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SKELETAL MYOBLAST PROGENITOR CELL LINEAGE SPECIFICATION BY
CRISPR/ICAS9-BASED TRANSCRIPTIONAL ACTIVATORS

CROSS-REFERENCE TORELATED APPLICATIONS

(G001 This application claims priority to U.S. Provisional Patent Application No.
€2/888,916, filed August 19, 2018, and U.S. Provisional Patent Application No. 82/968,743,

filed January 31, 2020, each of which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

(00062} This invention was made with government support under grant 1DP2-0D008586
and 1RO1DAD36865 awarded by the National Institutes of Health. The government has

certain rights in the invention.

FIELD

[G003] This disclosure relates to compositions and methods for increasing the
expression of Pax? in stem cells, inducing differentiation of a stem cell info a skeletal muscle
progenitor cell, and using these skeletal muscle progenitor celis {0 regenerate damaged

muscle tissue.

INTRODUCTION

[0004] Human pluripotent stem cells (hPSCs) are a promising cell source for
regenerative medicine, disease modeling, and drug discovery in pathologies of muscle
disease. Directed differentiation of hPSCs into skeletal muscle celis can be achieved via
stepwise small molecule-based protocols or eciopic expression of transgenes. While having
the benefit of being fransgens-free, small molecule-based protocols tend to be relatively
lengthy, inefficient, and lack the scalability required for cell therapy or drug screening
applications. Transgene-based approaches rely on overexpression of key myogenic
franscription faclors, including Pax3, Pax?, and MyoD. These protocols are highly efficient
in yielding populations of myogenic cells, and they do s¢ more rapidly than transgene-free
methods. Generation of sateliite cells, such as the skeletal muscle stem cell population, is
particularly appealing for myogenic cell therapies. Although satellite cells can robustly
regenerate damaged muscles in vivo, they cannot be isolated and expanded ex vivo without
relinquishing their stemness, resulting in loss of engraftment capabilities. As such, the
generation of functional Pax7+ satelliie celis from hiPSCs has been attempted by pairing
various differentiation protocols with exogenous Pax? cDNA overexpression. Thergis a

need for aliernative methods for generaling populations of myogenic cells.
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SUMMARY

[G005] in an aspedt, the disclosure relates to a guide RNA (gRNA) molecule targeting
Pax7 or g promoter or regulatory element of the Pax? gene. The gRNA may comprise a
polynucleotide sequence corresponding to at least one of SEQ ID NOs: 1-8 0r 68-76, ora

variant thereof.

[G008] in a further aspect, the disclosure relates to g DNA targeting system for
increasing expression of Pax7. The DNA targeting system may comprise at least one gRNA
that binds and targets a Pax7 gene or a portion thereof. In some embodiments, the at least
one gRNA comprises a polynuclectide sequence coresponding to al least one of SEQ D
NOs: 1-8 or 88-76, or a variant thereof.

(G007} in some embodiments, the DNA {argeting system further includes a Clustered
Regularly Interspaced Short Palindromic Repeats associated (Cas) protein or a fusion
protein, wherein the fusion protein comprises two helerclogous polypeptide domains,
wherein the first polypeptide domain comprises a Cas protein, a zine finger protein, or a
TALE protein, and the second polypeptide domain has transcription activation activity. in
some embodiments, the Cas protein comprises a Streplococcus pyogenes Cast molecule,
or a variant thereof. In some embodiments, the fusion protein comprises VP84-dCas8-viP64
("FHdCas9v®) . In some embodiments, the Cas protein comprises a Cas9 that recognizes a
Protospacer Adjacent Motif (PARM) of NGG (SEQ ID NO: 31), NGA (SEQ 1D NO: 32}, NGAN
(SEQ ID NQO: 33), or NGNG (SEQ 1D NO: 34).

[G008] Another aspect of the disciosure provides an isolated polynucleotide sequence

comprising a gRNA molecule as disclosed herein,

[0009] Another aspect of the disciosure provides an isolated polynucieotide sequence

encoding a DNA targeting system as disclosed hersin.

[00018] Anocther aspect of the disclosure provides g vector comprising an isolated

polynuclectide sequence as disclosed herein.

[30011] Another aspect of the disclosure provides a vector encoding a gRNA molecule as
disclosed herein and a Clustered Regularly Inferspaced Short Palindromic Repeats

associated (Cas) protein.

[80012] Another aspect of the disclosure provides a cell comprising a gRNA as disclosed
herein, a DNA targeting system as disclosed herein, an isolated polynuclestide sequence as

disclosed herein, or a vector as disclosed herein, or a combination thereof.
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[30013] Another aspect of the disclosure provides a pharmaceutical composition
comprising a gRNA as disciosed herein, a DNA targeting svsiem as disclosed herein, an
isolated polynucleotide seguence as disclosed herein, a vector as disclosed herein, or a cell

as disclosed herein, or a combination thereof.

[80014] Another aspect of the disclosure provides a method of aclivating endogenous
myogenic transcription facior Pax7 in a cell. The method may include administering o the
cell a gRNA as disclosed herein, a DMNA targeting system as disclosed herein, an isolated

polynuclectide sequence as disclosed herein, or a vector as disclosed herein.

[60015]  Another aspedct of the disclosure provides a method of differentiating a stem cell
into a skeletal muscle progenitor cell. The method may include administering to the stem
cell a gRNA as disclosed herein, a DNA targeting system as disclosed herein, an isclated

polynucleotide sequence as disclosed herein, or a vector as disclosed herein.

[60018]  In some embodiments, endogenous expression of Pax7 mRNA is increased in
the skeletal muscle progenitor cell. In some embodiments, the expression of Myf5, MyoD,
MyoG, or a combination thereof, is increased in the skeletal muscie progenitor cell. In some
embodiments, the stem cell is induced into myogenic differentiation. In some embodiments,
the skeletal muscle progenitor cell maintains Pax? expression after at least about 6

passages.

[G0017]  Another aspect of the disclosure provides a method of treating a subject in need

thereof. The method may include administering io the subject a cell as disclosed herein.

[00018] In soms embodiments, the level of dystrophin+ fibers in the subject is increased.

in some embodiments, muscle regeneration in the subject is increased.

[00018]  The disclosure provides for other aspects and embodiments that will be apparent

inn light of the foliowing detailed description and accompanying figures.,

BRIEF DESCRIPTION OF THE DRAWINGS

[00020] FIGS. 1A-1G. Generation of myogenic progenitors from hPSQCs via VP64-
dCass-VYPo4-mediated activation of endogencus PAX7. (FIG. 1A) Schematic of hPSC
myogenic differentiagtion with small molecules and lentiviral activation of PAX7. (FIG. 1B) The
lentiviral constructs used for the gRNA and inducible VP84-dCas8-VP84 and PAXTY cDNA
expression. (FiG. 1C) Representative phase-contrast images showing morphological changes
during the first 10 days of differentiation. Scale bar = 200 uym. (FIG. 1D) RNA was harvested

at day 0 and day 2 for gRT-FPCR analysis of mesodermal markers. Results are expressed as
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fold change over day O {mean x SEM, n = 3 independent replicates). (FIG. 1E) Representative
FACS plot at day 14 when VP84-dCasd-VP84-2a-mCherry+ cells were sorted for expansion.
(F1G. 1F) Representative immunostaining of PAXY at 5 days post-sort. Scale bar = 100 pm.
(F1G. 1G) Growth of purified myogenic progenitors derived from IPSC differentiation during
post-sort expansion phase was monitored over 2 weeks, Fold-growth over two weeks was
significantly greater in VP84-dCas9-VP64-treated cells compared to PAXY cDNA-reated
celis. P value determined by one-way ANOVA followed by Tukey's post hoc test (mean £ SEM,

n = 3 independent replicates).

[(0021] FIGS. 2A-2F. Characterization of myogenic progenitors derived from iP8Cs
via VP&4-dCas8-VP&4-mediated activation of endogenous PAX7 or exogenous PAX7
cDNA expression. (FIG. 24) Relative amounts of total PAXY mRNA was determined by gRT-
PCR using primers complementary {0 sequences present in the gene body. (FIG. 2B)
Endogenous PAX7 mRNA was detected using primers complementary 1o sequences in the 3
UTR of either isoforms PAXY-A or PAX7-B. (FIG. 2C) The mRNA expression levels of
myogenic markers MYFS5, MYOD, and MYOG during the expansion phase. (FIG. 2D)
immuncfluorescence staining of early and mature myogenic markers MYF5, MYOD, and
MYOG, and myosin heavy chain (MHC). (FIG. 2E) Representative FACS analysis of CD29
and CD56 surface marker expression during the expansion phase. (FiG. 2ZF) Mean
fluorescence intensity (MF1y of CD56 staining intensity across treatments. All P values were
determined by one-way ANOVA followed by Tukey's post hoc test (mean & SEM, n = 3

independent replicates).

[00022] FIGS. 3A-3C. Transplantation of VP84-dCass-VPo4-generated myogenic
progenitors into immunodeficient mice demonstrates in vivo regenerative potential.
(FiG. 3A) Detection of human-derived fibers in VP64-dCas8- VPG4 -treated cells 1 month afier
intramuscular injection of 5x10° differentiated iPSCs into NSG mice pre-injured with BaCls.
Sections are stained with human-specific dystrophin and lamin A/C antibodies to mark donor-
derived fibers and nuclei. Scale bar = 100 pm. (FIG. 3B) Quantification of human dystrophin+
fibers in the section with highest number of dystrophin+ fibers in each muscle. *p < 0.05
determined by student’s t-test compared to control {(mean x SEM, n = 3 mice). (FIG. 3C)
identification of donor-derived satellile cells expressing PAXTY and human-specific lamin A/C,

and residing adjacent o the basal lamina as indicated by laminin staining. Scale bar = 25 um.

[00023] FiGS. 4A-4D. Induction of endogencous PAX7 expression is sustained after
muitiple passagss and dox withdrawal. (FIG. 4A) Representative immunostaining of PAX7
and MHC in differentiaied iIPSCs afier 4 passages in the presence of dox. Scale bar = 200
um. (FIG. 4B) Representative immunostaining of PAXY and myosin heavy chain (MHC) after
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inducing differentiation by dox withdrawal for 7 days. Scale bar = 200 ym. (FIG. 40)
Quantification of PAXT7+ nuclei afier 0 passages and afier an average of 4 additional passages
with dox or after dox withdrawal (mean £ SEM, n = 3 independent experiments). (FIG. 4D)
Representgtive immunostaining of the FLAG epitope for VPG64-dCas8-ViP64 after dox

withdrawal for 7 days. Scale bar = 100 um.

[00024] FIGS. 3A-5D. VP64-dCas8-VPE4 leads to sustained PAX7 expression and
stable chromatin remodsiing at target locus. (FIG. 8A) Human genomic track spanning the
PAXT7 TSS region depicting H3K4me3 and H3K27ac enrichment in human skeletal muscle
myoblast (HSMM). Data from ENCODE (GEOC:GSM733837, GEC:GSM733755). Black bars
indicate ChiP-gPCR target regions. (FiG. 8B) Targeted activation of endogenous PAXY
induced significant enrichment of H3K4me3 and H3K27ac around the TSS in the presence of
dox in proliferation conditions. (FIG. §C) Enrichment of histone marks is susiained after 15
days in the absence of dox in proliferation conditions {(mean £ SEM, n = 3 independent
replicates). (FIG. 5D An N-terminal FLAG epitope tag was used 1o verify depletion of VP84-
dCas8-VP84 after 15 days without dox, which was concomitant with sustained PAXY protein

expression.

[00025] FIGS. 6A-8E. ldentification of endogenous vs. exogenous PAX7-induced
global transcriptional changes. (FIG. 8A) An expression heatmap of sample-to-sample
distances in the matrix using the whole gene expression profiles among the 4 groups and their
replicates. (FiG. 88) Heatmap showing differential expression of top 200 varnable genes
between all 4 groups after filtering genes with low read counis. The color bar indicates z-score.
(F1G. 6C) Venn diagram of genes overexpressed in each group relative 1o gRNA only (fold-
change > 2 and padj < 0.05) (FIG. D) GO Biological process terms of shared genes between
the 3 groups derived from the Venn diagram in FIG. 4C. Term list was generated using Enrichr;
P-values were computad using the Fisher exact test. (FIG. 6E) Expression profiles of select
premyogenic, myogenic, and satellite cell marker genes from RNA-seq daia (mean £ SEM, n

= 3 independent replicates). TPM: Transcripts Per Million.

[00028] FIGS. 7A-7C. Screening gRNAs for PAXY activation with VP64-dCas9-VPEG4,
related {0 FIGS. 1A-1G. (FIG. TA) gRNA target sites relative to genome browser position of
the human PAX7Y gene. (FIG. 7B) Cells expressing VP84-dCas8-VP84 were treated for two
days with CHIRONS8021 and lipofected with PAX7-targeting gRNAs. Cells were harvested
for gRT-PCR analysis after 6 days. gRNA 3, 4, 5 and 8 significantly upregulated PAX7Y
comparad to mock transfection, but were not significantly different from each sther. (FIG. 7C)
Lentiviral transduction of gRNAs in paraxial mesoderm celis expressing P64-dCasg-VPe4d

and gRNAs for 1 week. gRNA 4 significantly outperformed the other gRNAs. P-values were
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determined by one-way ANOVA followed by Tukey’s posi hoc {est; p < 0.05 (mean £ SEM, n

= 3 independent replicates).

[00027] FiGS. 8A-8J. Characterization and transplantation of myogenic progenitors
derived from H3 ESCs via VP64dCasiVPé4-mediated activation of endogenous RPAX7
or exogenocus PAXT cDNA expression, related to FIGS. 24-2F and FIGS. 3A-3C. (FIG.
8A) Representative immunostaining of PAXY at 5 days postsort. Scale bar = 100 um. (FIG.
88) Growth curve of purified myogenic progenitors during post-sort expansion phase was
monitored over 2 weeks. (FIG. 8C) Relative amount of total PAXT mRNA was determined by
gRT-PCR using primers complementary to sequences present in the gene body. (FIG. 8D0)
Endogenous FPAXT mRNA was detected using primers complementary to sequencing in the
3 UTR of either PAX7-A or PAX7-B isoforms. (FIG. 8E) The mRNA expression levels of
myogenic markers MYFS, MYOD, and MYOG during the expansion phase. (FIG. 8F)
Representative FACS analysis of CD29% and CD56 surface marker expression during the
expansion phase. (FIG. 8G) Mean fluorescence intensity (MFD of CD56 staining intensity
across ireatments. (FIG. 8H) Representative immunostaining of PAXY and MHC in
differentiated H3 ESCs after 4 passages in the presence of dox. Scale bar = 200 um. (FIG. 8D
Detection of human-derived fibers in VP84dCas9VP84-treated cells 1 month after
intramuscular injection of 5x10° differentiated ESCs into NSG mice pre-injured with BaCiZ2.
Sections are stained with human-specific dystrophin and lamin A/C antibodies to mark donor-
derived fibers and nuclel. Scale bar = 100 ym. (FIG. 8J) Identification of donor-derived
satellite cells expressing PAXY and humanspecific lamin A/C. All P values were determined
by one-way ANOVA followed by Tukey's post hoc test (mean £ SEM, n = 3 independent

replicates). Scale bar = 25 ym.

[00028] FiGS. %A-9E. RNA-seqg analysis, related to FIGS. 8A-8E. (FIG. %A)
Multidimensional scaling (MD3) of the top 500 differentially expressed genes. (FIG. $B)
Heatmap showing differential expression of top 50 variable genes belween the 3 PAXY-
expressing groups. The color bar indicates z-score. (FiG. 9C) Expression profile from selected
genes overexpressed in response to cDNA encoding PAX7-A from RNA-seq (mean + SEM, n
= 3 independent replicates). (FiG. 9Dy GO biological process terms for genes specifically
enriched in cells freated with VP84dCasgVviPi4 +gRNA, PAX7-A cDNA, or PAX7-8 cDNA,
corresponding to Venn diagram in FIG. 4C. (FIG. SE) Additional expression profiles of known

satellite cell surface markers.
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DETAILED DESCRIPTION

[60029%] Varicus DNA targeting systems and methods of use thereof are disclosed herein
and may include, for example, a DNA {argeting system using CRISPR/Cas, zinc fingers, or
TALESs.

[60030]  Advances in genome engineering technologies have established the type i
clustered regularly spaced short palindromic repeat (CRISPR)/Cas? system as a
programmabile transcriptional regulator capable of targeted activation or repression of
endogencus genes. Mutations 1o the catalytic residues of the Cas? proteinresults in a
nuclease-null Cas8 (dCas9) that can be fused to various effector domains to exert their
function on precise genomic loci defined by the guide RNA {gRNA). For example, fusion of
{dCas$ to the transactivation domain VP84 can potently activale genes in their native
chromosomal context when gRNAS are designed at target gene promolers. in contrastio
ectopic expression of transgenes, activation of endogenous genes facilitaies chromatin
remodeling and induction of autonomously maintained gene networks. Targeting
endogenous genes can also capture the full complexity of transcript isoforms, mRNA
localization, and other effects of non-coding regulatory elements, which may be critical for
proper cellular reprogramming. Cellular reprogramming may be achieved with
CRISPR/Cas-based transcriptional reqgulaters in the context of somatic cell reprogramming
as well as directed differentiation of pluripotent stem celis into various cell types. However,
prior to the work detailed herein, there has not been demonstration of differentiation of
hPSCs with CRISPR/Cas8-based transcriptional activators o generate cells capable of in
vivo transplantation, engraftment, and tissue regeneration, or any attempt {o generate

myogenic progeniior cells via activation of the endogenous Pax7 gene.

[30031] Engineered CRISPR/Casg-based transcriptional activators can potently and
specifically activate endogenous fate-determining genes 1o direct differentiation of pluripotent
stem cells. As detailed herein, VP84-dCas9-VPP64 was used {o activate the endogenous
myogenic transcription factor, Pax?, 1o directly reprogram human pluripotent stem cells and
direct differentiation of them into skeletal muscle progenitors in both human ES and iPS
celis. The functional skeletal muscle progenitor cells can be induced to differentiate in vitro
and can also participate in regeneration of damaged muscles in vivo when transplanted into
mice. Compared {0 the exogenous overexprassion of Pax7 c¢cDNA, endogenous activation
results in the generation of more proliferative myogenic progenitors that can maintain Pax?
expression over multiple passages in serum-free conditions while maintaining the capacity
for terminal myogenic differentiation. Transplantation of myogenic progenitors derived from

endogenous activation of Pax7? into immunodeficient mice resulted in a greater number of

7



CA 03151816 2022-02-17

WO 2021/034984 PCT/US2020/047080

human dystrophin+ myofibers compared to exogencus Pax? overexpression. The results
detailed herein aiso reveal functional differences between myogenic progenitors generaied
via CRISPR-~-based endogenous activation of Pax? and exogenous Pax? ¢cDNA
overexpression. These studies demonstrate the utility of CRISPR/Cas9-based
transcriptional activators for myogenic progenitor cell differentiation and their potential for
cell therapy and musculoskeletal regenerative medicine. The methods of these studies may
be applied using any DNA binding domain, such as a zing finger protein or g TALE protein

similarly {0 a Cas protein.

[30032] Described herein are sysiems for increasing expression of Pax7?, which may
include a Cas9 protein such as VP64-dCas8-VPP64, and at least one guide RNA (gRNA)
targeting Pax? or a promoter or regulatory element of the Pax? gene. Further provided
herein are methods of activating endogenous myogenic transcription factor Pax? in a cell,
methods of differentiating a stem cell into a skeletal muscle progenitor cell, and methods of
treating a subject in need thereof. The methods may include administering to the cell or
subject the system for increasing expression of Pax?, or administering a cell transduced or

transfected by the systiem.
1. Definitions

[80033] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. In case of
conflict, the present document, including definitions, will control. Preferred methods and
materials are described below, although methods and materials similar or eguivaient o
those described herein can be used in practice or testing of the present invention. All
publications, patent applications, patents and other references mentioned herein are
incorporaied by reference in their entirety. The materials, methods, and examples disclosed

herein are iHustrative only and not intended fo be limiting.

[80034] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s},” and
variants thereof, as used herein, arg intended io be open-ended transitional phrases, terms,
or words that do not preclude the possibility of additional acts or structures. The singular
forms “a,” “and” and “the” include plural references unless the context clearly dictates
otherwise, The present disclosure also coniemplates other embodiments “comprising,”
“‘consisting of” and “consisting essentially of,” the embodiments or elements presented

herein, whether explicitly set forth or not.
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[300358] Forthe recitation of numeric ranges herein, each intervening number there
between with the same degree of precision is explicitly contemplated. For example, for the
range of 6-9, the numbers 7 and 8 are contempilated in addition to 6 and 9, and for the range
6.0-7.0, thenumber6.0,6.1,62,63,64, 65 66,67, 6.8,6.9, and 7.0 are explicitly

contemplated.

[G0036] The term “about” or "approximately” as used herein as applied tc one or more
values of interest, refers {0 a value that is similar to a staled reference value. In certain
aspects, the term “about” refers {o a range of values that fall within 20%, 19%, 18%, 17%,
18%, 15%, 14%, 13%, 12%, 11%, 10%, 8%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in
either direction (greater than or less than) of the stated reference value uniess otherwise
stated or otherwise evident from the context (except where such number would exceed
100% of a possible value). Alternatively, “about” can mean within 3 or more than 3 standard
deviations, per the practice in the art. Alternatively, such as with respect to biological
systems or processes, the erm “about” can mean within an order of magnitude, preferably

within 5-fold, and more preferably within 2-fold, of a value.

[(0037] “Adeno-associated virus” or “AAV” as used interchangeably herein refers {0 a
small virus belonging fo the genus Dependovirus of the Parvoviridae family that infects
humans and some other primate species. AAV is not currently known to cause disease and

consequently the virus causes a very mild immune response.

[G0038] “Amino acid” as used herein refers 1o naturally occurring and non-natural
synthetic amino acids, as well as amino acid analogs and amino acid mimetics that function
in a manner similar o the naturally occurring aming acids. Naturally occurring aming acids
are those encoded by the genetic code. Amino acids can be referred {0 herein by either
their commaonly known three-letier symbuols or by the one-letier symbols recommended by
the IUPAC-IUB Biochemical Nomenclature Commission. Amino acids include the side chain

and polypeptide backbone portions.

[G0038] “Binding region” as used herein refers {0 the region within a nuclease target

region that is recoghnized and bound by the nuclease.

[60048] “Clustered Regularly Interspaced Short Palindromic Repeats” and "CRIGPRS”, as
used interchangeably herein, refers to loci containing multiple short direct repeats that are
found in the genomes of approximately 40% of sequenced bacleria and 90% of sequenced

archaea.
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[(30041] “Coding sequence” or *encoding nucleic acid” as used herein means the nucleic
acids (RNA or DNA molecule} that compiise a nucleotide sequence which encodes a
protein. The coding sequence can further include initiation and termination signals operably
linked to requiatory elements including a promoter and polyadenylation signal capable of
directing expression in the cells of an individual or mammal to which the nucleic acid is

administered. The coding sequence may be coden optimize.

[30042] “Complement” or *complementary” as used herein means a nucleic acid can
mean Watson-Crick {e.g., A-T/U and C-G) or Hoogsteen base pairing between nucleotides
or nucleotide analogs of nucleic acid molecules. “Complementarity” refers to a property
shared between two nucleic acid sequences, such that when they are aligned antiparallel {o

each other, the nucleotide bases at each position will be complementary.

[80043] The terms “control,” “reference level,” and “reference” are used herein
interchangeably. The reference level may be a predetermined value or range, which is
employed as a benchmark against which to assess the measured result. “Conlrol group” as
used herein refers 1o a group of control subjects. The predetermined level may be a cutoff
value from a conirol group. The predetermined level may be an average from a control
group. Cutoff values (or predetermined cutoff values) may be determined by Adaptive index
Model (AIM) methodology. Cutoff values (or predetermined cutoff values) may be
determined by a receiver operating curve (ROC) analysis from biological samples of the
patient group. ROC analysis, as generally known in the biclogical arts, is a determination of
the ability of a test o discriminate one condition from another, e.g., 1o determine the
performance of each marker in identifying a patient having CRC. A description of ROC
analysis is provided in P.J. Heagerly et al. (Biometrics 20880, 58, 337-44), the disclosure of
which is hereby incorporated by reference in iis entirety. Alternatively, cutoff values may be
determined by a guartile analysis of biological samples of a patient group. For example, a
cutoff value may be determined by selecting a value that corresponds to any value in the
25th-75th percentile range, preferably a value that corresponds to the 25th percentile, the
50th percentile or the 75th percentile, and more preferably the 75th percentile. Such
statistical analyses may be performed using any method known in the art and can be
implemented through any number of commercially available software packages (e.g., from
Analyse-it Software Lid., Leeds, UK; StataCorp LP, College Station, TX; SAS Institute Inc,,
Cary, NC.). The healthy or normal levels or ranges for a target or for a protein activity may
be defined in accordance with standard practice. A control may be an subject or cell without
the system as detailed herein. A control may be a subject, or a sample therefrom, whose

disease state is known. The subject, or sample therefrom, may be healthy, diseased,
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diseased prior to treatment, diseased during treatment, or diseased afier treatment, or a
combination thereof.

(60044 “Fusion protein” as used herein refers to a chimeric protein created through the
transiation of two or more joined genes that originally coded for separate profeins. The
transiation of the fusion gene results in a single polvpeptide with funclional properties

derived from each of the original separate proteins.

[G600458] “Genetic construct” as used herein refers {o the DNA or RNA molecules that
comprise a polynucieotide that encodes a protein. The coding sequence includes initiation
and termination signals operably linked to regulatory elements including a promoter and
polyadenylation signal capable of directing expression in the celis of the indhiidual to whom
the nucleic acid molecule is administered. As used herein, the term "expressible formy” refers
o gene constructs that contain the necessary regulatory elemenis operable linked to a
coding sequence that encodes a protein such that when present in the cell of the individual,

the coding sequence will be expressed.

(60046 “‘Genome editing” or “gene editing” as used herein refers to changing a gene.
Genome editing may include correcting or restoring a mutant gene. Genome editing may
include knocking out a gene, such as a mutant gene or a normal gene. Genome editing may

be used to ireat disease or enhance muscle repair by changing the gene of interest.

[G00471  “ldentical” or “identity” as used herein in the context of two or more nucleic acids
or polypeptide sequences means that the sequences have a specified percentage of
residues that are the same over a specified region. The percentage may be calculated by
optimally aligning the two seguences, comparing the two sequences over the specified
region, determining the number of positions at which the identical residue occours in both
seguences o yield the number of malched positions, dividing the number of maiched
positions by the iotal number of positions in the specified region, and mulliplving the resuli
by 100 to yvield the percentage of sequence identity. In cases where the two sequences are
of different lengths or the alignment produces one or more staggered ends and the specified
region of comparison includes only a single sequence, the residues of single sequence are
inciuded in the denominator but not the numerator of the calculation. When comparing DNA
and RNA, thymine (T) and uracil (U} may be considered equivalent. identity may be
performed manually or by using a computer sequence algorithm such as BLAST or BLAST
2.0
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[0048] “Mulant gene” or “muiated gene” as used inlerchangeably herein refers 10 a gene
that has undergone a detectable mutation. A mutant gene has undergone a change, such
as the loss, gain, or exchange of genetic material, which affects the normal transmission and
expression of the gene. A “disrupted gene” as used herein refers {0 a mutant gene that has
a mutation that causes a premature stop codon. The disrupted gene product is fruncated

refative 1o g full-length undisrupted gene product.

[30049] “Normal gene” as used herein refers {0 a gene that has not undergone a change,
such as a loss, gain, or exchange of genetic material. The normal gene undergoes normal
gene transmission and gene expression. For example, a normal gene may be a wild-lype

gens.

[C0050] “Nucleic acid” or “oligonucieoiide” or “polynuciectide” as used herein means at
least two nuclectides covalently linked together. The depiction of a single strand also
defines the sequence of the complementary strand. Thus, a polynucleoctide aiso
encompasses the complementary strand of a depicted single strand. Many varianis of a
polynucleotide may be used for the same purpose as a given polynucieotide. Thus, a
polynuclectide also encompasses substantially identical polynucieotides and complements
thereof. A single strand provides a probe that may hybridize 1o a farget sequence under
stringent hybridization conditions. Thus, a polynucleotide also encompasses a probe that
hybridizes under stringent hybridization conditions. Polynuclectides may be single stranded
or double stranded, or may contain portions of both double stranded and single stranded
seguence. The polynucleotide can be nucleic acid, natural or synthetic, DNA, genomic DNA,
cDNA, RNA, or a hybrid, where the polynucleotide can contain combinations of degoxyribo-
and ribo-nuciectides, and combinations of bases including uracil, adenine, thymine, cyiosine,
guanine, inosine, xanthine hypoxanthing, isocyiosing, and isoguanine. Polynucleotides ¢an

be obtained by chemical synthesis methods or by recombinant methods.

[00051]  “Open reading frame” refers to a stretch of codons that begins with a start codon
and ends at a stop codon. In eukaryotic genes with multiple exons, introns are removed,
and exons are then joined together after transcription 1o vield the final mRNA for protein
transiation. An open reading frame may be a continuous stretch of codons. In some
embodiments, the open reading frame only applies to spliced mRNAs, not genomic DNA, for

expression of a protein.

[00052] “Operably linked” as used herein means that expression of a gene is under the
control of a promoter with which it is spatially connected. A promoter may be positioned &

{upstream) or 3' (downstream) of a gene under its control. The distance between the
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promoter and a gene may be approximately the same as the distance between that promoter
and the gene it controls in the gene from which the promoter is derived. As is known in the

ari, variation in this distance may be accommodated without loss of promoter function.

[G0053] “Partially-functional” as used hergin describes a protein that is encoded by a
mutant gene and has less biclogical activity than a functional protein but more than a non-

functional protein.

[G60054] A “peplide” or "polypeptide” is a linked sequence of two or more amino acids
linked by peptide bonds. The polypeptide can be natural, synthetic, or a modification or
combination of natural and synthetic. Peptides and polypeptides include proteins such as
binding proteins, receptors, and antibodies. The terms “polypeptide’, “protein,” and “peptide”
are used interchangeably herein. “Primary struciure” refers {o the aming acid sequence of a
particular peptide. “Secondary structure” refers to locally ordered, three dimensional
structures within a polvpeptide. These structures are commonly known as domains, .g.,
enzymatic domains, extraceliular domains, transmembrane domains, pore domains, and
cytoplasmic tall domains. “Domains” are portions of a polypeptide that form a compact unit
of the polypeptide and are typically 15 to 350 amino acids long. Exemplary domains include
domains with enzymatic aclivity or ligand binding activity. Typical domains are made up of
sections of lesser organization such as stretches of beta-sheet and alpha-helices. “Tertiary
structure” refers {o the complete three dimensional structure of g polypeptide monomer.
*Quaternary structure” refers to the three dimensional structure formed by the noncovalent
association of independent tertiary uniis. A “motif” is g portion of a polypeptide sequence
and includes at least two amino acids. Amotifmay be 210 20, 210 15, or 2 to 10 amino
acids in length. In some embodiments, a miotif includes 3, 4, 5, 8, or 7 sequential amino

acids. A domain may be comprised of a series of the same type of motif.

[00055] “Premature stop codon” or “out-of-frame stop codon” as used interchangeably
herein refers to nonsense mutation in a sequence of DNA, which resulls in a stop codon at
location not normatly found in the wild-type gene. A premature siop codon may cause a

protein to be truncated or shorter compared {o the full-length version of the protein.

[30056] “Fromoter” as used herein means a synthetic or naturally-derived molecuie which
is capable of conferring, aclivating or enhancing expression of a nucleic acid in a cell. A
promoter may comprise one or more specific transcriptional regulatory sequences {o further
enhance expression and/or {o alter the spatial expression and/or temporal expression of
same. A promoter may also comprise distal enhancer or repressor elements, which may be

located as much as several thousand base pairs from the start site of transcription. A
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promoter may be derived from sources including viral, bacterial, fungal, plants, insects, and
animals. A promoter may regulate the expression of a gene component constitutively, or
differentially with respect to cell, the tissue or organ in which expression ocours or, with
respect {o the developmental stage at which expression occurs, or in response o external
stimuli such as physiclogical stresses, pathogens, metal ions, or inducing agents.
Representative examples of promaoters include the bacteriophage T7 promoter,
bacteriophage T3 promoter, SPS promoter, lac operator-promoter, tac promoter, SV40 iate
promoter, SV40 early promoter, RSV-LTR promoter, CMV IE promoter, SY40 early promcter
or 3V40 late promoter, human Ug (hUB} promoter, and CMV IE promoter.

[00057]  The term “recombinant” when used with reference to, for example, a cell, nucleic
acid, protein, or vector, indicates that the cell, nucleic acid, protein, or vector, has been
modified by the introduction of g helerologous nucleic acid or protein or the alteration of a
native nucleic acid or protein, or that the cell is derived from a cell so modified. Thus, for
example, recombinant cells express genes that are not found within the native (naturally
oocurring) form of the cell or express a second copy of a native gene that is otherwise

normally or abnormally expressed, under expressed, or not expressed at all.

[00058] “Sample’ or “test sample” as used herein can mean any sample in which the
presence and/or level of a target is 1o be detected or determined or any sample comprising a
DNA targeting system or component thereof as delailed herein. Samples may include
liquids, solutions, emulsions, or suspensions. Samples may include a medical sample.
Samples may include any biological fluid or tissue, such as blood, whole blood, fractions of
blood such as plasma and serum, muscle, interstitial fluid, sweat, saliva, urine, tears,
synovial fluid, bone marrow, cerebrospinal fluid, nasal secretions, sputum, amnictic fluid,
bronchoalveolar lavage fluid, gastric lavage, emesis, fecal matler, lung tissug, peripheral
biocod mononuciear cells, total white blood cells, lymph node celis, spleen celis, tonsil celis,
cancer cells, tumor celis, bile, digestive fluid, skin, or combinations thereof. In some
embodiments, the sample comprises an aliquot. In other embodiments, the sample
comprises a biclogical fluid. Samples can be obtained by any means known in the art. The
sample can be used directly as obtained from a patient or can be pre-treated, such as by
filtration, distiliation, extraction, concentration, centrifugation, ingctivation of interfering
components, addition of reagents, and the like, o modify the character of the sample in

some manner as discussed herein or otherwise as is known in the art.

[B005%] “Spacers” and “spacer region” as used interchangeably herein refers {0 the
region within a TALE or zinc finger target region that is between, but not a pan of, the

binding regions for two TALESsoOr zinc finger proteins.
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[30080] “Subiect” or "patient” as used herein can mean an animal that wants or is in heed
of the herein described compositions or methods. The subject may be a human or a non-
human. The subject may be any veriebrate. The subject may be a mammal. The mammal
may be a primate or a non-primate. The mammal can be a non-primate such as, for
example, cow, pig, camel, llama, hedgehog, anteater, platypus, elephant, alpaca, horse,
goat, rabbit, sheep, hamster, guines pig, cat, dog, rat, and mouse. The mammalcan be a
primate such as a human. The mammal can be a non-human primate such as, for example,
monkey, cynomolgous monkey, rhesus monkey, chimpanzee, gorilla, orangutan, and
gibbon. The subject may be of any age or stage of development, such as, for example, an
adult, an adolescent, or an infant. The subject may be male. The subject may be female. In
some embodiments, the subject has a specific genstic marker. The subject may be

undergoing other forms of treatment.

[00061] “Substantially identical” can mean that a first and second aming acid or
polynuclectide sequence are at least 80%, 658%, 70%, 75%, 80%, 85%, 80%, 95%, 96%,
97%, 98%, or 99% overaregion of 1, 2, 3,4, 5,6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18,
18, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 85, 100, 200,
300, 400, 500, 600, 7040, 800, 800, 1000, 1100 amino acids or nuclsotides, respeactively.

[00062]  “Transcription activator-like effector” or “TALE" refers {0 a protein structure that
recognizes and binds to a particular DNA sequence. The "TALE DNA-binding domain”
refers o a DNA-binding domain that includes an array of tandem 33-35 amino acid repeats,
also known as RVD modules, each of which specifically recognizes a single base pair of
DNA. RVD modules may be arranged in any order 1o assemble an array that recognizes a
defined sequence. A binding spedcificity of 2 TALE DNA-binding domain is determined by the
RVD array followed by a single truncated repeat of 20 amino acids. “Repeat variable
diresidue” or "RVD” refers o a pair of adjacent amino acid residues within a BNA recognition
motif (also known as “RVD module”™), which includes 33-35 amino acids, of a TALE DNA-
binding domain. The RVD determines the nuclegtide specificity of the RVD module. RVD
modules may be combined to produce an RVD array. The *"RVD array length” as used
herein refers to the number of RVD modules that corresponds to the length of the nucleotide
seguence within the TALEN target region that is recognized by a TALEN, i.e., the binding
region A TALE DNA-binding domain may have 12 to 27 RVD modules, each of which
contains an RVD and recognizes a single base pair of DNA. Specific RVDs have been
identified that recognize each of the four possible DNA nucleotides (A, T, €, and G).
Because the TALE DNA-binding domains are modular, repeats that recognize the four

different DNA nucleotides may be linked together to recognize any particular DNA sequence.

15



CA 03151816 2022-02-17

WO 2021/034984 PCT/US2020/047080

These targeted DNA-binding domains may then be combined with catalytic domains to
create functional enzymes, including ariificial transcription factors, methyltransferases,

integrases, nucleases, and recombinases.

[G0063] “Target gene” as used herein refers to any nucleotide sequence encoding a
known or putative gene product. The target gene may be a mutated gene involved in a
genelic disease. In cerlain embodiments, the target gene is Pax7 or a transcription factor for

Pax7 or a regulatory element for Pax?.

[60064] “Target region” as used herein refers to the region of the target gene to which the

CRISPR/Cas8-based gene editing system is designed 1o bind.

[00085] “Transgene” as used herein refers {0 a gene or genetic material containing a
gene sequence that has been isolated from one organism and is introduced into a different
organism. This non-native segment of DNA may retain the ability to produce RNA or protein
in the fransgenic organism, or it may aller the normal function of the fransgenic organism’s
genetic code. The introduction of a transgene has the potential to change the phenotype of

an grganism.

[00088] “Treatment” or “reating,” when referring to protection of a subject from a disease,
means suppressing, repressing, ameliorating, or completely eliminating the disease.
Freventing the disease involves administering a composition of the present invention 1o a
subject prior {0 onset of the disease. Suppressing the disease involves administering a
composition of the present invention to a subject afier induction of the disease but before its
clinical appearance. Repressing or ameliorating the disease involves administering a

composition of the present invention to a subject afier clinical appearance of the disease.

[00087] “Variant” used herein with respect to a polynuclectide means (i) a portion or
fragment of a referenced nucleotide sequence; (i) the complement of a referenced
nuclestide sequence or portion thereof; (i) a nucleic acid that is substantially identicai io a
referenced nucleic acid or the complement thereof; or {iv) a nucleic acid that hybridizes
under stringent conditions to the referenced nucleic acid, complement thereof, ora

seguences substantially identical thereto.

[B0068] “Variant” with respect to a peptide or polypeptide that differs in amino acid
seguence by the inserlion, deletion, or conservative substitution of amino acids, but retain at
least one biological activity. Variant may also mean a protein with an amino acid sequence
that is substantially identical 10 a referenced protein with an amino acid sequence that

retains at least one biological activily. Represeniative examples of *biclogical activity”
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inciude the ability o be bound by a specific antibody or polypeptide or {o promote an
immune response. Variant can mean a functional fragment thereof. Variant can also mean
mutltiple copies of a polypeptide. The multiple copies can be in tandem or separated by a
linker. A conservative substitution of an amino acid, i.e., replacing an amino acid with a
different amino acid of similar properties (e.g., hydrophilicity, degree and distribution of
charged regions) is recognized in the art as typically involving a minor change. These minor
changes may be identified, in part, by considering the hydropathic index of amino acids, as
understood in the ant (Kyte et al., J Mol Biol 1882, 157, 105-132). The hydropathic index of
an amino acid is based on a consideration of its hydrophobicity and charge. His known in
the art that amino acids of similar hydropathic indexes may be substituted and still retain
protein function. In one aspect, amino acids having hydropathic indexes of £2 are
substituted. The hydrophilicity of amino acids may also be used to reveal substituiions that
would result in proteins retaining biological function. A consideration of the hydrophilicity of
amino acids in the context of a peptide permits calculation of the greatest local average
hydrophilicity of that peptide. Substitutions may be performed with amino acids having
hydrophilicity vaiues within £2 of each other. Both the hydrophobicity index and the
hydrophilicity vaiue of amino acids are influenced by the particular side chain of that amino
acid. Consistent with that observation, amine acid substitutions that are compatible with
biclogical function are understood 1o depend on the relative similarity of the amino acids, and
particularly the side chains of those amino acids, as revealed by the hydrophobicity,

hydrophilicity, charge, size, and other properties.

[0008%] “Vector” as used herein means a nucleic acid seguence containing an origin of
replication. A vector may be a viral vector, bacteriophage, bacterial artificial chromosome or
veast artificial chromosome. A vector may be a DNA or RNA veclor. A vector may be a self-
replicating exdrachromosomal vector, and preferably, is a DNA plasmid. For example, the

vector may encode a Casg protein and at least one gRNA molecule.

[00070] “Zinc finger as used herein refers to a protein that recognizes and binds to DNA
seguences. The zinc finger domain is the most common DNA-binding motif in the human
proteome. A single zinc finger contains approximately 30 aming acids, and the domain
typically functions by binding 3 consecutive base pairs of DNA via interactions of a single

aming acid side chain per base pair.

[00071] Unless otherwise defined herein, scientific and technical terms used in
connection with the present disclosure shall have the meanings that are commonly
understood by those of ordinary skill in the arl. For example, any nomenciatures used in

connection with, and techniques of, cell and tissue culture, molecular biology, immunology,
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microbiology, genetics and protein and nucleic acid chemistry and hybridization described
herein are those that are well known and commonly used in the art. The meaning and scope
of the terms should be clear; in the event however of any latent ambiguity, definitions
provided herein take precedent over any dictionary or extrinsic definition. Further, unless
otherwise required by context, singular terms shall include pluralities and plural terms shall

include the singular.
2. Pax7y

[00072] Pax? (paired box gene 7} is a protein that acts as a myogenic transcription facior.
Pax7 may be factor in the expression of neural crest markers such as, for example, Slug,
Soxg, Sox10, and HNK-1. Pax? may be expressed in the palaial shelf of the maxilla,
Meckel's cartifage, mesencephalon, nasal cavity, nasal epithelium, nasal capsule, and pons.
Pax7 can bind to DNA as a heterodimer with Pax3. Pax? may also interact with PAXBP1
andfor DAXX.

[60073] Pax7 is a transcription factor that plays a role in myogenesis through regulation of
muscle precurser celis proliferation. Skeletal muscle growth and regeneration are attributed
o satellite celis, which are muscie stem cells resident beneath the basal lamina that
surrounds each myofibre. Quiescent satellite cells express the transcription factor Pax?, and
when activated, the quiescent satellite cells may coexpress Pax7 with MyoD. Most celis
may then proliferate, downregulate Pax7, and differentiate. By conirast, other celis may
maintain expression of Pax? but lose expression of MyoD, and return {0 a stale resembling
quiescence. Upon expression or activation of Pax7 in a stem cell, the stem cell may
differentiate into a skeletal muscle progenitor cell. The siem cell may be, for example, an
induced pluripotent stem cell (PSC) or an embryonic stem cell (ESC). The stem cell may be
induced into myogenic differentiation. In some embodimenis, expression or activation of
Pax7 results in expression of Myfs, MyoD, MyoG, or a combination thereof. In some
embodiments, expression or gctivation of Pax? resulls in muscle regeneration. In some
embodimentis, expression or activation of Pax7 resulls in an increase of muscle stem cells,

which may contribute to dystrophint fibers.

3. CRISPR/Cas-based Gene Editing System

[00074] Provided herein are genetic constructs for genome editing, genomic alteration, or
altering gene expression of a gene, for example, a gene encoding Pax?. The genstic
construcis include at least one gRNA that targets a gene sequence. The disclosed gRNAs

can be included in a CRISPR/Cas8-based gene editing system to target regions in the Paxy
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gene, or a promoter or regulatory element of the Pax¥ gene, causing activation of

endogenous expression of Pax?.

[60075] A CRISPR/Cas-based gene editing system may be specific for the Pax? gene, or
a promoter or regulatory element of the Pax7? gene. The CRISPR/Cas-based gene editing
sysiem may be a CRISPR/Cas8-based gene editing system specific for the Pax7 gene, or a
promoter or regulatory element of the Pax7 gene. "Clustered Regularly Interspaced Short
Palindromic Repeats” and “CRISPRSs”, as used interchangeably herein, refers to loci
containing multiple short direct repeats that are found in the genomes of approximately 40%
of sequenced bacteria and 90% of sequenced archaea. The CRISFR system is a microbial
nuclease system involved in defense against invading phages and plasmids that provides a
form of acquired immunity. The CRISFR loci in microbial hosts contain a combination of
CRISPR-associated (Cas) genes as well as non-coding RNA elements capable of
programiming the specificity of the CRISPR-mediated nucleic acid cleavage. Short
segments of foreign DNA, called spacers, are incorporated info the genome between
CRISPR repeats, and serve a3 a 'memory’ of past exposures. A Cas protein, such as a
Cas@ protein, forms a complex with the 3’ end of the sgRNA (also referred interchangeably
herein as “‘gRNA"), and the protein-RNA pair recognizes its genomic {arget by
complementary base pairing between the 5§ end of the sgRNA sequence and a predefined
20 bp DNA sequence, known as the protospacer. This complex is directed to homologous
loci of pathogen DNA via regions encoded within the crRNA, i.e., the protospacers, and
protospacer-adjacent motifs (PAMS) within the pathogen genome. The non-coding CRISPR
array is transcribed and cleaved within direct repeats into short crRNAs containing individual
spacer sequences, which direct Cas nucleases 10 the target site (protospacer). By simply
exchanging the 20 bp recognition sequence of the expressed sgRNA, the Cas8 nuclease
can be directed {0 new genomic targets. CRISPR spacers are used 1o recognize and
silence exogenous genetic elements in 8 manner analogous to RNAI in eukaryotic

grganisms.

[00078] Three classes of CRISPR systems (Types |, ll, and Hil effector systems) are
known. The Type Il effector system carries out targeted DNA double-strand break in four
seguential steps, using a single effector enzyme such as Casy, to cleave dsDNA.
Compared to the Type | and Type Il effector systems, which require multiple distinct
effectors acting as a complex, the Type il effector system may function in altemative
contexts such as eukaryotic cells. The Type ll effecior system consists of a long pre-crRNA,
which is transcribed from the spacer-containing CRISPR locus, the Cas® protein, and a

tracrRNA, which is involved in pre-crRNA processing. The tracrRNAs hybridize to the repeat
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regions separating the spacers of the pre-crRNA, thus initiating dsRNA cleavage by
endogenous RNase lll. This cleavage is followed by a second cleavage event within each
spacer by Cas®, producing mature orRNAs that remain associated with the tracrRNA and

Cas, forming a Cas8.crRNA-tracrRNA complex.

[000771 The Cas@.orRNA-tracrRNA complex unwinds the DNA duplex and searches for
sequences matching the crRNA to cleave. Target recognition ocours upon detection of
complementarity between a “protospacer” sequence in the target DNA and the remaining
spacer sequence in the orRNA. Cas? mediates cleavage of target DNA if a correct
protospacer-adjacent motif (PAM) is also present at the 3° end of the protospacer. For
protospacer targeting, the sequence must be immediately followed by the protospacer-
adjacent motif (PAM), a short sequence recognized by the Casg nuclease that is reqguired for
DNA cleavage. Different Type il systems have differing PAM requirements. The
Strepfococcus pyogenes CRISPR system may have the PAM sequence for this Cas®
(SpCash) as 5-NRG-3’, where R is either A or G, and characterized the specificity of this
system in human cells. A unique capability of the CRISPR/Cas9-based gene editing system
is the straightforward ability to simultaneously target multiple distinct genomic loci by co-
expressing a single Casy protein with wo or more sgRNAsS. For example, the S, pyogenes
Type I systermn naturally prefers to use an *NGG” sequence, where "N” can be any
nuclectide, but also gooepts other PAM sequences, such as "NAG” in engineered systems
(Hsu et al., Natfure Biotechnology 2013 doi10.1038/nbt.2647). Similarly, the Cas9 derived
from Neisseria meningitidis (NmCas8) normally has a native PAM of NNNNGATT, but has
activity across a variety of PAMs, including a highly degenerate NNNNGNNN PAM (Esvelt et
al. Nature Methods 2013 doi10.1038/nmeth.2681).

[00078] A Cas® molecule of S, aureus recognizes the sequence motif NNGRR (R = A or
G) (SEQ D NO: 38) and directs cleavage of a target nucleic acid sequence 110 10,e.g., 310
5, bp upstream from that sequence. In certain embodiments, a Cas® molecule of 8. aureus
recognizes the sequence molif NNGRRN (R = A or G) (SEQ ID NO: 38) and direcis
cleavage of a target nucleic acid sequence 110 10, e.g., 310 5§, bp upstream from that
seguence. In certain embodiments, a Cas8 maolecule of S, aureus recognizes the sequence
motif NNGRRT (R = A or G) (SEQ 1D NO: 40) and directs cleavage of a target nucleic acid
seguence 110 10, e.g., 310 5, bp upstream from that sequence. In certain embodiments, a
Cas9 molecule of S. aursus recognizes the sequence motif NNGRRV (R = A or G) (SEQ ID
NOC: 41) and directs cleavage of a target nucieic acid sequence 11010, e.g., 310 5, bp

upstream from that sequence. in the aforementioned embodiments, N can be any
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nucleotide residue, e.g., anv of A, G, C, or T. Cas® molecules can be engineered to alter the

PAM specificity of the Cas® molecule.

[00079] An engineered form of the Type H effector system of S, pyogenes was shown 1o
function in human cells for genome engineering. In this system, the Cas8 protein was
directed to genomic target sifes by a synthetically reconstituted "guide RNA” ("gRNA", also
used interchangeably herein as a chimeric single guide RNA ("sgRNA"™}, which is a crRNA-
traciRNA fusion that obviates the need for RNase i1l and crRNA processing in general.
Provided herein are CRISPR/Cas8-based engineered systems for use in genome editing
and treating genslic diseases. The CRISEPR/Cas8-based engineered systems can be
designed fo fargetl any gene, including genes involved in a genetic disease, aging, lissue
regeneration, or wound heagling. The CRISPR/Casg-based gene editing systems can
include a Cas? protein or Casy fusion protein and at least one gRNA. In certain
embodiments, the system comprises two gRNA molecules. The Cas$ fusion protein may,
for example, include g domain that has a different activity that what is endogenous to Cass,

such as a transactivation domain.

[B0080] The target gene (8.g., the Pax? gene, or a regulatory element of the Pax7 gene)
can be involved in differentiation of g cell or any other process in which activation of a gene
can be desired, or can have a mutation such as a frameshift mutation or a nonsense
mutation. In some embodiments, the farget or farget gene includes a regulatory element of
the Pax7 gene. The CRISPR/Cas8-based gene editing system may or may not mediate off-
target changes 1o protein-coding regions of the genome. The CRISPR/Cas%-based gene
editing systermn may bind and recognize a target region. The targeted gene may be the Pax?

gene.
a. Cas Protein

[00081] The CRISPR/Cas-based gene editing system can include a Cas protein or a Cas
fusion protein. in some embodiments, the Cas protein is a Cas12 protein (also referred o as
Cpft), such as a Cas12a protein. The Casi2 protein can be from any bacierial or archaea
species, including, but not limited o, Franciselia novicida, Acidaminococcus sp.,
Lachnospiraceae sp., and Frevofella sp. In some embodiments, the Cas protein is a Cas?
protein. Cas® protein is an endonuclease that may cleave nucleic acid and is encoded by
the CRISPR loci and is involved in the Type U CRISPR system. The Cas9 protein can be
from any bacterial or archaea species, including, but not limited to, Sfrepfococcus pyogenes,
Staphviococcus aureus {S. aureus), Acidovorax avenae, Actinobacilius pleurcpneumaoniae,

Actinobacillus succinogenes, Actinobacillus suis, Actinomyces sp., cveliphilus denitrificans,
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Aminomonas paucivorans, Baciflus cereus, Bacillus smithii, Bacillus thuringiensis,
Bacteroides sp., Blastopireliula marina, Bradyrhizobium sp., Brevibacillus laterosporus,
Campyiabacter coli, Campylobacter jejuni, Campylobacter lari, Candidatus Puniceispirilfum,
Clostridium cellufolyticum, Clostridium perfringens, Corvnebacterium accolens,
Corynebacterium diphtheria, Corynebacterium matruchotii, Dinoroseobacter shibae,
Eubagcteriumm dolichum, gamima proteobacterium, Gluconacetobacter diazotrophicus,
Haemophifus parainfiuenzae, Haemophilus spuforum, Helicobacter canadensis,
Helicobacter cinaedi, Helicobacter mustelae, ilyobacter polytropus, Kingefla kingae,
Lactobacilius crispatus, Listeria ivanovii, Listeria monocyfogenes, Listeriaceae bacterium,
Methyiocystis sp., Methylosinus trichosporium, Mobiluncus mulieris, Neisseria bacifliformis,
Neisseria cinerea, Neisseria flavescens, Neisseria lactamica, Neisseria sp., Neisseria
wadsworthii, Nitrosomonas sp., Parvibaculum lavameniivorans, Pasteurella multocida,
Phascolarciohacterium succinatutens, Ralstonia syzygii, Rhodopseudomonas palusins,
Rhodovulum sp., Simonsiella muelleri, Sphingomonas sp., Sporolactobacilius vineae,
Staphvlococcus lugdunensis, Streptococcus sp., Subdoligranuium sp., Tistrella mobilis,
Treponema sp., or Verminephrobacter eiseniae. In certain embodiments, the Cas?9 molecule
is a Strepfococcus pyogenes Cast molecule (also referred herein as “SpCas8”). In certain
embodiments, the Cas® molecule is a Sfaphviococcus aureus Casy molecule (also referred

herein as “SaCas8’).

[00082] A Cas molecule or a Cas fusion protein can interact with one or more gRNA
molecules and, in concert with the gRNA molecule(s), can localize to a site which comprises
a target domain, and in certain embodiments, a PAM sequence. The ability ofa Cas
molecule or a Cas fusion protein to recognize a PAM sequence can be delermined, e.g.,

using a transformation assay as known in the ari.

[B0083] In certain embodiments, the ability of a Cas molecule or a Cas fusion protein io
interact with and cleave a target nucleic acid is protospacer-adjacent motif (PAM) sequence
dependent. A FPAM sequence is a sequence in the target nucleic acid. in certain
embodiments, cleavage of the larget nucleic acid occurs upsiream from the PAM sequence.
Cas molecules from different bacterial species can recognize different sequence motifs (e.g.,
PAM sequences). In cerfain embodiments, a Cas12 molecule of Francisella novicida
recognizes the sequence molif TTTN (SEQ ID NG 586). In cerlain embodiments, a Cas9
molecule of 8. pyogenes recognizes the sequence motif NGG and directs cleavage of a
target nucleic acid sequence 110 14, e.q., 3 10 5, bp upstream from that sequence. In
certain embodiments, a Cas8 molecule of S, thermophilus recognizes the sequence motif
NGGNG (SEQ 1D NO: 35) and/or NNAGAAW (W= A or T) (SEQ ID NQ: 38) and directs
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cleavage of a target nucleic acid sequence 110 10, e.g., 3 1o 5, bp upsiream from these
sequences. in ceriain embodiments, a Cas® molecule of 8 mufans recognizes the
sequence motif NGG (SEQ D NO: 31) and/or NAAR (R = A or G) (SEQ ID NG: 37) and
directs cleavage of a farget nucleic acid sequence 110 10, e.q., 310 5 bp, upstream from this
sequence. In certain embodiments, a Cas® molecule of 5. gureus recognizes the sequence
molif NNGRR (R = A or G) (SEQ 1D NO: 38) and directs cleavage of a target nucleic acid
seguence 1 1o 10, e.g., 310 5, bp upstream from that seguence. In certain embodiments, a
Cas9 molecule of 5. aureus recognizes the sequence motif NNGRRN (R=A or G) (BEQ D
NO: 39) and direcis cleavage of a target nucleic acid sequence 11010, e.g., 3105, bp
upsiream from that sequence. In certain embodiments, a Cas¥ molecule of S. aweus
recognizes the sequence motif NNGRRT (R = A or G) (SEQ 1D NO: 40) and directs
cleavage of a target nucleic acid sequence 1 10 10, 8.q., 3 10 5, bp upstream from that
seguence. In certain embodiments, a Cas® molecule of S. aureus recognizes the sequence
mMolif NNGRRV(R=Aor G, V=A0orC orG) (SEQ ID NO: 41) and directs cleavage of a
farget nucleic acid sequence 110 10, e.q., 3 t0 5, bp upstream from thal sequence. Inthe
aforementioned embodiments, N can be any nucleotide residue, e.g., any of A, G, C, or T,

Cas9 molecules can be engineered to ailter the PAM specificity of the Cas® molecule.

[B0084] In certain embodiments, the vector encodes at least one Cas® molecule that
recognizes a Protospacer Adjacent Motif (PAM) of either NNGRRT (SEQ 1D NO: 40) or
NNGRRV (SEGQ 1D NOC: 41). In certain embodimenis, the at least one Cas8 molecule is an
3. aureus Cas? molecule. In certain embodiments, the at least one Casl8 moleculs is a

mulant S. awreus Cas9 molecule.

[00885] The Cas protein can be mutated 50 that the nuclease activity is inactivated. An
inactivated Cas8 protein (“iCasyg”, also referred to as “dCas8”) with no endonuclease activity
has been targeted to genes in bacleria, yeast, and human celis by gRNAs {0 silence gene
expression through steric hindrance. Exemplary mutations with reference to the &
pyogenes Casy sequence include: D10A, ET62A, HB40A, NB54A, N8B3A, and/or DOBBA.
Exemplary mutations with reference to the 5. aureus Cas9 sequence include D10A and
N58B8OA. In certain embodiments, the Cas¥ molecule is a8 mutant S gureus Cas8 moleculs.
in some embodiments, the dCas8 is a Casy molecule that includes at least two mutations
selecied from D10A, E7682A, H840A, NE854A, N8B3A, and/or D888A, with reference o the 3.
pyogenes Cas? sequence. In some embodiments, the Cas protein is a dCas? protein. In

some embodiments, the Cas protein is a dCas12 protein.
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[30086] In ceriain embodiments, the mutant 8. aureus Cas8 molecule comprises a D10A
mutation. The nucleotide sequence encoding this mutant S aureus Cas? is set forth in SEQ
D NO: 50,

[G008Y] In cerain embodiments, the mutant & aureus Cas8 molecuie comprises a
N580A mutation. The nuclestide sequence encoding this mutant S. aureus Cas9 molecule
is set forth in SEQ 1D NG 51,

[G0088] A polynucieotide encoding a Cas molecule can be a synthelic polynucleotide.
For example, the synthetic polynuclectide can be chemically modified. The synthetic
polynucleotide can be codon optimized, e.g., at least one non-comimon codon or less-
common codon has been replaced by a common codon. For example, the synthetic
polynucleotide can direct the synthesis of an optimized messenger mRNA, &.g., optimized

for expression in a mammalian expression system, e.g., described herein.

[60089] Additionally or allernatively, a nucleic acid encoding a Cas molecule or Cas
polypeptide may comprise a nuclear localization sequence (NLS). Nuclear localization
seguences are known in the art. An exemplary codon optimized nucleic acid sequence
encoding a Casg molecule of S pyvogenes is set forth in SEQ ID NO: 42, The corresponding

amino acid sequence of an &, pyogenes Cast molecule is set forth in SEQ 1D NO: 43,

[00090] Exemplary codon optimized nucleic acid sequences encoding a Cas9 molecule of
S. aureus, and optionally containing nuclear localization sequences (NLSs), are sef forth in
SEQ D NOs: 44-48, 52, and 53, which are provided below. Anocther exemplary codon
optimized nucleic acid sequence encoding a Cas? molecule of &, gureus comprises the
nuclectides 1293-4451 of SEQ 1D NO: 55, An amino acid sequence of an S, aureus CasB
molecule is set forth in SEQ 1D NO: 49, An amino acid sequence of a Skeplococcus
pyogenes Cas8 (with D10A, HB840A mutations) is set forth in SEGQ D NO: 54,

b. Fusion Protein

[00091] Alernatively or additionally, the CRISPR/Cas-based gene editing system can
include a fusion protein. The fusion protein can comprise two heterologous polypeptide
domains, wherein the first polypeptide domain comprises a DNA binding protein such as a
Cas protein, a zinc finger protein, or a TALE protein, and the second polypeptide domain has
an activity such as iranscription activation activity, transcription repression aclivity,
franscription release factor activity, histone modification activity, nuclease activity, nucleic
acid association aclivity, methylase activity, or demethviase activity. The fusion protein can

include a first polvpeptide domain such as a Cas? protein or a mulated Cas® protein, fused
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10 a second polypeptide domain thai has an activity such as franscription activation activity,
transcription repression activity, transcription release factor aclivity, histone modiiication
activity, nuclease activity, nucleic acid association activity, methylase activity, or
demethylase aclivity. In some embodiments, the second polypeptide domain has
transcription activation activity. In some embodiments, the second polypeptide domain
comprises a synthetic transcription factor. The fusion protein may include one second
polypeptide domain. The fusion protein may include two of the second polypeptide domains.
For example, the fusion protein may include a second polypeptide domain at the N-terminal
end of the first polypeptide domain as well as a second polypeptide domain at the C-terminal
end of the first polypeptide domain. In other embodiments, the fusion protein may include a
single first polypeptide domain and more than one (for example, two or three) second

polypeptide domains in fandem.
i} Transcription Activation Activity

[(3003%2] The second polypeptide domain can have transcription aclivation activily, i.e., a
transactivation domain. For example, gene expression of endogencus mammalian genes,
such as human genes, can be achieved by targeting a fusion protein of a first polypeptide
domain, such as dCas® or dCas12, and a transactivation domain to mammalian promoters
via combinations of gRNAs. The transactivation domain can include a VP 16 protein,
mutltiple VP 16 proteins, such as a VP48 domain or VP84 domain, p65 domain of NF kappa
B transcription activator aclivity, or p300. For example, the fusion protein may be dCas9-
VP84, in cother embodiments, the Cas@ protein may be VP64-dCas8-VPE4 (SEQ 1D NG 57,
encoded by SEQ 1D NO: 58). In other embodiments, the fusion protein that activates
transoription may be dCasg8-p3L0. In some embodiments, p300 may comprise a polypeptide
of SEQ ID NO: 58 or SEQ 1D NO: 80.

i} Transcription Repression Activity

[800%3] The second polypeptide domain can have transcription repression activity. The
second polypeptide domain can have a Kruppel associated box aclivity, such as a KRAB
domain, ERF repressor domain aclivity, Mxil repressor domain activity, SiD4X repressor
domain activity, Mad-SiD repressor domain activity, or TATA box binding protein activity.

For example, the fusion protein may be dCas8-KRAE.
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iii} Transcription Release Factor Activity

[600%4] The second polypeptide domain can have transcription release factor activity.
The second polypeptide domain can have eukaryotic release factor 1 (ERF1) activity or

sukaryolic release facior 3 (ERF3) aclivity.
iv} Histone Modification Activity

[00038] The second polypeptide domain can have histone modification activity. The
second polypeptide domain ¢an have histone deacetylase, histone acetyliransferase,
histone demethylase, or histone methyltransferase activity. The histone aceiyliransferase
may be p300 or CREB-binding protein (CEF) prolein, or fragments thereof. For exampis,
the fusion protein may be dCas9-p300. In some embodiments, p300 may comprise a
polypeptide of SEQ ID NO: 50 or SEQ ID NO: 60.

v} Nuclease Activity

[300%6] The second polypeptide domain can have nuclease activity that is different from
the nuclease activity of the Casb protein. A nuclease, or g protein having nuclease activity,
i5 an enzyme capable of cleaving the phosphodiester bonds between the nucleotide
subunits of nucieic acids. Nucleases are usually further divided intc endonucleases and
exonucleases, although some of the enzymes may fall in both categories. Well known

nucleases include deoxyribonuciease and ribonuclease.
vi} Nucleic Acid Association Activity

[6009%7] The second polypeptide domain can have nucleic acid association activity or
nucleic acid binding protein-DNA-binding domain (DBD). A DBD is an independently folded
protein domain that contains at least one motif that recognizes double- or single-siranded
DNA. A DBD can recognize a specific DNA sequence {(a recognition sequence) or have a
general affinity to DNA. A nucleic acid association region may be selected from helix-turn-
helix region, lsucine zipper region, winged helix region, winged helix-turn-helix region, helix-
loop-helix region, immunoglobulin fold, B3 domain, Zinc finger, HMG-box, Wor3 domain,
TAL effector DNA-binding domain.

vii} Methylase Activity

[00098] The second polypeptide domain can have methylase activity, which involves
fransferring a methyl group 1o DNA, RNA, protein, small molecule, cytosine or adenine. In

some embodiments, the second polypeptide domain includes a DNA methyltransferase,
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viii} Demethylase Activity

[600%%] The second polypeptide domain can have demethylase activity. The second
polypeptide domain can include an enzyme that removes methyl {CH3-) groups from nucleic
acids, proteins (in particular histones), and other molecules. Alternatively, the second
polypeptide can converi the methyl group to hydroxymethyicytosine in a mechanism for
demethylating DNA. The second polypeptide can catalyze this reaction. For example, the

second polypeptide that catalvzes this reaction can be Tett.

. gRNA

[000100] The CRISPR/Cas-based gene editing system includes at least one gRNA
molecule. For example, the CRISPR/Cas-based gene editing system may include two
gRNA molecules. The gRNA provides the targeting of a CRISPR/Cas-based gene editing
system. The gRNA is a fusion of two noncoding RNAs: a orRNA and a tracrRNA. In some
embodiments, the polynucieotide includes a orRNA, and/or a fracrRNA. The sgRNA may
target any desired DNA sequence by exchanging the sequence encoding a 20 bp
protospacer which confers targeting specificity through complementary base pairing with the
desired DNA target. gRNA mimics the naturally occurring orRNAtracrRNA duplex invelved
in the Type H Effector system. This duplex, which may include, for example, a 42-nuclectide
orRNA and a 75-nuclectide tracrRNA, acts as a guide for the Cas$ (o cleave the larget
nucleic acid. The “target region,” “target sequence,” or “protospacer,” refers to the region of
the larget gene {(e.g., a Pax? gene} io which the CRISPR/Casg-based gene editing system
targets and binds. The portion of the gRNA that targets the target sequence in the genome
may be referred to as the "targeting sequence” or “targeting portion” or “targeting domain.”
“‘Protospacer” or "gRNA spacer” may refer to the region of the target gene to which the
CRISPR/Cas-based gene editing system targets and binds; “protospacer” or “gRNA
spacer” may also refer 1o the portion of the gRNA that is complementary 1o the targeted
sequence in the genome. The gRNA may include a gRNA scaffold. A gRNA scaffold
facilitates Cas? binding 1o the gRNA and may facilitate endonuclease activity. The gRNA
scaffold is a polynucleotide sequence that follows the portion of the gRNA corresponding to
seguence that the gRNA targets. Together, the gRNA targeting portion and gRNA scaffold
form one polynucieotide. The scaffold may comprise a polynucleotide sequence of SEQ ID
NO: 85. The CRISPR/Cas8-based gene editing system may include at least one gRNA,
whergin the gRNAs target different DNA sequences. The target DNA sequences may be
overfapping. The target sequence or protospacer is followed by a PAM sequence at the &7
end of the protospacer in the genome. Different Type |l systems have differing PAM

requirements. For example, the Sireplococcus pyogenes Type ll system uses an "NGG”
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sequence, where "N” can be any nucleotide. In some embodiments, the PAM sequence
may be “‘NGG”, where “N” can be any nuclestide. In some embodiments, the PAM
sequence may be NNGRRT (SEQ D NO: 40) or NNGRRV (SEQ 1D NO: 41).

[800101] The number of gRNA molecule encoded by a genetic construct {8.g., an AAV
vector) can be at least 1 gRNA, at least 2 different gRNA, at least 3 different gRNA at least 4
different gRNA, at least 5 different gRNA, at least 6 different gRNA, at least 7 different
gRNA, at isast 8 different gRNA, al least 9 different gRNA, at least 10 different gRNAsS, at
least 11 different gRNAs, at least 12 different gRNAs, at least 13 different gRNAs, at least 14
different gRNAs, at isast 15 different gRNASs, at least 16 different gRNAS, at least 17
different gRNAs, at least 18 different gRNAs, at least 18 different gRNAs, at least 20
different gRNAs, at least 25 different gRNAS, at least 30 different gRNAs, at least 35
different gRNAs, at least 40 different gRNASs, at least 45 different gRNAs, or at least 50
different gRNAs. The number of gRNAs encoded by a presently disclosed vector can be
between gt least 1 gRNA 1o at least 50 different gRNAs, at least 1 gRNA {0 at least 45
different gRNAs, at least 1 gRNA to at least 40 different gRNAs, at least 1 gRNA 1o at least
35 different gRNAS, at least 1 gRNA {0 at least 30 differeni gRNAs, at least 1 gRNA 1o at
least 25 different gRNAs, at least 1 gRNA to at least 20 different gRNAs, at least 1 gRNA {0
at least 16 different gRNAs, al least 1 gRNA 1o at least 12 different gRNAs, at least 1 gRNA
{0 at least 8 different gRNAS, at ieast 1 gRNA to at least 4 different gRNAS, at least 4 gRNAs
fo at least 50 different gRNAs, at Isast 4 different gRNAS to al least 45 different gRNAS, at
least 4 different gRNAS {0 at least 40 different gRNAS, at least 4 different gRNAS 1o at least
35 different gRNAs, at least 4 different gRNAS {0 at least 30 different gRNAS, at least 4
different gRNAs to af least 25 different gRNAS, at least 4 different gRNAs {0 at least 20
different gRNAs, at least 4 different gRNAS 10 at least 16 different gRNAs, at least 4 different
gRNAs 1o at least 12 different gRNAs, at least 4 different gRNAs to at least 8 different
gRMNAs, at least 8 different gRNAs 1o at least 50 different gRNAs, at least 8 different gRNAs
1o at least 45 different gRNAs, at least 8 different gRNASs to at least 40 different gRNAs, at
least 8 different gRNAS {0 at least 35 different gRNAs, 8 different gRNAs to at least 30
different gRNAs, at izast 8 different gRNASs 10 at least 25 different gRNAs, 8 different gRNAs
o al least 20 different gRNAs, at least 8 different gRNAS 10 at least 16 different gRNAs, or 8
different gRNAS to at least 12 different gRNAs. in certain embodiments, the genetic
construct {e.q., an AAV vector) encodes one gRNA molecule, .e., a first gRNA molecule,
and optionally a Cas® molecule. In certain embodiments, a first genetic construct (e.g., a
first AAV vector) encodes one gRNA molecule, Le., a first gRNA molecule, and opticnally a
Cas¥ molecule, and a second genetic construct (e.g., a second AAV vecior) encodes one

gRNA molecule, i.e., a second gRNA molecule, and optionally a Cas9 molecule.
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[300102] The gRNA molecule comgrises a {argeting domain, which is a polynucieotide
sequence complementary to the target DNA seguence followed by a PAM sequence. The
gRNA may comprise a “G” at the 5’ end of the {argeting domain or complementary
polynuclectide sequence. The targeting domain of a gRNA molecule may comprise at least
a 10 base pair, at least a 11 base pair, at least a 12 base pair, at least a 13 base pair, at
least a 14 base pair, at least a 15 base pair, at least a 16 base pair, at least a 17 base pair,
at least a 18 base pair, al least a 19 base pair, at least a 20 base pair, at least a 21 base
pair, at least g 22 base pair, at least a 23 base pajy, at least a 24 base pair, at least g 25
base pair, at lzast a 30 base pair, or at least a 35 base pair complementary polynuclectide
seguence of the target DNA sequence foliowed by a PAM sequence. In ceriain
embodiments, the targeting domain of a gRNA molecule has 18-25 nuclectides in length. In
ceriain embodiments, the targeling domain of a gRNA molecule is 20 nucleotides in length.
in ceriain embodiments, the targeting domain of a gRNA molecule is 21 nucleotides in
length. In certain embodiments, the targeting domain of a gRNA molecule is 22 nucieolides
inn length. In ceriain embodiments, the {argeling domain of a gRNA molecule is 23

nuclectides in length.

[000183] The gRNA may target a region within or near the Pax7 gene, or within ornear a
regulatory element or promoter of the Pax? gene. In certain embodiments, the gRNA can
target at least one of exons, introns, the promaoter region, the enhancer region, or the
franscribed region of the gene. The gRNA may larget Pax7 or a promoter or regulatory
element of the Pax? gene. In some embodiments, the gRNA targets a Pax7 promoter. The
gRNA may include a targeting domain that comprises a polynuclectide sequence
corresponding to at least one of SEQ ID NOs: 1-8 or 68-786 or 77-84, or a complement
thereof or a variant thereof, as shown in TABLE 1. In some embodiments, the gRNA targets
a polynuclectide sequence comprising the complement of at least one of SEQ |D NOs: 1-8.
in some embodiments, the gRNA is encoded by a polynucleotide sequence comprising at
least one of SEQ ID NOs: 1-8. In some embodiments, the gRNA comprises a polynucleotide
sequence selected from SEQ ID NQOs: 69-76. In some embodiments, the gRNA binds and
targets a polynuciectide comprising a sequence selected from SEQ 1D NOs: 77-84,
respectively, in TABLE 4.

TABLE 1. gRNASs that activate endogenous Pax?.

SEQ gRNA sequence SEQ gRNA
D NO ID NO
1 GGCCGGGGACTCGGCGGATC 69 GGCCGGGGACUCGGCGGAUC
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2 TCCCCGGCTCGACCTCGTTT 70 UCCCCGGCUCGACCUCGUUU
3 CCAGGGCGCAAGGGAGCGG 71 CCAGGGCGCAAGGGAGCGG
4 TCCTCCGCTCCCTTGCGCCC 72 UCCUCCGCUCCCUUGCGCCC
5 GGGGGCGCGAGTGATCAGCT 73 GGGGGCGCGCAGUGAUCAGCU
& CGGGTTTCAGGGCTGGACGG 74 CGGGUUUCAGGGCUGGACGG
7 TGGTCCGGAGAAAGAAGGCG 75 UGGUCCGGAGAAAGAAGGCG
8 AGCGCCAGAGCGCGAGAGCG 76 AGCGCCAGAGCGCGAGAGCG

TABLE 4. Target sequences of the gRNAs that activate endogenous Pax?
SEQ D NO gRNA target sequence

77 GATCCGCCGAGTCCCCGGCC
78 AAACGAGGTCGAGCCGGGGA
79 CCGCTCCOTTGLGLOCTGG

80 GGGCGCAAGGGAGCGGBAGGA
81 AGCTGATCACTCGCGLCLCTCC
82 CCGTCCAGUCCTGAAACCCG
83 CGCCTTCTTTCTCCGGACCA

84 CGCTCTCGCGCTCTGGCGCT

[600104] Single or multiplexed gRNAs can be designed to aclivale expression of Pax?,

thereby differentiating a stem cell into a skeletal muscle progenitor cell. Following treatment

with g construct or system as detailed herein, a stem celf may be differentiated into a

skeletal muscie progenitor cell. Genetically corrected stem or patient cells may be

transplanted into a subject.

d. DNA Targeting System

[003108] Further provided herein are DNA targeting systems or compositions that

comprise such genetic construcis. The DNA targeting compositions include at least one

gRNA molecule {e.g., two gRNA molecules) that targels a gene, as described above. The at

least one gRNA molecule can bind and recognize a target region.
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[3001061 In some embodiments, the DNA targeting composition includes a first gRNA and
a second gRNA. In some embodiments, the first gRNA molecule and the second gRNA

molecule comprise different fargeting domains.

[G00107] The DNA fargeting composition may further include at least one Cas molecule or
a fusion protein. In some embodiments as detailed above, the DNA targeting compaosition
further includes at least one dCas¥ protein or fusion protein. In some embodiments, the
Cas9 molecule or fusion protein recognizes a PAM of sither NNGRRT (SEQ ID NGO: 40) or
NNGRRY (SEQ ID NO: 41). iIn some embodiments, the DNA targeting composition includes
a nucleolide sequence set forth in SEQ 1D NO: 85, In certain embodiments, the vector is
configured to form a first and g second double strand break in a segment within or near the

Pax7 gene.

[G00108] The DNA targeting composition may further comprise a donor DNA ora

transgene.
4. Genetic Constructs

[003108] The DNA targeting system, or one or more components thereof, may be encoded
by or comprised within a genetic construct. Genetic constructs may include polynucieolides
such as vectors and plasmids. The construct may be recombinant. In some embodiments,
the genetic construct comprises a promoter that is operably linked o the polynuciectide
encoding at least one gRNA molecule and/or a Cas molecule or fusion protein. In some
embodiments, the genetic construct comprises a promoter that is operably linked to the
polynucleotide encoding at least one gRNA molecule and/or a dCas molecule or fusion
protein. In some embodiments, the genetic construct comprises a promoter that is operably
linked to the polynucieotide encoding at least one gRNA molecule and/or a Cas® molecule
or fusion protein. In some embodiments, the promoter is operably linked to the
polynucleotide encoding a first gRNA molecule, a second gRNA molscule, and/or a Casg
molecule or fusion protein. The genetic construct may be present in the cell as a functioning
extrachromosomal molecule. The genetic construct may be a linear minichromosome
including centromere, telomeres, or plasmids or cosmids. The genetic construct may be
transiormed or transduced into a cell. The genetic construct may be formulated into any
suitable type of delivery vehicle including, for example, a viral vector, lentiviral expression,
mRNA electroporation, and lipid-mediated transfection. Further provided herein is a cell
transformed or fransduced with a DNA fargeting system or component thereof as detailed
herein. The cell may be, for example, a stem cell, or a fibroblast. In some embodiments, the

stemn cell is a pluripotent stem cells. In some embodiments, the fibroblast is a skin fibroblast.
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[300110] Further provided herein is a viral delivery system. In some embodiments, the
vector is an adeng-associated virus (AAV) vector. The AAV vector is a small virus belonging
to the genus Dependovirus of the Parvoviridae family that infects humans and some other
primate species. AAV vectors may be used {o deliver CRISPR/Cas9-based gene ediling
systems using various construct configurations. For example, AAV vectors may deliver
Cas® and gRNA expression casseties on separate vectors or on the same vector,
Alternatively, if the small Cas® proteins, derived from species such as Staphyiococcus
aureus or Neisseria meningitidis, are used then both the Cas? and up 1o two gRNA
expression casseites may be combined in a single AAV vecltor within the 4.7 kb packaging

firnit.

[0001111 In some embodiments, the AAV vector is a modified AAV vector. The modified
AAV vector may have enhanced cardiac and/or skeletal muscle tissue tropism. The
maodified AAV vecior may be capable of delivering and expressing the CRISPR/Casg-based
gene editing system in the cell of a mammal. For example, the modified AAV vector may be
an AAV-SASTG vector (Placentine et al. Human Gene Therapy 2012, 23, 635-648). The
maodified AAV vecior may be based on one or more of several capsid types, including AAVT,
AAVZ, AAVE, AAVE, AAVS, and AAVS. The modified AAV vector may be based on AAVZ
pseudotype with altermnative musdcle-tropic AAV capsids, such as AAVZ/1, AAVZ/E, AAVZ/T,
AAVZ/I8, AAV2/9, AAVZ.5, and AAV/SASTG vectors that efficiently transduce skeletal
muscle or cardiac muscle by systemic and local delivery (Seto et al. Current Gene Therapy
2012, 72, 138-151). The modified AAV vector may be AAV2I8GY (Shen et al. J. Biol Chem.
2013, 288, 28814-28823).

5. Pharmaceutical Compositions

[(300112] Further provided herein are pharmaceutical compositions comprising the above-
described genetic constructs or DNA fargetling systems. The DNA targeting sysiems, or at
least one component thereof, as detailed herein may be formulated into pharmaceutical
compositions in accordance with standard techniques well known 1o those skilled in the
pharmaceutical art. The pharmaceutical compositions can be formulated according 1o the
mode of administration o be used. In cases where pharmaceutical compositions are
injectable pharmaceutical compositions, they are sterile, pyrogen free, and particulate free.
An isotonic formulation is preferably used. Generally, additives for isotonicity may include
sodium chioride, dextrose, mannitol, sorbitol and lactose. In some cases, isoionic solutions
such as phosphate buffered saline are preferred. Stabilizers include gelatin and albumin. In

some embodiments, a vasoconstriction agent is added to the formulation.
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[3001131 The composiiion may further comprise a pharmaceutically acceptable excipient.
The pharmaceutically acceptable excipient may be funclional molecules as vehicles,
adjuvants, carriers, or diluenis. The term “pharmaceutically acceptable carrier,” may be a
non-toxic, inert solid, semi-solid or liguid filler, diluent, encapsulating material or formulation
auxiliary of any type. Pharmaceutically acceptable carriers include, for example, diluents,
lubricants, binders, disintegrants, colorants, flavors, sweeteners, antioxidants, preservatives,
glidants, solvents, suspending agents, wetting agents, surfactants, emollients, propeliants,
humectants, powders, pH adjusting agents, and combinations thereof. The pharmaceutically
acceptable excipient may be a transfection facilitating agent, which may include surface
active agents, such as immune-siimulating complexes (ISCOMS)}, Freunds incompiete
adjuvani, LPS analog including monophosphoryl ipid A, muramyl peptides, quinone analogs,
vesicles such as squalene and squalene, hyaluronic acid, lipids, liposomes, calcium ions,
viral proteins, polyanions, polycations, or nanoparticles, or other known transfection

facilitating agents.

[00¢114] The transfection facilitating agent may be a polyanion, polycation, including poly-
L-glutamate (LGS), or lipid. The transfection facilitating agent is poly-L-glutamate, and more
preferably, the poly-L-glutamate is present in the composition for genome editing in skeletal
muscle or cardiac muscle at a concentration less than 8 mg/ml.. The transfection facilitating
agent may also include surface active agents such as immune-stimulating complexes
(ISCOMS), Freunds incomplete adjuvant, LPS analog including monophosphoryl lipid A,
muramyl peptides, quinone analogs and vesicies such as squalene and sgualene, and
hyaluronic acid may also be used administered in conjunction with the genetic construct. In
some embodiments, the DNA veclor encoding the composition may also include a
fransfection facilitating agent such as lipids, liposomes, including fecithin liposomes or other
liposomes known in the art, as a DNA-liposome mixture (see for example International
Patent Publication No. WQ09324640}, calcium ions, viral proteins, polyanions, polycations, or
nanopanicles, or other known transfection facilitating agents. In some embodiments, the
fransfection facilitating agent is a polyanion, polycation, including poly-L-glutamate (LGS), or

lipid.

&. Administration

[003118] The DNA targeting systems, or at leasi one component thereof, as detailed
herein, or the pharmaceutical compositions comprising the same, may be adminisiered to a
subject. Such compositions can be administered in dosages and by technigues well known
fo those skilied in the medical arts taking into consideration such factors as the age, sex,

weight, and condition of the particular subject, and the route of administration. The presently
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disclosed DNA targeting systems, or at lsast one component thereof, genetic constructs, or
compositions comprising the same, may be administered to a subject by different routes
including orally, parenterally, sublingually, transdermally, rectally, transmucosally, topically,
intranasal, infravaginal, via inhalation, via buccal administration, intrapleurally, intravenous,
intraarterial, intraperitoneal, subcutaneous, intradermally, epidermally, inframuscular,
intranasal, intrathecal, intracranial, and intraarticular or combinations thereof. In certain
embodiments, the DNA targeting system, genetic construct, or compaosition comprising the
same, is administered 1o a subject intramuscularly, intravenously, or a combination thereof.
For veterinary use, the DNA targeting systems, genetic constructs, or compaositions
comprising the same may be administered as a suitably acceptable formulation in
accordance with normal veterinary practice. The veterinarian may readily determine the
dosing regimen and route of administration that is most appropriate for a particular animal.
The DNA targeting systems, genetic constructs, or compositions comprising the same may
be adminisiered by traditional syringes, needleless injection devices, “microprojectile
bombardment gone guns,” or other physical methods such as electroporation (‘EP”),

“hydrodynamic method”, or ultrasound.

[003116] The DNA targeting systems, genstic constructs, or compositions comprising the
same may be delivered to a subject by several technologies inciuding DNA injection (also
referred to as DNA vaccination) with and without in vivo electroporation, lipocsome mediated,
nanopartticle facilitated, recombinant vectors such as recombinant lentivirus, recombinant
adenovirus, and recombinant adenovirus associated virus. The composition may be injected
into the skeletal muscle or cardiac muscle. For exampile, the composition may be injected

into the tibialis anterior muscle or {ail.

[008117] In some embodiments, the DNA targeting system, genetic consiruct, or
composition comprising the same, is administered by 1) tail vein injections (systemic} into
adult mice; 2) intramuscular injections, for exampile, local injection into a muscle such as the
TA or gastrocnemius in adult mice; 3) intraperitoneal injections inlo P2 mice; or 4} facial vein
injection (systemic) into P2 mice. in some embodiments, the DNA targeting system, genelic
construct, or composition comprising the same, is adminisiered to a human by intravenous

or inframuscular injection.

[000118] Upon delivery of the presently disclosed systems or genetic constructs as
detailed herein, or al least one component thereof, or the pharmaceutical compositions
comprising the same, and thereupon the vecior into the celis of the subject, the transfected
celis may express the gRNA molecule(s) and the Cas® molecule or fusion protein. In some

embodiments, the Cas® is a dCas¥ or fusion proiein.
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[(3001191 Any of the delivery methods and/or roules of administration detailed herein can
be utilized with a myriad of cell types, for example, those cell types currently under
investigation for cell-based therapies, including, but not limited {o, immortalized myoblast
cells, such as wild-type and patient derived lines, primal dermal fibroblasts, stem cells such
as induced pluripotent stem cells, bone marrow-derived progenitors, skeletal muscle
progenitors, human skeletal myobilasts from patients, CD 133+ cells, mesoangioblasts,
cardiomyocytes, hepatocytes, chondrocytes, mesenchymal progenitor celis, hematopoietic
stemn cells, smooth muscle cells, and MyoD- or Pax7-transduced celis, or other myogenic
progenitor cells. The stem cell may be a human pluripotent stem cell. The stem cell may be
an induced pluripotent stem cell (PSC). The stem cell may be an embryonic stem celi
(ESC).

7. Methods

a. Methods of activating endogenous myogenic transcription factor Pax?

[6001207 Provided herein are methods for activating endogenous myogenic transcription
factor Pax7 in a cell. The method may include administering to the cell a DNA targeting
sysiem as delailed herein, an isclated polynucieoctide seguence as detailed herein, a vector
as detailed herein, a cell as detailed herein, or a combination thereof. In some
embodiments, endogenous exprassion of Pax? mRNA is increased in the skeletal muscle
progenitor cell. in some embodiments, exprassion of Myf5, MyoD, MyoG, or a combination
thereof, is increased in the skeletal muscle progenitor cell. In some embodiments, the stem
cell is induced into myogenic differentiation. In some embodiments, the skeletal muscle
progenitor cell maintains Pax7 expression afier at leasi about 2, at least about 3, at least
about 4, at least about 5, at least about 6, al lsast about 7, at least about 8, at teast about 9,
at least about 10, at least about 11, at least about 12, at least about 13, at least about 14, or

at least about 15 passages.
b. Methods of differentiating a stem cell into a skeletal muscle progenitor cell

[6001217 Provided herein are methods of differentiating a stem cell into a skeletal muscle
progenitor cell. The method may include administering 1o the cell g DNA targeting system as
detailed herein, an isolated polynucleotide seguence as detailed herein, a vector as detailed
herein, a cell as delailed herein, or a combination thereof. in some embodiments,
endogencus expression of Pax? mRNA is increased in the skeletal muscle progenitor cell

in some embodiments, expression of Myfs, MyvoD, MyoG, or a combination thereof, is

increased in the skeletal muscle progenitor cell. In some embodiments, the stemcell is
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induced into myogenic differentiation. In some embodiments, the skeletal muscle progenitor
cell maintains Pax7 expression afier at least about 2, at least about 3, at least about 4, at
least about 5, at least about 8, at least about 7, at least about 8, at least about 9, at least
about 10, at least about 11, atleast about 12, at least about 13, at least about 14, or at least

about 15 passages.

¢. Methods of treating a subject

[600122] Provided herein are methods for activating endogenous myogenic transcription
factor Pax7 in a cell. The method may include administering to the cell a DNA targeting
sysiem as delailed herein, an isclated polynucieoctide seguence as detailed herein, a vector
as detailed herein, a cell as detailed herein, or a combination thereof. In some
embodiments, endogenous exprassion of Pax7 mRNA is increased in the subject. In some
embodiments, expression of Myf5, MyoD, MyoG, or a combination thereof, is increased in
the subject. In some embodiments, a cell in the subject is induced into myogenic
differentiation. In some embodiments, the level of dystrophin+ fibers in the subject is

increased. In some embodiments, muscle regeneration in the subiect is increased.

8. Examples

Example 1

Materials and Methods

[300123] oRNA design, transfection, and plasmid consfruction, Pax7? promoter
targeting gRNAs were designed using crispr.mit.edu and cloned into a gRNA vector
(Addgene plasmid 41824). Candidate Pax7 gRNAs were transiently transfected with
Lipofectamine 3000 on the second day of CHIRON®9021-induced differentiation of H9 ESCs
constitutively expressing VP64-dCas9-VP64. Celis were harvested after 6 days for gRT-
PCR analysis of Pax?. For doxycycline {dox)-inducible expression of VP64-dCas8-VP64,
the pLV-hUBC- VP84dCas8VPE4-T2A-GFP plasmid (Addgene plasmid 59791) served as the
source vector for generating the pLV-tightTRE- VP64dCasVP84-T2ZA-mCherry. The Pax?
gRNA was cloned into a pLV-hUB-gRNA-PGK-riTA3-Blast that was generated using pLV-
CMV-ITTAS3- Blast as the source vectior {Addgene plasmid 26428). The Pax7 cDNA {(DNASU
plasmid HsCD00443491) was cloned into a lentiviral construct 1o generate pLV-lightTRE-
Pax7-P2A-mCherry construct. The PAXT-A seguence was confirmed 1o be the same as the
PAXT sequence used in previous directed differentiation papers. The PAX7-B sequence
was obtained by PCR of mRNA isolated from cells treated with VP84dCasgVP64 + gRNA
and cloned into a lentiviral tightTRE-PAX7-B-P2A-mCherry construct. Seguences of the
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target sequences of the gRNAs are shown in TABLE 2. Primers used are shown in TABLE

3.

TABLE 2
gRNAI SEQ Protospacer Sequence (5 - 37 Position Relative {0 TSS
4 | ID#
111 GGCCGGGEACTCGGCGGATE -490
2 | 2 TCCCCGGCTCGACCTCGTTT 351
3 1 3 CCAGGGCGCAAGGGAGCGS 278
6 | 4 TCCTCCGCTCCOTTGEGACS 282
5 | 5 GGGGGCGCEAGTGATCAGET 137
s | 8 CGGGTTTCAGGGCTGGACGG .70
7 1 7 TGETCCGGAGAAAGAAGGCE +30
s | 8 AGCGCCAGAGCGCGAGAGCG +158
TABLE 3

: Y : Y Cycling

Target Forward Primer (5'- 3) Reverse Primer (5 -3 Condition

cappr | GAAGGTGAAGGTCGGAGTC | GAAGATGGTGATGGGATTTC 95;;,(;65

(SEQ 1D NO: 8) (SEQ ID NO: 10) e

oaxy (CAGCAAGCCCAGACAGGTGG GCACGCGGCTAATCGAACTC 9555(5(.;53

(SEQ 1D NO: 11) (SEQ 1D NO: 12) o

vivrs | AATTTGGGGACGAGTTTGTG| CATGGTGGTGGACTTCCTCT 955;355

L A4D .
(SEQ 1D NO: 13) (SEQID NO: 14) e
f’o
wvop | AGACTGCCAGCACTTTGCTA| GTAGCTCCATATCCTGGCGG g‘ggé‘s
(SEQ 1D NO: 15) (SEQ 1D NO: 18) R
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vyvog |GGTGCCCAGCGAATGE (SEQ)  TGATGCTGTCCACGATGGA 95;8(;:(:55
D NO: 17} (SEQ ID NO: 18) 205 x40
Endogenou 95°C 53
s PAX7 |GCTACAAGGTGGTGTCAGGG| GAGCCATAGTACGGAAGCAGAG | ~ oo
Isoform 1/2 T (SEQ ID NO: 19) (SEQ ID NO: 20} 205 x40
(PAX7-A)

Endogenocu 95°C Bs
s PAX7 [TCTGGCCAAAAATGTGAGCC ! GGGTCAGTTAGGGTTGGGC NN
isoform 3 T (SEQ ID NO: 21) (SEQ ID NQ: 22) 205 x40

(PAX-TB) )
TGCTTCCCTGAGACCCAGTT |[SATCACTTCTTTCCTTTGCATCAA| 95°C 5s
T (SEQ ID NO: 23) G 55°C
: (SEQ ID NO: 24) 205 x40
rgxs | CAACCCCGCATACACCTAGT| CGTCTCGCTCCCTCTTACAG 9555(5(.;55
(SEQ ID NO: 25) (SEQ ID NO: 28) 205 xd0
vscnt | AACCTGCGCGAGACTTTCC | ACAGCTGGACAGGGAGAAGA gigfé’s
(SEQ ID NO: 27) (SEQ ID NO: 28) 205 x40
~o
payy |CTCACCTCAGGTAATGGGAC| CGTGGTGGTAGGTTCCAGAC gggé‘s
T (SEQ ID NO: 29) (SEQ ID NO: 30) 205 x40
PAXT Chipi CEGGGCTCTGACATTADACA] GCUAGAGTCOGOCCTATITC 92‘;}% é)s
1,-73%bp (SEQ D NOD: 81 (SEQ D NG 82 205 x40
pAX7 chip] TATTGGTCCTCOBOTCCOTT | GTGAGCGCGATCTGATAGGT 9%;% gs
o]
2, -288bp (BEQ D NO: B3 (SEQ D NO: 84} 208 x40
pAX7 Chipl TTROCGASTTTGGATTCGTC | TCCAAAGGGAATCCCGTGE 95@;% §$
3, +582bp (SEG D NG 85) (SEQ D NO: 66) 205 x40
PAX7 ChIPICGCAGGBUTEAAATTCTSET! AGASCUGAGARAACTSTOAGS ggoggs
4,+926 (SEQ ID NO: 67) (SEQ ID NO: 68) 205 x40

[600124] Lentiviral production. HEK293T cells were oblained from the American Tissue

Collection Center (ATCC) and purchased through the Duke University Cancer Center
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Facilities and were cultured in Dulbecco’s Maodified Eagle’s Medium (Invitrogen)
supplemented with 10% FBS (Sigma) and 1% penicillin/streptomycin (Invitrogen) at 37°C
with 5% CQO2. Approximately 3.5 million cells were plated per 10 cm TCPS dish. Twenty-
four hours later, the cells were fransfected using the calcium phosphate precipitation method
with pMD2.G (Addgene #12259) and psPAX2 {(Addgene #12260) second generation
envelope and packaging plasmids. The medium was exchanged 12 hours post-transfection,
and the viral supermnatant was harvested 24 and 48 hours after this medium change. The viral
supematant was pooled and centrifuged at 500 g for 5 minutes, passed through a 0.45 um
filter, and concentrated 1o 20x using Lenti-X Concentrator {Clontech) in accordance with the
manufacturer’s protocol. Undifferentiated hPSCs were transduced with the pLV-hUS-gRNA-
PGK-riTA3- Blast and celis were selected with 2 yg/mb of blasticidin (Thermo) {o generate
homogenous population of stably transduced celis. Just priorto differentiation, hPSCs were
resuspended and plated with lentivirus encoding inducible VP64-dCas3-VP84 or Pax? cDNA,

[G00128] Cefl cuiture. HO ESCs {obtained from the WiCell Stem Cell Bank} and DU
IPSCs were used for these studies. DU1T1 IPSCs were generated by the Duke iPSC Shared
Resource Facility via episomal reprogramming of BJ fibroblasts from a healthy male
newborn (ATCC cell line, CRL-2522). Stable and correct karyotype and pluripotency of the
celis was confirmed. hPS8Cs were maintained in mTeSR (Stem Cell Technologies) and
plated on tissue culture treated plates coated with ES-qualified matriget (Corning). For

differentiation, hPSCs were dissociated into single celis with Accutase (Stem Cell

Technologies) and plated on matrigel coated plates at 2.3 -3.3 x 104/0m2 in mTe3R medium
supplemented with 10 uM Y27832 (Siem Cell Technologies). The following day, mTeSR
medium was replaced with E6 media supplemented with 10 uM CHIR99021 (Sigmay) to
initiate mesoderm differentiation. After 2 days, CHIR89021 was removed and cells were
maintained in E6 media with 10 ng/mL FGF2 (Sigma) and 1 ug/mbL of doxycycline (dox)
(Sigma).

[000128] Fluoresceince activated cell sorting and expansion of sorfed cefis. Atday 14
after induction of differentiation, celis were dissociated with 8.25% Trypsin-EDTA (Thermo)
and washed with neulralizing media (10% FBS in DMEM/F12). Cells were pelieted by
centrifugation and resuspended in flow media (5% FBS in PBS). Celis were sorted for
mCherry expression, pelleted, resuspended in growth media (E8 suppiemented with 10
ng/mL FGF2 and 1 uyg/mbL dox) and plated on matrigel-coated plates. Celis were passaged
every 3-4 days at ~80% confluency. Terminal differentiation was induced by withdrawing
dox from the medium in 100% confluent culiures.
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[(001271 Fiow cyfometry analysis. For flow cytometry analysis of surface markers, cells
were harvested during the proliferation phase at day 20 of differentiation. Cells were
dissociated with 0.25% Trypsin- EDTA, washed with PBS, then resuspended in flow buffer
(PBS with 5% FBS). Cells were incubated with the following conjugated antibodies at 0.25

Lg/1 06 cells: IgG1-K isotype control-FITC {eBioscience 11-4714-41), CDS6-FITC
(eBioscience 11-0566-41), or CD29- FITC (eBioscience 11-0299-41). Cells were analyzed
on SONY SHE00 flow cytometer.

[000128] Celi transpiantation info immunodeficient mice. All animal experiments were
conducted under protocols approved by the Duke Institutional Animal Care and Use
Committee. 7 week old female NOD.SCiD.gamma mice (Duke CCIF Breeding Core) were
used for these in vivo studies. Prior to intramuscular cell transplantation, mice were pre-
injured with 30 ul of 1.2% BaCl2 (Sigma). 24 hours later, MPCs from differentiated iPSCs

or ESCs were injected into the tibialis anterior (TA) muscle (5 x 105 cells/15 yl Hank’s
Balanced Salt Solution). Four weeks afier injection, mice were euthanized and the TA

rhuscles were harvested.

[0600128] Immunofiuorescence staining of cufiured cells and tissue sections.
Cultured cells were plated on auloclaved giass coverslips {1 mm, Thermo) coated with
matrigel! for immunofiuorescence staining during the proliferation phase. For differentiation,
celis were grown {o confluency and differentiated on 24 well tissue culture plates coated with
matrigel, and immunofluorescence staining was performed directly in the well. Cells were
fixed with 4% PFA for 15 min and permeabilized in blocking buffer (PBS supplemented with
3% BSA and 0.2% Triton X-100) for 1 hr at room temperature. Samples were incubated
overnight at 4°C with the following antibodies: Pax7 (1:20, Developmental Studies
Hybridoma Bank), Myosin Heavy Chain MF20 (1:200, DSHB), Myfs (1:200, Santa Cruz sc-
302) and MyoD 5.8A (1:200, Santa Cruz 5¢-32758). Samples were washed with PBS for 15
min and incubated with compatible secondary antibodies diluted 1:500 from Invitrogen and
DAP! for 1 hr at room temperature. Samples were washed for 15 min with PBS and
coverslips were mounted with Prolong Gold Antifade Reagent (invitrogen) or wells were
kept in PBS and imaged using conventional fluorescence microscopy. Harvested TA
muscles were mounted and frozen in Optimal Cutting Temperature (OCT) compound cooled
inn liquid nitrogen. Serial 10 ym cryosections were collected. Cryosections were fixed with
2% PFA for 5 min and permeabilized with PBS + 0.2% Triton-X for 10 minutes. Blocking
buffer (PBS supplemented with 5% goat serum, 2% BSA, and 0.1% Triton X-100) was
applied for 1 hr at room temperature. Samples were incubated overnight at4°C with a

combination of the following antibodies: human-specific MANDYS106 (1:200, Sigma
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MABTS827), human-specific Lamin A/C (1:100, Thermo MA31000), Pax7 (1:10,
Developmental Studies Hybridoma Bank), or Laminin (1:200, Sigma L8393). Samples were
washed with PBS for 15 min and incubated with compatible secondary antibodies diluted
1:500 from Invitrogen and DAP! for 1 hrat roomtemperature. Samples were washed for 15
min with PBS and slides were mounted with ProlLong Gold Antifade Reagent (Invitrogen)

and imaged using conventional fluorescence microscopy.

[000130] Quantitative Reverse Transcription PCR, RNA was isolaied using the RNeasy
Plus RNA isolation kit (Qiagen). cDNA was synthesized with the SuperScript VILO cDNA
Synthesis Kit (invifrogen). Real-time PCR using PerfeCTa SYBR Green FastMix (Quanta
Biosciences) was performed with the CFX96 Real-Time PCR Detection System (Bio-Rad).
The results are expressed as fold-increase expression of the gene of interest normalized to
GAPDH expression using the AACT method.

[000131]1 Chromatin Immunoprecipifation {ChiP) gPCR. ChiP was performed using the
EpiQuik ChiP Kit (EpiGeniek) according to manufacturer’s instructions. Soluble chromatin
was immunoprecipitated with antibodies against H3K27a¢ and H3K4me3 (abcamy), and
gDNA was purified for gPCR analysis. All sequences for ChiP-gPCR primers can be found
in TABLE 3. gPCR was performed using PerfeCTa SYBR Green FastMix (Quanta
BioSciences), and the data are presented as fold change gDNA relative to negative control

{(gRNA only) and normalized {0 a region of the GAPDH locus.

[000132] RNA-Seqg. RNA was exracted from freshily sorted cells at day 14 of
differentiation using the Total RNA Purification Plus Micro Kit (Norgen). Library preparation
and sequencing was performed by GENEWIZ on an Hllumina HiSeg inthe 2x 150 bp
seguencing configuration. All RNA-seq samples were first validated for consistent quality
using FastQC v0.11.2 (Babraham Institute). Raw reads were frimmed 1o remove adapters
and bases with average quality score (Q) (Phred33) of < 20 using a 4 bp sliding window
(SLIDINGWINDGOW:.4:20) with Trimmomatic v0.32 (Bolger et al. Bioinformatics 2014, 30,
2114--2120). Trimmed reads were subsequently aligned o the primary assembly of the
GRCh38 human genome using STAR v2.4.1a (Dobin et al. Bioinformatics 2013, 29, 15-21)
removing alignmenis coniaining non-canoenical splice junctions (~ouiFilierintroniMotifs
RemoveNoncanonical). Alignhed reads were assigned 1o genes in the GENCODE v19
comprehensive gene annotation (Harrow et al. Genome Res. 2012, 22, 1760-1774) using
the featureCounts command in the subread package with default settings (v1.4.6-p4) (Liao
et al. Nucleic Acids Res. 2013, 41, e108-2108). The subsequent counts were normalized
for each replicate using the R package DESeq2 afier filtering out genes that were not

sufficiently quantified, and normalized values were used for analysis. Hestmaps were
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generated using the pheatmap package in R software. Biological processes and pathways
were generated using Enrichr (Chen et al. BMC Bioinformatics 2013, 74, 128), a web-based
online tool. For estimating transcript and gene abundances, Transcript Per Million (TPMs)
were computed using the rsem-calculate-expression function in the RSEM v1.2.21 package
(Li and Dewey. BMC Bioinformatics 2011, 12, 323).

Example 2

Developing conditions for VP&84-dCas8-VP&4-Mediated Endogenous Pax7 Activation
in hPSCs

[000133] During embryonic differentiation, PAXT and is paralog PAX3 specify myogenic
celis within the paraxial mesoderm. Differentiation of hPSCs into paraxial mesoderm cells
can be initiated by CHIR98021, a GSK3 inhibitor (Tan et al. Stem Ceils Dev. 2013, 22,
1893~1908). Two human pluripotent stemn cell lines, H8 ESCs and DU11 IPSCs, were used
for differentiation studies. For targeted gene activation, we used the dCas? with the VPG4
domain fused 1o both the N- and C-termini (VP84-dCas8-VPE4), which we previously
showed to be ~10-fold more potent than a single VP84 fusion. To test the efficacy of VP84~
dCas8-VP&4-mediated activation of PAX7, we designed 8 gRNAs spanning -4%0 1o +158
base pairs relative 1o the transcription start site of the human PAX7 gene (FIG. 74). H9
ESCs stably expressing ViP64-dCas8-VP64 were differentiaied into paraxial mesoderm celis
with addition of CHIRG9021 in E6 medium for 2 days, as previocusly described (Shelion et al.
Stem Cell Rep. 20114, 3, 516--520). Cells were transfected with the individual gRNAs and
samples were harvested 6 days later for gene expression analysis using gRT-PCR. 4 out of
the 8 gRNAs significantly upregulated PAXY compared to mock transfected celis (FIG. 78).
in a second screen, we packaged the 4 individual gRNAs that performed best in the
transfection experiment into lentiviruses to achieve more siable and robust expression. Cells
were harvested at 8 days post-iransduction. gRNA #4 was identified as the most potent

gRNA and was used for subsequent studies (FIG. 7C).

Example 3

VP64-dCasd-VP64d-mediated differentiation of hPSCs into myogenic progenitor cells

[000134] Next, we tested the hypothesis that endogenous PAX7Y activation in paraxial
mesoderm celis would be sufficient for generating myogenic progenitor cells (MPCs) with the
potential o differentiate into myotubes in vitro (FiG. 1A). Prior to differentiation, hP3SCs were
fransduced with a lentivirus expressing the PAXY promoter-targeting gRNA, a reverse

fetracycling transactivator (TA), and a blasticidin resistance gene. Cells were selected with
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blasticidin for stable expression of the vecior and then transduced with an additional
lentivirus encoding either doxycycline (dox)-inducible VP64-dCas8-VPS4 or the PAXT cDNA,
which ailso included a co-transcribed mCherry reporier gene (FIG. 18). hPSCs were
differentiated with CHIR99021 for 2 days and then maintained in £68 medium with dox and
FGF2 1o support MPC proliferation (FIG. 1C) (Pawlikowski et al. Dev. Dyn. 2017, 246, 359
367). Addition of CHIR98021 induced paraxial mesodermal differentiation, as indicated by
high levels of pan-mesoderm marker Brachyury (7)), paraxial mesoderm markers MSGNT
and TEXSE, and premyogenic mesoderm marker PAX3 at the mRNA level (FIG. 1D).
Transduced cells were sorted based on mCherry expression after two weeks of growth (FIG.
1E). mCherry+ celis accounted for ~20% of cells transduced with VP84-dCasy-VP64
comparad to ~50% with PAX7 cDNA transduced cells. This is likely due to the larger size of
VPG64-dCas8-VP84 vector compared to the PAX7 cDNA vector (7.9 kb between LTRs vs. 4.9
kb) resulting in reduced lentiviral titers. These purified MPCs were mainiained in serum-free
ES medium supplemented with dox and FGF2 and passaged when celis reached ~80%
confluency. Sorted cells demonstrated high purity of PAXTY+ celis in both the endogenous-
activated cells and exogenous cDNA-expressing cells when protein expression was
assessed by immunofluorescence staining 5 days after sorling (FIG. 1F and FIG. 84). VPg4-
dCas8-VP&4-treated IPSCs and ESCs both demonstrated notable expansion potential,
averaging 85-fold and 95-fold increase in cell number, respectively, over the 2 weeks after
purification. Furthermore, the growth polential of these cells cutperformed the PAXT7 cDNA
overexpressing cells (FIG. 1G, FIG. 8B).

Example 4

Characterization of myogenic progenitor celis derived from endogenous or

exogenocus PAXT7 expression.

[000135] PAX7 mRNA levels were assessed by qRT-PCR during the proliferation phase 5
days after sorling. PAXY mRNA from the endogenous chromosomal locus could be
discriminated from total PAXY mRNA, made from either the lentivirus or endogenous
chromoscemal locus, using distinct primer pairs. YWhile overexpression of PAX7 cDNA
resulfed in more total PAX7 mRNA {FIG. 2A and FIG. 8C), robust detection of any
endogenous PAXY isoform was only observed in VP84-dCas8-VP64-tregted cells (FIG. 2B
and FiG. 8D). The human PAX7Y gene encodes multiple isoforms of which differential
seguences have been identified, bul unique biological functions remain unclear. Differential
transcriptional termination in either exon 8 or exon 9 yield PAX7-A and PAX7-B isoforms,
respectively. The differences in the 3" ends of these transcripts allow for differential

detection with unigue gRT-PCR primers.
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[3001361 Downstream myogenic regulatory factors MYFS, MYOD, and MYOG were also
detecied at the mRNA level by gRT-PCR (FIG. 2C, FIG. 8E). Al the prolein level, the
majority of cells in both endogenous and exogenous PAXT-expressing cells co-expressed
the activated satellite cell marker, MYFS (>90%). The myoblast marker, MYOD, was
expressed higher in cells expressing endogenous PAXY compared {0 exogenous PAXY
cDNA, at 15.9% and 6.8%, respectively. Mature myogenic markers MYOG and Myosin
Heavy Chain (MHC) were lowly detectable in some of the cells (FIG. 2D).

[B3001371 Human satellite cells co~-express PAXTY with CD29 and CD56 surface markers., At
approximately 10 days after sorting, we assessed our MPCs for CD29 and CD56 expression
and found 100% of celis in all groups expressed CD29, independent of PAXT expression.
We found CD56 expression was more contingent on PAXY expression, with only 27.4% of
cells expressing CD56 in the gRNA only group, compared 1o 69.2% and 87.5% of cells in the
PAXY cDNA and VPG4-dCas8-VPB4-treated groups, respectively (FIG. 2E and FIG. 8F).
Assessment of mean flucsrescence intensity (MFH of CD56 staining also revealed the
average CD56 expression level per cell was significantly higher in the VP684-dCas8-VPS4-
treated group (FIG. 2F and FIG. 8G).

Example §

Transplantation of VP64-dCas%-VP64-generated myogenic progenitors info

immunodeficient mice demonsirates in vivo regenerative potential

[G00138] We next determined if MPCs derived from VP84-dCas8-VPE4-mediated PAXT
activation possess in vivo regenergtive potential, Cells that had been expanded and
passaged 3 times post sort were fransplanted into the tibialis anterior (TA) of
immunodeficient NOD .SCID .gamma (NSG) mice that were pre-injured with barium chioride
(BaCly) 1o create a regenerative microenvironment (Hall et al. Sl Transl Med. 2010, 2,
57ra83--57ra83). 24 hours afier injury, mice were injected with 500,000 celis treated with
gither gRNA only, PAX7 cDNA overexprassion, or VP84-dCass-VP84-mediated endogencus
FPAXY activation. One month after transplantation, muscles were harvested and evaluated
for engraftment by immunostaining with human-specific dystrophin and lamin A/C antibodies.
Human nuclei were detected by lamin A/C staining in all three conditions; however, only the
endogenous PAXT aclivated group demonstrated consistent presence of human dystrophin
(FiG. 3A and FiG. 8}, The number of human dystrophin+ fibers was quantified across three
mice per condition by counting sections with most abundant human dystrophin+ fibers within
each sample (FIG. 3B). Ve also investigated whether transplanted celis could seed the

satellite cell niche. Immunostaining for PAXY, human lamin A/C, and laminin was performed
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10 demarcate satellite celis of human origin. PAX7Y and human lamin A/C double-positive
celis residing under the basal lamina were identified only in muscle transplanted with
VP84dCas8VP84-activated MPCs (FIG. 3C, FiG. 8J).

Example 6

induction of endogenous PAXT expression is sustained after multiple passages and

dox withdrawal

[00013%] During expansion of sorted cells, we noticed a significant decrease in PAXT7+
celis in the cDNA overexpression group after an average of 4 passages spanning an
average of 32 days in three independent experiments. Although the initial number of celis
expressing PAXT prolein was >80% at five days posi sort, quantification of PAX7+ nuclei
following approximalely 4 passages after initial flow sorting revealed that only a minority of
cells (35.8%) expressed PAXY protein despite maintenance in dox during the expansion
period. Conversely, a large majority (83%) of endogenously activated PAX7Y cells refained
PAXT protein expression without precocious differentiation across multiple passages (FIG.
44 and FIG. 4C). As indicated by lack of MHOC+ cells, depletion of PAXT+ cells in the cDNA
overexpression group did not correspond to the adoption of a myogenic fate FIG. 44). We
postulated this may be due to high levels of PAXY protein hindering cell proliferation,
allowing for celis that have silenced the promoter or contaminating cells from the sort o
overtake the cell population. Consistent with this possibility, Pax7 cDNA overexprassion has
been previously implicated in inducing cell cycle exit without commitment to myogenic
differentiation. Interestingly, a previously published study also observed this phenomenon of
PAXT loss over multiple passages when using a tel-inducible PAXY cDNA overexpression
system. That study required amending the serum-free differentiation protocol 1o media
conditions containing highly-mitogenic 20% fetal calf serum to improve retention of PAXY

protein expression in cDNA-overexpressing celils.

[800140] Differentiation of premyogenic cells was induced by withdrawing dox when cells
reached 100% confluency. Abundant MHC+ myofibers were observed in VP84-dCas8-
VP&G4-treated cells (FIG. 4B, FIG. 8H). Interesiingly, 50% of cells remained PAX7+ in these
celis in which the endogenocus gene had been activated even at 1 week after dox removal, in
contrast the PAXY cDNA-treated cells in which 5.2% were PAXT+ afier 1 week without dox
(FiG. 4C). Staining for the FLAG epitope confirmed the absence of VP84-dCas8-VF84 in
differentiated cells at this time point (FIG. 4D).
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Example 7

VYP64-dCas%-YPE64 leads to sustained PAXY expression and stable chromatin

remodeling at target locus

[000141] \We hypothesized that epigenetic remodeling of the endogenous PAXY promoter
was allowing cells to autonomously upregulate PAXY without the continued presence of
VPE4-dCas9-VP84. To investigate this, we performed chromatin immunoprecipitation
{ChiPy-gPCR on cells during dox administration and at 15 days afier dox withdrawal. Celis
were analyzed at day 30 of differentiation for the +dox condition and then expanded and
passaged 3 more times over 15 days in the absence of dox. We used ChiP-seq data
generated as part of the Encyclopedia of DNA Elements (ENCODE)} Project to identify
histone modifications enriched at the transcriptionally active PAXY in human skeletal muscle
myoblasts (HSMM), including H3K4me3 and H3K27ac (FIG. 8A). Four gPCR primers were
designed to tile regions -731bp to +826hp relative to the PAXY transcription start site (TSS).
ChiP gPCR of +dox conditions demonstrated significant enrichment of H3K4me3 and
H3KZ7ac at the endogenous PAXY locus only in response 1o VPB84-dCasd-VPE64 freatment
(FiG. 5B). Furthermaore, these histone modifications were maintained for 15 days post dox
withdrawal (FIG. 8C). To ensure that there was no leaky expression of VP84-dCas9-VP64
after dox removal, we performed a westermn blot for the FLAG epitope tag and were unable to
detect VPE4-dCas8-VP64 after 15 days of dox removal (FIG. 8D). Conversely, PAXY was
still detectable by western blot in the absence of VP84-dCas8-VP64, corresponding to the

ChiP-gPCR enrichment of active histone marks.
Example §

identification of endogenous vs. exegenous PAX7-induced glcbal transcriptional

changes

[000142] To evaluate the transcriptome-~wide gene expression changes induced by
endogenous activation of PAXY compared o exogenous cDNA gverexpression, we
performed RNA sequencing (RNA-seq) analysis. Differentiated cells that had been ireated
with either gRNA only, VP84-dCas9-VP84 with gRNA, cDNA encoding FAXT-A isoform, or
cDNA encoding PAX7-8 isoform were sorted for mCherry expression at day 14 and RNA
was extracied for sequencing. We included PAXT-B because it is highly expressed in VP64-
dCas8-VPG4-treated cells (FIG. 2B), yet little is known of #is relationship to PAX7-A. To
gauge the variance between the samples, we generaled a sample distance matrix of the

RNA-seq data (FIG. 8A). This revealed distinct differences between the four treatments, and
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four unigue clusters were readily apparent despite the commonality of induced PAXY
expression in three of the four groups. Multidimensional scaling (MDS) of the top 500
differentially expressed genes also showed divergent clustering of sample groups with PAX7
cDNA overexpression contributing most to variation between transcriptomic profiles (FiG.
9A). VWWe considered the top 200 most variable genes across the 4 groups and submitted lists
of gene clusters apparent on the heat map for GO term analysis (FiG. 68). These analyses
revealed general developmental pathways including mesoderm development and YWNT
signaling pathway genes overexpressed in gRNA only group. Additionally, this group
overexpressed genes involved in heari development such as HANDT and HAND2Z, which
indicates slightly higher propensity of this group to differentiate inio cardiac cell lineage.
Consistent with this observation, CHIR22021 is also used as the initiator of differentiation of

hP3SCs into cardiomyocyles.

[000143] GO analyses of genes differentially expressed in the VP64-dCas8-VP64 group
were strongly related to myogenesis (FIG. 68 and FIG. 9B). Genes represented in this group
included embryonic myoblast marker HOXC12, embryonic myosin heavy chain MYH3, as

well as other myogenic regulatory factors MYGD and MYOG.

[000144] GCenes enriched genes following freatment with PAXT7-A were associated with
CNS development and NOTCH1 signaling pathways. Interestingly, one of the most
differentially upreguiated genes in this group was DLKT (FIG. 9B and FIG. 9C), which is
required for normal embryonic skeletal muscle development. However, overexpression of
DLKT in vitro inhibits proliferation of satellite cells and induces cell cycle exit and early
differentiation. Conversely, Dik? knockout increases Pax7+ myogenic progenitor cell
profiferation in vitro and enhances post-natal muscle regeneration in vivo. This would
suggest that DLKT is involved in maintaining the balance between quiescence and activation
of satellite cells. Furthermore, the specific upregulation of both DLKT and /03 in these celis
(FIG. 8B and FIG. 8C) suggests activity of the DLK7-D/03 gene cluster. This DLKT-DIC3
locus encodes the largest mammalian megaciuster of micro RNAs (miRNA), which is
strongly expressed in freshly isolated sateilite cells and sirongly declined in proliferating
satellite cells. This decline of DLK7-DI03 is concomitant with upregulation of muscle-
specific miRNAs, including miR-1, which targets the PAX7 3’ UTR 1o fine-tune its expression
and control satellite cell differentiation. Thus, it is feasible that overexpression of only the
PAX7-A isoform resulls in negative feedback and expression of genes and miRNAs that

regulate quiescence.

[000145] Genes overexpressed specifically in response to PAX7-B included brain
development genes VIT and OTP, as well as other PAX genes, PAXZ and PAXE, which are
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involved in kidney development. Although PAXT is not implicated in kidney development,

CHIR®29021 has been used previously to differentiate hPSCs 1o a Kidney lineage.

[000146] Nexd, we compared each of the three PAX7-expressing groups to the gRNA only
group and extracted a list of genes with greater than two-fold change and padj <0.05 after
filiering genes with low read counts. We compared these lists of genes and found that the 56
genes shared in ali three groups were enriched for GO terms involved in skeletal muscle
development (FIG. 6C and FiG. 8D). This suggests that compared to treatment with only the
gRNA and 14 days of CHIR-mediated differentiation, all three groups were able to direct
hPSCs inio the skeletal myogenic program more effectively than the small molecule protocol
alone. When individual genes are examined, however, the VP84-dCas8-VP&4 group
outperforms the other groups in terms of expression of pre-myoegenic and myogenic genes
(F1G. 6E). Many of the known satellife cell surface markers and genes are also more highly
expressed in the VP84-dCas8-VP64 group compared to the other groups, demonstrating
more specific and robust commitment {o myogenesis and satellite cell differentiation (FIG.
8E and FiG. 9D).

Example 9

Discussion

[0001471 Detailed herein is the ulility of CRISPR/Cas8-based transcriptional activalors for
differentiation of hPSCs into myogenic progeniior cells via targeted activation of the
endogenous PAX7 gene. This method may serve as an alternative 1o the tfransgene
overexpression model that has been previously used for myogenic progenitor cell
differentiation. With a minimal small molecule differentiation protocol invelving initial paraxial
mesodermal differentiation with CHIR98021 and maintenance with FGF2 in serum-free
media conditions, it was demonstrated that targeted activation of the endogenous PAXY
gene generates a myogenic progenitor cell population that can be passaged at least 6 times
while mainiaining PAX7 expression, differentiate readily upon dox withdrawal and
subsequent loss of dCas? activator expression, and engratft into mouse muscle to produce
human dysirophin+ fibers while also occupying the sateliite cell niche. it was demonstrated
that targeting the endogencus FAXT promoter resulis in enrichment of H3K4me3 and
H3KZ7ac histone modifications, which was sustained for 15 days aifter dox removal.
Enrichment of these chromatin marks was not observed during overexpression of PAXY
cDNA. Although FPAXT cDNA overexpression from hPSCs has yielded various degrees of
engraftment into NSG mice previously, we did not have similar positive engraftment results

with PAX7 cDNA overexpression under the conditions used here. However, the prior studies
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used differentiation protocols that generate embryoid bodies, incorporate additional small
molecules, or contain animal serum in the medium and thus, differ from the protocol used in
this study. Detailed herein is that activation of the endogenous FPAXT rather than exogenous
FAXT cDNA overexpression increases the efficacy of hPSC differentiation into myogenic
progenitor cells with robust growth and differentiation potential, while retaining regenerative

properties following transplantation.

[(300148] Prior studies using exogenous PAX7 cDNA relied on overexpression of only the
FAXT-A Isoform. However, differential RNA cleavage and polyadenylation vields PAX7-8,
which contains a highly conserved paired tail domain and is considered to be the canonical
sequence. Both isoforms are expressed in human myogenic celis and orthologs of these
PAXT protein variants are also present in mouse muscle, indicating biclogical significance
for both isoforms. Although distinct functions of these protein variants have not been
deciphered, they may play differential roles in myogenesis that may be necessary for proper
satellite stemn cell function and myogenic differentiation. The RNA-seq analysis
demonstrated overlapping myogenic function of celis generated by VP84-dCas8-VP84
endogenous activation or PAX7Y cDNA overexprassion of either isoforms; however, the
VP84-dCas8-VP84 group shared more commonly upregulated genes with PAX7-8 than
PAX7-A (88 and 30 genes, respectively), indicating a higher degree of similarity, which is
also depicted in the sample distance matrix. The dissimilarity between the overexpression of
the two cDNAS indicated that they have distinct functions and can influence global gene
expression in separate ways. For example, PAX7-B upreguiates pre-myogenic genes
PAX3, DMRTZ, and sateliite cell genes CXCR4 and HEYT more effectively than PAX7-A.
Conversely, expression of the DLK7-D/03 locus that is implicated in satellite cell quiescence
is more robust in response {0 PAX7-A than PAX7-B. VP64-dCas8-VP84-mediated FPAXT
induction therefore may aliow expression of both isoforms {o properly induce myogenesis at
levels of expression that are more likely in the physiological range. Furthermore,
endogencus activation of PAXY7 may preserve the 3’ UTRs, which are binding targets for the
many muscle-specific miRNAs that play a role in orchestrating proper muscle development

and regeneration.

[600149] Although conditional expression of PAX7 in hPSCs via lentiviral tfransduction may
be the most promising approach for generating a homogenous population of engraftable
MPCs, integration-free reprogramming may ultimately be used for avoiding undesired
consequences of genomic integration of viral vectors, VP684-dCas8-YP64 has been
demonstrated to rapidly remodel the epigenetic signature of target loci when gRNAs were

fransiently delivered o achieve neuronal differentiation. it is demonstrated herein that
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epigenetic signatures were stably maintained in the absence of VP84-dCasy-VP64,
Transient delivery of these targelied transcriptional activators via transfection,
electroporation, or nonviral nanoparticle delivery of mRNA/GRNA or purified

ribonucieoprotein complexes may offer an alternative {o integration-prone methods.

[800180] The expansive CRISPR genome engineering ioolbox offers many possibilities to
manipulate cell fales to improve our understanding of the molecular differences between
myoblasts, satellite cells, and MPCs generated from hPSCs. Forced transitioning of cell faie
may rely on stochastic factors that have remained largely elusive, but generally include
activation of endogenous networks to generate a stable new identity while also opposing
epigenetic memory of the old identity. Further investigation of tissue-specific progenitor cell
differentiation from pluripotent cells may unveil fundamental guidelines that may inform a
revised model for the generation of a welk-defined population of cells capable of repopulating

the progenitor cell niche long term.

[3001511 The resulls detailed herein introduced a novel method for differentiation and
expansion of myogenic progenitors from hPSCs by deterministic editing of transcriptional
regulation with new genome engineering tools, which may enable new disease modeling and

cell therapy in disorders of skeletal muscle regeneration.

Hkk

[6001582] The foregoing description of the specific aspects will so fully reveal the general
nature of the invention that others can, by applying knowledge within the skill of the art,
readily modify and/or adapt for various applications such specific aspects, without undue
experimentation, without departing from the general concept of the present disclosure.
Therefore, such adaptations and modifications are intended to be within the meaning and
range of eguivalentis of the disclosed aspects, based on the teaching and guidance
presented herein. it is {o be undersiood that the phraseciogy or terminclogy herein is for the
purpose of description and not of limitation, such that the terminology or phraseoclogy of the
present specification is to be interpreted by the skilled artisan in light of the teachings and

guidance.

[600153] The breadth and scope of the present disclosure should not be limited by any of
the above-described exemplary aspects, but should be defined only in accordance with the

following claims and their equivalents.

[000154] All publications, patents, patent applications, and/or other documents cited in this

application are incorporated by reference in their entirety for all purposes to the same exient
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as if each individual publicaiion, patent, patent application, and/or gther document were

individually indicated to be incorporated by reference for all purposes,

[6001558] Forreasons of completeness, various aspedcts of the invention are set out in the

following numbered clauses:

[6001561 Clause 1. A guide RNA (QRNA) molecuie targeting Pax7?, the gRNA comprising a
polynucleotide sequence corresponding to at least one of SEQ 1D NOs: 1-8 or 69-76, ora

variant thereof.

[00015871 Clause 2. The gRNA of clause 1, wherein the gRNA comprises a orRNA, a

tracrRNA, or a combination thereof.

[000158] Clause 3. A DNA fargeting system for increasing expression of Pax7, the DNA
targeting system comprising at least one gRNA that binds and targets a Pax? gene, a

regulatory region of a Pax? gene, a promaoler region of a Pax? gene, or a portion thereof,

[300159] Clause 4. The DNMNA targeting system of clause 3, wherein the al least one gRNA
comprises a polvnucieotide sequence corresponding o at least one of SEQ 1D NOs: 1-8 or

88-78, or a variant thereof.

[000160] Clause 5. The DNA targeling system of clause 3 or 4, wherein the gRNA

comprises a crRNA, a tracrRNA, or a combination thereof,

[600161] Clause 6. The DNA targeting system of any one of clauses 3-5, further
comprising a Clustered Regularly interspaced Short Palindromic Repeats associated (Cas)
protein or a fusion protein, wherein the fusion profein comprises two heterclogous
polypeptide domains, wherein the first polypeptide domain comprises a Cas protein, a zinc
finger protein, or a TALE protein, and the second polypeptide domain has transciiption

activation activity.

[6001621 Clause 7. The DNA targeting system of clause &, wherein the Cas protein

comprises a Skepfococcus pyogenes Cas® molecule, or a variant thereof,

[000183] Clause 8. The DNA targeting system of clause 8, wherein the fusion protein
comprises VP64-dCasy-VPsa4,

[000184] Clause 9. The DNA targeting system of clause 8, wherein the Cas protein
comprises a Cas® that recognizes a Protospacer Adjacent Motif (PAM) of NGG (BEQ 1D NC:
313, NGA (SEQ ID NO: 32), NGAN (SEQ ID NO: 33}, or NGNG (SEQ ID NO: 34).
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[300165] Clause 10. An isolated polynuciectide sequence comprising the gRNA molecule

of clause 1 or 2.

[600166] Clause 11. An isolated polynucleotide sequence encoding the DNA targeting

system of any one of clauses 3-8.

[6001671 Clause 12. A vector comprising the isolated polynuclectide sequence of clause
10 or 11,

[000168] Clause 13. A vector encoding the gRNA molecule of clause 1 or 2 and a

Clustered Regularly interspaced Short Palindromic Repeats associated {Cas) protein.

[00016%] Clause 14. A cell comprising the gRNA of clause 1 or 2, the DNA targeting
system of any one of clauses 3-9, the isclated polynuclectide sequence of clause 10 or 11,

or the vector of clause 12 or 13, or a combination thereof.

[3001701 Clause 15, A pharmaceutical composition comprising the gRNA of clause 1 or 2,
the DNA targeting system of any one of clauses 3-9, the isolated polvnucleotide sequence of
clause 10 or 11, the vecior of clause 12 or 13, or the cell of clause 14, or a combination

thersof.

[000171] Clause 16. A method of activating endogenous myogenic transcription factor
Pax7 in a cell, the method comprising administering to the cell the gRNA of clause 1 or 2,
the DNA targeting system of any one of clauses 3-9, the isolated polvnucleotide sequence of

clause 10 or 11, or the vecior of clause 12 or 13.

[000172] Clause 17. A method of differentiating a stem celf info a skeletal muscle
progenitor cell, the method comprising administering to the stem cell the gRNA of clause 1
or 2, the DNA targeting system of any one of clauses 3-8, the isclated polynucleotide

sequence of clause 10 or 11, or the vecior of clause 12 or 13.

[6001731 Clause 18. The method of clause 17, wherein endogenous expression of Pax7

mRNA is increased in the skeletal muscle progenitor cell

[000174] Clause 18. The method of any one of clauses 17-18, wherein the expression of
Myfs, MyoD, MyoG, or a combination thereof, is increased in the skeletal muscle progenitor

cell.

[000178] Clause 20. The method of any one of clauses 17-19, wherein the stem cell is

induced into myocgenic differentiation.
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progenitor cell maintains Pax7 expression afier at leasi about 6 passages.

[000177] Clause 22. A method of treating a subject in need thereof, the method

comprising administering to the subject the cell of clause 14.

[600178] Clause 23. The method of clause 22, wherein the level of dystrophin+ fibers in

the subject is increased.

[000178] Clause 24. The method of clause 22, wherein muscle regeneration in the subject

is increased.
SEQUENCES
SEQ gRNA seguence SEQ gRNA
ID NO D NO
1 ggcecyggggactecggeyggate 69 ggccggggacucggeggauc
2 tccceggetegacctegttt 70 ucccecggoucgaccucguuu
3 agggcgcaagggagoygyg 71 ccagggcegcaagggageygy
4 tcctecgeteeccttgegece 72 UCCUCCgCUcCCccuugcegeca
5 dggggcgcgagtgatcaget 73 gggggcgcgagugaucagacu
6 cgggtittcagggctggacyyg 74 cggguuucagggecuggacygg
7 tggtccggagaaagaaggeg 75 ugguccggagaaagaaggcyg
8 agcgccagagegcecgagageq 76 agcgccagagegegagagceg
SEQ ID NO GRNA target sequence
77 GATCCGCCGAGTCCCCGGLL
78 AAACGAGGTCGAGCCGGGGA
79 CCGCTCOCTTGOGOCCTGG
89 GGGCGCAAGGGAGCGGAGGA
81 AGCTGATCACTCGCELCCCC
82 CCGTCCAGCCCTGAAACCCG
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83 CGCCTTICTTTCTCCGGACCA
84 CGCTCTCGCGCTCTGGCGCT
Target Forward Primer (§'- 39 Reverse Primer (5" - 39
N gaaggtygaag qu ggagtce gaagatggtgatgggatttce
GAPDH (SEQ ID NO: §) (SEQ ID NO: 10)
PAXT cagcaagcccagacaggtgy gecacgceggctaatcgaact
(SEQ D NO: 1) (SEQ D NO. 12}
MYES aatttggggacgagttigty catggtggtggacttectct
(SEQ ID NO: 13) (SEQ ID NO: 14)
agactgccagecactttgeta gtagctccatatectyggegy
MYOD (SEQID NO: 15) (SEQ ID NO: 18)
ggtgcccagegaatge tgatgectgtceccacgatgga
MYOG (SEQID NG 17) (SEQ D NO: 18)
Endogenous] S feaa ~cat - S
DAYT getacaaggtggtgteoagggt) gagac aﬁtq gaagcagag
Isoform 1/2 (SEQ D NO: 19 (SEQ D O: 20}
Endogenous] S — Ot ca et R AGOGE O
PAXT CCtggcCaaaaatdugadgecact gaggrcadgutagggutdggc
Isaform 3 (SEQ ID NO: 21) (SEQ 1D NO: 22)
T tgcttecctgagacccagtt gatcacttetttectitgeatecaag
(SEQID NO. 23) (SEQ ID NO: 24)
TEXE caaccccgcecatacacctagt cgtetegcectecctottacag
(SEQ D NO: 25) (SEQ ID NO: 26)
aacctygcgocgagactttce acagctggacagggagaags
MSGNT (SEQ ID NO: 27) (SEQ ID NO: 28)
Paxd ctcacctcecaggtaatgggact cgtggtggtaggttecagac
(SEQ ID NO: 29) (SEQ ID NO: 30)
PAXT ChiP | caggogoetetgacattacacs gecagagheogooehattio
1, -731bp {(SEQ D NG 81} iaEQ 2 NG 62
PAX7 ChiP| tattggtoctocagetcoott gtgagcgegatotgatagyh
2,-28%bp (SEQ {0 NO: 833 {(SEQ D NG: 64)
PAXT7 ChiP ttgocgacttiggattcegte tocaaaggyaatocogtyge
3, +562bp (SEQD NG: 65) (SEQ D NO: 66)
PAX7 ChiP| cgcagggotgaaattctogt agagocgagaaactgtoage
4, +926 (SEQ D NO: 87) (SEQ ID NO: 68)

54
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SEQ ID NO: 31
ngg

SEQIDNO: 32

nga

SEQIDNO: 33

ngan

SEQIDNO: 34

ngng

SEQIDNO: 35

nggng

SEQIDNOG: 38
nnagaaw {(W=AorT)

SEQIDNO: 37
naar (R=AorG)

SEQ D NO: 38

CA 03151816 2022-02-17
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nngrr (R = A or G; N can be any nucleotide residue, e.g., any of A, G, C,or 1)

SEQID NO: 38

nngrrn (R = A or G; N can be any nucleotide residue, e.g., any of A, G, C,or T)

SEQ D NO: 40

nngrrt {R = A or 3; N can be any nucleotide residue, eg.,any of A, G, C,or T)

SEQ D NG: 41

nngrrv {R = A or G; N can be any nucleotide residue, e.g.,any of A, G, G, or T}

SEQIDNO: 42

codon optimized polynucleotide encoding S.

atggataaaa
att agg acg

agtacagcat
agtacaaggt
agaaaaatot
tgaagcggac
a?atth,eg

ctttettgt

cactc

gece

tacacte gc,aég'

gaagtggce

tctaccga

agaggaca

ttcatcca

. C caggagtcga
agacttgaga atctgattge
ctgategoce tecagteteqgg
gacgctaagce tccagetgte
cagattgggg atcagtacgc
ctgttgageg atatcttgag
atgatcaagce ggtacgacga
caacagctcee ccgazmaaata

ggac
ada
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pyogenes Cas$

atcggtacaa
aatttaaag

getgttag

[l
@ ot 0
o o

aag G
aagaag g
aagtacccga
ctcagactta
gagddcgacc
acctacaatc

toctgtoecy
ggggaaaaga
aatttcaaaa
Cacgatgacg
Ttggcagcaa
gaaattacta
gatctgaccece
ttetttgacce

2
act

aacggcaccc
ctatctacca
tttatttggce
tgaacccgga
aactgttcga
cgegectaete
aaaatggatt
gtaacttcga
acctecgacaa
agaacctgtc
aagcacccct
tgctgaaggco
agagcaaaaa

Yo
pus

O

Q
G

0
Y
0
e
0 o

Yo}
[s)]
ol
o
@]
A
o
-

(o]

ccq
_LLCC?+:,

cu
o+
W 0

Q R
L2

U]
Q
o ot ﬂ“
O 0O 0
v ot
O ot
ot 0 Gt
[ole N oI el
0 O G
Q000

9]
9]

Q
o

aaaatct aga
gtttggc
cotggecgaa

tctgetggec

caac

cgacgccatc
tagcgcatet
bcttgtgagg

ggctacgcet
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igetatatag
agaazaatgyg
agcagcgga
caatcctga
gaaaagattc
cggtttgact
gtggtggaca
aacctcecacta

QJ kQ O

kel

k

tacaatgaac

agtggagaac
gtgaagcaac

tcag
ataaa g C‘i aca
ctcacoccatga
cacctatteyg
]a“t;tcua
ttoctea

atgaacaca
gtcaaggtgg
atcgagatygg
atgaagagga
gtagaaaaca
gacatgtacy

Caadaaca

gc

ace

aaaata cg
aqhtggt]t

ccatceaty

coccaaage
gatagcca
acatcatqa
CPnttatag
tactgtga

G O
rT Q)

4 )

[t

flqjccc(aq
ddga
~gtgc

gooage
tattc

caaaagqg
cactat
cagcacang
atccectggegy
cc:dttaqqq

cccecgeocgec

atggtggggce
acggcacaga
cctttgacaa
ggaggcagga
ttacattcag
ggatgacaaqg
agggtgeatco
agaaggt
tgactaaa

atg

aagacttoo
coctgtitaga
ataaagt
ggaagctgat
aatctgatgyg
T tcaaggagga
tocgecgaattt
tggatgaatt
ccgogaaaa
tcgaggaggy
cacagctgea

tcgaccaaga
agtccottcect
Jaggtaaaag
gacagctgcet
agagaggtagg
ctaggcagat

tggaatc
agtccgagea
atttttttaa
agacaaatgc
ggaaggtyg
dabttﬁccaa

aagattggga

tggtggtage

tgggaatcac

ctaagggtta

tcgagcectgga
g’ g

f

ctgaaagg
actatctgga
atgctaattt
aacaagcaga

La

SEQ D NQO: 43
Amino acid sequence of Sfrepfococcus pyogenes Cast
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cagtcaggag
ggagttgctg
cgggtctate
ggatttttat
gatcccgtac
Jaagtcagaqg
tgeccagtat

goetgeccaaa
gtacgtc
gattgtagac
ctactttaag
caatgcgtca
ggacaacgaa
agacagggaa
tatgaagecaqg

cttaogccaat
cattcaaaag
ggcaggttec
qqtcaacqta

gachaaaad
tgatatt
gaaggacgac
tgataatgtyg
taatgcazaag

cttgtctgag

act

cacaaagcecac

gta'
gtte

ggaodutqga
qacn
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ot
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ccctaagaaa

AR IR
oW

Q

0
ot

[{olaNe!
T Q
T
Q

o
o]
o
ot
PR
[ORRte:
jvl
P
[s)]
ol

accgagggaa
ctgttgttca

gaa
gctcaggtga
ccegctatta
atgggcagac
cag ggoeo

ctgggatcet
ttgtactitgt
aatagactgt

e

ttgata
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Jaacaaa
ctgtectgett
cacctettts

atcgaccgga
tcaattacty
gactag

56

ggatgacaaa
tctacgagta
tgaggaagee

accatgatc
atattctega

agogettgaa
ggagatacac
acaqﬁqqcae

tgcaactgat
gcgggcaggg
aaaagggcat
ataagccaga
aqaaaaatag
1(Tx:u toto

m

dCtduquCa
cecgactatga

acaaagtct

a7
A
Vo
[to]
ot
s

taegega
ag aucq”“tt
a aagtgtacga
ctaagtactt

f

acggagagat
q_oataagg
t

cgt gaaaaa

3

\4

3

Jaaactcaga
ttgactcace

ctaagaagaelt <
ttgaaaagaa
tcatcattaa
tggcecagage
attttctcts

agaagcagcet
gecgagtteag
ataacaagca
cactcacgaa
aacggtatac
gcecoctgtacyg
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gcececattete

cctgetgegyg
cgaactgcac
cgagasaata
gggcaattca
cttc g

-+
ot
-
ot
et

ctttacaec
ttectt
ﬁaaggtjact
tgtggaaatt
tctcaagatce
agacatcgtc
aacctatgcee
aggatgggga
gaccatactqg

fofo fed
9]

p

LIRS RRY
[Ce

+

agactc
cctitcaaact
asatattgtg

tagagagocgy
agaacaccaoo
gaacggcaga
cgtagaccat
gacaagaaga
aaaaatgaag

chthqjuv
gcetgaaaac
gattaataac
gataaagaaq
tgtgaggaaa
cttttattcet
cagaaagcgg
cagggattte
aaccgaag
caagcetcata
(avugtawuv

aagtceegty
gat
actgccaaaa
cggagagctyg
tcteogottec

ta

coctate

cegggata
teteggagece
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MDKKYSIGLDIGTNSVGWAVITDEYKVESKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTA
RRRYTRRRNRICYLOEIFSNEMAKVDDS FFHRLEESFLVEEDKKHERHE IFGN IVDEVAYHEKYPTIY
HLRKKLVDSTDKADLRLIYLALAHMI KFRGHFLIEGDLNPDNSDVDKLFIQLVOTYNQLFEENPINAS
GVDRKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYD
DDLONLLAQIGDOYADLFLAAKNLSDAILLS DI LRVNTE1TKAPLSASMIRRY DERHODLTLLEALVE
QQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRI PYYVGPLARGNSRFAWMTRKSEETITEW
NFEEVVDKGASAQSFIERMINFDKNLENEKVLEKHSLLYEYFTVYNELTKVKY VIEGMRKPAFLSGEQ
IVDLLFKTNRKVTVEQLKEDYFKKIECFDSVEI SGVEDRFNASLGTYHDLLKITKDKDFLDNEEN
ILEDIVLTLTLFEDREMI EERLKT YAHLFDDKVMKQLKRRRYTGHGRLSRKLINGIRDKQSGK
DFLKSDGFANRNFMOLTHDDSLTFKEDI QKAQVSGOGDS LHEHT ANLAGS P.l\’”ng“VK /VDELV
KVMGRHKPENIVIEMARENQTTQ KGQRQSRh&ML?th I KELGSQI LKEHPVENTQLONEKLYLYYL
QNGRDMYVDOELDINRLSDYDVDHIVEQSFLKDDS I DNKVLTRSDKN RGKSDNVE SEEVVKKMEN YWR
QLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKEVAQILDS RMNTKYDENDKLIRE
VKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLS
MPQVNIVEKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAY SVLVVAKVEKGKSKK
LKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN

ELALPSKYVNEFLY LASHYEKLKGSPEDNECROLFVEQHKEYLDEIIEQISEFSKRVILADANLDRVLS
AYNKHERDKPIRECAENIIHLEFTLINLGAPAAFKYEDTTIDRKRYTSTKEVLDATLIHQSITGLYETRT
DL (;OLL)\:HJ

SEQID NG 44

codon optimized nucleic acid sequence encoding 5. gureus Cast

atgaaaagga actacattct ggggetggac atcgggatta caagoeghbggg gtatgggatt

attgactatyg aaacaaggga cgtgatogac gcaggegtca gactgttcaa ggaggcecaaa
atgagggacy gagaagcaag aggggageca acgacggaga

aggcacagaa tceccagagggt gaagaaactyg ctgttcegatt gaccgaccat

totgagetga gtggaattaa tocttatgaa gocagggtga tcagaagety

agttttecge agcectetgetyg cacctggcta agtgcataac
tggaagagga caccggeaac gagoetgtcta gatctcacge
gctgaagaas

ctetggaaga gaagtatgtc geagagctgce
tgagagggtce aattaats C :
Jaaagtgca gaaggcttac caccagcotgg

caaagaagece
catcecgatact

q&aqctqé

tatatcgace tgctggagac teggagaace tactatgagg agggagoace
tteggatgga aagacatcaa ggaatggtac gagat ~ga cacctatttt
ccagaagage tgagaagagt caagtacgcet tataa ag cgeectgaat
gaﬂﬁtgdaﬂa acctggtcat caccagggat gaaa Ja ctatgagaaqg
tcgaaaacgt gtttaagcag aa gc acaga tgct
tggtcaacga agaggacatc aa acc cactggaas
ccaatctgaa tgtatcoac ga gg ‘ggaadgaa

acgoogas

f~cq.q jaca tccaggaaga

gaacagatta gtaatctga

aatctgatte tggatgaget
a

ctaccaqadc

JGas ﬁﬁc:x}di -
Vaaag”?dtg
cttta

ctgaacagoyg

'.C‘
a
o))

ggaacacaca
aacgacaatc

ctgaagctgg tcecccazaaaaa agtcagcaga aacca
gtggacgatt tcattctgtce aagcggagcet catcaa

atcaacgcca tcatcaagaa cccaatgata
gagaaqg caaggacygce jatyg atcaatgag
accaatgaac goattgaaga gattatcecga actaccggga
atitgaaaaaa tcaagctgoa cgatatgcag gagggaaagt
tgvc:ctqg aggaccitgat gaacaatcca ttceaact

acgo aaagtacctg

tggaggec

G o gactacy gt st ca at
agaagogtgt ccocttcecgacaa ttcococtttaac aacaaggtgce tggtcaagca ggaagagaac
tctaaaaagyg gcaataggac tectttceccag tacctgtcta gttcagattco caagatctcet
tacgaaacct ttasasaagca cattctgaat ctggccaaag gaaagggccg catcagcaag
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*qu‘vaauq
atgcceccygaaa
aagcatataca
agagagcetyga

tgtgaaca
aacaaaagtc
aagctgatta €
yyaact

ot eyey
ace GG

aagtact

cgcaac C
qqcctqtati

gtcatcgggy
taccgagagt

[\ e g MU R ]
QO
(G Y]

QGG
G

(o]

tcgagacaga
aggatttcaa
tcaatqacac

trtgda

cc

.jﬁtvdd(
aatttgtgac
'gfouta
ctttta

ggaaaa
ctcagagtat
aaaagcacec

SEQID NO: 45

codon optimized nucleic acid

atgaagocgga
atcgactacy
gtggaaaaca
cggcatagaa
agcgagctga
agcgaggaag
gtgaacgagyg
cagcaagqy
cgaag
aaacagctygce
tacatcgace
tteggotgga

2

~ ey
qacgdgr

cocgagtt
attattgac
agcgaggaca
gagcagatat
aacctgatcc
ctgaagctgyg

gtggacgact
atcaacgeca
gagaagaac i
accaacgage
atcgagaaga

atccctetagg
agaagcocgtgt
agcaagaadgqg

actacatect
agacacggga
acgagggeay
tcecagagagt
gv gcatcaa
& tctge
tggaagaug1
ccctqqdaga
tgcggggea

Lgaagg;gv
tgctyggaaac
aggacatcaa
tgcggagegt
atctcegtgat
tcgagaacgt
tcgtgaacga

=G
>caacct gaa

Q
r1 ki
(‘fk

acgocogaget
tcececaggaaga
ctaatctgaa

tggacgagct
tgecccaagaa
tcatcctgag

agaa

cocaaggacgco
ggathagga
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caacaacgac
tctgotgaac
catgaatgat

caaaaagtac
agattate
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aaggaga?‘
factctcace

acaagaaaadg
aaagataatg
caccatgatc
aagaaccc

aaggatas
ctggacat
ccatacagat

ctgattaaga
cgcattgaag
aagcgecoce
scaaccgacs
aaaaaggygc

cog
WO

gattct
jfﬁgpctjat

aQagagaagea
tecatcactce

Jggtggat:
Jgdgtg

0

acaagctgaa
ctcagacata
tgtat gt

001bgt\’

sequence encoding S, aureus Cast

ggqccfo;lc

gtgatogat
Joeggagoaag
Jaagaagctyg

cccctacgag
cgeecctgoty

caccggceaac
gaaatacgtyg
catcaacaga
gaaggcctac

leTelel
CCy

Jeggacae
agaatggtac
gaagtacgece

caccagggac

agaggatatt
ggtgtaccac

ad;uatcc<o

cgacatgceag

atcggea
geoggegtyg
agaggegeca
ctht+cgaht
g’("("

,.\
A
2
)
s

ttcaac gac

accaga t

ca
tactatyg:

ot
[t}
0 \
Q G
QQ

gagatgotga
tacaacgoccy
gagaacgaga
aagaagaagc
aagggctaca

gacatcaagg
attgccaaga
ctgaactcaeg
ggcacccaca
aacgacaacc
tceccagcaga
aagagaagct
cccaacgaca
aga
accaccggea

Jaaggcaagt

atcaacy

ttcaactatyg
aacaaggtgce
tacctgagcs

58

ccagegtyggy
ggctghttcas
Jaaggctgaa
raacotget

gecgactacgt
accagagett
gacctggega
tgggcecacty

agctcagcca
acctgagect

g
gatcgetat

tatcecga
tgcagaagocy
aagagaacgc
geoctgta
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caagaagatc
cectaacagt

cta cata

sXetetels
agaggceccaac
gcggcggagy

accac

caac
gatcagccgg
getgaagaas
gaa agee
catcgacace
gggecagcoaee

cacctactte

aga

coggaaagayg
ctaccagagae
ggaagagatc
gaaggccatc

getggooage
gaaccggcecad

caagtacctyg
cctggaagec
catcatccce

acC
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ctggacaagy
atgceccgaga
aagcacatta
agagagctga
atcgtgaaca
aacaagagecc
aagctgatta

Q
o+ 0
o}
Q
o

caaga

ge
gtgaaatcta

tcaagaagoa
agtatctget
ggaacctggt
tcagagtgaa
tgcgchgaa
acgooctyg

ccaaaaaaqt
tcecgaaaccyga
o.(_]\jdfvg_ tcaa
ttaacgacac
atctgaacygg
ccgaaaagct
L;Gaaédota
acctgaccaa

';gtqaagct
tgac

welel
-G

ncga

:ccagaqcat
agaagcaccc

SEQID NO: 48

codon optimized nucieic acid

atgaagocgoa
atcgattacyg a
gtggagaaca
agacatagaa

o

:ogegauq
iageaget
tacate go.t,\,
ttggttgga
ctgaggagc
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-tgaga
gata
g gpaaat

aad L.tqat\/\,
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cgc
agaaga
coctggaaga
tgegeggote
L'. aaaqd '.,(j"vi'
tgctegagac |
aggatattaa
tgcggagegt
cttht”q’

gat

ccaatc
acgoggaget

ttecaggaa

ccaacct

,\,C"c* a

d
tggacgag
tcecccaagaa
toattetgte
ttatcaagaa
cgaaggacygc
ggatcgdaga

ga
daa
ct
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catcctgaat
ggaagaacgg
sccag

J at d \j aaaac
gcaggagtac
qgactaﬁ?ag

cctgtactoc
cctgtacgac
gctgatgtac
cggogacgagy

gtactccaaa
gaacgcccat
.uvg

goo
caga

w\u

L a JC‘C" ce
accocggaagg
aaggacaat

caccacgac

110’:*(3' cCce

“bggacab

cectacagat
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agca

cagaca
aaaaagggce

geaagddeayg
ggttce
gaggcctgat

agtccatcaa

lelalel
CCq
2

ggaacaaqggqg
tcttcaaaga
aggaaaagca

atcacccce
gggtggacaa
acgacaaggd

acada \j ta
geocegtgat
ccgacgacta
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sequence encoding S, aureus Cass

cggactggac
Lqﬁgd;'gac
gugctcaaag

gaaatacgtyg
gatcaacege
aaaggcectat
ycggach
ggagtggtac
gaaatacgca
cahcmﬂcqac
ttcaaacag
uqaﬁqaﬂltc
ggtectac
gttgga
actcaccaac
gggctacacc
gtggcacac
agtggacctc
cececagtggta
atacggtety
ccagaagatg

ele)
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&

aatcat -CcCgga

e

ct W
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1
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Q
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atcggecatta

getggagte
aggygggac

ctgtte

geggaactge
ttcaagacct
caccaacttyg

gaaatgctyga
tacaacgcay
gagaacgaaa

aagaagaagac

qaﬂ}t,adao

attgcgaaga

ctcaacageg
ggaactcata
aacgataacc

tcacaacaaa
aagagaagct
cccaacgaca
attaacgaaa
aC‘GvFGJg&
gaaggaaa

(‘f

tttaactaCj
aacaaggtcc

59

cectec
qgcbwttnju
geoggoctgaa

aactﬁchcg
cggactacgt

accagtectt
gtocagggga
tgggacactg
acctgtacaa
agctcgan
cgacact
Jagtgacctc

aactgaccca
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gaacctgetg
tggcggette
gtacaagcac
(21 gJaagaaa

ggocgagage

ccaccagata
gaagcctaat
caacaccctyg
aaagctgatc
. ccagaaactg
ctacgaggaa
caagaagatt
rcccaacage

caa

taaga
cotgtatgaa

atacggcatc
agaggcgaac
gogocgeoga

gaccgacecac
ccaaaagctyg
a@tgcacaat
g: <a;rcﬁq

tte
cgce jctgd c

ttacgaaaag
goaga L»-m o~

aacgdgdgaaaqg
ag

ceggaagy
ctaccaat
ggaggagata
gaaggcecatc
tttcaatcgg
tactaccctt
aaagtyg
gcetegaocege
<gncaq
g euctq

dggea
tatca tccg
ggaggaaaac
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tegaagaaygy

ctgaaa
aaacacatca

atcgtcaaca
aacaagtege
wgotgatca

o.g,.\] cactacy

cgcaacaadqy

ggagtgtaca
gaagtcaact
gagttcattg
qtcattq;uq

tac

gaaaccgaoac
tcaagaagca
aatatctget
gcaacctcgt
ttagagtgaa
tgcggageaa
acgoaoctgat

tegaga
aggatLLcaa
tcaacgacac
accttaacgg
cogaaaagtt
tggagcagta
atctqagtaa
caagct

tqaacaacqa
acctggagaa
rccagtcegat
agaagcaced

OO

SEQID NO: 47
codon optimized nucleic acid sequence encoding S. awreus Cast
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geegttecag
catcctcaac
ggaagaaaga
ggatactaga
caatctggac
g;qﬁadottc
ttgceaac
uaﬁggdaaac
ggagtac
ggattacaag
cctcectactec
cc'gzncgaL
gctgatgtac
,ggjqacgag
gtactccaag
gaacgcceeat
gagoctcaaqg
c tgtgaagaa
cgaggaadc
ftaacaacga
tctectgaac
tatgaacgac
caagaagtac
ccagatcate
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e
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ji:cagaqcttudLCQdcacctac;

cooot

btdccgcccq
ctgaccatctaccagagecagao
ccaggaagagatcecgagoagatcet

geogac
cagatgticg
aaggaaatet
Tactcacatc
accoggaagyg

aaggacaacg

k') u

caccacgace
cgt
agataacqg
ctggacatca

cectacoggt
cttgacgtga

aaaaaca
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(

dacg
aagaagttga
ctgattaags
cgoategaag
aagogecega

agcaccgaca
aagaaggga

cgg ;actacgaqacacqquc<
.ggaaaaﬂaacgadjﬁcagg ggagca
atCHagajaﬁtgdajaag ctgtte
caa

thdaugq

tgaaagaagec
tC'GvFLJCtQQdQIC
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oLy
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aggaaatc aKCCQQQCCdCpqudddngangLCauq“dLCtqd'”qagad e+caa;ctqcacgac
a

cctqqaaqc:atccuv,
q%aﬁugtq cctt

~taat

-ggaag

ant

geoacyg
cogat
ttgatgtg;a

jacta

Tcaagaagga
agaagatctc
tcaacggcga
tgaacatgat

ceccecggatcat

tcetgggcasa

coageagooaaq

ot oy

wwaagaaacacgchaaqtchcq

aaacagaoe

dulﬁquiilttqdddlcg
gaggacatccagy
cthelgqqhteta
tgtggcacaccaacgacaaccagat
tcccsg aqngﬁgaqabcc

Jcagac

Cg
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,aq“:;qcccchlﬁ

caacy

tectgctyg
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caagatttcce
catctocaaqg
gcaaaaggac
gaacctoctg
cggaggttte

1 atggaagaaa
ggocogagtat
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ctacgas
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taa gaar

att
cectaatted

cgac
uaagacfatc
cotgtacgayg

agecggaacage:

ctgaaggtgcadga
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seta
G'qga”v
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agagcatcaaa

agcgda

iacaac
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~
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gaactacatcct
tgataeg

C(dgct
agaactgacca
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caagaccaagaaagagtatctgetggaagaacgggacat aggttctcecegtgcagaaagactica
tcaaccggaacctggtgga atacgccaccagaggoctgatgaacctgotgeggagetactto
agagtgaacaacctggacg itgaagteccatcaatggeggcttcaccagetttetgoggeggaa
gtggaagtttaagasagag caaggggtacaagcaccacgccgaggacgeactgatecattgeea
acgccgatttecatcecttcaa .gaagaaactgjacaaggccaagaaaq' tggaaaaccagatg
ttacgagd a tgcccqagatc;laﬂvc<aqc(qua; agagatctitcat
‘ ofe: L3y caaggactacaagtacagccaccegggtggacaaga
ag,:tudtegjquwltqatt Cd&;;ggtd@t'LjCCFﬁjquqd“qlc;d”VJCia‘ddpbvq
atcgtgaacaatctgaacgge ccagajqqd"enﬁqahaegc,qdaenjcct.atcaa<aegjq
ccccgaaaagcetgetgatgt : pc%coacccnragdbc accagaaactgaagctgattatggaac
agtacggcgacgagaagaatc tgtacaagtactacgaggaaaccgggaactacctgace
tccasaaaggacaacggococ gtgatﬂaagaauabtqautabtw cggcaacaaactgaac QCCCq
ggacatcaccgacgactacoccaacageagaaacaaggtogtgaagotgtecetgaage
tcecgacgtgtacctggacaatggegtgtacaagtt ,thdccthda011t”7~;19_qu,
gaaaactac agtgaatagcaagtgetatgaggaaget : {

qu

welel
-G

cgagtt
gogtyg

2

geetaeottectacaacaacgart
jaacaacgacctgctgaaccgyga
ctggaaaacatgaacgacaagaggcc

taagaagtacagcacagacattctgggcaac
tcaaaamagggcazaaggccggeggecacyga

SEQ D NQO: 48
codon optimized nucleic acid sequence encodmg S. gureus Cas8

ctgatcaag

3¢
egctq:dtlgaq’

i caac:c_gg Cg

<

accggtgceca ccatgtaccce atacgat ccagattacg cttogocgas gaasaaagogco
cgtccatgaa aaﬁgaabtac attctggggce c gattacaagc
ggattattga ctatgasaca z u;ledﬁb’ cgtcagacty
ccaacgtgga Jag ggacggad agocaggegao
ctgaaacgac ggagaaggca ”Y;+gaa aacLou'qt: cgattacaac
ctgctgaccy accattcetga d;taaﬁccpt atgaagocag ggtgaaagge
ctgagtcaga agctgtcaga Tccgecagcecte tgctgecaccet ggcoctaagego
cgaggagtge ataacgtcaa gaggacaccg gcaacgagcht gtctacaaag
gaacagatct cgcaatag gaagagaagt atgtcgcaga gctgcagcectg
gaacggcetga agaaagatgg Jaggtcaatta ataggttcaa caagcgac
tacgtocaaag aageccaagoa Jgtgcagaagqg cttaccacca getggatcaqg
agettocateyg atactitatat o«  Jagactaogga gaacctacta tgagggacca
ggagaaggga goceccettaogyg atqgaaagac atcaaggaat ggtacgagat gcectgatggga
cattgoaccelt attttecaga agagcetgaga agegtcecaagt acgcecttataa
tacaacgcce tgaatgacct gaacaacctg gtcatcacca gggatgaaaz
{ tcatcgaa aacgtgttta agcagaad
{ tggt aacgaagagyg acatcaagq
ctgaaagtgt atcacgatat
gaactgctygyg atcagattg
~ctacc a0”+ccqa ; 1 gaagagctga ctada*tqam
caggaag agdtpqdava gattagtaat ctgaagggglt acaccggaac
toecctgaaayg ctatcaatet gattcetggat gagotgtyggoe atacaaacga caatcagatt
accggctgaa gotggtcecoca aaaaaggtgg acchtgagtca geagaaagaqg
cactggtgga cgatttcatt ctgtcacceg tggtcaagceg gagﬂttcatc
aagtgatcaa cgccatcatc aagaagtacg gcc aa tgat
ctagggagaa gaacagcaag gacgcacaqg tg
aaacgaaace ggcagaccaa tgaacgcatt gaagagatta tcecocgaactas cnga:ad(q
aacgcaaaght dvctqdutjj gaaaatcaag ctgcacgata tgcaggaggg aaagtgtoetg
totetgyg aggecat cetggaggac ctgcetgaaca at a ctac oeggtv
tatta tccccagaag cgtgtectte gacaattcoct ttaaca ggtgctggt
ggaag agaactctaa aaagggcaat aggactcctt tceccagtacct "tctag_pco
caaga tectcttacga sacctttaaa aagcacattc tgaatctgge caasaggaaag
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aaaggagtac ctgctggaag agogggacat caacagattce
taaccggaat ctggtggaca caagatacgo tactocgoggce
ctatttceccgg gtgaacaatce tggatgtgaz agtcaagtcc
tLtttetgagg cgcaaatgga agtttsaaaa ggagcgcaac
cgaagatgct ctgattatcg caaatgccga cttcatcttt
C g aagcoaag aaagt tgg agaaccagat gttcgaagay
aagcaggocyg aatctatgee cgaaatcgag acagaacagg agtacaagga gattttcato
actectcace agatcaagceca tatcaaggat ttocaaggact acaagtacte tcaccecgyggotyg
gat rcaacagaga goetgatcaat gacaccecitgt atagtacaag aaaagacgat
ccetgattgt gaacaatcotyg aacggactg acgacaaaga taatgacaag
c tgatcaacaa aagtccocgag aagetgcectga
ac aactgaagct gattatggag cagtaugtcg

U}
t
I}
o

gaactacctyg accaaghs
ctatgggaac aagctgas:
,:ccﬂ a caaggtggtc aagetgte:

(‘ 9]
O
Q0
ot
o
L2
Py
o)

rcatcectygga
tgaagcecata cagattc
agaatctgga tgtcata:

gtataaat gtgactgtca
aggac gaatagcaag tgctacgaag aggcetaaaaa gc gaaaaaq
attagcaacc aggcagagtL catcgecctee ttttacaaca acgacct ¢
ggcgaactgt atagggtcat cggggtgaac aatgatctge tgaaccy
atgattgaca tcacttaccyg agagtatctg gaasaacatga atg 3
attatcasaa caattgcctco agtatcaaaa aqgt ol
ggaaacctglt atgaggtgaa gagcaasaag caccctcaga ttatcaaaaa gggctaagaa

tte

SEQID NG 49

Amino acid sequence of Staphylococcus gureus Cas9
MKRNYTLGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKRRRRHRTQRVK
KLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHNVNEVEEDTGNELSTKE
DISENSKALEEKYVARLOLERLKKDGEVRGSINRFKTSDYVKEAKQLLKVQKAYHQLDQSFIDTYIDL
LETRRTYYEGPGEGSPFGWRDIKEWY EMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVI TRDEN
EKLEYYEKFQITENVFKORRKKPTLRQIAKETI LVNEEDTIKGYRVTSTGRPEFTNLRVYHDT KDITARKE
ITENARLLDOTAKILTIYOSSEDIQRELTNINSELTORET EQT SNLKGYTGTHNLSLKATNLILDELW
HTNDNQIATFNRLKLVPKKVDLICOKEIPTTLVDDFI LS PVVKRSFIQSIRVINATIRKYGLENDITT
ELAREKNQKDAﬂKMTWEMﬂK“kRL NERIEEITRTTGKENAKYLIEKIKLHDMOEGKCLYSLEATPLE
DLINNPFNYEVDHITPRSVSFDNS FNNKVLVKQEENSKKGNRTPFOYLSSSDSKISYETFRKKHTLNTA
wCK:RT“"TKKLTLLFFR INRFSVQKDFINRNLVDTRYATRGLMNTLLRSYFRVNNLDVKVKSINGGF
TSFLRRKWKFKKERNKGYKHHAEDAL T TANADF I FKEWKKLDKAKKVMENQMFEEKQAESMPETETEQ
EYREIFITPHOIKHIRDEKDYKYSHRVD NRELINDTLYSTRRDDKGNTLIVNNLNGLYDKDNDKL
KRLINKSPERLLMYHHDPOTYQRLKLIMEQYGDERNPLYKYYEETGNYLTRKYSKKDNGPVIKKIKYYG
NEKLNAHLDITDDYPNSRNKVVKLSLEPYRFDVYLDNGVYKFVTVENLDVTKKENYYEVNSKCYERAK
LEKKISNQAEFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKREPPRITKT T
ASKTQSTRKKYSTDILGNLYEVKSKKHPOTTKKG

SEQID NO: 50

Nucleic acid sequence encoding D10A mutant of 8. aureus Cast

atgaaaagyga actacattct ggggcetggcece atocgggatta caagoeghbtggg gtatgggatt

attgactatyg acaaggga ogtgat gcaggcgt gactgttcaa ggaggccaac

thgaaddur atgagggacy gagaaqg aggggage ggegectgaa acgacggaga
aggcacagaa tecagagggt gaagaaactyg cigttcecgatt acaacctget gaccgaccat

Tots = ygaattaa tcocttatgaa gceccagggtga aaggcctgag tcagaagcetyg
toa ja & { tcege agetctgotyg cacctggceta agcgceccgagdg agtgcataac
gt caccggeaac gagetgtceta casaggaaca gatcotcacge
as gaagtatgtc gcagagctgce agctggaacyg gctgaagaaa

ga aattaatagg ttcaag gcocgactacgt caaagaagec
aagcagetge gaaggcet caccagetgg atcagagett catcecgatact
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tatatcgace
ttecggatgga
ccagaagage
gacctgaaca
ttccagatca
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agttca
rattgaga
gaggaca
acaqattd
atctgattc
ctgaagctgyg
yjacgatt
aacgce
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gtygg

atc
gagaad
accaatgaac
atitgaaaaaa
atcccoctgg

accaaaasaygy
tttattaacc
cgatcetatt
acatctttte
catgccgaayg
ctggacaaag
atgcccgaaa
Qagcatatva

agagctga

2

GG 0
GG QO W
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agttcatcy
gtcatcggygy
taccgagagt
gococtctaaga
gtgaagagca

tgctyggagac
aagacatcaa

toatcaagaa
aggacgc
attgaaga

agtacct
qqaatut,gt
tcecegggtgas

gat
ccaagaaagt
tcgagacaga
¢ raa

tgacac
atctqadﬁgg
.-gaqadgvv
ngaq“dh
acctq%ccaa
ggaacaagct
!
aatttgtgac
gcaagtgcecta
cectaoctttta
tgaacaatga
atctggaaaa

SEQ 1D NO: 51

Nucleic acid sequence encoding N380A mutant of S. a

atgaasaagga
ctt\,"’"”tcttg
atygg
aggcacagaa
't<,bx,a.;c,tc1a

aaaaca

~cagaggaaqy
gtcaatgagg
aatagcaaaq
gatgdgcgagd

actacattct
aaacaaggga
atgagggac
tccaqac

ggt
gtggaattaa
agttttecge
tggaagagga
ctctggaaga

tgagagggtc
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teggaga
ggaatggtac
caagtacgct
caccaggg
gtttaagcag
agaggacatc
agtgtatcac
Jotggatcayg
Jctgactaac
ggggtacacc
gtggcataca
ggtggacctyg
accogtggta
gtacggecty
acagaagatyg
gattatccga
cgatatgcag
gaacaatcc

ttcctttaac
tco

aace
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ttccag

ttetgaat

Jggaagagedgd
Jgacacaaga
atctggat <
atggaagttt
tatcgcaaat
gatggagaac
acaggagtac
ggactacaaqg

cectgtatagt

actgtacgac a
getgatyg
cggegacqgag
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gtcactgaag
tgtcaagaat
cgaagaggct
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gaagtatgtc

aattaatagg

tactatgagyg
gagatgctga
tataacgcag
gaaaacgaga
aagaaaaagc
aagggctaca
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attgctaaga
ctgaacagaeg
ggaacacaca
aacgacaatc
agtcagcaga
aagceggaget
cceaatgat
atcaat Gi
dC,GvFWJga
Jagggaaagt

ttcaactacyg
aacaaggtgce
tacctgtcts
e C:adag

acaaqaaaad
azaagataatyg

caccatgatc
aagaacccac
aaggataatyg
ctggacatcs
ccatacagat
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atcgggatta

gecaggcegtea
aggggagcc
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tcectgac

agetgaccca
acctgtcoccct
agattgcaat

agagatccc

tgae 2¢)
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aggtcgatca
Tggtcaagca
gttcagattc
gaaauxgcc;

. gattotao
goeggeot
lgthdLC
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aaggy
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tgtataagta
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aaaaag
yattag
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ureus Cas%

caagegtggg
gactgttcaa
ggcogectgaa
acaacctgcet
aaggcctgag

agogecgagy
caaaggaaca
agctggaacyg

gcgactacgt
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ac gqlc* agaa
ctaccagagae
ggaagagatc
gaaagctatc
ctttaaccgg
cacactg
catcaaagtyg
getggcotagyg
a‘acc;qc‘q
agtacctqg
q aggce

aac
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gagecagcetyge tgaasagtgoa gaaggcettac caccagotgg atcagagett categatact
tatatcgacce tgctggagac teggagaacce tactatgagg gaccaggaga agggagocce
ttecggatgga aagacatcaa ggaatggtac gagatgctga tgggacattg cacctatttt
ccagaagagce tgagaagegt caagtacget tataacgcag atctgtacasa cgccctgaat
gacctgaaca acctggtecat caccagggat gasaacgaga aactggaata ctatgagaag
tteccagatca tegaaaacgt gtttaagoag aagaaaaagoe ctacactgas acagattgoet

aaggagatace tggtcocaacga agaggacatce aagggctacoe gggtgacaaq cactggaaaa
dac G < d g C }

ccagagttcea ccaatctgaa agtgtatcac thetbaa”Y acatcacage acggaaagaa

atcattgaga acgcc:aact Jotggatcag attgctaaga tectgactat ctaccagage
toccgaggaca tccaggaaga go ‘U%Ftaac ctgaacagcg agctgaccca ggaagagatco
ga t ctgaa gg fTacacc ggaacacaca acctgtcoct gazagctatce
a > taca aacgacasatc agattgcaat ctttaaccgg

acctyg agtcagoaga aacca

—ctgte acccgﬁggtc aagecggaget
tcaagaa gtacggecty cccaatga
acagaagaie atcaathlga tgoa
gattatccecga actaccggga

ctyg
catcaaagtyg
C Gct<0f+10q
aaacyg aaac hggch

gtyg

atcaacge

ac

gaacaatcca ttcaactac
tLtecctttaac aacaaggrt tggtcaan
totaasaaygy geaataggac toecectttacag tacctgtots gttcagattc caagatce
tacgaaacct ttasaaagca ttetgaat ctggccaaag gaaagggccy catcagcaag
ag;auubdct Jyaagagcgy gacatcaaca qat.ht ugt ccagaaggat

9] k«‘

] aaagtacctyg
att cgatatgcag gagggaaagt gt Lo tctggaggcc
atc aggtcgateca tattatcccc
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attaace ggaatctggt ggacacaaga gaatctgcety

cgatcctatt tccgggtgaa caatctggat cggoegggtte

acatctttte caa atggaagttt g C gg gtacaagcac

catgoocgasg { tathcasc' "t -ttt ga gtggaaaaag

g gatggagaac cathuttcg aagagaagca ggcecgaatcet
acag 3Tt atc

agatce
caac

gaqta C llﬁquu
~
C

t
acaag tactctcace gggt
t

zagcatatca
agagagctyga

ggac
cetgtal

~agt acaagaaaadg acgataaggy
actgtacgac aaagataatyg acaagctgaa

G (ngtv
aacaaaagtc .-gaqadgvv getgaty

jaaactyg

jW

[

Q@

Q\
1\_U\_u

tac caccatgatce ctoagacat

aagctgatta tggagcagta cggocgacgag aagaacccac Tgtataagta ] agaqg
actgggaact acctgaccaa gtatagcasaa aaggataatg gccccecgtgat caagaagatc
aagtactatg ggaacaagct gaatgccoccat ctggacatca cagacgatta ccctaacagt
cgcaacaagy tggtcocaaget gtecactgaag ccatacagat tegatgtcota :g g
gy e tttgtgac LgbcaaOHat ctggatgtca tcaaasagga gaac
gaagtgaata gcaagtgceta cgaagaggct aaaaagcetga aaaagattag

gagt caacaacgac ctgattaaga tcaatggaga

gtcatcgggyg tgaacaatga totgctgaac cgcattgaag tgaatatgat

taccgagagt atctggasaa catgaatgat aagogcccec ctcgaattat

gceccotcoctaaga ctcagagtat caasaagtac tcaaccgaca ttctgggaas

gtgaagagca aaaagcaccce tcagattatce asaaaagggce

SEQIDNO: 52

codon optimized nucleic acid sequence encoedin
atygfﬂccaaagaQaaagfgﬁnayg*ﬂﬁatatCC ggagtcceccageageccaagceggaactacataect
gggcctggacatcggeatecaccagegtgggctacggeatcategactacgagacacgggacgtg
atgecoggegtgoggetgticaaagaggccaacgtggaaaacaacgagyggcaggoggageaagagaggo
gecagaaggetgaageggoggaggeggeatagaatecagagagtgaagaagetgetgtiicgactacaa

CCL,\J"'Lga\,(,(}dvc,o.\, gogadc t(}c’ gcgyc catc :LaCCCCtiiLC‘Cja""‘ ccagag Ll.jdo.(]’ (}',Clg_Q.é.(](‘“'

ng S. aureus Cas?
ac
e

{

- vy
-G

'Q

agaagctgagegaggaagagttcectctgecgecctgetgecacetggecaagagaagaggegtgecacaac
gtgaacgaggtggaagaggacaccggcaacgagetgtccaccaaagagcagatcagecggaacageaa
ggcectggaagagaaatacgtggccgaactgecagetggaacggctgaagaaagacggecgaagtgeggg
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gaaagaagcecaaacagehtgoctgaaggtygcagaay

cctacatcgacctgetggaaacceggoeggaccta

tggaaggacatcaaagaatggtacgagatgctga

gagcgtgaagtacgcctacaacgocgacctgtac

accagggacgagaacgagaagaotggaatattacga

gtgttcaagcagaagas qzegc:cmvc*tqaaqcagltvqccaaaq
aaatcecctogtgaacgaagaggatattaagggctacagagtgaccagecaceggecaagoocgayt

agg agcbtdccguccfgaaagagdttatLQddaacg hhegct
1gqahatu,uq aaga

aacctgaaggtgtaccacgacata:
atctgaagggctataccggos:

agattgooas

ccacaoct
atc
ctccaa,
aggaaat ugq dddgj';dhhbcauq“d
atgcagga agcuaaqtq<'tgtqv uctqqdaqc:a:ctctctq algatctﬁctqaa<elc:cc:t

aqﬂqutraa,
dtcatcaacaaﬁtacc tg : ;..“,";\’gqc*cch

caacge

co%ﬁtatgajgtggaccaﬂa cat CC“C&q%aﬁ;gtq,CCL cgacaacaq acaaggtgce
jaagggcaaccggaccccattecagt gagcagcagcgac
rgaagcacatcctgaatctggceccaag agqtcagaatcag

1agaacgggacatcaacaggttcta gcagaaagacttca

accaouacctu,tqﬁataﬂﬁlﬁ tacgccaccagaggectgatgaacctge ”Gﬂgqaq"fau‘tc

agagtgaac ajccthgacq:waelgtqda;+ccatce1ﬁqq<h;u_t caccagetttotgeggoggaa
Gtggaqotttjanaegj_coheaC'd”quﬁavda; ryccgaggacgeectgatcattgeca
acgccgatttcatcttcaaa gd%aﬁaddctaﬁacaagﬂccaaaaaagtga ggaaaaccagatg

)
@

ttcgaggaaaagcaggocgagageatgeoccgagatcgaaacegagecaggagtacaaagagatctteat
caccccccaccagatcaagcacattaaggacttcaaggactacaagtacagecacegggtggacaaga
agcoctaatagagagcectgattaacgacaccectgtactecacceggaaggacgacaagggcaacacceat

atcgtgaacaatctgaacggectgtacgacaaggacaatgacaagctgaaaaagetgatcaacaagac
g,,gdtgtaccac*aCGacccccancctacca\aaactqaagctqattatggaac
agtacggcgacgagaagaatcceccttgtacaagtactacgaggagacogggaactacetgaccaac
tvvddejaqqd"8quqF”CCthdLLd&qaadattadctduLGCGYLja caaactgaacgeccat
ggacatcaccgacgactaccecaacagcagaaacaaggtogtgaagotgtecetgaageaat

rcccgaaaaget

tcgacgtgtacctggacaatggcecgtgtacaagttcgtgacocgtgaagaatctggatgtgatcaaaaaa
gaaaactactacgaagtgaatagcaagtgctatgaggaagetaagaagctgaagaagatecagcaaceca
ggccgagtttatecgectectteotacaacaacgatctgatcaagatcaacggegagetgtatagagtga
tocggegtgaacaacgacctgoetgaaceggatecgaagtgaacatgategacatecacctacecgegagtac
Ctggxodd'1»0od‘glCanudeCCCCCCagqathttﬂd jacaatcgootecaagacccagageat
taag'agteujq tacagacattotgggeaacetygt dtgjaq,W?lthtAegjuquvLCLCdﬁe Cca

¢

aaaaggygcaaaagyccyy

yyccacgaaaaaggocggecaggcaaaaaagaaaaad

SEQID NO: 53

codon optimized nucleic acid sequence encoding S. awreus Cast
aachqaacta:atccﬁgqqcctqgacatcggcatcaccachtqgj“fa-qg”atce+cqahteugu
gacacygg eugtqatrqjtq<';gcq"f:" tgttcaaagaggccaacgtggaaaacaacgagygygca

hgcggagc agagaggcgccagaag ggcggaggcggcatagaatcecagagagtgaagaag
tgetgttecgactacaacctgetga agcgagctgageggeatecaaccoctacgaggecag

ggtgaaggchtgngubacaWgutga 1 s agagttctotgocgeectgetgecacotggecaayga

gaagaggegtgoacaacgtgaacga aggacaccggcaacgagcetgtccaccaaaqg

atcagaoce

Q

ggaacagcaaggccctyy aaﬁwqaaa acgbtggecgaactgeagetggaacggotgasg

agacggcegaagtgeggggeageatecaacagattcaagacocagegactacgtgaaagaagecaaacaga

tgctgaaggtgoagaaggoctaccaccagetggaccagagottes fﬁqjcqvhtncatvxacctgcb
g

2

gaaacccocggeggacctactatgagggacctggegagggecageccettaoggetggaaggacatcaaaga
atggtacgagatgctgatgggccactgcacctacttee ccgaggaactgcggagcgtg%ag_acgcct
acaacgccgacctgtacaacgecctgaacgacctgaacaatctogtgatcacecagggacgagaacgag
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aagctggaatattacgag cat gaacgtgttcaagcagaagaagaagoccacect

gaagca"atcgccaaagaaaPCﬂrﬁ gaacgaagagjatdpto%aggctacagagtga;cagcaccg

gcaagococcgagttcaccaacctgaaggtgtaccacgacatcaaggacattaccgoccggaaagagatt

attgagascgccgagctgctggatecagattigecaagatcectgaccatectaccagagcagegaggacat

A 'aagaa;tgaCCaatctgaa;tccgag;tgacccaggaagagatcgag;agatctctaatctga
t.taccggcauccxvaa”ctgagCutg C cot [of>

cad ,deutCUGtatCttCaauCﬁ 1ﬁctc,tqcccaaglaqqfoglcctciv(co

acttvat ccectgagececgtegtgaagagaagottca
caagaagtacggoctgeccaacgacatea
aaatgatcaacgagatgcagaagocgga
accggcaaagagaacgocaagtacct
cctgtacagectggaagecatecetet
gaccacatcatccccagaagegtgtectitcgacaacay
.@ica.a.gqtqct.‘::‘ Lgaagoaggaagaaaacago raaccggaccccattecagt
aCthaﬁQqudeUntd( ;df“aﬁctacga< rctgaatctggecaayg
ggcaagggcagaatcageaagaccaagaaagagtatcigotggaagaacgggacatcaacaggtteta
cgtgoaga aaccggaaccetyggtggataccagatacgecacecagaggectgatgaace
tapttﬂaﬁagtq%aﬂadCﬂ*ggacatgaaagtqaagtcc.tcaatquN cttcacc
jgaagtggaagttt aag%aa f T
caacgccgattteatcett
: jagaaaccay atqttcca;qaaaaoﬂqu cgagatcgaaaccgagcaggay
tacaﬁaua;1\6'tﬂat,Mvc~~(cmvca;1bcaa<”10a;taaqgtvitcaaggdbtacaagtacag
ccaccgggtggacaagaagectaatagagagetgattaacgacacectgtactccacccggaaggacy
'iag(wueICQVCTLthCGLjljfddtv+gadfﬁjLC,q cacgacaaggacaatgacaagetgaasa
agctgatcaacaagagcecccegaaaagctgetgatgtaccacecacgaccoocagacctaccagaaact
a

ja

=

a
gaagctgattatg
act

chgaag,, C
tggatgtga ac g aa 9 tgaatagea ¢ ,t a t, gag
aagaagatcagoaaccaggoagagt L athcctccttctacaacaacgatc“
cqaw,tgtuwdgegtqaCuggc Cgaacaacgacctgetgaaceggat gtgaacatgatcgaca
tcacoctacegegagtacctggaaaacatgaac GlCQMthgc:ccccaqu, agac:
tccaagacccagagcattaagaagtacagcacagacattctgggcaacctgtatgaagtgaaatce
gaagcaccctcagatcatcaasaaggge

jllUGLduq tg
gatcaag e+cQacqg

cat

xxy-‘

SEQIDNQO: 54

Sireptococcus pyogenes Casy (with D10A, H848A)

MDKKYSIGLAIGTNSVGWAVITDEYRKVPSKKFKVLGNTDRHSTRKNLTGALLFDSGETARATRLKRTA

RRRYTRRKNRICYLOREIFSNEMARKVDDSFFHRLEESFLVEREDKKHERHPTFGNTVDEVAYHERYPTIY
LREKKLVDSTDKADLRLIYLALAHMI KFRGHFLIEGDLNPDNSDVDKLF oT UQ LE FFI\PWA”

KATLSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAED?

LAQIGDOYADLFLAAKNLSDATILLSDI LRVNTEL TKAPLSASMIKR KDTUHQDLTA.LK?—\LVR
nIFFDOSKNGYAGYIDGGASQER «YKr TKPILEKMDGTEELLVKLNREDLLRKQRTFDNG

]
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o0 <
SIPHQIHBLGELHAILRROQEDEFYPEFLEDNREKIE TEPRIPYYVGPLARGNSREFAWMTRKSERTITEW
thﬁfVJVCASAQubihRMTNELKNLpQ?YVLPhIflL EYETVYNELTRKVKYVTEGMRKPAFLSGEQ

5’5

VDLLFKTNREVIVRKQLKEDYFKKIECFDEVEISGVEDRFNASLGTYHDLLEITKDRKDEFLEDNEEN
ILEDIVITLTLFEDREMI EERLKTYAHLFDDEVMKOLKRRRYTGWGRLSRKLINGIRDKQSGKTIL
DEFLKSDGFANRNEMOQLIHDDSLTFRKEDIQKRAQVSGOGDSLHEHIANLAGSPAT KRGILOTVEVVDELV
KVMGRHEPENIVIEMARENQTTORKGORNSRERMERIEEGI KELGSQI LKEHPVENTQLONERLYLYYL
NGR“NYVDVMTDLNRJHJ\WWFA¢V“ SFLKDDSIDNKVLTRSDKNRGKSDNVESEEVVEEMENYWR
LLNAKLITORKEDNLTKAERGGLSELDKAGETKRQLVETRQITKEVAQI LDSRMNTKYDENDKLIRE
A ’[\V"’ TLRERLVSDEFREDEQFYRKVREINNYHHAHDAY LNAVVGTALIKKYPRLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFEFYSNIMNEFKTEITLANGEIRK ULIEMQGE”GEI'WDWGRD?_TVQKVLS
MPOVNIVREKTEVOTGGESKESILPRRNSDRLIARKKDWDPKKYGGEFDSPTVAYSVLVVARKVERGKSK
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LKSVKELLGITIMERSS N ' ‘.7 i %YDJ¢TVLPVYL JSELENGRKERMLASAGELORGN
ELALPSKYVNEFLYLAS] DEITEQISEFSKRVILADANLDREVLS
AYNKQPW«*IR:QAENIIHLF"MRL APAFEK\EbTMT“FV?YTS”KWV;DATLIB;°TTGLYETRI
JLSQLGGED

1

SEQ D NQ: 55
Vector (pDQ242) encoding codon optimized nucleic acid sequence encoding S. aureus
Casg

ctaaattgtaagceg
accaataggccgaa
gtitccagtttggaac

ctatcagggcy
aegcact;al q aaucctdaeggq C gettgacggggaaag

aaa jqudd GégC@f” agggogetggoaagtygt
jpgpgtaa caccacacccgﬁcgcchLa tgcgocgetacagggcy

atyg gcgtcccattc

tgcgcaactgt gggaagggCﬁa gjtgcggjcct“LDCjﬁ ttacgcococagcetgg
gattas ag9qg agtcacgacgttgt

T a acCtttaattctag
cggggteattagttc

ttacataactts jgotgaccgooa tgacccecygoo

C¢ itcaataatgacgtatgttcece C gqaogact cattgacgtcaatyge
9tggagtatttacgqtddaubGCCOaLb:jgc;f afwqu “gtatcatatgceccaagtacgeecac
tattg a tatgcccpgt catgaccttatgggactttc
ctactt'gc%gtab tgatgcth_thjragpacaup
aatgggcgtggat caccccatt
tttgttttggecacc 1 } saacaactcocgeccec
1gqg<q01qucg;>:s Tgtgggagy - a:;“;, );:ctctgjctanQ
ATGAAAAGGARC : CGTGGGEGTATG

\T
G

TGARACA Af?muACGTGATC SACG AGACT AGGCCAACGTGGAAAT
GACGGAGAAGCAAGAGGGGAGT ARACGACGCAGAAGGCACAGAATCCAGAGEGTEAAG
ARACTGCTGTTCGATTACARCCT UM"L TGAGCTGAGTGGAATTAATCCTTATGAAGC
CAGGGT GAAAGGCLTGAGTCE JJA AGGAAGAGTTTTCCGCAGCTCTGOTGCACCTGGCTA
AGCGCCGAGGAGT GCATARCGTC le ,pcmuumpuwu( AACGAGCTETCTACAAAGGAL

CAGATCTCACGCAATAGCAAAG
GAAAGATGGCGAGGTCAGAGGGTCAATTAATAGS
AGCTGCTGAAAGT GCAGAAGGCTTACCACCAGCTG
CTGGAGACT CGGAGAACCTACTATGAGGGACCAGGAGRAAGGGAGCCCCTTCEGATGGAAAGACAT CAL
GGAATGGTACGAGATGCTGATGGGACATTGCAC TATT TCCACAMJIG,TC%CAAGCVACAAGTAV‘
CTTATAACGCAGATCTGTACAACGCCCTGAATGACCTGAACAACCTGGTCAT CACCAGGGATGAARARC
GAGAAACTGGAATACTATGAC hhﬁm””thAmLATCG“p ACGTGTTTAAGCAGAAGAARAAGCCTAC
ACTGAAACAGATTGCTAAGGAGATCCTGGT CAACGAAGAGGACAT CAAGGGCTACCGGGTGACAAGCA
CTGGAAAACCAGAGTTCACCAATCTGAAAGTGTATCACGATATTAAGGACATCACAGCACGCAAAGAA

ATCATTGAGAACGCCGAACTGCTGGATCAGATTGCTAAGAT NcT”ACmKTCiFC;AGA”VTCCGA”U\
CATCCAGGAAGAGCTGACTAACCTGAACAGCGAGCTGACCCAGGAAGAGAT CGAACAGAT TAGTAAT
TGAAG,:PTACxCVJFAACACACAACCTGJCCCTGAAAGC”KTCMATVAJ“”ﬂC GGATGAGCT Ciu

TACAAACGACAATCAGAT TGCAAT CTTTAACCGGCTGAAGCTGET CCCAAARAARAGGTGCACCTGAG

CT”GAﬁuAGAPGT"T‘m”GCAGA SCTGCAGCTGGAACGGCTGAA
[

CAAGACAAGCGACTACGTCAAAGAAGCCAAG
GATCAGAGCTTCATCGATACTTATATCGACCTG

TCAGCA GAAAGAGATCCCAACCACACTGETGGACGAT L‘(,Zl"'T“""f‘l”* CCCGTEGTCAAGCGEAGOT
TCATCCAGAGCAT CAAAGTGATCAACGUCATCATCAAG TGCCC ATCATTATC
N

GAGCTGGCTAGGGAGAAGAACAGCAAGL AC«CACPBAAC TGAT thGAUAEJJPbﬁnA‘”AAﬁ’”P
GCAGACCAATGAACGCATTGAAGAGATTATCCGAACTACCGGCAAAGAGAACGCARAGTACCTGATTG
AARAARMATCAAGCTGCACGATATGCAGGAGGGAAAGTGTCTGTATTCTCTGGAGGCCATCCCCCTGEAG
GACCTGCTGAACAATCCATTCAACTACGAGGTCGATCATATTATCCCCAGAAGCETGTCCTTCGACAA
TTCCTTTAACAACAAGGTGCTGGT CAAGCAGGAAGAGAACTCTAARAAAGGGCAATAGGACTCCTTTCC
AGTACCTGTCTAGTTCAGATTCCAAGAT CTCTTACGARACCTTTAAAAAGCACATTCTGAATCTGGCC
ARNGGAAAGGGCCGCAT CAGCAAGACCARAAAAGCAGTACCTGCT GGAAGAGCGGGACAT CAACAGATT

&7
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CTCCGTCCAGRAGGATTTTATTAACCGGAAT CTGETGGACACA

T“mbu“gcuAT CTATTTCCGGETGAACAATCTCGATGTGARA

ACATCTTTTCTGAGGCGCAAATGGAAG

AGATGCTCTGATTATCGCAAATGCCGACTTCATCTTTAAGGA
AAGTGATGGAGAACCAGATGTTCGAAGAGAAGCAGGCCGAATC
GA CT'?&L,AZ‘G-\:AG TTTTCATCACTCCTCACCAGATCAAGCATA

ﬁ m

X
J\7‘ SCTGATCAACAAAAGTCCCGAG
TGAAGCTGATTATGGAGCAGTACGS

GGAACTACCTGACCAAGTATAGCAAAANGCATAANTGGCCCCH]

AACAAGCTGAATGCCCATCTGGACAT CACAGACGE

GTCACTGAAGCCATACAGATTCGATGT

ATCTGGATGTCATCAAAAAGGAGAACTACTAT

CTGAAAAAGATTAGCAACCAGGCAGAG

TGGCGAACTGTATAGGGTCATCGEEGETGAACAAT

ACATCACTTACCGAGAGTATCTGGALA
GCCTCTAA(:“CTLAGAGrrl TCAAARNG
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ATACGCTACTCGCGGCOTGATGA

AACEGCEGETTC

rﬂ fw

TCAAGTCCATC

TTTARAAAGGCGAGCGCAACAAAGGCGTACAAGCACCATGCCGA
G

TSVAAAAA’LIGUACAAﬁGCCAAun

STA
\TCA

“GAﬂﬂ“”AAcﬁAc“:Acw

e Ner Gt TR T e e
GATCAAGAAGATCAAGTACTATGGEG

T TACCCTAAL?

\VT'GCCCGAAATCGAGACAG 7—\J—\C]3 G
AAGGATTTC j—”\'\]\GCI‘.\kaI'\ \GTA

CACCGGETGGATAAARAGCCCAACAGAGAGCTGAT CAATGACACCCTG iAJAFTAK*ﬁ&ZAAAG
[ARAGGEEGAATACCCTGATTGTGAACAATCT GAA CGCA CTGETACGACARAGATAATG hCP“ﬁCTG

AR 'ay r_' f"‘
SAAGCTGCTGATGTACCAC

e ek U alaluak: m
CATGATCCTCAGACATATCAGAA

STATAAGTACTA 'GAA'J JJAC‘.'L G

AGTCGCAACAAGGTGGTCAAGCT

CTATCTGGACAACGGCGTGTATAAATTTGTGACTGTCAAGA

SAAGTGAATAGCAZ

AGTGC n’\,G-\AGA\J\ CTAAAAAG

TTCATCGCCTCCTTTTACAACAACGACCTGATTAAGATCAA

m 7y
ACATGAA

GATALGC
R YA Vo S A Y

GATCTGCTGAA
GCC

T
TACTCAACCCACATTCTS

CCGCATTGAAGTGAATATGATTC
CCCCTCGAATTATCAAAACAATT
GGAAACCTGTATGAGGTGAAGAG

1.

CAAAAMAGCACCCTCAGATTATCARAAAGGGCagcgga jgcaa"”ﬁt““*U” ctactaagaaagcet
gtcaa ghtoa.aqaaagaaaggat ctacccatacgatgttcocagatt agggbtaagaabtu tagag
rtug,tuatuc1vctcgactq1‘ccttcta ttgca agccatctqttqtttgcccctcccccq1gc::

g
tce qaﬂccbogaaggﬁgc cact
tchgaq;agqﬁqtcattct

C
cccactgtectttaectaataaaatgaggaaatitgecatege attq
g_q“Igtgqqctqngcadqacaqcaangqw jgjtwqﬁ

(’!“\u
W
[te]

Jaatageaggecatgoetgggga jgta]@ﬁquf@CLngQ,uU?JC' ccagett
gagggttaattgcgegettggaogta “.Fatggtﬂatagptjutt Ctju”tgdo%utgL atcecgetc
acaattccacacaacatacgagoecggaageataaagtgtaaage agtgagcta
actcacattaattgecgttgcgetcactgecagetttecagte tgcatt
aatgaatcggcocaacgogoggggagaggeggtttgegtat ctcact

actogetgegoteggtegtteggetgeggegageggtate acggtt

tccacagaatcaggggataacgcaggaaagaacatgtgageaa gaacc
gtaaaaaggcaeg gttht;gcq"ttﬁﬁ:Cd:aggc,vhh,::Cc:ngcqa”-abcquelaatcga
cgctecaagtecagaggtyggogaaaccogacaggactataaagataccaggegtitteccectggaagetc
cetaegtgegetaotectgttecgacacctgecgettaceggatacetgtecgeetttctecacttegyggaa
gegtggeogetttotecatagetcacgoetgtaggtatctcagtteggtgta gttcgctcoccaagetyg
ggctgtgtgcacgaaccceccecoghtecageocgacagetgegecttatecy ctatcgtettgagte
caacccg taagacacgacttatc. cactggcagcagecactggtaac attagcagagcgaggt

cggty
ggtatctgogcet
g

ot
Ya gt
o

a
o
+
o
o
jul
N 0

rfef
3

jaagtggtyggoctaactacygg
::“,”kﬁaac*”egt”aﬂﬂt+cq yjaaaaagagttggtagoctetigatcecggcaaaca

<
aaccav<g;ggjt Y-qgtq tttttittgtittyge daqcaqcadat

ttggtcatga tuatc aaaaggatc
aatctaaagtatatatgagtaaacttyg
4

tccagtcete

yocgggaadg

rcaacgatcaaggcgagttacatgateccecatgttggaas

cgatcgttgtcagaagtaagttggeccgecagtgtt dtﬂ%Ftc

cttactgtcatgcoccatecgtaagatgettttet g

atagtgtatgcggigaccgagtttctcttgccc
aactttasaagtgctcatcattggaaaacgt

ttgaﬁat ,agtthdtﬁtod"Ja:ﬁ@oiquvCu<- t;a
gtttcectgggtgagoaaaaacaggaaggoaaaat

qt+gaa cacteatactettecttttteaata

tacggggtcectgacgetcagtigga

ttcacctagatcectttt

a
gtctgacagttaccaatyg
g

ctagagtaagtagttcge
gt;ouujtL;ctacaqqcath:ggtqﬁ:acouththﬁt:‘ {

68

.:gccggaaqggcccaqcgcagaagtggtcct

Bt m 00 D

gcectacactagaaggacagtattt

tacolgujqadaeljhycatctc

acgaaaactcacgttaagggatt
aattazaaatgaagt trtaadtc
cttaatcagtgaggcacctatcet
tcgtgtagataactacgatacgg
caccggotocagattt
caactttat ccteca

j

taatagtttgcecgcaa
"tt:é@PLLquw,L

[ER

FES)
o+

)
(9]
wm
9]
1
Q)
[0}
Q
O ""uQ QW0 $D
o 9]
¢t

o
=
&

g
agcygy .gct:ctugggtcctc
ttatyg cactgcataattet
tactc 'aagtcattctgag
ggataataccgcgeccacatagea
aactctcaaggatcttaccgetyg
tcageatetittactttcaccaqg

ag

Q

jgaataagggogacacggaaat
~cagggtt tgtctcatgage

Iss




CA 03151816 2022-02-17

WO 2021/034984 PCT/US2020/047080

gaatgtatttagaaaaataaacaaataggggttcogegecacatttecaecgaaaagt

SEQID NG 58
ttin (N can be any nucleotide residue, e.g., any of A, G, C, or 1)

SEQID NO: 57
VPG64-dCas8-VP84 prolein
RADALDDFDLDMLGSDALDDFDLDMLGSDALDDFDLDMLGS DALDDFDLDMVNPRKKKRKVGREMDKKY
STGLATGTNSVGWAVITDEYKVPSKKFRKVLGNTDRHESTKRNLIGALLEFDSGETARATRLKRTARRRYT
RRKNRICYLQETIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPI FGNIVDEVAYHEKYPTI YHLRKK
LVDETDEADLRLI YLATARMI KFRGEFLIBEGDLNPDNSDVDRLFT QLVOTYNQLFEEN PTNASGVDAK
AiusaRLDK"‘R’“nar}gL}GhKK;GLkqulALSLuLT“th SNFDLABRDARLOLSKDTYDEDLDN
LIAQIGDOYADLFLAAKNLSDATLLSDI LRVRTE. {TKRYDEHUQODLTLLKALVROQLPE
KYKEIFFDOSKNGYAGYIDGGASQEEFYK .EELLdKu IREDLLRKQRTFDNGST PHQ
THLGELHATLRROEDFY PFLEDNREKTEKT : LARGNSRFAWMTRKSEETITPWNEE
VDKGASAQSFIERMTNFDRNLPNEKVLPKHSLLYEYFIVYNELTKVKYVTEGMRKPAFLSGEQKKATV
:LEZKTNKthVYthth”V KIECFDSVEI SGVEDRFNASLGTYHDLLKI IKDKDFLDNEENEDILE
DIVLTLTLFEDREMI EERLKTYAHLFDDRKVMEKQLKRRRY TGWGRLSRKLINGITRDKOSSKTILDFLKS
DGFANRNFMOLIHDDSLTFREDIQRAQVIEGOGDSLEERIANLAGS PATRKGI LOTVRVVEELVRVMGR
KPFRT /TEMARENQTTQRKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLCNEKLYLYYLONGRD
/DOELDINRLSDYDVDATVPOSFLKDDSIDNKVLTRIDKNRGKSDNVP SEEVVKKMENYWROLLNA
ITORKIDNLTKAERGGLSELDKAGFIKRQLVETROITKIVAQI LDSRMNTKYDENDK LI REVEVIT
KLVSDFREKDFQFYKVREINNYHHARDAY LNAVVGTALI KKYPKLESEFVYGDYKVYDVRKMI AKS
LTGKATAKYFFYSNIMNFFKTEITLANGET RKRPLIETNGETGETVWDKGRDFATVRKVLSMPQVN
KKTEVOrGGF“K?SFLPKRNSDVLLAPVKWJDEA\Y”L”JDP” AYSVLVVAKVEKGKSKKLKSVEK
ELLGITIMERSSFERKNPIDFLEAKCGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELORKGNELALP
SKY 7NELY\A5PV'K%KﬁSPLDNth“Lkvhng‘Y%DWllV’l"”F“rQJ=LADAN%‘KVQHAYNK&
RUKPIREQAENTI ITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSIT
GGDSRADPKKKRKVASRADALDDFDLDMLGSDALDT FDTDMLC”DALDWFEMDIIC)EATPDFDTDML
T

-
Z v

R
;x;r

H
;10
5

SEQ D NO: 58

VP84-dCas8-VPE4 DNA

cgggotgacgecattggacgatttigatctggatatgetgggaagtgacgecctagatgattitgacaot

tgacatgetitggtt atgcecctitgatgacttitgacctogacatgoetaeggecagtgace cttgaty
tgg gaagaggaaggtygggccgeggaatggacaagaagtac

e

o+
0
QO r
Wt
O
ot

a
cgtoggetgggeegtcattacggacgagtacaaggtgec
gagc a Tty cgatcgccacagcataaagaagaacctcattggegeoc
tecet actceoggggaaaccd ccacgcggetcaasagaacagcacggcgeagatatace
cgca atcggatctgetac tagatctttagt““tgagatgqctaauq ggatgactc
tttct aggetggaggagtea tggaggaggataaaaagcacgagcgocacccaatet
ttgg .C ygac . '¢qaaaaqbav coaaccatatatcecataet
cttgta agt tgataaggotgacttgeggttgatetataetegegetggegecatatgatecaaatt
tcggggacact tcaLCjaﬁgggU%Fﬂtgdaﬂﬁﬂagd %aﬂagcqauﬁtb"“ aaactctttatce
aactggttcagactta tca ttgacgccaaa
gcaatcctgageget t ct -t
gaagaagaacggcocet t
acttagacctggocg

ctgoet ;gccca(Iathqcoac:c:aqn.a cgcagacctttttttggey
tectgotgagtgatattectgegagtgaacacyg egjtvacv;daq“t-ggC"qach thtlﬁqqt,A
agegotatgatgagecacecaccaagactttgactttgetgaaggeecttgtecagacagecaactgectgay

aagtacaaggaaattttcttcgatcagtctaaaaatggctacgccggatacattgacggeggagecaag
ccaggaggaattttacaaatttattaagcccatettggaaaaaatggacggcaccgaggagetgetyg
taaagcttaacagagaagatctgttgagcaaacagegecactttcgacaatggaagecatcecccacecag
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atitcac cgaactgeacgcetatectecaggeggcaagaggatttetaceocctttttgaaagataa
cagggaa aagattgaqaaaaLcctcacatttcggatacc;tactatgtaggc;ccctchCC"gggaa
ttocal gac tcactcectggaacttcgaggaagta
= t c actttgat tgcctaa

a t ccaagqg

LCE tatcgtyg
gacctce ctf thdbu(ﬁ dccggaaa LtaccqfxanCdN* aadcaagac;ait cdaauqat
actoctgttgasatcageggagtggaggategaottcaaacys atccctqqgadcgtabv
iaaatcattaaagacaaggact :"ng’a(datgaqqd<Yef:xcqa\j
gacattgtcc ccottacgttgtttgaagatagggagatgattgaagaacgctitgaaaactt
tcatctettegacgacaaa gtﬁatga%aﬂagptﬂaagaggcgccgatatacaggatgggggcgg
tgatcaatgggatccocgagacaagcagagtggaaagacaatect tcttaa

gatggatttgccaaccyggaacttc atqgwq:toabcvdf,1tqac:*+ct”3cctttaagceg

acqatg

Caagaaaac

xQ
)
ct
pt
ct

]

t
sl

ccagaaagcacaagttictggecagggggacagtcecttcacgagecacategetaatc ttq<aq
2 ~gJg

a

Cagbiubﬁoddduﬁﬁqddiuth ragaccgttaaggtegtggatgaactegtc
cataagcccqadadtaL@dtﬁaLccaqdtgg@ccgaqacaaccaaauta:cca;quqqd

aagg

gts

g

&
aggaac

g

c

cagtagggaaaggatgaagaggattgas

acccagttgaaaacacccagcettcags a agggac
atgtacgtggatcaggaactggacat g a gcccea
gtecttttctcaaagatgattctattgataataaag thEQaL agatccgatazaaatagagggaaga
gtgataacgtccectocagaagaagttgtcaagaaastgaaaaattatitggeggcagetgetgaacgec
aaactgatcacacascggaagticgataatctgactaaggetgaacqgaggtggectgtactgagttgga
taaagcaeggettecatcaaaaggeagetiigttgagacacgecagatcacecaagecacgtggaeccaaatte

tegatteacgeatgaacaccaagtacgatgaaaatgacaaactgattecgagaggtgaaagttattact
ctgaagtctaagctggtctcagatttcagaaaggactttcagttttataaggtgagagagatcaac
ttaccaccat gcqcatgatqcct'cc gaatgcagtggtaggcactgcacttatcaaaaaat

{ nctaLaaagtgtacﬂatgLtaggaaaatvatch
agtacttcttttacagcas attatqaattttttcaa

9]
o

xQ (o]

gagcaggaaataggcaaggccaccgceta
cgagat gattceggaagecgaccacttatcgaaacaaacggagaaacad

ategtgtgggacaagggtaggye ;gbccbjtccatgccgcaggLQddu
atcegttasaaagaccgaagtacagaccggaggaettetecaaggaaagtatectecccgaaaaggaacay
cgacaagctgatcegeacgoaaaaaagattgggaceccaagaaatacggeggattegattctaectacay

&

tittegegacagteegga

tegettacagtgtactggttgtggecasagtggagaaagggaagtetaaaaaactcecagaaagegtcaay

gaactgctgggecatcacaatcatggagcgatcaagectticgaaaaaaaccccategactttotegaggo

gaaaggatataaagaggtcaaaaaagacctcatcattaagettcccaagtactcectectotttgagettyg

aa 3 tgcaqaaagctaacgagctgqcact ccc
ga set

aacggcocggas aggaatgctﬂqrtautg gggcgage
Cotaaatacgttaatittettgtatcectggocagecactat
agcagaagcecagetgttcgtggaacaaca gatgag at atV\agcaaataagcg
aatbcthmelethtgjtth-qcc;dcgubdacctcgataagqt;“fttu ~gettacaataagcac

0

—
o

raaacactacct

;J
v"\

agggataagceccatcagggageaggcagaaaacattatccacttgtttactetgaccaacttgggaege
gocotgcagocttcaagtacttegacaccaccatagacagaaagoggtacacd Cacazaaggaggtcc
tggacgeccacactg f ctctcecagetc
ggtggagacagc cgctggacga
tttcgatctcecga ggaagcgacyg
cattggatgact ~cgatatgtta

SEQIDNOG: 53

Human p300 (with L353M muiation) protein
MAENVVEPGPPSAKRPKLSSPALSASASDGTDFGSLFDLEHDLPDELINSTELGLTNGGDINQLOTSL
GMVODAASKUKQLAELLRSGISPNLNMGVGEPGQVMASOAQQSSPELGLINSMVKSPMTOAGLTSPNM
GMGTSGPNQOGPTQSTEMMNS PYNQPAMGMN T GMNAGMN PGMLAAGN GQGTMPNQVMNGS T GAGRGRON
MOYPNPGMGSAGNLLTEPLOQGSPOMGGOTGLRGPOPLKMGMMNNPNPYGSPYTONPGQOQT GAS
OIQOTKTVLSNNLS DE AMDKKAVPGGEMPNMGOOPAPQOVOQOP GL\ MTPVAQGMGS GAHTAD m:_m&;:g
QLVLLLHAHKCORREQANGEVRQCNLPHCRTMENVLNAMTHCOSGKSCOVAHCASSROI I SHWRKNCTR

el
L L
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HDCPVCLPLRNAGDKRNOOPILTGAPVGLGNPSSLGVEOOSAPNLST V\QIDP§ST SRAYAALGLEYQ
”NfMPTQPQVJAYP”QQQOP”QS?fGMRPTQNMSA&DMGV\” SVGVOTPSLLSDSMLHSAINSONPMM
SENASVPEMGPMPTAAQPSTTGIRKOWHEDITODLRNHLVHKLVQATE UTEDPAALKLRRNbTLN YA
QK JEGDMYESANNRAEYYHIL LAEKIYKIQRELEERKRRTRLOKONMLPNAAGMVPVSMNEPG
GMTSNGPLPDPSMIRGSVPNOMMERITPOSG LRQ"GQHHMAQPPTVPRQFPDLuHPCQLAO
MGK PRW”Q?»N)G FLTOTQFP““GW"TW PLAPSSGQAPVSQAQMSSSSCPVNSPIMPE G3
..... ALHONSPSEVPSRTETPHETPPSTIGAQQPPATTIPAFVPTPPAMPPGPOSQALHPPERG

—
sy
@]
[aw]
8 )
U
O G
fU
oY
=t
f—f-x
C

TPTDPTTQLLQQVngLPAA.uﬂﬁ“?v?DPPQQVHTAASVPTPTRPII

NPESTSSTEVNSQATAEKQP SOEVEMEA KNFVJVDFPMLTVPEDIQFGKVFD CRMESTETEERSTELEK
TEIKEEEDOPSTSATOSSPAPGOSKKRKIFKPEELROAIMPTLE QDPESLPEROPVDPQLLGIPD
YFDIVKSPMDLSTIKRKLD TSOVQ”PWQfVD”lwLMFththVkVTSRVVKXL“VLSh7FEJ”LDUV
MOSLGY LURKLEESk'“LP”YUKQLCTLkRJhW{Y“VghquF’”f”'hh'g(h VSLGDDPSCPQT
TINKEQFSKREKNDTLDPELEFVECTECGREKMHQICVLHHET IWPAGFVCDGCLKKSARTRKENKESAKR
LESTRLGTEFLENRVNDEFLRRONHPES GEVTVRVVHASDKTVEV] AGMKARFVUQGEMAEb'LY%TKAL
FAFEETIDGVDLCEEFGMHVOEYGSDCPPENQRRVY ISYLDSVHFFRPKCLRTAVYHETL LIGYLEYVKKL
GYTTGHIWACPPSEGDDYIFHCHPPDOKIPKPKRLOEWYKKMLDKAVSERIVEDYKDT FKQRiuPRTT
SARKELPYFEGDEW “k’hETFﬁWEdh“umnFRKREM\T SNESTODVTKGDSKNAKKEKNNKKTSKNKSSLS
RGNEKKKPGMPNVSNDLSOKLYATMEKHKEVEEVIRLIAGPAANSLPPIVDPDPLIPCDLMDGRDARFLT
E&, SLRRAQWSTMCMLVELHTQOSODREVYTCNECKHAVETRWHCTVCEDYDLCTITCYNTEKN
GLGLDDESNNQOAAATOSPGDSRRL S'”I”T““LV&ACOLRNANCSLPSP“”VK{VV“HT
LVPT CKQLIALCCYHAKHCOENKCPVPEFCLNIKOKLRQOOLOHRELOOAOML RRRMASMQ
] PATPTTPTGQOPTTPQTPOPTSQPQPTPPNSMPPYLPRTOAAGEVISQGKAAGQ
VTF“TF?QTR“PFTPC PPAAVEMAMQIQORAAETOROMAHVOIFQRP TOHOME PMTPMAFMGMNPPEM

PPOPATPLSQPAVSIEGQVS

Y/

TPCEQCITFP SMGRPTGEMQQOPPWSQGGLPQFQQLOSGMERPAMMSVAQHGOPLNMAPQFGLGOVGISE
LKPGTVSOQALONLLRTLRSPSSPLOQOO VLSlTPANPQLTAAF'VfI,AYYAM°RPQELE’QPGMUQ
GOPGLOPPTMPGQOGVHENFPAMONMN PMOAGVORAGLPQOOPOOOLOPPMGEMS POAQOMNMNENTMP
SCFROILRROOMMOOQCOOOGAGPGIGEPGMANHENQFQCPOGVGYPPOOQOQRMOHAMOOMOOGNMGCI GO
LPOALGABEAGASLOAYQORLLOOOMGS PV~VPLHSPQQHM'Phung‘DPLOﬂgT* NSLENQVRSPOP
VPSP SPSPRMOPQPSPHHVIPOTS SPHPGLVAAQANPMEQGHFASPDONSMLSQLASNP

GMANLHGASATDLGLITDNSDLNSNLSQSTLDIH
SEQIDNO: 80
Human p300 Core Effector profein (aa 1048-1864 of SEQ ID NO: 58)
IFKPEELRCALMPTLEALYRQDPESLPFROPVDPQLLGIPDYFIIVKSPMDLS TIKRKLDTGQYGERPY
CYVDDIWLMENNAWLYNRKTSRVYKYCSKLSEVFEQEIDPVMOSLEYCCORKLEFSPOTLCCYGRQLC
TIPRDATYYSYONRYHFCEKCFNEIQGESVSLGDDPSQPRTTINKEQFSKRKNDT] DPELEVECTECG
r\I\ HWOICVLHEEI IWPAGFVCDGCLKKSARTRKENKFSAKRLPSTRLGTFLENRVNDFLRRONHPES G
EVIVRVVHASDKTVEVKPGMKARFVD SGEMAES FPYRTKALFAFEETI DGVDLCFFGMAVQEYGEDCPP

PNORRVYISYLDSVHEFRPKCLRTAVYHEI LIGY LEYVEKKLGYTTGHIWACPPSEGDDYIFHCHEPDO
KlPKPLKLQLWYKKMLDRAVSEITVHDY&T FRKOATEDRLTSAKELPYFEGDEFWPNVLEESTKELEQE

LYATMERH
FCMLVELH

EEERKREENTSNESTDVTKGDSKNAKKKNNERT SKNKSSLERGNEKRKKPGMPNVSNDLSQK
KEVFFVIRLIAGPAANSLPPIVDEDPLIPCDLMDGRDAFLTLARDRHLEEFSSLRRAQW
TQSQD

7]

SEQIDNO: 85
Folynuclectide sequence of a gRMNA scaffold

gttttagagctagaaatagcaagttaaaataaggetagtecgttatecaacttgaasaagtygg

caccgagtecggtgettttttt
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CLAIMS

1. A guide RNA (gRNA) molecule fargeting Pax7, the gRNA comprising a polynucleotide

sequence corresponding 1o at legst one of SEQ 1D NOs: 1-8 or 69-76, or a variant thereof,

2. The gRNA of claim 1, wherein the gRNA comprises a crRNA, a tracrRNA, or a
combination thereof.

3. A DNA targeting system for increasing expression of Pax7, the DNA targeting system
comprising at least one gRMNA that binds and targets a Pax? gene, a regulatory region of a

Pax7 gene, a promoter region of a Pax? gene, or a portion thereof.

4, The DNA targeting system of claim 3, wherein the at least one gRNA comprises a
polynuclectide sequence corresponding to af least one of SEQ 1D NOs: 1-8 0r 69-76, cra
variant thereof.

5. The DNA targeting system of claim 3 or 4, wherein the gRNA comprises a crRNA, a
tracrRNA, or a combination thereof.

8. The DNA targeting system of any one of claims 3-5, further comprising a Clustered
Regularly Interspaced Short Palindromic Repeats associated (Cas) protein or a fusion
protein,

wherein the fusion protein comprises two hetersiogous polypeptide domains, wherein
the first polypeplide domain comprises a Cas protein, a zinc finger protein, ora TALE

protein, and the second polypeptide domain has transcription activation aclivity.

7. The DNA targeting system of claim 8, wherein the Cas protein comprises a

Streptococcus pyogeneas Cas® maolecule, or a variant thereof.

8. The DNA targeting system of claim 8, wherein the fusion protein comprises VP64-
dCasg-VPe4.
9. The DNA targeting system of claim €, wherein the Cas protein comprises a Cas$ that

recognizes a Protospacer Adjacent Motif (PAM) of NGG (SEQ 1D NO: 31}, NGA (SEQ 1D
NO: 32), NGAN (SEQ D NO: 33), or NGNG (SEQ 1D NO: 34).

10. An isolated polynucleotide sequence comprising the gRNA molecule of claim 1 or 2.
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11. An isolated polynucieotide sequence encoding the DNA targeting system of any one

of claims 3-8,

12. A vector comprising the isolated polynuclectide sequence of claim 10 or 11,

13. A vector encaoding the gRNA molecule of claim 1 or 2 and a Clustered Regularly

interspaced Short Palindromic Repeats associated (Cas) protein.

14. A cell comprising the gRNA of claim 1 or 2, the DNA targeting system of any one of
claims 3-8, the isolaled polynucleotide sequence of claim 10 or 11, or the vector of claim 12

or 13, or a combination thareof.

15. A pharmaceutical composition comprising the gRNA of claim 1 or 2, the DNA
targeting system of any one of claims 3-9, the isolated polynuciectide sequence of claim 10

or 11, the vector of claim 12 or 13, or the cell of claim 14, or a combination thereof.

16. A method of activating endogenous myogenic transcription factor Pax? in a celi, the
method comprising administering to the cell the gRNA of claim 1 or 2, the DNA targeting
system of any one of claims 3-9, the isolated polynuclectide sequence of claim 10 or 14, or

the vectorof claim 12 or 13.

17. A method of differentiating a siem cell into a skelelal muscie progenitor cell, the
method comprising administering to the stem cell the gRNA of claim 1 or 2, the DNA
targeting system of any one of claims 3-8, the isolated polynucisotide sequence of claim 10

or 11, or the vector of claim 12 or 13.

18. The method of claim 17, wherein endogenous expression of Pax? mRNA is

increased in the skeletal muscle progenitor cell.

19. The method of any one of claims 17-18, wherein the expression of Myfa, MvoD,

Myo3, or & combinagtion thereof, is increased in the skeletal muscle progenitor cell.

20. The method of any one of claims 17-19, wherein the stem cell is induced into

myogenic differentiation.
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21. The method of any one of claims 17-20, wherein the skeleial muscle progenitor cell

maintains Pax7? expression after at least about 6 passages.

22, A method of treating a subject in need thereof, the method comprising administering
t0 the subject the cell of claim 14.

23. The method of claim 22, wherein the level of dystrophin+ fibers in the subject is
increased.

24. The method of claim 22 or 23, wherein muscle regeneration in the subjectis
increased.
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