide deaminase fused to the N-terminus of the N-terminal portion of the Cas9 nickase,

wherein the Cas9 nickase comprises a first amino acid substitution at a position selected from
the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when compared to SEQ ID NQO:
11, and

wherein the Cas9 nickase comprises a second amino acid substitution at a position selected
from the group consisting of 1111, 1135, 1218, 1219, 1322, 1335, and 1337 when compared to
SEQ ID NG: 11

In some embodiments, the Cas9 nickase comprises an amino acid sequence at least 80%
identity (at least 80%, at feast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or at least 99.5%) to the amino acid sequence selected from the group
consisting of SEQ ID NQOs: 12-20. In some embodiments, the Cas9 nickase comprises the amino
acid sequence selected from the group consisting of SEQ ID NQOs: 12-20.

Accordingly, in some embodiments, the Cas9 nickase 1s encoded by a nucleotide sequence
at least 80% identity {at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
7%, at least 98%, at least 99%, or at least 99 5% to the nucleotide sequence selected from the
group consisting of SEQ ID NOs: 31-39. In some embodiments, the Cas? nickase is encoded by
a nucleotide sequence selected from the group consisting of SEQ 1D NQOs: 31-39,

In some embodiments, the N-terminal portion of the Cas9 nickase comprises the amino
acid positions 2-560, 2-361, 2-562, 2-563, 2-564, 2-565, 2-566, 2-567, 2-368, 2-569, 2-570, 2~
871, 2-572,2-873, 2-574, 2-575, 2~

W
3
&
2
()
~
~3
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]

578, 2-579, or 2-580 of the amino acid sequence
selected from the group consisting of SEQ 1D NOs: 12-20. In some embodiments, the C-ternunal
pottion of the Cas9 nickase comprises the amino acid positions 574-1368 of the amino acid
sequence selected from the group consisting of SEQ 1D NQGs: 12-20.

An “iutein” 18 a segment of a protein that is able to excise itself and join the remaining
portions {the exteins} with a peptide bond in a process known as protein splicing. Inteins are also
referred to as “protein introns.” The process of an intein excising itself and joining the remaining
portions of the protein s herein termed “protein splicing” or “intein~-mediated protein splicing”
In sorme embodiments, an intein of a precursor protein {an intein containing protein prior to intein-
mediated protein splicing) comes from two genes. Such intein is referred to herein as a split intein.

The inteins used herein can be, for example, Npu DnakE intein, Cta DnaF intein or pgd -1 intein.

[\
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The intein encoded by the Dnaki-n gene is herein referred as “intein-N.” The intein encoded by
the Dnal-c gene 1s herein referred as “intein-C.”

Other intein systems may also be used. For example, a synthetic intein based on the dnalE
intein, the Cfa-N and Cfa-C intein pair, has been described (e.g., in Stevens et al , J Am Chem
Soc. 2016 Feb. 24; 138(7):2162-5, incorporated herein by reference). Noo-humiting examples of
intein pairs that may be used in accordance with the present disclosure include: Ssp GyrB intein,
Ssp DnaX intein, Ter Dnal3 intein, Ter Thy X tutein, Rima DnaB intein and Coe Prp8 intein {e.g,,
as described in U.S. Pat. No. 8,394,604, incorporated herein by reference.

In some embodiments, the intein-N is a Cfa intein-N or a gp41-1 intein-N. Accordingly,
in some embodiments, the intein-N comprises the amino acid sequence of SEQ D NO: 24 or 26.
In some embodiments, the intein-N is encoded by the nucleotide sequence of SEQ ID NG 43 or
45. Accordingly, the first nuclectide sequence of any preceding aspects comprises SEQ 1D NO:
43 or 45,

o some embodiments, the ntein-C is a Cla wtein-C or a gp41-1 intein-C. Accordingly, in
some embaodiments, the intein-C comprises the amino acid sequence of SEQ IR NO: 250r 27 In
some embodiments, the intein-C 1s encoded by the nucleotide sequence of SEQ ID NO: 44 or 46,
Accordingly, the second nucleotide sequence of any preceding aspects comprises SEQ D NO: 44
or 46,

In some embodiments, the first nuclectide sequence or the second nucleotide sequence
further comprises a nuclectide encoding a guide RNA (gRNA}

In some embodiments, the first nucleotide sequence comprises an N terminal portion of
SEQ ID NO: lor 2. In some embodiments, the first nucleotide comprises a portion of SEQ 1D NO:
tor2

In some embodiments, the second nucleotide sequence comprises a C terminal portion of
SEQ ID NO: tor 2. o some emnbodiments, the second nucleotide comprises a portion of SEQ ID
NO: o2

In some aspects, disclosed herein is a composition comprising:

a first recombinant viral particle comprising a first nuclectide sequence encoding a N-terminal
portion of a Cas9 nickase fused at its C-terminus to an intein-N; and

a second recombinant viral particle comprising a second nuclectide sequence encoding an
intein-C fused to the N-terminus of a C-terminal portion of the Cas9 nickase;

whergin the first nucleotide sequence further comprises a nucleotide sequence encoding a

nucleotide deaminase fused to the N-terminus of the N-terminal portion of the Cas9 nickase,
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wherein the Cas9 nickase comprises a first amino acid substitution at a position selected from
the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when compared to SEQ ID NO:
11, and

wherein the Cas9 nickase comprises a second amino acid substitution at a position selected
from the group consisting of 1111, 1135, 1218, 1219, 1322, 1333, and 1337 when compared to
SEQIDNO: 11

In some embodiments, the Cas9 nickase comprises an amino acid sequence at least 80%
identity (at least 80%, at feast 85%, at least 30%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or at least 99.5%) to the amino acid sequence selected from the group
consisting of SEQ ID NQOs: 12-20. In some embodiments, the Cas? nickase comprises the amino
actd sequence selected from the group consisting of SEQ ID NQOs: 12-20.

Accordingly, in some embodiments, the Cas9 nickase is encoded by a nucleotide sequence
at least 80% identity {at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
7%, at least 98%, at least 99%, or at least 99.5%) to the nucleotide sequence selected from the
group consisting of SEQ ID NOs: 31-39. In some embodiments, the Cas? nickase is encoded by
a nucleotide sequence selected from the group consisting of SEQ 1D NQOs: 31-39.

In some embodiments, the N-terminal portion of the Cas? nickase comprises the amino
acid positions 2-560, 2-361, 2-562, 2-563, 2-564, 2-565, 2-566, 2-567, 2-368, 2-569, 2-570, 2~
571, 2-5372, 2-573, 2-574, 2-575, 2-576, 2-577

k2 2

2-578, 2-579, or 2-580 of the amino acid sequence
selected from the group consisting of SEQ 1D NOs: 12-20. In some embodiments, the C-ternunal
portion of the Cas9 nickase comprises the amino acid positions 574-1368 of the amino acid
sequence selected from the group consisting of SEQ 1D NOs: 12-20.

in some embodiments, the intein-N 1s a Cfa intetn-N or a gp41-1 intein-N. Accordingly,
in some embodiments, the intein-N comprises the amino acid sequence of SEQ ID NG: 24 or 26
In some embodiments, the intein-N is encoded by the nucleotide sequence of SEQ ID NG: 43 or
45. Accordingly, the first nuclectide sequence of any preceding aspects comprises SEQ D NO:
43 or 45,
some embodiments, the intein-C comprises the amino acid sequence of SEQIDNO: 25 0r 27 In
some embodiments, the intein-C 1s encoded by the nuclectide sequence of SEQ D NO: 44 or 46,
Accordingly, the second nucleotide sequence of any preceding aspects comprises SEQ ID NO: 44
or 46.

A number of viral based systems have been developed for gene transfer into mammalian

cells. For example, retroviruses provide a convenient platform for gene delivery systems. A
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selected gene can be tnserted into a vector and packaged in retroviral particles using technigues
known in the art. The recombinant virus can then be 1solated and delivered to cells of the subject
either in vivo or ex vivo. A number of retroviral systems are known in the art. In some
embodiments, adenovirus vectors are used. A number of adenovirus vectors are known in the art.
In one ersbodiment, lentivirus vectors are used

AAYV is a preferred vector because it can infect many cell types and is nonpathogenic to
humans., AAV type vectors can transpott about 4 to S kb and wild type AAV 1s known to stably
insert into chromosome 19. Vectors which contain this site-specific integration property are
preferred.  In some embodiments, the AAV vector of any preceding aspect further a herpes
simplex virus thymidine kinase gene, HSV-tk, and/or a marker gene, such as the gene encoding
the green fluorescent protein, GFP.

Accordingly, in some aspects, disclosed herein ts a composifion comprising:

a first recombinant adenc-associated virus (AAV) particle comprising a first nucleotide
sequence encoding a N-terminal portion of a Cas9 nickase fused at tts C-terminus to an intein-N;
and

a second recornbivant AAV particle comprising a second nucleotide sequence encoding
an intein-C fused to the N~terminus of a C-terminal portion of the Cas? nickase;

wherein the first nucleotide sequence further comprises a nucleotide sequence encoding a
nucleotide deaminase fused to the N-terminus of the N-terminal portion of the Cas® nickase,

wherein the Cas? nickase comprises a first amino acid substitution at a position selected
from the group consisting of 262, 324, 409, 4380, 543, 694, and 1219 when compared to SEQ I
NG: i1, and

wherein the Cas9 nickase comprises a second amine acid substitution at a position selected
from the group consisting of 1111, 1135, 1218 1219, 1322, 1335, and 1337 when compared to
SEQID NG 11

In some embodiments, the AAV contains a pair of inverted terminal repeats (ITRs) which
flank at least one cassette containing a promoter which directs cell-specific expression operably
linked to a heterclogous gene. Heterologous in this context refers to any nucleotide sequence or
gene which is not native to the AAV or B19 parvovirus. Typically the AAV and B19 coding

regions have been deleted, resulting in a safe, noncviotoxic vector. The AAV ITRs, or

2
modifications thereof, confer infectivity and site-specific integration. United states Patent No.
6,261,834 is herein incorporated by reference for material related to the AAV vector,

The inserted genes in viral and retroviral usually contain promoters, and/or enhancers to

help control the expression of the desited gene product. A promoter 18 generally a sequence or
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sequences of BNA that function when in a relatively fixed location in regard to the transcription
start site. A promoter contains core elements required for basic interaction of RNA polymerase
and transcription factors, and may contatn upstream elements and response elements. The spacing
between promoter elements frequently is flexible, so that promoter function is preserved when
elements are wverted or moved relative to one another. Depending on the promoter, it appears
that individual elements can function either cooperatively or independently to activate
transcription.

The term "promoter” as used herein is defined as a DNA sequence recognized by the
synthetic machinery of the cell, or introduced synthetic machinery, required to initiate the specific
transcription of a polynucleotide sequence. One example of a suttable promoter is the immediate
garly cytomegalovirus (CMV) promoter sequence. This promoter sequence 18 a strong constitutive
promoter sequence capable of driving high levels of expression of any polynuclectide sequence
operatively linked thereto. Another example of a suitable promoter 1s Elongation Growth Factor -
1 alpha (EF-10). However, other promoter sequences may also be used, including, but not liroited
to the simian virus 40 {(SV40), early promoter, mouse mammary tumor virus (MMTV}, human
imrmunodeficiency vitus (HIV) long termoinal repeat (LTR) promoter, MoMuLV promoter, PGK-
1 promoter, an avian leukemia virus promoter, an Epstein-Barr virus immediate early promoter, a
Rous sarcoma virus promoter, as well as human gene promoters such as, but not limited to, the
actin promoter, the myosin promoter, the hemoglobin promoter, and the creatine kinase promoter
as well as synthetic protein, such as a CAG promoter. Further, the invention should not be limited
to the use of constitutive promoters, inducible promoters are also contemplated as part of the
invention. The use of an inducible promoter provides a molecular switch capable of turning on
expression of the polynucleotide sequence which it is operatively linked when such expression is
desired, or turning off the expression when expression is not desired. In some embodiments, the
AAY of any preceding aspect comprises a constitutive promoter or a muscle tissue specific
promoter, e.g., a muscie-specific MHP 1 promoter.

o some embodiments, the promoter is a CMV promoter. In some embodiments, the CMV
promoter comprises the nuclectide sequence of SEQ ID NO: 28 Accordingly, in some
embodiments, the first recombinant adeno-associated virus (AAV) particle of any preceding
aspect comprises a first nucleotide sequence that is at least 30% identity (at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least
99 5% to SEQ B NO. 3 or SEQ 1D NO: 5, wherein the second recombinant adeno-associated

virus {AAV) particle of any preceding aspect comprises a first nucleotide sequence that is at least
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80% tdentity {at least B0%, at least 85%, at least 0%, at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99%, or at least 99.5%) to SEQ D NG: 4 or SEQ ID NO: 6.
In some embodiments, the promoter is a MHP1 promoter. In some embodiments, the
MHP1 promoter comprises the nucleotide sequence of SE(Q ID NO: 29, Accordingly, in some
embodiments, the first recombinant adeno-associated virus (AAV) particle of any preceding
aspect comprises a first nucleotide sequence that is at ieast 80% identity {(at least 80%, at least
85%, at least 90%, at least 95%, at feast 96%, at least 97%, at least 98%, at least 99%, or at least
99 5% to SEQ 1D NO: 7, wherein the second recombinant adeno-associated virus (AAV) particle
of any preceding aspect corprises a first nucleotide sequence that is at least 80% identity (at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at ieast 97%, at least 98%, at least
99%, or at least 99.5%) to SEQ ID NO: 8.
In some embodiments, viral vector is a lentivirus vector. Accordingly, disclosed herein is
a composition comprising:
a first recormbinant lentivirus particle comprising a first nucleotide sequence encoding a N-
terminal portion of a Cas? nickase fused at its C-terminus to an intein-N; and
a second recombinant lentivirus particle comprising a second nucleotide sequence encoding
an intein-C fused to the N-terminus of a C-terminal portion of the Cas® nickase;
wherein first nucleotide sequence further comprises a nucleotide sequence encoding a
nucleotide deaminase fused to the N-terminus of the N-terminal portion of the Cas® nickase,
wherein the Cas9 nickase comprises a first amino acid substitution at a position selected from
the group consisting of 202, 324, 409, 480, 543, 694, and 1219 when compared to SEQ 3 NO:
11, and
whergin the Cas9 nickase comprises a second amino acid substitution at a position selected
from the group consisting of 1111, 1135, 1218 1219, 1322, 1335, and 1337 when compared to
SEQID NG 11
Methods of introducing and expressing genes into a cell are known in the art. In the context
of an expression vector, the vector can be readily introduced into a host cell, e g, mammalian,
bacterial, yeast, or insect cell by any method in the art. For example, the expression vector can be
transferred into a host cell by physical, chemical, or biological means. See, eg,
WOZ012079000A1, incorporated by reference herein in thetr entireties.
Reporter genes are used for identifying potentially transfected cells and for evaluating the
functionality of regulatory sequences. In general, a reporter gene is a gene that is not present tn or
expressed by the recipient organism or tissue and that encodes a polypeptide whose expression 18

manifested by some easily detectable property, e.g., enzymatic activity. Expression of the reporter
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gene is assayed at a suitable tume after the DNA has been introduced into the recipient cells.
Suitable reporter genes may include genes encoding luciferase, beta-galactosidase,
chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green fluorescent protein
gene {e.g., Ui-Tei et al, 2000 FEBS Letters 479: 79-82). Suitable expression systems are well
known and may be prepared using known technigues or obtained commercially. In general, the
construct with the minimal 5' flanking region showing the highest level of expression of reporter
gene 15 1dentified as the promoter. Such promoter regions may be linked to a reporter gene and
used to evaluate agents for the ability to mod late promoter-driven transcription. In some
embodiments, the recombinant nucleic acid of any preceding aspect further comprises a reporter
gene. In some embodiments, the reporter gene in invention is GFP.

In some embodiments, the fusion protein, nucleotide, system, or composition of any

preceding aspect can be further formulated in a pharmaceutically acceptable carrnier.

Genetic Diseases and Methods of Treatment

It is estimated that over 10,000 human diseases are caused by genetic disorders, which are
abnormalities in genes or chromosomes. See, eg., McClellan, J and M. €. King, Gevetic
heterogeneity in human disease. Cell. 141(2) p. 210-7; Leachman, S. A, et al., Therapeutic
siRNAs for dominant genetic skin disorders including pachyonychia congenita. T Dermatol Sci,
2008. S1(3): p. 151-7. The compositions disclosed herein can be used to treat a number of these
genetic disorders.

In some aspects, disclosed herein is a method of ireating a genetic disease 1o a subject,
comprising administering to the subject a therapeutically effective amount of the tfusion protein,
system, or composition of any preceding aspect.

In some embodiments, the genetic disease is a muscular dystrophy. Muscular dystrophies
are a group of muscle diseases caused by mutations 1o a person’s genes. Over time, muscle
weakness decreases mobility, making everyday tasks difficult. The methods and compositions
disclosed herein can be used for treating a muscular dystrophy, including, for example, Buchenne
muscular dystrophy, Becker muscular dystrophy, myotonic dystrophy, limb-girdle muscular
dystrophy, facioscapulohumeral dystrophy, congenital muscular dystrophy, distal muscular
dystrophy, cculopharyngeal muscular dystrophy, or Emery-Dreifuss muscular dystrophy.

In some embodiments, the genetic disease or disorder is Duchenne muscular dystrophy,
dysferlinopathy, or spinal muscular atrophy. In some embodiments, the methods and compositions
disclosed herein can be used for treating Duchenne muscular dystrophy. In some embodiments,

the genetic disease 1s spinal rouscular atrophy.
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in some embodiments, the genetic disease or disorder is hypercholesterclemia. For treating
hypercholesterolemia, 1ABE-NGA is used to create a protective silent mutation in functional
genes, for example ANGPTL3, APQC3, PCSKS, or ASGRI, to lower plasma cholesterol levels,

In some embodiments, the genetic disease or disorder is due to a point mutation in a
causative gene from a G:C paitto an AT pair.

In some aspects, disclosed herein is a method of treating a genetic disease in a subject,
comprising admimstering to the subject a therapeutically effective amount of the fusion protein,
system, and composition of any preceding aspect.

The disclosed methods can be performed any time prior to the onset of a genetic disease,
even prior to the apparent of any symptom. In one aspect, the disclosed methods can be emploved
60, 59, 58, 57, 56, 55, 54, 53, 52, 51, 50, 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35,
34,33,32, 31, 30,29, 28, 27, 26, 25, 24, 23,22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9,
8,7,.6,5 4,3, 2, or Tyears; 12, 11, 10,9 8 7 6,5 4,3, 2, or I months; 30, 29, 28, 27, 26, 25,
24,23, 722,21,20, 19, 18, 17, 16, 15, 14, 13,12, 11, 10,9, 8,7, 6, S, 4, or 3 days; 60, 48, 36, 30,
24,18, 15, 12, 10,9, 8,7, 6, 5, 4, 3, or 2 hours prior to the onset of the genetic disease or any
symptom thereof, or 1,2,3,4,5,6,7,8,9, 10, 11, 12, 15, 18, 24, 30, 36, 48, 60 hours; 3, 4, S, 6,
78,9, 10, 11, 12, 13,14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27. 28, 29, 30, 45, 60, 90

ormore days; 4, 5,6,7,8,9, 10, 11, 12 or more months; 1,2, 3,4, 5 6,7 8,9, 10, 11, 12,13, 14

EE ] ’

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 45, or 60 vears after the onset of the
genetic disease or any symptom thereof

Bosing frequency for the composition of any preceding aspects, includes, but is not limited
to, at least once every year, once every two years, once every three years, once every four years,
once every five years, once every siX years, onge very seven years, once gvery eight vears, once
gvery nine years, once every ten year, at least once every two months, once every three months,
once every four months, once every five months, coce every six months, once every seven months,
once every eight months, once every nine months, once every ten months, once every eleven
months, at least once every month, once every three weeks, once every two weeks, once a week,
twice a week, three times a week, four times a week, five times a week, six times a week, daily,
two times per day, three times per day, four times per day, five times per day, six times per day,
eight times per day, nine times per day, ten times per day, eleven times per day, twelve times per
day, once every 12 hours, once every 10 hours, once every 8 hours, once every 6 hours, once every
5 hours, once every 4 hours, once every 3 hours, once every 2 hours, once every hour, once every

40 min, once every 30 min, once every 20 min, once every 10 min, once every S min, or once per
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min. Administration can also be continuous and adjusted to maintaining a level of the compound
within any desired and specitied range.
The compositions of the present invention can be administered to the appropriate subject
in any manner known in the art, e.g., orally, intramuscularly, intravenously, sublingual mucosal,
intraartevially, iotrathecally, iotradermally, intrapenitoneally, wniranasally, intrapulmonarily,

intraccularly, intravaginally, intrarectally, subcutaneously, or through by inhalation. Parenteral

admunistration, if used, 15 generally characterized by injection. Injectables can be prepared o

conventional forms, either as liquid solutions or suspensions, solid forms suitable for solution or

suspension in liquid prior to injection, or as emulsions.

EXAMPLES

The toliowing examples are set forth below to dlustrate the compounds, systems, methods,
and results according to the disclosed subject matter. These exarmples are not intended to be
inclusive of all aspects of the subject matter disclosed herein, but rather to illustrate representative
methods and results. These examples are not intended to exclude equivalents and variations of the
present invention which are apparent to one skilled in the art.

Yo mutation

Example L. In vitro reporter assay demonstrates the feasibility to correct the mudy
using ABE-NG

The md™ mouse carries a premature stop codon (CAA-to-TAA) in the exon 53 of Dmd
gene, which disrupts the expression of dystrophin and leads to the development of muscular
dystrophy. Targeting the noncoding strand with ABEs can correct this nonsense mutation.
However, in the noncoding strand, there is a lack of 5°-NGG sequence at the downstream of this
mutation within the suitable editing window, but a 5°-TGT PAM is present with the mutated A
located at position 4 1o the guide RNA (gRNA) (Fig. la), making it feasible to correct the stop
codon with the NG-targeting base editors in this widely used mouse model of DMD. A reporter

plasmid with the targeting sequence from the mde™”

mice was first constructed (Fig. by The
nonsense mutation in the mdx’ targeting sequence disrupts the expression of downstream EGFP
and successful editing of the nonsense mutation is indicated by the restoration of EGFP expression.

As shown in Fig

g. lc, transfection with the reporter alone resulted in minimal background

fluorescence. Similarly, co-transfection with the reporter, mdv*-gRNA and ABEmax failed to
restore EGFP expression. However, ABE-NG (based on SpCas®-NG) successfully restored EGFP
expression in this reporter assay. In contrast, ABE-x {based on xCas9-3.7) was found to be less

efficient in restoring EGFP expression even though xCas%-3.7 was also engineered to target 57~
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NG PAM, consistent with previous reports that xCas%-3.7 is generally less efficient than SpCasS-
NG. FACS analysis showed that ABE-x and ABE-NG restored EGFP expression in 10% and 20%
cells, respectively (Figs. 1d, le). These inm vitro studies showed that ABHE-NG corrects the

nonsense mdy™™ mutation.

Example 2. Improvements in the editing efficiency and specificity of ABE-NG.

The relative low efficiency of ABE-NG, together with the recently reported off-target
RINA editing activity, prompted the re-design of ABE-NG in order to improve the editing
etficiency and specificity. First, the targeting efficiency of ABE-NG at the sites with S7-NG PAM
can be improved by optimizing the PAM-interacting domain. The targeting property of ABE-NG
can  be modified by combining the mutations in  SpCas9-NG (RI3ISV/ALITLIR
/DUIBSV/GI2I8R/EI2IOF/AT322R/TI337R) with other mutations designed to target different
PAM sequences such as those 1 xCasS(3.7) (A202T/R324L/S400UE4R0K/ES43D
/MEO4VEI219Y), VOR  (DIHI3SV/RIZZSQ/TI33TR), VRER (DB1135V/GIZI8R/RIZ335E
/T1337R) and the loop sequence in ScCas9 (amino acids 367-376). Seven new ABE variants were
generated with different combinations of the aforementioned varianis (Table 1) and compared
their base editing activities at six different loct with those of ABE-NG and ABEmaxSC. While ali
variants except ABE-NGC {containing all NG mutations plus R1335E) performed simularly at the
NGG site (Fig. 2a), it was observed that ABE-NGA (carrying all NG mutations plus R1335() had
a small improvement in editing the NGH sites as compared to ABE-NG (Figs. 2b-2¢). ABE-NGA
and ABE-NGX-NGC (carrying the xCas9(3.7) mutations, NG mutations and RI335E) worked
equally well at the NGC site (Fig. 2¢). The ABE-NG and ABE-NGA also edited the site containing
a 5-GAT PAM with high efficiency (Fig. 2f), with similar efficiency as compared to the ABE-
NGX vaniant carrying both the xCas®(3.7) mutations and ABE-NG mutations, which was
previously reported to bave the broadest targeting scope active in plant. However, the efficiency
of ABE-NGX at the NGH sites was lower than ABE-NGA (Fig. 2b}. Since ABE-NGA is generally
superior 1o other variants tested at NGH sites, ABE-NGA was chosen for further i vitro and in
vivo studies.

Previous studies showed that the deaminase domain in the ABEs can elicit transcriptome-
wide RNA off-target editing activity, and that the off-target RNA editing activity can be
substantially reduced by removing the WT ecTadA domain and mutating the evolved ecTadA
domain. The dimeric adenine deaminase domain (ecTadA-ecTadA™) in ABE-NG was replaced
with the originally evolved ecTadA™ monomer or its high-fidelity version {ecTadA*-V82G) (Fig.

3a) in order to munimize the off-target RNA editing activity. The mumtABE-NG (the monomeric
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TadA* fused with SpCas9-NG nickase) performed slightly better at the mdx™ target site as
compared to ABE7.10-NG (Fig. 3b). However, the on-target DNA editing activity of
mini ABE{VB2G)-NG was remarkably reduced by over 50% when compared to ABE7 10-NG (Fig.
3b}. Then the next experiment attempted to improve the on-target DNA editing efficiency of the
high-fidelity minit ABE(VB2G)-NG without compromising its low off-target RNA editing activity.
The V82G is one of the 26 amino acid residue positions in ecTadA that reside near the enzymatic
pocket around the subsirate tRNA, wnferred from the S, aureny Tad A-RNA co-crystal structure.
The V82(G mutation does not only aftect the non-specific atfinity to RNA substrates, but can also
reduce its affinity to the DNA substrates. It was noticed that the AS6G mutation (which is also
inferred to lie near the enzymatic pocket around the tRNA substrate) had higher on-target DNA
editing activity without affecting the off-target RNA editing activity as compared to mimABEmax.
Installing the AS6G mutation into mintABE(VE2G)-NG can improve its on-target BNA editing
activity without compromising 1ts off-target RNA editing profile. Indeed, it was observed that
adding the AS6G routation nio M ABE(VEZGH-NG (named minmiABE(GG)-NG) completely
restored its on-target DNA editing activity (Fig. 3b).

RNA-seq was used to compare the transcriptome-wide off-target RNA editing activities
of minABE{(GG-NG to other ABE variants in mouse NeurcZa cells. These studies were
performed in triplicate. Edited RNA adenines were identified from RNA-seq experniments by
filtering out background editing cbserved with read-count-matched controls. MiniABE-NG and
mint ABE(AS6G)-NG induced much higher numbers of adenine editing as compared fo
mini ABE{VB2G)-NG or mintABE(GG)-NG (Fig. 3¢). There was no statistical difference between
mintABE(VS2G)-NG and mimABE(GG)-NG. To turther venty the off-target RNA editing
activity of mintABE{GG-NG, four RT-PCR amplicons were amplified and sequenced, which
were shown to be highly modified by ABEmax in human cells. Transfection of HEK293 cells
with minit ABE-NG induced high levels of A-to-I RNA editing in all these transcrnipts (Fig. 3d);
however, such A-to-I RNA editing was essentially eliminated in cells transfected with
i ABE(GG)-NG (Fig. 3d). Taken together, these results showed that muntABE(GG-NG does
not only have increased DNA editing activity, but also inhenits the high fidelity of
i ABE(V82G)-NG. Hereafter, the improved ABE-NG carrying the mintABE{GG) domain and
Cas9-NGA nickase was referred to as IABE-NGA.

A new generation of ABEs were developed through directed evolution, namely, ABESs
{(such as ABEB.17 and ABEB 20} and ABESe. To directly compare mini ABE{GG) with ABEB.17,
ABEZ.20 and ABESe, each of them was fused with SpCas9-NG and tested their activities for

editing the mdx™ target site using the reporter assay in NeuroZA cells. All these editors showed

32



L

10

5

WO 2021/163492 PCT/US2021/017868
above 60% editing efficiency with the ABE8Se-NG exhibiting the highest activity (Fig. 4a). ABE%e
can have also increased bystander activity than miniABE(GG). Since the mdx™" target site has no
extra adenine within the editing window, the bystander editing activity of ABESBe and
miniABE{GG) was compared by testing their performance to edit a nonsense mutation in human
DYSF gene {encoding dysferlin} that causes limb girdle muscular dystrophy. The target AS was
edited with ~58% and 88% efficiency by 1ABE-NG and ABESe-NG, respectively (Fig. 4b). The
two bystander adenines at positions 8 and 11 were also edited at substantially higher {quantitative
numbers) rates by ABE8e-NG than minitABE(GG)-NG. Even the ABEBe with VI06W mutation
still displayed very high bystander editing activity at position 8. Thus, for in vivo applications that

require not only effictency but also precision, the use of minmtABE(GG) was recommended.

Example 3. Intein-split aliows efficient assembly of full-length ABE-NG and editing.

The large size of the ABE-NG and other base editors poses a major challenge for viral
packaging and in vive delivery. A dual trans-splicing adeno~associated virus {AAV ) approach was
used to deliver ABE and a dual protein trans-splicing (PT8) approach using the split-intein moiety
from Nostoc punctiforme {(Npuy was used to deliver CBE. The PTS approach was adopted to
deliver ABE. The ABE was split between the ecTad-ecTadA™ and the Cas9 nickase with Npu
intein moieties, and this sphit renders low editing efficiency (Fig. 5). To improve the editing
efficiency of the split ABE, the amino acid position 573 and 574 of the Cas® nickase were chose
as the splitting site because previous studies showed that 573/574 split Cas9 exhibited near the
full-length Cas9 activity. Moreover, split at this site would produce a roughly equal size of the
two halves for AAV packaging (Fig. 4a). the split ABE can be further improved by using inteins
with fast rate of PTS. Two inteins were selected with the remarkably fast rate of PTS: Cfa (t1/2 =
20 5 at 30 °C) and Gp41-1 (=5 s at 37 °C), which are ~2.5-fold and ~10-fold faster than the
rate reported for the Npu Dnak intein (fi2 = 50 s at 37 °C), respectively. Transfection of both split
versions into HEK293 cells resulted in robust expression of full-length ABEs as detected by the
anti-Cas? antibody {Fig. 6b)}, although the expression level was generally lower than the ABEmax
but higher than the original ABE7 10, Co-transfection with the split ABE-NG, mdx*-gRNA and
the mdx’ reporter restored EGFP expression to a similar level as the full-length ABE-NG (Fig.
6¢). There was no significant difference between the Cfa and Gp41-1 intein splits (Fig. 6d). The
Gp4d1-1 version was chosen for further studies.

It was shown that the Npu intein split of ABE worked well 712 vifro and i vivo. The Gp4él-
I split and Npu split was directly compared. While both the Gpd1-1 split and Npu split aliowed
the assembly of full-length i1ABE-NGA, Western blotting analysis showed that the Gp41-1 split
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rendered significantly more full-length 1ABE-NGA protein as compared to the Npu split {(Figs.
6e ,6f). The assembly efficiency (as measured by the percentage of the full-length band) of the
Gpd1-1 split was about 70%, while the Npu split resulied in only 21% (Fig. 6g). To further
compare the editing efficiency of the Gp41-1 split and Npu split, the T-to-C conversion of the
mde® stop codon was quantified quantified in Neuro2A cells using the teporter assay. As
compared to the full-length IABE-NGA, the Gp41-1 split and Npu split retained about 85.5% and
78.8% of its activity, respectively {(Fig. 6h). The ditference in the editing efficiency between the
Gp4i-1 split and Npu split was small but statistically significant (p = 0.009) (Fig. 6h}. In the
Gp4i-1 sphit and Npu split shown herein, each half carries a U6-gRNA expression cassette, while
only the C-terminal half of the Npu split reported by the Liu group carries the U6-gRNA
expression cassette. To test if the double U6-gRNA cassette has higher editing activity than a
single U6-gRNA cassette, the Uo-gRNA cassette was removed from the N-terminal construct of
the Npu sphit used herein, which resulted in greatly reduced editing (Fig. 6h), indicating that the
gRNA dosage is a limoting factor for efficient Cas9-mediated editing Moreover, to test the
specificity of intein-mediated assembly of 1ABE-NGA, the N and C-terminal fragments of the
Gp41-1 and Npu splits were swapped, and observed no editing (Fig. 6h), indicating that the inteio-

mediated protein splicing and assembly of full-length 1ABE-NGA are required for efficient editing.

Example 4. Systematic delivery of AAVS-ING leads to widespread dystrophin restoration.

The two Gp41-1 ntein split halves of the IABE-NGA were packaged into AAVO (hereafter
referred to as AAVO-ING) and tested if i vive delivery of 1ABE-NGA could correct the mutation
in mde®™ mice. A truncated MHCK7 promoter was used to drive the expression of two halves of
iABE-NGA . A preliminary testing of two dosages (a total of 5x10% or 1x10" ve/kg, 1:1 of the N
and C-terminal half) showed that the higher dose appeared to increase the dystrophin-positive
myocyies in the mdx™ mouse heart (Fig. 7). The higher dose (1x10M va/kg, 1.1 of the N and C-
terminal half) was chosen for the rest of the study. In addition, the study also showed that injection
of AAVS-iNG carrying a non-targeting gRNA failed to induce dystrophin rescue (Fig. 7).

A cohort of nine mdx’™ mice were treated with AAVS-iNG (a total of 1x10* vg/kg, 1:1
of the N and C-terrminal halt) through a single tail vein injection at S weeks of age. A subset of
the mice was sacrificed at 5 weeks after AAVO-ING administration. Dystrophin was found to be
widely rescued in mdc™ heart (Fig. 8a and Figs. 9-15). Quantification of the entire heart sections
showed that 41.9 £ 10.5% cardiomyocytes of mdx™ mice became dystrophin positive at 10 weeks
of age after systematic AAV9-ING treatment (N=5) while the control mdx? hearts were

essentially dystrophin vegative (0.03 + 0.02%, N=4) (Fig. 8b). Dystrophin was also rescued o
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skeletal muscies (diaphragm and gastrocnemius) of mdy™ mice treated with AAVI-ING, albeit
the recovery was less efficient as compared to that in the heart (Figs. 8¢, 8d, and Fig. 16). Western
blot analysis showed that dystrophin was rescued in mdy™ mouse heart t0 45.9 £ 11.7 % of the
WT level following systemic AAV9-ING treatment (Figs. 8e, &f) Consistent with the
immunotlucrescence data, Western blot showed dystrophin was restored to about 8.0 + 2.6 % of
the WT level in the gastrocnemius muscle of mdx™ mice (Fig. 17).

A group of mdx?™ mice treated with intravenous administration of AAVI-ING at 5 weeks
of age were kept for 10 months to study the long-term impact of systemic ABE editing therapy.
A near complete dystrophin restoration was observed in the hearts of all four treated mdc™ mice
at 10 months of age (Figs. 8a, 8b and Figs. 18-23). Dystrophin was also rescued in the skeletal
muscies of these older animals with a similar percentage of dystrophin-positive muscle fibers as
analyzed at the 10 weeks of age (Figs. Sc, 5d and Fig. 24). Western blot analysis showed near WT
levels of dystrophin expression in the hearts of the 10-month-old mdc? mice treated with AAVS-
iNG (Figs. 8g, 8h).

The heart and muscle tissues contain many different types of cells, which makes it
challenging to precisely determune the DNA editing efficiency in moyocytes. To estimate the
editing efficiency of the Dmd gene, the total RNA was extracted from the heart tissues treated
with or without AAVO-NG, amplified the target region by RT-PCR, and analyzed the resulting
amplicons by Sanger sequencing and BEAT program. The AAVO-ING treated mdy’™ hearts
showed an average 32.6 £ 2.0% T-to-C editing at 10 weeks of age (Figs. 81, 8j) and 84.6 = 2.6%
at 10 months of age (Figs. 8i, 8k).

Repeated cycles of muscle degeneration and regeneration in muscular dystrophy result in
muscle fibrosts. To examine it systemic AAVO-iNG delivery can improve the histopathology of
mece®™ mice, Trichrome staining was performed in 10-month-old mice. As compared to WT mice,
the mdx™ mice showed significantly elevated fibrosis in both diaphragm and gastrocnemius
muscles and the fibrotic areas in these muscles were significantly reduced in the mdx™ mice
treated with AAVO-ING (Figs. 25a-25¢). Consistent with previous studies that the mdx roice do
not develop overt cardiomyopathy before one year old, there were no significant changes in
cardiac fibrosis in mdx™ mice with or without AAV9-ING treatment at 10 months of age as
compared to the WT controls (Fig. 25d). AAVSNG treatment also significantly reduced the
percentage of centrally nucleated fibers (CNF) in both diaphragm and gastrocnermius muscles at
10 weeks of age (Figs. 25¢, 25¢g). By 10 months of age, the effects of AAV9-ING treatments on
CNF were blunted (Figs. 25t 25h). Although a significant difference in cross-sectional area (CSA)

of muscle fibers was not observe following AAVO-ING treatruent (Figs. 251, 253, and Figs. 203,
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26b), the AAVO-ING treatment appeared to shift the fiber size distribution towards those of the
WT muscles (Figs. 25k, 251, and Figs. 26¢, 26d), particularly in gastrocnemius muscles at 10
weelks of age.

To test if systemic AAVI-ING treatment can improve the muscle function, the muscle
contractility was measured using an in vive muscle test systern. Maximum plantarflexion tetanic
torque was measured during supramaximal electric stimulation of the tibial nerve at 150 Hz. While
the mdy’ mice produced significantly reduced torque as compared to the WT controls, systemic

delivery of AAVS-ING significantly increased the tetanic torque in mdy™ mice (Fig. 25my).

Example 8. The safety profile and off-target activity of AAVI-ING treatment.

Previous studies showed that AAV-mediated delivery of CRISPR/Cas® into neonatal mice
resulted in humoral immune responses 1o AAV capsid but not CasS. In contrast, AAV-mediated
delivery of CRISPR/Cas® into adult mice evoked robust anti-Cas9 immunity. Serum samples were
coliected to analyze the host immune responses to the AAVY capsid and the base editor 1ABE-
NGA . Intramuscular injection of AAVO-ING into 5-0 weeks old mdx™ mice produced robust anti-
AAVY capsid (Fig. 27a) and anti-Cas9 antibodies (Fig. 27b} at 2 weeks after injection. The anti-
AAVYY titers were similar at different time points from 2 to 7 weeks post intramuscular injection
and from 7 to 9 weeks post intravenous injection (Fig. 27a}. The anti-Cas9 antibody titers showed
a large variation among mice at 2 weeks after intramuscular injection, but all increased to peak by
4 weeks (Fig. 27b).

The liver toxicity of AAVO-ING treatment was examined by measusing serum aspartate
aminotransferase (AST) and alanine aminotransterase (ALT), and kidney toxicity by measuring
blood urine nitrogen (BUN). As compared to WT mice, the mdy™ mice showed elevated AST
(Fig. 27c¢)and ALT (Fig. 27d). However, treatment of mdx™ mice with AAV9-iNG did not further
increase the serum levels of AST and ALT at either § weeks or 10 months of age. Measurement
of BUN did not find significant changes in the treated or untreated mdx™ mice (Fig. 27¢).

One concern with ABE-mediated gene correction 1s the off-target activities such as gRNA
mismaich tolerance, bystander editing, and off-target RNA editing. Previous studies showed that
ABE can tolerate 1-2 mismatches between the gRNA and its target sites. Prediction by Cas-
(FFinder showed that one site on chromosome 10 {Chri6 7} has only one mismatch, two other
sites have two mismatches and S5 sites have three musmatches (Fig. 271). The Chrio OT differs
from the mdx™ target sequence by only one C at position 12. Neuro-2a cells were transfected with
ABE-NG or 1ABE-NG plus the gRNA, amplified the Chri6 OT by PCR and subjected the

amplicon to next generation sequencing (NGS). As shown in Fig. 27g, no significant editing of
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the A4 in gither ABE-NG or tABE-NG transfected cells was observed. Similarly, the off-target
site on chromosome 1 {Chrl_OT) was analyzed, which differs from the mdx® target sequence by
an A at position 2 and a (3 at position 20, Again, it was found that ABE-NG or IABE-NG did not
edit the A4 at Chri OT (Fig. 27h).

Next, the bystander editing at the on-target madx™ locus was analvzed in the mice treated
with AAV9-iNG. Since the 10-month treated mouse hearts showed a high level of dystrophin
rescue, the ou-target editing efficiency was first determined in these mouse hearts by NGS. As
mouse hearts contain multiple different cell types, analysis of the genomic DNA PCR products
can significantly underestimate the editing efficiency. To verify this, NGS of the genomic DNA
PCR products was performed from two mouse hearts receiving AAVO-ING and exhibiting high
dystrophin rescue, and an up to 11% edits at A4 was detected. Thus, the RT-PCR products were
sequenced to estimate the editing efficiency at the on~target md”™ focus. The A at position 4
{corresponding to the T within the premature stop codon in the coding strand) was converted to &
with high efficiency from ali four mouse hearts (Fig. 28}, On average, 862 £ 2.4 % A-to-G
conversion was measured (Fig. 271). At the mdx’ target site, there was only one A within the
editing window of 4-8, disallowing us to analyze the bystander A-to-G editing at this particular
site. Another type of undesired ABE-mediated genome edits at an on-target locus 18 ABE-
dependent cytosine-to-uraci conversion resulting in Co( to To A mutation at that site. It was found
that C6 at the md™ target site was edited above background with an average efficiency of 1.6 +
0.1 % (Fig. 27}

Finally, RNA-seq was performed to characterize the transcriptome-wide RNA off-target
RNA editing induced by AAV9-ING in the md™ mouse heart samples. After filtering the
confident variants from control mdx? heart samples, a few hundred RNA editing events were
found in the three AAVS-ING treated heart samples with only 32 shared by all of them (Fig. 29},

The present study has improved the split ABE-NG for AAV-mediated in vivo delivery by
engineering a new NG PAM-interacting domain variant, a new adenine deaminase domain with
higher on-target DNA editing efficiency without compromising the high fidelity of ABE-V82G,
and a Gp41-1 intein split that mediates higher efficiency of protein splicing and editing. Together,
these umprovements allowed to achieve widespread dystrophin rescue and functioval
improvement in dysirophic mice. The editing efficiency in the heart was extraordinarily high in
md™ mice following systemic delivery of AAVI-ING and over 30% of cardiomyocytes were
corrected to express dystrophin in mdx’ hearts at 10 months of age after a single intravenous

administration of AAV9-ING at 5 weeks old. There was no obvious toxicity detected following
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AAVO-ING treatment, despite the host immune response to the AAY9 capsid and ABE. This has
trernendous implication for base correction of genetic cardiomyopathies.

It was shown herein that the ecTadA™ domain with the V882G mutation had significantly
reduced on-target DNA editing activity as compared to the original ecTadA™*. By adding the A56G
mutation into the V82G vanant of ecTadA*, the ou-target DNA editing activity was dramatically
improved without compromising the high fidelity of the V82G variant in terms of its low oft-
target RNA editing activity. Although the AS6G V82(G variant was less efficient than the recently
reported ABESe, ABES8e had also significantly higher bystander editing activity than the
AS6(G V822G variant. 1t 1s essential to consider both the on-target DNA editing efficiency and the
bystander DNA editing as well as off-target RNA editing activity for in vive applications. The
editors have high on-target DNA editing but induce minimal bystander DNA editing and off-target
RINA editing events. The AS6{(: VEZ( variant offers a balance between the editing efficiency and
the editing precision.

The IABE-NG and 1ABE-NGA can be broadly applied to correct DMD mutations and
many other disease-causing mutations. Analysis of the ClinVar database showed that over 100 of
the 174 total G>A or T>C point mutations for DMD can be targeted for repair by at least one of
the ABEs (1ABE-NGA}. Describe all other cases including targeting the splicing sites for exon
skipping and other diseases.

The recent advances in engineering Cas? variants with non-G PAM further increases
targeting capacity. Moreover, the ABE editing can be designed to induce skipping of mutant exons
via targeting the canonical splicing donor or acceptor, thus further broadening the applicability of
ABE editing therapy for a larger population of DMD.

The mice at ten mounths after AAVS-ING delivery showed significantly higher dystrophin
rescue than the mice at 10 weeks after the treatment. One explanation is that the DMD
cardioroyocytes with restored dystrophin expression can gain advantage for selective survival and
regeneration during the development stages after delivery of AAVS-iING. Additionally,
transduced cardiomyocyte-derived extraceilular vesicles can deliver genetic maternials such as
transcripts encoding tABE-NG into proximal un-transduced cardiomyocytes and confer base
editing in those cells.

This study has also shown that systemic delivery of AAVO-iNG resulted in dystrophin
restoration in skeletal muscles and functional improvement. As compared to cardiomyocytes, the
editing efficiency in skeletal muscles was substantially lower. This can be attributed to the
observation that AAVY has higher tropism towards cardiomyocytes than skeletal muscles.

However, other mechanisms can also be responsible for the lower editing efficiency in skeletal
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muscles. For example, the dystrophic and inflammatory microenvironment in skeletal muscles
can pose further constrains on AAVY delivery and base editing. In addition, targeting muscle
satellite cells can be required to improve the overall editing outcomes in skeletal muscle as they
are constantly activated to replace injured skeletal muscle in DMD. Although AAVO has been
shown to transduce muscle satelitte cells, the efficiency is relatively low. Moreover, the use of a
muscle-specific promoter can further reduce the base editing in muscle satellite cells in the present
study.

Improvements in these examples show exceptionally high editing efficiency in comparison
to other approaches. First, the intein used in the current study (Gp41-1) has superfast kinetics,
which aliows more efficient assembly of full-length ABE (Fig. 6). Second, each half of the AAVs
carries a gRNA-expressing cassette in the present study, while in the other study, gRNA 15 present
in only the C-terminal half of the Npu intein split constructs. The data (Fig. 6h) showed that the
¢RNA dosage atfects the editing efficiency. Third, the promoters used in these studies were also
diffevent, which can drive different expression levels of ABE in heart tissues. Finally, the wotrinsic
difference in the gRINAs and ABE variants can have impacts on the overall editing outcomes.
Thus, the exceptionally high editing efficiency achieved in adult dystrophic mice indicates that

the AAVO-iING vectors disclosed herein are useful for clinical applications.

Example 6. Methods.

Mice. Mice (CS7TBL/6] and B6Ros Cg-Dmd” ™I} were purchased from the Jackson
Laboratory and maintained at The Ohio State University Laboratory Animal Resources in
accordance with animnal use guidelines. All the experimental procedures were approved by the
Animal Care, Use, and Review Committee of the Ohio State University.

Plasmid construction. The pCMV-ABE7.10, pCMV-ABE-xCas%(3.7} and pCMV-
ABEwax were obtained from Addgene. The NG mutations were introduced by fusion PCR of
pCMV-ABEmax and subcloned into pCMV-ABEmax to make pCMV-ABEmaxNG. The AS6G
and V320G mutations were wntroduced tuto TadA™ domain by fusion PCR and cloned into pCMV-
ABEmaxNG to generate pCMV-1ABEmaxNG. The CtaN minigene was synthesized by IDTdna
and fused at the amino acid 573 of SpCas9-max through PCR amplification. The TadA-TadA*-
SpCas9max{2-573-CfaN fragment was PCR amplified and subcloned into pAAV under the
control of meCMYV promoter to generate pAAV-ABEmaxN-ternp. The hU6 promoter with sk -
targeting gRNA was PCR amplified and cloned into pAAV-ABEmaxN-temp to make pAAY-
ABHmaxN. The CfaC fused with SpCasOmax{574-end) was generated by PCR and cloned into
PAAV-ABREmaxN-temp to make pAAV-ABEmax(C. Simularly, pAAV-ABEmaxN2 and pAAV-
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ABEmaxC2NG with the Gpd1-1 intein, and pAAV-ABEmaxN3 and pAAV-ABEmaxC3ING with
the Npu intein were constructed. The md® gRNA and other gRNA oligos (listed in Table 2)
were annealed and ligated into plenti-ogRNA. The mdx™ reporter oligos were annealed and
ligated into pLKO-purc-2A-mdx*-EGFP. All plasmids used in this study are listed in Tabie 3.

Generation of AAV particles. AAV vectors were produced at the viral vector core of the
Nationwide Children’s Hospital as previously described. The Gp41-1 intein split of 1ABE-NGA
and the gRNA targeting rodxdev mutation (GTTaTCTCCTGTTCTGCAGC TGT (SEQ D NO:
621}, note: the underlined PAM sequences were not included in the gRNA) or a non-targeting
¢RMNA (GTTTaTGTCACCAGAGTAAC (SEQ ID NO: §71), the different nucleotides are
highlighted in blug) expression cassettes were packaged into AAVY capsid using the standard
triple transfection protocol. A quantitative PCR-based titration method was used to determine an
encapsulated vector genome titer utilizing a Prism 7500 Fast Tagman detector system (PE Applied
Biosystems Grand Island, NY USA} The following primers/probes were used: $°-
GGATTTCCAAGTUTCCACCC-3 (SEQ D NG: 630) and 5°- TCCCACCGTACACGCCTAC-
37 (SEQ ID NO: 631 for titering AAVI-NG, and AAV9-iNG was titered using digital droplet
PCR. Titers are expressed as DNase resistant particles per ml {DRP/mil} and rAAV titers used for
injection in mice were 8.9 x 10Y DRP/ml (AAV9-NG) and 3.0 x 10 DRP/mi (AAVY-ING).

Cell cusfinre and fransfection. HEK293 cells were cultured in Dulbecco’s modified eagle’s
medium (DMEM) (Cormng, Manassas, VA) contamning 10% fetal bovine serum (FBS)Y and 1%
100x peniciliin-streptomycin {10,000 U/ml, Invitrogen}. Cells were plated in 6-well plates and
transfected with the 2 ug plasnuds (0.5 pg veporter, 0.75 pg gRNA and 0.75 pg ABE) per well
uniess specified otherwise by polyethylenimine (PEE) as previously described.

Flow cyromefry. At 72 hour post transfection, HEKZ93 cells transfected with ABE
plasmoids were collected from S-well plate and analyred on Becton Dickinson LR I (BD
Biosciences) to determine GFP-positive cells. A total of 100,000 celi events were collected and
data analysis was performed using the Flowlo software {Tree Star, Ashland, OR, USA).

Intramuscular and intravenous administation of AAVY particles. AAVO-NG viral
particles (2 x 10" vg, 25 ul) were injected into the right gastrocnemius compartment of the male
mdx* mice at 5-6 weeks of age or day 3. For systematic delivery, the male mdc’ mice at 5-6
weeks of age were administered with AAVI-NG, AAVS-ING or AAVS-GFP viral particles (1 x
10 v/kg) via tail vein injection.

Serological analyvsis. Blood samples were collected at various time points after
intramuscular or wntravenous injection. The blood samples were allowed to clot for 15 mun to 30

min and centrifuged at 5000 rpm for 10 min in room temperature. The supernatant was collected
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as serurn and stored at -80 °C for the biochemical assays. Measurement of ALT (BiocVision
Incorporated), AST (BioVision Incorporated), BUN (Arbor Assays, Michigan, USA) and cardiac
Troponin I (Life Diagnostics, Inc) were performed according to the manufacturer’s protocols.

Amtibody ELISA. Antibodies against AAVY and SpCasS were detected by adapting
previously published protocols. In brief, recombinant AAVY (2x10” vg/well) and SpCas? protein
(0.27 ug/well} were diluted in 1x Coating Bufter A (BicLegend) and used to coat a 96-well Nunc
MaxiSorp plate. Proteins were ncubated overmight at 4 °C to adsorb to the plate Plates were
washed four times 5 min each with PBS plus 0.05% Tween-20 and then blocked with 1x Assay
Diluent A (BioLegend) for 1h at room temperature. The anti-AAVZ (A20, cat. # 03-65155,
American Research Products, Inc) and anti-SpCas9 antibody (Diagenode C15310258) was used
as positive control for detection of anti-AAVY and anti-SpCas9 antibodies, respectively. Serum
samples were added in 1:50 dilution and plates were incubated for 2 h at room temperature with
shaking. Plates were washed four times 5 min each and 100yl of blocking solution containing
goat anti-mouse IgG (Sigma 1:3,000) was added to each well and incubated at 1h at room
temperature. Plates were washed four times 5 min each, 100 yl of freshly mixed TMB Substrate
Solution (BioLegend) was added to each well, and incubated 1o the dark for 20 min. The reaction
was stopped by adding 100 yl 2N Ho8O04 Stop Solution. Optical density at 450 nm was measured
with a plate reader.

Muscle contractifity measurements. At 5 weeks after intramuscular AAVO-NG or
intravenous AAV9-ING injection, muscle contractility was measured using an in vive muscle test
system {AurcraScientific Inc). Mice were anesthetized with 3% (w/v) isoflurane and anesthesia
was maintained by 1.5% isoflurane (w/v} during muscle contractility measurerment. Maximum
plantarflexion tetanic torque was measured during a train of supramaximal electric stimulations
of the tibial nerve (pulse frequency 150 Hz, pulse duration 0.2 ms).

Histopathological assessment of tissues. Mice were sacrificed at various time points, and
tissues (heart, lung, diaphragm, spleen, kidney, liver, quadriceps and gastrocnemius) were
harvested for histological, histochemical, biochemical and wolecular avalyses. For
immunohistological examinations, tissues were embedded in optimal cutting temperature (OCT,
Sakura Finetek, Netherlands) compound and snap-frozen in cold isopentane for cryosectioning.
The tissues were stored at -B0°C and processed for biochemical analysis and histology assessment.
Frozen cryosections (7 pm) were fixed with 4% paraformaldehyde for 1S minutes at room
temperanire. After washing with PBS, the slides were blocked with 3% BSA for 1 hour. The slides
were incubated with primary antibodies against dystrophin €ab15277, 1:100, Abcam) and laminin-

w2 (ALX-804~190-C100, 1.100, Enzo) at 4 °C for 1 hour. After that, the shdes were washed
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extenstvely with PBS and incubated with secondary antibodies (Alexa Fluor 488 goat anti-rat Ig(5,
Invitrogen, Carlshad, CA or Alexa Fluor 568 donkey anti-rabbit IgG, Invitrogen) for 1 hour at
room temperature. The slides were sealed with VECTASHIELD Antifade Mounting Medium with
DAPL (Vector Laboratory, Burlingame, CA). All images were taken under a Nikon Ti-E
fluorescence microscope (magnification 200x) (Nikon, Melville, NY). Laminun-a2-positive and
dystrophin-positive muscle fibers were counted using NIS-Elements AR version 4.50 (Nikon,
Melville, NY). The amount of dystrophin positive muscle fibers is represented as a percentage of
total laminin-g2-positive muscle fibers.

For trichrome staining, Masson's 2000 Trichrome Kit was used {American MasterTech,
Lodi, CA). The muscle and heart sections were fixed with 4% paraformaldehyde for 1 hour at
room temperature. After washing with PBS, the tissue sections were stained with Masson's
trichrome reagent following the mamafacturer’s instruction,

Western hlot analvsis. Mouse tissues from mdx™ mice treated with or without AAVS-NG
or AAV9-iNG were lysed with cold RIPA bufter supplemented with protease wnhibitors and
extracted protein samples were separated by SDS-PAGE (BioRad, 4-15%) and transferred onio
Nitrocelluloase membranes (0.45 wm). The rabbit polyclonal anti-dystrophin {(E2660, 1:500,
Spring Bioscience, Pleasanton, CA), rabbit polyclonal anti-Cas9 (C15310258-100, 1:1000,
Diagenode, Denville, NJ} and rabbit monoclonal anti-Gapdh (#2118, 1:2000, Cell Signaling
Technology, Danvers, MA) antibodies were used for immunoblotting analysis. HRP conjugated
goat anti-mouse {1:4000) and goat anti-rabbit (1:4000) secondary antibodies were obtained from
Cell Signaling Technology, Danvers, MA. The membranes were developed using ECL western
blotting substrate (Pierce Biotechnology, Rocktord, IL) and scanned by ChemiDoc XRS+ system
{BioRad, Hercules, CA}). Western blots were quantified using Image Lab 6.0.1 software (Bio-Rad
Laboratories, Hercules, CA) according to the manufacturer’s instruction.

Fxtraction of genomic DNA and fotal RNA, PCR and Sanger sequencing. Genomic DNA
from mouse tissues and cultured HEK293 cells were extracted using DNeasy Blood & Tissue Kit
{QGiagen, Germantown, M)}, Total RNA was exiracted from roouse tissues and HEK293 cells
using Quick-RNA MiniPrep Kit (ZYMO Research, Irvine, CA). Five ug of treated RINA was used
as template for first-strand ¢DNA synthesis by using RevertAid RT Reverse Transeription Kit
{Life Technologies, Carlsbad, CA). Aliquots of the RT product were used for RT-PCR analysis
of dystrophin editing. PCR reactions were carried out with 100 ng genomic DNA or ¢cDNA in the
GoTag Master Mix (Promega) according to the manufacturer’s instruction. The primers used for
RT-PCR of the reporter genes and PCR of endogenous loct were listed in Table 2. The PCR

products were purified using the Wizard SV Gel and PCR Clean-up System (Promega). Purified
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genomic DNA and RT PCR products (1060 ng) were subjected to Sanger sequencing at the
Genomics Shared Resource of the Ohio State University Comprehensive Cancer Center. The
sequencing data were analyzed by BEAT program.

Targeted deep sequencing. The on-target and off-target loci were first amplified by
genoroic DNA PCR and/or RT-PCR using geve-specific primers with Hlumina adapters {primers
are provided in Table 4). The first PCR products were puritied using a commercial purification
kit (Promega, Madison, W1, USA), diluted, pooled, and subjected to a second round PCR with
primers including the index sequences. The final PCR products were electrophoresed on an
agarose gel, showing a single sharp peak. The quality and quantity were assayed using an Agilent
Bioanalyzer 2100 {Genomics Shared Resource, Ohio State Untversity Comprehensive Cancer
Center). The purified amplicons were pooled and sent for sequencing using a MiSeq nano-scale
flow cell (Paired-end 300 base-pair reads) at The Genomics Services Laboratory of Nationwide
Children’s Hospital. The FASTQ files were analyzed using CRISPResso2 with default parameters.

RNA-seq experiments. RNA Hbrary preparation was perforroed using NEBNext® Ulira™
i Directional (stranded)} RNA Kit for lllumina (NEB #E7760L New England Biolabs) with an
instial 1nput of 100ng ng extracted RNA per sample, measured using Qubit RNA HS reagents
{(#(32852 Invitrogen) for fragmentation, cDNA synthesis and amplification. Depletion of
ribosomal RNA (tRNA) was carried out with NEBNext rfRNA Depletion Kit (human, mouse, rat)
from New England Biolabs (#E6310X). NEBNext Multiplex oligos indexes kits (E7335L,
E7500L and E7710L) from New England Biolabs were used to barcode each library following the
manufacturer protocol. RNA-seq ltbraries were examined using an Agilent 2100 Bioanalyzer and
a High Sensitivity DNA kit (Agilent Technologies, Inc) RNA-seq libraries were sequenced on
Novaseq SP Paired-End 150bp format at The Genomics Services Laboratory of Nationwide
Children’s Hospital.

RNA sequence vaviant calling and variand filtering. Humina paired-end fastg sequencing
reads were processed according to GATK Best Practices for RNA-seq variant calling. In brief,
reads were aligned to the mouse mm 10 reference genome using STAR version 1.5.2 in two-pass
mode with the parameters implemented by the ENCODE project. Picard tools (version 2.19.0)
was then applied to sort and mark duplicates of the mapped BAM files. The refined BAM files
were subject to split reads that spanned splice junctions, local realignment, base recalibration and
variant calling with SplitNCigarReads, IndelRealigner, BaseRecalibrator and HaplotypeCaller
tools from GATK {version 4.1.2.0), respectively. Known variants in dbSNP version 142 were
used during base quality recalibration. From all called variants, downstream analyses focused

solely on single-nucleotide variants (SNVs) on canonical (1-22, X, Y and M) chromosomes. To
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identify vartants with high confidence, clusters of at least five SNVs were filtered that were within
a window of 35 bases and varants with Fisher strand values >30.0, qual by depth values <2.0 and
sequencing depth <10. Base edits labelled as A-to-I comprise A-to-I edits calied on the positive
strand as well as T-to-C edits sourced from the negative strand, since the RNAs were converted
into ¢cBNA before sequencing, both the nucleotide and its complementary base can be sequenced.
Results obtained with this pipeline can underestimate the actual number of RNA edits occurring
in cells because of the high stringency of the varant calling pipeline and potential under-
representation of intronic and intergenic RNA in cur experiments.

Any confident variants found in wild-type NeuroZa cells were considered to be SNPs and
were filtered out from the base-editor-transfected groups for off-target analysis. Simiarly, any
confident variants found in control mdx'® heart samples were filtered out from the AAV9-ING
group for off-target analysis. The editing rate was calculated as the number of mutated reads
divided by the sequencing depth for each site.

ClinVar database analysis. The ClinVar data was converted into a tab-delimited flat file.
A python script {clinvar.py} was written to process the tab-delimited flat file of ClinVar data.

Stadisticad analysis. The data were expressed as mean + SEM and analyzed with
GraphPad Prism 8.0.1 software {San Dhego, USA). Statistical significance was determined using
one-way ANOVA tollowed by Bonferroni post hoc-tests for multiple groups or student’s #~test for
two groups. A F value of less than 0.05 is regarded as significant.

Data availabifity. The sequencing data have been deposited in the NCBI SRA under

project accession numbers (PRINAG73243).

Example 7. Use of the system for treatment of spinal muscular atrophy.

The 1ABE-NGA system can be broadly used to rescue dystrophin expression in DMD and
ireat other conditions, in addition to correcting point mutations tn DMD and dysferlinopathy. For
example, by targeting the splice sites, 1ABE-NGA can mediate exon skipping and rescue
dystrophin expression in 4 human induced pluripotent stem cell-derived cardiomyocytes with a
farge deletion from exon 48 through 54 in DMD gene (Fig. 30).

Mutations in the survival motor neuron 1 (SMN/) gene cause spinal muscular atrophy
{SMA)}. There is a paralogous gene SMNZ in human, present in almost all SMA patients. The
SMN2 is different from SMN/ in exon 7, with position 6 converted from C to T in SMN2, which
results in the skipping of exon 7 in SMN2 mRNA and non-functional SMINZ protein. Using 1ABE-
NGA-mediated editing of A36 showed that the exon 7 of SMINZ was spliced in (Fig. 31), and thus
this can be a therapy for SMA.
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Moreover, by targeting the splice sites, one can generate loss-of-functions in the

therapeutic targets such as those involved in the regulation of plasma cholesterol levels. Previous

studies identified a number of protective loss-of-functions in genes such as ANGPTL3, APOCC3

and ASGR1, which reduce the plasma low cholesterol levels and renders cardioprotection. 1ABE-

NGA can nstall such loss-of-function mutations in the aforernentioned genes, which can be used

as a one-time cure for dyslipidenia (Fig. 32).

Table 1. List of ABE variants engineered in this study.

Name

Description

ABE-NG

ABEmax with SpCas9-NG mutations
RIZ3SV/LITHIR/DII3SV/GIZI8R/ETZIOF/ATIZ22R/TI337R

ABE-NGA

ABE-NG with R1335G mutation

ABE-NGC

ABE-NG with RI335E mutation

ABE-NG-loop

ABE-NG with the toop sequence from ScCas9 (amno acids 367-376)
inserted

ABE-NGX

ABE-NG with A262T/R324L/8409VE480K/ES43D/M6941 mutations

ABE-NGX-NGA

ABE-NGX with R1335Q

ABE-NGX-NGC

ABE-NGX with R1333E

ABE-NGX-ioop

ABE-NGX with the [oop sequence from ScCas® {amino acids 367-376)
inserted

ABEmaxSc ABEmax with SpCas9 nickase replaced with ScCas9 nickase

ABE-NGm ABE-NG with the dimeric TadA-TadA* replaced with monomeric
TadA* containing two additioval mutations AS6G and VB2G

iABE-NGA ABE-NGA with the dirveric TadA-TadA™* replaced with monomeric

TadA* containing two additional mutations AS6G and V822G
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Table 2. List of gRNA target sequences and primers for PCR in this study.

PCT/US2021/017868

Name Seguence SEQ D NOs

Mdxdev-gRNA GTTATCTCCTGTTCTGCAGE SEQ ID NG 570
NT-gRNA GTTTATGTCACCAGAGTAAC SEQID NG: 571
mBMD-iS2-F GAGGTAATAGAGCCAAGCCCT SEQID NG: 572
mDMD-iS3-R GCAAGAATTCCACTTTTCACTTCCTY SEQID NG: 573
mDMD-ESI-F CTGTCATCTCCAAACTAGAAATGC SEQID NG: 574
mDMD-ESS-R GCAGCCTCTTGCTCACTTACTC SEQID NG: §75
Si-gRNA GATGACAGGCAGGGGCACCG SEQ ID NG: 576
Si-F TICCAGTGGTTCAATGGTCA SEQ ID NGO: 577
S1-R CTTTCAACCCGAACGGAGAC SEQ IR NG: 578
VEGFA-S5-gRNA GAGCGAGCAGCGTCTTICGAG SEQ ID NG: 579
VEGFA-S12-gRNA | GCAGACGGCAGTCACTAGGG SEQ D NG 580
VEGFA-S14-gRNA | GGGAAGCTGGGTGAATGGAG SEQ ID NG: 581
VEGFA-F AGCTGTTTGGGAGGTCAGAA SEQ ID NO: 582
VEGFA-R AGGGAGCAGGAAAGTGAGOGT SEQ 1D NG: 583
Site13-gRNA GTCGCAGGACAGCTTTTCCT SEQIB NG 584
Sitel3-F TGTAGCTACGCCTGTGATGG SEQ ID NO: 585
Sitel13-R TGCCCTGAGATCTTTTCCTC SEQ ID NO: 586
FANCF-gRNA GATCCAGGTGCTGCAGAAGG SEQ ID NO: 587
FANCF-F CTCTTGCCTCCACTGOTTOT SEQ ID NG: 588
FANCEF-R TCOGTAGGATGCCCTACATC SEQ ID NG 589
Q623X-gRNA ATCCTACAGCATGGTGGCTG SEQ ID NG: 590
Purs-F AGTGGTCTCCGGAAACCTCCGCGCCCC | BEQ ID NG: 591

GCAAC
GFP-R TCCTTGAAGAAGATGGTGCG SEQ ID NG 592

46




WO 2021/163492

Table 3. List of plasmids used in this study.

PCT/US2021/017868

1D

Name

Description

pX1L-0570

pCMV_ ABEmax (Addgene #
112095)

Expressing ABEmax; used in Fig. 1e-e;
Fig. 4b.d; Suppl. Fig. S2

pXL-0550 pCMV xCas9 3.7 -ABE 7.10 | Expressing ABE-x; used in Fig. 1¢c-¢; Fig.
{Addgene #108382) 6b; Fig 5.

pX1-0645 pCMV_ABEmaxNG Expressing ABE-NG; used in Fig. Ic-e;
Fig. 2a-f; Fig. 3b; Fig. 6b-6d,

pX1L-0752 pLKO-puro-2A-mdxdev-GFP mdx'™ reporter; used in Fig. 1c-e; Fig. 6c¢,
6d, h; Fig. 4.

pXL-0631 pLenti-puro-OgRNA mdxES3 gRNA targeting md™ mutation; used in
Fig. lc-e; Fig. 3b-d; Fig. 6c¢-6h; Fig.
27g,27h; Fig. 4.

pXL-0838 pCMV ABEmaxNG-NGA Expressing ABE-NGA; used in Fig. 2a-f.

pX1L-08a9 pCMVY ABE-NGC Expressing ABE-NGC; used in Fig. 2a-f

pXL-0872 pCMV _ABE-NG-loop Expression ABE-NG-loop; used in Fig.

~

2a-1

pX1-0712

pCMV-ABEmaxNGX

Expressing ABE-NGX; used in Fig. 2a-f.

pXL-0868 pCMV-ABEmaxNGX-NGA Expressing ABE-NGX-NGA; used in Fig.
Za-f.
pXL-0875 pCMV-ABEmaxNGX-NGC Expressing ABE-NGX-NGC; used in Fig.

2a-f

pXL-0877

pCMV-ABEmaxNGX-loop

Expressing ABE-NGX-loop; used in Fig.
2a-t.

pX1.-0723 pCMV-ABEmaxSC Expressing ABEmaxSc; used in Fig. 2a-f.

pX1L-0627 pLenti-puro-S10gRNA §1 targeting gRNA; used in Fig. 2a.

pZ {0009 plenti-Q2440X-0gRNA Non-targeting gRNA; used o Fig. 7.

pXL-0796 pLenti-VEGFA-SS aRNA targeting VEGFA Sites; used in
Fig 2b.

pXL-0797 pLenti-VEGFA-512 gRNA targeting VEGFA Sitel2; used in

Fig 2c.

pX1.-079%

plenti-VEGFA-814

gRNA targeting VEGFA Sitel4; used

Fig. 2d.

pXL-0800 plenti-Site13 gRMNA targeting Sitel3; used in Fig. Ze.

pXL-0801 pLenti-FANCF-0gRNA gRNA targeting FANCEF; used in Fig. 2

pZ{0103 pCMV_ minitABE NG(V82G) Expressing miniABE(82G-NG; used in
Fig. 3b3c.

pZC0104 pCMV  minitABE-NG Expressing mint ABE-NG; used in Fig. 3b-
3d.

pX1-08S53 pCMV_mini ABEmax- Expressing mint ABE{AS6G-NG; used in

NG{AS6G) Fig 3b3c.
pXL-0854 pCMV minitABEmaxNG(GG) Expressing mintABE(GG)-NG; used in

Fig. 3b-34d; Fig 4.

~r
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pXL-~0420 pCMV_ ABE7.10 {Addgene Expressing ABE7 10; used in Fig. 6b, Fig.
#102919} S

pX1L-0670 pBacrAAV-ABEmaxN-ES3 Expressing Cfa Split N of ABE and
OgRNA madxdev gRNA; used in Fig. 6b-6d.

pXL-0671 pBac-rAAV-ABEmax(C-NG-ES3 | Expressing Cfa Split € of ABE-NG and
OgRNA mdxdev gRNA; used o Fig. 6b-6d.

pXL-0672 pBac-rAAV-ABEmaxN2-ES53 Expressing Gp41-1 Split N of ABE and
OgRNA mdxdev gRINA; used in Fig. 6b-6d.

pXL-0673 pBac-rAAV-ABEmax{C2-NG- Expressing Gpdi-1 Split_ € of ABE-NG
HS3 OgRNA and mdxdev gRNA; used 10 Fig. 6b-6d.

pZ{0117 pX601-mhCMV-ABEmaxNGA- | Expressing Npu Split C of IABE-NGA
C3-E530gRNA and mdxdev gRNA; used in Fig. 6e-6h.

pZ{COTIR pX601-mhCMV-miniABEmax- | Expressing Npu Split. N of tABE-NGA
N3-ES30gRNA and mdx4dev gRNA; used in Fig. 6e-6h.

pZC011e pX601-mhCMV-miniABEmax- | Expressing Npu Split N of 1ABE-NGA;
N3-ze0 used in Fig. Ge-0h.

pf L0031 pX601-mhCMV-miniABEmax-~ | Expressing Gp41-1 Split. N of IABE-NGA
N2-E530gRNA and mdxdcv gRNA; used in Fig. 6e-0h

pZ {0033 pX601-mhCMV-ABEmaxMNGA- | Expressing Gp4i-1 Split € of IABE-NGA

C2-E530gRNA

and mdxdcv gRNA; used in Fig. 6e-6h.

pXL-0855

pXO01-MHP1-
mintABEmaxNG-N2-{GG)

Expressing Gp41-1 Split N of 1ABE-NGA
and mdxdev gRNA, MHP1 promoter; used
for AAV9 production in Fig. §, 27.

pXL-0706

pX601-MHP1-ABEmaxC2-NG-
B33 ogRNA

Expressing Gp41-1 Split C of 1ABE-NGA
and mdxdev gRNA, MHP1 promoter; used
for AAV9 production in Fig. §, 27.

pY L1059 pCMV NG-ABESe Expressing ABES8e-NG; used in Fig. 4

pZC0105 pCMV NG-ABER.17 Expressing ABEB.17-NG; used in Fig. 4

pZC0106 pCMV NG-ABES.20 Expressing ABES 20-NG; used in Fig 4

pZCOL1 pCMV _ SpG-ABERe(VI06W) Expressing ABEBe-SpG{VI06W); used in

Fig. 4

pPW-0007 pLKO-puro-2A-Q623X-GFP Q623X reporter; used in Fig. 4b.

pPW-0010 plenti-Q023 X-0gRNA (3623X targeting gRNA; used in Fig. 4b.

pX1L-0419 pCMV-ABE7 9 (Addgene Expressing ABE7.9; used in Fig. 8.
#102918)

pXL-0419 pCMV-ABE7 9 (Addgene Expressing ABE7 9; used in Fig. 8.
#102918)

pY(GO010 pBac-rAAV-IntC-SpCasn Expressing Npu_ N-SpCas9 nickase; used

in Fig. 8.

pYGO011

pBac-rAAV-ABE7.10v3

Expressing GFP-TadA-TadA*-Npu C;
used in Fig. &
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Table 4. List of primers used for NGS in this study.

PCT/US2021/017868

Name Sequence

Mdsdev- | ACACTCTTTCCCTACACGACGCTCTTCCGATCTGAACTCAT | SEQID
E52-F TACTGCTGCCCAGA NG: 593
Mdx4ev- | GTGACTGGAGTTCAGACGTGIGCTCTTCCGATCGACCTGTT | SEQ D
ES3-R CGOCTTCTTCCTTA NG 594
Mdxdev- | ACACTCTTTCCCTACACGACGCTCTTCCGATCTAAATTTICC [ SEQID
i52-F ACTGTCTTCTCTTGAGT NQO: 595
Mdxdev- | GTOACTGCGAGTTCAGACGTGTGCTCTTCCGATCGCTTGCCT | SEQ ID
i53-R CTGACCTGTCCTATY NQO: 596
mChris | ACACTCTTTICCCTACACGACGCTCTTCCGATCTGTGACTAG | SEQID
O7-F GOGCAAAGCAAGAT NG: 597
mChris | GTGACTGGAGTTCAGACGTGTGCTCTTCCOATCCTTCCAAA | SEQID
OT-R CTTTCTGCCCATTC NG: 598
mChriQ | ACACTCTTTCCCTACACGACGCTCTTCCGATCTAACACAGC | SEQID
T-F GTGCTCTTTCCTTALC NG 599
mChriQ | GTOGACTGGAGTTCAGACGTGTGCTCTTCCGATCGTTCAGAA | SEQ ID
T-R GAACATCCCGTTGAC NO: 600
NGS- AATGATACGGUGACCACCGAGATCTACACTCTTTCCCTACA | SEQID
final-F CGAC NG: 601
NGS-~ CAAGCAGAAGACGGCATACGAGATCTTGTAGTGACTGGAG | SEQID
final-R1 | TTCAGACGTY NG: 602
NGS- CAAGCAGAAGACGGCATACGAGATCAGATCGTGACTGGA | SEQ D
final-R2 | GTTCAGACGT NG 603
NGS- CAAGCAGAAGACGGCATACGAGATCCOGTCCGTGACTGGAG | SEQID
final-R3 | TTCAGACGT NG 604
NGS- CAAGCAGAAGACGGCATACGAGATATGTCAGTGACTGGAG | SEQ ID
final-R4 | TTCAGACGT NG: 605
NGS- CAAGCAGAAGACGGCATACGAGAT GTCCGC SEQ ID
final-RS | GTOGACTGGAGTTCAGACGT NO: 606
NGS- CAAGUAGAAGACGGCATACGAGAT TTAGGC SEQ D
final-Ré | GTGACTGGAGTTCAGACGT NG: 607
NGS- CAAGCAGAAGACGGCATACGAGAT CGATOT SEQID
final-R7 | GTGACTGGAGTTCAGACGT NO: 608
NGS- CAAGCAGAAGACGGCATACGAGAT TGACCA SEQID
final-R& | GTGACTGGAGTTCAGACGT NO: 609
NGS- CAAGCAGAAGACGGCATACGAGAT AGTCAA SEQ ID
final-R% | GTGACTGGAGTTCAGACGT NQG: 610
NGS-~ CAAGCAGAAGACGGCATACGAGAT AGTTCC SEQID
final- GTGACTGGAGTTCAGACGT NG: 611
Rif
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NGS- CAAGCAGAAGACGGCATACGAGAT GATCAG SEQ ID
final- GTGACTOGGAGTTCAGACGT NG 612
Rit
NGS- CAAGCAGAAGACGGCATACGAGAT ACAGTG SEQ ID
final- GTGACTOGGAGTTCAGACGT NQO: 613
Riz
NGS- CAAGCAGAAGACGGCATACGAGAT TATACT SEQ D
final- GTGACTOGGAGTTCAGACGT NO: 614
Ri3
NGS- CAAGCAGAAGACGGCATACGAGAT CAACAA SEQ D
final- GTGACTOGGAGTTCAGACGT NG 615
Ri4
NGS- CAAGCAGAAGACGGCATACGAGAT GTTGTT SEQ D
final- GTGACTGOAGTTCAGACGT NG 616
R1i5
NGS- CAAGCAGAAGACGGCATACGAGAT TCGHTT SEQ ID
final- GTGACTGOAGTTCAGACGT NG 617
Rié
NGS- CAAGCAGAAGACGGCATACGAGAT AGTATT SEQ ID
final- GTGACTGOAGTTCAGACGT NG 618
R17
NGS- CAAGCAGAAGACGGCATACGAGAT TCTTGT SEQ ID
final- GTGACTGOAGTTCAGACGT NO: 619
Ri8
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X 13117 [ NM O | NP 003 | Dilated G> | intron ABE | SEQID | SEQID
3588 | 04020, | 997 Lp. | cardiomyopath | A variant NO: 48 | NO: 222;
3:c284 | GIn3427 | v 3B:Becker SEQ D
3+5081 | Ter muscular NG 223
C>T dystrophy;Duc
henne muscular
dysirophy
X {3246 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQIB | SEQID
4674 | 04006, | 997 1:p. | muscular NO: 49 | NG 224,
2:¢.318 | Trpl063 | dystrophy; SEQID
8G>A | Ter DUCHENNE NG 225,
MUSCULAR SEGID
DYSTROPHY NO: 226,
SEGID
NO: 227
X1 3221 I NM G | NP 003 | not provided; C>T | nonsense | ABE | SEQID | SEQID
7037 | 04006, | 997 1:p. | Not Provided NO: 50 | NO: 228;
2:¢.631 | Trp2106 SEQID
7G>A | Ter NG 229
X 13236 | NM O | NP 003 | Dilated > | nopsense | ABE | SEQID | SEGID
2826 | (4006, | 997.1p. | cardiomyopath | A NG: 51§ NO: 230
2:¢.528 | Argl76 |y 3B; Becker SEGQID
TCHT 3Fer muscuiar NG 231
dystrophy; SEQID
Druchenne NO: 232
muscular
dystrophy
X | 3117 | NM O | NP 004 | Dilated C>T | synonym | ABE | SEQID | SEQID
8668 | 04006, | 010.1:p. | cardiomyopath ous NG 52 I NO: 2335
2:¢c.102 | Thr340= | y 3B; Becker variant SEQID
23+1G muscular NO: 234;
>A dystrophy; SEGQID
Duchenne NO: 233
muscular SEQID
dysirophy NO: 236
X | 3118 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID | SEQID
0423 | 04006, | 997 1p. | cardiomvopath | A NGO 530 | NG 237,
2:c 100 | Arg334 | v 3B: Becker SEQID
33CHT | STer muscular NO: 238
dvstrophy;
Duchenne
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muscular
dystrophy; not
provided
X 3147 | NM O | NP 003 | not specified C>T | nonsense | ABE | SEQIE | SEQ D
8163 | 04006. | 997.1:p. NGO: 54§ NO: 239
2:.¢c.888 | Trp2960
0G>A | Ter
X [ 3147 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID | SEQID
8043 | 04006, | 997 1ip. | cardiomyopath | A NO: 55 | NG 240
2:c.860 | Arg287 | v 3B: Becker
3C>T | OTer muscular
dvstrophy;
Buchemne
muscuiar
dystrophy
X 13269 | NM O | NP 003 | Becker 3> | nonsense | ABE | SEQID | SEQID
7947 04006, | 997 1ip. | muscular A NO: 56 | NGO 241,
20883 | Arg295 | dystrophy: SEQID
C>T Ter Duchenne NG 242;
muscular SEQID
dystrophy; NG 243,
Drlated SEGID
cardiomyopath NO: 244,
y 3B SEGID
NO: 243
X 3257 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQID | SEQID
3766 | 04006, | 997 1ip. | muscular NO: 57 | NGO 246;
2:¢.168 | Trp361 | dysirophy: SEQID
3GA | Ter Duchenne NG 247,
muscular SEQID
dystrophy NG 248;
SEGID
NO: 249
X 13248 | NM O Dilated C>T | splice ABE | SEQID | SEQID
4918 | 04006, cardiomyopath donor NG: 538 | NO: 250
21280 v 3B; Dilated variant
3+1G> cardiomyopath
A v 3B
X 3257 | NM. O Becker C>T | splice ABE | SEQID | SEQID
3744 | 04006, muscular donor NG 59 | NO: 251
2:2170 dysirophy: variant SEQID
44+1G> Duchenne NG 252,
A muscular SEQID
dystrophy; not NG 253,
specified SEQID
NO: 254

W
N2
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X 13281 | NM O | NP 003 | Duchenne G> | unonsense | ABE | SEQID | SEQID
6541 | 04006, | 997 1:p. | muscular A NO: 60 | NG 255,
2:0457 | GInl53 | dystrophy SEQID
C>T Ter NG 256;
SEQID
NGO 257,
SEGQID
NO: 258
X 13234 | KM O | NP 003 | Dnlated 3> | nonsense | ABE | SEQID | SEQID
8501 | 04006, | 997 1p. | cardiomyopath | A NO: 61 | NGO 259,
2:¢.535 | Ginl785 | v 3B; Dilated SEQID
3C>T | Ter cardiomyopath NG 269;
v 3B SEQID
NG 261
X 3241 | NM G | NP 003 | Duchenne > | nopsense | ABE | SEQID | SEGID
1811 | 04006, | 997 1p. | muscular A NQO: 62 | NO: 262;
2417 | GInl392 | dysirophy; SEQID
4C>T Ter Becker NO: 263;
muscular SEQID
dystrophy NO: 264;
SEQID
NGO 265,
SEQID
NG 266
X | 3HI8 | NM O | NP 0063 | Dilated C>T | nonsense | ABE | SEQIE | SEQ D
2861 | 04006, | 997 1p. | cardiomyopath NQO: 63 | NO: 267,
2:¢.985 | Trp3284 | v 3B; Dilated SEGQID
1G>A | Ter cardiomyopath NO: 268
v 3B
X | 3280 | NM O | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
D577 | 04006, | 997 Lp. | muscular NG: 64 | NO: 269
2:¢.365 | GInl8Y | dysirophy;
C>T Ter Becker
muscular
dystrophy
X 13221 | NM_O | NP 603 | Duchenne G> | nonsense | ABE | SEQID | SEQID
6981 | 04006, | 997 1:p. | muscular A NG 65 | NO: 270
2:¢.637 | GlaZ123 | dystrophy;
3T | Tor DUCHENNE
MUSCULAR
DYSTROPHY;
Dilated
cardiomyopath
v 3B; Becker
muscular
dystrophy
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X 13257 I NM O | NP 003 | Motor delay; C>T | nonsense | ABE | SEQID | SEQID
3812 | 04006, | 997 1ip. | Muscle NO: 66 | NG 271
2:0.163 | Trp346 | weakness; SEQID
7G>A 0§ Ter Muscle cramps; NG 272,
EMG SEQID
abnormality; NGO 273,
EMG: SEGID
myopathic NO: 274;
abnormalitics; SEGID
{alfmuoscle NG: 275
hypertrophy
X | 3150 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQID | SEQID
7314 | 04006, | 997 .1p. | muscular NQO: 67 | NO: 276
2:¢.835 | Trp2786 | dysirophy; SEQID
T7G>A | Ter Duchenne NGO: 277;
muscular SEQID
dystrophy NG 278;
SEQID
NG 279;
SEQID
NG 280
X | 3246 | NM O | NP 063 | Becker C>T | nonsense | ABE | SEQIE | SEQ D
3438 | 04006, | 997.1p. | muscular NO: 68 | NO: 281
2341 | Trpl 138 | dystrophy SEQID
3G>A | Ter NO: 282;
SEQID
NGO: 283
X 13122 | NM O | NP 003 | Dilated > | nonsense | ABE | SEQID | SEQID
3071 | 04006, | 997 1p. | cardiomvyopath | A NG 69 | NO: 284
2:¢933 | Arg311 | vy 3B; Becker SEQID
7C>T | 3Fer muscular NO: 283
dystrophy;
Duchenne
muscular
dvsirophy; not
provided; Not
Provided
X 13192 | NM O | NP 003 | Dilated C>T | Sprime | ABE | SEQID | SEQID
G602 | 04006, | 997 1:p. | cardiomyopath UTR NGO 700 | NG 285
2:¢.690 | Trp2302 | v 3B; Becker variant
6G>A | Ter muscular
dystrophy;
Duchenne
muscular
dysirophy
X 3239 | NM 0 | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
5765 | 04006, | 997 1p. | muscular A NO: 71 | NG 287,
dystrophy SEQID
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2:¢.159 | Gind32 NO: 28%;
4C>T | Ter SEGID

NO: 289
SEQID
NO: 290
X [ 3257 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID | SEQID
3834 ) 04006, | 997 1p. | cardiomvopath | A NO: 720 NG 291
2:¢.161 | Arg539 | v 3B: Becker SEQID
SC>T |} Ter muscular NO: 292;
dystrophy; SEGID
Puchenne NO: 293;
muscular SEGID
dystrophy NG: 294;
SEQID
NO: 295
X 3167 | NM O | NP 003 | Dulated C>T | nonsense | ABE | SEQIB | SEQID
G565 | 04006, | 997 1:p. | cardiomvopath NGO 730 | NG 296;
2:¢.768 | Trp2561 | v 3B: Becker SEQID
2G6>A | Tor muscular NG 297
dvstrophy;
Duchenne
muscuiar
dystrophy
X 3167 | NM O | NP 003 | Dnlated C>T | nonsense | ABE | SEQID | SEQID
0564 | 04006, | 997 Lip. | cardiomyopath NO: 74 | NO: 298
2:0.768 | Trp2561 | v 3B: Becker
3G>A | Ter muscular
dvsirophy;
Buchemne
muscuiar
dysirophy
X | 3248 | NM O | NP_003 | Duchenne > | nonsense | ABE | SEQID | SEQID
50537 {1 04006, | 997 Lp. | muscular A NO: 75 | NO: 299;
2:¢.266 | ArgR89 | dystrophy SEQID
S5C>T | Ter NG 300;
SEQID
N 301,
SEQID
NG 302;
SEGID
NG 303
X | 3284 | NM O | NP_003 | Duchenne 4> | Sprime ABE | SEQID | SEQID
D781 | 04006, | 997 Lp. | muscular A UTR NG 76 NG 304;
2:¢.133 | GIndST | dysirophy; variant SEQ D
C>T er Becker NG 305;
muscular SEQID
dystrophy NG 306;
35
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SEQID
NG 307
X | 3250 | NM 0§ NP 003 | Duchenne > | nopsense | ABE | SEQID | SEGID
1767 | 04006, | 697 1p. | muscular A NO: 77 | NO: 308
2:¢.236 | GIn790 | dystrophy; SEGQID
8C>T Ter Duchenne NG: 309;
muscular SEQID
dystrophy NO: 310
X 13254 | NM. O | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
5250 | 04006, | 997 1:p. | muscular A NOD 78 | NG 311
2:¢.207 | GIn693 | dvstrophy SEQID
TCHT | Ter NGO 317
SEGID
NO: 313
X {3167 | KM O | NP 003 | Dilated C>T | nonsense | ABE | SEQID | SEQID
0429 | 064006, | 997 Lip. | cardiomyopath NGO 79 | NG 314,
20781 | Trp2606 | v 3B, Dilated SEQID
3G>A | Ter cardiomyopath NG 315
v 3B
X 13167 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQID | SEQID
8492 | 04006, | 997 1p. | muscular NO: 80 | NG 316;
2:0.775 | Trp2585 | dystrophy: SEQID
SG»A  Ter Duchenne NG 317,
muscular SEQID
dystrophy NO: 318;
SEGID
NO: 319;
SEGID
NO: 320
X | 3187 | NM 0§ NP 003 | Duchenne G> | Sprime | ABE [ SEQID | SEQID
533 (4006, | 997 1p. | muscular A UTR NO: 81 | NG 321
2:0.695 | GIn2319 | dystrophy: variant
SC>T | Ter DUCHENNE
MUSCULAR
DYSTROPHY
X | 3234 | NM O | NP_003 | Duchenne > | nonsense | ABE | SEQID | SEQID
2105 | 04006, | 997 1p. | muscular A NG: 82 | NO: 322
2:¢.591 | GInlY73 | dystrophy;
7CT | Ter Druchenne
muscular
dystrophy
X 13177 | NM O Becker C>T | sphice ABE { SEQID | SEQID
4193 | 04006, muscular acceptor NG 83 | NO: 323;
2.¢.73% dystrophy; variant SEQID
0- Duchenne NO: 324
1G>A muscular
dysirophy
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X | 3117 | NM O | NP 003 | Becker G> | 5008 ABE [ SEQID | SEQID
7932 | 04006, | 997 1p. | muscular A downstre NO: 84 | NG 325,
2:0.102 | Ala3421 | dystrophy: am SEQID
62C>T | Val BECKER variant NG 326
MUSCULAR
DYSTROPHY:
not specified
X 13165 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID | SEQID
123 | 04006, | 997 1p. | cardiomvopath | A NG RS | NO: 327
2:¢.789 | Gin2632 | v 3B; Becker
4T | Ter muscular
dystrophy;
Duchenne
muscular
dysirophy
X 3246 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID | SEQID
8683 | 04006, | 997 1:p. | cardiomvopath | A NGO 86 | NG 328;
2:¢.297 | GIn993 | v 3B; Dulated SEQID
TCHT | Ter cardiomyvopath NG: 329
v 3B
X 13269 | NM O Duchenne C>T | sphice ABE | SEQID | SEQID
9111 | 04006, muscuiar donor NO: 87 NG 330;
2.c831 dystrophy variant SEQID
+1G>A NO: 331,
SEGQID
NO: 332
X 13241 | NM O | NP 003 | Duchemne G> | unonsense | ABE | SEQID | SEQID
1772 | 04006, | 997 Lp. | muscular A NO: 88 | NG 333;
2:0421 | GInl405 | dystrophy: SEQID
3C>T | Ter DUCHENNE NG 334
MUSCULAR
DYSTROPHY
X | 3117 | NM O | NP 003 | Dilated > | nonsense | ABE | SEQID | SEQID
8721 | 04006, | 997.1;p. | cardiomyopath | A NG: 89 | NO: 335
2ie 101 | Arg339 | v 3B; Becker SEQID
TIC>T | 1Ter muscuiar NO: 336
dystrophy,;
Duchenne
muscular
dystrophy; not
provided; Not
Provided
X | 3147 | NM O | NP 003 | Dilated C>T | missense | ABE | SEQID | SEQID
8983 | 04006. | 997.1:p. | cardiomyopath variant NO: 80 | NO: 337
2:¢.866 | GluZ890 | v 3B; Dilated SEQID
8G>A | Lys cardiomyopath NO: 338
v 3B
37
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X | 3118 | NM O Dilated C>T | splice ABE | SEQID | SEQID
0369 | 04006, cardiomyopath donor NO: 81 | NG 339
2:0.100 y 3B; Becker variant SEQID
36+10 muscular NG 340;
>A dystrophy; SEQID
Buchemne NGO: 341
muscuiar
dysirophy
X 13236 | NM O | NP 003 | Duchenne 3> | nonsense | ABE | SEQID | SEQID
4647 | (4006, | 997 1:p. | muscular A NO: 92 | NG 342
2:¢.508 | Glnlo97 | dysirophy:
SC>T | Ter Becker
muscudar
dystrophy
X 3149 | NM O | NP 003 | Dilated > | nopsense | ABE | SEQID | SEGID
6892 | 04006, | 997 .1p. | cardiomyopath | A NO: 93 | NO: 343;
2:c.844 | GIn2815 | v 3B; SEQID
3C>T Ter Duchenne NG: 344;
muscular SEQID
dystrophy NO: 345;
SEQID
NO: 346
X 13241 | NM_O | NP 003 | Drlated G> | nonsense | ABE | SEQID | SEQID
1868 | 04006, | 997.1:p. | cardiomyopath | A NG: 94 | NO: 347,
2:c4il | Ginl373 | v 3B; Becker SEQID
7C-T | Tor muscudar NG: 348
dystrophy;
Duchenne
muscular
dystrophy
X 13181 | NM O Dilated C>T | sphice ABE | SEQID | SEQID
8974 | 04006, cardiomyvopath donor NGO 85 | N 349
2:¢.730 v 3B; Becker variant
O+ 1G> muscular
A dystrophy;
Duchenne
muscular
dysirophy
X [ 3144 | NM O | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
4621 | 04006, | 997 1:p. | muscular A NO: 86 | NG 350;
2:0.894 | Arg298 | dystrophy; SEQID
4C>T | 2Ter DUCHENNE NG 351
MUSCULAR SEGID
DYSTROPHY: NO: 352;
Difated SEGQID
cardiomyopath N{: 353
v 3B; Becker
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muscular
dystrophy
X 13162 | NM O | NP 003 | Duchenne > | nopsense | ABE | SEQID | SEGID
7852 | 04006, | 997 .1p. | muscular A NO: 97 | NO: 354;
2:¢.803 | Arg268 | dystrophy; SEGQID
RC>T | OTer Becker NG: 355;
muscular SEQID
dystrophy NO: 356;
SEQID
NG 357
X 13250 | NM_O | NP 603 | Duchenne G> | nonsense | ABE | SEQID | SEQID
1833 | 04006, | 997.1:;p. | muscular A NG 98 | NO: 35%8;
2:¢.230 | Arg768 | dystrophy; SEGID
2051 | Ter DUCHENNE NO: 359;
MUSCULAR SEGID
DYSTROPHY; NG: 360
Dilated
cardiomyopath
y 3B
X 13236 | NM_ O | NP_003 | Dulated > | nonsense | ABE | SEQID | SEQID
5049 | 04006, | 997 Lp. | cardiomyopath | A NO: 99 | NO: 361;
2:0.499 | Arglisd | v 3B; not SEQ D
6C>T | oTer provided; NG 362
Duchenne
muscular
dystrophy
X 13234 | NM O | NP 003 | Dnlated G> | nonsense | ABE | SEQID | SEQID
5996 | 04006, | 997 1ip. | cardiomyopath | A NO: 100 | NG 363;
2:0.553 | Argl84 | v 3B; Becker SEQID
0C>T | 4Ter muscular NG 364,
dvstrophy; SEQID
Duchenne NG 365;
muscular SEQID
dysirophy N{: 366
X 13246 | NM G | NP 003 | Dilated C>T | nonsense | ABE | SEQID | SEQID
8573 | 04006, | 997 1p. | cardiomyopath NO: 101 | NG 367,
22308 | Trpl029 | v 3B, Dilated SEQID
7GA | Ter cardiomyopath NG 368
v 3B
X 13251 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQID | SEQID
8098 | 04006, | 997 1p. | muscular NO: 102 | NG 369,
2:0.220 | Trp734 | dystrophy SEQID
26>A | Ter NG 370;
SEQID
NGO 371
SEQID
NO: 372
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X | 3182 | NM O | NP 003 | Dnlated C>T | Sprime | ABE [ SEQID | SEQID
G055 | 04006, | 997 1p. | cardiomyopath UTR NO: 103 | NG 373,
2:0.722 | Trp2410 | v 3B; Dilated variant SEQID
SG>A | Ter cardiomyvopath NG 374
v 3B
X 3265 | NM O Dilated G> | intron ABE | SEQID | SEQID
(983 | 04006, cardiomvopath | A variant NGO 104 | NGO 375;
2:0.961 v 3B; SEQID
- Duchenne NG 375;
5831C muscular SEGID
>T dysirophy NG 377;
SEGID
NO: 378;
SEQID
NO: 379
X [ 3147 | NM O | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
8129 | 04006, | 997 1:p. | muscular A NO: 105 | NGO 380;
2:0.891 | GIn2972 | dystrophy SEQID
4C>T | Ter NGO 381
SEQID
NO: 332;
SEGQID
N{O: 383
SEQID
NO: 384;
SEQID
NO: 385
X 13238 | NM O | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
9605 | 04006, | 997.1:p. | muscular A NG 106 | NO: 380
2:.c 44l | Glnl472 { dystrophy; SEQID
4T | Ter DUCHENNE NO: 387;
MUSCULAR SEGID
DYSTROPHY NO: 38§;
SEGID
NO: 389
X 3239 | NM 0 | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
5855 | 04006, | 997 1p. | muscular A NO: 107 | NG 390
2:2. 150 | G302 | dystrophy
4C>T | Ter
X | 3269 | NM O | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
0219 | 04006, | 997 Lp. | muscular A NG: 108 | NO: 391,
2724 | GIn242 | dystrophy; SEQID
C>T Ter DUCHENNE NGO: 392;
MUSCULAR SEQID
DYSTROPHY NG 393;
SEQID
NG 394

o
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X 13321 | NM O | NP 003 | Becker C>T | nonsense | ABE | SEQID | SEQID
1304 | 04006, | 997 1p. | muscular NO: 109 | NG 395,
2:¢.9G | Tep3Ter | dystrophy; SEQID
>A BECKER NG 396;
MUSCULAR SEQID
DYSTROPHY: NO: 397
Difated
cardiomyopath
y 3B:
Duchenne
muscular
dvsirophy; not
provided; Not
Provided
X 13245 | NM. O Dilated C>T | sphice ABE | SEQID | SEQID
4833 | (4006, cardiomyvopath accoptor NO: 110 | NO: 398;
2:¢.343 v 3B; Dilated variant SEGQID
3- cardiomyopath NGO 399;
1G-A v 3B SEGID
NO: 400;
SEQID
NGO: 401
SEQID
NGO 402
X 13247 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQID | SEQID
2252 1 04006, | 997 1:p. | muscular NO: 1HL | NO: 403
2:¢.286 | Tm954 | dvstrophy SEQID
1G>A | Ter NO: 404,
SEGID
NO: 403
X 13238 | NM O | NP 003 | Dnlated G> | nonsense | ABE | SEQID | SEQID
09614 | 04006, | 997 Lip. | cardiomyopath | A NO: 112 | NG 406,
2:¢.440 | Ginl469 | v 3B Dulated SEQID
SC>T | Ter cardiomyvopath NG 407,
y 3B SEQID
NGO: 408
X 13243 | NM O Duchenne C>T | splice ABE | SEQID | SEQID
824G | 04006. muscular donor NG: 113 | NO: 409;
2:¢.407 dystrophy variant SEQID
{+1G> NO: 410;
A SEQID
NG 411,
SEQID
NG 412;
SEQID
NG 413;
SEGID
NO: 414

o1
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X 13249 | NM O | NP 003 | Duchenne G> | unonsense | ABE | SEQID | SEQID
1492 | 04006, | 997 1p. | muscular A NO: 114 | NG 415
2:¢.240 | GInR03 | dystrophy;
7C>T | Ter Duchenne
muscular
dystrophy
X 13120 | NM O Duchenne C>T | splice ABE | SEQID | SEQID
6581 | 040086. muscular donor NG: 115 | NO: 416
2:0.964 dystrophy variant SEQ D
S+10G> NG 417,
A SEQID
NG 418
X 13239 | NM_O | NP 603 | Duchenne G> | nonsense | ABE | SEQID | SEQID
0175 | 64006, | 997.1p. | muscular A NG 116 | NO: 419
2:c424 | Glnl414 | dystrophy.; not SEGID
6C>T | Tor specified NG: 420;
SEQID
NO: 421;
SEQID
NG 422;
SEQID
NG 423
X 13249 | NM_O | NP 603 | Duchenne G> | nonsense | ABE | SEQID | SEQID
1387 | 04006, | 997.1:p. | muscular A NG 117 | NO: 424
2:¢.251 | Gla838 | dystrophy; SEGID
20>T Ter Becker NG 423
muscular SEGID
dysirophy NG 426;
SEQID
NGO: 427
X 13234 | NM 0 | NP 003 | Duchenne C>T | nonsense | ABE | SEQID | SEQID
2154 | 04006, | 997 1:p. | muscular NO: 118 | NGO 428;
2:¢.5386 | Tmp1956 { dvstrophy; SEQID
8G>A | Ter Becker NO: 429;
muscular SEQID
dystrophy NG: 430;
SEGID
NO: 431
X 3281 | NM O | NP 003 | Dulated C>T | nonsense | ABE | SEQIB | SEQID
6506 | 04006, | 997 1p. | cardiomyopath NO: 119 | NG 432,
2:c.489 | Trpl63 | v 3B, Dulated SEQID
G>A Ter cardiomvopath N 433
v 3B
X 3245 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID | SEQID
4685 | (4006, | 997 1:p. | cardiomvopath | A NO: 120 | NGO 434,
2:¢.358 | Gin1194 | v 3B; Becker SEQID
GC>T | Ter muscular NGO: 435
dystrophy;
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Duchenne
muscular
dystrophy
3257 | NM O Becker C>T | splice ABE | SEQID | SEQID
3529 | (4006, muscudar donor NO: 121 { NO: 436
2.c.181 dystrophy; variant
2+1G> Muscular
A dystrophy,
Becker;
Buchemne
muscular
dysirophy; not
provided; Not
Provided
3122 | NM © Dilated C>T | splice ABE | SEQID | SEQID
3046 | 04006, cardiomyopath donor NO: 122 | NG 437
2:0.8936 y 3RB; Becker variant
1+1G> muscular
A dvstrophy;
Buchemne
muscuiar
dystrophy
3254 | NM_O | NP 003 | Duchemne 3> | nonsense | ABE | SEQID | SEQID
S310 | 04006, | 997 1ip. | muscular A NO: 123 | NG 438;
2:0.201 | GIn673 | dystrophy: SEQID
7CT | Ter DUCHENNE NG 439
MUSCULAR
DYSTROPHY
3234 | NM O | NP 003 | Duchemne > | nonsense | ABE | SEQID | SEQID
3232 | 04006, | 997 .1p. | muscular A NQ: 124 | NO: 444;
2564 | GInl881 | dysirophy; SEQID
1C>T Ter Duchenne NG 441;
muscular SEQID
dystrophy NG: 442,
SEQID
NG 443
3167 | NM O | NP 063 | Duchenne C>T | nonsense | ABE | SEQIE | SEQ D
9430 | 64006, | 997.1p. | muscular NG 125 | NO: 444
2:¢.781 | Trp2606 | dystrophy;
7G>A | Tor Duchenne
muscular
dysirophy
3280 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID | SEQID
G559 | 04006, | 997 1p. | cardiomvopath | A NO: 126 | NGO 445,
2:¢c.583 | Argl95 | v 3B: Becker SEQID
C>7 Ter muscular NO: 445
dvstrophy; SEQID
Puchenne NO: 447,
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muscular SEQID
dystrophy; not NG 448
provided; Not
Provided
X | 3257 | NM O | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
3786 | 04006, | 997 Lp. | muscular NG: 127 | NO: 449;
2166 | GInS55 | dystrophy; SEQID
3C>T Ter Duchenne NG 450;
muscular SEQID
dystrophy NG 451,
SEQID
NG 452
X 3150 | NM O | NP 003 | Dilated C>T | nonsense | ABE | SEQID | SEQ D
7313 | 64006, | 997.1p. | cardiomyopath NG 128 | NO: 453;
2:¢.835 | Trp2786 | v 3B; Dilated SEGQID
8G>A | Ter cardiomyopath NO: 454;
v 3B SEQID
NG 455;
SEQID
NG: 456;
SEQID
N 457,
SEQID
N 458
X 13249 | NM O | NP 003 | Dilated C>T | nonsense | ABE | SEQID | SEQID
1463 | 04006, | 997 Lp. | cardiomyvopath NG 129 | NO: 459;
20243 | Trp812 | v 3B; Dulated SEQID
60G>A | Ter cardiomyopath NO: 460;
v 3B SEQID
NG 461
X 13165 | NM 0 | NP 003 | not specified C>T | nonsense | ABE | SEQID | SEQID
RE18 | 04006, | 997.1p. NO: 130 | NO: 4625
2:¢.789 | Trp2633 SEGQID
9G>A | Ter NO: 463;
SEGID
NO: 464,
SEQID
NO: 463;
SEQID
NO: 466
X 13244 | NM 0 | NP 003 | Duchenne C>T | nonsense | ABE | SEQID | SEQID
8495 | 04006, | 997 1:p. | muscular NO: 131 | NO: 467,
2:¢.374 | Trpl249 { dvstrophy SEQID
7G>A | Ter NO: 46¥;
SEGID
NG 469
SEQID
NO: 470;
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SEQID
NG 471
X | 3134 | NM O | NP 003 | notprovided; > | nopsense | ABE | SEQID | SEGID
8571 | 04006. | 997.1p. | Not Provided A NQ: 132 | NO: 472;
2:¢.914 | Gin3050 SEGID
C>T Ter NO: 473;
SEQID
NG 474;
SEQID
NG 475
X 13248 | NM_O | NP 003 | Drlated G> | nonsense | ABE | SEQID | SEQID
5072 | 04006, | 997 1p. | cardiomvopath | A NG 133 | NO: 470
2:¢.265 | Gin884 | v 3B; Becker SEQID
GC>T Ter muscuiar NG 477
dystrophy; SEGID
Duchenne NO: 478;
muscular SEQID
dystrophy; not NO: 479
provided
X | 3246 | NM O | NP_003 | Duchenne > | nonsense | ABE | SEQID | SEQID
3444 1 04006, | 997 Lp. | muscular A NG: 134 { NG 480
2:¢.342 | GInl143 | dysirophy; SEQ D
70T Ter Duchenne NG: 481;
muscular SEQID
dystrophy NG 482
X | 325 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQIE | SEQ D
5742 | 64006, | 997.1p. | muscular NG 135 | NO: 4383
2:¢.185 | Trp6d51 | dystrophy; SEGQID
20>A | Ter DUCHENNE NO: 484;
MUSCULAR SEQID
DYSTROPHY; NO: 485;
Ditated SEQID
cardiomyopath NG 486
v 38
X 1314 ) NM G | NP 003 | not provided; 3> | nonsense | ABE | SEQID
7421 {04006, | 997 1:p. | Not Provided A NO: 136
2:¢.106 | Gin3551
S1C>T | Ter
X P37 P NM_ O | NP 003 | Drlated G> | nonsense | ABE | SEQID
8706 | 04006, | 997 1p. | cardiomyopath | A NG 137
Z:c. 101 | GIn3398 | v 3B; Dilated
92C>T | Tor cardiomyopath
v 3B




WO 2021/163492 PCT/US2021/017868
X 13117 | NM O | NP 003 | Duchenne G> | unonsense | ABE | SEQID
8751 | 04006, | 997 1ip. | muscular A NO: 133
2:¢. 101 | Arg338 | dystrophy;
41C>T | 1Ter DUCHENNE
MUSCULAR
DYSTROPHY:
Difated
cardiomyopath
v 3B; not
provided; Not
Provided
X | 3118 | NM O | NP 003 | Duchenne C>T | missense | ABE | SEQID
(3437 | 04006, | 997 .1p. | muscular variant NQ: 139
2:¢. 100 | Cys334 | dystrophy,
19G>A | GTyr mental
retardation, and
absence of erg
b-wave;
DUCHENNE
MUSCULAR
DYSTROPHY,
MENTAL
RETARDATI
ON, AND
ABSENCE OF
ERG B-WAVE
X 3R P NM O | NP 603 | Duchenne G> | nonsense | ABE | SEQID
2784 | (4006, | 997.1:p. | muscular A NG 146
2:¢.992 | GIn3310 { dystrophy
8C>T | Tor
X 3120 | NM O Duchenne C>T | splice ABE | SEQID
0497 | 04006, muscular donor NO: 141
2:0.956 dystrophy variant
3G
A
X 3122 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID
3062 | 04006, | 997 1ip. | cardiomyopath | A NO: 142
2:¢.934 | GIn3116 | v 3B: Dilated
6C>T | Ter cardiomvopath
v 3B
X 13147 | NM O | NP 003 | Duchenne > | nonsense | ABE | SEQID
8330 | 04006, | 997 1:p. | muscular A NGO 143
2:¢.871 | Arg290 | dystrophy;
3C>T | STer DUCHENNE
MUSCULAR
DYSTROPHY,
Dilated

cardiomyopath
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v 3B Becker
muscular
dystrophy
X | 3147 | KM O | NP 003 | Dnlated 3> | nonsense | ABE | SEQID
8995 | 04006, | 997 1p. | cardiomyopath | A NO: 144
2:¢.865 | Gin2886 | v 3B, Becker
6C>T | Ter muscular
dystrophy;
Duchenne
muscular
dystrophy
X | 3162 | NM O | NP_003 | Duchenne > | nonsense | ABE | SEQID
7681 | 04006, | 997 1p. | muscular A NG 145
2:0.820 | GIn2737 | dystrophy
oC>T | Ter
X 13167 | NM 0 | NP 003 | not provided; > | nonsense | ABE | SEQID
9575 | 04006, | 997.1:p. | Duchemne A NG 146
2:¢.767 | GIn2558 | mascular
20T | Ter dysirophy
X 13183 | KM O | NP 003 | Dilated G> | Sprume | ABE | SEQID
6729 | 04006, | 997 Lp. | cardiomyopath | A UTR NO: 147
22718 | Gin2397 | v 3B, Becker variant
SC>T | Ter muscular
dystrophy;
Duchenne
muscular
dystrophy
X | 3192 | NM 0 | NP 003 | Duchenne G> | Spume | ABE | SEQID
D718 | 04006, | 997 Lp. | muscular A UTR NGO 148
2:¢.679 | GIn2264 | dysirophy; variant
0C>T | Ter DUCHENNE
MUSCULAR
DYSTROPHY
X 13228 | NM O | NP 003 | Drlated G> | nounsense | ABE | SEQID
7536 | 04006, | 997 1:p. | cardiomvopath | A NG 149
2:¢628 | Arg209 { vy 3B, Dilated
3CT | STer cardiomyopath
v 3B
X 13228 | NM O | NP 003 | Duchenne G> | nonsense | ABE | SEQID
7596 | 64006, | 997.1:p. | muscular A NG 156
2:¢.622 | GIn2075 | dystrophy
3T | Tor
X 3228 | NM O § NP 003 | Elevated serum | &> | nonsense | ABE | SEQID
7680 | 04006, | 997 1p. | creatine A NO: 151
2:0.613 | Gin2047 | phosphokinase
SC>T | Ter
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X 3228 | NM O Duchenne C>T | splice ABE | SEQID
7702 | (4006, muscular aceeptor NO: 152
20611 dystrophy variant
g
1G>A
X 3234 | NM O | NP 003 | notprovided; > | nonsense | ABE | SEQID
2171 | 04006, | 997 1:p. | not provided A NO: 153
2:c.585 | Gin1951
=T | TFer
X 13234 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID
3975 | 04006, | 997 Lp. | cardiomyvopath | A NGO 154
2:0.555 | Ginl852 | v 38; Dilated
4C>T | Ter cardiomyopath
v 3B
X | 3234 | NM O | NP_003 | Duchenne > | nonsense | ABE | SEQID
5978 | 04006, | 997 Lp. | muscular A NO: 155
2:¢.555 | Ginl851 | dysirophy:
1C>T | Ter DUCHENNE
MUSCULAR
DYSTROPHY;
Duchenne
muscular
dystrophy
X 13234 | NM 0 | NP 003 | Duchenne > | nonsense | ABE | SEQID
6023 | 04006, | 997 1:p. | muscular A NG 156
2:¢.550 | GInl836 | dystrophy
6C>T | Ter
X 13236 | NM_ O | NP_003 | Dulated > | nonsense | ABE | SEQID
4602 | (4006, | 997 Lip. | cardiomyopath | A NO: 157
2:¢513 | Ginl712 | v 38; Dilated
4C>T | Ter cardiomyopath
v 3B
X 13236 | NM O | NP 003 | Duchenne 3> | nonsense | ABE | SEQID
4605 | (4006, | 997 1:p. | muscular A NO: 158
22513 | Glal711 | dystrophy:
1IC>T | Ter Duchenne
muscular
dystrophy
X | 3236 | NM 0 | NP 003 | Duchenne > | nonsense | ABE | SEQ D
3175 | 04006, | 997 .1p. | muscular A NQ: 159
2.0 487 | GInl624 | dystrophy
6C>T | Ter
X [ 3238 | NM 0 | NP 003 | Duchenne > | nonsense | ABE | SEQID
8536 | 04006, | 997 1:p. | muscular A NGO 160
2:c.448 | GIn1495 | dystrophy
3CT | Ter
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X 13238 | NM O | NP 003 | Dnlated G> | nonsense | ABE | SEQID
8644 | 04006, | 997 1ip. | cardiomyopath | A NO: 161
2:0437 | Argl4s | v3EB;
SC>T | 9Ter Duchenne
muscular
dystrophy
X 13245 L NM O | NP_003 | not provided; > | nonsense | ABE | SEQID
4778 | 04006, | 997 1.p. | Not Provided A NGO 162
2:¢.348 | Glnl 163
7C>T | Ter
X 13246 | NM O Drlated C>T | sphice ABE | SEQID
3438 | 04006, cardiomyvopath donor NG 163
2:¢.343 v 3B; Becker variant
2+1G> muscular
A dystrophy;
Duchenne
muscular
dysirophy
X | 3246 | NM O Dhlated C>T | splice ABE | SEQID
4585 | 04006, cardiomyopath donor NO: 164
2:0.327 y 3RB; Becker variant
6+1(> muscular
A dvstrophy;
Duchenne
muscuiar
dystrophy
X 13246 | NM G | NP_003 | not provided; 3> | nonsense | ABE | SEQID
4603 | (4006, | 997 Lp. | Not Provided A NO: 165
2:¢.325 | Ginl087
SC>T | Ter
X 13246 | NM O | NP 003 | Dilated G> | nonsense | ABE | SEQID
8509 | 04006. | 997.1p. | cardiomyopath | A NQ: 166
2:¢315 | Argl0s {y3B;
1C>T {Ter Duchenne
muscular
dystrophy;
Becker
muscular
dystrophy
X 13246 | NM O | NP 003 | Duchemne 3> | nonsense | ABE | SEQID
8704 | 04006, | 997 1p. | muscular A NO: 167
2:¢.295 | Gln986 | dysirophy:
6C>T | Ter Becker
muscudar
dystrophy;
Drlated
cardiomyvopath
v 3B; not
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provided; Not
Provided
X 13247 | NM O Drlated C>T | sphice ABE | SEQID
2310 | 04006, cardiomyvopath aceeptor NO: 168
2:¢.280 v 3B; Becker variant
4~ muscular
1G>A dystrophy;
Duchenne
muscular
dysirophy
X 13248 | NM O | NP 003 | Duchenne G> | unonsense | ABE | SEQID
4925 | 44006, | 997 1:p. | muscular A N{O: 169
2:2.279 | GIn933 | dystrophy:
7C>T | Ter Duchenne
muscular
dystrophy
X | 3248 | NM O | NP_003 | Dulated > | nonsense | ABE | SEQID
4964 | 04006, | 997 1:p. | cardiomvopath | A NG 170
2:¢275 | Gin920 | v 3B; Dilated
8C>T | Ter cardiomyopath
v 3B
X 13249 | KM O Ditated C>T | splice ABE | SEQID
1276 | (4006, cardiomyopath donor NGO 171
20262 y 3B Bulated variant
2+1G> cardiomyopath
A v 3B
X 13249 | NM O NP 003 | not provided, C>T | nonsense | ABE | SEQID
1344 | 04006, | 997 Lp. | Not Provided NO: 172
2:0.253 | Trp852
SG>A | Ter
X 13249 | NM O | NP 003 | Dilated G> | nonsense | ABE | SEQID
1480 | 04006. | 697 .1:p. | cardiomyopath | A NO: 173
2:c.241 | GIn807 | v 3B; Becker
SC>T | Ter muscuiar
dystrophy;
Druchenne
muscular
dystrophy
X 13250 | NM_O | NP 003 | Drlated G> | nonsense | ABE | SEQID
1803 | 04006, | 997.1:p. | cardiomyopath | A NG 174
2:¢.233 | Gln778 | v 3B; Becker
2051 | Ter muscudar
dystrophy;
Duchenne
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muscular
dystrophy
X 13254 | NM O not provided; C>T | splice ABE | SEQID
5158 | 04006, Neot Provided; donor NGO 175
2.c.216 Duchenne variant
{+1G> muscular
A dystrophy
X | 3254 | NM O | NP 003 | Dilated > | nonsense | ABE | SEQ D
3190 | 04006, | 997 1p. | cardiomyvopath NG 176
2213 L G713 | v 3B; Dilated
7CT | Ter cardiomyopath
v 3B
X 13256 | NM_ O | NP_003 | Dulated > | nonsense | ABE | SEQID
5704 1 04006, | 997 Lp. | cardiomyopath | A NGO 177
2:¢.199 | Glndd4 | v 3B; Becker
GC>T | Ter muscuiar
dysirophy;
Duchenne
muscudar
dystrophy
X | 3256 | NM 0 | NP 003 | Duchenne > | nonsense | ABE | SEQ D
3782 | 04006, | 997 .1p. | muscular A NO: 178
2 191 | GIns38 | dystrophy;
20T | Ter Becker
muscular
dystrophy
X 13257 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQID
3796 | 04006, | 997.1:p. | muscular NO: 179
2. 165 | TS5t | dystrophy; not
3G>A | Tor provided
X1 3259 | NM O | NP 003 | Duchenne G> | nonsense | ABE | SEQID
SR70 | 04006, | 997 Lp. | muscular A NO: 180
2:¢.148 | Glnd97 | dysirophy:
oC>T | Ter DUCHENNE
MUSCULAR
DYSTROPHY;
Duchenne
muscular
dystrophy
X 13261 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID
4320 | (4006, | 997.1:p. | cardiomyopath | A NG 181
Z:.c 146 | Glnd89 | v 3B; Becker
5T | Teor muscular
dystrophy;
Duchenne
muscular
dysirophy
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X 13261 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQID
4397 | 4006, | 997 1:p. | muscular NO: 182
2:0.138 | Trpd63 | dystrophy;
3G>A | Ter Duchenne
muscular
dystrophy
X | 3264 | NM O Duchenne C>T | splice ABE | SEQID
4131 | 04006, muscular donor NG 183
20133 dysirophy; variant
1+1G> Duchenne
A muscular
dystrophy
X 13264 | NM_O | NP 603 | Duchenne G> | nonsense | ABE | SEQID
4139 | (4006, | 997.1.p. | muscular A NG 134
2:¢c132 | Glnd4Z | dystrophy;
4C>T | Ter Duchenne
muscular
dysirophy
X 3264 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID
4202 | 04006, | 997 1ip. | cardiomyopath | A NO: 185
2:¢.126 | Gind21 | v 3B; Becker
=T | TFer muscular
dvstrophy;
Duchenne
muscuiar
dystrophy
X 13264 | NM O | NP 003 | Duchenne G> | unonsense | ABE | SEQID
5020 | 04006, | 997 1ip. | muscular A N{O: 186
2:¢.109 | GIn365 | dystrophy;
3C>T | Ter Becker
muscular
dystrophy
3280 | NM © Dilated C>T | splice ABE | SEQID
9492 | 04006. cardiomyopath donor NGO 187
2:0.649 v 3B; Becker variant
+1G>A muscuiar
dystrophy,;
Duchenne
muscudar
dystrophy
X 13281 | NM O Becker C>T | splice ABE | SEQID
6641 | 04006, muscular acceptor NQ: 188
2:.¢.358 dystrophy variant
-1GA
X 13282 | NM O | NP 003 | Duchenne G> | 5 prime ABE | SEQID
3297 | 04006, | 997 1p. | muscular A UTR N{O: 189
2:¢.355 | GInl19 | dystrophy: variant
C>T Ter Duchenne




WO 2021/163492 PCT/US2021/017868
muscular
dystrophy
X 13284 | NM O Duchenne C>T | splice ABE | SEQID
9727 | 04006, muscudar donor NQ: 196
2:.¢.186 dystrophy variant
+IG>A
X 3284 | NM 0 | NP 003 | Duchenne G> | 5 prime ABE | SEQID
8736 | 04006, | 997 1p. | muscular A UTR NO: 191
2:¢. 178 | GIn60T | dystrophy; variant
C>T er DUCHENNE
MUSCULAR
DYSTROPHY:
not provided
X 13302 | NMO Becker C>T | sphice ABE | SEQID
0138 | 04006, muscular donor NG 192
2. 93+ dystrophy; variant
1G>A Duchenne
muscular
dystrophy
X 13259 | NM O not provided; C>T | splice ABE | SEQID | SEQID
5756 | 04006, Not Provided donor NO: 193 | N(: 487
2:0.160 variant
2H1G>
A
X | 3120 | NM O Dhlated C>T | splice ABE | SEQID | SEQID
6668 | 04006, cardiomyvopath aceeptor NO: 194 | NO: 488;
2:c.8956 y 3RB; Becker variant SEQID
4~ muscular NG 489
1G>A dystrophy; SEQID
Puchenne NO: 490;
muscular SEGID
dystrophy NO: 491
X 13221 | NM O | NP 003 | Duchenne G> | unonsense | ABE | SEQID | SEQID
7062 | 04006, | 997 1ip. | muscular A NO: 195 | NG 492
2:0.629 | Arg209 | dystrophy:
2C>T | 8Ter DUCHENNE
MUSCULAR
DYSTROPHY:
Drlated
cardiomyopath
v 3B
X 13264 | NM O Druchenne C>T | sphice ABE | SEQID | SEQID
4314 | 04006, muscular acceptor NG 196 | NO: 493;
2.c 115 dystrophy; not variant SEQID
0- provided; Not NG: 494;
1G>A Provided SEQID
NG: 495
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X | 3284 | NM O Duchenne C>T | splice ABE [ SEQID | SEQID
8821 | (4006, muscular aceeptor NO: 197 | NG 496
2:¢.94- dystrophy: variant
1G>A Duchenne
muscular
dystrophy
X 13149 | NM_ O | NP_003 | Dulated > | nonsense | ABE | SEQID | SEQID
6871 | 04006, | 997 Lp. | cardiomyvopath | A NG: 198 | NO: 497,
20846 | GIn2822 | v 3B; Dilated SEQID
4C>T | Ter cardiomyopath NG 498;
v 3B SEQID
NG 499
X 13238 | NM_O | NP 603 | Duchenne G> | nonsense | ABE | SEQID | SEQID
0626 | 64006, | 997.1:p. | muscular A NG 199 | NO: 500,
2:c472 | Argl57 | dystrophy.; not SEGID
OC>T | TTer provided; Not NO: 501
Provided
X 13264 | NM O | NP 003 | Duchenne C>T | nonsense | ABE | SEQIE | SEQ D
35032 | 04006, | 997 .1p. | muscular NQ: 200 | NO: 502;
2:¢.106 | Trp354 | dystrophy SEGQID
1G>A | Ter NO: 503;
SEQID
NG 304;
SEQID
NG 505
X 3249 | NM_ O | NP 003 | not specified G> | nonsense | ABE | SEQID | SEQID
1414 | 04006, | 997.1:p. A NG 201 | NO: 506
2:¢.248 | Gin829 SEGQID
5C>T Ter NO: 507,
SEGID
NO: 508;
SEQID
NG 309;
SEQID
NG 510
X | 3He | NM O | NP 003 | Duchenne G> | mtron ABE | SEQID | SEQID
9519 | 04020, | 997 1:p. | muscular A variant NG 202 P NO: 511
3:¢.284 | GIn3493 | dystrophy: SEGID
349150 | Ter Becker NO: 5i2;
C>T muscular SEGID
dystrophy NO: 513;
SEQID
NO: 514
X 3236 | NM 0 | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
4704 | 04006, | 997 1:p. | muscular A NGO 203 | NG 518
2:¢.503 | GIn1673 { dvstrophy SEQID
20T Teor NO: 516
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XK 13254 | NM O NP 003 | Dilated G> | nonsense | ABE | SEQID | SEQID
5295 | 04006, | 997 1ip. | cardiomyopath | A NO: 204 | NG 517,
2:0.203 | GIn678 | v 3B; Becker SEQID
20T Ter muscular NG 518;
dvsirophy; SEQID
Duchenne NO: 519
muscular SEQID
dysirophy NGO 524
SEGID
NGO 521
SEQID
NO: 522;
SEQID
NG 523
X {307 | NM O | NP 003 | Duchenne G> | nonsense | ABE | SEQID | SEQID
R84 | 04006, | 997 1:p. | muscular A NO: 205 | NO: 5245
2:¢. 101 | Arg337 | dystrophy; SEQID
08C>T | Ger DUCHENNE NO: 525;
MUSCULAR SEGID
DYSTROPHY, NGO 526;
Dilated SEQID
cardiomyopath NG: 527
v 3B; Becker
muscuiar
dysirophy
X 13234 | NM O | NP 003 | Duchenne G> | nonsense | ABE | SEQID | SEQID
2123 | 04006, | 997 Lip. | muscular A NO: 206 | NO: 528;
2:¢.589 | Argl96 | dysirophy: SEQID
SC>T | TTer DUCHENNE NG 529
MUSCULAR
DYSTROPHY;
Drlated
cardiomyvopath
v 3B; Becker
muscular
dystrophy
X 13172 I NM G NP 003 | not provided; =T | missense | ABE | SEQID | SEQID
9736 § 04006, | 997 1:p. | Not Provided; variant NO: 207 | NO: 530;
2:¢.755 | Asp231 | Duchenne SEQID
5G>A | SAsn muscuiar NO: 531
dystrophy SEQID
NG: 5332
X | 3317 | NM © Duchenne C>T | mtron ABE | SEQID | SEQID
4335 | 04006. muscular vanant N{O: 208 | NO: 333
2031+ dystrophy; SEQID
36947 Becker NG 534
G>A muscular
dystrophy:
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Dilated
cardiomyopath
v 3B
X 13247 | NM O | NP 003 | Dilated > | nopsense | ABE | SEQID | SEGID
2247 | 04006, | 997 1p. | cardiomyopath | A NQ: 209 | NO: 3533
2:¢.286 | GIn956 |y 3B; Dilated SEGQID
6(C>T | Ter cardiomyopath NO: 536;
v 3B SEQID
NG 337;
SEQID
NG 538
X 13238 | NM. O Drlated >T | intron ABE { SEQID | SEQID
G496 | (04006, cardiomyvopath variant NO: 210 | NO: 539
2:c 451 y 3B, SEGID
&+3G> Duchenne NO: 540;
A muscular SEGID
dysirophy NG: 541
X 13243 | NM O | NP 003 | Becker G> | unonsense | ABE | SEQID | SEQID
8372 | 04006, | 997 1ip. | muscular A NO: 211 | NG 342,
2:0.394 | Argl3l | dystrophy: SEQID
0C>T | 4Ter BECKER N 543
MUSCULAR
DYSTROPHY:
not provided;
Not Provided;
Duchenne
muscudar
dystrophy
X | 3120 | NM O | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
6663 | 04006, | 997 1p. | muscular A NO: 212 | NO: 344,
2:¢.956 | Arg319 | dysirophy; SEQID
RC>T | GTer DUCHENNE NO: 545;
MUSCULAR SEQID
DYSTROPHY; NG 5346;
Dilated SEQID
cardiomyopath NG 547
y 3B; Becker
muscular
dystrophy
X 3172 | NM O | NP 003 | Dulated > | nonsense | ABE | SEQID | SEQID
8634 | 04006, | 997 1p. | cardiomvopath | A NGO 213 | NGO 548
2:¢.765 | Arg255 | v 3B; Becker
TCT | 3Ter muscular
dystrophy;
Duchenne
muscular
dystrophy
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X 13150 | NM O not provided; C>T | splice ABE | SEQID | SEQID
7280 | 04006, Not Provided donor NO: 214 | NG 349,
2:¢.839 variant SEQID
O+1G> NG 350;
A SEQID
NGO 551
SEGID
NO: 552
X1 3282 L NM G | NP 003 | Dilated C>T | Sprume | ABE | SEQID | SEQID
3316 § 04006, | 997 1p. | cardiomyopath UTR NO: 215 | NG 553,
2:¢336 | TrpliZ | v 3B; Becker variant SEQID
GrA Ter muscular NG 554,
dystrophy; SEQID
Duchenne N 358
muscuiar
dystrophy
X 13281 | NM O | NP_003 | Duchenne > | nonsense | ABE | SEQID | SEQID
6565 | 04006, | 997 Lp. | muscular A NG: 216 | NO: 536;
2:0.433 | Argl4S | dysirophy; SEQ D
C>T Ter DUCHENNE NO: 557,
MUSCULAR SEQID
DYSTROPHY NG 558;
Dilated SEQID
cardiomvopath NG 559
v 3B not
provided; Not
Provided;
Becker
muscuiar
dystrophy
X 3246 | NM O | NP 003 | Dnlated G> | unonsense | ABE | SEQID | SEQID
3576 § 04006, | 997 1p. | cardiomyopath | A NO: 217 | NG 560;
2:¢.329 | Ginl099 | v 3B; Becker SEQID
SC>T | Ter muscular NG 561
dvsirophy;
Buchemne
muscuiar
dysirophy
X | 3284 | NM O | NP_003 | Duchenne 4> | Sprime ABE | SEQID | SEQID
4794 | 04006, | 997 Lip. | muscular A UTR NO: 218 | NO: 562
2:¢.253 | Gln85T | dystrophy: variant
C>1 er DUCHENNE
MUSCULAR
DYSTROPHY
X 13246 | NM O | NP 003 | Duchenne > | nopsense | ABE | SEQID | SEGID
8539 | 04006. | 997 1p. | muscular A NO: 219 | NO: 363
2:¢.312 | GInl041 | dystrophy; SEGQID
1C>T | Ter DUCHENNE NO: 564;
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MUSCULAR SEQID
DYSTROPHY: NG 365,
Dilated SEQID
cardiomvopath NG 566
v 3B
X 3239 | NM 0 | NP 003 | Duchenne > | nonsense | ABE | SEQID | SEQID
0103 | 04006, | 997 1:p. | muscular A NGO 220 | NGO 367,
2:0431 | GIn1438 | dystrophy SEQID
20T Teor NO: 568
X 13234 | NM O | NP_003 | not provided; > | nonsense | ABE | SEQID | SEQID
2264 | 04006, | 997 Lp. { Not Provided A NG: 221 | NO: 569
2:¢.575 | Ginlv20
RC>T | Ter
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SEQUENCES

SEQ D NO: 1 (pCMV-ABEmaxNG)

ATATGCCAAGTACGUCCCOCTATTGACGTICAATGACGUGTAAATGGUCCGUCTG
GCATTATGCCCAGTACATGACCTTATGGGACTTICCTACTTIGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGOCETGG
ATAGCGOTTTGACTCACGOGGUATTTCCAAGTCTCCACCCCATTGACOGTCAATGOGAG
TTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCC
ATTGACGCAAATGGGCGOTAGGUOTETACGOTOGGAGGTCTATATAAGCAGAGCTG
GTTTAGTGAACCOTCAGATCCOCTAGAGATCCGCGGUCGUTAATACGACTCACTAT
AGGGAGAGUCGUCACCATGAAACGGACAGCCGACGGAAGCGAGTTCGAGTCACCA
AAGAAGAAGCGGAAAGTCTICTGAAGTCGAGTTTAGCCACGAGTATTGGATGAGGCA
CGCACTGACCCTGGCAAAGUCGAGCATOGOGATGAAAGAGAAGTCCCCOTGGELGCC
GTGUCTGGTGCACAACAATAGAGTGATCGGAGAGGGATGGAACAGGCCAATCGGCC
GCCACGACCCTACCGCACACGCAGAGATCATGGCACTGAGGCAGGGAGGLCTGGTC
ATGCAGAATTACCGCCTGATCGATGCCACCCTGTATGTGACACTGGAGCCATGOGT
GATGTGCGCAGGAGLAATGATCCACAGUAGGATCGGAAGAGTGGTGTITCGGAGCA
COGOACGCCAAGACCGOCGLAGCAGGCTCCCTGATOGGATOGTOGCTGCACCALCCCOGG
CATGAACCACCGGGTGGAGATCACAGAGGGAATCCTGGCAGACGAGTGCGCCGCC
CTGCTGAGCGATTTCTTTAGAATGUCGGAGACAGGAGATCAAGGUCCCAGAAGAAGGT
ACAGAGUTCCACCGACTCTGGAGGATCTAGCGGAGGATCCTCTGGAAGCGAGACAC
CAGGCACAAGCG, "\GTC CGUCACACCAGAGAGCTCCGGCOGGUTCCTCCGGAGGATCC
TCTGAGOGTGGAGTTTTCCCACGAGTACTGOGATGAGACATGUCCTGACCOTOGGUCAA
GAGGGQACGCGAT(JA(JA(}GGAGGTGCQTGTGGGA(}CQGTGQTGGTGCTGAACAAT
AGAGTGATCGGUGAGGGUTGGAACAGAGCCATCGGCCTGCACGACCCAACAGCCC
ATGCCGAAATTATGGUCCCTGAGACAGGGUGGLCTGOTCATGCAGAACTACAGACTG
ATTGACGCCACCCTGTACGTGACATTCGAGCCTTGCGTGATGTGLGCCGGUGCCATG
ATCCACUTCTAGGATCGGUOGUGTGEOTETTTGGUGTGAGGAACGCAAAAACCGGCGT
CGCAGGUTCCCTGATGGACGTGCTOGCACTACCCCGGLATGAATCACCGCOGTCGAAA
TTACCGAGGGAATCCTGGCAGATGAATGETGCCGUCCTGUTGTGCTATTICTTICGGA

TGCCTAGACAGGTGTTCAATGCTCAGAAGAAGGUCCAGAGUTCCACCGALCTCCGHGA
GGATCTAGCGGAGGCTCCTCTGGUTCTGAGACACCTGGLCACAAGCGAGAGCGCAALC
ACCTGAAAGCAGCGGGGGCAGCAGCGGGGGGTCAGACAAGAAGTACAGCATCGGC
CTGGCCATCGLGCACCAACTCTGTOGGOUCTGOOGUCOTGATCACCGACGAGTACAAGOT
GCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCOGGCACAGCATCAAGAAG
AACCTGATCGGAGCCCTGUCTGTTCGACAGUGGUGAAACAGCCGAGGUCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCOGGATCTGCTATCTG
CAAGAGATCTTCAGCAACGAGATGGCCAAGGTGOACGACAGCTTICTTCCACAGALCT
GGAAGAGTCCTTCCTGOTGGAAGAGGATAAGAAGCACGAGUGOGCACCCCATCTICG
GCAACATCOTGGACGAGOGTGGUCTACCACGAGAAGTACCCCACCATCTACCACCTG
AGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGEL
CCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGUGACCTGAACT
CCGACAACAGCGACGTGGACAAGUTGTTCATCCAGCTGGTGCAGACCTACAACCAG
CTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTC
TGCCAGACTGAGCAAGAGCAGACGGUTGGAAAATCTGATCGCCCAGUTGCCCGGLG
AGAAGAAGAATGGUCTGTTCGGAAACCTGATTGUCCTGAGCCTGGGCCTGACCCCC
AACTTCAAGAGUAACUTTCGACCTGGUCGAGGATGCCAAACTGCAGUTGAGCAAGGA
CACCTACGACGACGACCTGOACAACCTGUTGGUCCAGATCGGCGACCAGTACGCCEG
ACCTGTTTICTGGCCGCCAAGAACCTGICCGACGCCATCCTGCTGAGCGACATCCTGA
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GAGTGAACACCGAGATCACCAAGGUCCCCCTGAGCGCCTCTATGATCAAGAGATAL
GACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCC
TGAGAAGTACAAAGAGATTTTICTTCGACCAGAGCAAGAACGGCTACGCCOGUTACA
TTGACGGUCOGGAGUCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAA
AAGATGOACGGCACCGAGGAACTGCTCOTGAAGCTGAACAGAGAGGACCTGCTGC
GOAAGUAGCGGACCTTCOACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAG
CTGCACGCCATTCTGLGOGCGOGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCG
GGAAAAGATCGAGAAGATCCTGACCTICCOGCATCCCCTACTACGTOGLGCCCTCTGE
CCAGGOGGAAACAGCAGATTCGCCTGOATOGACCAGAAAGAGCGAGGAAACCATCAC
CCCCTGGAACTTCGAGGAAGTOGOTGOACAAGGGUGCTTCCGUCCAGAGCTTCATCG
AGCGGATCGACCAACTTCGATAAGAACCTGCCCAACGAGAAGOGTGUTGCCCAAGCAC
AGCCTGUTOTACGAGTACTTCACCGTOTATAACGAGCTGACCAAAGTGAAATACGT
GACCGAGGGAATGAGAAAGCCCOUCTTCCTGAGCGGCGAGCAGAAAAAGGCCATC
GTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGH
ACTACTTCAAGAAAATCOAGTGCTTCGACTCCGTGOAAATCTCCGOUCGTOGGAAGAT
CGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAA
GOACTTCCTGGACAATGAGOGAAAACGAGGACATTCTGOAAGATATCOGTGCTGACCO
TGACACTGTTTGAGGACAGAGAGATOGATCGAGGAACGGUTGAAAACCUTATGCCCAC
CTOTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGUTGGEG
GCAGGUCTGAGCCOGGAAGCTGATCAACGGUCATCCGHGACAAGCAGTCCGGCAAGAC
AATCCTGGATTTCCTGAAGTCCGACGOGUTTCGUCAACAGAAACTTCATGCAGUTGAT
CCACGACGACAGUCTCACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCOGGCC
AGGGCGATAGCCTGCACGAGCACATTGUCAATCTOGGUCGOGCAGCCCCGUCATTAAG
AAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCOTGAAAGTGATGGGCC
GGCACAAGCCCGAGAACATCOTGATCGAAATGGUCAGAGAGAACCAGACCACCCA
GAAGGGACAGAAGAACAGCCGLGAGAGAATGAAGCGGATCGAAGAGGGCATCAA
AGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGOAAAACACCCAGCTGLAG
AACGAGAAGCTGTACCTGTACTACCTGCAGAATGOGUGGGATATGTACGTGGACCA
GOGAACTGOGACATCAACCGOGUTOTCCGACTACGATOTGOACCATATCOTGCCTCAGA
GCTTTCTGAAGGACGACTCCATCGACAACAAGOGTGCTGACCAGAAGCGACAAGAALC
COGGOHGCAAGAGUGACAACGTGUCCTCCGAAGAGOTCGTGAAGAAGATGAAGAACT
ACTGGCGOCAGUTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTG
ACCAAGGCCGAGAGAGGCOGGUCTGAGCGAACTGGATAAGGCCOGGUTTCATCAAGA
GACAGCTGOTGGAAACCCGOCAGATCACAAAGCACGTGGCACAGATCCTGGACTCC
CGGATGAACACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGA
TCACCCTGAAGTCCAAGCTGOTGTICCGATTTCCGGAAGGATTTCCAGTTTTACAAAG
TGCGUCGAGATCAACAACTACCACCACGUCCCACGACGUCTACCTGAACGUCGTOGTG
GGAACCOGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGA
CTACAAGGTOTACGACGTGUGGAAGATOGATCOGCCAAGAGCGAGUCAGGAAATCGGC
AAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAG
ATTACCCTGGUCAACGOCGAGATCCGGAAGCGOGCCTCTGATCGAGACAAACGGCGA
AACCGGGGAGATCGTOTGOGATAAGGGUCGGHATTTTGCCACCGTGUGGAAAGTGC
TGAGCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGOTGCAGACAGGCGOGCTTC
AGCAAAGAGTCTATCCgGCCCAAGAGGAACAGCGATAAGUTGATCGCCAGAAAGA
AGCGACTGGGACCCTAAGAAGTACGGCOGOCTTCGICAGUCCCACCOTGGUCTATTCTG
TGCTGOTGOTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAA
AGAGUTGCTGOGOATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCG
ACTTTCTGGAAGCCAAGGOGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTG
CCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGC
CeGUCTGCAGAAGGGAAACGAACTGGCCCTGCCUTCCAAATATGTGAACTTCCTG
TACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAA
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ACAGUTGTTTGTGGAACAGCACAAGUACTACCTGGACGAGATCATCGAGUCAGATCA
GCGAGTTCTCCAAGAGAGTGATCCTGGUCCGACGCTAATCTGGACAAAGTGCTGTICC
GCCTACAACAAGCACCOGGOATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCC
ACCTGTTTACCCTGACCAATCTGUGGAGUCCCTeggGUCTTCAAGTACTTTGACACCAL
CATCGACCGOGAAGEGTACcggAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCA
CCAGAGCATCACCGGUCTGTACGAGACACGGATCGACCTGTICTCAGCTGGGAGHTG
ACTCTOGGCGGUTCAAAAAGAACCGCCGACGGUCAGCGAATTCGAGUCCAAGAAGAA
GAGGAAAGTCTAACCGOGTCATCATCACCATCACCATTGAGTTITAAACCCGCTGATC
AGCCTCGACTGTGCCTTICTAGTTGUCAGCCATCTGTTGTTTGCCCCTCCCCCGTGECT
TCCTTGACCCTGGAAGGTGCCACTCCCACTOTCCTTTCCTAATAAAATOGAGGAAATT
GCATCGCATTGTCTGAGTAGGTGETCATTICTATTCTGGGGGETGGEHGETGGGGLCAGGA
CAGCAAGGOGGGAGGATTOGOAAGACAATAGCAGGCATGCTGGGGATGUGETOGEEC
TCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGUTCOATACCGTICGACCTCTAG
CTAGAGCTTGGCGTAATCATGOGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCY
CACAATTCCACACAACATACGAGCCOGGAAGCATAAAGTOGTAAAGCCTAGGOGTGCCT
AATGAGTGAGCTAACTCACATTAATTGCGTTIGCGCTCACTGCCCGUTTTICCAGTCGG
GAAACCTGTCOTGUCAGUCTGUATTAATGAATCGOUCCAACGCGLGGOGGAGAGGOGGT
TTGCGTATTGGGCGCTCTTCCGCTTICCTCOGUTCACTGACTCGUCTGLGUTCGGTEGTTIC
GGUTGCGGCGAGCGGTATCAGUTCACTCAAAGGUGGTAATACGGTITATCCACAGAA
TCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGUCAGCAAAAGGCCAGGA
ACCGTAAAAAGGCCGCOGTTGCTGOCGTTITICCATAGGCTCCGUCCCOCTGACGAGC
ATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAG
ATACCAGGUGETTTCCCCCTGGAAGCTCCOTCGTGCGCTCTCCTGTITCCGACCOTGLT
GCTTACCGGATACCTGICCGCCTTTICTCCCTTCGGGAAGCGTGGLGCTITCTCATAG
CTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTICGTTCGCTCCAAGCTGGGUTGTGY
GCACGAACCCCCCOTTCAGLCCGACCOGUTGCGCCTTATCCGOGTAACTATCGTCTTGA
GTCC AACCCGGTAAGACACGACTTATCGCCACTOGGCAGCAGCCACTGGTAACAGGA
TAGCAGAGCGAGGTATGTAGGCOGUTGUTACAGAGTTCTTGAAGTOGTGGUCTAAL
TAC(J%CTAQALTA(HAA GAACAGTATTTGGTATCTGCGCTCTOGCTGAAGCCAGTTALCC
TTCGGAAAAAGAGTTGOTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGE
TGGTTTTTTTGTTTGUAAGCAGUCAGATTACGLGUAGAAAAAAAGGATCTCAAGAAG
ATCCTTTGATCTTTTICTACGGOGOGTCTGACACTCAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGATCTTICACCTAGATCCTTTTAAAT 1A AA
AATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGOTCTGACAGTTACC
AATGUTTAATCAGTGAGGCACCTATCTCAGCGATCTGICTATTTICGTTC ATCLATAG
TTGCCTGACTCCCCOGTCGTGTAGATAACTACGATACGGGAGGGUTTACCATCTGGCC
CCAGTGCTGCAATGATACCGUCGAGACCCACGUTCACCGGUTCCAGATTTATCAGCA
ATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGUTCCTGCAACTTTATCCGC
CTCCATCCAGTCTATTAATTGTTGCCGGGAAGUTAGAGTAAGTAGTTCGCCAGTTAA
TAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTOUETOTCACGUTCGTCOTT
TGGTATGGUTTCATTCAGCTCCGGTITCCCAACGATCAAGGUGAGTTACATGATCCCC
CATGTTGTGCAAAAAAGCGOTTAGCTCCTTCOGTCOCTCCGATCOGTTGTCAGAAGTAA
GTTGGCCGCAGTGTTATCACTCATGOGTTATGGCAGCACTGCATAATTICTCTTACTGT
CATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATICTG
AGAATAGTOTATGCGOGCGACCGAGTTOGCTCTTGCCCGOGCGTCAATACGOGGATAATA
CCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTICTICGGGE
COGAAAACTCTCAAGGATCTTACCGUTGTTGAGATCCAGTTCGATGTAACCCACTCGT
GCACCCAACTGATCTTCAGCATCTTTTACTTITCACCAGCGTTICTGOGGTGAGCAAAA
ACAGGAAGGCAA %ATGCCGC AAAAAAGGGAATAAGGGUGACACGGAAATGTTGAA
TACTCATACTCTTCCTTITTITCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCAT
(YAQC(JQATACATATTT(JAAT(JTATTTA(HAAAAAT AAACAAATAGGGGTTCCGCGCA
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CATTTCCCCGAAAAGTGCCACCTGACGTUCGACGOGATCGGHAGATCOGATCTCCUGAT
CCCCTAGGGTCGACTCTCAGTACAATCTGUTCTGATGCCGCATAGTTAAGCCAGTAT
CTOCTCCCTGUTTOTGTGTTGGAGOTCGUTGAGTAGTGCGUCGAGUCAAAATTTAAGCT
ACAACAAGGCAAGGUTTGACCGACAATTGCATOAAGAATCTGCTTAGGGTTAGGCG
TTTTGCGCTGCTTCGCGATOTACGGGUCCAGATATACGCGTTGACATTGATTATTGAC
TAGTTATTAATAGTAATCAATTACGGOGTCATTAGTTCATAGCCCATATATGGAGTT
CCGCOGTTACATAACTTACGGTAAATGGCCCGCCTGOCTGACCGCCCAACGACCCCC
GCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCC
ATTOGACGTCAATGOGGTGGAGTATTTACGGTAAACTGCCCACTTGGUAGTACATCAA
GTGTATC

SEQ I3 NG 2 (pUCMV-iABEmaxNG)

ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGOCCCGCCTG
GCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGOTGATOGCGOTTTTGGCAGTACATCAATGGOCGTGE
ATAGCGGTTTGACTC ACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAG
TTTOTTTITGGCACCAAAATCAACGGOAUTTTCCAAAATGTCOTAACAACTCCOGCCCD
ATT(JAC{:( AAATCGGCGOTAGGCOTGTACGGTGGOAGGTCTATATAAGCAGAGCTG
GTTTAGTGAACCGTCAGATCCGCTAGAGATCCGCGGCCGCTAATACGACTCACTAT
AGOGAGAGCCGecaccatggetagc ATGAAACGGACAGUCGACGGAAGUCGAGTTCGAGTC
ACCAAAGAAGAAGCGGAAAGTCGGATCCTCTGAGOTGOAGTTTTCCCACGAGTACT
GOATGAGACATGUCCCTGACCCTGGCCAAGAGGGCACGUGATGAGAGGGAGGTGLC
TOTGGGAGUCCGTOGUTGUTOCTGAACAATAGAGTOGATCGGUGAGGGUTGGAACAGA
GCCATCGGUCTGCACGACCCAACAGCCATGUCCGAAATTATGOGCCCTGAGECAGGO
COGCCTGOTCATGCAGAACTACAGACTGATTGACGUCACCOTOGTACGaGACATTCGA
GCCTTGUOTGATGTGCOGCCGGCOGCCATGATCCACTCTAGGATCOGUCGUGTGOTOTT
TGGUCGTOGAGGAACGCAAAAACCGGCGUCCGCAGGCTCCCTGATGGACGTGCTGLACT
ACCCCGUGCATOAATCACCGUOTCGAAATTACCGAGGGAATCCTGGCAGATGAATGT
GCCGCCCTOCTOTOCTATTTCTTTCGGATGCCTAGACAGGTOTTCAATGCTCAGAAG
AAGGCCCAGAGCTCCACCGACTCCGGAGGATCTAGCGGAGGCTCCTCTGGCTCTGA
GACACCTGGUCACAAGCGAGAGUGCAACACCTGAAAGCAGCGOGHGLCAGCAGCGHEG
GGOTCAGACAAGAAGTACAGCATCGGCOTGOCCATCGOCACCAACTCTGTGGECTG
GOGCCOGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCA
ACACCOGACCGGCACAGCATCAAGAAGAACCTOGATCGGAGUCCTGUTOGTTCGACAGC
GGCGAAACAGCCGAGGCCACCCGGUTGAAGAGAACCGCCAGAAGAAGATACACCA
GACGGAAGAACCGGATCTGUTATCTGCAAGAGATCTTCAGCAACGAGATGGUCAAG
GTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCUTTCCTGOTGGAAGAGGATAA
GAAGCACGAGCGGCACCCCATCTTCGGCAACATCOGTGGACGAGGTGGCCTACCACG
AGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGOGTGOACAGCACCGACAA
GOCCGACCTOCGOGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGEC
ACTTCCTGATCGAGGGUGACCTGAACCCCG, A;C AACAGUCGACGTGGACAAGCTGTTC
ATCCAGCTGUTGUAGACCTACAACCAGUTOTTCGAGGAAAACCCCATCAACGUCAG
CGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGUTGG
AAAATCTGATCGUCCAGCTGUCCGGUGAGAAGAAGAATGGUCTGTTCGGAAACCTG
ATTGCCCTGAGCCTOGOGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGA
GGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGC
TGGCCCAGATCOGGUGACCAGTACGCCGACCTOTTTCTGGUCGCCAAGAACCTGTCC
GACGCCATCCTGCTGAGCGACATCCTOGAGAGTGAACACCOGAGATCACCAAGGUCCC
CCTGAGCGUCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGC
TOAAAGUCTUTCOTGCGGUCAGCAGCTGUUTOAGAAGTACAAAGAGATTTTCTTCGAL
CAGAGCAAGAACGUOCTACGCCGGUTACATTGACGGCGGAGCCAGCCAGGAAGAGT
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TCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGUACCGAGGAACTGCTC
GTGAAGCTGAACAGAGAGGACCTGCTGUGGAAGCAGCGGACCTTCGACAACGGCA
GCATC C CCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGEC A;GGA A;
GATTTTTACCCATTCCTOAAGGACAACCGGUAAAAGATCGAGAAGATCOCTGACCT
LCGCATCQCCTACTACGTG(}GCLCTCTGGCCAGGGGAAAQAGCAGATTLGCCT(}GA
TGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGETGGA
CAAGGGUGCTTCCOGCCCAGAGCTTCATCGAGUCGGATGACCAACTTCGATAAGAALC
TGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTIC ACCGTG
TATAACGAGUCTGACCAAAGTGAAATACGTGACCOGAGGUAATGAGAAAGCCCGLCT
CCTGAGCGGCGAGCAGAAAAAGGUCCATCOTGGACCTOGCTGTTCAAGALCT AALQQ(}A
AAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGALC

TCCGTGGAAATCTCOCGGUCGTGGAAGATCGGTTCAACGCOTCCCTGGGCACATALCCA
CGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGG
ACATTCTGGAAGATATCOGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATC
GAGGAACGGUTGAAAACCTATGCCCACCTOTTCOACGACAAAGTOATGAAGLAGCT
GAAGCGGUGGAGATACACCGGCTGGGGCAGGUTGAGCCGLAAGCTGATCAACGGT
ATCCOGOGACAAGCAGTCCOGGUAAGACAATCCTGOATTTCCTGAAGTCCGACGGOTT
CGUCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGG
ACATCCAGAAAGCCCAGGTGICCGGUCAGGGUGATAGCCTGCACGAGCACATTGCC
AATCTGGCCGGUAGUCCCGCCATTAAGAAGGGUATCCTGCAGACAGTGAAGOGTGET
GGACGAGCTCOTGAAAGTOGATGGOLCGLCACAAGUCCGAGAACATCOGTGATCGAA
ATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGA

ATGAAGUGGATCGAAGAGGOGCATCAAAGAGCTOOGCAGUCAGATCOTGAAAGAAL
ACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAG
AATGGGUGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGUTGTCCGACTA
COGATOGTGGACCATATCOTOGUCCTCAGAGUTTTICTGAAGGACGACTCCATCGACAALCA
AGGTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGA
AGAGGTCGTGAAGAAGATGAAGAACTACTGGUGGCAGUTGCTGAACGUCAAGCTG
ATTACCCAGAGAAAGTTCGACAATCTGACCAAGGUCCGAGAGAGGUGOCCTGAGCG
AACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGOTGGAAACCCGGCAGATCACA
AAGCACGTGGCACAGATCUTGGACTCCCGGATGAACACTAAGTACGACGAGAATGA
CAAGCTGATCCOGGGAAGTGAAAGTOGATCACCCTGAAGTCCAAGCTGOTOTCCGATTY
TCCGGAAGGATTTCCAGTTITACAAAGTGCGUGAGATCAACAACTACCACCACGCC
CACGACGUCCTACCTGAACGCCHGTCOTOGOGAACCGCCOTGATCAAAAAGTACCCTAA
GCTGGAAAGUCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGA
TCGCCAAGAGCGAGCAGGAAATCGGCAAGGUCTACCGUCCAAGTACTTCTTCTACAGC
AACATCATGAACTTTTTCAAGACCGAGATTACCCTGGUCCAACGOGUGAGATCCGGAA
GCGGCCTCTG ATCGAGACAAACGGUCGAAACCGGGGAGATCGTGTGGGATAAGGGC
CGOGATTTTGCCACCGTGCGGAAAGTGUTOAGCATOGCCCCAAGTGAATATCGTGAA
AAAGACCGAGGTGCAGACAGGUGGUTTCAGCAAAGAGTCTATCCgGCCCAAGAGGA
ACAGCGATAAGUTGATCOGCCAGAAAGAAGGACTGOGACCCTAAGAAGTACGGCGE
CTTCOGICAGCCCCACCOTGOGUCTATTICTGTGUTGOTGGTOGUCAAAGTGGAAAAGGG
CAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGOGGATCACCATCATGGAA
AGAAGCAGCTTCGAGAAGAATCCCATCOGACTTTCTGGAAGCCAAGGGUCTACAAAGA
AGTGAAAAAGGACCTGATCATCAAGCTOGCCTAAGTACTCCOTGTTCOAGUTGGAAA
ACGGCCGGAAGAGAATGLTGGLCTCTGCCcGCHtCTGCAGAAGGGAAACGAACTGGC
CCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGUCCACTATGAGAAGUTGAA
GGGCTCCCCCOAGGATAATGAGCAGAAACAGCTGTTTOGTGGAACAGCACAAGCALCT
ACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCC
GACGUTAATCTGGACAAAGTGUTGTCCGUCTACAACAAGCACCGGGATAAGUCCAT
CAGAGAGCAGGCCGAGAATATCATCCACCTGTTITACCCTGACCAATCTGGGAGLCC
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CTeggGUCTTCAAGTACTTTGACACCACCATCOGACCGGAAGgGTACcggAGCACCAAA
GAGGTGCTGGACGUCCACCCTGATCCACCAGAGCATCACCGGUCTGTACGAGACACG
GATCGACCTGTCTCAGCTGGGAGGTGACTCTGGCGOUTCAAAAAGAACCGCCGACG
GCAGCGAATTCGAGCCCAAGAAGAAGAGGAAAGTCTAACCGOTCATCATCACCATC
ACCATTGAGTTTAAACCCGCTGATCAGCCTCGACTGTIGCCTTICTAGTTGUCCAGCCAT
CTGETTGTITIGCCCCTICCCCCGTGUCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTY
CCTTTCCTAATAAAATGAGGAAATTGCATCGCATTOGTCTGAGTAGGTGTCATICTATY
TCTGGGGGETGEGETGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGC
AGGCATGCTGOGGGATGCGOGTGGGUTCTATGGUTTCTGAGGUGGAAAGAACCAGCTG
GGGCTCGATACCOGTCGACCTCTAGCTAGAGOUTTGOCOTAATCATGOTCATAGCTGTT
TCCTGTGTGAAATTGTTATCCGUTCACAATTCCACACAACATACGAGCCGGAAGCAT
AAAGTGTAAAGCOTAGGOGTGUCTAATGAGTGAGUTAACTCACATTAATTGCGTTGC
GLTLACTGCCCGCTTTC LAGTLGGGAAACCTGTCGTGCCAGLTGQATTAATGAATCG
GUCAACGCGUGGGGAGAGGUGGETTTGUGTATTGGGCGUTCTTCCGCTTICCTCGCTCA
CTGACTCGCTGUGCTCOETCOTTCGGUTGCOGGUGAGCGGTATCAGUTCACTCAAAG
GCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAG
CAAAAGGCCAGCAAAAGGCCAGGAACCOGTAAAAAGGCCGOCGTTGUTGGCGTTTITC
CATAGGCTCCGUCCCCUTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGHTG
GCGAAACCCGACAGGACTATAAAGATACCAGGCGTTICCCCCTGGAAGCTCCCTCG
TGCGUTCTCCTOTTCCGACCOCTGCCGUTTACCGGATACCTGTCCGUOTTTOTCCCTTC
GGGAAGCOTGOCOUTTTCTCATAGCTCACGUTGTAGOTATCTCAGTTICGOTGTAGOT
CGTTCGCTCCAAGUTGGGCTGTGTIGCACGAACCCCCCEGTTICAGCCC G ACCGUTGCGEC
CTTATCCGGTAACTATCGTCTTGAGTCCAACCCGOGTAAGACACGACTTATCGUCACT
GGCAGCAGCCACTGGETAACAGGATTAGCAGAGCGAGGT '%TGTAGGCGGT(}CTACA
GAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTAT
CTGCGUTCTOCTGAAGCCAGTTACCTTICGGAAAAAGAGTTOGGTAGCTCTTGATCCGG
CAAACAAACCACCOGCTGGTAGCGGETGGT i TTTTTGTTTGCAAGCAGCAGATTACGCG
CAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTITCTACGGOGTCTGACALCTC
AGTGGAACGAAAACTCACGTTAA(JQGATTTT(}GT(J ATGAGATTATCAAAAAGGATC
TITCACCTAGATCCTTTITAAATTAAAAATGAAGTTTITAAATCAATCTAAAGTATATAT
GAGTAAACTTGGTCTGACAGTTACCAATGUTITAATCAGTGAGGUCACCTATCTCAGCG
ATCTOGTCTATTTCGTTCATCCATAGTTGUCTGACTCCCCOTCOTGTAGATAACTACGA
TACGGGAGGGUCTTACCATCTGGCCCCAGTGCTGUAATGATACCGCGAGACCCACGC
TCACCGGUTCCAGATTTATCAGCAATAAACCAGUCAGCCGOAAGGGUCGAGUGLAG
AAGTGOTCCTGCAACTTTATCCGUCTCCATCCAGTCTATTAATTIGTTGCCGGGAAGC
TAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTIGCCATTIGCTACAGG
CATCGTOGTGTCACGCTCGTCOTTTOGOTATGGUTTCATTCAGCTCCGGTTICCCAALCG
ATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCG
GTCCTCCOGATCOTTGTCAGAAGTAAGTTGGUCCGCAGTOGTTATCACTCATGGTTATGG
CAGCACTGCATAATTICTCTITACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTG
GTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGA C C GAGTTGCTCTT
GCCCGGUGETCAATACGGUATAATACCGUGUCACATAGCAGAACTTTAAAAGTGUTC
ATCATTGGAAAACGTICTTCGGGOGUCGAAAACTC TCAAGGATCTTAQC(}CTGTTGAG
ATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTITTACTTIC
ACCAGCOGTTICTGOGTGAGC AAAAACAGGAAGGCAAAATGLCGLCAAAAAAGGGAA
TAAGGGUGACACGGAAATOTTGAATACTCATACTCTTICCTTITTTICAATATTATTGAA
GCATTTATCAGGGTTATTGTCTCATGAGUCGGATACATATTITGAATGTATITAGAAAA
ATAAACAAATAGGOGOGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCGALC
GGATCGGGAGATCGATCTCCCGATCCCCTAGGGTCGACTCTCAGTACAATCTIGCTICT
GATGCCGCATAGTTAAGCCAGTATCTGUTCCCTGUTTOTGTGTITGGAGGTCGOTGAG
TAGTGCGLCGAGCAAAATTTAAGUCTACAACAAGGCAAGGCTTGACCGACAATTGCATY
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GAAGAATCTGCTTAGGOTTAGGCOTTTTGUGUTGCTTCGCGATGTACGGGCCAGATA
TACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATT
AGTTCATAGUCCCATATATGGAGTTCCGUGTTACATAACTTACGGTAAATGGUCCGOC
TGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCAT
AGTAACGCCAATAGGGACTTTCCATTGACGTCAATGOGTGGAGTATTTACGGTAAA
CTGCCCACTTGGCAGTACATCAAGTGTATC

SEQ ID NO: 3 (pAAV-meCMV-ABEmax-N)

aaagiagcogaagatgacggtttgicacatggagtiggeaggatgtiigattaaaaacataacaggaagaaaaatgoecogoly
igggcggacaaratagtigggaactgggageggtggaaatggagitttiaaggatiatttagggaagagigacasaatagatgggaacty
ggtgtagegicgtaagctaatacgaaaatiaaaaatgacaaaatagitiggaactagatitcacttatctggticggatetcctaggoticaagea
gigatcagatccagacatgataagatacattgaigagtttggacaaaccacaactagaatigeagtgaaaaaaatgetitatitgtgaaattiglg
atgctattgetttatttgtaaccattataageigeaataaacaagitaacaacaacaattccatgtectgeaggeagetgegegetegetegete
actgaggeogeeogggegtcgggogacctitggicgeceggectcagigagegagegagogcgeagagagggeagigeccaacteeat
cactaggggticctgeggectetagactegagCGCGTOATCGAGAGCAGCCACTACGGOGTCTAGGUTEC
CCATGTAAGGAGGCAAGGCCTGOGGACACCCGAGATGCCTGGTTATAATTAACCCA
GACATGTGGCTGCCCCCCCCCCCCCAACACCTGUTGUUTGCTAAAAATAACCCTETC
CCTGETGGeectgeatgecc ACTCACGOGGATTTCCAAGTCTCCACCCCATTGACGTCAAT
GGOAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCC
GCCCCATTGACGCAAATGOGCGGTAGGCOTOTACGGTGGOAGGTCTATATAAGCAG
AGCTGGTTTAGTGAACCGTCAGA T CegecaccATOgetagc ATGAAACGGACAGCCGACG
GAAGCGAGTTCGAGTCACCAAAGAAGAAGCGGAAAGTCTCTGAAGTCGAGTTTAGC
CACGAGTATTGGATGAGGCACGCACTGACCCTGOCAAAGCGAGCATGGGATGAAA
GAGAAGTCCCCGTGGOCGLCOGTGUTGOTGCACAACAATAGAGTGATCGGAGAGGEG
ATGGAACAGGUCCAATCGGCCGCCACGACCCTACCGUACACGCAGAGATCATGGCAC
TGAGGCAGGGAGOGCCTGOTCATCCAGAATTACCGCCTGATCGATGCCACCCTGTAT
GTGACACTGOAGCCATGCGTGATGTGCGCAGGAGCAATCGATCCACAGCAGGATCGG
AAGAGTGGTGTTCGCGAGCACGGGACGCCAAGACCGGCGCAGCAGGUTCCCTOGATG
GATGTGCTGCACCACCCCOGGCATGAACCACCGGOTGGAGATCACAGAGGGAATCCT
GGCAGACGAGTGCGCCGCCCTGUCTCGAGCGATTTICTTTAGAATGCGGAGACAGGAGA
TCAAGGCCCAGAAGAAGGUACAGAGUTCCACCGACTCTGGAGGATCTAGUGGAGG
ATCCTCTGGAAGCGAGACACCAGGCACAAGCGAGTCCGCCACACCAGAGAGCTCCG
GCGGCTCCTCCGGAGGATCCTICTGAGGTGOAGTTTITCCCACGAGTACTGGATGAGA
CATGCCCTGACCCTOGGUCAAGAGGGUACGCGATCGAGAGGGAGGTGCCTOTGGOAG
CCOTGCTGGTOCTGAACAATAGAGTGATCGGCGAGGGCTGGAACAGAGCCATCGGC
CTGCACGACCCAACAGCCCATGCCGAAATTATGGCCOTGAGACAGGGCGHCCTGHT
CATGCAGAACTACAGACTGATTGACGCCACCCTGTACGTOACATTCGAGCCTTGCGT
GATGTGCGCCOGCGCCATGATCCACTCTAGGATCGGCCGCGTGOTGTTTGGCGTGA
GOAACGCAAAAACCGGUGCCGCAGOGCTCCOCTGATGOACGTGUTGCACTACCCCGHC
ATGAATCACCGCGTCGAAATTACCGAGGGAATCCTGGLCAGATGAATGTGCCGCCCT
GCTGTGCTATTTCTTTCGGATGCCTAGACAGGTGTTCAATGCTCAGAAGAAGGCCCA
GAGCTCCACCGACTCCOGGAGOGATCTAGCGGAGOGCTCCTCTGGUCTCTGAGACACCTG
GCACAAGCGAGAGCGCAACACCTGAAAGCAGCGGGGGCAGCAGCOGGGGGGTCAGA
CAAGAAGTACAGCATCGGCCTOGCCATCOGGCACCAACTCTOTGGGCTGGGUCGTGA
TCACCGACGAGTACAAGOGTGUCCCAGCAAGAAATTCAAGGTGUTGGGCAACACCGALC
COGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAALC
AGCCGAGGCCACCCOGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAG
AACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATOGGCCAAGGTGGACGA
CAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGOTGGAAGAGGATAAGAAGCACG
AGCGOCACCCCATCTTCGGCAACATCGTGOACGAGGTGGCCTACCACGAGAAGTAL
CCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCT
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GUOGGCTOGATCTATCTGOUCCTGOCCCACATOGATCAAGTTCCGOHGGCCACTTCCTGAT
CGAGGGCOACCTGAACCCCGACAACAGCGACGTGOACAAGCTGTTCATCCAGCTGG
TGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGUGTGRAL
GCCAAGGUCATCCTGTCTOGCCAGACTGAGUAAGAGCAGACGGCTGGAAAATCTGAT
CGCCCAGCTGUCCCGGCGAGAAGAAGAATGGUCTGTTCGGAAACCTGATTGCCCTGA
GCCTGGGCCTGACCCCCAACTTCAAGAGUCAACTTCGACCTGGCCGAGGATGCCAAA
CTGCAGCTOAGCAAGGACACCTACGACGACGACCTGGACAACCTGUTGGCCCAGAT
CGGCGACCAGTACGCCGACCTGTTTCTGGCCGUCCAAGAACCTGTCCGACGCCATCCT
GCTGAGUGACATCUTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGLCGCCT
CTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTC
GTGCGOCAGCAGUTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAA
CGOCTACGCCOGUTACATTGACGGUGGAGCCAGCCAGGAAGAGTTCTACAAGTTCA
TCAAGCCCATCCTGOAAAAGATGLACGGCACCGAGGAACTGCTCGTGAAGCTGAALC
AGAGAGGACCTGCTGUGGAAGCAGUCGGACCTTCGACAACGGCAGCATCCCCCACCA
GATCCACCTGGGAGAGCTGCACGCCATTICTGUGGCGOCAGGAAGATTTTTACCCAT
TCCTGAAGGACAACCGGOAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTALC
TACGTGGGCCUCTCTOGGUCAGGOGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAG
CGAGGAAACCATCACCCCCTGGAACTTCOAGGAAGTOGOTGGACAAGGGCGCTTCCG
CCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGUCCCAACGAGAAG
GTGCTGCCCAAGCACAGUCTGUTGTACGAGTACTTCACCGTGTATAACGAGUTGAL
CAAAGTOGAAATACGTGACCGAGGGAATGAGAAAGCCCGUCTTCCTGAGUCOGGUGAG
CAGAAAAAGGCCATCOTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAA
GUCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTOTCTCAGTTATGACACCGAAA
TCCTGACAGTCGAGTATGGAITICTGCCGATCGGCAAGATTGTGGAGEAGAGAATTG
AATGTACGGTCTATAcgGTCGACAAAATOGTuCgTCTACACCCAACCARTTGUTCAA
TGGCATaATCGAGOGGOGAGCAGGAGGTGTTTGAGTATTGCCTGOAGGACGGGTCARTC
ATTAGAGCTACAAAGGACCATAAGTTTATGACAacCGATGGTCAAATGCTGCCGATA
GATGAAATATTCGAAAGGGgACTGOATUTTARGCaAGTCGATgeCCTTCC AaacT AgtAg
aattcclagagetegetgatcagoctegactgtgectictagitgecagecatctgtigittgececteccoegigecticctigacectggaag
gtgecacteocactgtectitoctaataaaatgaggaaatigeategeatigtetgagtaggtgteatictatictgegeggtegoatogaoca
ggacagcaagguggaggatigggaagagaatageaggcatgeiggggaggtacegagggcciatiicccatgattecticataittgeat
atacgatacaaggetgttagagagataattggaatiaatitgacigtaaacacaaagataitagtacaaaatacgigacgtagaaagtaataat
tictigggtagittgcagttttaaaattatgitttanaatggactatcatatgetiaccgtaactigaaagtatitcgatttctiggctitatatatettG
TGGAAAGGACGAAACACCGOTTATCTCCTGTTCTGCAGCGTTTCAGAGCT AtgctgGAA
AcagcaTAGCAAGTTgAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGA
GTCGOTGUTTTT T Tecgeccgeaggaaccectagtgatggagttegccacteccictotgegegetegetegeticactgaggs
cgggegaccaaagglicgeccgacgecegggcitigeccgggeggoecicagigagogagegagegegcagiieccigaggeacgee
tgtaccgggagatggggraggctaactgaaacacggaaggagacaataccggaaggaaccegegotalgacggeaatanaaaagacag
aataaaacgcacgggigtigggicgtitgticataaacgeggguticggtcccagggctigacactcigicgataceccaccgagaccecatt
gggaccaatacgecegegtticticctittceocaccocaacceccaagiicgggigaagerccagggetcgragecaacgicgggres
gcaageoctgecatagecactacgggiacgtaggecaaccactagaactatagetagagiccigggegaacaaacgatgetegecticca
gaaaaccgaggatgegaaccacticaiccggggicageaccaceggeaagegecgcgacggocgaggictaccegateicctgaageca
gggcagatcegtgeacageacctigeogtagaagaacagcaaggocgecaatgectgacgatgegtggagaccgaaacctigegoteg
ticgecagecaggacagaaatgecicgacttogetgetgeccaaggtigocgggtgacgeacacegiggaaacggatgaaggeacgaa
cccagttgacataagectgticggitcgtaaactgiaatgcaagtagegiatgogeicacgeaactggiecagaaccitgaccgaacgeage
gategtaacggegeagtggoggtittcatggettgtiatgactgtitttttgtacagtetatgectegggeatecaageageaagegegttacg
cogtgggtogatgttigatgttatggageageaacgatgitacgeageageaacgatgitacgeageagggcagicgecctaaaacaaagt
taggtgectcaagtatgggcatcaticgeacatgtaggeicggeccigaceaagicaaatecatgegggactgctettgaicttiteggtegty
agticggagacgtagecacctactcccaacateagecggacteegattacotegggaacttgetecgtagtaagacaticategegetiget
gecticgaccaagaageggitgtiggegeictcgegacttacgtictgoccaggtitgageagecgogtagtgagatetatatetatgateic
geagtetecggegageaceggaggeagggeatigecaccgegeicatcaatetiectcaageatgaggecaacgegettggtactiaigie
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atctacgigcaagcagatiacggigacgateccgeagtggciciciatacaaagtiggecatacgggaagaagigatgeactiigatatcga
cccaagtacegecacetaacaattegttcaagecgagateggeticecggecgeggagtigticggtaaatigtcacaacgeogegaatat
agtctitaccatgeccttggocacgeceotctitaatacgacgggoaatiigeacticagaaaatgaagagtitgeitiagecataacaaaagic
cagtatgctttttcacageataactggactgatitcagittacaactaticigictagitiaagacitiatigicatagittagatctatitigitcagitt
aagactitatigicegeccacaceegettacgeagggcatecatttattacticaaccgtaaccgattitgecaggitacgoggctgeictgegg
tgtgaaataccgeacagatgegiaaggagaaaatacegeatcaggegctcticegettcctcgeteactigacicgotgogeicggtegticg
gotgcggcgageggtatcagetcactcaaaggeggtaatacggttatecacagaatcagggegataacgeaggaaagaacatgigageaa
aaggecageaasaggecaggaacegiaaasdaggecgegtigetggegtitttecataggetecgeccecctgacgageatcacaaaaat
cgacgetcaagtcagaggigacgaaaccegacaggactataaagataccaggogtticeecctggaagetecciogtgogetetectgtic
cgacccigecgetiaceggataceigicegectiteicccitcgggaagegiggogetticticaatgeteacgetgtaggiatctcagticggt
gtaggtegticgetccaagetgggcigtgtgcacgaacceccoegiicagoeccgaccgetgegecttatccggtaactategictigagicca
accoggtaagacacgactiategecactggeageagocactggtaacaggatiagcagagegaggiatgtaggoggtgctacagagtict
tgaagtggigacctaactacggctacactagaaggacagiatttgotatetgegeicigeigaagecagitacciicggaaasagagtiggia
gatcctttgatetttictacggggtetgacgcicagtggaacgaaaactcacgitaagggaititggtcatgagattatcaaasaggatcticac
ctagatcetittaaattagaaatgaagititaaatcaatctagagiatataigagiaaacitggtctgacagttaccaaigetiaatcagigaggca
cctatcicagegatcigtetatticgiteateeatagtigectgactceecgtcgtglagataactacgatacgggaggocttaccatctggcce
caglgetgcaatgatacegegagacccacgeicaccggoiccagatttatcageaataaaccagelagecggaaggeecgagegeagsa
agtpgtecigeaactttatccgectccatecagictattaatigtipecgggaagctagagtaagtagticgecagitaatagitigegcaacgt
tgttgccattgotacaggeaicgiggigtcacgetegicgitiggtatggcticaticagotecggttoccaacgatcaaggegagitacatgat
cecccatgtigigeaaanaageggttagetecticggtectecgategtigicagaagtaagitggecgeagtgtiatcacicatggiiatggc
agcactgcataatictettactgicatgoecatcegtaagatgetiticigigactggteagtacicaaccaagticaticigagaatagigtatpey
gegacegagitgctcttgeecggegicaatacgggataatacegegecacatageagaactitaaaagtgcicatcatiggaaaacgtictic
gegocgaaaacictcgaggatettaccgeigtigagatecagttegatglaacceactegigeacecaactgateitcageatetitiacttica
ccagogtitciggetoagcaaaaacaggaaggcaaaalgecgcaaaaaagggaataagppcpacacggaaatgtigaatacicatacict
icctitticaatattattgaageatitatcagggtiattgicicaigageggatacatattigaaiglatitagaaaaatagacaaataggggitceg
cgeacatitccecgaaaagtgecacctgaaatigtaaacgitaatattitgitagaaticgegttaaattitigtiaaatcagetcattititaaccaa
taggccegaaatcggceaaaateccitataaatcaaaagaatagaccgagatagogttagagtoticitceagittggaacaagagtccactatta
aagaacgiggaciccaacgicaaagggegaaaaaccgiciatcagggogaiggeccactacgigaaccaicacectaaicaagitiitigg
gotcgagatgccgiaaagcactaaateggaacectaaagggageccocgatifagagetigacggggaaageoggegaacgiggegag
aaaggaagggaagaaagogasageagegagcgctaggocgtiggcaagigtageggicacgoigcgegtaaccaccacaccegrecy
cgettaatgegecgetacagggogegioccaticgecaticaggeigeaaataagegttgataticagicaatiacaaacattaataacgaag
agatgacagaaaaatiticattcigtgacagagaa

SEQ D2 NO: 4 (pAAV-ABEmaxNG-C}

aaagiagecgaagatgacggttigicacatggagttggcaggatgttigattaaaaacataacaggaagaaaaatgecccgelg
tgggcggacaaaatagtigggaacigeeageoatoaaaatggagttittaaggatiattiagggaagagigacaaaatagatgggaacty
sototagegicgtaagetaatacgaaaattanaaatgacaaaatagtitggaactagatitcactialciggiteggatctcctaggeteaagea
gtgatcagatccagacaigataagatacattgatgagtitggacaaaccacaactagaatgcagtgaaaaaaatgetitatitgtgaaatitgig
atgctattgetitatitgtaaccattataagcetgeaataaacaagttaacaacaacaaticeaigtceigeaggeagetgcgegetogetegete
actgaggcegoccgggcgicgggcgaccittggicgcccggectcagigagegagegagegegcagagaggeagtggeccaactecat
cactaggggticctgeggectetagactegagCGCGTGATGAGAGCAGCCACTACGGGTCTAGGCTGC
CCATGTAAGGAGGCAAGGCCTGOGGACACCCGAGATGCCTGGTTATAATTAACCCA
GACATGTGGCTGCCOCCCCCCCCCCAACACCTGCTGECTGLCTAAAAATAACCOTGTC
CCTGGTGGeeetgeatgeoc ACTCACGGGGATTITCCAAGTCTCCACCCCATTGACGTCAAT
GGOAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCC
GCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAG
AGCTGGTTTAGTOGAACCGTCAGA T CeogecaccATGgTcAAgATTatCAgcCGCAAATCCTTG
GOGACACAGAATGTATATGACATCGOCGTOGAAaaGOATCACAATTTTetigCTGAAGA
ATGGTCTTETTGC Ticc AATTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGE
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TTCAACGUCTCCCTGGGUACATACCACGATCTGUTGAAAATTATCAAGGACAAGGA
CTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGA
CACTGTTTGAGGACAGAGAGATGATCGAGGAACGGUTGAAAACCTATGCCCACCTG
TICGACGACAAAGTOGATGAAGUCAGUTGAAGUGGUGGAGATACACCGGLTGEEGGLA
GGCTGAGCCGGAAGCTGATCAACGGUCATCCGGGACAAGCAGTCCGGUAAGACAAT
CCTGGATTTCCTGAAGTCCGACGGUTTCGCCAACAGAAACTTCATGCAGCTGATCCA
CGACGACAGUCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGE
GCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGLCATTAAGAAG
GGUATCCTGCAGACAGTGAAGGTGGETGGACGAGUTCGTGAAAGTGATGGGCCGEC
ACAAGCCCGAGAACATCOGTGATCGAAATGGUCAGAGAGAACCAGACCACCCAGAA
GGGACAGAAGAACAGUCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGA
GUTGGGCAGCCAGATCCTGAAAGAACACCCCGTGOAAAACACCCAGUTGCAGAALC
GAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGA
ACTGGACATCAACCGGUTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTT
TCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGE
GGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACT
GGCGGCAGUTGCTGAAUGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACT
AAGGCCGAGAGAGGCGGLCTGA (JC(;AAQT%GATAAGGCCGGCTTCATCAAGAGAC
AGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCUTGGACTCCCGG
ATGAACACTAAGTACGACGAGAATGACAAGCTGATCCGGHGAAGTGAAAGTGATCA
CCCTGAAGTCCAAGUCTGOTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGO
GCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGA
ACCGUCCTGATCAAAAAGTACCUTAAGCTGGAAAGCGAGTTCOGTGTACGGCGACTA
CAAGGTGTACGACGTGUGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAG
GCTACCGUCAAGTACTTCTTICTACAGCAACATCATGAACTTTTTCAAGACCGAGATT
ACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAA
CCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTG
AGCATGCCCCAAGTGAATATCGETGAAAAAGACCGAGGTGCAGACAGGLGGUTTCA
GCAAAGAGTCTATCCgGUCCCAAGAGGAACAGCGATAAGCTGATCGUCAGAAAGAA
GGACTGGGACCCTAAGAAGTACGGCGGCTTCGICAGCCCCACCGTGGUCCTATTCTGT
GCTGOTGGTGGUCAAAGTGHGAAAAGGGUAAGTCCAAGAAACTGAAGAGTGTGAAA
GAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGUTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGC
CTAAGTACTCCCTGTTCGAGCTGHAAAACGGCCGGAAGAGAATGUTGGCOTOTGCC
GCtCTGCAGAAGGGAAACGAACTGGUCCTGCCCTCCAAATATGTGAACTTCCTGTA
CCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAALC
AGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGC
GAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGC
CTACAACAAGCACCGGGATAAGUCCATCAGAGAGCAGGUCGAGAATATCATCCALCC
TGTTTACCCTGACCAATCTGGOAGCCC CTegeGCCTTCAAGTACTTTGACACCACCAT
CGACCGGAAGeGTACCggAGCACCAAAGAGGTGUTGGACGCCACCCTGATCCACCA
GAGCATCACCGGUCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGTGALCT
CTGGCGGCTCAAAAAGAACCGCCGACGGCAGCGAATTCGAGCCCAAGAAGAAGAG
GAAAGTCtaacTAgtAgaaticctagagetegetgatcagectegacigtgectictagitgecagecatetgtigtitgccectece
ceglgecttecttgacectggaaggigccacicccactgtectitcetaataaaatgaggaaattgeatcgeaitgictgagtaggtetcatict
atictggegegotegaotaoocaggacageaaggggeageatiggeaagagaatageaggeatacigggragataccgagggccta
tttcecatgattcoticatatttgeatatacgatacaagectgttagagagataatiggaattaatttgacigtaaacacaaagatattagtacaaa
atacgigacgtagaaagtaataattictigggiagtttgeagtitiiaaaattatgittiaaaatggactatcatatgetiaccgtaactigaasagtatt
tegatttetiggetttatatatcttGTGGAAAGGACGAAACACCOGTTATCTCCTGTTCTGCAGCGTT
TeAGAGUT AtgeteGAAAcagea TAGUCAAGTTgAAATAAGGUTAGTCCGTTATCAACTTGA
AAAAGTGGCACCGAGTCGGTGOTTTTT Teeggecgeaggaaccectagtgatggagtigaccacicocictotg
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cgegeicgetegetcactgagaccggacgaccaaaggtegeccgacgeccggactiigeccggacgaccicagigaglgagcgagcy
cgeagetgoectgeaggggegoctgtacegggagatggegoagaciaacigaaacacggaaggagacaataccggaaggaaccegoy
ctatgacggcaataaaaagacagaataaaacgcacgggigitogotcatiigttcataaacgeggggoticgpteccagggctggcacictg
icgataccecaccgagaccecatigggaccaatacgeccgegtitcticctiticeccaceccaacceccaagiicggeigaagacocagg
getegeagecaacgicggggoggcaagecctgecatagecactacgggtacgtaggecaaccactagaactatagetagagtectggec
gaacaaacgatgotcgecticcagaaaaccgaggatgegaaccacticatcegggeetcageaccaccggcangeaecggacgecey
aggtctaccgatctectgaagecagggeagatecgtgeacageaccitgecgtagaagaacageaaggeegecaatgectgacgatgcg
tggagaccgaaacctigegetegticgecagecaggacagaaatgectegacticgotgctgoecaaggtigecgggtgacgeacacegt
ggaaacggatgaaggecacgaacccagiigacataagectgitcggticgtaaacigtaatigeaagtagegtaigegeteacgeaactggtic
cagaaccitgaccgaacgeageggiggtaacggegeagtggcggttticatggctigtiatgactgitttittgtacagtctatgeciegggca
tccaageageaagegoegitacgoecgigggtcgatgtitgatgtiatggagcageaacgatgttacgeageagcaacgatgitacgeageag
socagtcgecctaaaacaaagiiaggtegcicaagtatgggcatcaticgeacatgtaggeicggcecigaccaagicaaatecaigeggg
cigetetigatetittegpicgtgagitcggagacgiagecacctacteccaacatcageoggactcogatiaccicggaactigetecgtag
taagacaticatcgegetigetgecticgaccaagaageggtigiiegcgctetegeggettacgiteigeccaggtitpageagecgegta
gtgagatclatalctatgatctegeagictocggogageaccggaggcagggcatigecacegogeteatcastotecteaageatgagge
caacgegctiggtgctiatptgatctacgigeaageagattacggtgacgatcccgeagiggetctctatacaaagiigggcatacgggaag
aagigatgcactitgatatcgaccecaagiaccgecacctaacaaticgticaagecgagateggettcecggecgoggagtioitcggtaaa
tigtcacaacgecgegaatatagictitaccatgecettggecacgeeccictitaatacgacgggeaattigeacticagaaaatgaagagit
tgctitagccataacaaaagiccagtatgettiticacageataaciggacigatitcagitiacaactatictgtctagittaagactitatigtcat
agtitagatctatitigticagtitaagactitatigiccgeccacaccegetiacgeagggeatecatitatiactcaaccegtaaccgatitigoca
ggttacgeggeiggictgeggtgtoaaataccgeacagatgegtaaggagaaaatacegeaicaggegeteticegeticctegetcactg
actcgetgegetcpptegticggctgcggcgagegetatcageicacticaaaggogetaatacggitatecacagaatcaggggataacg
caggaaagaacatglgagcanaaggrcageaaaaggecaggaaccgtaaaaagocegogtigctggegtitticeataggeiccgocee
cotgacgageatcacaaaaategacgeicaagicagaggigocgaaacecgacaggactataaagataccaggegtiiccecciggaag
ctecctegigoegotetectgticegaceetgecgottaceggataceigicogoctitcicocticgggaagogtogegctiicteaatgeicac
gotgtaggtatctcagitcggtptaggiogitcgetccaagetgggctgtgtgeacgaacceccegttcagecegacegetgegecttatee
ggtaactategictigagtccaaccoggtaagacacgactiategecactggeageagecaciggtaacaggattageagagegaggiaig
taggceggtgctacagagitctigaagtogtogocctaaciacggotacactagaaggacaglattiggiatcigegcteigetgaagecagtia
coticgeaaagagagtiggiagetciigatecggeaaacaaaccaccegetigglagogetootiittitgitigeaagcageagattacgegca
gaaaagaaggatcicaagaagatocttigatctittctacggggictgacgetcagtggaacgagaactcacgtiaagggatitigeicatgs
gattaicaaaaaggatcitcacctagaicctittaaatiaaaaatgaagtittaaatcaatctaaagtatatatgagtaaactiggtctgacagitac
caatgettaatcagtgaggcacctaictcagegatetgictatitegticatecatagitgcctgactecccgicgigtagataaciacgatacg
gpaggactiaccatciggecccagigeigeaatgataccgogagacccacgeteaceggctecagatitatcageaataaaccagocage
cggaagggecgagegeagaagiggicctgcaactitatecgectecatecagictatiaatigiigecgggaagciagagtaagtagticge
cagttaatagttigegcaacgtigttgecattgctacaggeategigeisteacgotegiegtitggtatgecticaticagetecggticecaa
cgatcaaggegagttacaigatcccecatgiigiocaaaaaagoeggtiagetocticggiccicegategtigicagaagiaagtiggocgea
gigttatcacteatggttatggeageactgcataatictctiacigicatgecatecgiaagatgetttictgtgaciggtoagtactcaaccaagt
cattcigagaatagigiatgeggegacegagtigetetigeccggegicaatacgggataatacegegecacatageagaacttiaaaagtg
cicatcatiggaaaacgticttegggocgaaaactcicaaggatcetiacegeigtigagaiccaglicgatgtaaceeaciegigeacecaact
gatcticageatctitactticaccagegiticiggaigarcansaaacaggaaggraaaatgciacaaananaggeaatasgegalgacacyg
gaaatgtigaatactcatacicticetititcaatatiatigaageatitatcagggttatigicicatgageggatacatatitgaatgiatttagaaa
aataaacaaalaggggttccgegeacatticcceganaagigecaccigaaatigiaaacgtiaatatiftgttaaaaticgegtiaaatittigtt
aaatcagetcatittitagecaataggoecgaaatcggeaaaatcoctiatagatcaaaagaatagaccgagatagggtigagtgitoticeagt
ttggaacaagagiccactatiaaagaacgtggaciccaacgicaaagggogaaaaacegictatcagggogatogeccactacgigaace
atcaccctaatcaagtititigeggtegagatgocgtaaageactaaatcggaaccotasagggagecceegattiagagetigacgggga
aagecggcgaacgiggegagaaaggaaggoaagaaagegaaaggageggpegetagggegetggcaagigtageggtcacgotge
gegtaaccaccacaccegecgegoetiaatgegecgctacaggeegegteccaticgecaticaggetgcaaataagegtigataticagic
aattacaaacatigataacgaagagatgacagaaaaattticaticigigacagagas
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SEQ ID NO: 5 (pX601-meCMV-ABEmax-N2)
cotgeaggeagetgegogetegetegetoactgaggeogeccgggegtegggegacctitggicgeccggecteagigage
CagCRAZCRCRCALALALE gavtggwaactccatcactaggggttcctgcggcctctag,aa,tc0ag,(,{r(‘(;ri GATGAGAG
CAGUCACTACGOGTCTAGGCTGUCCATGTAAGGAGGCAAGGUCTGGGGACACCCGA
GATGCCTGGTTATAATTAACCCAGACATGTGGCTGCCCCCCCCCCCCCAACACCTGC
TGCCTGCTAAAAATAACCCTGTCCOTGGTGGecctgeatgecc ACTCACGGGGATTTCCAA
GTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGALCT
TTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTA
COGTGGGAGGTCTATATAAGCAGAGUTGGTTTAGTGAACCGTCAGATCegecacc AT g
ctagc ATGAAACGGACAGCCGACGGAAGCGAGTTCGAGTCACCAAAGAAGAAGCGGA
AAGTCTCTGAAGTCGAGTTTAGCCACGAGTATTGGATGAGGCACGCACTGACCOTG
GUAAAGUGAGUATGGGATGAAAGAGAAGTCCCCOTGGGCGCCETGCTGOTGLACA
ACAATAGAGTGATCGGAGAGGGATGGAACAGGCCAATCGGCCGCCACGACCCTAC
CGCACACGCAGAGATCATGGCACTGAGGCAGGGAGGCCTGGTCATGCAGAATTACC
GCCTGATCGATGUCCACCCTGTATGTGACACTGGAGCCATGCGTGATGTGUGCAGGA
GCAATGATCCACAGCAGGATCGGAAGAGTGGTGTTCGGAGCACGGGACGCCAAGA
CCGGCGCAGCAGGCTCCCTGATGGATGTGCTGLACCACCCCGGLATGAACCACCGE
GTGGAGATCACAGAGGGAATCCTGGCAGACGAGTGCGLCGCCCTGUTGAGCGATTT
CTTTAGAATGUGGAGACAGGAGATCAAGGUCCCAGAAGAAGGCACAGAGCTCCACC
GACTUTGGAGGATCTAGCGGAGGATCOTCTGGAAGCGAGACACCAGGLACAAGCEG
AGTCCGCCACACCAGAGAGCTCCGGUGGCTCCTCCGGAGGATCCTCTGAGGTGGAG
TTTTCCCACGAGTACTGGATGAGACATGCCCTGACCCTGGUCAAGAGGGCACGCGA
TGAGAGGGAGGTGCCTGTGGGAGCUGTGUTGGTGUTGAACAATAGAGTGATCGGCG
AGGGCTGGAACAGAGCCATCGGCCTGCACGACCCAACAGUCCCATGCCGAAATTATG
GCCCTGAGACAGGGUGGLCTGGTCATGCAGAACTACAGACTGATTGACGCCACCCT
GTACGTGACATTCGAGCCTTGCGTGATOTGCGCCGGUGCCATGATCCACTCTAGGAT
CGGCCGCGTGGTGTTTGGCGTGAGGAACGCAAAAACCGGC GCC GCAGGCTCCCTGA
TGGACGTGUTGCACTACCCCGGUCATGAATCACCGCGTCGAAATTACCGAGGGAATC
CTGGCAGATGAATGTGUCGCCCTGOTGTGCTATTITCTTTCGGATGCCTAGACAGHGTG
TTCAATGCTCAGAAGAAGGCCCAGAGCTCCACCGACTCCGGAGGATCTAGCGGAGE
CTCCTCTOGUTCTGAGACACCTGGUACAAGCGAGAGUGCAACACCTGAAAGLAGCG
GGGGCAGCAGLGOGOGGOTCAGACAAGAAGTACAGCATCGGCCTGGCCATCGGCAL
CAACTCTGTGGGCTGGGUCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAAT
TCAAGGTGUTGGGUAACACCGACCGGUACAGCATCAAGAAGAACCTGATCGGAGC
CCTGCTGTTCGACAGCGGUCGAAACAGCCGAGGUCACCCGGUTGAAGAGAACCGLCA
GAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTICAGC
AACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCT
GGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGAC
GAGOTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGT
GGACAGCACCGACAAGGCCGACCTGCGGUCTGATCTATCTGGCCCTGGUCCACATGA
TCAAGTTCCGGGGCCACTTCCTGATCGAGGGUGACCTGAACCCCGACAACAGCGAL
GTGGACAAGCTGTTCATCCAGCTGOTGUAGACCTACAACCAGCTGTTCGAGGAAAA
CCCCATCAACGCCAGCGGCGTGGACGCCAAGGUCATCCTGTCTGCCAGACTGAGCA
AGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGUGAGAAGAAGAATGG
CCTGTTCGGAAACCTGATTGCCCTGAGCOTGGGUCTGACCCCCAACTTCAAGAGCA
ACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGAC
GACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTICTGGC
CGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCG
AGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCAC
CAGGACCTGACCCTGCTGAAAGUTCTCGTGUGGCAGCAGUCTGUCTGAGAAGTACAA
AGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGLGGAG
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CCAGUCAGOGAAGAGTTCTACAAGTTCATCAAGUCCATCCTGGAAAAGATGGACGEC
ACCOGAGGAACTGUTCGTGAAGUCTOGAACAGAGAGGACCTGCTGCGGAAGCAGCGGA
CCTTCOACAACGOCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATT
CTGCGOCOGGUCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGA
GAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGUCCAGGGGAAACA
GCAGATTCGUCTGGATGACCAGAAAGAGUGAGGAAACCATCACCCCCTGGAACTTC
GAGGAAGTOGOTGGACAAGGGUCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAA
CTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACG
AGTACTTCACCOTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATG
AGAAAGCCCGUCTTCCTOGAGCGGUGAGCAGAAAAAGGCCATCOGTGGACCTOGCTOTT
CAAGACCAACCGOAAAGTGACCGTGAAGLCAGUCTGAAAGAGGACTACTTCAAGAAA
ATCGAGTGTTTGGATCTGAAAACGUAAGTTCAAACGCCACAGGOTATGAAAGAAAT
ATCCAATATACAGGTCGGUGATCTCGTCTTGTCTAACACTGGUTATAACGAGGTGCT
GAATGTATTTCCAAAAAGCAAGAAAAAAAGTTACAAGATAACTCTGGAAGATGGA
AAAGAAATTATCTGTTCTGAGGAGCATCTGTTTCCGACCCAAACAGGGGAGATGAA
TATCAGTGGCOGTCTCAAAGAGGGTATOTGTTTGTATGTCAAG Gaataactagtagaaticotag
agcicgceigatcagectegactgtgectictagtigecagocatetgitgtttgeccciccocegigecticotigaccoiggaaggtoccact
cecactgtectticctaatagaatgaggaaatigeatcgeatigictgagtaggtgteattetatictgggoegiogaotaooocaguacags
aagggggageatigppaagagaatageaggcatgctggppagptaccgagggcctatticecatgattcoticatatitgeatatacgata
caaggceigitagagagataatiggaattaatiigactgtaaacacaaagaiatiagtacaaaatacgtigacgliagaaagtaataatiictiggpt
agtitgeagittiaaaaitatgitttaaaaiggactaicatatgetiaccgtaactigasagtatttcgatitettggetitatatatcttG TGGA A
AGGACGAAACACCGGTTATCTCCTOTTCTGCAGCOGTTTCAGAGCT AtgetgGAAAcageaT
AGCAAGTTeAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGOUCACCGAGTCGG
TGCTTTTT Tgeggeogeaggaacocctagtgatggagtigoccacicoctetctgegegetcgetegeteactgaggecgggega
ccaaaggicgeccgacgeccggactitpeccgggcggoctcagigagegagegagegegeagetgectigeagggegcgectigatgcg
giattiictecttacgeatetgtgcggtatticacacegeatacgicaaageaaccatagiacgegocctigtageggoacatiangegegacy
gatgtggtegtiacgegeagegigaccgetacactigecagegecctagegeccgoicctitegetticticecticottictegecacgticg
ceggotttceccgtcaagetctaaatcggaggctcoctitagggticogatitagigoittacggeaccicgaceccaanaaactigatitgog
tgatggticacgtagtgggccatcgecctgatagacggittticgecctitgacgitggagiccacgtictttaatagiggacictigticcaaac
tggaacaacactcaaccectatetegggetatictttigatitataagggattitgecgatticggectatiggttaaaaaatgagetgatttaacaa
aaatitaacgcegaatittaacaaaatatiaacgiitacaatittatggiocacictcagtacaaictgcictgatgocgeatagitaagecagece
cgacaceegecaacaceegetgacgegecctgacgggcttgtcigetcccggeatecgetiacagacaagetgigacegiciecgggeayg
cigcatgigicagaggtittcacegicatcaccgaaacgogegagacgaaagggocicgigatacgeciatiittataggtiaatgtcatgata
ataatggtitctiagacgtcaggiggeactiticggugaaatgigcgoggaacecciattigittatttitctaaatacaticaaatatgtatccget
catgagacaataaccctgataaaigeticaataatatigaaasaggaagagiatgagtaticaacatticegigtegeocttaticeottitiigeg
geattitgecttcctgiititgeticacccagaaacgeiggtioaaagiaaaagatoctpaagatcagtigggtecacgagtgpattacatcgaa
ctggatctcaacageggtaagatectigagagttticgoececgaagaacgitticeaatgatgageactittaaagtictgctatgtegescgg
tattatccegtattgacgecgggcaagageaactoggtogecgeatacactaticteagaatgacttggtigagtactcaccagicacagaaa
agcatctiacggatgocaigacagiaagagaatiatgeagigctgccataaccatgagtgataacacigeggecaacitaciictgacaacg
atcggaggaccgaaggagctaaccgettitttgcacaacatgggagatcatgtaactcgoctigategiiggoaaccggageigaatgaag
ccataccaaacgacgagegigacaccacgatgectigtageaatggeaacaacgtigegeaaactatiaactggegaactacttactctage
ttcecggeaacaatiaatagaciggatggaggcggataaagtigeaggaceacticigegcioggoccticeggetgactggttiatigety
ataaatctggagecggtgagegiggaagecgeggtateatigeageactggggoecagatggtaagecctecegtatogtagttaictacac
gacggopaptcagecaactatggatgaacgaaatagacagategeigagataggipgecicacigatiaageatiggtaacigicagacca
agtitactcatatatacttiagatigatitaaaaciicattttiaatitaaaaggatciagetgaagaicctititgataatctcaigaccaaaatocctt
aacgtgagttttcgttccactgagegtcagaceccgtagaanagatcaaaggatctictigagatectitittictgegogtaatetgetgottac
aaacaaaaaaaccaccgetaccageggtegitipitioccgpatcaagagetaccaacteittitccgaaggtaactggeticageagageg
cagataccaaatacigicctictagigtagecgtagitaggccaccacttcaagaacictgtageaccgectacatacctiogetetgotaated
tgttaccagtggctgetgecagiggegataagtegigtctiacegggtiggactcaagacgatagitaccggataaggegeageggioggg
ctgaacgegegeticgtgcacacageccagetiggagegaacgacctacaccgaactgagatacctacagoegigagctatgagaaage
gecacgetteccgaagggagasagecggacaggtatecggtaggeggcagggtcggaacaggagagogcacgagggageticeagy
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gggaaacgcctggtaictitatagicctgtegggatitcgocaccictgacttgagegtegatititgtoatgetcgtcagegogacggagecta
tggaaaaacgecagoeaacgeggoectitttacggticctggectittgetggectitigeicacatgt

SEQ D NO: 6 (pXo01-meCMV-ABEmaxC2NG)

cotgeaggeagetgegegetcgetegeicactgaggecgecegggegtcggecgacctitggtegeecggocteagtigage
gagegagegogeagagaggeagtggecaaciceateactaggggtiectgeggectctagactecgagCGUGTGATGAGAG
CAGCCACTACGGOTCTAGGCTGCCCATGTAAGGAGGCAAGGCCTGGGGACACCEGA
GATGCCTGGTTATAATTAACCCAGACATGTGGCTGCCCCCCCCCCCCCAACACCTGL
TGCCTGCTAAAAATAACCCTGTCCCTGGT G Geectgeatgecc ACTCACGGGGATTTCCAA
GTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACT
TTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTA
CGOTGOGAGOTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATT Cactagecacc AT
GATGCTCAAGAAGATCCTCAAGATTGAAGAGTTGGACGAGCGCGAGCTTATAGACA
TAGAAGTCAGTGGTAATCACCTTITTICTACGCAAATGACATTTTGACTCACAACTCCY
CTTCAGACGTTTGCTTCGACTCCGTGOAAATCTCCGGOCGTGGAAGATCGOGTTCAACG
CCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTG
GACAATGAGGAAAACGAGGACATTICTGOAAGATATCGTGCTGACCCTGACACTGTT
TGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACG
ACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGUTGGGGCAGGCTGAG
CCGGAAGUTGATCAACGGUATCCGGGACAAGCAGTCCGGUAAGACAATCCTGGATT
TCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGAL
AGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGOGTGTCCGGCCAGGGCGATAG
CCTGCACGAGCACATTGCCAATCTGGUCGOCAGCCCCGUCATTAAGAAGGGCATCC
TGCAGACAGTGAAGGTGOTGGACGAGCTCGTGAAAGTGATGGGCCGGLCACAAGCC
CGAGAACATCGTGATCGAAATGGUCCAGAGAGAACCAGACCACCCAGAAGGGACAG
AAGAACAGCCGCGAGAGAATGAAGUGGATCGAAGAGGGCATCAAAGAGCTGGGCA
GCCAGATCCTGAAAGAACACCCCOTGGAAAACACCCAGCTGCAGAACGAGAAGCT
GTACCTGTACTACCTGCAGAATGOGUGGGATATGTACGTGGACCAGGAACUTGGACA
TCAACCGGCTGTCCGACTACGATOTGGACCATATCGTGCCTCAGAGUTTTCTGAAGG
ACGACTCCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGOGGCAAGAG
CGACAACGTGCCCTCCGAAGAGOTCGTGAAGAAGATGAAGAACTACTGGUGGCAG
CTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTICGACAATCTGACCAAGGCCGA
GAGAGGCGGCUTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGHTG
GAAACCCGGUAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACAC
TAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGT
CCAAGCTGGTIGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCA
ACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCOTGGGAACCGCCCTG
ATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTA
CGACGTGCGGAAGATGATCGUCAAGAGUGAGCAGGAAATCGGUAAGGUTACCGCC
AAGTACTTCTTICTACAGCAACATCATGAACTTTITTCAAGACCGAGATTACCCTGEGCC
AACGGCGAGATCCGGAAGCGGUCTCTGATCGAGACAAACGGCGAAACCGGGGAGA
TCGTGTGGGATAAGOGUCGOGATTTTGCCACCGYGUGGAAAGTGCTGAGCATGLCC
CAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGT
CTATCCgGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGALC
CCTAAGAAGTACGGCGOGUTTCGICAGCCCCACCOTGGCCTATTCTGTGCTGOTGOGTG
GCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGG
GGATCACCATCATGGAAAGAAGCAGUTTCGAGAAGAATCCCATCGACTTTCTGGAA
GCCAAGGGUTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTC
CCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTOGLCTCTGCCeGOCTGCAG
AAGGGAAACGAACTGGCCCTGUCCTCCAAATATGTGAACTTCCTGTACCTGGUCAG
CCACTATGAGAAGCTGAAGGGUTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTG
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TOGOAACAGCACAAGUCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCC
AAGAGAGTGATCCTGOCCGACGCTAATCTGGACAAAGTOUTGTCCGCCTACAACAA
GCACCGOGATAAGUCCCATCAGAGAGUCAGGCCGAGAATATCATCCACCTGTTTACCC
TGACCAATCTGGGAGCCCCTegeGCCTTCAAGTACTTTOACACCACCATCGACCGGA
AGgtGTACeggAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCA
CCGGUCTOTACGAGACACGGATCGACCTGTCTCAGUTOGGOAGGTGACTOTOGGUGEO
TCAAAAAGAACCGCCGACGGUCAGUGAATTCGAGUCCCAAGAAGAAGAGGAAAGT Ca
acTAgtAgaattcetagagetegetgatcagectegactgtgectictagtigecagecatetgitgtitgececteccoogtgecticettg
accoiggaagetoccacicocactgiectticctaataaaatgaggaaatigeategeaitgtcigagtaggtotcatictatictggoagaie
gggtegoocageacageaaggeeoaooaitogoaagagaatageaggeatgcigggeagetaccgageocctatticecatgatteet
tcatatttgeatatacgatacaaggcetiptiagagagataatiggaattaattigacigtaaacacaaagatattagtacaaaatacgigacgtag
azagiaataattictigggtagitigeagtitiaaaatiatgtittaaaatggactaicatatgctiaccgiaactigaasagiatticgattictiggett
tatatatcttGTGGAAAGGACGAAACACCGGTTATCTCCTGTTCTGCAGCGTTTCAGAGCTA
tactgGAAACagcaTAGCAAGTTeAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGE
CACCGAGTCGOTGUTTTT T Tacggecgeaggaaccectagigatggagtigeccacicecictetgegegetegetcge
tcactgaggeogggogaccaaaggicgecogacgeccgggetitgecogggeggectcagigagegagegagegegeagetgectge
aggoococcigatocgatatiticicctiacgeatctgigeggtatitcacaccgeatacgicaaageaaccatagtacgogoectgtagegg
cgcattaagegeggegggigiggigaitacgegeagegigacegetacactigecagegeectagegecegetectticgettictteoctt
cetitctegocacgticgecggcetitccocgtcaageictaaateggegacicectitaggeticegatitagipottiacggoaccicgaccee
caaaaaactigatttgegigatggttcacgtagigggccatecgoecigatagacggititicgoectitgacgtiggagtccacgiictitaata
gtggactctigitccaaactggaacaacacicaaccetatctogggctatictitigattiataagggaittigocgatticggectattgettaaa
aaatgagcetgattiaacaaaaatitaacgegaatitiaacaaaatattaacgittacaatittatggiecacictcagtacaatcigetctgatgec
geatagltaagecagoococgacaccogocaacacccgeigacgegeceigacggactigictgctecoggoatecgatiacagacaaget
gtegaccgictecogggagetgeatgigicagaggtittcacegicalcacogaaacgegoegagacgaaagggoctegtgatacgeotatiitt
ataggtiaatgtcatpataataatggttictiagacgticaggiggcactiticggpgaaatgtgegcggaacecciatitgittatititctaaatac
attcaaatatgtateegoteatgagacaatagecctgataaatgoticaataatatiganagaggaagagtatgagtaticascatttcegtgic
gecctiattcectttitigeggeatttigecticetgtitigeicacccagaaacgeiggigaaagtagaagatgeigaagatcagtigggtngca
cgagtgggtiacalcgaactiggateicaacageggiaagatectigagagitticgeccegaagaacgititeccaatlgatgageactitiaaa
gttctgetaigigacgeggtatiatcocgtatigacgecgggcaagageaacteggicgecgatacactaticicagaaigactiggtigag
tactcaccagicacagaaaageateitacggatggcatgacagiaagagaattaigeagigotgocataaccaigagtgataacactgogg
ccaactiacticigacaacgatcggaggaccgaaggagctaacegoitititgcacaacaigggggatcatgtaactegectigatcgiiggy
aaceggagctgaatgasgecataccaaacgacgagegigacaccacgalgectgtageaatggeaacaacgtigegeasactattaacty
gegaactacttactctageticccggeaacaatiaatagactggatgpagpcggataaagtigeaggaccacttctgegetcggoocticeg
gotggctggtttatigetpataaaiciggagecggtgagegiagaagecgoggtatcatigeageaciggggccagatggiaageoctoce
gtatcgtagtiatctacacgacggggagicaggcaaciatggatgaacgaaatagacagategetgagataggigeoteactgattaageat
tggtaactgtcagaccaagitiactcatatatactitagatigattiaaaacticatititaaitiaaaaggatctaggigaagatecititigataatet
catgaccaaaateccttaacgtgagttitcgticcacigagegicagaceccgtagaaaagatcaaaggatctictigagatectittiticigeyg
cgtaatctgetgetigeaaacaaaaaaaccacegetaccageggtgetitgitigecggateaagagetaccaactetttitcegaaggtaact
gocticageagagegeagataccaaatacigicctictagigiagecgtagitaggccaccacticaagaacictgtageaccgectacata
cetegetctgetaatectgtiaccagiggetgctigecagtggegataagtegigicttaccgggitggactcaagacgatagtiaccggataa
googcageggicgpoctgaacggeeeaticptpcacacageocagetiggagegaacgacctacacegaacipagatacctacagegt
gagctatgagaaagoegecacgoticcogaagggagaaaggeggacaggialcogglaagegecaggglcgganacaggagagoglac
gagggagceticcagggggaaacgectggtatctitatagiccigicgggetttcgecaccictgactigagegtogatititgtgatgetegica
gpegoacooaoccialggaaaaacgecageaacgeggocitttiacggticctggectitigoiggectittpeticacatgt

SEQ ID NO: 7 (pXo0i-MHP -1 ABEmaxN2)

cctgeaggeagetgegegetogetcgeteactgaggecgeecgggegicgggegaccttiggtcgeccggeaicagtgage
gagegagegegeagagagggagtggccaacicealcactaggggttcctgeggectctagactegageCCCTTCAGATTAA
AAATAACTGAGGTAAGGGUCTGOGTAGGGGAGGTGGTGTGAGACGCTCCTGTCTCT
CCTCTATCTGCCCATCGOGCCCTTTGOGGAGGAGOGAATOTGUCCCAAGGACTAAAAAA
AGGCCATGGAGCCAGAGOGGOGCGAGGGCAACAGACCTTTCATGOGGUAAACCTTGOG
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GCCCTGUT GactgtaGATOGAGAGCAGCCACTACGGGTCTAGGUTGCCCATGTAAGGAG
GCAAGGCCTGGGGACACCCGAGATGCCTOGGTTATAATTAACCCAGACATGTGGCTG
CCCCCCCCCCCCCAACACCTOCTGUCTGCTAAAAATAACCCTGTCCCTGGTGGeeetge
atgCCCTCCCTOGOGOGACAGUUCCTCCTGOGCTAGTCACACCCTOGTAGGUTCUTCTATAT
AACCCAGGGOCACAGGOGUTGUC Cteattct ACCACCACCTCCACAGCACAGACAGACA
CTCAGGAGUCAGCecaccatggotagc ATGAAACGGACAGCCGACGGAAGUGAGTTCGAGT
CACCAAAGAAGAAGCGGAAAGTCGGATCCTCTGAGGTGGAGTTTTCCCACGAGTALC
TGGATGAGACATGCCCTGACCCTGGCCAAGAGGGCACGCGATGAGAGGGAGGTGC
CTOTOGGOAGCCOTGUTOGOTGCTGAACAATAGAGTGATCGGCGAGGGCTGGAACAGA
GCCATCGGLCTGUCACGACCCAACAGgCCATGUUCGAAATTATGGCCCTGAGCAGGE
CGOCCTOGTCATGCAGAACTACAGACTCATTGACGCCACCCTGTACGeGACATTICGA
GUCTTGCGTGATGTGCGUCGHCGUCATOGATCCACTCTAGGATCGHCCOGCGTOGTOETT
TGGCGTGAGGAACGCAAAAACCGGCGCCGCAGGUTCCCTGATGGACGTGUCTGCACT
ACCCCOGGUATGAATCACCOGCGTCGAAATTACCGAGGGAATCCTGGLCAGATGAATGT
GCCGCCCTGCTOTGUTATTTCTTTICGOATGCCTAGACAGOTGTTCAATGUTCAGAAG
AAGGCCCAGAGCTCCACCGACTCCGGAGGATCTAGCGGAGGCTCCTCTGOCTCTGA
GACACCTGGCACAAGCGAGAGCGCAACACCTOAAAGCAGUGGOGGCAGCAGUGGH
GOGTCAGACAAGAAGTACAGCATCGOGUCTOGGUCATCGGUCACCAACTOTGTOGGOTG
GGCCGTGATCACCGACGAGTACAAGGTGUCCAGCAAGAAATTCAAGGTGUTGGOGCA
ACACCGACCGGUACAGCATCAAGAAGAACCTGATCGHGAGCCCTOCTGTTCGACAGT
GGUOAAACAGCCGAGGCCACCUCGGUTGAAGAGAACCGUCAGAAGAAGATACACCA
GACGGAAGAACCGOGATCTGCTATCTGUAAGAGATCTTCAGCAACGAGATGGCCAAG
GTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGOTGGAAGAGGATAA
GAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACG
AGAAGTACCCCACCATCTACCACCTOAGAAAGAAACTGGTGGACAGCACCGACAA
GGUCGACCTGUGGUTOGATCTATCTGGUCCTOGOCCCACATOGATCAAGTTCCGOGGGOC
ACTTCCTGATCGAGGOUCGACCTGAACCCCGACAACAGCGACOTGGACAAGCTGTTC
ATCCAGUTOGGTOGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAG
COGOCOGTGUGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGUTGE
AAAATCTGATCOGCCCAGCTGCCCOGGLUGAGAAGAAGAATGOCCTGTTCGGAAACCTG
ATTGCCCTGAGCCTGOGGUCTOACCCCCAACTTCAAGAGCAACTTCGACCTOGUCGA
GGATGCCAAACTGCAGCTOGAGUCAAGGACACCTACGACGACGACCTGGACAACCTGC
TGGUCCAGATCGGCGACCAGTACGCCGACCTGTTTICTGGCCGUCCAAGAACCTGTCC
GACGUCATCCTGCTGAGUGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCT
CCTGAGCOGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGL
TGAAAGCTCTCGTGCGHGCAGCAGUTGCCTGAGAAGTACAAAGAGATTTTCTTCGAC
CAGAGCAAGAACGGUTACGCCGOCTACATTGACGOCGGAGCCAGCCAGGAAGAGT
TCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGUTC
GTGAAGUTGAACAGAGAGGACCTGUTGCOGGAAGCAGCGGACCTTCGACAACGGLA
GUATCCCCCACCAGATCCACCTGOGGAGAGUTGCACGUCATTCTGCGGUGGLAGGAA
CATTTTTACCCATTCCTGAAGGACAACCGGUAAAAGATCGAGAAGATCUTGACCTT
CCGCATCCCCTACTACGTGGGUCCTCTOGGUCAGGOGGAAACAGCAGATTCGCCTGGA
TGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGA
CAAGGGUGUTTCCOGCCCAGAGUTTCATCGAGUGGATGACCAACTTCGATAAGAACC
TGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTICACCOTG
TATAACGAGCTGACCAAAGTOGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTT
CCTGAGCOGGUGAGCAGAAAAAGGUCATCOTGOACCTGCTGTITCAAGACCAACCGGA
AAGTOGACCGTGAAGUAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGTTTGGAT
CTGAAAACGCAAGTTCAAACGCCACAGGOTATGAAAGAAATATCCAATATACAGGT
CGOGCGATCTCGTCTTOTCTAACACTGGUTATAACGAGGTGUCTGAATOTATTTCCAAA
AAGUCAAGAAAAAAAGTTACAAGATAACTCTGGAAGATGGAAAAGAAATTATCTGT
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TCTGAGGAGCATCTOTTTCCGACCCAAACAGGGGAGATGAATATCAGTGGUOGEGTOY
CAAAGAGGOTATGTGTTTGTATGTCAAGGaataactagtagaattcctagagetogotgatcagectogactgt
goctictagitgecagecatetgtigitigeccctceccegigecticotigaceciggaaggtaccacteccacigicctticctaataaaatga
ggaaatigeatcgeatigicigagtaggigteattctatictggogegiggggtogoocaggacageaaggeggagoatigguanagaga
atagcaggceatgotgggeagotaccgagggoctatitcccatgaticcticatattigeatatacgatacaaggotgitagagagataatigg
aattaatttgactgtaaacacaaagatatiagtacaaaatacgtgacgtagaaagtaataattictiggetagtitgcagtittaaaatiatgtitta
aaatggactatcatatgctiacegtaactigaaagtatttegatticttggetttatatatcttGTGGAAAGGACGAAACACCG
GTTATCTCCTOGTTCTGCAGCOGTTTcAGAGCT AtgeigGAA AcagcaTAGCAAGTTgAAATA
AGOCTAGTCCGTTATCAACTTOAAAAAGTGOCACCGAGTCGGTGCTTTT T Tecggecgea
ggaacccctagtgatggagiiggccacicocticteigegegctegltegetcactigaggocgealgaccasagglcgeeCgacgecsg
getttgeccgggoggccicagigagegagegagegegeagetgectgeageegcgectpatgegetatitictcctiacgeatcigiaeg
gtatticacaccgeatacgicaaageaaccataglacgegecctgtageggegeatiaagegeggegggigiogtogttacgegeagegt
gaccgetacactigecagoegecctagegeccgetectitegetticticectteotiictegecacgticgecggctiteeccgicaageictaa
atcggppocteectitaggettcogatitagtgetitacggeacctecgaccccaaaaaactigattiggpteategttcacgiagtppoccatc
gecetgatagacggtitttcgecetitgacgtiggagiccacgiictitaatagtggacicitgticcaaactggaacaacactcaaccciatete
gggctatictittgattiataagggatittgecgatticggectatigettaaaaaatgageigatitagcaaaaattiaacgegaattttaacaaaa
tattaacgiitacaatittatggigeacicicagtacaatctgoictgatgccgoalagiiaagecageeeegacaccogocaacaceogoiga
cgegecetgacgggctigictgeteccggeatecgeitacagacaageigtgacegictecgggagoigealgigicagaggtiticaccegt
catcaccgaaacgegegagacgaaagpeccicgigatacgectatitttataggitaatetcatgataataatggitictiagacgtcaggiog
cactitteggggaaatgtgcgoggaaccoctattigittatititctaaatacaticaaatatgtatccgoicatgagacaataacecigataaaty
cttcaataatatigaaaaaggaasgagiatgagtaticaacatticegigtecgooctiatteoctititigeggeatittgecticetgtititgetcac
cligagagttitcgccecgaagaacgtiticcaatgatgageactiitaaagticigetatgiggegeggiatiatccogiatigacgcegggca
agagcaacteggicgecgeatacactatictcagaatgactiggitgagtactcaccagicacagaaaageatctiacggatggeatgacag
taagagaattaigcagigoigecataaccatgagipataacacigeggecaactiacticigacaacgatcggaggaccgaaggagotiaac
cgcttititgcacaacatgggoeatcaiglaactegectigategiigggaaccggageigaatgaageoeataccaaacgacgagegigac
accacgatgectgtageaatggeaacaacgttgegeaaactatiaactggegaactacttacictagettceeggeaacaatiaatagactgg
atggaggeggataaagitgeaggaccacticigegoticggeccticcggotggciggitiatigcteataaalctggagocggtgagcgtis
gaagcegeggtatcattgeageactgggeccagatggtaageecteecgtategtagtiatctacacgacggggagtcaggcaactatgg
atgaacgaaatagacagatcgceigagataggtacctcactgatiaageatiggtaacigicagaccaagtitacicatatatactttagatigat
ttaaasacticatittiaattiaaaaggatctaggigaagatccittitgataaticicatgaccaaaatoccctiaacgigagtiticgticcactgageg
tcagacccegtagaaaagatcaaaggatctictigagatecttttiticigegegtaatctgeigettgcagacagaaaaaceacegetaccay
cggtegtitgttigccggatcaagagctaccaactcetititccgaaggtaaciggoticageagagegeagataccaaatacigiectictagt
gtageegtagttaggecaccacticaagaactcigtageaccgectacatacctogetctgetaatectgitaccagiggetgetgccagiagg
cgataagicgigicttacegggitggactcaagacgatagtiaccggataagecgcageggtogggctgaacggggggitogigeacacsa
goccagotiggagegaacgacctacaccgaactgagatacctacagegigagctalgagaaagegocacgoticcogaagegagaaag
goggacaggtatccggtaageggcagggicggaacaggagagogeacgagggagcticcagggggaaacgectggtatetitatagte
ctgicgggtitcgoecacctetgactigagegtegatittigigatgctegicaggggggoggagectalggaaaacgeeagraacgegge
clitttacggttectggectittgciggecttiigetcacatgt

SEGQ I NO: 8 (pX601-MHPI-ABEmaxCZNG: ITR-MHPI1-Gp41-1  inteinC-
CasONGST4-1368-NLS-bGHpA-hUG-mdxdev spacer-ogRNA scaffold-TTR)

cctgeaggeagetgegegetegetcgeteactgaggecgeccgggogicggecgacctitgategoocggectcagtzage
gagegagegegeagagagggagtoaccaactecateactagggettectgeggecictagactegaggCCCTTCAGATTAA
AAATAACTGAGGTAAGGGCCTOGGOTAGGGGAGOTGGTGTGAGACGCTCCTGTCTCT
CCTCTATCTGCCCATCOGUCCTTTOGOGAGGAGGAATOTGCCCAAGGACTAAAAAA
AGGCCATOGGAGCCAGAGGOGUGAGGGUAACAGACCTTTCATGGGCAAACCTTGGG
GCCCTGCT GactgtaGATGAGAGCAGCCACTACGGGTCTAGGCTGCCCATGTAAGGAG
GCAAGGUCTGOGGACACCCGAGATGCCTGOTTATAATTAACCCAGACATGTGGUTG
CCCCCCCCCCCCCAACACCTGUTOGCCTGUTAAAAATAACCCTGTCCCTGOG TG Geectge
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atgCCCTCCCTGGGGACAGCCCCTCCTGGUTAGTCACACCCTGTAGOGCTCCTCTATAT
AACCCAGGGGLCACAGGGOCTGCCCieatict ACCACCACCTCCACAGCACAGACAGACA
CTCAGGAGCCAGCtagecacc ATOATGUCTCAAGAAGATCCTCAAGATTGAAGAGTTGGA
COAGCGCGAGUTTATAGACATAGAAGTCAGTGOTAATCACCTTTITCTACGCAAATG
ACATTTTGACTCACAACTCCTCTTCAGACGTTTGOTTCGACTCCGTGGAAATCTCCG
GCOTGOAAGATCGOTTCAACGUCTCCCTGOGUACATACCACGATCTGUTGAAAATT
ATCAAGGACAAGOGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATA
TCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGUTGAAA
ACCTATGCCCACCTGTTCGACGACAAAGTOGATGAAGCAGUCTGAAGUCGGCGOAGATA
CACCOGGUTGGOGGCAGOGCTGAGCCGGAAGUTOGATCAACGGLCATCUCGOGGACAAGCAG
TCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGUCAACAGAAACTT
CATGCAGCTGATCCACGACGACAGUCTGACCTTTAAAGAGGACATCCAGAAAGCCC
AGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGC
CCCGUCATTAAGAAGGOCATCCTGCAGACAGTGAAGGTGGTGHACGAGCTCOTGAA
AGTGATGOGUCGOGCACAAGUCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAAL
CAGACCACCCAGAAGGGACAGAAGAACAGCCGUCGAGAGAATOGAAGCGGATCGAAG
AGGGCATCAAAGAGUTOGGOCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACAC
CCAGUTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATOT
ACGTGGACCAGGAACTGGACATCAACCOGGUTOTCCGACTACGATOTGGACCATATC
GTGCCTCAGAGUTTTCTGAAGGACGACTCCATCGACAACAAGGTOGCTGACCAGAAG
CGACAAGAACCGGOGGCAAGAGUGACAACGTGLCCUTCCGAAGAGOGTCGTGAAGAAG
ATGAAGAACTACTGGUCGOCAGCTGUCTGAACGCCAAGCTGATTACCCAGAGAAAGTT
CGACAATCTGACCAAGGUCGAGAGAGGCGGCUTGAGCGAACTGGATAAGGCCGEC
TTCATCAAGAGACAGUCTGGTGOAAACCCGGCAGATCACAAAGCACGTGGCACAGAT
CCTGGACTCCCGGATGAACACTAAGTACGACGAGAATGACAAGUTGATCCGGGAAG
TCAAAGTGATCACCCTGAAGTCCAAGCTOGOTGTCCGATTITCCGGAAGGATTTCCAGT
TTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAAC
GUCGTCOTOGUAACCGCCUTGATCAAAAAGTACCCTAAGUTGGAAAGCGAGTTCGT
GTACGOCGACTACAAGOTOTACGACGTGCGGAAGATGATCOGCCAAGAGCGAGCAG
GAAATCOGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTITTTC
AAGACCGAGATTACCCTGGUCAACGGCGAGATCCGHAAGCGOGCCTCTGATCGAGAC
AAACGGCGAAACCGGOUGAGATCGTOGTGOGGATAAGGGCCOGOATTTTGUCACCOTGO
GOAAAGTGUTGAGCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGALC
AGGCGGUTTCAGCAAAGAGTUTATCCgGCCCAAGAGGAACAGCGATAAGCTGATCG
CCAGAAAGAAGGACTOGOACCCTAAGAAGTACGGUGGLCTTCGICAGCCCCACCGTG
GCCTATTCTGTGCTGOTGOTGGUCAAAGTGOAAAAGGGUAAGTCCAAGAAACTGAA
GAGTGTGAAAGAGCTGCTGOGOGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAG
AATCCCATCGACTTTCTOGGAAGCCAAGGGUCTACAAAGAAGTGAAAAAGGACCTGAT
CATCAAGCTGUCTAAGTACTCCCTGTTCGAGUTGGAAAACGOCCGGAAGAGAATGC
TGGCCTCTGUCGCHCTGCAGAAGGGAAACGAACTGGCCCTGUCOTCCAAATATGT
CAACTTCCTGTACCTGOCCAGCCACTATOAGAAGUTGAAGOGUTCCCCCGAGGATA
ATGAGCAGAAACAGCTGTTTGTGGAACAGUAUAAGCACTACCTGGACGAGATCATC
GAGCAGATCAGCOAGTTCTCCAAGAGAGTOATCCTGGCCGACGCTAATCTGGACAA
AGTGCTGTCCGUCTACAACAAGCACCGOGATAAGUCCATCAGAGAGUCAGGCCGAG
AATATCATCCACCTOTTTACCCTGACCAATCTGGOGAGCCC  TeggGCCTTCAAGTACT
TTGACACCACCATCOGACCGLOAAGEtGTACcggAGCACCAAAGAGGTGUTGGACGCCA
CCCTGATCCACCAGAGCATCACCOGGUCTOTACGAGACACGGATCGACCTGTCTCAG
CTOGGOGAGGTGACTCTGGUGGUTCAAAAAGAACCGCCGACGOGCAGUCGAATTCGAGCC
CAAGAAGAAGAGGAAAGT Claac TAgt Agaattectagagetegetgatcagectogactgtgeotictagtigecag
ccatetgttgtttgocectecceegtgecticetigaceoiggaaggtgccactoccactgicctiicotaataaaatgaggaaatigeategea
tigictgagtaggtgicatictaticlggggegtegggigagacaggacageaagggguagaatigegaagagaatiageaggoalgety
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oggagetaccgagggoctatitcecatgaticcticatattigeatatacgatacaaggeigitagagagataatiggaatiaattigactgtaa
acacaaagatatiagiacaaaatacgtgacgiagaaagiaataatticttgggtagtitgcagtittaaaatiatgtiitagaatggaciatcataty
cttaccgtaactigaaagtatttegatticttggctitatatatcttGTGGAAAGGACGAAACACCGGTTATCTCCT
OTTCTGCAGCOTTTeAGAGC T AtgetgGAA AcagcaTAGUAAGTTgAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGUTTT T T Tgeggoogoaggaacecctagteaty
gagtiggecacteecticictgegegetcgeicgeicactgaggoecgggogaccaaaggicgooocgacgeccggactitaccogegcgy
cotcagtgagegagegagegegeageigectgeagggeegectigatgegatattiictecttacgeatcigigeggtatiicacacegeata
cgtcaaageagccatagtacgegoeectgtageggegeatiaagegegrogggtpiggtggtiacgegeagegigaccgetiacactiges
agegeccliagegecegotectiticgetttcitecocticettictogecacgitcgecggetticccogicaageictaaatoggggactocctita
gggticcgatitagtgctitacggeaccicgaccccaaaaaactigatitgggigatggttcacgtagigggccategoecctgatagacg gttt
ticgeccttigacgtiggagtccacgticitiaatagtggactctigticcaaactggaacaacacicaacectatctcggpctaticittigaitia
taagggatitigecgatitcggcciatiggtiaaaaaatgageigattiaacasaaatitaacgogaatiitaacaaaatatiaacgittacaatitt
atggtgeacteicagtacaatctgetetgatgecgeatagiiaagecageeccgacaceegoecaacacoegetgacgegeectgacggge
tigtetgetcccggeatocgettacagacaagetgigacegicicegggagetgeatgtotcagaggitiicaccgicalcaccgaaacgey
cgagacgazagggcciegigatacgectatititataggttaatgicatgataataatggitictiagacgicaggtggcactiticggggaaat
gtocgeggaaccoctatitgtitatitttctanatacaticaaatatgtatecgetcatgagacaatascecigataaatgeticaataataitgaaa
aaggaagagtatgaglattcaacatitcegigticgeectiattcocttttitgeggeatitigecticctgtitiigeticacecagaaacgetggty
aaaglaaaagatgcigaagateagiigggtocacgagigggitacatcgaaciggatcicaacagoggtaagaicctigagagitiicgece
cgaagaacgttitccaatgatgageacttitaaagticigotatgiggcgoeggetatiatccoglatigacgecggacaagageaacicggicg
ccgeatacactaticicagaatgactiggitgagtacicaccagtcacagaaaageaictiacggatggcalgacagtaagagaatiatgcag
tgctgecataaccatgagtgataacactgeggecaactiactictgacaacgaicggaggaccgaaggagctaacegotitttigeacaaca
tggppeatcatptaacicgectigategitppoaacceggagctpaatgaagecataccaaacgacgagegigacaccacgatgecigtag
caatggcaacaacgtigcgeaaactattaaciggegaaciactiacictageticocggoaacaattaaiagactggalggagecggataaa
gttgcaggaccactictgegeteggeccitecggetiggotggtitatigeigataaatctggagecggigagegtggaageogeggiatoat
tgcagcactgggoccagatggtaagecciccoglatogtagitaictacacgacggppagtcagecaactatpgatgaacgaaatagaca
gatcgotgagataggtoocicactgattaageatiggtaacigicagaccaagtitactcatatatacittagatigattinaaacttcatttitaatt
taaaaggatctaggigaagatectititgataateicatgaccaaaateccitaacgtgagititegticcactigagegtcagaccocgiagaaa
agatcaaaggatctictigagaicctititiictgegegtaaictgotlgotigoaaacaaaaaaaccaccgotaccagoggiggttigitigcceg
gatcaagagctaccaaciciitticegaaggtaactggeticageagagegeagataccasatactgtecitciagigtagecgiagitaggac
caccacticaagaactcigiageacegectacatacctegeictgetaatectgtiaccagiggetgetgecagtggegataagicgiptoita
ccgggttuoactcaagacgatagtiacoggataaggegcageggtcgggcigaacgggoonticgiecacacageocagetiggagcy
aacgacctacaccgaactgagatacctacageeteagciatyagasageeccacgeticoCLaageraganageeggacagetatccy
colctgaciigagegtegattittgtgalgetegtcaggggupcggagectatggaaaaacgoecageaacgeggectititacggiteciog
cetitigetggectittgeteacatgt

SEQ ID NO: 9 {(pLenti-mdx**-0gRNA: U6 promoter, mdx4dcv spacer, optimized gRNA
scaffold)

gtegacggategggagaictcecgatecectatggigeacictcagiacaatetgeictgaigecgcatagttaagecagtatotg
cteectgettgtytatiggaggicgotgagtagigogegageaaaatitaagetacaacaaggeaaggetigaccgacaattgeatgaagaa
tctgettagggtiaggcgittigegetgcticgegatgtacggeccagatatacgegttgacattgatiatigactagtiatiaatagtaatcaart
acggggicatiagitcatageecatatatggagticcgegtiacataacttacggianalggoccgeciggligaccgrocaacgacceeeg
cecattgacgtcaataatgacgtatgttceeatagtaacgecaatagggactitocattgacgtoaatgggtggagtatttacggtaaactgec
cacttggeagtacatcaagtgtatcatatgocaagtacgeccectatigacgtcaatgacggtaaatggeccgectggeattatgeccagtac
atgacctiatgggactitcciactiggeagtacatctacgtatiagtcatogetattaccatggtgatgeggtitiggeagtacatcaatgggegt
ggatageggtitgactcacggggatttecaagtetecaccocatigacgtcaatgggagtitgtitiggeaccaaaatcaacgggacttteca
aaatgtcgtaacaacicogeoccatigacgeaaatgggcggtaggegtgtacggtaggaggictatataageagegegtittgecigtacte
ggtctetetggttagaccagaictgagectigggagetctetggotaactagggaacecactgettaagecicaataaagetigectigagige
ttcaagtagtgtatgceegtetgtigtagtaactctggtaactagagateccicagacectittagicagigtggaaaatetetageagtggegec
cgaacagggactiganaglgaaagggaaaccagaggagetcictegacgcaggactcgactigeigaaggrgracgacaagaggc
gagggacggcgactggtgagiacgccaaaaatitigactageggaggctagaaggagagagatgggtgcgagagegteagtatiaage
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goocaoagtiagalcgcgaiegoaaaaaaticggtiaaggccagggggaaagaaaaaatataaatiaaaacalatagialgggcaagea
rggagctagaacgaticgeagtiaateciggoctgtiagaaacatcagaaggetgtagacaaatacigggacagetacaaccateoctica
gacaggatcagaagaactiagatcatiatataatacagiageaacectctatigigiecatcaaaggatagagataaaagacaccaaggaag
cittagacaagatagaggaagageaaaacaaaagiaagaccaccgeacageaageggecgcigatcticagacciggaggageagata
tgaggeacaatiggagaagtoaatiatataaatataaagtagtaaaaatigaaccatiaggagtageacccaccaaggeaaagagaagagt
gpipcagagagcaaaaaagageagiggeaatappagctitgticctiggptictiggpapcageaggaagcaciatggaepcagogicaa
tgacgcigacggtacaggocagacaatiatigictgetalagigeageageagaacaatitgotgagggctatigagegogeaacageatet
gitgcaacteacagtctgggecatcaageageiccaggeaagaateciggetgtpgaaagataceiaaaggatcaacagetectgggegatt
tggggtigcteiggaaaactcatitgcaccactigetgtgcciiggaatgctagtiggagtaataaateiciggaacagatiiggaateacacga
cetggatggaglegggacagagaaatiaacaatiacacaagottaatacacicctiaatigaagaalcgranaaccageaagaanagaatga
acaagaattatiggaatiagataaatggecaagiitgtogaatigetiiaacataacaaatiggetgigetataiaaaattaticataatgatagta
goagoctiggtagoittaagaatagtiitigeigtactiictalagtgaatagagtiaggcagggataticaceatiaicgtticagacceaceic
coaaccccgaggggaceogacaggeecgaaggaatagaagaagaaggtggagagagagacagagacagatecaitegattagigaa
cggatcggcactpegtgcgocaatictgeagacaaaiggcagtaticaiccacaatiftaaaagaaaagggpppatiggepooiacagioc
aggggaasagaatagtagacataatageaacagacatacaaactaaagaatiacaaaaacaaatiacaaaaattcaaaatittcgggtttatia
cagggacageagagatccagtttggtiaatiagetagcaggtaccigagggoctatitecccatgaticeticatatitgeatatacgatacaag
gctgtiagagagataatiggaattaatitgactgtanacacaaagatatiagtacaaaatacgtgacgiagaaagtaataattictigggtagtit
geagtiitagaatiatgtittaaaatggaciatcatatgettaccgtaactigaaagtatitcgatitctiggeitiatataictigiggaaaggacga
aacaccgUTTATCTCCTGTTCTGCAGUGTTTcAGAGU T AtgetgGAAAcagcaTAGUAAGTTgA
AATAAGGCTAGTCCOGTTATCAACTTGAAAAAGTGGCACCGAGTCGOGTGCTTTTT Taeg
goecgeggatectigeaaagatggataaagititaaacagagaggaatcttigeagctagtggacctictaggictigasaggagtgggaatig
getccggtgecegicagtgpocagagegeacategeccacagteccegagaagitggggeooagoonicgpcaatigatccggigocia
gagaaggtogcgcggagtasacigggaaagtgatgtegiatacigacticcgoctitticecgagagioggagagaaccgtatataagiae
agtagtcgoeogtgaacgttetttitcgeaacgggittgecgocagaacacaggtaagigocgtgtgtggticccgogggootggecictttac
goottatgpoccttgegigoctigaattacticeaciggotigcagtacgtigatictipatcecgagoticgpatigpaagiegetoooacactt
cgaggcectigegeitagggagecccticgectegtgciigagitgagacciggectgggcgeiggggccgocgegtgegaatcetggtage
accttegegectgtotegetgetticgataagicictagecattiaaaatittigatgaccigetgegacgettiitticiggcaagatagtotigta
aatgegggccaagaictgoacactggtatitcggittitogogccgeggacggcgacggggccogtigegicecagegcacaigitcgge
gaggcegooccigegagegreggccaccgagaateggaceggggtagictcaagetggoecggecigeteigatgectggeciegegec
gocgtgtatcgeccegecctgggeggcaaggctgpcceggtcggcaccagitgcgigageggaaagatggcegettcecggocctgot
geagggagcicaaaalggaggacgeggegcicgggagagegggcggotgagtcacecacacasaggaasagggcctticegtoctea
gecglegeticatgigactccacggagtaccgggegecgtccaggeacctegattagtictegagetittggagtacgicgictitaggiteg
gpegagooctitiatocpatggagtticcecacactigagiggptopagacigaagitaggecagetiggeactigatgiaaticicctiggaa
ttigeccititigagitiggatctiggticaticicaagectcagacagiggticaaagtititticticeatticaggtgtogigatgtacaatggoca
agtigaccagigeogticeggtgetcacegegegegacgicgecggageggicgagticiggacegacegglteggeltciccegggac
ttcgtggaggacgacticgeeggipippicegggacgacgigaceeigiicatcagegeggiccaggaccaggiggtgccggacaacac
cctggecigggtgtgagigegeggectggacgagetigtacgecgagiggicggaggtcgigiccacgaaciicegggacgccteeggg
coggocatgacegagatoggegageageogtegeocapoasticgCctgogogaceeggecggcaactgegtecacttegiggee
gaggagcaggactgagaaticgatatcaagetiatcggtaaicaaccictiggattacaaaatitgtgaaagatigactggtatictiaactatgtt
getocttitacgctatgtggatacgetgetttaatgecittgtatcatgetatigettceegtatggotttcatttictectectigtataaatectggtt
gctgtcictitatgagpagiigtggccogttgicagpcaacgiggegtpptgigcactptgiitgcigacgcaacceccactpgtiggpacat
tgecaccaccigtcageicctitccgggacittcgetitecceaiceatatigecacggeggaactcaicgecgeeigectigeccgeigeig
gacagggegacicgecigtigeocacigacaaticegtggigtigicggeaaaatcategioctiicctiggetgetegoectgtatigecacetg
gattctgegegggacgicctictgetacgtcecticggeccicaateccageggaccticoticcogeggectpetgecggetctgeggectet
tecgegtcticgecticgecctcagacgagicggatctocctttgggocgecteccegeategataccgicgacctiogagacctagasaaac
atggagceaatcacaagtageaatacageagetaccaatgetgatigtgeciggetagaagoeacaagaggaggagaagaioaattitceag
tcacaccicaggtacctttaagaccaatgacitacaaggeagetgtagatcttagecactiftiaaaagaaaaggeegeoacipgaagpocta
attcacteccaacgaagacaagatatectigatctgtggaictaccacacacaaggeiacticectigatiggcagaactacacaccagggce
agggatcagatatccactgacctitggatggioctacaagetagtaccagitgageaagagaaggtagaagaagecaatgasggagagaa
caccegctigttacacccigtgagecigeatgpgatggalgacceggagagagaagiatiagagtggagetitgacagecgectageattt
catcacatggeccgagagetigeatecggactgtactgggictictelggtiagaccagatctgagecigggageictetggciaactaggga

98

Roas o9

A



10

20

30

VW)
(¥

40

A
L

WO 2021/163492 PCT/US2021/017868

acceactgettaagectcaataaagetigectigagtgettcaagiagigigigeccgicigtigtgigaciciggtaactagagateccicaga
cocttttagicagigiggaaaatctctageagggeccgtitaggacccegeigatecagectegactgtacctictagitgecagoecatctgttgiit
goccctceccogigecticctigaceoiggaaggtpccacteccacigiectitcctaataaaatgaggaaatigeatogeatigicigagtag
gtotcatictatictggggggigagginooacagoacagcanggeggaggatigegaagacaatageaggeatgctggggatgcggly
ggcototatggeticigaggoggaaagaaccageiggggetciagggootateoccacgegoccigiageggegeatiaagegeggedy
gtgtggteotiacpcegeagoegigacegetacactigecagegecctagegecogeicctitegotticttcecttcetitctogecacgticge
cgectiiceccgicaagetciaaateggggecicccitiaggeticegatitagtocitiacggeaccicgaceecaaaaaacitgatiaggat
gatggttcacgtagigggccatcgeectgatagacggtitticgecctitgacgtiggagiccacgtictitaatagtggacictigitccaaact
ggaacaacacteaaccctateicggtotaticttiigattiataagggaititgecgatticggcctatiggitaaaaaatgagcigatitaacaaa
aattigacgegaattaaticigtggaatgigigicagtiaggatatooaaagtecccaggetccecageaggcagaagtaigeaaageatge
atctcaattagicageaaccaggtgtggaaagticeccaggotceccageaggeagaagiatgeaaageatgeateicaatiagtcageaac
catagtecegeccctaactecgeccatocecgecoctaactocgeccagticogoecatictecgececatggetigactaattitttitatitatge
agaggoogaggecgectetgectctgagetattccagaagtagigaggaggcttititggaggcctaggettitgeagaaageioccggga
gcttgtatatccattttcggatctgatcageacgigitpacaatiaatcatcggeatagtatatcggcatagtataatacgacaaggigaggaac
taaaccatggecaagitgaccagigecgiteegglgCiCacegogegegacgicgeegLagiagicgagiicigRacegaccggeicgg
gtictecegggacticgtggaggacgacticgecggigiggiccgggacgacgigacectgiteatcagegeggiccaggaccaggtggt
gccggacaacaccctggoctggagigtgggtacgepgeciggacgagetgtacgecgagiggtcggaggicgigteccacgaacticegg
gacgeoicegggocggecatgacegagategaegageagoecgigggggcgggagitegecctgegegacecggecggeaactgegt
geacticgtpgccgaggagcaggactpacacgigetacgagatiicgaticcaccgecgeciictatgaaaggtigeocticggaatogtit
tccgggacgecggctggatgatectocagegeggaatcicatgoiggagticticgeccaccecaactigitiatigeagcttataatggit
acaaataaagceaatageatcacaaattitcacaaataaageatitititcactgeatictagtigiegitigiccaaacteatcaatgiaicttatcat
gtotgtatacogtogacctclagetagagettggogtaateatggicatagetptitecigigigaaattgtiatcogeicacaaticcacacaac
atacgageoggaageataaagigtasageotggpgtecciaatgagigagetaacicacatiaatigegiigegoticactgecegetitcea
gteggoaaaccigtegigocagetgeatiaatgaatecggecaacgegeggecagagocpotiigegtatigggegetcticegetiecteg
cteactgactcgetgegeteggtegticgectacggcpagoggtatcageicacicaaaggoeggtaatacggitatccacagaatcagggy
ataacgeaggaaagaacalglgageaaaaggocageasaaggecaggaacegtaaaaaggecgegitgctiggegtititceataggote
cgeoecccotgacgageatcacaaaaategacgetcaagicagaggiggegaaaccegacaggactataaagataccaggegtiicocoe
tggaageicccicgigogeicteetgttecgacocigecgetiaccggataceigicogeciticicocticgggaagogiggegetitetcat
agcicacgeigtaggtatcicagitcggtetagategticgeiccaageigggcigtatgcacgaaceeceegiicageecgaccgetigcy
ccttatcoggtaactategictigagiccaacecggtaagacacgactiategecactggeageagecactggtaacaggattageagage
gagglatgtaggceggtectacagagitctigaagtggtgocciaactacggotacactagaagaacaglatitggtalctgegeictgotgaa
gecagttaccticggaaanagagitggtageictigatccggeaaacaaaccacegoigglageggtggtitiitigittgcaageageagat
tacgegcagaaaaaaaggatcticaagaagatecitigatcttitctacggggtctgacgcicagiggaacgaaaactcacgitaagggatitt
gotcatgagatiatcaaaaaggalicticacctagatectitiaaattaaaaatgaagititaaatcaatctaaagiatatatgagtaaacttagtct
gacagttaccaatgetiaatcagtgaggeacctatcteagegatetgtetatitegticatecatagttgectgacteeeegtegtgtagataact
acgatacggeageggocttaccaiciggocccagigeigeaatgataccgogagacecacgotcaceggetccagatifatcageaataaac
cagecagocggaaggeccgagegcagaagiggiccigeaacttiatcegectecaiceagictatiaatigitgccgggaagetagagiaa
gtagitcgecagitaatagtiigegeaacgitgtigocatigetacaggoategtggigicacgeicgtegitiggtatggeticaticageteeg
gttcccaacgatcaaggcgagttacatgaicecceatgtigigcaaaaaageggtiagetecticggicctcegatogtigicagaagtaagtt
goccgeagigitaicacteatggttatggeageactigeataatictettactgicatgecatecglaagatgcttiictgigactggigagtacic
aaccaagtcattcigagaatagigiatgcggcgaccgagtigoictigecepgegicaatacgggataatacegegecacatageagaacit
taaaagtgcteatcatiggaaaacgticticggggocgaaaacictcaaggateitacegetgtigagatecagticgatgtaacceactogige
acccaactgatettcageatetttiactticaccagegtitctggetoagcaaaaacaggaaggeaaaatgecgeaaadaagggaataagg
gegacacggaaaigitgaatactcatacteticctitticaatattatigaageatttatcagggttatigicicatgageggatacatatitpaatg
tatftagaagaataaacaaataggggticegegeacatifcecegaaaagtgecacetgac

SEQ D NG: 10 (pLKO-puro-2A-mdx ™ -EGFP}

gggicteictggttagaccagaictgagectgggageteictggetaactagggaacceactgetisagecicaataaageitge
cttgagtgcticaagtagtgtgtgeccgtctgtigtgtgactetggtaactagagatecctcagacectittagteagtgtggaaaatetctage
agtggcgoccgaacagegactigasagegaaagggasaccagaggagcicicicgacgeaggactcggcitgctgaageacgcacgy
caagaggegageggcggegactggtyagtacgecaaaaattttgactageggaggciagaaggagagagaigggigegagagegtea
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gtattaageggeggagaatiagatcgegatgpgaaaaaaticggttaaggccagggogasagaaaasaaiatasatiasaacatatagtaty
ggcaagcagggagetagaacgattcgeagttaatectggeotgtiagaaacateagaaggctgtagacaaatactgggacagetacaace
atcccticagacaggatcagaagaactiagateattatataatacagtageaacectotatigigtocatcaaaggatagagataaaagacac
caaggaagcittagacaagalagaggaagagcaaaacasaagiaagaccaccgeacagoaageggecgctgalcticagacctggagg
aggagatatgagggacaatiggagaagtgaattatataaatataaagtagtaaaaattgaaccatiaggagtageacccaccaaggeaaag
agaagagtggtgcagagagaaaaaagageagigggaataggagctitgticetiggatictigggagcagoaggaageactatggacac
agegtcaatgacgetgacggtacaggecagacaatiatigictggtatagtgcageageagaacaatitgetgagggetatigaggegcaa
cageatctgtigeaacteacagictggggcatcaageageticcaggraagaatectggoigiggaaagatacciaaaggatcaacagotce
teoggatttgggpttaciciggaaaactcattigeaccactgotgigectiggaatgetagitggagtaataaatctetggaacagatttggaat
cacacgacctggaiggagigggacagagaaattaacaattacacaagetiaatacactectiaatigaagaaicgeaaaaccageaagaaa
agaatgaacaagaatiatiggaattagataaatggecaagtttgiogaatigetttaacataacaaatiggeigtgetatataaaattaticataa
tgatagtaggagpctiggtagatitaagaatagtttitgciglacttictatagigaatagagttaggcagggataticaccattatcgtiicagac
cecacclicecaaceccgagggeaccogacaggcecegaaggaatagaagaagaaggigeagagagagacagagacagatecaticgatt
agtgaacggatctcgacggtatcgatcacgagactagectcgagacaaatggcagtattcatccacaatittaasagaaaaggggpatig
ggegetacagtgcagggeaaagaatagtagacatastagcaacagacatacaaactaaagaattacaaaaacaaatiacaaasaticaaa
attticggotttattacagggacageagagatecacttiggecgegg TAGTTATTAATAGTAATCAATTACGGGE
TCATTAGTTCATAGCCCATATATGGAGTTCCGUGTTACATAACTTACGGTAAATGGC
CCGCCTGOGCTGACCGCCCAACGACCCCCGUCCATTGACGTCAATAATGACGTATOTT
CCCATAGTAACGCCAATAGGOGACTTTCCATTGACGTCAATGOGGTGGAGTATTTACG
GTAAACTGUCCACTTGGUCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTAT
TGACGTCAATGACGOTAAATGGCCCGCCTGGCATTATGUCCCAGTACATGACCTTATG
GOACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGOTGAT
GCOGGTTTTGGCAGTACATCAATGOGCOGTGOGATAGCGGTTTGACTCACGGGGATTTCC
AAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGG
ACTTTCCAAAATGTCGTAACAACTCCGUCCCATTGACGCAAATGGGCGGTAGGCGT
GTACGGTGGGAGOTCTATATAAGCAGAGUTOGOGTTTAGTGAACCOTCAGATCCGCTA
GCCACCATGACCGAGTACAAGCCCACGOTGLGCCTCGCCACCCGCGACGACGTCCC
CAGGUGCCOGTACGCACCCTCGUCGUCGUGTTCGUCGACTACCCCGUCACGCGUCACA
CCOTCOGATCCGOGACCGCCACATCGAGUGGOTCACCGAGUTGCAAGAACTCTTCCTC
ACGCGCGTCGGGCTCGACATCOGLCAAGGTOTGOGTCGUCGLACGACGGLGLCGLGOT
GGLGGTCTGGACCACGUCGGAGAGCGTCOAAGUGLGLGLGGTGTTCGCCGAGATC
GGUCCGUGCATOGUCGAGTTGAGCGOGTTCCCGOGCTGOCCGLGCAGUCAACAGATGGA
AGGCCTCCTGOCGUCGCACCOGGUCCAAGOAGCCCOCGTOGTTCCTGGCCACCOTCG
GCOTgTCGUCCGACCACCAGGGUAAGGOTCTGGGCAGLGCCGTCGTGCTCCCCGGA
GTGOAGGCOGCCGAGCGCOCCGHGHTGLCCGLCTTCCTGGARACCTCCGUGLCCCG
CAACCTCCCCTTCTACGAGCGGUTCOGGUTTCACCOTCACCGUCCGACGTCGAGGTGLC
COAAGOGACCGUGCACCTGOTGCATCGACCCGLAAGCCCGOTGUCCTGTACAAGCAAT
GTACTAACTACGCTTITGTITGAAACTCGUTOGCGATOTTGAAAGTAACCCCGGTC T
aattcCAAGAACAGUTGCAGAACAGGAGATAACAGTTGegatccGTGAGCAAGGGUGAG
GAGUTOGTTCACCOGGOOGTOOTGCCCATCCTGOGTCGAGUTGOACGGCGACGTAAACGE
CCACAAGTTCAGCGTGTCCGOCGAGGGUGAGOGGUGATGCCACCTACGGCAAGUTGA
CCCTGAAGTTCATCTGCACCACCGGUAAGCTGUCCGTGCCCTGHLUCCCACCCTCGTGA
CCACCCTGACCTACGOGUGTOGCAGTGCTTCAGCCGUTACCCCGACCACATGAAGCAG
CACGACTTCTTCAAGTCCGUCCATGCCCOGAAGOCTACGTCCAGGAGCGUACCATCTTC
TTCAAGGACGACGGCAACTACAAGACCCGCGUCGAGGTGAAGTTCGAGGGLCGACA
CCCTGOTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATC
CTGGOGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGA
CAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGAC
GOGCAGCOTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCC
CGTOGCTGCTGCCCOGACAACCACTACCTGAGUACCCAGTCCGUCCTGAGUCAAAGACC
CCAACGAGAAGUGCGATCACATGGTCCTGCTGGAGTTCGTGACCGLCCGUCGGGATC
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ACTCTCOGGUATGOACGAGUTGTACA AGtaaGgtacctitaagaccaatgacttacaaggcageigtagatettag
ceacittitaaaagaaaagggppgactggaagegctaaticactcccaacgaagacaagatctgetttitgetigtactgggtctotetggtia
gaccagatctgagectgggagcicictgpctaactagggaacceactgetiaagocicaataaagettgectigagtpetticaagiagiotpt
gecogicighigtatoacictggtaactagagatocectcagacectittagicagigtiegaaaateictageagtagtagitcatgtcalctiatia
ticagtaittataactigcaaagaaatgaataicagagagigagagoaactigitiatigeagettataatggtiacaaataaageaatageaica
caaatticacaaataaagcatititttcactgeattctagtigtgetitotccaaacicatcaatgtatetiatcatgictggeictagetatecegeo
cotaacicogeecateocgeccctaactecgeccagticegeccattctecgeeccatggetgactaattitititatitatgeagaggecgag
geogecteggectcigagetaticeagaagtagigaggaggoitititggagpectagggacgtacecaattegeoctatagtgagiegtatt
acgegegeteactggecgicgttitacaacgicgigactggoaaaaccoiggegtiacceaactiaatecgecitgeageacatcococtitcg
ccageiggegiaatagegaagaggeccgeacegalegeccticccaacagiigegeagectigaaiggegaatgggacgegeectgtag
cggcgeatiaagegeggegggtotogtoottacgegeagegtgacegctacaciigecagegeoctagegeecgetectticgetitetic
cottectticicgecacgticgecggetiteccogtcaageictaaatogggagcteectttagggiicegatitagigettiacggoacctoga
ccccaannaactigattaggatgatoattecacgtagtggaecategeectgatagacggtititegeoctttgacgtiggagtecacgtictia
atagtggactctigticcaaactggaacaacacicaacectatctcggictatictittgatitataagggattitoccgatticggectatiggtia
asaaatgagctgatitagcaaagatitaacgogaattitaacaaaatatiaacgctiacaattiaggiggcactiticggggaaatgtgegcega
acccctatitgittatttttctaaatacaticaaatatgtatcegetcatgagacaataaccotgataaatgeticaataatatigaaaaaggaaga
gtatgagtaticaacatticogtgtcgecctiaticectititigeggeatitigecticotgitttigetcaccoagaaacgeiggtgaaagtaaaa
gatgctgaagalcagitggotocacgagiegetiacaicgaaciggatcicaacageggtaagatccitgagagtiticgooocgaagaac
gitticcaatgatgagoeactittaaagtictgotatgiggcgoggtatiatcccgiatigacgecgggcaagageaacteggicgecgeataca
ctattcteagaatgacttggtigagtactcaccagicacagaaaageatctiacggatggcatgacagiaagagaatiatgeagtgctgocat
aaccatgagtgataacacigeggecaactiacticigacaacgatcggaggaccgaaggagetaaccgottiitigeacaacatgggggat
catgtaactcgecttgatcgtiggeaaccggagotgaatgaagecataccaaacgacgagegigacaccacgatgectgtageaatggea
acaacgtigegeaaactatiaaciggcegaactactiaciciageticecggeaacaatiaatagactiggatggaggeggataaagiigcagg
accactictgegceteggeocticeggotggetggtitatigetgataaatctggagecggtgagegteggtetegeggtateattgeageact
gogoccagatggtaagecctecogtategtagitatetacacgacgggeagicaggcaactaiggatpaacgaaatagacagategetga
gataggetgccicacigatiaageatiggiaactgicagaccaagtitacicatatatactttagattgatitasaacticaiittiaatitaaaaggat
ctaggtgaagatectiitigataateteatgaccaaaatocctiaacgigagtiticgttccacigagegicagaceecgtagaaaagatcaas
ggatctctigagatoctitittictgegogtaatetgetgetigeaaacaaaaaaaccaccgoiaccageggiggitigtitaccggatcaaga
gotaccaactctitttecgaaggtaactggcticageagagegeagataccaaatactgtictictagtgtagecgtagitaggecaccactte
aagaactetgtageaccgoctacatacctegeictgetaateotgttaccagtggetgetgecagigecgataagicgtgteitacegggiie
gactcaagacgatagitaccggataaggogeageggicggactgaacgeggaaticgigoacacageccagetiggagegaacgacet
acaccgaactgagatacctacagegigagetatgagaaagegecacgeitccegaagggagaaaggeggacaggiateccggiaagogyg
cagggicggaacaggagagogeacgaggpagcticcaggpogaaacgoctgptaicttiatagticctgicgggtitcgocaccictgactt
gagcgicgatttitgtgatgeicgicaggggppcggagcciatggaaaaacgocageaacgeggectititacggitceiggectiitgetg
gecttttgetcacatgitctitcctgegttatcccctgatictgiggataacegiatitacegectitgagtgagetgatacegetegeegoagecg
aacgaccgagegcagegagicagigagoegaggaageggaagagegoeccaatacgeaaaccgoeciciceccgogegitggecgatica
tlaatgeagetggeacgacaggtitcccgactggaaggegggeagigagegcaacgeaatiagigigagtiagctcacicatiaggcacee
caggctttacactitatgeticeggetegtatgttgtagtggaatigtgagoggataacaatifcacacaggaaacagetatgaccatgatiacge
caagegcegeaattaacectcactaaagggaacaaaageiggagctgeaagetiaatgtagictialgeaatacicitgtagtetigeaacatg
gtaacgatgagtiageaacatgecttacaaggagagaaaaageaccgtgcatgecgattggtogaagtaaggtogtacgatcgtgccttat
taggaaggcaacagacggeicigacatggattgpacgaaccacigaatigecgeattgcagagatatigtattiaagtgectagetegatac
ataaac

SEQ ID NG: 11, Wild Type SpCas®{(D10A): Protein sequence:

MDEKYSIGLAIGTNSVOGWAVITDEYRKVPSKKFKVLGNTDRHSIKKNLIGALLFDS
GETAFATRLEKRTARRRYTRRENRICYLOQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RAPIFGNIVBEVAYHEKYPTIYHLRKKLVODSTDKADLRLIVEALAHMIKFRGHFLIEGDL
NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAGLPGEEK
NGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDOYADLFLAA
KNLSBDAILLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLEALVROQOQLPEKYKEIFFD
QSENGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVELNREDLLREQRTFDNGSIPH
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QIHLGELHAILRRQEDFYPFLEKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETI
TPWNFEEVVDKGASAQGSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKY VT
EGMRKPAVLSGEQKKAIVDLLFKTNRKVTVKQGLKEDYFKKIECFDSVEISGVEDRFNAS
LOGTYHDLLEKHKDKDFLDNEENEDILEDIVLTLETLFEDREMIEERLKTY AHLFDDKVMK(
LKRRRYTGWGRLSRKLINGIRDKOSGKTILDFLKSDGFANRNFMOLIHDDSLTFKEDIO
KAQVSGQGDSLHEHIANLAGSPAIKKGHL.QTVKVVDELVKVMGRHKPENIVIEMAREN
QTTOKGOKNSRERMKRIFEGIKELGSQILKEHPVENTOLONEKLYLYYLONGRDMYVD
QELDINRLSDYDVDHIVPOSFLKDDSIDNKVETRSDENRGKSDNVPSEEVVEKMKNYW
ROLLNAKLITORKFDONLTKAERGGLSELDEAGFIKRQLVETROITKHVAQILDSRMNTK
YDENDKLIREVKVITLKSKLVSDFRKDFOFYKVREINNYHHAHDAYINAVVGTALIKK
YPRLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPOVNIVEKTEVQTGGEFSKESILPKRNSDK
LIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLEKSVKELLGITIMERSSFEK
NPIDFLEAKGYKEVRKDLIKLPKYSLFELENGRKRMLASAGELOKGNELAL PSKYVNFE
LYLASHYEKLKGSPEDNEQRQLFVEQHKHYLDEIHEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENHHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHOSITGLY
ETRIDLSQLGGD

SEQ 2 NG 12, SpCasO(D10A)-NG: Protein sequence:

MBKKYSIGLAIGTNSYGWAVITDEYKVPSKKFKVLONTDRHSIKKNLIGALLFDS
GETAEATRLKRTARRRYTRRKNRICYLOEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFGNIVDEVAYHEKYPTH YHLRKKLVD STDKADLRLIYLAL L“&H\/HKFRGHFLIEGDL
NPDNSDVDKLFIQLVOTYNQLFEENPINASGVDAKAILSARLSKSRREENLIAGQGELPGEK
NGLFGNLIALSLGLTPNFK bNFDLAEDAKLQL SKDTYDDDLDNLLAQIGDQYADLFLA Ax
KNLSDAILLSDH RYNTEITKAPLSASMIKRYDEHHQDLTLLKALVROQLPEKYKEIFFD
QSKNGYAGYIDGGASQEEFYEKFIKPILEKMDGTEELLVKENREDLLRKOQRTFDNGSIPH
QIHLGELHAILRROEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRESEETI
TPWNFEEVVDKGASAQSFIERMTNFDKNLPNERVEPKHSLLYEYFTVYNELTKVKY VT
EGMREKPAFLSGEQKKAIVDLLFKTNREVTVKOLKEDYFRKIECFDSVEISGVEDRFNAS
LGTYHDLLKHKDKDFLDNEE\“EDILEDR’LTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTOWGRLSRKLINGIRDKOQSGKTILDFLKSDGF ANRNFMOQLIHDDSLTFKEDIO
KAQVSGOQGDSLHEHIANLAGSPAIKKGIL QTVEQ, /VDELVEKVMGRHEPENIVIEMAREN
QTTOKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMY VD
QELDINRLSDYDVDHIVPOSFLKDDSIDNKVETRSDKNRGKSDNVPSEEVVEKMKNYW
ROLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKROQLVETRGITKHVAQILDSRMNTK
YDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYEKVYDVREKMIAKSEQEIGKATAKYFFYSNIMNFFRETEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVREVLSMPOQVNIVKEKTEV QTGGF SI\ESIRPKRNSDK
LIARKKDWDPKKYGGFVSPTVAYSVLVVAKVEKGK SKKLKSVKELLGITIMERSSFEK
NPIDFLEAKGYKEVKKDLIKLPEYSLFELENGRKRMLASARF I_,.Qk{zNE L ALPSKYVNF
LYLASHYEKLKGSPEDNEQKOQLFVEQHKHYLDEHEQISEFSKRVILAD ANL DKVLSAYN
KHRIDKPIREQAENIHLFTLINLGAPRAFKYFDTTIDRKVYRSTKEVLDATLIHQSITGLY
ETRIDLSQLGGD

SEQ ID NO: 13, xCas9(3.7)-D10A: Protein sequence:

MDEKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLOGNTDRHSIKKNLIGALLFDS
GETAEATRLKRTARRRYTRREKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFGNIVDEVAYHEKYPTIVHLRKELVDSTDEADLRLIVLALAHMIKFRGHFLIEGDL
NPDNSDVDKLFIQLVOTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAGLPGEKK
NGLFGNLIALSLGLTPNFKSNFDLAEDTKLOLSKDTYDDDLDNLLAQIGDOYADLFLAA
KNLSDAILLSDILRVNTEITKAPLSASMIKLYDEHHODLTLLKALVROQQLPEKYKEIFFD

102



10

15

20

30

VW)
(¥

40

A
L

WO 2021/163492 PCT/US2021/017868

QSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEDNGIIPHO
THLGELHAILRRGEDFYPFLKDNREKIEKILTFRIPY Y VGPLARGNSRFAW MTRI\SEEHT
PWNFEKVVDKGASAGSFIERMTNFDKNLPNEK VLPKHSLLYEYFTVYNELTKVKYVTE
GMREPAFLSGDOKKAIVDLLFK TNRK VIVKQLKEDYFKKIECFDSVEISGVEDRFNASL
GTYHDLLKIKDKDFLDNEENEDILEDIVL TLTLFEDREMIEERLK TY AHLFDDK VMKGOL
KRRRY TGWGRLSRKLINGIRDKQSGK TILDFLK SDGFANRNFIQLIHDDSLTFKEDIGK A
OVSGOGDSLHEHIANLAGSPAIKK GILOTVK VVDEL VK VMGRHK PENIVIEMARENGTT
QK GOQKNSRERMKRIEEGIKELGSQILKEHPVENTOLONEKL YLY YLONGRDMYVDQEL
DINRLSDYDVDHIVPOSFLKDDSIDNK VL TRSDKNRGK SDNVPSEEVVKKMENYWRQL
LNAKLITORKFDNL TEAERGGLSELDK AGFIKROLVETROITKHVAQILDSRMNTK YDE
NDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK YPKL
ESEFVYGDYKYVYDVRKMIAK SEQEIGKATAK YFFYSNIMNFFK TEITLANGEIRKRPLIE
TNGETGEIVWDEKGRDFATVREVLSMPQVNIVKK TEVQTGGFSKESILPKRNSDKLIARK
KDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLK SVKELLGITIMER SSFEKNPIDFL
EAKGYKEVKKDLIKLPKYSLFELENGRERMLASAGVLOKGNELALPSKYVNFLYLAS
HYEKLKGSPEDNEQKQLFVEQHKHYLDENEQISEFSKRVILADANLDKVLSAYNKHRD
KPIREQAENIHLETLTNLGAPAAFKYFDTTIDRKRY TS TKEVLDATLIHOSITGLYETRID
LSQLGGD

SEGQ H2 NG 14, SpCas9(I10A)-NGX: Protein sequence:
MDKEYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNUIGALLFDS

GETAEATRLKRTARRRY TRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFONIVDEVAYHEKYPTIYHLREKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDL
NPDNSDVDKLFIQLVOTYNOQLFEENPINASGVDAKAIL SARLSKSRRLENLIAQLPGEKK
NGLFGNLIALSLGLTPNFKSNFDLAEDTKEQLSKDTYDDDEDNLLAQIGDOYADLFLAA
KNLSDAILLSDILRVNTEITKAPLSASMIKLYDEHHODUTLLKALVRQOQLPEKYKEIFFD
QSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGIIPHQ
HLGELHAILRROQEDFYPFLKDNRERIEKILTFRIPYYVGPLARGNSRFAWMTRESEETIT
PWNFEKVVDKGASAQSFIERMTNFDKNLPNEEVLEPKHSLLYEYFTIVYNELTKVKYVTE
GMRKPAFLSGDOQKKAIVDLLFKTNREVTIVKQLKEDYFKKIECFDSVEISGVEDREFNASL
GTYHDLLKUHKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQL
KRRRYTGWGRLSRKLINGIRDKOQSGKTILDFLKSDGFANRNFIQLUIHDDSLTFKEDIOQK A
QVSGQGDSLHEHIANLAGSPAIKKGIL QT\’K\"VDELVKV\/EGRHKPENI'\/’IE\A ARENQTT
QKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDOQEL
DINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDEKNRGKSDN ‘VP SEEVVEKKMEKNYWRQL
LNAKLITORKFDNLTKAERGGLSELDKAGFIKRQLVETROQITKHVAQGILDSRMNTKYDE
NDKLIREVKVITLKSKLVSDFRKDFOFYKVREINNYHHAHDAYLNAVVGTALIKKYPKL
ESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIE

TNGETGEIVWDKGRDFATVREVLSMPOVNIVKKTEVOTGGFSKESIRPKRNSDKLIARK
KDWDPKKYGGFVSPTVAYSVLVVAKVERGEKSKKLESVKELLGITIMERSSFEKNPIDFL
EAKGYKEVKKDLIKLPKYSLFELENGRKRMLASARFLQKGNELALPSKYVNFLYLASH
YEKLKGSPEDNEQKOQLFVEQHKHYLDEHEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENIHLFTLTNLGAPRAFKYFDTTIDRKVYRSTKEVLDATUHOSITGLYETRIDL
SQLGGD

SEQ ID NG: 15, SpCas{DI0ANGA: Protein sequence:

MBKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKENLIGALLFDS
GETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFGNI\’DEVAYHEKYPTIYI&RKKLK@ STDKADLRLIYLAL %EIKFRG}ELIEGDL
NPDNSDVDKLFIQLVOTYNQLFEENPINASGYVDAKAILSARLSKSRRLENLIAGLPGEK
NGLFGNLIALSLGLTPNFK %WDI AEDAKI,.{J,,SKDTY DDD LDN],,E,,AQE(JDQ{Y ADLFL A A\
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KNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHOQDLTLLEALVRQOQLPEKYKEIFFD
QSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELL VKLNREDLERKQRTFDNGSIPH
QIHLGELHAR RROEDFYPFLKDNREKIEKIETFRIPYYVGPLARGNSRFAWMTRKSEETI
TPWNFEEVVDKGASAQSFIERMTNEFDEKNLPNEKVLPKHSLEYEYFIVYNELTRVEKYVT
EGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRENAS
LGTYHDLLKHKDKDFLDNEENEDILEDIVETLTLFEDREMIEERLKTYAHLFDDKVMKQ
LERRRYTGWOGRLSREKLINGIRDEQSGKTILDFLESDGFANRNIFMOUIHDDSLTFKEDIO
KAQVSGQGD SLHEHIANLAG SPAIKKGEQT\’K‘V VDELVKVMGRHKPENIVIEMAREN
QTTOKGOKNSRERMEKRIEEGIKELGSQILKEHPVENTOQLONEKLYLYYLONGRDMY VD
QELDINRLSDYDVDHIVPQSFL KDD‘%IDNK‘\W JRSDENRGKSDNVPSEEVVKEMENYW
RGLLNAKLITORKFDNLTKAERGOGLSELDKAGFIKRQLVETROITKHVAQILDSRMNTK
YDENDKLIREVEVITLKSKLVSDFREDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYKVYDVREKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPOYNIVKKTEVOTGGFSKESIRPKRNSDK
LIARKKDWDPKEYGOGFVSPTVAYSVLVVAKVEKGKSKKLKSVEELLGITIMERSSFEK
NPIDFLEAKGYKEVKKDLIKLPKYSLFELENGREKRMLASARFLOKGNELALPSKYVNF
LYLASHYEKLKGSPEDNEQKOLFVEQHKHYLDEHEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENITHUFTLTNLGAPRAFKYFDTTIDREQYRSTREVLDATLIHOSITGLY
ETRIDLSGLGGD

SEQ D NO: 16, SpCasO(Id0A))-NGC: Protein sequence;

MDKKYSIGLAIGTNSVGW A‘\I’I'R‘DEYKVP SKKFKVLGNTDRHSIKKNLIGALLEDS
GETAEATRLERTARRRYTRRENRICYLOQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFGNIVDEVAYHEKYP TIYHLRKKL‘VD STDKADLRLIYLALAHBMIKFRGHFLIEGDL
NPDNSDVDKLFIQLVOQTYNOLFEENPINASGVDAKAIL SARLSKSRREENLIAQLPGEKK
NGLFOGNLIALSLGLTPNFEKSNFDLAEDAKLOLSKDTYDDDLDNLLAQIGDOYADLFLAA
KNLSDAILLSDILRVN TEITKAPLSASMIKRYDE}EEQDLTLLKALVRQQLPEKYKEIFFD
QSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLERKQRTFDNGSIPH
QIHLGELHAILRRQEDFYPFLEDNREKIEKILTFRIPYYVGPLARGNSRFAW MTRK SEETI
TPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVEPKHSLLYEYFTIVYNELTKVKY VT
EGMRKPAFLSGEGKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENAS
LGTYHDLLEIKDKDFLDNEENEDILEDIVLTUTLFEDREMIEERLKTY AHLFDDKVMEKQ
LKRRRYTGWGRLSRKLINGIRDKOQSGKTILDFLKSDGFANRNEFMGQLIHDDSLTFKEDIO

KAQVSGOGDSLHEHIANLAGSPAIKKGHLOTVEKVYDELVKVMGRHKPENIVIEMAREN
QTTOKGOKNSRERMKRIFEGIKELGSQILKEHPVENTOLONEKLYLYYLOQNGRDMY VD
QELDINRLSDYDVDHIVPQSFLKDDSIDNKVETRSDKNRGKSDNVPSEEVVKKMKNYW
ROLLNAKLITORKFDNLTKAERGGLSELDRAGFIKRQLVETROITKHVAQILDSRMNTK
YDENDKLIREVKVITLKSKLVSDFRKDFOFYKVREINNYHHAHDAYLNAVVGTALIKK
YPRKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFY SNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPOVNIVEKTEVOTGGFSKESIRPERNSDK
LIARKKDWDPKKYGGFVSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEK
NPIDFLEAKGYKEVRKDLIKLPKYSEFELENGRERMLASARFLOKGNELALPSKYVYNF
LYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEHEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENHHLFTLTNLGAPRAFKYFDTTIDRKEYRSTRKEVLDATLIHQSITGLY
ETRIDLSGQLGGD

SEQ D NC: 17, SpCas?{D10A-NGX-NGA: Protein sequence:

MBKEYSIGLAIGTNSVOGWAVITDEYKVPSKEFEVLONTDRHSIKKNLIGALLYDS
GETAEATRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFONIVBEVAYHEKYPTIVHLREKLVDSTDKADLRUIYLALAHMIKFRGHFLIEGDL
NPDNSDVDKLFIQLVOTYNQLFEENPINASGVDAKAILSARLSKSRRLUENLIAQLPGEKK
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NGLEGNLIALSLGLTPNFKSNEFDLAEDTKLOQLISKDTYDDDLDNLLAQIGDOYADLFLAA
KNLSDAILLSDILRYNTEITKAPLSASMIKLYDEHHQDLTLLKALVROQQLPEKYKEIFFD
OSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDENGHPHO
HLGELHAILRRQEDFYPFLEDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETIT
PWNFEKVVDEKGASAQSFIERMTNFDEKNLUPNEKVLPKHSLLYEYFTVYNELTEKVEKYVTE
GMREPAFLSGDOKKAIVDLLFKTNRKVTIVKOLKEDYFKKIECFDSVEISGVEDRENASL
GTYHDLLKHKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTY AHLFDDKVMEQL
KRRRYTGVVGRL SRKLINGIRDKQSGKTILDFLKSDGFANRNFIQGLIHDDSLTFKEDIQK A
QVSGQGDSLHERIANLAGSPAIKKGHILOQTVREVVDELVKVMGOGRHKPENIVIEMARENQTT
QRGOKNSRE RM}\RI}TEQIKH, GSQILKEHPVENTOQLONEKLYLYYLONGRDMYVDQEL
DINRLSDYDVDHIVPOSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVEKEKMEKNYWRQL
LNAKLITORKFDNLTKAERGGLSELDRKAGFIKROQLVETROITKHVAQILDSRMNTKYDE
NDKLIREVEKVITLEKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKL
ESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIE
TNGETGEIVWDKGRDIFATYVRKVLSMPOVNIVEKTEVOTGGFSKESIRPEKRNSDKLIARK
KDWDPKKYGGFVSPTVAYSVLVVAKVEKGKSKKLKSVEKELLGITEMERSSFEKNPIDFL
EAKGYKEVKKDLIKLPKYSLFELENGRKRMELASARFLOKGNELALPSKYVNFLYLASH
YEKLKGSPEDNEQRKQLFVEQHKHYLDEHEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENIHLFTLTNLGAPRAFKYFDTTIDRKQYRSTKEVLDATLIHQSITGLYETRIDL
SQLGGD

SEQ ID NO: 18, SpCas9(D10A)-NGX-NGC: Protein sequence:

MBEKYSIGLAIGTNSVOWAVITDEYKVPSKKFKVLGNTDRHSMKKNLIGALLFDS
GETAEATRLEKRTARRRYTRRENRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFGNIVDEVAYHEKYPTIYHERKKLVDSTDKADLRLIYLALABRMIKFRGHFLIEGDL
NPDNSDVDKLFIQLVOTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAGQLPGEKK
NGLFGNLIALSLGLTPNFKSNFDL %EDTKLQLSKDTYDDDLDI\ILAQIGDQYADLPLAA
KNLSDAILLSDILRVNTEITKAPLSASMIKLYDEHHOQDLTLLKALVRQQLPEKYKEIFFD
QSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVELNREDLLREQRTFDNGIIPHO
}HLGELHAILRRQEDFWFLKDNREKIEKILTFRIPYYVGPL ARGNSRFAWMTRKSEETIT
PWNFEKVVDKGASAQSFIERMTNFDEKNLPNEKVEPKHSLEYEYFTVYNELTKVKYVTE
GMRKPAHSGDQKKAIE DLLFKTNRKVTVKOLKEDYFKKIECFDSVEISGVEDRFNASL
GTYHDLLKUKDKDFL DNEENEDILEDIVETLTLFEDREMIEERLKTYAHELFDDKVMEKQL
KRRRYTGWGORLSREKLINGIRDKOQSGKTILDFLKSDGFANRNFIQLIHDDSLTFKEDIQKA
QVSGOGDSLHEHIANLAGSPAIKKGILOQTVKVVDELVEVMGRHKPENIVIEMARENGQTT
QKGOKNSRERMEKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQEL
DINRLSDYDVDHIVPOSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKEKMENYWROL
LNAKLITQRKFDNLTKAERGGLSELDKAGFIKROLVETRGITKHVAQILDSRMNTKYDE
NDKLIREVEVITLKSKLVSDFRKDFOFYKVREINNYHHAHDAYLNAVYGTALIKKYPKL
ESEFVYGDYKVYDVREMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIE
INGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESIRPKRNSDKLIARK
KDWDPKKYGGFVEPTVAYSVLVVAKVEKGKSKRELKSVEKELLGITIMER SSFEKNPIDFL
EAKGYKEVKEKDLIOKLPKYSLFELENGREKRMLASARFLOKGNELALPSKYVNFLYLASH
YEKEKGSPEDNEQKQLFVEQHKHYLDEHEQISEFSKRVILADANLDKVLSAYNKHREK
PIREQAENHHLFTLTNLGAPRAFKYFDTTIDREKEYRSTREVLDATLIHOSITGLYETRIDL
SQLGGD

SEQ I 19, 5pCas®(D10A-NG-loop: Protein sequence:

I&{DKKYSIGLAIGTNSVGWAVITDEYK\?SKI{FI{K’LG\ITDRHSIKI{I\IIGALLFDS
GETAFATRLEKRTARRRY TRRENRICYLOQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFGNIVDEVAYHEKYPTIYHLREKLVDSTDKADLRLUIYLALAHMIKFRGHFLIEGDL
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NPDNSDVDRLFIQLVOTYNQLFEENPINASGVDAKAILSARLSKSRRELENLIAQLPGEK
NGLFGNLIALSLGLTPNFK &NFDLAEDAKLQL SKDTYDDDLDNLLAQIGDQYADLFLA A;
KNLSDAILESDH RYNTEITKAPLSASMIKRYDEHHQDLTLLKALVROQQGLPEKYKEIFFD
GSKNGYAGYVOGADKKLRKRSSKLATEEERFYKFIKPILEKMDGTEELLVKENREDLLRK
QRTFDNGSIPHOQIHLGELHAILRROEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRF
AWMTRKSEETITPWNFEEVYVDKGASAQSFIERMTINFDEKNLPNEKVEPKHSLLYEYFTV
YNELTKVEKYVTEGOMREPAFLSGEQKKAIVDLLFKTNREVTIVKQLEEDYFRKKIECFDSY
EISGVEDRFNASLGTYHDLLKHKDKDFLDNEENEDILEDIVLTLTEFEDREMIEERLKTY
AHLFDDEKVMKQOLKRRRYTOWGRLSRKLINGIRDKOSGKTILDFLKSDGFANRNFMQLI
HDDSLTFRKEDIQKAQVIGOOGDSLHEHIANLAGSPAIKKGILOQTVKVVDELVEVMGRHK
PENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLY
YLOQNGRDMYVDOQELDINRLSDYDVDHIVPOQSFLEDDSIDNEVLTRSDENRGKSDNVES
EEVVEKKMKNYWROLLNAKLITORKFDNLTKAERGGLSELDKAGHFIKRGLVETRQITKH
YVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAY
INAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK SEQEIGK ATAKYFFY SNIMNEF
KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVREKVLSMPOVNIVKKTEVQTGGES
KESIRPKRNSDKLIARKKDWDPKKYGGEFVSPTVAYSVLYVVAKVEKGKSKKLKSVKELL
GITIMERSSFEKNPIDFLEAKGYKEVKEDLHKLPKYSLFELENGRKRMLASARFLOKGN
ELALPSKYVNFLYLASHYERKLKGSPEDNEQKQLFVEQHKHYLDEHEQISEFSKRVILAD
ANLBEVESAYNKHRDKPIREQAENHHLFTLTNLGAPRAFKYFDTTIDRKVYRSTKEVLD
ATLHHOSITGLYETRIDLSQLGGD

SEQ ID NO: 20, 5pCasS(B10A}NGX-oop: Protein sequence:

MDEKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVEGNTDRHSIKKNLIGALLFDS
GETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE
RHPIFGNIVDEVAYHEKYPTIYHLRKELVDSTDKADLRLIYLALAHMIKFRGHFLIEGDL
NPDNSDVDKLFIQLVOTYNQLFEENPINASGVDAKAILSARLUSKSRREENLIAGLPGEKK
NGLFGNLIALSLGLTPNFKSNFDLAEDTKLOQLSKDTYDDDLDNLLAQIGDOYADLEFLAA
KNLSDAILLSDILRVYNTEITKAPLSASMIKLYDEHHODLTLLK ALVROQQLPEKYKEIFFD
QSKNGYAGYVGADKKLRKRSSKUATEEEFYKFIKPILEKMDGTEELLVKLNREDLLRK
QRTFDNGHPHOIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFA
WMTRESEETITPWNFEKVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVY
NELTKVKYVTEGMRKPAFLSGDOKKAIVBLLFKTNRKVTYVKQLKEDYFKKIECFDSVEL
SGVEDRFNASLGTYHDLLKIEKDRDFLDNEENEDILEDIVLTLTLFEDREMIEERLEKTYA
HLFDPKVMKOQLKRRRYTGWGRLSRKLUINGIRDKOSGKTILDFLKSDGFANRNFIQLIHD
DSLTFKEDIOKAQVSGQGDSLHEHIANL AGSPAIKKGHILOQTVKVVDELVKVMGRHKPEN
IVIEMARENQTTOKGOENSRERMERIEEGIKELGSQILKEHPVENTQLONEKLYLYYLO
NGRDMYVDQELDINRLSDYDVDHIVPOSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEY
VEKEKMEKNYWROLLNAKLITORKFDNLTKAERGGLSELDEKAGFIKROQLVETROQITKHVAQ
ILDSRMINTEKYDENDKLIREVKVITLESKLVSDFRKDFQFYKVREINNYHHAHDAYLNA
\AY GTALIKKYPKLE%EF VYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFKTEL
TEANGEIRERPLIETNGETGEIVWBDKGRDFATVRKVLSMPOQVNIVEKK TEVQTGGESKESI
RPKRNSDKLIARKKDW DPEKKYGGFVSPTVAYSVLVVAKVEKGKSKKLEKSVKELLGITE
MERSSFEKNPIDFLEAKGYKEVKKDLIKEPKYSLFELENGRKRMLASARFLOKGNELA
LPSEKYVNFLYLASHYEKLKGSPEDNEQKOQUFVEQHKHYLDENEQISEFSKRVILADANL
DKVLSAYNKHRDKPIREQAENUHLFTLTNLGAPRAFKYFDTTIDRKVYRSTKEVLDATL
HOSITGLYETRIDLSOQLGGD

SEQ ID NQO: 21, ScCas%D10A): Protein sequence:
MEKKYSIGLAIGTNSYVGWAVITDDYERKVPSEKFKVLGNTNREKSIKKNLMGALLFD
SGETABATRLKRTARRRYTRRKNRIRYLGEIFANEMAKLDDSFFORLEESFLVEEDKEN
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ERHPIFONLADEVAYHRNYPTIYHLREKLADSPEKADLRLIYLALAHUKFRGHFLIEGKL
NAENSDVAKLFYQLIQTYNQLFEESPLDEIEVDAKGILSARLSKSKRLEKLIAVFPNEKK
NGLFGNI AL ALGUTPNFKSNFDLTEDAKLOQLSKDTYDDDL DELLGQ IGDOYADLFSAA
KNLSDAILLSDILRSNSEVTKAPLSASMVYRRYDEHHODLALLKTLVRQOFPEKYAEIFK
DDTKNGY A;GYV GIGIKHRKRTTKLATQEEFYKFIKPILEKMDGAFELLAKINRDDLLRK
QRTIFDNGSIPHOIHLKELHAILRROEEFYPFLKENREKIEKILTFRIPYYVGPLARGNSREA
WELTREKSEEAITPWNFEEVVDKGASAQSFIERMTNIFDEQLPNKEVEPKHSLLYEYFTVYN
ELTKVKYVTERMRKPEFLSGEQKKAIVDLLFKTNREVIVKQLEKEDYFKKIECFDSVEUG
VEDRFNASLGTYHDLLKIOKDKDFLDNEENEDILEDIVL TLTLFEDREMIEERLKTY AHLF
DDKVMEKQLERRHYTOGWGRLSRKMINGIRDKQSGKTILDFLKSDGFSNRNFMQLIHDDS
LTFKEEIEKAQVSGOGDSLHEQGIADL AGSPAIKK GILQTVKIVDELVKVMGHKPENIVIE
MARENQTTTKGLOQOSRERKKRIEEGIKELESQILKENPVENTOQLONEKLYLYYLONGRD
MYVDOQELDINRLSDYDVDHIVPOSFIKDDSIDNKVLTRSVENRGK SDNVPSEEVVKEKM
KNYWROQLLNAKELITORKFDNLTKAERGGLSEADKAGFIKROQLVETROITKHVARILDSR
MNTKRDKNDKPIREVEVITLKSKLVSDFREDFQLYKVRDINNYHHAHDAYLNAVVGT
ALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKRFFY S‘JH\/{\TFKTE\H{L AN
GEIRKRPLIETNGETGEVYVWNKEKDFATVRKVLAMPOVNIVEKTEVOTGGESKESILSK
RESAKLIPREKKGWDTREYGGFGSPTVAYSILVVAKVE K(JKAKKI, KSVKVLVGITIMEK
OGSYEKDPIGFLEAKGYKDIKKELIFKEPKYSLFELENGRRRMLASATELGKANELVLPOH
LVRLLYYTONISATTGONNLGYIEQHREEFKEIFEKTTDFSEK YILENK VNSNLKSSFDEQF
AVSDSHLSNSFVSLLKYTSFGASGGFTFLDULDVKOQGRLRYQTVTEVLDATLIVOSITGL
YETRTDLSQLGGD

SEQ ID NGO: 22, TadA-TadA™: Protein sequence:

SEVEFSHEYWMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGRHD
PTAHAEIMALRQGGLVMONYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVEFGARDAKT
GAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRBOEIK AQKKAQSSTDSG
GSSGGSSGRETPGTSESATPESSGGSSGGSSEVERFSHEYWMRHALTLAKRARDEREVERY
GAVLVLNNRVIGEGWNRAIGLHDPTAHAVFIMALROGGGLVMONYRUIDATLYVTFEPCY
MCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALL
CYFFRMPROVENAQKKAQSSTD

SEQ ID: 23, TadA*(AS6G V82G): Protein sequence:

SEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGEHDP
TOGHAEIMALRQGGLVMONYRLIDATLYGTFEPCVMCAGAMIHSRIGRVVFGYVRNAKT
GAAGSLMDVLHYPOGMNHRVEITEGILADECAALLCYFFRMPROQVENAQKKAQSSTD

SEQ ID NQO: 24, Gpd1-1-N: Protein sequence:
CLDLKTOVQTPQOGMEEISNIQVGDLVLSNTGYNEVLNVFPKSKKKSYKITLEDG
KEHCSEEHLFPTOTGEMNISGGLKEGMCLYVKE

SEQ H2 NG: 25, Gpd1-1-C: Protein sequence:
MMELKKILKIEELDERELIDIEVSGNHEFY ANDILUTHNS

SEQ ID NG: 26, Cfa-N: Protein sequence:
CLSYDTEILTVEYGFLPIGKIVEERIECTVYTVDENGFVYTOQPIAQWHNREGEQEY
FEYCLEDGSHRATKDHKFMTTDGOMLUPIDEIFERGLDLKOVDGLEN

SEQ ID NQ: 27, Cta-C: Protein sequence:
MVYKHSRKSLGTONVYDIGYVEKDHNFLLENGLVASKN
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SEQ ID NO: 28, meCMV:

tegagCGCOTGATGAGAGCAGCCACTACGOGTCTAGGCTGCCCATGTAAGGAG
GCAAGGCCTGGOGACACCCGAGATGUCTOGTTATAATTAACCCAGACATGTGGCTG
CCCCCCCCCCCCCAACACCTOCTGUCTGCTAAAAATAACCCTGTCCCTOGTGGecige
atgecc ACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTT
TGGCACCAAAATCAACGGGACTTTCCAAAATGTCOGTAACAACTCCGUCCCATTGALC
GUAAATGOGUOUGTAGGCOGTOTACGGTGGGAGGTCTATATAAGCAGAGETGGTTTAG
TGAACCGTCAGATC

SEQ D NG 29, SEMHPT:

CCCTTCAGATTAAAAATAACTOGAGGTAAGGGCCTGGGTAGGGGAGGTGGTG
TGAGACGUTCCTOGTCTCTCCTICTATCTGCCCATCGGCCCTTTGGGGAGGAGGAATGT
GUCCAAGGACTAAAAAAAGGCCATOGGAGCCAGAGGGGCGAGGGCAACAGACCTTT
CATGGGCAAACCTTGOGGCCCTOCTGactgtaGATGAGAGCAGCCACTACGGHTICTAG
GCTGUCCCATGTAAGGAGGCAAGGCCTGGGGACACCCGAGATGUCTGGTTATAATTA
ACCCAGACATGTGGCTGUCCCCCCCCCCCCCAACACCTGUTGUCTGUTAAAAATAACC
CTGTCCCTOGTOGecctgeatgCCCTCCCTHGGHGGACAGUCCCTCCTGOGCTAGTCACACCO
TGTAGGCTCCTCTATATAACCCAGGGGUACAGGGGUTGCC Cteattct ACCACCACTTCC
ACAGCACAGACAGACACTCAGGAGCCAGC

SEQ I NO: 30, Wild Type SpCas®(D10A): Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGET
GOGCCGTGATCACCGACGAGTACAAGGTGUCCCAGCAAGAAATTCAAGGTGCTGGGC
AACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAG
COGGCGAAACAGCCGAGGUCACCCGGUTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAA
GGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGUCACGAGCGGCACCCCATCTTCGGCAACATCOTGGACGAGGTGGUCTACCAL
GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACA
AGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGC
CACTTCCTGATCGAGGGUGACCTGAACCCCGACAACAGCGACGTGGACAAGCTOTT
CATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCA
GCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTG
GAAAATCTGATCGCCCAGUTGCCCGGUGAGAAGAAGAATGOCCTGTTCGGAAACCT
GATTGCCCTGAGCCTGGGCCTGACCCCCAACTTICAAGAGCAACTTCGACCTGGCCG
AGGATGCCAAACTGCAGUTGAGCAAGGACACCTACGACGACGACCTGGACAACCT
GCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTITCTGGCCGCCAAGAACCTGT
CCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCC
CCCCTGAGCGUCTCTATGATCAAGAGATACGACGAGUCACCACCAGGACCTGACCCT
GCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTICTICG
ACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAGCCAGUCAGGAAGA
GTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGE
TCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGG
CAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGE
AAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGALCC
TTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTG
GATGACCAGAAAGAGCGAGGAAACCATCACCCCOTGGAACTTCGAGGAAGTGGTG
GACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAA
CCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTICACCG
TGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGUAATGAGAAAGLCCGL
CTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGUTGTTCAAGACCAACC
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GOAAAGTGACCGTGAAGCAGUTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTC
GACTCCGTGGAAATCTCCGOUCGTGGAAGATCOGTTICAACGCCTCCCTGGGCACATA
CCACGATCTGUCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACG
AGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATG
ATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCA
GCTGAAGUGGUGGAGATACACCGGUTGGGGCAGGUTCGAGCCOGAAGCTGATCAALC
GOCATCCGGOACAAGCAGTCCGGLCAAGACAATCCTGOATTTCCTGAAGTCUCGACGE
CTTCGCCAACAGAAACTTICATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAG
AGGACATCCAGAAAGCCCAGGTGTCCGOGCCAGGGUGATAGCUTGCACGAGUACATT
GCCAATCTGGCCGGCAGCCCCGUCATTAAGAAGGGCATCCTGCAGACAGTGAAGGT
GOTGGACGAGCTCGTCAAAGTGATGGGCCGGUCACAAGCCCGAGAACATCGTGATC
GAAATGGCCAGAGAGAACCAGACCACCCAGAAGGLACAGAAGAACAGUCGUGAG
AGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAG
AACACCCCGTGUAAAACACCCAGUTOGCAGAACGAGAAGCTOTACCTGTACTACCTG
CAGAATOGGOCGOGATATGTACGTOGGACCAGOGAACTGGACATCAACCGGLTGTCCGA
CTACGATGTGGACCATATCOTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACA
ACAAGGTOGCTGACCAGAAGCGACAAGAACCGHGGGCAAGAGCGACAACGTGUCOTO
CGAAGAGGTCOTGAAGAAGATGAAGAACTACTGGUGGCAGCTOGCTGAACGUCAAG
CTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGUCCGAGAGAGGUGOGCCTGAG
COAACTGOATAAGGCCGGUTTCATCAAGAGACAGUTGGTGGAAACCCGGLAGATCA
CAAAGCACGTGGCACAGATCCTGGACTCCCGOATGAACACTAAGTACGACGAGAAT
GACAAGCTGATCCGOGAAGTGAAAGTGATCACCCTGAAGTCCAAGUCTGGTOTCCGA
TTTCCGGAAGGATTTCCAGTTTTACAAAGTGUGCGAGATCAACAACTACCACCALG
CCCACGACGCCTACCTGAACGCCOGTCGTGGOAACCGCCCTGATCAAAAAGTACCCT
AAGCTGCAAAGCGAGTTCOTGTACGOGUCGACTACAAGGTOTACGACGTGUCGGAAGAT
GATCOGCCAAGAGCGAGCAGOGAAATCGGCAAGOGCTACCGUCAAGTACTTCTTCTACA
GCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGE
AAGCGGUCTCTOGATCGAGACAAACGGUGAAACCGGGGAGATCGTGTGGGATAAGG
GUCGOGOATTTTGUCACCOTGCOGGAAAGTOCTGAGCATGUCCCAAGTGAATATCOTG
AAAAAGACCOGAGGTGCAGACAGGUGGUTTCAGCAAAGAGTCTATCCTGCCCAAGA
GGAACAGCGATAAGCTGATCGUCAGAAAGAAGOGACTGGOACCCTAAGAAGTACGG
COGCTTCOACAGCCCCACCOGTOGGCCTATTCTGTGCTOGUTOUTOGGUCAAAGTGGAAA
AGGOCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGUTGCTGGGGATCACCATCAT
GOAAAGAAGCAGCTTCOGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGOGGUTACA
AAGAAGTOAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTG
GAAAACGGCCGGAAGAGAATGUTOGUCTCTGCCOGUGAACTGUAGAAGGGAAACG
AACTGGCCCTGUCCTCCAAATATOTGAACTTCCTGTACCTGGCCAGUCACTATGAGA
AGCTGAAGGGCTCCCCCGAGLATAATGAGCAGAAACAGCTOTTTOTGGAACAGCAC
AAGCACTACCTGGACGAGATCATCGAGCAGATCAGUGAGTTCTCCAAGAGAGTGAT
CCTGOGCCGACGCTAATCTGUGACAAAGTOCTGTCOGCCTACAACAAGCACCGGGATA
AGCCCATCAGAGAGUAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTG
GGAGCCCCTGUCGCOTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACAL
CAGCACCAAAGAGOGTGCTGOACGCCACCCTGATCCACCAGAGCATCACCGGCCTGT
ACGAGACACGGATCGACCTGTCTCAGUTGGGAGGTGAC

SEQ ID NG: 31, SpCas{DI0ANG: Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGGCCTGGUCCATCGGCACCAACTCTGTGGGCT
GGOGCCOGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGC
AACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTICGACAG
CGOCGAAACAGUCGAGGCCACCCGGUTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAA
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GOTGGACGACAGUTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGCACGAGCGGCACCCCATCTTCOGGCAACATCGTGGACGAGGTGGCCTACCAL
CAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGOACAGCACCGACA
AGOGCCGACCTGCGOCTGATCTATCTGGCCCTOGGUCCACATGATCAAGTTCCGGHGE
CACTTCCTGATCGAGGGUCGACCTOAACCCCGACAACAGCGACGTGGACAAGCTGTT
CATCCAGCTGOTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCA
GUGGCOTGOACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTG
GAAAATCTGATCGCCCAGCTGCCCGGUCGAGAAGAAGAATOGCCTGTTCGGAAACCT
GATTGCCCTGAGCOCTOGGOCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGOOCG
AGGATGCCAAACTGCAGUTGAGCAAGGACACCTACGACGACGACCTGGACAACCT
GCTOGGUCCCAGATCOGUGACCAGTACGCCGACCTOTTTICTOGUCGUCAAGAACCTOT
CCGACGCCATCCTGUCTGAGCGACATCCTOAGAGTGAACACCGAGATCACCAAGGCC
CCCCTGAGCGCCTCTATCGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCT
GCTGAAAGUCTCTCOTGUGGUCAGCAGCTGUCTGAGAAGTACAAAGAGATTTTICTTCG
ACCAGAGCAAGAACGOCTACGCCGGCTACATTGACGGUCGGAGCCAGCCAGGAAGA
GTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGOACGGCACCGAGGAACTGC
TCGTGAAGUTGAACAGAGAGGACCTGUTGCGGAAGCAGCGOACCTTCGACAACGH
CAGCATCCCCCACCAGATCCACCTGGOAGAGCTGCACGCCATTCTOGCGGUGGCAGE
AAGATTTTTACCCATTCCTGAAGGACAACCOGGUAAAAGATCGAGAAGATCCTGACC
TTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTICGECTG
GATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGETO
GACAAGGGCGCTTCCOGCCCAGAGUTTCATCGAGUGGATGACCAACTTCGATAAGAA
CCTGCCCAACGAGAAGGTGUTGUCCCAAGUCACAGCCTGCTGTACGAGTACTTCACCG
TGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGT
CTTCCTGAGCGGCGAGCAGAAAAAGGUCATCOTGGACCTGCTGTTCAAGACCAACC
GGAAAGTGACCOTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGETTC
GACTCCOTGGAAATCTCCOGCOTGHGAAGATCGOGTTCAACGCCTCCCTGGGCACATA
CCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACG
AGGACATTCTGGAAGATATCOTGUTGACCCTGACACTOTTTGAGGACAGAGAGATG
ATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCA
GCTGAAGCGGCGGAGATACACCGHUTGGGGUAGOGCTGAGUCGGAAGUTGATCAAC
GGCATCCGOGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGG
CTTCGUCCAACAGAAACTTCATGCAGUTGATCCACGACGACAGCCTGACCTTTAAAG
AGGACATCCAGAAAGCCCAGGTOTCCGGUCAGGGUGATAGCCTGCACGAGCACATT
GUCAATCTGGCCOGLCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGT
GGTGGACGAGUTCGTGAAAGTGATGGGUCGOCACAAGCCCGAGAACATCGTGATC
GAAATGGUCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGLGAG
AGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTOGGCAGCCAGATCCTGAAAG
AACACCCCOGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTG
CAGAATGOGUGGOATATGTACGTGGACCAGGAACTGGACATCAACCGOGUTGTCCGA
CTACGATGTGGACCATATCGTGCCTCAGAGCTTTICTGAAGGACGACTCCATCGACA
ACAAGGTGUTOGACCAGAAGUGACAAGAACCGGOGLCAAGAGUGACAACGTGCCCTC
CGAAGAGGTCOGTGAAGAAGATGAAGAACTACTOGCOGLCAGCTGCTGAACGUCAAG
CTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGUGGLCTGAG
CGAACTGGATAAGGCCGGUTTCATCAAGAGACAGCTGOGTGGAAACCCGGCAGATCA
CAAAGCACGTGOCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAAT
CACAAGCTGATCCOGOAAGTGAAAGTOATCACCCTGAAGTCCAAGCTGGTGTCCGA
TTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGUGAGATCAACAACTACCACCACG
CCCACGACGCCTACCTGAACGCCOGTCOGTGGGAACCGCCCTGATCAAAAAGTACCCT
AAGUCTOGGAAAGUGAGTTCGTGTACGGUCGACTACAAGGTGTACGACGTGCGGAAGAT
GATCGUCAAGAGCGAGCAGGAAATCGGCAAGGUTACCGLCCAAGTACTTCTTCTACA

110



10

15

20

30

VW)
(¥

40

WO 2021/163492 PCT/US2021/017868
GCAACATCATOGAACTTTTTCAAGACCGAGATTACCCTOGGUCAACGHGCGAGATCCGG
AAGCGGCCTCTGATCGAGACAAACGGUCGAAACCGOGGAGATCOTGTGOGATAAGG
GCCOGGOATTTTGCCACCGTGCOGGAAAGTGUTGAGCATGUCCCCAAGTGAATATCGTG
AAAAAGACCGAGGTGUAGACAGOGCGGUTTCAGUAAAGAGTCTATCCgGUCCAAGAG
GAACAGCGATAAGCTGATCGUCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGC
GOCTTCGICAGCCCCACCGTGGCCTATTCTOTGUTOGGTGGTGOGCCAAAGTGGAAAAG
GOCAAGTCCAAGAAACTGAAGAGTOTGAAAGAGCTOGCTGGGGATCACCATCATGG
AAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAA
GAAGTGAAAAAGGACCTGATCATCAAGCTGUCTAAGTACTCCCTGTTCGAGUTGGA
AAACGOCCGGAAGAGAATGOTGGCCTCTGCCGCCTGUAGAAGGGAAACGAALT
GOCCCTOCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCT
GAAGGOCTCCCCCGAGGATAATGAGCAGAAACAGUTOTTTOGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCT
GGCCGACGUTAATCTGGACAAAGTGUTOTCCGUCTACAACAAGCACCGGGATAAGC
CCATCAGAGAGCAGGCCGAGAATATCATCCACCTOGTTTACCCTGACCAATCOTGGGA
GCCCCTeggGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGEtGTACeggAGCAC
CAAAGAGGTOGCTGOACGCCACCCTGATCCACCAGAGUCATCACCGOGCCTGTACGAGA
CACGGATCGACCTOTCTCAGCTGGGAGGTGALC

SEQ H» NOG: 32, xCas9(3.73-D10A, Nucleotide sequence

ATGGACAAGAAGTACAGCATCOGGCCTGGLCATCGGCACCAACTCTGTGOGOT
GGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGC
AACACCGACCGGUACAGCATCAAGAAGAACCTGATCGOAGCCUTGCTGTTCGACAG
CGGCGAAACAGCCGAGGCCACCCGOCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAA
GGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCAC
GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACA
AGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGEC
CACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTT
CATCCAGUTGGTGCAGACCTACAACCAGUTGTTCGAGGAAAACCCCATCAACGCCA
GCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGECTG
GAAAATCTGATCGCCCAGCTGCCCGGUGAGAAGAAGAATGGCCTGTTCGGAAACCT
GATTGCCOTGAGCCTGHGGUCTGACCCCUAACTTCAAGAGCAACTTCGACCTGGUCG
AGGATACCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCT
GCTGGCCCAGATCGOCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGT
CCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCC
CCCCTGAGCGCCTCTATGATCAAGCTGTACGACGAGCACCACCAGGACCTGACCCT
GCTGAAAGCTCTCGTGCGOCAGCAGUTGCCTGAGAAGTACAAAGAGATTTTCTTCG
ACCAGAGCAAGAACGGCTACGCCGGCTACATTIGACGGUGGAGCCAGCCAGGAAGA
GTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGC
TCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAALGE
CATCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGE
AAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACC
TTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTEGCCTG
GATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGAAGGTGGTG
GACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAA
CCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGUTGTACGAGTACTTCACCE
TGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGL
CTTCCTGAGUGGUCGACCAGAAAAAGGCCATCOTGGACCTGCTGTTCAAGACCAALC
GGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTC

11l



10

15

20

30

VW)
(¥

40

WO 2021/163492 PCT/US2021/017868

GACTCCOGTGGAAATCTCCOGGUOGTGGAAGATCGHGTTCAACGUUTCCCTGGGUACATA
CCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACG
AGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGUACAGAGAGATG
ATCGAGGAACGOCTGAAAACCTATGUCCACCTGTTCGACGACAAAGTGATGAAGCA
GCTGAAGCGGCGGAGATACACCGOCTGGGGCAGGUCTCGAGCCGGAAGCTGATCAAC
GOCATCCGGGACAAGCAGTCCGGCAAGACAATCCTOGGATTTCCTGAAGTCCGACGG
CTTCGUCAACAGAAACUTTCATCCAGCTGATCCACGACGACAGCUTGACCTTTAAAG
AGGACATCCAGAAAGCCCAGGTGTCCGOCCAGGGUGATAGCCTGCACGAGCACATT
GCCAATCTGGCCOGGUAGCCCCGCCATTAAGAAGGGUATCCTGUCAGACAGTGAAGGT
GOGTGGACGAGUTCOTGAAAGTGATGGGCCGOGCACAAGCCCGAGAACATCGTGATC
GAAATGOGCCAGAGAGAACCAGACCACCCAGAAGGUACAGAAGAACAGUCGCGAG
AGAATGAAGCGOATCGAAGAGGGCATCAAAGAGUTGGGCAGCCAGATCCTGAAAG
AACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGUCTGTACCTGTACTACCTG
CAGAATGGOCGGGATATOGTACGTOGGACCAGGAACTGGACATCAACCGGCTGTCCGA
CTACGATGTGGACCATATCOGTGUCCTCAGAGCTTTCTOAAGGACGACTCCATCGACA
ACAAGOTGCTGACCAGAAGCGACAAGAACCGGOGCAAGAGCGACAACGTGCCCTC
CGAAGAGGTCOTGAAGAAGATGAAGAACTACTGGUGGCAGUTGUTGAACGUCAAG
CTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGUCCGAGAGAGGCGGUCTGAG
CGAACTGGATAAGGUCGOGCTTCATCAAGAGACAGUTOGTGGAAACCCGGUAGATCA
CAAAGCACOGTGGCACAGATCCTGOACTCCCGGATOAACACTAAGTACGACGAGAAT
GACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGOGTGTCCGA
TTTCCGOAAGGATTTCCAGTTTTACAAAGTGUGCGAGATCAACAACTACCACCALCG
CCCACGACGCCTACCTOAACGCCGTCOTGOGAACCGUCCTGATCAAAAAGTACCOT
AAGCTGGAAAGCGAGTTCOGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGAT
GATCGCCAAGAGCGAGUCAGGAAATCGGCAAGGCTACCGUCCAAGTACTTCTTICTACA
GCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGOGCCAACGGCOAGATUCGE
AAGCGGCCTCTGATCGAGACAAACGOGUGAAACCGGOGAGATCGTGTGGGATAAGG
GCCGOGOATTTTGCCACCGTGUGGAAAGTGCTGAGCATGUCCCCAAGTGAATATCGTG
AAAAAGACCGAGGTGCAGACAGGUGGUTTCAGCAAAGAGTCTATCCTGCCCAAGA
GGAACAGCGATAAGCTGATCGUCAGAAAGAAGGACTGGGACCCTAAGAAGTACGG
COGGUTTCOACAGCCCCACCOGTOGGUCTATTCTGTGUTGGTGGTGGUCAAAGTGGAAA
AGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTOGOGOGGATCACCATCAT
GOAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTICTGGAAGUCCAAGGGUTACA
AAGAAGTGAAAAAGGACCTGATCATCAAGUTGCCTAAGTACTCCCTOTTCGAGCTG
GAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGUGTGUTOGCAGAAGGGAAACG
AACTOGUCCTGUCCTCCAAATATOGTGAACTTCCTOGTACCTOGGUCAGUCCACTATGAGA
AGCTGAAGGGUTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCALC
AAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGAT
CCTGHCCGACGCTAATCTGGACAAAGTOCTGTCCGCCTACAACAAGCACCGGGATA
AGCCCATCAGAGAGCAGGUCGAGAATATCATCCACCTGTTTACCCTGACCAATCTG
GGAGCCCCTGUCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACAL
CAGUACCAAAGAGOTGUTGGACGUCACCCTGATCCACCAGAGCATCACCOGGUUTET
ACGAGACACGGATCGACCTOGTCTCAGCTGGGAGGCGAL

SEQ ID NO: 33, SpCas9(D10A)-NGX: Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCT
GGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGL
AACACCGACCGGLCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAG
CGGCGAAACAGCCGAGGCCACCCGGLTGAAGAGAACCGLCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGUTATCTGCAAGAGATCTTCAGCAACGAGATGGUCAA
GOTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTICCTGGTGGAAGAGGATA
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AGAAGCACGAGCGOCACCCCATCTTCGGCAACATCOTGGACGAGGTGGUCTACCAL
GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACA
AGGCCGACCTOCGOCTGATCTATCTGGCCCTOGGUCCACATGATCAAGTTCCGGHG
CACTTCCTGATCGAGGGUGACCTGAACCCCGACAACAGCGACGTGGACAAGUTOTT
CATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCA
GCOGUGTGOGACGUCCAAGGCCATCCTOGTCTGUCAGACTGAGCAAGAGCAGACGGUTG
GAAAATCTGATCGCCCAGCTGCCCGGUGAGAAGAAGAATGOCCTGTTCGGAAACCT
GATTGCCCTGAGCCTGOGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCG
AGGATACCAAACTGCAGUTGAGCAAGGACACCTACGACGACGACCTGGACAACCT
GCTGGCCCAGATCGOGCGACCAGTACGUCGACCTOTTTICTGGCCGCCAAGAACCTOT
CCGACGCCATCCTGCTGAGUGACATCCTGAGAGTGAACACCGAGATCACCAAGGCC
CCCCTGAGCGUCTCTATGATCAAGUTOTACGACGAGUCACCACCAGGACCTGACCOT
GCTGAAAGCTCTCOGTGCGGCAGCAGUCTGCCTGAGAAGTACAAAGAGATTTTICTICG
ACCAGAGCAAGAACGGCTACGCCGGUTACATTGACGOCGUOAGCCAGUCAGGAAGA
GTTCTACAAGTTCATCAAGCCCATCUTGGAAAAGATOGGACGGCACCGAGGAACTGE
TCGTGAAGCTGAACAGAGAGGACCTOGUTGCGGAAGCAGCGGACCTTCGACAACGE
CATCATCCCCCACCAGATCCACCTGOGAGAGUTOGCACGUUCATTCTGUGGUGGLAGG
AAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACC
TTCCGCATCCCCTACTACGTGGOCCCTCTGGCCAGGGGAAACAGCAGATTCGECTG
GATGACCAGAAAGAGUGAGGAAACCATCACCCCCTOGGAACTTCGAGAAGOTGOGTG
GACAAGGGCGCTTCCGUCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAA
CCTGUCCCAACGAGAAGOTGCTGCCCAAGCACAGUCCTGUTGTACGAGTACTTCACCG
TOGTATAACGAGCTGACCAAAGTGAAATACGTGACCOGAGGOAATGAGAAAGCCCGU
CTTCCTGAGCGGCGACCAGAAAAAGGCCATCGTGGACCTGUCTOGTTCAAGACCAACC
GGAAAGTOGACCGTGAAGCAGUCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTC
GACTCCOTGGAAATCTCCGGLOTGGAAGATCOGOGTTCAACGCCTCCCTGGGLCACATA
CCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACG
AGGACATTCTGOAAGATATCGTGUTGACCCTOGACACTOTTTGAGGACAGAGAGATG
ATCGAGGAACGGUTGAAAACCTATOGCCCACCTOGTTCOACGACAAAGTGATGAAGCA
GCTGAAGCGGCGGAGATACACCGGCTOGGGGCAGGCTGAGCCGGAAGCTGATCAALC
GGCATCCOGGGACAAGCAGTCCGGUAAGACAATCCTGGATTTCCTGAAGTCCGACGH
CTTCGCCAACAGAAACTTCATCCAGCTOGATCCACGACGACAGCCTGACCTTTAAAG
AGGACATCCAGAAAGCCCAGOTGTCCGGUCAGGGUCGATAGCCTGCACGAGCACATT
GCCAATCTOGUCGOCAGCCCCGLUCATTAAGAAGGGCATCCTGCAGACAGTGAAGHT
GGTGGACGAGCTCGTGAAAGTGATGOOGUCGGCACAAGCCCGAGAACATCGTGATC
GAAATOGUCCAGAGAGAACCAGACCACCCAGAAGOGACAGAAGAACAGCCGCGAG
AGAATGAAGCGGATCGAAGAGGOGCATCAAAGAGCTGGGCAGCCAGATCUTGAAAG
AACACCCCOTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTG
CAGAATGOGUGGOATATGTACGTGOACCAGGAACTGGACATCAACCGGCTGTCUGA
CTACGATGTGGACCATATCOTGCCTCAGAGUTTTCTGAAGGACGACTCCATCGACA
ACAAGGTGUTGACCAGAAGUGACAAGAACCGOGGCAAGAGUCGACAACGTGCCCTC
COAAGAGOUTCGTGAAGAAGATGAAGAACTACTGGCGOCAGCTGUTGAACGCCAAG
CTGATTACCCAGAGAAAGTTCOACAATCTGACCAAGGCCGAGAGAGGLCGGCCTGAG
CGAACTGGATAAGOGCCOGGUTTCATCAAGAGACAGCTGGTGGAAACCCGOCAGATCA
CAAAGCACGTGGCACAGATCCTGGACTCCOCGGATGAACACTAAGTACGACGAGAAT
GACAAGCTGATCCGGOAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGA
TTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGUGAGATCAACAACTACCACCACG
CCCACGACGUCTACCTGAACGCOGTCGTGGGAACCGUCCTGATCAAAAAGTACCCT
AAGCTGGAAAGCGAGTTCGTOTACGGCGACTACAAGGTGTACGACGTGCGGAAGAT
GATCGCCAAGAGUGAGCAGGAAATCGGCAAGGUTACCGCCAAGTACTTICTTUTACA
GUAACATCATOGAACTTTTTCAAGACCGAGATTACCCTOGGUCAACGGCGAGATCCGG
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AAGCGGCCTCTGATCGAGACAAACGGUGAAACCGGGGAGATCGTGTGGGATAAGG
GCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATATCGTG
AAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCaGCCCAAGAG
GAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCOTAAGAAGTACGGC
GGCTTCGICAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAG
GGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGG
AAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAA
GAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGA
AAACGGCCGGAAGAGAATGCTGGCOTCTGCCGCICTGCAGAAGGGAAACGAACT
GGCCCTGCOCTCOAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCT
GAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCT
GGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGC
CCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGA
GCCCOTeggGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGEGTACcgg AGCAC
CAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGA
CACGGATCGACCTGTCTCAGCTGGGAGGTGAC

SEQ D NG: 34, SpCas?{D10ANGA: Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGGUCTGGUCATCGGUACCAACTOTGTGGGOT
GGOCCOTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGC
AACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAG
CGGCGAAACAGUCGAGGCCACCCGGUCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAA
GGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCAL
GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACA
AGGUCCGACCTGUGGUTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGHGEC
CACTTCCTOATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTT
CATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCA
GCGOCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTG
GAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGUCTOTTCGGAAACCT
GATTGCCCTGAGCCTGGGUCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCG
AGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCT
GCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTICTGGCCGCCAAGAACCTGT
CCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCC
CCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTY
GCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTICTTCG
ACCAGAGCAAGAACGGUTACGCCGGCTACATTGACGGUGGAGUCAGCCAGGAAGA
GTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAALCTGC
TCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGG
CAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTICTGCGGCGGCAGG
AAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACC
TTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTICGCCTG
GATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTG
GACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAA
CCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCG
TGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGC
CTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGACCAACC
GOAAAGTGACCGTGAAGCAGCTOGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTC
GACTCCGTGGAAATCTCCGGUCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATA
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CCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATOGAGGAAAACG
AGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATG
ATCGAGGAACGOGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCA
GCTGAAGCGGCGGAGATACACCGHGUTGGGGUAGOGCTGAGUCGGAAGUTGATCAAC
GGCATCCGOGACAAGCAGTCCGGCAAGACAATCCTOGGATTTCCTGAAGTCCGACGE
CTTCGUCCAACAGAAACTTCATGCAGUTGATCCACGACGACAGCCTGACCTTTAAAG
AGCGACATCCAGAAAGCCCAGGTOTCCGGUCAGGGUGATAGCCTGUCACGAGCACATT
GUCAATCTGGCCOGLCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGT
GGTGOACGAGUTCGTGAAAGTGATGOGUCGLUCACAAGUUCCGAGAACATCGTGATC
GAAATGGUCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGLGAG
AGAATGAAGCGOATCGAAGAGGGUATCAAAGAGUTGGGCAGCCAGATCCTGAAAG
AACACCCCOGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTG
CAGAATOGGOCOGGATATOTACGTGGACCAGGAACTGGACATCAACCGGUTGTCCGA
CTACGATGTGGACCATATCGTGUCCTCAGAGUCTTTCTGAAGGACGACTCCATCGACA
ACAAGOTGCTGACCAGAAGUCGACAAGAACCGGGGCAAGAGUGACAACGTGCCCTC
CGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGUGGCAGCTGCTGAACGUCAAG
CTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGUGGLCTGAG
CGAACTGGATAAGGCCGGUTTCATCAAGAGACAGCTGOGTGGAAACCCGGCAGATCA
CAAAGUCACGTGOCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAAT
GACAAGCTGATCCGGGAAGTGAAAGTOGATCACCCTGAAGTCCAAGCTGLTGTCCGA
TTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGUGAGATCAACAACTACCACCACG
CCCACGACGCCTACCTGAACGCCGTCGTGUGAACCGUCCTGATCAAAAAGTACCOT
AAGUCTOGGAAAGUGAGTTCGTGTACGGUCGACTACAAGGTGTACGACGTGCGGAAGAT
GATCGCCAAGAGCGAGCAGGAAATCGGUCAAGGUTACCGCCAAGTACTTCTTICTACA
GCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGOCCAACGGUGAGATCCGE
AAGCGOCCTCTGATCGAGACAAACGGUCGAAACCGGOGAGATCGTOTGGGATAAGE
GCCGOGATTTTGCCACCGTGCGOAAAGTGCTGAGCATGCCCCAAGTGAATATCGTG
AAAAAGACCGAGGTGCAGACAGGUGGUTTCAGCAAAGAGTCTATCCgGCCCAAGAG
GAACAGCOGATAAGCTGATCGUCAGAAAGAAGGACTOGGGACCCTAAGAAGTACGGE
GGCTTCGICAGCCCCACCOTGOGUCTATTICTGTOGCTGOLTGGTGGCCAAAGTGGAAAAG
GGUAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGUTGGOGGATCACCATCATGE
AAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAA
GAAGTGAAAAAGGACCTCATCATCAAGUTGCCTAAGTACTCCCTOTTCGAGCTGGA
AAACGGUCGHAAGAGAATGCTGGCCTCTGUCeGCHUTOGCAGAAGGGAAACGAALT
GGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTOGGCCAGCCACTATGAGAAGCT
CAAGOGUTCCCCCOAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTUTCCAAGAGAGTGATCCT
GOCCOGACGCTAATCTGOACAAAGTGCTGTCCOGCCTACAACAAGCACCGGGATAAGC
CCATCAGAGAGCAGGUCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGA
GUCCCTeggGUUTTCAAGTACTTTGACACCACCATCGACCGUGAAGeaGTACcggAGCAC
CAAAGAGGTGUTGGACGCCACCCTGATCCACCAGAGCATCACCOGGLCTGTACGAGA
CACGGATCGACCTGTCTCAGCTOGGHAGGTGAC

SEQ ID NO: 35, SpCasO(D10A)-NGC: Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGGCCTGOCCATCGGCACCAACTCTGTGGGCT
GGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGC
AACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAG
COGGCGAAACAGCCGAGGCCACCCGGUTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAA
GOTGGACGACAGCTTOTTCCACAGACTGGAAGAGTCOTTCCTGGTGGAAGAGGATA
AGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCLCTACCALC
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GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTOGGTOGACAGCACCGACA
AGGCCGACCTGCGGUTGATCTATCTGGCCCTGGCUOCACATGATCAAGTTCCGGGGC
CACTTCCTGATCGAGGGUCGACCTGAACCCCGACAACAGCGACGTGGACAAGUTGTY
CATCCAGCTGGTGUCAGACCTACAACCAGUTGTTCGAGGAAAACCCCATCAACGUCA
GCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTG
GAAAATCTGATCGCCCAGUCTGUCCCGGUGAGAAGAAGAATGGCCTGTTCGGAAACCT
GATTGCCCTGAGCCTGOGGUUTGACCCCCAACTTCAAGAGCAACTTCGACCTGGLCG
AGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCT
GCTGGCCCAGATCGOCGACCAGTACGUCGACCTETTICTGGCCGLCAAGAACCTGY
CCGACGCCATCCTGCTOAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGLC
CCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCT
GUTGAAAGCTCTCGTGCGGCAGCAGUTGCUTGAGAAGTACAAAGAGATTTICTTCG
ACCAGAGCAAGAACGGCTACGLCGGUTACATTGACGGUGGAGCCAGCCAGGAAGA
GTTCTACAAGTTCATCAAGCCCATCUCTGGAAAAGATGGACGGCACCGAGGAACTGC
TCOTGAAGCTGAACAGAGAGGACCTGCTGUCGGAAGCAGCGGACCTTCGACAACGG
CAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGLGGCAGG
AAGATTTTTACCCATTICOTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACC
TTL(J(JCAT(/CC{ TACTACGTGOGGCCCTCTGGLCAGGOGAAACAGCAGATTICGCCTG
GATGACCAGAAAGAGCGAGGAAACCATCACCCCOTGGAACTTCGAGGAAGTGGTG
GACAAGGGCGLTTCCGUCCAGAGCTTCATCGAGCGGATGACCAACTTICGATAAGAA
CCTGCCCAACGAGAAGOTOGUTOUCCCAAGCACAGCCTGUTOGTACGAGTACTTCACCG
TGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCLGC
CTTCCTGAGUGGUGAGCAGAAAAAGGCCATCETGGACCTGUTGTTCAAGACCAALCC
GGAAAGTOGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTC
GACTCCGTGGAAATCTCCGGUGTGGAAGATCGGTTCAACGCCTCCOTGGGLCACATA
CCACGATCTGUTGAAAATTATCAAGGACAAGGACTTICCTGGACAATGAGGAAAACG
AGGACATTCTGGAAGATATCGTIGCTGACCCTGACACTGTITTGAGGACAGAGAGATG
ATCGAGGAACGGUCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCA
GCTGAAGCGGUGGAGATACACCGGUTGGGGLCAGGUTGAGCCGGAAGCTGATCAALC
GGCATCCGGGACAAGCAGTCCGGLCAAGACAATCCTGGATTITCCTGAAGTCCGALCGEG
CTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCUTGACTTTTAAAG
AGGACATCCAGAAAGCCCAGOTGTCCGGLCAGGGUGATAGCCTGCACGAGCACATT
GUCAATCTGGCCGGCAGCCCCGUCATTAAGAAGGGCATCCTGCAGACAGTGAAGGT
GOTGGACGAGCTCOGTGAAAGTGATOGOCOGGUACAAGCCCGAGAACATCGTGATC
GAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAG
AGAATGAAGCGGATCGAAGAGGOCATCAAAGAGCTGGGCAGCCAGATCOTGAAAG
AACACCCCOTGOAAAACACCCAGCTOGCAGAACGAGAAGCTGTACCTGTACTACCTG
CAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGUTIGTCCGA
CTACGATGTGGACCATATCOTGCCTCAGAGUTTTCTGAAGGACGACTCCATCGACA
ACAAGGTOGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCUTC
COGAAGAGOGTCGTGAAGAAGATGAAGAACTACTGGUGOGCAGCTGUTGAACGCCAAG
CTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGULGAGAGAGGUGGCCTGAG
CGAACTGGATAAGGCCGQGUTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCA
CAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAAT
GACAAGCTGATCCOGOAAGTGAAAGTGATCACCCTGAAGTCCAAGUTGGTOTCCGA
TTTCCGGAAGGATTTCCAGTTTTACAAAGTGUCGCGAGATCAACAACTACCACCACG
CCCACGACGUCTACCTGAACGUCGTICGTGGGAACCGUCCTGATCAAAAAGTACCCTY
AAGCTGGAAAGCGAGTTCOTGTACGOGCGACTACAAGGTOTACGACGTGUCGGAAGAT
GATCGCCAAGAGCG AGCAGG AAATCGGCAAGGUTACCGCCAAGTACTTICTTCTACA
GUAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGUCAACGGCGAGATCCGG
AAGUGGUCTCTOATCGAGACAAACGGUGAAACCGOGGOGAGATCOTGTGGGATAAGG
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GUCCGGOGATTTTGCCACCETGUGGAAAGTOCTGAGCATGUCCCCAAGTGAATATCOTG
AAAAAGACCGAGGTGCAGACAGGCOGUTTCAGCAAAGAGTCTATCCgGCCCAAGAG
GAACAGCGATAAGUTGATCGCCAGAAAGAAGGACTGOGACCCTAAGAAGTACGGC
GGCTTCOICAGCCCCACCOTOGUCTATTICTGTGUTGOTOGTOGUCAAAGTGGAAAAG
GGCAAGTCCAAGAAACTGAAGAGTUGTGAAAGAGCTGCTGGGGATCACCATCATOG
AAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGUCCAAGGGUTACAAA
GAAGTGAAAAAGGACCTGATCATCAAGUTOGCCTAAGTACTCCCTGTTCGAGCTGGA
AAACGGCCGGAAGAGAATGLCTGGLCTCTGCCcGCHtCTGCAGAAGGGAAACGAACT
GGUCCTGCOCTCCAAATATETGAAUTICCTGTACCTGGUCAGUCAUTATGAGAAGCT
GAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTOTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCT
GGCCGACGCTAATCTGGACAAAGTGUTGETCCGCCTACAACAAGUCACCGGGATAAGC
CCATCAGAGAGCAGGCCGAGAATATCATCCACCTGITTACCCTGACCAATCTGGGA
GCCCCTegeGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGaGTACegg AGCAL
CAAAGAGGTGCTGGACGUCACCCTGATCCACCAGAGCATCACCGGCUTGTACGAGA
CACGQATCQACCTGTCTCAGCTGGGAGGTGAC

SEQ ID NO: 36, SpCasS(DI0ANNGX-NGA: Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGGUCTGGUCCATCGGUCACCAACTOTGTEGECT
GGGCCOTGATCACCGACGAGTACAAGGTGCCCAGUCAAGAAATTCAAGGTGCTGGGU
AACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGUCCTGCTOGTTCGACAG
CGGUGAAACAGCCGAGGUCACCCGGUTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGOCTATUTGCAAGAGATCTTCAGCAACGAGATGGUCAA
GGTGGACGACAGCTTCTTICCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGCACGAGUGGCACCCCATCTTICGGCAACATCGTGGACGAGGTGGCCTACCALC
GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACA
AGGCCGACCTGCGGUTGATCTATCTGGUCCTGOCCCACATGATCAAGTTCCGGGEC
CACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTETY
CATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCA
GCGGCGTGGACGCCAAGGCCATCCTGTICTGCCAGACTGAGCAAGAGCAGACGGLTG
GAAAATCTGATCGUCCAGUCTGUCCGGLGAGAAGAAGAATGGUCTETTCGGAAALCT
GATTGCCCTGAGCCTGGGCUTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCE
AGGATACCAAACTGCAGUTGAGCAAGGACACC ’iAC(I/’Xi GACGACCTGGACAACCTY
GUTGGUCCAGATCGGUGACCAGTACGCCGACTCTOTTICTGGUCGUCAAGAACOTGT
CCGACGCCATCCTGC TGAGCGAQATLCTGAGAGTGAACACCGAGATCACC AAGGCC
CCCCTGAGCGCCTCTATGATCAAGCTGTACGACGAGCACCACCAGGACCTGACCCY
GCTGAAAGCTCTCOTGCOGCAGCAGCTGUCTGAGAAGTACAAAGAGATTTICTTCG
ACCAGAGCAAGAACGGCTACGUCCGGLTACATTGACGGLGGAGCCAGCCAGGAAGA
GITCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGLACCGAGGAACTGC
TCGTGAAGCTGAACAGAGAGGACCTGUTGCGGAAGCAGCGGALCCTTCGACAACGG
CATCATCC CC CACCAGATCCACCTGGGAGAGCTGCACGCCATTIOTGCGGCGGCAGG
AAGATTTTTACCCATTCCTGAAGGACAACCOGGAAAAGATCGAGAAGATCCTGALCC
TTC CGCATLCCCTACTACGT(}G(}CC CTCTGGUCCAGGGGAAACAGCAGATTCGCCTG
GATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGAAGGTGGETG
GACAAGGGLGUTTCCOGCCCAGAGCTTCATCGAGCGGATGACCAACTTICGATAAGAA
CCTGCCCAACGAGAAGGTGUTGCCCAAGCACAGCCTGUTGTACGAGTACTTCACCG
TGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGC
CTTCCTGAGCGGCGACCAGAAAAAGGCCATCGTGGALCCTGUTOTTCAAGALCCAACC
GGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTIC
GACTCCOGTGGAAATCTCCGGUGTGGAAGATCGOTTCAACGUUTCCOTGGGUACATA
CCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAALCG
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AGGACATTCTGOAAGATATCOTGUTGACCCTOGACACTOTTTGAGGACAGAGAGATG
ATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCA
GCTGAAGCGGCGGAGATACACCGGUTGGOGCAGOGCTGAGUCGGAAGUTGATCAAL
GGCATCCOGGGACAAGCAGTCCGGUAAGACAATCCTGGATTTCCTGAAGTCCGACGH
CTTCGCCAACAGAAACTTCATCCAGCTGATCCACGACGACAGCCTGACCTTTAAAG
AGGACATCCAGAAAGCCCAGOTGTCCGGUCAGGGUCGATAGCCTGCACGAGCACATT
GUCAATCTOGGCCGOCAGCCCCGUCATTAAGAAGGGCATCCTGCAGACAGTGAAGOGT
GGTGGACGAGCTCGTGAAAGTGATGOOGUCGGCACAAGCCCGAGAACATCGTGATC
GAAATGGUCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGLCGAG
AGAATGAAGCGGATCGAAGAGGOGCATCAAAGAGCTGGGCAGCCAGATCUTGAAAG
AACACCCCOTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTG
CAGAATGOGUGGOATATGTACGTGOACCAGGAACTGGACATCAACCGGCTGTCUGA
CTACGATGTGGACCATATCGTGCCTCAGAGCTTICTGAAGGACGACTCCATCGACA
ACAAGGTGUTOGACCAGAAGUGACAAGAACCGOGGCAAGAGUCGACAACGTGCCCTC
COAAGAGOTCOGTGAAGAAGATGAAGAACTACTGGCGOGCAGCTGUTGAACGCCAAG
CTGATTACCCAGAGAAAGTTCOGACAATCTGACCAAGGCCGAGAGAGGLCGGUCTGAG
CGAACTOGGATAAGOGCCGGUTTCATCAAGAGACAGCTGOTGGAAACCCGOGCAGATCA
CAAAGCACGTGOCACAGATCCTGGACTCCCOGUGATOGAACACTAAGTACGACGAGAAT
CACAAGCTGATCCOGOAAGTGAAAGTOATCACCCTGAAGTCCAAGCTGGTGTCCGA
TTTCCGOGAAGGATTTCCAGTTTITACAAAGTGCGUGAGATCAACAACTACCACCACG
CCCACGACGUCTACCTGAACGCOGTCOGTGGGAACCGUCCTGATCAAAAAGTACCCT
AAGUTOGGAAAGCGAGTTCGTGTACGGUGACTACAAGGTGTACGACGTGCGGAAGAT
GATCGCCAAGAGUGAGCAGGAAATCGGCAAGGUTACCGCCAAGTACTTCTTUTACA
GCAACATCATGAACTTTTTCAAGACCCGAGATTACCCTGGUCCAACGGCGAGATCCGE
AAGCGOGCCTCTGATCGAGACAAACGGUGAAACCGGGGAGATCGTGTGOGGATAAGH
GCCGGGATTTTGCCACCGTOGCGOAAAGTGUTOGAGCATGCCUCCAAGTGAATATCGTG
AAAAAGACCGAGOTGCAGACAGGCGGUTTCAGCAAAGAGTCTATCCgGCCCAAGAG
GAACAGUGATAAGCTGATCGUCAGAAAGAAGOACTGGOACCCTAAGAAGTACGGE
GOCTTCGICAGCUCCCACCOTGGCCTATTCTOTGUCTGOTGOTGGCCAAAGTGGAAAAG
GGCAAGTCCAAGAAACTGAAGAGTGTCGAAAGAGCTGCTGGGGATCACCATCATGE
AAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAA
GAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTOTTCGAGCTGGA
AAACGGUCGGAAGAGAATOCTGOGCCTCTGO CeGUHIUTGCAGAAGGGAAACGAACT
GOCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCT
GAAGGGCTCCCCCGAGGATAATCGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGOACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCT
GGUCOACGUTAATCTGGACAAAGTOUTGTCCGUCTACAACAAGCACCGGGATAAGC
CCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGA
GUCCCTeoggGUUTTCAAGTACTTTGACACCACCATCGACCGGAAGaGTACcgg AGCAL
CAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGA
CACGGATCGACCTGTCTCAGUTOGLAGGTGALC

SEQ ID NQ: 37, SpCasS(D10A}NGX-NGC, Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGET
GOGCCGTGATCACCGACGAGTACAAGOTGCCCAGCAAGAAATTCAAGGTGCTGGGC
AACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAG
COGGCGAAACAGCCGAGGUCACCCGGUTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAA
GGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGUCACGAGCGGCACCCCATCTTCGGCAACATCOTGGACGAGGTGGUCTACCAL
GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACA
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AGGCCGACCTGUGGUTGATCTATCTGGUCCTGGCCCACATOGATCAAGTTCCGHGHC
CACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTOTT
CATCCAGCTGGTGUCAGACCTACAACCAGUTOTTCGAGGAAAACCCCATCAACGCCA
GCGGCGTGGACGCCAAGGUCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGLCTG
GAAAATCTOATCGCCCAGCTOGCCCGGUGAGAAGAAGAATGOCCTGTTCGGAAACCT
GATTGCCCTGAGCCTGOGUCTGACCCCCAACTTCAAGAGCAACTTCGACCTOGLCG
AGGATACCAAACTGCAGCTOGAGCAAGGACACCTACGACGACGACCTGGACAACCT
GUTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTICTGGCCGCCAAGAACCTGT
CCGACGUCATCUTGUTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCC
CCCCTGAGUGCCTCTATGATCAAGCTGTACGACGAGUCACCACCAGOGACCTGACCCT
GCTGAAAGCTCTCGTGCGHLCAGCAGUTOCCTGAGAAGTACAAAGAGATTTTICTTCG
ACCAGAGCAAGAACGGUTACGCCGGCTACATTGACGGUGGAGUCAGCCAGGAAGA
GTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATOGGACGGCACCGAGGAACTGC
TCOTGAAGCTGAACAGAGAGOACCTGCTGUGGAAGCAGUGGACCTTCGACAACGG
CATCATCCCCCACCAGATCCACCTGOGGAGAGCTGCACGCCATTCTGLCGGCGGCAGE
AAGATTTTTACCCATTCCTGAAGGACAACCGOGAAAAGATCGAGAAGATCCTGACC
TTCCGUATCCCCTACTACGTGGGUCCTCTGGUCAGGHGAAACAGCAGATTOGCCTG
GATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGAAGGTGGTG
GACAAGGGCGCTTCCGUCCAGAGCTTCATCGAGCGGATCGACCAACTTCGATAAGAA
CCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGUTGTACGAGTACTTCACCG
TGTATAACGAGUCTOGACCAAAGTGAAATACGTOACCGAGOGGAATGAGAAAGCCCGC
CTTCCTGAGCGGUGACCAGAAAAAGGUCCATCOGTGGACCTOGCTGTTCAAGACCAACC
GOAAAGTGACCGTGAAGCAGUTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTC
GACTCCGTGGAAATCTCCGOUCGTGGAAGATCGUGTTCAACGCCTCCCTGGGCACATA
CCACGATCTGUCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACG
AGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATG
ATCGAGGAACGGCTGAAAACCTATGCCCACCTOTTCGACGACAAAGTGATGAAGCA
GUTGAAGUGGUGGAGATACACCGGUTGGGGCAGGUTOGAGCCGGAAGCTGATCAAL
GOCATCCGGOACAAGCAGTCCGGLCAAGACAATCCTGOATTTCCTGAAGTCUCGACGG
CTTCGCCAACAGAAACTTCATCCAGCTGATCCACGACGACAGCCTGACCTTTAAAG
AGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGUGATAGUCTGCACGAGUACATT
GCCAATCTGGCCGGCAGCCCCGUCATTAAGAAGGGCATCCTGCAGACAGTGAAGGT
GOTGGACGAGCTCGTCAAAGTGATGGGCCGGUCACAAGCCCGAGAACATCGTGATC
GAAATGGCCAGAGAGAACCAGACCACCCAGAAGGLACAGAAGAACAGUCGUGAG
AGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAG
AACACCCCGTGUAAAACACCCAGUTOGCAGAACGAGAAGCTOTACCTGTACTACCTG
CAGAATGGOGCGOGATATGTACGTGGACCAGGAACTGGACATCAACCGGUTGTCCGA
CTACGATGTGGACCATATCOTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACA
ACAAGGTOGCTGACCAGAAGCGACAAGAACCGHGGGCAAGAGCGACAACGTGUCOTO
CGAAGAGGTCOTGAAGAAGATGAAGAACTACTGGUGGCAGUCTOGCTGAACGUTAAG
CTCGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGUCCGAGAGAGGUGOGCCTGAG
COAACTGOATAAGGCCGGUTTCATCAAGAGACAGUTGGTGGAAACCCGGLAGATCA
CAAAGCACGTOGCACAGATCCTGGACTCCCGOATGAACACTAAGTACGACGAGAAT
GACAAGCTGATCCGOGAAGTGAAAGTGATCACCCTGAAGTCCAAGUCTGGTOTCCGA
TTTCCGGAAGGATTTCCAGTTTTACAAAGTGUGCGAGATCAACAACTACCACCALCG
CCCACGACGCCTACCTGAACGCCOGTCGTGGOAACCGCCCTGATCAAAAAGTACCCT
AAGCTGUAAAGCGAGTTCOTGTACGGCGACTACAAGGTGTACGACGTGUGGAAGAT
GATCOGCCAAGAGCGAGCAGOGAAATCGGCAAGOGCTACCGUCAAGTACTTCTTCTACA
GCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGE
AAGCGGUCTCTGATCGAGACAAACGGUCGAAACCGGGGAGATCGTGTOGGHATAAGG
GUCGOGOATTTTGUCACCOGTGCOGGAAAGTOCTGAGCATGUCCCAAGTGAATATCOTG
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AAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCEGCCCAAGAG
GAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGC
GGCTTCGHCAGCCCCACCGTGGCCTATTICTGTGCTGGTGGTGGCCAAAGTGGAAAAG
GGOAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGC TGGGGATCACCATCATGE
AAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAA
GAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGA
AAACGGCCGGAAGAGAATGCTGGCCTCTGOCeGCHCTGCAGAAGGGAAACGAACT
GGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCT
GAAGGGOTCCCCCGAGGATAATGAGCAGAAACAGCTGTITGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCT
GGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGC
CCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTIGGGA
GCCCCTogeGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGEaGTACeggAGCAC
CAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGA
CACGGATCGACCTGTCTCAGCTGGGAGGTGAC

SEQ ID: 38, SpCas®{I310A}-NG-loop: Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGOGCCTGGCCATCGGCACCAACTCTGTGGGOT
GGOCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGC
AACACCGACCGGCACAGCATCAAGAAGAACCTOATCOGAGUCCCTGUTOTTCGACAG
COGGUCGAAACAGCCGAGGUCACCCGGUTGAAGAGAACCGCCAGAAGAAGATACALC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGUCAA
GOTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCAL
GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACA
AGGCCGACCTOCGOCTGATCTATCTGGUCCTGGUCCACATGATCAAGTTCCGGGGE
CACTTCCTGATCGAGGGUGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTT
CATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCA
GCOGCOTGGACGCCAAGGCCATCCTOTCTGCCAGACTGAGCAAGAGCAGACGGCOTG
GAAAATCTGATCGCCCAGCTGCCCGGUCGAGAAGAAGAATGGUCTGTTCGGAAACCT
GATTGCCCTGAGCCTGGOCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCG
AGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCT
GCTGGCCCAGATCGGUGACCAGTACGCCGACCTOTTTICTGGUCGCCAAGAACCTGT
CCGACGCCATCCTGCTGAGCGACATCCTOAGAGTGAACACCGAGATCACCAAGGLC
CCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCT
GCTGAAAGCTCTCGTGUGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTICTICG
ACCAGAGCAAGAACGGCTACGUCGGUTA Cgiggaegecgacaagaagotgegeaagegeageictaaacty
geeacagagGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCAC
CGAGGAACTGUTCGTGAAGCTGAACAGAGAGGACCTGUTGCGOAAGCAGCGHACC
TTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCT
GCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGA
AGATCCTGACCTTCCGCATCCCCTACTACGTGGGUCCTCTGGCCAGGGGAAACAGT
AGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGA
GOAAGTGGTGOACAAGGGUGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACT
TCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAG
TACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAG
AAAGCCCGCCTTCCTGAGCGGUGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCA
AGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAAT
CGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGOTTCAACGCCTCCCT
GOGUACATACCACGATCTGUTGAAAATTATCAAGGACAAGGACTTICCTGGACAATG
AGGAAAACGAGGACATTCTGGAAGATATCOGTGCTGACCCTGACACTGTTTGAGGAC
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AGAGAGATGATCGAGGAACGGUTGAAAACCTATGCCCACCTGTTCGACGACAAAGT
GATGAAGCAGCTGAAGCGGUGGAGATACACCGOCTGOGGGCAGGCTGAGCCGGAAG
CTGATCAACGGUATCCOGUACAAGCAGTCCGGUAAGACAATCCTGGATTTCCTGAA
GTCCGACGGUTTCGCCAACAGAAACTTCATGUCAGCTGATCCACGACGACAGCCTGA
CCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCOGGCCAGGGCGATAGCCTGCAL
GAGCACATTGCCAATCTGHCCOGULAGUCCCGCCATTAAGAAGGGCATCCTGCAGAC
AGTOGAAGGTGOTGOGACGAGCTCOGTGAAAGTGATOGGGUCGGLCACAAGCCUCGAGAAC
ATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACA
GCCGCGAGAGAATGAAGUGGATCGAAGAGGGCATCAAAGAGCTGGGCAGUCAGAT
CCTGAAAGAACACCCCOGTGGAAAACACCCAGUTGCAGAACGAGAAGCTGTACCTGT
ACTACCTGCAGAATGGGCGGOGATATGTACOGTGGACCAGGAACTGGACATCAACCGG
CTGTCCOGACTACGATGTGGACCATATCGTOGCCTCAGAGCTTTCTGAAGGACGACTCO
ATCGACAACAAGGTGOGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACG
TGCCCTCCGAAGAGOTCGTGAAGAAGATGAAGAACTACTGGUGGCAGCTGUTGAAC
GCCAAGCTOGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGUCCGAGAGAGGCG
GCCTGAGCOAACTGOATAAGGCCGGCTTCATCAAGAGACAGCTGUTGGAAACCCGG
CAGATCACAAAGCACGTOGGUACAGATCCTGLGACTCCCGGATGAACACTAAGTACGA
CGAGAATOGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGG
TGTCCGATTTCCGGAAGGATTTCCAGTTTITACAAAGTGUCGCGAGATCAACAACTACC
ACCACGUCCCACGACGUCTACCTGAACGUUGTCGTOGHAACCGCCUCTGATCAAAAAG
TACCCTAAGUCTGGAAAGUGAGTTCGTGTACGGUCGACTACAAGGTGTACGACGTOCG
GAAGATGATCGCC&%G%GCGAGC%GGA%ATCGGCA&GGC”ACCGCCAAGTACTTC”
TCTACAGCAACATCATGAACTTTITCAAGACCGAGATTACCCTGGUCAACGHGCGAG
ATCLGGAAGCGGCLTLTGATCGAGALAAACGGLGAAACCGGGGAGATCGTGTGGG
ATAAGOGGCCOGUATTTTGCCACCGTGUGGAAAGTGCTGAGUCATGUCCCAAGTGAAT
ATCGTGAAAAAGACCGAGGTOGCAGACAGGUGGUTTCAGUAAAGAGTCTATCCgGCC
CAAGAGGAACAGCGATAAGUTGATCGUCCAGAAAGAAGGACTOGGLACCCTAAGAAG
TACGGCOGGUTTCOICAGCCCCACCOTGGCCTATTCTGTGCTGOTGOGTGGUCAAAGTG
GAAAAGGOGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGOGOATCACCA
TCATGGAAAGAAGCAGCTTCCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGC
TACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGA
GCTGOGAAAACGOCCGGAAGAGAATGUTGGUCTCTGCCeGUMCTGCAGAAGGGAAA
CGAACTGGCCCTGUCCTCCAAATATGTGAACTTCCTGTACCTOGGUCAGCCACTATGA
GAAGCTGAAGGOCTCCCCCGAGGATAATGAGUCAGAAACAGCTOTTTOTGGAACAGC
ACAAGCACTACCTGOACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTG
ATCCTGOCCGACGCTAATCTGGACAAAGTGCTGTCCOGCCTACAACAAGCACCGGGA
TAAGCCCATCAGAGAGCAGGUCGAGAATATCATCCACCTGTTTACCCTGACCAATC
TGGGAGCCCCTeggGUCCTTCAAGTACTTTGACACCACCATCGACCGGAAGeGTACegg
AGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTA
CGAGACACGGATCGACCTOTCTCAGCTGOGGAGGTGALC

SEQ H NG: 39, SpCasS{Id10A NG X-loop: Nucleotide sequence:

ATGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGET
GGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGC
AACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAG
CGGCGAAACAGCCGAGGCCACCCGOCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAA
GGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATA
AGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCAC
GAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACA
AGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGEC
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CACTTCCTOATCGAGGOCGACCTGAACCCCOACAACAGCGACGTGGACAAGCTGTT
CATCCAGCTGGTGCAGACCTACAACCAGOTGTTCGAGGAAAACCCCATCAACGCCA
GCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTG
GAAAATCTGATCGUCCAGCTGUCCGGUGAGAAGAAGAATGGUUTGTTCGGAAACCT
GATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTICGACCTGGLCG
AGGATACCAAACTGCAGCTGAGUAAGGACACCTACGACGACGACCTGGACAACCT
GCTGGUCCCAGATCOGGUCGACCAGTACGCCGACCTOTTTCTGGUCCGCCAAGAACCTOT
CCGACGCCATCCTGUCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCC
CCCCTGAGUGCCTCTATGATCAAGCTGTACGACGAGCACCACCAGGACCTGACCCT
GCTGAAAGCTCTCOTGCGGCAGCAGCTGUCTGAGAAGTACAAAGAGATTTTCTTCG
ACCAGAGCAAGAACGGCTACGCCGGUTA Cgtgeacgecgacaagaagetgegeaagegeagetctaaactg
gccacagagGAAGAGTTCTACAAGTTCATCAAGUCCATCCTGGAAAAGATGGACGGCALC
CGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACC
TTCGACAACGGCATCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCT
GCGGCGGCAGGAAGATTTTITACCCATICCTGAAGGACAACCGGGAAAAGATCGAGA
AGATCCTGACCTTCCGCATCCCCTACTACGTGOGGCCCTCTGGCCAGGGGAAACAGC
AGATTCGCCTGGATGACCAGAAAGAGUGAGGAAACCATCACCCCOTGGAAUTTCGA
GAAGGTGOTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAALCT
TCGATAAGAACCTGUCCAACGAGAAGGTGCTGCCCAAGCACAGUCTGCTGTACGAG
TACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAG
AAAGCCCGCCTTCCTGAGCGGCGACCAGAAAAAGGCCATCGTGGACCTGCTOGTTCA
AGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAAT
CGAGTGCTTCGACTCCGTGGAAATCTCCGGUOTGGAAGATCGGTTCAACGUCTCCCT
GGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATG
AGGAAAACGAGGACATTICTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGAC
AGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGT
GATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAG
CTGATCAACGGCATCCGOGACAAGCAGTCCGGCAAGACAATCCTGGATTTCUTGAA
GTCCGACGGCTTCGCCAACAGAAACTTCATCCAGCTGATCCACGACGACAGCUTGA
CCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGUGATAGCCTGCALC
GAGCACATTGUCAATCTGGUCGGCAGCCCCGUCATTAAGAAGGGCATCCTGCAGALC
AGTGAAGGTGGTGGACGAGUTCGTGAAAGTGATGGGUCCGGCACAAGUCCGAGAAL
ATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACA
GUCCGUGAGAGAATGAAGCGGATCGAAGAGGGUCATCAAAGAGUTGGGCAGCCAGAT
CCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGT
ACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGG
CTOCTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCC
ATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGGGGLCAAGAGCGACAACG
TGCCCTCCGAAGAGGTCOTGAAGAAGATGAAGAACTACTGGCGGUAGUTGCTGAAL
GCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGUCCGAGAGAGGEG
GCCTGAGUGAACTGGATAAGGCCGGCTTCATCAAGAGACAGUCTGGTGGAAACCCGG
CAGATCACAAAGCACGTGOCACAGATCCTGGACTCCCGGATGAACACTAAGTACGA
CGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGG
TGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGUCGAGATCAACAACTACC
ACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCOCTGATCAAAAAG
TACCCTAAGCTGGAAAGCGAGTTCGTGTACGGUCGACTACAAGGTGTACGACGTGCG
GAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCT
TCTACAGCAACATCATGAACTITTITCAAGACCGAGATTACCCTGGCCAACGGLGAG
ATCCGGAAGCGGCC TCTGATCGAGACAAACGGQGAAAC CGGGGAGATCGTETGGG
ATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGUTGAGCATGCCCCAAGTGAAT
ATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCgGCC
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CAAGAGUGAACAGUGATAAGCTGATCGUCAGAAAGAAGGACTGGGACCCTAAGAAG
TACGGCGGCTTCGICAGCCCCACCOGTOGUCCTATTICTGTIGCTGOGTOGTGGCCAAAGTO
CAAAAGOGUCAAGTCCAAGAAACTGAAGAGTOTGAAAGAGCTGCTGGGGATCACCA
TCATGGAAAGAAGCAGCTTCOAGAAGAATCCCATCGACTTTCTGOGAAGUCAAGGGC
TACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGA
GCTGGAAAACGGUCCGGAAGAGAATOCTGOCCTCTGUCeGUMCTGCAGAAGGGAAA
CGAACTGGCCCTGUCCTCCAAATATGTGAACTTCCTOGTACCTOGGUCAGCCACTATGA
GAAGCTGAAGGGCTCCCCCOAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGC
ACAAGCACTACCTGOGACGAGATCATCGAGCAGATCAGUCGAGTTCTCCAAGAGAGTG
ATCCTGOGCCGACGCTAATCTOGGACAAAGTGUTGTCCOGCCTACAACAAGUCACCGGEA
TAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTOTTTACCCTGACCAATC
TGGOAGUCCCTeggGUUTTCAAGTACTTTGACACCACCATCGACCGGAAGgGTACcgg
AGCACCAAAGAGGTGCTOGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTA
CGAGACACGGATCGACCTGTCTCAGCTGGGAGGTGAC

SEQ ID NQ: 40, ScCas¥D10A): Nucleotide sequence:

ATGGAGAAGAAGTACAGCATCGGUCTGGUCATCGGCACCAACAGCGTGGGT
TGGGCCOGTGATCACCCGACGACTACAAGGTGCCCAGCAAGAAGTTCAAGGTGCTGEG
CAACACCAACCGUAAGAGCATCAAGAAGAACCTGATGOGUGCCOTGCTGTTCGACA
GCGGCGAGACCGCCGAGGUCACCCGUUTGAAGCGCACCGLCCOUCGUCGUTACALCC
COCCGCAAGAACCGCATCCGCTACCTGCAGGAGATATTICGCCAACGAGATGGCCAA
GCTGGACGACAGCTTCTTCCAGCGCCTGGAGGAGAGCTTCCTGGTGGAGGAGGACA
AGAAGAACGAGCGCCACCCCATCTTCGGCAACCTGGCCGACGAGGTOGUCTACCAL
CGCAACTACCCCACCATCTACCACCTGCGCAAGAAGCTGGCCGACAGCCCCGAGAA
GGCCGACCTGCGCCTGATCTACCTGGCCCTGGCCCACATCATCAAGTTCCGCGGCCA
CTTCCTGATCGAGGGCAAGCTGAACGCCGAGAACAGCGACGTGGUCAAGCTGTTCT
ACCAGCTGATCCAGACCTACAACCAGCTGTTCGAGGAGAGCCCCCTGGACGAGATC
GAGOGTGGACGCCAAGGGCATCCTOAGCGCCCGCCTGAGUAAGAGCAAGCGLCTGE
AGAAGCTGATCGCCOGTOGTTCCCCAACGAGAAGAAGAACGGCCTGTTCGGCAACATC
ATCGCCCTGGCCCTGGGUCTGACCCCCAACTTCAAGAGCAACTTCGACCTGACCGA
GGACGUCCAAGCTGCAGCTGAGCAAGOACACCTACGACGACGACCTGGACGAGCTG
CTGGGCCAGATCGGCGACCAGTACGUCGACCTGTTCAGCGCCGLCAAGAACCTGAG
CGACGCCATCCTGCTGAGCGACATCCTGCGCAGCAACAGCGAGGTGACCAAGGCCC
CCCTGAGCGUCAGCATGGTGAAGCGCTACGACGAGCACCACCAGGACCTGGLCCTG
CTGAAGACCCTGGTGCGCCAGCAGTTCCCCGAGAAGTACGCCGAGATATTCAAGGA
COGACACCAAGAACGGCTACGUCCGGCTACGTGOGCATCGGCATCAAGCACCGCAAGT
GCACCACCAAGCTGGUCACCCAGGAGGAGTTCTACAAGTTCATCAAGCCCATCCTG
GAGAAGATGGACGGCGCCGAGGAGCTGCTGGCCAAGCTGAACCGCGACGACCTGL
TGCGCAAGCAGCGCACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGAAG
GAGCTGCACGCCATCCTGCGCCGCCAGGAGGAGTTCTACCCCTTCCTGAAGGAGAA
CCGCGAGAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCCC
TGGCLCGUGGUAACAGCCGCTTCGCCTGGUTGACCCGUAAGAGCGAGGAGGCCATC
ACCCCCTGGAACTTCGAGGAGGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCAT
CGAGCGCATGACCAACTTCGACGAGCAGCTGCCCAACAAGAAGGTGCTGCCCAAGC
ACAGCCTGCTGTACGAGTACTTCACCOGTGTACAACGAGCTGACCAAGGTGAAGTALC
GTGACCGAGCGCATGCGCAAGCCCGAGTTCCTGAGCGGCGAGCAGAAGAAGGCCA
TCOGTGGACCTGCTGTTCAAGACCAACCGCAAGGTGACCGTGAAGCAGUTGAAGGAG
GACTACTTCAAGAAGATCGAGTGCTTCGACAGCOGTGGAGATCATCGGCGTGGAGGA
CCGUTTCAACGCCAGCCTGGGCACCTACCACGACCTGCTGAAGATCATCAAGGACA
AGGACTTCCTGGACAACGAGGAGAACGAGOACATCCTGGAGGACATCGTGCTGACC
CTGACCCTGTTCGAGGACCGCGAGATGATCGAGGAGCGUCTGAAGACCTACGCCCA
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CCTGTTCGACGACAAGGTOATOGAAGCAGUTOGAAGCGUCGCCACTACACCGGUTGGH
GUCGCCTGAGCCGCAAGATOATCAACGGCATCCGUCGACAAGCAGAGCGGCAAGALC
CATCCTGUGACTTCCTGAAGAGUGACGOGUTTCAGCAACCGCAACTTCATGCAGCTGA
TCCACGACGACAGUCTGACCTTCAAGGAGGAGATCGAGAAGGUCCAGGTGAGCGH
CCAGGGCOACAGCCTGCACGAGCAGATCOUCGACCTOGGUCCGGCAGCCCCGCCATCA
AGAAGOGGCATCCTGCAGACCGTGAAGATCOTGOGACGAGCTGHOTGAAGGTGATGGG
CCACAAGUCCGAGAACATCGTOGATCOAGATGGUCCGUGAGAACCAGACCACCACC
AAGGGCCTGCAGCAGAGCCGUGAGCGCAAGAAGCGCATCGAGGAGGGCATCAAGG
AGUTGGAGAGUCAGATCCTGAAGGAGAACCCCOTGHAGAACACCCAGUTGCAGAA
COAGAAGCTOGTACCTOTACTACCTGCAGAACGGCCGUGACATGTACGTGGACCAGG
AGCTGOGACATCAACCGCCTGAGUGACTACGACGTGGACCACATCGTGCCCCAGAGT
TTCATCAAGGACGACAGCATCGACAACAAGGTGUTGACCCGUAGUGTGGAGAACCE
CGGCAAGAGCGACAACGTGUCCAGCGAGGAGOGTGLTCGAAGAAGATGAAGAACTAC
TGGCGCCAGCTGCTGAACGCCAAGCTGATCACCCAGCGUAAGTTCGACAACCTGALC
CAAGGCCCGAGUGCGOUGGUCTOAGCGAGGUUGACAAGGCCGOUTTCATCAAGCGC
CAGCTGGTGOAGACCCGCCAGATCACCAAGCACGTGOCCCGCATCCTGGACAGCCG
CATGAACACCAAGUGCGACAAGAACGACAAGCCCATCCGUGAGOGTGAAGGTGATC
ACCCTGAAGAGCAAGUTGGTGAGCGACTTCCGUAAGGAUTTCCAGCTGTACAAGGT
GCGUGACATCAACAACTACCACCACGUCCACGACGUCTACCTGAACGUCGTGOTGE
GCACCGCCCTGATCAAGAAGTACCCCAAGUTGGAGAGUGAGTTCGTGTACGGUGAC
TACAAGGTOTACGACGTGCGUAAGATGATCOGCCAAGAGCGAGUAGGAGATCGGCA
AGGCCACCGCCAAGCGCTTCTTCTACAGCAACATCATGAACTTCTTCAAGACCGAG
GTGAAGUTGGUCAACGGCGAGATCCGUCAAGUCGCCCCCTOGATCGAGACCAACGGUG
AGACCOGGCGAGGTOGTOTGGAACAAGGAGAAGGACTTCGCCACCGTOUGLAAGOGT
GCTGOGCCATGCCCCAGGTGAACATCGTGAAGAAGACCGAGUTGUCAGACCGGLGGET
TCAGCAAGGAGAGCATCCTGAGCAAGUGCGAGAGCGUCAAGUTGATCCCCCGUAA
GAAGGGCTGOGACACCCGCAAGTACGOUGGUTTICGGCAGCCCCACCGTGGCCTACA
GUATCCTGOTGOTGGCCAAGGTGOAGAAGGGUAAGGUCAAGAAGUTGAAGAGCGT
GAAGGTGCTGOGTOGUGOCATCACCATCATGGAGAAGGGCAGCTACGAGAAGGACCCO
ATCGGCTTCCTGOAGGUCCAAGGGCTACAAGGACATCAAGAAGGAGCTGATCTTCAA
GCTGUCCCAAGTACAGCCTGTTCOGAGCTGHAGAACGGUCGCCGLCGLATGCTGGLCA
GCGUCACCOAGUTGCAGAAGGCCAACGAGCTOGOTGUTGCCCCAGCACCTOGOLTGOGT
CTGCTGTACTACACCCAGAACATCAGUGCCACCACCGGCAGCAACAACCTGGGUTA
CATCOAGCAGUACCGCGAGOGAGTTCAAGOGAGATATTCGAGAAGATCATCGACTTCA
GCGAGAAGTACATCCTGAAGAACAAGGTGAACAGCAACCTGAAGAGCAGCTTCGA
COAGCAGTTCGUCGTGAGCGACAGCATCCTGUTGAGCAACAGCTTCGTGAGCCTGL
TGAAGTACACCAGUTTCOGGCOCCAGUGGLCGOGCTTCACCTTCCTGGACCTGGACGTG
AAGCAGGGCCGLCTGCGCTACCAGACCGTGACCGAGGTGCTGGACGCCACCCTGAT
CTACCAGAGCATCACCGGUUTOGTACGAGACCCGUACCGACCTGAGCCAGUTGGHCG
GCGAC

SECQ D NG 41, TadA-TadA™: Nucleotide sequence:

TCTGAAGTCGAGTTTAGCCACGAGTATTGGATGAGGCACGCACTGACCCTGG
CAAAGCGAGCATGGGATGAAAGAGAAGTCCCCGTGGGUGLCGTGCTGGTGCACAA
CAATAGAGTGATCGGAGAGGGATGGAACAGGCCAATCGGCCGCCACGACCLCTALCC
GCACACGCAGAGATCATGGCACTGAGGCAGGGAGGCCTGGTCATGCAGAATTACCG
CCTGATCGATGCCACCCTGTATGTGACACTGGAGCCATGCGTGATGTGCGCAGGAG
CAATGATCCACAGCAGGATCGGAAGAGTGOTOTTCGGAGCACGGGACGLCAAGALC
CGGCGCAGCAGGCTCCCTGATGGATGTGCTGCACCACCCCGGCATGAACCACCGGG
TGGAGATCACAGAGGGAATCCTGOCAGACGAGTGUCGCCGCCCTGCTGAGUGATTTIC
TTTAGAATGCGGAGACAGGAGATCAAGGCCCAGAAGAAGGCACAGAGCTCCACCG

124



10

15

20

30

VW)
(¥

40

WO 2021/163492 PCT/US2021/017868
ACTCTGGAGOGATCTAGCOGGAGOATCCTCTOGAAGCGAGACACCAGGUACAAGCGA
GTCCGCCACACCAGAGAGCTCCGGCGOCTCCTCCGGAGGATCCTCTGAGGTGGAGT
TTTCCCACGAGTACTGOGATGAGACATGCCCTGACCCTGGCCAAGAGGGCACGCGAT
GAGAGGOAGGTGCCTGTGGHGAGCCGTOGCTGOTGUTGAACAATAGAGTGATUGGEG
AGGGCTGGAACAGAGCCATCGGCCTGCACGACCCAACAGCCCATGUCGAAATTATG
GCCCTGAGACAGGUCGGCCTGGTCATGCAGAACTACAGACTGATTGACGCCACCCT
GTACGTGACATTCGAGCCTTGCGTGATGTGUGUCCGGCGUCATGATCCACTCTAGGAT
COGGCCGCGTGOTGTTTGOUGTOGAGGAACGCAAAAACCGGCGCCGCAGGCTCCCTGA
TGGACGTGCTGCACTACCCCGGUATGAATCACCGUGTCGAAATTACCGAGGGAATC
CTGGCAGATCGAATGTOCCGCCCTGOTOTOGUTATTTCTTICGOATGCCTAGACAGGTG
TTCAATGUCTCAGAAGAAGGCCCAGAGUTCCACCGAL

SEQ ID: 42, TadA*AS6G V82G): Nucleotide sequence:

TCTGAGGTGGAGTTTTCCCACGAGTACTGGATGAGACATGCCCTGACCCTIGG
CCAAGAGGGCACGCGATGAGAGGGAGGTGCCTGTGGGAGCCGTGCTGGTGCTGAA
CAATAGAGTGATCGGCGAGGGCTGGAACAGAGCCATCGGCCTGCACGACCCAACA
GgUCATGCCGAAATTATGOCCCTGAGECAGGGCOGUUTGGTCATGLAGAACTACAG
ACTGATTGACGCCACCCTGTACGgGACATTCGAGCCTTGCGTGATGTGCGLCGGCGC
CATGATCCACTCTAGGATCGGCCGCGTGOTGTTTGGCGTGAGGAACGCAAAAACCG
GCGUCGLCAGOGCTCCCTGATGGACGTGCTGCACTACCCCGGCATGAATCACCGUGTC
GAAATTACCGAGGGAATCCTGGCAGATGAATGTGCCGCCCTGCTGTGCTATTTICTTT
CGGATGCCTAGACAGGTGTTCAATGCTCAGAAGAAGGCCCAGAGCTCCACCGAC

SEQ ID NO: 43, Gp41-1-N: Nucleotide sequence:

TGTTTGGATCTGAAAACGCAAGTTCAAACGCCACAGGGTATGAAAGAAATAT
CCAATATACAGOTCGOCGATCTCOTCTITOTCTAACACTGGCTATAACGAGGTGCTGA
ATGTATTTCCAAAAAGCAAGAAAAAAAGTTACAAGATAACTCTGGAAGATGGAAA
AGAAATTATCTOTTCTOAGGAGCATCTGTTTCCGACCCAAACAGGGUAGATGAATA
TCAGTGGUGGTCTCAAAGAGGOGTATGTGTTTGTATGTCAAGGaataa

SEQ HY NG: 44, Gp41-1-C: Nucleotide sequence:

ATGATGCTCAAGAAGATCCTCAAGATTGAAGAGTTGGACGAGCGCGAGCTT
ATAGACATAGAAGTCAGTGGTAATCACCTTTITCTACGCAAATGACATTTTGACTCAC
AACTCC

SEQ D NG: 45, Cfa-N: Nucleotide sequence:

TGTCTCAGTTATGACACCGAAATCCTGACAGTCGAGTATGCAITICTGCCGATC
GGCAAGATTGTGGAGAGAGAATTGAATGTACGGTCTATAcgGTCGACAAGAATGGTE
tCe TCTACACCCAACCAATTGCTCAATGGCATAATCGAGGGGAGCAGGAGGTGTTTGA
GTATTGCCTGGAGGACGGOGTCAaTCATTAGAGCTACAAAGGACCATAAGTTTATGAC
AacCOGATGGTCAAATGCTGCCGATAGATGAAATATTCGAAAGGGACTGGATCTT Aa
GCaAGTCGATggCCTTCCAaac

SEQ ID NQO: 40, Cfa-C, Nucleotide sequence:
ATGeTcAAgATTatCAgcCGUAAATCCTTGGGGACACAGAATGTATATGACATCG
GCGTGGAAaGGATCACAATTTTotgCTGAAGAATGGTeTTeTTG C TiccAAL

SEQ NG 47, TadA,

SEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDP
TAHAEIMALRQGGLYMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNAKT
GAAGISLMDVEHYPGMNHRVEITEGILADECAALLCYFFRMPROQVENAQKKAQSSTD
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SEQ ID NO: 48
TGAGTATCATCGTGTGAAAGC TeAGGGGACGAGGCAGGUCTATAA
SEQ D NO: 49
AAAAACATCAACTTCAGCCATCCATTTCTTCAGGGTTTGTATGTG
SEQ ID NO: 50
TATATCATAATGAAAACGCCGCATTTCTCAACAGATCTGTCAAA
SEQ D NO: 51
CTGTGTGAAATGGCTGCAAATCEATGGTTGAGCTCTGAGATTTGG
10 SEQ ID NO: 52
GTTCTGCTTTTGCTACTACTC AcGTTTCCATGTTGTCCCCCTCTA
SEQ D NO: 53
ATTTTATGGCCTTTTGCAACTCEACCAGAAAAAAAGCAGCTTTGG
SEQ D NO: 54
15 TGAGGAGATCGCCCACGGGCTGeCAGGATCCCTTGATCACCTCAG
SEQ D NO: 55
GGCTGCTCTGTCAGAAATATTCETACAGTCTCAAGAGTACTCATG
SEQ ID NO: 56
GTGTAGGCATAGCTCTTGAATCgAGGCTTAGGGGAAGAAGTTCTC
20 SEQ ID NO: 57
COTOTTCTTCAGTAAGACGTTGeCATTTGAGAAGGATGTCTTGTA
SEQ ID NO: 58
GCCATTTTAGGCTTTTTACTTACTTGTC TGTAGCTCTTTCTCTCT
SEQ ID NO: 59
25 CTAGTTTCTCACACATGACACACCTGTTCTTCAGTAAGACGTTGC
SEQ D NO: 60
GTGAAGTTGATTACATTAACCTeTGGATAATTACGAGTTGATTGT
SEQ ID NO: 61
ttttetat ATCTGAGTTAAACTgCTCCAATTCCTTCAAAGGAATG
30 SEQ D NO: 62
TCTGCAATATAAGCTGCCAACTECTTGTCAATGAATGTGAGGGAC
SEQ ID NO: 63
GGACTGGGGTTCCAGTCTCATCAGTCTAGGAAGAGGGCCGCTTC
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SEQ I3 NG 64
AGTCGTTGTGTGGCTGACTGCTeGCAAACCACACTATICCAGTCA
SEQ D NG 65
ATTTGigtctttctgagaaactgttcaGCTTCTGTTAGCCACTGA
SEQ ID NG: 66
AAGAACCCAGCGOGTCTTCTGTCcATCTACAGATGTTTIGCCCATCG
SEQ D NG 67
AGACTTTTTCCGAAGTTCACTCcACTTGAAGTTCATGTTATCCAA
SEQ ID NO: 68
10 TACCTGTTGGCACATOTGATCCcACTGAGTGTTAAGTTCTTTGAG
SEQ ID NO: 69
CAAAGOGGUCTTCTGCAGTCTTCgGAGTTTCATGGUAGTCUTATAA
SEQ ID NG: 70
ATGGTTAATGCTCTAACCTTTATCCACTGGAGATTTGTCTGCTTGA

15 SEQ ID NG: 71
CAAAATAATCTGACCTTAAGTTETTCTTCCAAAGCAGCAGTTGCG
SEQ D NG: 72
CATCTACAGATGTTTGCCCATCgATCTCCCAATACCTGGAGAAGA
SEQ IDNG: 73

20 AAGGTGTTCTTGTACTTCATCCcACTGATTICTGAATTCTTTC CAac
SEQ D NG 74
GAAGGTGTTCTTGTACTTCATCcCACTGATTICTGAATTICTTTC Al
SEQ D NG 75
GCTATGCTTTGAATTTTTAATCeTTCAATTTGAGGTTGAAGATCT

25 SEQII NG 76
TCTAGGAGGCGCCTCCCATCCTgTAGGTCACTGAAGAGGTTCTCA
SEQ ID NG: 77
GTGTAATTACCATTCACCATCTTTCCACCAGGGCCTGAGCTGAT
SEQ IDNQ: 78

30 TGAGUATGUTTTACCAGGATCTgTTCCCTTGTGGTCACCGTAGTY
SEQ D NG: 79
CTACTGTATAGGGACCCTCCTTeCATGACTCAAGCTTGGCTCTGG
SEQ ID NO: 80
CAGCTTCTTCCTTAGCTTCCAGCCATTGTGTTGAATCCTTTAACA
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SEQ 1D NG 81
AGCTGCCCAAGGTCTTTTATTTgAGCTTICAATTTCTCCTTGTTTC
SEQ D NGO 82
TGCCAGTAACAACTCACAATTTRTGCAAAGTTGAGTCTTCGAAAC
SEQ ID NG: 83
AGAGTAACAGTCTGAGTAGGAGetaraatatttigggtitttgca
SEQ D NG 34
CTTCAGCAAAAAAAGTACTCACeCAGAATCTACTGGCCAGAAGTT
SEQ D NO: 85
10 ACATCTACATTTGTCTGCCACTeGUGGAGGTCTTTGGLCAACTGO
SEQ ID NO: 86
CTGAGATAGTATAGGCCACTTTgTTGCTCTTGCAGAGAACTTTOT
SEQ ID NG: 87
TAGCTGTCCTTTACACACTTTACCTGTTGAGAATAGTGCATTTGA

15 SEQ ID NQO: 88
GCCTGGGCTTCCTGAGGCATTTgAGCTGCGTCCACCTTGTCTGCA
SEQ D NG: 89
TGCACTGGCAGGTAGCCCATTCgGGGATGCTTCGCAAAATACCTT
SEQ ID NO: 90

20 TTATAGTTCCACATTCAATTACCTCTGGGCTCCTGGTAGAGTTTC
SEQ D NG 91
COTCAGGCTGGCGTCAAACTTACCGGAGTGCAATATTCCACCATG
SEQ B NG: 92
tcaTCCAAAAGTGTGTCAGCCTgAATGATCCACTTITGTGATGTGG
2S SEQ D NG: 93
TGTAGCCACACCAGAAGTTCCTeCAGAGAAAGGTGCAGACGCTTC
SEQ ID NG: 94
TOTAAGGATTTTTCAGTCTCCTeGGCAGACTGGATGCTCTGTTCA
SEQ D NQ: 95

30 AGAATGOGATCCAGTATACTTACAGGUTCCAATAGTGGTCAGTCC
SEQ ID NG: 96
TTCAGAGGCGCAATTTCTCCTCgAAGTGUCTGTGTGCAATAGTCA
SEQ ID NO: 97
GTTTCTTCCAAAGCAGCCTCTCgCTCACTCACCCTGCAAAGGACC
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SEQ ID NO: 98
CTGAACTTCTCAGCTTTTTCTCeCTCTATGGCCTGCAGCATGAGA
SEQ [D NO: 99
AGATTTAACCACTCTTCTGCTC eGGAGGTGACAGCTATCCAGTTA
SEQ D NO: 100
tettitatetttatttectotCgCTTTCTCTCATCTGTGATTCTT
SEQ ID NO: 101
CCAGCTGGGAGGAGAGCTTCTTCCAGCGTCCCTCAATTTCTTCAA
SEQ ID NO: 102

10 ACACAGCTTCTGAGCGAGTAATCCAGCTGTGAAGTTCAGTTATAT

SEQ ID NO: 103
AAGTAAACGGTTTACCGCCTTCCACTCAGAGCTCAGATCTTCTAA
SEQ ID NO: 104

L

aaatagaaaaattagatgacttgecaaaggteacaaaGOTAACTG

15 SEQ ID NO: 105
TTGACTTTCTCGAGGTGATCTTeGAGAGAGTCAATGAGGAGATCG
SEQ D NG 106
TCTAAAATCATCTTACTTTCTTgTAGACGCTGCTCAAAATTGGOT
SEQ ID NO: 107

20 GAATTGACCCTGACTTGTTCTIgTTCTAGATCTTICTTGAAGCACe
SEQ H» NO: 108
TGGATGGCTTCAATGCTCACTTETTGAGGCAAAACTTGGAAGAGT
SEQ ID NO: 109
AACAGTCCTCTACTTCTICCCACCAAAGCATTTTGAAAAGTGTAT

25 SEQ D NG: 110 AGGCCTCCTTTCTGGCATAGA  Ccticcacaaaacaaacaaacasa
SEQ D NG: 11
TITGGTTTCTGACTGCTGGACCCATGTCCTGATGGCACTCATGGT
SEQ IDNG: 112
ATCTTACTTTCTITGTAGACGCTgCTCAAAATTGGCTGGTTTCTGG

30 SEQ H» NG 113
AGATTTTTCACTTATCTTCATACCTCTICATGTAGTTCCCTCCAA
SEQID NG 114
CTGTTCAGTTGTTCTGAGGUCTTETTTGATGCTATCTGCATTAACA
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SEQ ID NO: 115
CAGCATTAATATACACGACTTACATCTGTACTTGTCTTCCAAATG
SEQ D NO: 116
TCATGACTTGTCAAATCAGATTeGATTTTCTGTTGGGAGGATAGC
SEQ ID NO: 117
ATCTGCTCCAATTGTTGTAGCTEATTATAGAAAGCGATGATGTTG
SEQ ID NO: 118
CAAATTTGCTCTCAATTTCCCGeCAGCGCTIGCTGAGCTGGATCT
SEQ ID NO: 119
10 CATTCAAAGCCAGGCCATCAGACCAGCTGGTGGTGAAGTTGATTA
SEQ ID NO: 120
ttcate TCTTCAACTGCTTTC Te TAATTCATCTGGAGTTTTATAT
SEQ ID NO: 121
ATTGAAAGCTAGAAAGTACATACGGCCAGTTTTITGAAGACTTGAT

15 SEQ ID NO: 122
TTCAAATACTGGCCAATACTTACAGCAAAGGGCCTTCTGCAGTCT
SEQ ID NO: 123
GTTGTCTGTGTTAGTGATGGCTgAGTGGTGGTGACAGCCTGTGAA
SEQ ID NO: 124

20 TCATCAGCCTGCCTCTTGTACTEATACCACTGATGAGAAATTTICT
SEQ D NO: 125
TACTGTATAGGGACCCTCCTTCeATGACTCAAGCTTGGCTCTGGC
SEQ ID NO: 126
ATGTTGAATGCATGTTCCAGTCeTTGTGTGGCTGACTGCTGGCAA

25 SEQ ID NO: 127
TGCCATTTGAGAAGGATGTCTTgTAAAAGAACCCAGCGGTCTTCT
SEQ ID NO: 128
GAGACTTTTTCCGAAGTTCACTCCACTTGAAGTTCATGTTATCCA
SEQ ID NO: 129

30 TAGCAACTGGCAGAATTCGATeCACCGGCTGTTCAGTTGTTCTG
SEQ ID NO: 130

TTGCCACATCTACATTTGTCTGeCACTGGCGGAGGTCTTTGGCCA

SEQ ID NO: 131
TCCCATTCAGCCTAGTGCAGAGeCACTGGTAGTTGGTGGTTAGAG
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SEQ ID NO: 132
GACTTACTGGAAAGAAAGTGCTgAGATGCTGGACCAAAGTCCCTG
SEQ D NO: 133
TTTAATCGTTCAATTTGAGGTT2AAGATCTGATAGCCGGTTGACT
SEQ ID NO: 134
AAAGAGATTGTCTATACCTGTTeGCACATGTGATCCCACTGAGTG
SEQ D NO: 135
AAGTTTTTGGACTAAATTATCCCAACACCGGGCAAAGTTATCCAG
SEQ ID NO: 136
10 AGCTCAGCATCCCGGGGACTCTeGGGAGAGGTGGGCATCATTTCA
SEQ ID NO: 137
TTGTCCCCCTCTAAGACAGTC TeCACTGGCAGGTAGCCCATTCGEG
SEQ ID NO: 138
TTCGCAAAATACCTTTTGGTTCEAAATTTGTTTTTTAGTACCTTG

15 SEQ ID NO: 139
TGCAACTCGACCAGAAAAAAAGCAGCTTTGGCAGATGTCATAATT
SEQ D NO: 140
TTGCAGATGTTACATTTGGCCTGATGCTTGGCAGTTTCTGCAGCA
SEQ ID NO: 141

20 AAATAAAAACATGCCATACGTACGTATCATAAACATTCAGCAGCC
SEQ D NO: 142
TACTTACAGCAAAGGGCCTTCTeCAGTCTTCGGAGTTTCATGGCA
SEQ ID NO: 143
TTGACCTCCTCAGCCTGCTTTCRTAGAAGCCGAGTGACATICTGG

25 SEQ ID NO: 144
ATTCAATTACCTCTGGGCTCCTeGTAGAGTTTCTCTAGTCCTTICC
SEQ ID NO: 145
AATGCCTGACTTACTTGCCATTETTTICATCAGCTCTTTTACTCCC
SEQ ID NO: 146

30 TGTACTTCATCCCACTGATTC TeAATTCTTTC Aactagaataaaa
SEQ ID NO: 147
TGCTTCATTACCTTCACTGGCTEAGTGGCTGGTITTTCCTTGTAC
SEQ ID NO: 148
TTTAATTGTTTGAGAATTCCCTeGCGCAGGGGCAACTCTTCCACT
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SEQ D NG 149
atatgtettaCCTACCCTTGTCgGTCCTTG Tacattttgtiaact
SEQ H» NG 150
TCAAGCTGGGAGAGAGCTTCCTeTAGCTTCACCCTTTCCACAGGC
SEQ ID NG: 151
ATGTCAATCCGACCTGAGUTTTgTTGTAGACTATCTTTTATAT T
SEQ D NG 152
GTTGTAGACTATCTTTTATA T Tctgtaatataaaaatttiaaaac
SEQ ID NG 153
10 TCCCGUCAGCGUTTGCTGAGUTgGATCTGAGTTGGUTCCACTGLC
SEQ ID NQ: 154 TTATGTTTTGTCTGTAACAG  Tectgtittatcttatticctet
SEQ HNG: 155
TGTTTTGTCTGTAACAGC TgetgtittatetttatticctetCGC
SEQ ID NG 136
15 TTTCTCTCATCTGTGATTCTTTgTTGTAAGTTGTCTCCTCTITTIGC
SEQID NG 157
aCCTTAAGCACGTCTTCTTT T TgCrggggtttctitticictgat
SEQ ID NG: 158
TTAAGCACGTCTTCTTTTT G tggggttictittictctgattca
20 SEQ IDNQO: 159
ATACTCTTCAGGTGCACCTTCTGTTTICTCAATCTICTTTTITGAGTA
SEQ ID NG: 160
AGUTGTGACTGTACTACTTCCTgTTCCACACTCTTTGTTTICCAAT
SEQ IDNQG: 161
2S TTGGCTGGTTTCTGGAATAATCeAAACTTCATGGAGACATCTTGT
SEQ 2 NO: 162
TGCATCTCTGATAGATCTTTCTgGAGGUTTACAGTTTICTCCAAA
SEQ ID NG: 163
ACAGTGAAAGAGATTGTCTATACCTGTTGGCACATGTGATCCCAC
30 SEQ HX NG 164
AAGGCATCATATAAAAATCTITACTCTGCACTGTTTICAGCTGCTTT
SEQ D NG 165
CTTACTCTGCACTGTTTICAGCTgCTTITTTAGAATTTICTGAATCC
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SEQ ID NO: 166
TCTTGAATTACCTGAATTTTTCgGAGTTTATTICATTTGCTCCTICT
SEQ H» NG 167
TGTTGCTCTTGCAGAGAACTT TgT AA Agectaaaaaacaatttit
SEHQ I NO: 168
ATTGOTGGCAAAGTGTCAAAAAcT Ttatcaaaagggaaaaaagaa
SEQ NGO 169
TAGGCTTTTTACTTACTTGTCTgTAGCTCTTTCTCTICTGGCCTGC
SEQ ID NG 176

10 GCCTGCACATCAGAAAAGACTTeCTTAAAATCGATTTGTAAAGGCC

SEQ ID NO: 171
ATGGAAGGAGAAGAGATTCTTACCTTACAAATTITTTAACTGACTT
SEQ D NG 172
GGTOGOTGGOGTTCGATTTTCAACCAGTTTITCAGCAGTAGTTGTCAT
15 SEQ ID NG 173
TCGATCCACCGOGCTGTTCAGTTETTCTGAGGCTTGTTTGATGCTA
SEQ D NG 174
TCGAGCTGATCTGCTGGCATCTTgCAGTTTTCTGAACTTICTCAGCT
SEQ ID NO: 175
20 ATAAAAGCTTAAGATGCTCTCACCTTTTCCTAATTTCAGAATCCA
SEQ H» NG 176
ATTTCAGAATCCACAGTAATCTgCCTCTTC T Titggegagategt
SEQ ID NO: 177
TCGATAATTGGTATCACTAACCTgTGCTGTACTCTTITTCAAGTTIT
25 SEQ NG 178
TCCAGCCATGCTTCCGTCTTCTgGGTCACTGACTTATTCTTICAGT
SEQ ID NG 179
GAAGGATGTCTTGTAAAAGAACCCAGCGGTCTTCTGTCCATCTAL
SEQ ID NO: 180
30 TCGTTCTTGTTCTAGATCTTCTTgAAGC AC ctgaangataaaatgt
SEQ ID NG: 181
CCTACCTTATGTTGTTIGTACTTgGCOGTTTTAGGTCTTCAAGATCA
SEQ ID NQO: 182
tetitctictgtittigitagCc AGTCATTCAACTCTTTCAGTTT
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SEQ D NG 183
attaaaaacaaataageac T TACTTGCTITGTTTTTCCATGUTAG
SEQ H» NG 184
caaataaggac T TACTTGCTTTgTTTTTCCATGCTAGCTACCCTG
SEQ ID NG: 185
TTTAGGAGATTCATCTGC T C Tigtacticagtticticatettct
SEQID NGO 186
ACATCATTAGAAATCTCTCCTTgTGCTTGCAATGTGTICCTCAGCA
SEQ ID NO: 187

10 TOGTAGTCCAGAAATTTACCAACCTTICAGGATCGAGTAGTTTCTC

SEQ D NQO: 188
tatttticatiacatitttgalc TAC AT Giggaaataaatittca
SEQ ID NO: 189
CCATTCATCAGGATTCTTACCTeCCAGTGGAGGATTATATTCCAA
15 SEQ ID NG: 190
tticttaaaaataagtcaCATACCAGTTTTITGCCCTGTCAGOGCCT
SEQ D NO: 191
aataagtcaC ATACCAGTTTTTgCCCTGTCAGGCCTTCGAGGAGE
SEQ ID NG 192
20 GTAAAGTAACAAACCATTCTTACCTTAGAAAATTGTGCATTTACC
SEQ H» NG 193
TTITACTAAGCAAAATAATCTGACCTTAAGTTGTTCTTCCAAAGCA
SEQ ID NG 194
ACGGATCCTCCCTGTTCGTCCCCTATTATGAAGAATCAAAGCAGA
2S SEQ D NG 195
TTCTCAACAGATCTGTCAAATCeCCTGCAGGTAAAAGCATATGGA
SEQ ID NG 196
CTGTCAAATCCATCATGTACCCCTGACAAAGAAGGAAGTTAACAA
SEQ ID NQO: 197 TCTCAATATG tgottcecaaactgaaatiaaaaaaaatacacto
30 SEQ H» NG 198
CTTAATTCATCATCTTTCAGCTeTAGCCACACCAGAAGTTCCTGC
SEQ ID NG 199
GTCAAGACATTCATTTCCTTTCgCATCTTACGGGACAATTTCAAG
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SEQ ID NO:; 200
TCGTGTCCTCAGCAGAAAGAAGCCACGATAATACTTCTTCTAAAGC
SEQ D NG: 201
TAGAAAGCGATGATGTTGTTCTgATACTCCAGCCAGTTAAGTCTC
SEQ D NO: 202
CTCTCTAAGGAAATCAAGATCTgGGCAGGACTACGAGGCTGGCTC
SEQ NG 203
TCAAAAGTTTCCATGTIGTTTICTgGTATTCCTTAATTGTACAGAGA
SEQ D NO: 204
10 ACTGTTTCCATTACAGTTGTICTeTGTTAGTGATGGCTGAGTGGTG
SEQ ID NQ: 205
TTTAGTACCTTGGCAAAGTCTCGAACATCTTCTCCTGATGTAGTC
SEQ D NO: 206
ATTTGTGCAAAGTTGAGTCTTCgAAACTGAGCAAATTTGCTCTCA

15 SEQ ID NO: 207
TGGGGACGCCTCTGTTCCAAATCCTGCATTGTTGCCTGTAAGAAC
SEQ H2 NG: 208
GTCTCCTATGAACTCGAGAAGCeGCAA Aaccaaggaagagaaaga
SEQ ID NO: 209

20 GAGAGTTTGGTTTCTGACTGCTeGACCCATGTCCTGATGGCACTC
SEQ I NG: 210
TGCGTATTTGCCACCAGAAATACATACCACACAATGATTTAGCTG
SEQ ID NO: 211
TTTGGGTTATCCTCTGAATGTCgCATCAAATTTTCAAGTGACTGA

25 SEQ NG 212
AGGACACGGATCCTCCCTGTTCETCCCCTATTATGAAGAATCAAA
SEQ D NO: 213
TCGCTTGTTAAAAAACTTACTTCGATCCGTAATGATTGTTCTAGCC
SEQ IDNQO: 214

30 TTTTGCTCCACATCTTTITCCTACCTAATGTTGAGAGACTTITTTCC
SEQ ID NG: 215
CCTGCCAGTGGAGGATTATATTCCAAATCAAACCAAGAGTCAGTT
SEQ ID NO: 216
GGATAATTACGAGTTGATTGTCgGACCCAGCTCAGGAGAATCTTT
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SEQ ID NO: 217
TTTAGACTGGGCTGAATTGTCTeAATATCACTGACTAA Aagetaa
SEQ D NO: 218
GTACTACTTACATTATIGTTCTeCAAAACCCGCAGTGCCTIGTTG
SEQ ID NO: 219
TTCATTTGCTCCTCTAGCTTTTeACAATGCTCAACCAGCTGGGAG
SEQ ID NO: 220
TCAATCTGAGACAGGACTCTTTeGGCAGCCTCCTTCCCCTGA A
SEQ ID NO: 221

SEQ ID NO: -
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: 2
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 2
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: -
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: -
SEQ ID NO:
SEQ ID NO:

b N2
W (8]
A 53

[
L
L

]

236
23
238
239
240

-1
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TTCagctectetttcttettetgeaalT TCCCGATCAATTTCCTAT
AAAGCTaAGGGGACGAGGCAGGO
GAAAGCTaAGGGGACGAGGCAGG
AAATaGATGGCTGAAGTTGATGT
GAAATaGATGGCTGAAGTTGATG
AAGAAATAaGATGGCTGAAGTTGA
CTGAAGAAATaGATGGCTGAAGTTGAT
AAATaGCGGCGTTTITCATTATGA
GAGAAATaGUGGCGTTTTCATTATGAT
AAATCaATGGTTGAGCTCTGAGA
GCAAATCaATGGTTGAGCTUTGA
TGCAAATCaATGGTTGAGCTCTGAGAT
AACRTGAGTAGTAGCAAAAGCAG
GAAACATGAGTAGTAGCAAAAGC
GGAAACATGAGTAGTAGCAAAAG
TGGAAACATGAGTAGTAGCAAAA
AACTCaACCAGAAAAAAAGCAGC
CAACTCaACCAGAAAAAAAGCAG
AAGGGATCCTGaCAGCCCGTG GGCGAT
AATATTCaTACAGTICTCAAG AGT
AATCaAGGCTTAGGGGAAGAAGT
GAATCaAGGUTTAGGGGAAGAAG
TGAATCaAGGCTTAGGGGAAGAA
TTGAATCaAGGCTTAGGGGAAGA
CTTGAATCaAGGCTTAGGGGAAGAAGT
AATGaCAACGTCTTACTGAA GAA
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SEQ ID NO: 2
SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEQ ID NO: 2
SEQ ID NO: 2
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 2
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 2
SEQ ID NO: 2
SEQ ID NO:
SEQ D NO:
SEQ ID NO: 2
SEQ ID NO: 2
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: -
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO: 2
SEQ ID NO: 2
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 2
SEQ ID NO:
SEQ ID NO:

3
~f
o]

280

AAATGaCAACGTCTTACTGA AGA
CAAATGaCAACGTCTTACTG AAG
TCAAATGaCAACGTCTTACT GAA
ACAAaTAAGTAAAAAGCCTA AAA
ACAGaTGTGTCATGTOTGAG AAA
AACAGaTGTGTCATGTGTGA GAA
GAACAGaTGTGTCATGTGTG AGA
AGAACAGaTGTGTCATGTGT GAG
ACCTaTGGATAATTACGAGT TGA
AACCTaTGGATAATTACGAGTTG
TTAACCTaTGGATAATTACG AGT

PCT/US2021/017868

TTAACCTaTGGATAATTACGA GTTGATY

ACTaCTCCAATTCCTTCAAA GGA
AACTAaCTCCAATTCCTTCAA AGG

AAACTaCTCCAATTCCTTCAA AGGAAT

ACTaCTTGTCAATGAATGTG AGG
AACTaCTTGTCAATGAATGT GAG
CAACTaCTTGTCAATGAATG TGA
CCAACTaCTTGICAATGAAT GTG
GCCAACTaCTTGTCAATGAA TGT
ACTaGATOGAGACTGGAACCC CAG

TAGACTaGATGAGACTGGAAC CCCAGT
ACTGCTaGUAAACCACACTAT TCCAGT

agaaactattcaGCTTCTGT TAG

AGATaGACAGAAGACCGCTG GGT
TAGATaGACAGAAGACCGCT GGG
GTAGATaGACAGAAGACCGC TGG
TGTAGATaGACAGAAGACCG CTG

CTGTAGATaGACAGAAGACCG CTGOGT

AGTaGAGTGAACTTCGGAAA AAG
AAGTaGAGTGAACTTCGGAA AAA
CAAGTaGAGTGAACTTCGOGA AAA
TCAAGTaGAGTGAACTTCGG AAA

TCAAGTaGAGTOGAACTTCGGA AAAAGT
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SEQ ID NO: -
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 2
SEQ ID NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: -
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ D NO: -

SEQ ID NO: 295

SEQ D NO:
SEQ D NO:
SEQ ID NO: 2

SEQ ID NO: 209

SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:

SEQ ID NO: 305

SEQ D NO:
SEQ ID NO: :
SEQ ID NO: 2
SEQ ID NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ ID NO: -
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AGTaGGATCACATGTGCCAA CAG
CTCAGTaGGATCACATGTGC CAA
TCAGTaGOGATCACATOGTGCCA ACAGOHT
AGTCTTCaGAGTTTCATGGC AGT
CTGCAGTCTTCaGAGTTTCAT GGCAGT
AGTGaATAAAGOTTAGACAT TAA
AGTTaTTCTTCCAAAGCAGC AGT
AAGTTaTTCTTCCAAAGCAG CAG
TTAAGTTaTTCTTCCAAAGC AGC
CTTAAGTTaTTCTTCCAAAGC AGCAGT
ATCaATCTCCCAATACCTGG AGA
CATCaATCTCCCAATACCTG GAG
CCATCAATCTCCCAATACCT GGA
CCCATCAATCTCCCAATACC TGG
GUCCATCaATCTCCCAATAC CTG
ATCAGTaGGATGAAGTACAA GAA
AATCAGTaGOATGAAGTACA AGA
ATCAGTGaGATGAAGTACAA GAA
ATCaTTCAATTTGAGGTTGA AGA
AATCaTTCAATTTGAGOTTG AAG
TAATCaTTCAATTTGAGGTT GAA
TTAATCaTTCAATTTGAGGT TGA
TTTAATCATTCAATTTGAGG TTG
ATCCTaTAGGTCACTGAAGA GGT
CATCCTaTAGGTCACTGAAG AGG
CCATCCTaTAGGTICACTGAA GAG
TCCCATCCTaTAGGTCACTGA AGAGGT
ATCTaTTCCACCAGGGCCTG AGC
ACCATCTTTCCACCAGGOGC CTG
ATCTaTTCCACCAGGGUCTGA GUTGAT
ATCTaTTCCCTTGTGGTCAC CGT
GATCTaTTCCCTTGTOGGTCA CCG
GATCTaTTCCCTTGTGOGTCAC CGTAGT
ATGaAAGGAGGOGTCCCTATA CAG
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SEQ ID NO: 3
SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ ID NO: -
SEQ D NO:
SEQ ID NO:

SEQ ID NG 32

SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: :
SEQ ID NO:
SEQ ID NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: -
SEQ D NO:
SEQ ID NO: :
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ ID NO: -

PCT/US2021/017868

GTCATGaAAGOGAGGOGTCCCTA TACAGT

ATGaCTGGAAGCTAAGGAAG AAG
AATGaCTOGGAAGCTAAGGAA GAA
CAATGaCTGGAAGCTAAGGA AGA
ACAATGaCTOGGAAGCTAAGG AAG
CACAATGaCTGGAAGUTAAG GAA
ATTTaAGCTTCAATTTICTCC TTG
ATTTaTGCAAAGTTGAGTCT TCG
attttaaCTCCTACTCAGAC TGT
tattttaaCTCCTACTCAGA CTG
CACaCAGAATCTACTGGCCA GAA
CTCACaCAGAATCTACTOGUE CAG
CACTaGCOGAGGTCTTTGGC CAA
CACTTTaTTOCTCTTGCAGA GAA
CCACTTTATTGCTCTTGCAG AGA
CAGaTAAAGTGTGTAAAGGA CAG
CAACAGaTAAAGTGTGTAAA GGA
TCAACAGaTAAAGTGTGTAA AGG
CATTTaAGCTGCOTCCACCT TGT
GCATTTaAGCTGCGTCCACC TTG
CCATTCaGGGATGCTTCGCA AAA
CCCATTCaGOGGATGCTTICGL AAA
CCCAGAaGTAATTGAATGTG GAA
GCCCAGAaGTAATTGAATGT GGA
CCGaTAAGTTTGACGUCAGC CTG
ACTCCGaTAAGTTTGACGCC AGC
CACTCCGaTAAGTTTGACGE CAG
CCTaAATGATCCACTTTGTG ATG
CCTaCAGAGAAAGGTGCAGA CGC
TCCTaCAGAGAAAGGTGCAG ACG
GTTCCTaCAGAGAAAGGTGC AGA
AGTTCCTaCAGAGAAAGGTG CAG
CCTaGGCAGACTGGATGCTC TGT
TCCTaGOGCAGACTGGATGCT CTG
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SEQ ID NO: 3
SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEQ ID NO: :
SEQ ID NO: 2

SEQ ID NO: 3553

SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ ID NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:

SEQ ID NQ: 37

SEQ D NO:
SEQ ID NO: :
SEQ ID NO: 3
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ ID NO: -
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CTATTGGAGCCTaTAAGTATA CTGGAT
CTCaAAGTGCCTGTIGTGCAA TAG
CTCCTCAAAGTGOCTOTOTG CAA
CTCCTCaAAGTGUCTOTGTIGC AATAGT
TTTCTCCTCAAAGTGCCTOTG TGCAAT
CTCaCTCACTCACCCTGCAA AGG
TCTCaCTCACTCACCCTGCA AAG
CTCTCaCTCACTCACCCTGE AAA
CCTCTCaCTCACTCACCCTG CAA
CTCaCTCTATGGCCTGCAGC ATG
TTTCTCaCTCTATGGCCTGC AGC
TITTCTCaCTCTATGGCCTG CAG
CTCaGGAGGTGACAGCTATC CAG
CTGCTCaGGAGGTGACAGCTA TCCAGT
ctetCaCTTTCTCTCATCTG TGA
cctctCaCTTTCTCTCATCT GTG
tectetCaCTTTCTCTCATC TGT
ttectctCaCTTTCTCTCATC TGTGAT
CTGaAAGAAGCTCTICCTCCC AGC
GCTGaAAGAAGCTCTCCTCC CAG
CTGaATTACTCGCTCAGAAG CTG
AGCTGaATTACTCGCTCAGA AGC
CAGCTGaATTACTCGUTCAG AAG
ACAGCTGaATTACTCGCTCA GAA
CTGAGTaGAAGGCGGTAAAL CGT
TCTGAGTaGAAGGCGGTAAA CCG
cttaccaaaggtcacaaaGG TAA
gacttaccaaaggtcacaaa GGT
tgacttaccaaaggtcacaa aGG
atgacitaccaaaggtcaca aa(s
agatgacttaccaaaggteac aaaGQGT
CTTaGAGAGAGTCAATGAGE AGA
TCTTaGAGAGAGTCAATGAG GAG
ATCTTaGAGAGAGTCAATGA GGA
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SEQ ID NO: 3
SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEQ ID NO: :
SEQ ID NO: 2
SEQ ID NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO: 402

SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 4
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

412
413
414
415
416
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GATCTTaGAGAGAGTCAATG AGG
TGATCTTaGAGAGAGTCAAT GAG
GATCTTaGAGAGAGTCAATGA GGAGAT
CTTaTAGACGCTGCTCAAAATTG
TTTCTTaTAGACGCTGCTCA AAA
CTTTCTTaTAGACGCTGCTC AAA
TACTTTCTTaTAGACGCTGCT CAAAATY
CTTaTTCTAGATCTTCTTGA AGC
CTTaTTGAGGCAAAACTTGG AAG
TCACTTaTTGAGGCAAAACT TGG
CTCACTTaTTGAGGCAAAACTTG
ACTTaTTGAGGCAAAACTTGG AAGAGT
CTTTGaTGGGAAGAAGTAGA GGA
GCTTTGaTGGGAAGAAGTAG AGG
TGCTTTGaTGGGAAGAAGTA GAG
gaaaGTCTATGCCAGAAAGG AGG
2eaaaGTCTATGCCAGAAAG GAG
tegaaaGTCTATGCCAGAAA GGA
gtggaraGTCTATGOCAGAA AGG
teteeaaaGTCTATGCCAGA AAG
GACATaGGTCCAGCAGTCAG AAA
GGACATaGGTCCAGCAGTCA GAA
AGGACATaGGTCCAGCAGTC AGA
GACGCTaCTCAAAATTGGCT GGT
AGACGCTaCTCAAAATTIGGC TGG
TGTAGACGCTaCTCAAAATTG GCTGGT
GAGaTATGAAGATAAGTGAA AAA
AGAGaTATGAAGATAAGTGA AAA
AAGAGaTATGAAGATAAGTG AAA
GAAGAGRTATGAAGATAAGT GAA
TGAAGAGAaTATGAAGATAAG TGA
GAAGAGaTATGAAGATAAGTG AAAAAT
GAGGCTTaTTTGATGCTATC TGC
GATaTAAGTCGTGTATATTA ATG
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SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 4
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: 44
SEQ D NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 4

SEQ ID NO: 445

SEQ D NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO: 44¢

SEQ D NO: -

PCT/US2021/017868

CAGATAaTAAGTCOTGTATAT TAA
GTACAGATaTAAGTCOTGTAT ATTAAT
GATTaGATTTTCTGTTGGGA GGA
AGATTaGATTTTCTGTTGOGG AGG
CAGATTaGATTTTCTGTTOG GAG
TCAGATTaGATTTTCTGTTG GGA
TCAGATTaGATTTTCTGTTGG GAGGAT
GUTaATTATAGAAAGCGATG ATG
TAGCTaATTATAGAAAGCGA TGA
GTAGCTaATTATAGAAAGCG ATG
TTGTAGCTaATTATAGAAAGC GATGAT
GCTGaCGGGAAATTGAGAGE AAA
COCTGaCOGGLAAATTGAGAG CAA
AGCGETGaCGGGAAATTGAG AGC
AGCGUTGaCGGGAAATTGAGA GCAAAT
GCTGaTCTGATOGCCTGOCT TTG
AGCTGaTCTCGATOGGUCTOGOT TTGAAT
GCTTTCTaTAATTCATCTGG AGT
AACTGCTTTCTaTAATTCATC TGGAGT
GOCCaTATGTACTITCTAGCT TTCAAT
GGUCCTTTGCTaTAAGTATTG GUCAGT
GGCTaAGTGGTGOTGACAGC CTG
GATGGC TaAGTGOTGOTGAC AGC
GTACTaATACCACTGATGAG AAA
TOGTACTaATACCACTGATGA GAA
TTGTACTaATACCACTGATG AGA
CTTGTACTaATACCACTGATG AGAAAT
GTCATaGAAGGAGGOTCCCTA TACAGT
GTCATTGTGTOGGCTCGACTGC TGG
AGTCATTGTGTOGGUTGACTG CTG
CCAGTCaTTGTGTGGCTGAC TG
TCCAGTCaTTOTGTGOCTGA CTG
GTCTTaTAAAAGAACCCAGC GGT
TOGTCTTaTAAAAGAACCCAG CGG
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SEQ ID NO:
SEQ ID NO: -
SEQ D NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 4
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: 4
SEQ D NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 4
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 4
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO: -

PCT/US2021/017868
ATGTCTTaTAAAAGAACCCA GCG
GOATGTCTTaTAAAAGAACCC AGCGOT
GTGaAGTGAACTTCGGAAAA AGT
AGTGaAGTGAACTTCGGAAA AAG
AAGTGaAGTGAACTTCGGAA AAA
CAAGTGaAGTGAACTTCGGA AAA
TCAAGTGaAGTGAACTTCGG AAA
TCAAGTGaAGTGAACTTCGGA AAAAGT
GTGaATCGAATTCTGCCAGT TGC
GOTGaATCOGAATTCTGCCAG TTG
GCCGOTGaATCOAATTCTGC CAG
GTGaCAGACAAATGTAGATG TGE
AGTGaCAGACAAATGTAGAT GTG
CAGTGaCAGACAAATGTAGA TGT
CCAGTGaCAGACAAATOTAG ATG
CTCCGCCAGTGaCAGACAAAT GTAGAT
GTGaCTCTGCACTAGGUTGA ATG
CAGTGaCTCTGCACTAGGCT GAA
CCAGTGaCTCTGCACTAGGC TGA
ACCAGTGaCTCTGCACTAGG CTG
TACCAGTGaCTCTGCACTAGG CTGAAT
GTGCTaAGATOCTGGACCAA AGT
AGTGCTaAGATGCTGGACCA AAG
AAGTGCTaAGATGCTGGACC AAA
GAAAGTOCTaAGATGCTGGAC CAAAGT
OTTaAAGATCTGATAGCCGG TTG
GAGOGTTaAAGATCTGATAGC CGG
TGAGGTTaAAGATCTGATAG CCG
TTTGAGGTTaAAGATCTGATA GCCGGT
GTTaGCACATGTGATCCCAC TGA
TOGTTaGCACATGTGATCCCA CTG
CTGTTaGUACATOGTGATCCCA CTGAGT
GTTaGGATAATTITAGTCCAA AAA
TOGTTaGOGATAATTITAGTCCA AAA
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SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 4
SEQ D NO: -
SEQ D NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NQ: 4938

SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: 4
SEQ ID NO: 5
SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO: °
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: °
SEQ ID NO: 5
SEQ D NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NQ: 517

SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: °
SEQ ID NO: 5

PCT/US2021/017868

GTGTTaGGATAATTITAGTCC AAA
GGTGTTaGGATAATTTAGTC CAA
TAAGATCAGATTATTTTGCT TAG
TAATAAGGGACGAACAGGGA GGA
ATAATAAGGGACGAACAGGG AGG
CATAATAaGGGACGAACAGG GAG
TCATAATAaGGGACGAACAGG GAGGAT
TCAAATCaCCTGCAGGTAAA AGC
TCAaGGGTACATGATGGATT TGA
GTCAaGGGTACATGATGGAT TTG
CTTCTTTGTCAaGGGTACATG ATGGAT
tcaatttgggaagcalGUCATA TTG
TCAGCTaTAGCCACACCAGA AGT
TTCAGCTaTAGCCACACCAG AAG
TCTTTCAGCTaTAGCCACACC AGAAGT
TCCTTTCaCATCTTACGGGA CAA
ATTTCCTTTCaCATCTTACGG GACAAT
TCGTaGCTTCTTTCTGCTGA GGA
ATCGTaGCTTCTTTCTGCTG AGG
TATCGTaGCTTCTTTCTGLT GAG
TTATCGTaGCTTICTTTCTGC TGA
TCTaATACTCCAGCCAGTTA AGT
TTCTaATACTCCAGUCAGTT AAG
GTTCTaATACTCCAGCCAGT TAA
TTGTTCTaATACTCCAGCCAG TTAAGT
TGATGTTGTTCTaATACTCCA GCCAGT
TCTaGGCAGGACTACGAGGLC TGG
ATCTaGGCAGGACTACGAGG CTG
AGATCTaGGCAGGACTACGA GGC
AAGATCTaGGCAGGACTACG AGG
TCTaGTATTCCTTAATTIGTA CAG
TGTTTCTaGTATTCCTTAAT TGT
TCTaTGTTAGTGATGGCTGA GTG
GTCTaTGTTAGTGATGGCTG AGT
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SEQ ID NO:

SEQ ID NOG: 520

SEQ D NO:
SEQ ID NO:
SEQ ID NG
SEQ ID NO-

SEQ D NO: 525

SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: °
SEQ D NO: 3
SEQ ID NO:
SEQ ID NO:

SEQ ID NO: 542
SEQ ID NQ: 54

SEQ D NO:
SEQ ID NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: °
SEQ ID NO:

PCT/US2021/017868
TOTCTaTGTTAGTOGATGGOT GAG
TTGTCTaTGTTAGTGATGGC TGA
GTTOTCTATGTTAGTGATGG CTG
TOGTCTaTGTTAGTGATGOCTG AGTGOT
AGTTOTCTaTGTTAGTGATGG CTGAGT
TCTCaAACATCTTCTCCTGA TOT
GTCTCaAACATCTTCTCCTG ATG
AAGTCTCaAACATCTTCTCC TGA
GTCTCaAACATCTTCTCCTGA TGTAGT
TCTTCaAAACTGAGUAAATT TGO
GTCTTCaAAACTGAGCAAAT TTG
TGCAGaATTTGGAACAGAGG CGT
ATGCAGRATTTGGAACAGAG GCG
AATGCAGRATTITGGAACAGA GGC
TGCaGCTTCTCGAGTTCATA GGA
TTGCaGCTTCTCGAGTTCAT AGG
TGCTaGACCCATGTCCTGAT GGC
CTGCTaGACCCATGTCCTGA TGG
ACTGCTaGACCCATOTCCTG ATG
TTCTGACTGCTaGACCCATGT CCTGAT
TGOTATaTATTTCTGOTGGE AAA
GTGOTATaTATTITCTGGTGG CAA
GTGTGGTATaTATTTCTGGTG GCAAAT
TGTCaCATCAAATTTTCAAG TGA
ATGTCaCATCAAATTTTCAA GTG
TOGTTCATCCCCTATTATGAA GAA
CTGTTCaTCCCCTATTATGA AGA
CCTGTTCATCCCCTATTATG AAG
CCCTOTTCATCCCCTATTATG AAGAAT
TTACTTCaATCCGTAATGAT TGT
TTAGaTAGGAAAAGATGTGG AGC
ATTAGaTAGOGAAAAGATGTG GAG
CATTAGaTAGGAAAAGATGT GGA
ACATTAGaTAGGAAAAGATG TGO
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SEQ ID NO:
SEQ ID NO: 5
SEQ D NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:

SEQ D NO: 565

SEQ D NO: 3
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: °
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO: 585

SEQ ID NO: 5

PCT/US2021/017868

TTGaAATATAATCCTCCACT GGC
TTTGaAATATAATCCTCCAC TGG
ATTTGaAATATAATCCTCCA CTG
TTGTCaGACCCAGCTCAGGA GAA
ATTGTCaGACCCAGCTCAGG AGA
GATTGTCaGACCCAGCTCAG GAG
TGATTGTCaGACCCAGCTCAG GAGAAT
TTGTCTaAATATCACTGACT AAA
ATTGTCTaAATATCACTGAC TAA
TTOGTTCTaCAAAACCCGLAG TGO
TTTaACAATGCTCAACCAGC TGG
TTTTAACAATGCTCAACCAGCTG
GCTTTTaACAATGCTCAACC AGC
AGCTTTTaACAATGCTCAAC CAG
TTTaGGCAGCCTCCTTCCCC TGA
CTTTaGGCAGCCTCCTTICCC CTG
titcttcttctacaa T TCCCG ATCAATY
GTTATCTCCTGTTCTGCAGC
GTTTATGTCACCAGAGTAAC
GAGGTAATAGAGCCAAGCCCT
GCAAGAATTCCACTTTTCACTTICCT
CTGTCATCTCCAAACTAGAAATGC
GCAGCCTCTTGCTCACTTACTC
GATGACAGGCAGGGGCACCG
TTCCAGTGGTTCAATGGTCA
CTTTCAACCCGAACGGAGAC
GAGCGAGCAGCGTCTTCGAG
GCAGACGGCAGTCACTAGGG
GGGAAGCTGGGTGAATGGAG
AGUTGTTTGGGAGGTCAGAA
AGGGAGCAGGAAAGTGAGGT
GTCGCAGGACAGCTTTITCCY
TGTAGCTACGCCTGTGATGG
TGCCCTGAGATCTTTTICCTC
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SEQ ID NO: 587 GATCCAGGTGCTGUAGAAGG

SEQ ID NQO: 588 CTCTTGCCTCCACTGGTTGT

SEQ Y NGO 589 TCOGGTAGGATGUCCTACATC

SEQ D NG: 590 ATCCTACAGCATGETGGCTG

SEQ ID NG: 591 AGTGGTCTCCGGAAACCTCCGUGCCCCGCAAL

SEQ ID NO: 582 TCCTTGAAGAAGATGGTOCG

SEQ D NG 593
ACACTCTTTCCCTACACGACGUTCTTCCOATCTGAACTCATTACTGCTGUCCA

SEQ ID NO: 594
GTGACTGGAGTTCAGACGTGTIGCTCTTCCGATCGACCTGTTCGGCTTCTTICCT

SEQ ID NO: 595
ACACTCTTTCCOCTACACGACGCTCTTCCGATCTAAATTTCCACTGTCTTCTCTT

SEQ D NG 596
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCGCTTIGCCTCTGACCTOTCCT

SEQ ID NO: 587
ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTGACTAGGGGCAAAGCAA

SEQ D NO: 598
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCCTTCCAAACTTTCTGCCCAT

SEQ D NG 599
ACACTCTTTCCCTACACGACGUTCTTCCOATCTAACACAGCGTGCTCTTTCCT

SEQ ID NO: 600
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCGTTCAGAAGAACATCCCGT

SEQ ID NO: 601
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGALC

SEQ ID NO: 602
CAAGCAGAAGACGGCATACGAGATCTTGTAGTGACTGGAGTTCAGACGT
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SEQ ID NO: 603
CAAGCAGAAGACGGCATACGAGATCAGATCGTGACTGGAGTTCAGACGT
SEQ D NO: 604
CAAGCAGAAGACGGCATACGAGATCCGTCCGTGACTGGAGTTCAGACGT
SEQ ID NO: 605
CAAGCAGAAGACGGCATACGAGATATGTCAGTGACTGGAGTTCAGACGT
SEQ ID NO: 606
CAAGCAGAAGACGGCATACGAGAT GTCCGC GTGACTGGAGTTCAGACGT
SEQ ID NO: 607

10 CAAGCAGAAGACGGCATACGAGAT TTAGGC GTGACTGGAGTTCAGACGT

SEQ ID NO: 608
CAAGCAGAAGACGGCATACGAGAT CGATGT GTGACTGGAGTTCAGACGT
SEQ ID NO: 609
CAAGCAGAAGACGGCATACGAGAT TGACCA GTGACTGGAGTTCAGACGT

L

5 SEQ ID NO: 610
CAAGCAGAAGACGGUCATACGAGAT AGTCAA GTGACTGGAGTTCAGACGT
SEQ ID NG 611 CAAGCAGAAGACGGUCATACGAGAT AGTTCC

GTGACTGGAGTTCAGACGT

SEQ ID NO: 612

20 CAAGCAGAAGACGGCATACGAGAT GATCAG GTGACTGGAGTTCAGACGT
SEQ D NO: 613
CAAGCAGAAGACGGCATACGAGAT ACAGTG GTGACTGGAGTTCAGACGT
SEQ ID NO: 614
CAAGCAGAAGACGGCATACGAGAT TATACT GTGACTGGAGTTCAGACGT

25 SEQ ID NO: 615
CAAGCAGAAGACGGCATACGAGAT CAACAA GTGACTGGAGTTCAGACGT
SEQ ID NO: 616
CAAGCAGAAGACGGCATACGAGAT GTTGTT GTGACTGGAGTTCAGACGT
SEQ ID NO: 617

30 CAAGCAGAAGACGGCATACGAGAT TCGGTT GTGACTGGAGTTCAGACGT
SEQ ID NO: 618
CAAGCAGAAGACGGCATACGAGAT AGTATT GTGACTGGAGTTCAGACGT
SEQ ID NO: 619
CAAGCAGAAGACGGCATACGAGAT TCTTGT GTGACTGGAGTTCAGACGT
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SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:

PCT/US2021/017868
020 GAACAGCTGUCAGAACAGGAGATAACAG
621 GTTaTCTCCTGTTCTGCAGCTGT
622 ATGACAGGCAGGGGLACCGLGE
623 GAGCGAGCAGCOGTCTTCGAGAGT
624 GCAGACGGCAGTCACTAGGGGGU
625 GTCGCAGGACAGCTTTITCCTAGA
626 GGGAAGCTGOGTGAATGGAGCGA
627 GATCCAGGTGCTGCAGAAGGGAT

SEQ ID NO: 628 GTTATCTCCTGCTCTGCAGCAGA

SEQ ID NO: 629 GATATCTCCTGTTCTGCAGGAGA

SEQ ID NO: 630 GGATTTCCAAGTCTCCACCC

SEQ [D NO: 631 TCCCACCGTACACGCCTAC

SEQ ID NO: 632
GGTTTCAGACAAAATCAAAAAGAAGGAAGGTGCTCACATTCCTTAAATTAAG
GA

SEQ ID NO: 633
GGTTTTAGACAAAATCAAAAAGAAGGAAGGTGCTCACATTCCTTAAATTAAG
GA

SEQ ID NO: 634 GTGCTCACATTCCTTAAATTAAGG

SEQ ID NO: 635 GGCTCACATTCCTTAAATTAAGGA

Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of skill wn the art to which the disclosed invention
belongs. Publications cited herein and the materials for which they are cited are specifically
incorporated by reference.

Those skilled in the art will appreciate that numercus changes and modifications can be
made to the preferred embodiments of the invention and that such changes and modifications can
be made without departing from the spirit of the invention. It is, therefore, intended that the
appended clairus cover all such equivalent variations as fall within the true spirit and scope of the

invention.
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CLAIMS

What is claimed is;

I, A fusion protein comprising a Cas9 nickase and a nucleotide deaminase,
wherein the Cas?Y nickase comprises a first amino acid substitution at a position selected from
the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when compared to SEQ ID
NO: 11, and
wherein the Cas9 nickase comprises a second amino acid substitution at a position selected
from the group consisting of 1111, 1135, 1218, 1219, 1322, 1335, and 1337 when
compared to SEQ ID NO: 11
2. The fusion protein of claim |, wherein the first amino acid substitution 1s selected
from the group consisting of AZ62T, R3241, 54091, E480K, E543D, M6941, and E1219V
when compared to SEQ ID NO: 11

3. The fusion protein of claim I, wherein the second amingo acid substitution is
selected from the group consisting of LTTHIR, D135V, GI218R, E1219F, A1322R, R1335V,
R1335Q, R1335E, and T1337R when compared to SEQ ID NO: 11

4. The fusion protein of any one of claims 1 to 3, wherein the Cas9 nickase comprises

the anuno acid sequence selected trom the group consisting of SEQ ID NOs: 12-20.
5. The fusion protein of any one of claims 1 to 4, wherein the Cas9 nickase when in
conjunction with a bound guide RNA (gRNA) specifically binds to a target nucleic acid

SCQUCNCe.

6. The fusion protein of any one of claim | to 5, wherein the Cas9 nickase recognizes

a NG protospacer adjacent motif (PAM) sequence.

7. The tusion protein of any one of claims 1 to 6, wherein the nucleotide deaminase

is a cytidine deaminase or an adenine deaminase.
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8. The fusion protein of clatm 7, wherein the adenine deaminase is a dimerie adenine

deaminase or g monomeric adenine deaminase domain.

9. The fusion protein of claim 8, wherein the monomeric adenine deaminase

comprises amino acid substitutions AS6G and V82G when compared to SEQ 1D NO: 47

10. The fusion protein of any one of claims 7 to 9, wherein the adenine deamivase

comprises the amino acid sequence set forth in SEQ D NO: 22 or 23,

11, A system for base editing comprising:

a first nucleotide sequence encoding a N-terminal portion of a Cas9 nickase fused at s C-
terminus to an intein-N; and

a second nuclectide sequence encoding an intein-C fused to the N-terminus of a C-terminal
portion of the Cas9 nickase;

wherein the first nucleotide sequence further comprises a nucleotide sequence encoding a
nuclectide deaminase fused to the N-terminus of the N-terminal portion of the Cas9
nickase,

wherein the Cas9 nickase comprises a first amino acid substitution at a position selected from
the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when compared to SEQ ID
NG: 11, and

wherein the Cas9 nickase comprises a second amino acid substitution at a position selected
from the group comsisting of 1111, 1135, 1218, 1219, 1322, 1335, and 1337 when
compared to SEQ 1D NO: 11

12. The system of claim 11, wherein the first amino acid substitution 13 selected from
the group consisting of AZ62T, R324L, 84091, E480K, ES543D, M6941, and E1219V when
compared to SEQ ID NO:- 11

13. The system of claim 11, wherein the second amino acid substitution 15 selected
from the group consisting of L111IR, D1135V, GI2I8R, Ei219F, AI322R, R1335V,
R13350, RI33S5E, and TI337R when compared to SEQ ID NO: 11

14, The system of any one of claims 11 to 13, wherein the Cas9 nickase comprises the

amino acid sequence selected from the group consisting of SEQ ID NOs: 12-20.
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15, The system of any one of claims 11 to 14, wherein the Cas9 nickase recognizes a

NG protospacer adjacent motif (PAM) sequence.

16. The system of any one of claims 11 to 15, wherein the N-terminal portion of the
{as9 nickase comprises the amino acid positions 2-573 of the amino acid sequence selected
from the group consisting of SEQ 1D NOs: 12-20 and the C-terminal portion of the Cas9
nickase comprises the amino acid positions 574-13068 of the amino acid sequence selected

from the group consisting of SEQ ID NQOs: 12-20.

17. The system of any one of claims 11 to 16, wherein the nucleotide deaminase is a

cytidine deaminase or an adenine deaminase.

I8 The system of claim 17, wherein the adenine deaminase is a dimeric adenine

deaminase or a monomeric adenine deaminase domain.

19. The system of claim 18, wherein the monomeric adenine deaminase comprises

amine acid substitutions AS6G and V82G when compared to SEQ 1D NO: 47

20. The system of any one of claims 17 to 19, wherein the adenine deaminase

comprises the amino acid sequence as set forth in SEQ ID NO: 22 or 23,

21. The system of any one of claims 11 to 20, wherein the intetn-N is a Cfa intein-N

or a gp4l-1 intein-N.

22. The system of any one of claims 11 to 20, wherein the intein-C is a Cfa intein-C or

a gpd1-1 wtemn-C.

23. The system of any one of claims 11 to 22, wherein the first nucleotide sequence or

the second nucleotide sequence further comprises a nucleotide encoding a guide RNA {(gRNA)
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24, A composition comprising:

a first recombinant adenc-associated virus {AAV) particle comprising a first nucleotide
sequence encoding a N-terminal portion of a Cas9 nickase tused at its C-terminus 1o an
intein-N; and

a second recombinant AAY particle comprising a second nucleotide sequence encoding an
intein-C fused to the N-terminus of a C-terminal portion of the Cas9 nickase;

wherein first nucleotide sequence further comprises a nucleotide sequence encoding a
nucleotide deaminase fused to the N-terminus of the N-terminal portion of the CasS
nickase,

wherein the Cas9 nickase comprises a first amino acid substitution at a position selected from
the group consisting of 262, 324, 409, 480, 543, 694, and 1219 when compared to SEQ ID
N 11, and

wherein the Cas9 nickase comprises a second amino acid substitution at a position selected
from the group consisting of 1111, 1135, 1218, 1219, 1322, 1333, and 1337 when
compared to SEQ ID NO: 11

25. The composition of claim 24, wherein the first amino acid substitution is selected
from the group consisting of A262T, R324L, 54091, E4ASOK, ES43D, M6S41, and E1219V
when compared to SEQ ID NO: 11

26. The composition of claim 24, wherein the second amino acid substitution is
selected from the group consisting of LTTHIR, D135V, GI218R, E1210F, A1322R, R1335V,
R1335Q, R133SE, and T1337R when compared to SEQ ID NGO 11

27. The composition of any ouve of claims 24 to 26, wherein the Cas9® nickase
comprises the amino acid sequence selected from the group consisting of SEQ 1D NQOs: 12-

20.

28. The composition of any one of claims 24 to 27, wherein the CasY nickase

recognizes a NG protospacer adjacent mouf (PAM ) sequence.

29 The composition of any one of claims 24 to 28, wheretn the N-terminal portion of
the Cas9 nickase comprises the amino acid positions 2-573 of the amino acid sequence

selected from the group conuisting of SEQ 1D NOs: 12-20 and the C-terminal portion of the
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(Cas9 nickase comprises the amino acid positions 574-1368 of the amino acid sequence

selected from the group consisting of SEQ ID NQs: 12-20.

30. The composition of any one of claims 24 to 29, wherein the muclectide deaminase

15 a cytidine deaminase or an adenine deaminase.

31. The coraposition of claim 30, wherein the adenine deaminase s a dimeric adenine
deaminase or a monomeric adenine deaminase domain.

32 The composition of claim 31, wherein the monomeric adenine deaminase

3

comprises amino acid substitutions AS6G and V82G when compared to SEQ ID NO: 47

33. The composition of any one of clairms 30 to 32, wherein the adenine deaminase

comprises the amino acid sequence as set forth in SEQ 1D NO: 22 or 23

34. The composition of any oue of claims 24 10 33, whereto the totein-N is a Cfa inteto-

Noragp4l-1intein-N.

35 The composition of any one of claims 24 to 33, wherein the intein-C is a Cfa intein-

C or a gp41-1 intein-C.

36. The composttion of any one of claims 24 to 35, wherein the first nucleotide
sequence or the second nucleotide sequence further comprises a nucleotide encoding a guide

RNA (gRNA).

37. A method of treating a genetic disease in a subject, comprising administering a

therapeutically effective amount of the composition of any one of claims 24 1o 36,

38. The method of claim 37, wherein the genetic disease is a muscular dystrophy or
spinal muscular atrophy.
39 The method of claim 38, wheretn the muscular dystrophy 13 Duchenne muscular

dystrophy.
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40. The method of claim 38, wheretn the muscular dystrophy is dysfedinopathy.

41. The method of claim 37, wherein the genetic disease is hypercholesterclemia,

42. The method of claim 37, wherein the genetic disease is due to a point mutation in

a causative gene from a G:C pair to an AT pair.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2021/017868

A. CLASSIFICATION OF SUBJECT MATTER

CPC - CO07K 2319/80; CO7K 2319/92; C12N 9/22; C1

IPC(8) - C12N 9/22; C12N 9/78; C12N 15/86 (2021.01)

2N 9/78; C12N 15/8645 (2021.02)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

see Search History document

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

- see machine translation

(18.07.2019) entire document

(03.12.2019) entire document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2019/217943 A1 (BEAM THERAPEUTICS INC.) 14 November 2019 (14.11.2019) entire 1-3
- document | e—— -
Y 11-14, 24-27

X~ |CN 110029096 A (SHANGHAITECH UNIVERSITY) 19 July 2019 (19.07.2019) entire document; |1, 3, 4

Y 14, 27

Y US 2018/0127780 A1 (PRESIDENT AND FELLOWS OF HARVARD COLLEGE) 10 May 2018 | 11-14, 24-27
(10.05.2018) entire document

A WO 2019/139645 A2 (PRESIDENT AND FELLOWS OF HARVARD COLLEGE) 18 July 2019 1-4, 11-14, 24-27

A _{CN 110526993 A (SHANDONG SHUNFENG BIOTECHNOLOGY CO LTD) 03 December 2019 | 1-4, 11-14, 24-27

I:] Further documents are listed in the continuation of Box C.

I:, See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish t q(_{)ubllcatlon date of another citation or other
special reason (as specified)

“0” documentreferringtoan oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than
the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

28 Aprit 2021

Date of mailing of the international search report

MAY 07 2021

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2021/017868

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |—_—| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 5-10, 15-23, 2842
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:] No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

l:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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Box No. [ Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. m forming part of the international application as filed:

m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13ter. 1(a)).

I:] on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the-case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

SEQ ID NOs: 11-27 and 47 were searched.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)
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