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AAV VECTOR-MEDIATED DELETION OF LARGE MUTATIONAL HOTSPOT FOR
TREATMENT OF DUCHENNE MUSCULAR DYSTROPHY

CROSS-REFERENCE TO RELATED APPLICATIONS

(00017 This application claims priority to U.S. Provisional Patent Application No.
82/833,760, filed April 14, 2019, which is incorporated herein by reference in its entirety,

STATEMENT RECARDING FEDERALLY SPONSORED RESEARCH

[00062] This invention was made with government support under grant RO1ARQ80085
awarded by the National Institutes of Health., The govemment has cerlain rights in the

invention.
FIELD

[0003] The present disclosure reiates to the field of gene expression alteration, genome
engineering, and genomic alieration of genes using Clustered Regularly interspaced Short
Palindromic Repeats (CRISPR)Y/CRISPR-associated (Cas) 9-based systems and viral
delivery systems. The present disclosure also relates {o the field of genome engineering

and genomic alteration of genes in muscle, such as skeletal muscle and cardiac muscle.
INTRODUCTION

[0004] CRISPR/CasB-based gene editing systems can be used o introduce site-specific
double strand breaks ai targeted genomic loci. This DNA cleavage stimulates the natural
DNA-repair machinery, leading to one of two possible repair pathways. In the absence of a
donor template, the break will be repaired by non-homologous end joining (NHEJ), an error-
prone repair pathway that leads o small insertions or deletions of DNA. This method can be
used to intentionally disrupt, delete, or alter the reading frame of targeted gene sequences.
However, if a donor template is provided along with the nucleases, then the cellular
machinery will repair the break by homologous recombination, which is enhanced several
orders of magnitude in the presence of DNA cleavage. This method can be used o
introduce specific changes in the DNA seguence at target sites. Engineered nucleases have
been used for gene editing in a variety of human stem cells and cell lines, and for gene
editing in the mouse liver. However, the major hurdle for implementation of these
technologies is delivery to particular tissues in vivo in a way that is effective, efficient, and

facilitaies successful genome maodification.
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[B005] Hereditary genetic diseases have devaslaling effects on children in the United
States. These diseases cuirently have no cure and can only be managed by atlempls o
alleviate the symptoms. For decades, the field of gene therapy has promised a cure {o these
diseases. However technical hurdies regarding the safe and efficient delivery of therapeutic
genes o celis and patients have limited this approach. Duchenne muscular dystrophy
(DMD) is & fatal genetic disease, dlinically characterized by muscle wasting, foss of
ambulation, and death typically in the third decade of life due to the ioss of functional
dystrophin. DMD is the resuli of inherited or spontaneous mutations in the dystrophin gene.
Most mutations causing DMD are a result of delstions of exon(s), pushing the transiational
reading frame out of frame. The majority of DMD mutations are deletions (~ 8%} of one or
more of iis 79 exons that shift the reading frame and terminate expression of the full-length
transcript. Deletions mostly ocour in two “hotspots” of the gene, which encompass exons 2
through 20 {~ 1/3 of all deletions) and exons 45 through 55 {(~2/3 of all deletions). Becker
muscular dystrophy (EMD) palients with naturally occurring in-frame deletions of the entire
45 {0 55 region of the dystrophin gene exhibil delayed disease onset and minimal skeletal

muscle pathology.

EH Dystrophin is a key component of a protein compiex that is responsible for
regulating muscle cell integrity and function. DMD patients typically lose the ability o
physically support themselves during childhood, become progressively weaker during the
teenage years, and die in their twenties. Current experimental gene therapy strategies for
DMD require repeated adminisiration of transient gene delivery vehicles or rely on
permanent integration of foreign genetic material into the genomic DNA. Both of these
methods have serious safety concerns. Furthermore, these strategies have been limited by
an inability 1o deliver the large and complex dystrophin gene sequence. There remains a
need for more precise and efficient gene editing tools for correcting and treating patients with

mutations in the dystrophin gene.
SUMMARY

{0007} in an aspedt, the disclosure relates to a CRISPR-Cas system. The CRISPR-Cas
systemn may include one or more vediors encoding a compaosition, the composition
comprising: (&) a first guide RNA (gRNA) molecule targeting intron 44 of dystrophin; (b) a
second gRNA molecule targeting intron 55 of dystrophin; and (c) a Cas® protein; and (d) one
or mare Casg gRNA scaffolds. In some embodiments, the system comprises a singls
vector. in some embodiments, the system comprises two or more vectors, wherein the two
or more vectors comprises a first vector and a second vector. In some embodiments, (a) the

first veclor encodes the first gRNA molecule and the second gRNA molecule; and (b) the
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second vector encodes the Casg protein. In some embodimenis, (a) the first vector encodes
the first gRNA molecule; and (b) the second vector encodes the second gRNA molecule. In
some embodiments, the first vector further encodes the Cas® protein. in some
embodiments, the second vecior further encodes the Cast protein. In some embodiments,
the expression of the Casy protein is driven by a constitulive promoter or a muscle-specific
promoter. In some embodiments, the muscle-specific promoter comprises a MHOKY
promocter, a CK8 promoter, or a Spch12 promoter. In some embodiments, the single vector
encodes the first gRNA molecule, the second gRNA molecule, and the Cas9 protein. In
some embodiments, the vector comprises at least one bidirectional promoier. In some
embodiments, the bidirectional promoter comprises: a first promoter driving expression of
the first gRNA molecule and/or the second gRNA moleculs; and a second promoter driving
expression of the Cas9 protein. In some embodiments, the first gRNA targets the
polynuclectide of SEQ 1D NO:2 or a &' truncation thereof. In some embodimenis, the second
gRNA targets the polynucleotide of SEQ 1D NO:3 or a 5" truncation thereof. in some
embodimenis, the CasB protein is SpCas®, SaCasg, or St1Cas9 protein. In some
embodiments, the Cas9 gRNA scaffold is a SaCas® gRNA scaffold. In some embodiments,
the SaCas® gRNA scaffold comprises or is encoded by the polynucieotide of SEQ D NO4.
in some embodiments, the Cas8 protein is a SaCasy protein encoded by the polynucleotide
of SEQ ID NO:11. In some embaodiments, the vector comprises at least one polynucleotide
selected from SEQ ID NOs: 1-13 and 24. In some embodiments, the vector comprises the
polynucleotide sequence of SEQ 1D NO: 24. in some embodiments, the vector comprises a
polynuclectide sequence that is selected from SEQ 1D NO:14, SEQ 1D NO:115, SEQ D
NO:16, SEQID NO:17, SEQ 1D NO:18, SEQ ID NO:19, SEQ ID NC:20, SEQ 1D NG:21,
SEQID NO:22, SEQ ID NG:23, SEQ ID NO: 41, SEQ 1D NO: 42, SEQ ID NO: 28, and SEQ
D NC: 30, In some embodiments, the vector is a viral vactor. In some embodiments, the
vector is an Adenoc-associaled virus (AAV) veclor. In some embodiments, the AAV vectoris
AAVT, AAV2, AAVSE, AAVE, AAVE, AAVS, AAVT, AAVE, AAVE, AAV-10, AAV-11, AAV-12,
AAV-13, or AAVIRL74. In some embodiments, the vector comprises a ubiquitous promoter or
a tissue-specific promoter operably linked o the polynucleotide sequence encoding the first
gRNA molecule, the second gRNA molecule, and/or the Cas8 protein. In some

embodiments, the tissue-specific promoter is & muscle specific promoter.

[G00s] In a further aspect, the disclosure relates {0 a cell compyrising the herein
described system.

[G009] Anocther aspeact of the disclosure provides a kit comprising the herein described

system,
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[G0010] Anocther aspect of the disclosure provides a method of correcting a mutani
dystrophin gene in a cell. The method may include adminisiering to a cell the herein
described system.

[0608011]  Ancther aspect of the disciosure provides a method of genome editing a mutant
dystrophin gene in a subject. The method may include administering 1o the subject a herein
described sysiem or csil. The sysiem or cell may be administered to the subject

intramuscularly, intravenously, or a combination thereof.

[G0012] Another aspect of the disclosure provides a method of treating a subject having a
mutant dystrophin gene. The method may include administering to the subject the herein
described system or cell. The system or cell may be adminisiered to the subject

intramuscularly, intravenously, or a combination thereof,

[60013] The disclosure provides for other aspects and embodiments that will be apparent

in light of the following detailed description and accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[60014] FIG. 1 shows the two deletion prone hotspols in dystrophin. The dystrophin gene
{which may be referred to as DMD) is the largest known gene in humans (2.3 Mbp).

Approximately, 88% of mutations are large exon deletions that lead to frameshift errors.

[00018] FiG. 2 shows delails relating to the exon 45 through exon 55 mutational hotspot.
Approximately 45% of all DMD mulations, and many commonily deleted single exons, are
located in this region. Patients with exon 45 to 55 in-frame deletion display milder dystrophic
phenotype. AONSs (antisense oligonucieotides) have been used 1o induce exon skipping in
this region.

[00018] FIG. 3 shows excision of exons 45 through 55 of dystrophin. This system is

being tested in a humanized mouse carrying the human gene with a deletion of exon 52.

[060017] FIG. 4 shows injection of a system {o excise exons 45 through 55 of dystrophin in
neonatal mice. Neonatal mice were systemically injected at 2 days posinatal (P2). Muscles

were harvested 8 weeks post-treatment. PCR bands show the intended deletion.

[00018] FIG. & shows dystrophin expression in systemically treated mice. 10x

magnification, dual veclor P2 injected, 8 weeks post-treatment.
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[G0018] FIG. 6 shows the lraditional two vector system as compared to the one vector
system. Advaniages to the one vector system may include: having all necessary editing
components on a single vector, ability 1o increase effective dose, streamlining of other vector
production (single therapeutic agent), use/incorporation of muscle-specific promoters (CKE,
Spedi2, MHCKY), and ability 1o target combinations of exons and large deletions (by

changing guide sequences).

[0020] FIG. 7 shows a vector design comparison. The all-in-one vector components
(iotal packaged DNA < 4.8 kb include: SaCas9 (~3.2 kb}; mini polyadenyliation signal (60 bp)
or bGH polyadenylation signal (232 bp); constitulive EFS promuoter (252 bp) or muscle

specific promoter).

[00021] FiG. 8 shows the all-in-one vector for deletion of exons 45-55 and in vitro
analyses in HEK293s.

{00221 FiG. 8A is g schematic diagram of the dystrophin gene from immortalized
myoblasts isolated from a DMD patient, showing the deletion of exons 48-50. FiG. 8B
shows results from deletion PCR of genomic DNA and cDNA from treated DMD patients,
indicating that exon 45-55 was effectively deleted with vectors as detailed herein. FIG. 9C is
a Western blot of cell lysates, showing that untreated myoblasts produced no dystrophin
protein, whils transfected myoblasts exprassed a smaller dystrophin protein compared io the

positive control, consistent with hotspot deletion.

(600231 FiG. 10 are images of cardiac muscle cells from neonatal hDMDAS2/mdx mice
injected with either AAV-CRISPR targeting a control locus (top panel) or targeting exon 45-
55 {bottom panel). Cells were harvesied 8 weeks post injection. Celis were stained with

DAPI or for dystrophin. 1{x magnification, scale bar = 200 uym.
[00024] FIG. 11 is a schematic diagram of the versions of all-in-one vector 5.

[60025] FiG. 12 are images of TA muscle celis 8 weeks after injection with the vectors as

indicated, at 10x magnification.

[00026] FIG. 13 are graphs showing SaCas® and gRNA in vivo expression resulting from
treatment with the indicated all-in-one veclors, as determined by gRT-PCR using TA

samples 8 weeks post-injection. N=3-4,

[00027] FiG. 14 are graphs showing the stability of all-in-one (AlO) vactors in vivo. The
left graph are resulis from gPCR using TA samples 8 weeks posi-injeclion. The right graphs

are results from IFN-gamma ELISpot assay against SaCas9. N=3-4 for both.
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DETAILED DESCRIPTION

[60028] As described herein, certain methods and engineered gRNAs have been
discovered to be useful with CRISPR/CRISPR-associated (Cas) 9-based gene ediling
systems for altering the expression, genome engineering, and correcting or reducing the
effects of mutations in the dystrophin gene involved in genelic diseases, such as DMD. The
disclosed gRNAs were generated to target sites that are more amenabile to clinical
transiation. For example, the gene encoding S. pyogenes Cas9 (SpCasy) is too large to be
delivered by adeno-associaied virus (AAV), a vector used for the systemic gene delivery to
muscle when all other necessary regulatory sequences are included. Instead, the disclosed
gRNAs were selected and screened for use with S, aureus Cas® (SaCasy), which is about 1
kb smaller than SpCas®. The disclosed gRNAs, which target human dysirophin gene
sequences, can be used with the CRISPR/Cas9-based system 1o larget exons 45 to 55 of
the human dysirophin gene, causing genomic deletions of this region in order 1o resiore

expression of functional dystrophin in celis from DMD patients.

[G0028] Also described herein are genetic consiructs, compositions, and methods for
delivering CRISFR/Cas8-based gene editing system and multiple gRNAS lo target the
dystrophin gene. The presently disclosed subject matter also provides for methods for
delivering the genetic construcis (e.g., vectors) or compositions comprising thereof to
skeletal muscle and cardiac muscle. The vector can be an AAV, including modified AAV
vectors. The presently disclosed subject matier describes a way to deliver active forms of
this class of therapeutics 1o skeletal muscle or cardiac muscle that is effective, efficient, and
facilitates successful genome modification, as well as provide a means to rewrite the human
genome for therapeutic applications and target model specias for basic science applications.
The methods may relate to the use of a single AAV vector for the delivery of all of the editing

components necessary for the excision of exons 45 through 55 of dystrophin.

[60030] Section headings as used in this seclion and the entire disclosure herein are

merely for organizational purposes and are not intended to be limiting.
1. Definitions

[80031] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as comwnonly understocd 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 eqguivalent to

those described herein can be used in practice or festing of the present invention. Al
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publications, patent applications, patents and other references mentioned herein are
incorporated by reference in their entirety. The materiails, methods, and examples disclosed
herein are iHustrative only and not intended to be limiting.

[060032] The terms “comprise(s),” “include(s},” “having,” *has,” “can,” “contain(s),” and
variants thereof, as used herein, are intended {0 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 dictales
otherwise. The present disclosure also contemplates other embodiments “comprising,”
“‘consisting of” and "consisting essentially of,” the embodimenis or elements presented

herein, whether explicitly set forth or not.

[00033] 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 8-8, the numbers 7 and 8 are contemplated in addition to 6 and 8, and for the range
6.0-7.0, the number 6.0, 6.1,6.2,6.3,6 .4,6.5, 6.6, 8.7, 8.8, 8.9, and 7.0 are explicitly

contemplated.

[G0034] As used herein, the term “about” or "approximately” means within an accepiable
error range for the particular value as determined by one of ordinary skill in the art, which will
depend in part on how the value is measured or delermined, i.€., the limitations of the
measurement system. For example, “about” can mean within 3 or more than 3 standard
deviations, per the practice in the arl. Alternatively, “about” can mean a range of up to 20%,
preferably up to 10%, more preferably up to 5%, and more preferably stili up to 1% of a
given value. In ceriain aspecis, the term “about” refers to a range of vaiues that fall within
20%, 19%, 18%, 17%, 18%, 15%, 14%, 13%, 12%, 11%, 10%, 8%, 8%, 7%, 8%, 5%, 4%,
3%, 2%, 1%, or less in sither direction (greater than or less than) of the stated reference
value unless otherwise stated or otherwise evident from the context (except where such
number would exceed 100% of a possible value). Alternatively, particularly with respectio
biclogical systems or processes, the ferm can mean within an order of magnitude, preferably

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

[00038] “Adenc-associated virus” or "AAV” as used interchangeably herein refers io a
small virus belonging to the genus Dependovirus of the Parvoviridae family that infecis
humans and some other primate species. AAV is not currently known {0 cause disease and

consequently the virus causes a very mild immune response.
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[00038] “Binding region” as used herein refers {0 the region within a nuclease target

region that is recognized and bound by the nuclease,

{00037} “Cardiac muscle” or "heart muscle” as used interchangeably herein means a type
of involuntary striated muscle found in the walls and histological foundation of the heatt, the
myocardium. Cardiac muscle is made of cardiomyocytes or myocardiocytes.
Myocardiocytes show striations similar to those on skeletal muscie celis but contain only
one, unigue nucieus, unlike the multinucleated skeletal celis. In certain embodiments,
“‘cardiac muscle condition” refers to a condition relatad to the cardiac muscls, such as

cardiomyopathy, heart failure, arrhythmia, and inflammatory heart disease.

[G0038] “Coding sequence” or “encoding nucleic acid” as used herein means the nucleic
acids (RNA or DNA molecule) that comprise a nucleotide sequence which encodes a
protein. The coding sequence can further include initiation and termination signals operably
linked to regulatory elements including a promoter and polyadenylation signal capabie of
directing expression in the cells of an individual or mammal to which the nucleic acid is

administered. The coding sequence may be codon optimized.

{60038] “Complement” or “complementary” as used herein means a nucleic acid can
mean Watson-Crick {e.g., A-T/UJ and C-G) or Hoogsteen base pairing between nucleotides
or nucleotide analogs of nucleic acid molecules. “Complementarity” refers to a propsity
shared between two nucleic acid sequences, such that when they are aligned antiparallel to

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

(0600407 “Correcting”, “genome editing,” and “restoring” as used herein refers to changing
a mutant gene that encodes a truncated protein or no protein at all, such that a full-length
functional or partially full-length functional protein expression is obtained. Correcting or
restoring a mutant gene may include replacing the region of the gene that has the mutation
or replacing the entire mutant gene with a copy of the gene that does not have the mutation
with a repair mechanism such as homology-directed repair (HDR). Correcting or restoring a
mutant gene may also include repairing a frameshifi muiation that causes a premature siop
codon, an aberrant splice acceptor site, or an aberrant splice donor site, by generating a
double stranded break in the gene that is then repaired using non-homologous end joining
(NHEJ). NHEJ may add or delete at least one base pair during repair which may resiore the
proper reading frame and eliminate the premature stop codon. Correcling or restoring a
mutant gene may also inciude disrupting an aberrant splice acceptor site or splice donor
sequence. Correcting or restoring a mutant gene may also inciude deleting a non-essential

gene segment by the simulianeous action of two nucleases on the same DNA strand in
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order to resiore the proper reading frame by removing the DNA between the fwo nuclease
target sites and repairing the DNA break by NHEJ.

{60041} The term “directional promoter” refers to two or more promoters that are capabile
of driving transcription of two separate sequences in both directions. in one embodiment,
one promoter drives transcription from 5 to 3’ and the other promoter drives transcription
from 3 to 5’.  In one embodiment, bidirectional promoters are double-strand transcription
control elements that can drive expression of at least lwo separate sequences, for example,
coding or non-coding sequences, in opposite directions. Such promoter sequences may be
composed of two individual promoter sequences acting in opposite directions, such as one
nucleotide sequence linked to the other (complementary) nucieotide sequence, including
packaging constructs comprising the two promoters in opposite directions, for example, by
hybrid, chimeric or fused seguences comprising the two individual promoter sequences, or at
least core sequences thereof, or else by anly one transeription regulating sequence that can
initiate the transcription in both directions. The w0 individual promoter seqguences, in some
embodiments, may be juxiaposed or a linker sequence can he located between the first and
second sequences. A promoter sequence may be reversed to be combined with ancther
promoter sequence in the opposite orientation. Genes localed on both sides of a
bidirectional promoter can be operably linked to a single transcription control sequence or
region that drives the transcription in both directions. In other embodiments, the bidirectional
promoters are not juxiaposed. For example, one promoter may drive ranscriplion on the &
end of a nucleotide fragment, and another promoter may drive transcription from the 3’ end
of the same fragment. In ancther embodiment, a first gene can be operably linked to the
bidirectional promoter with or without further regulatory elements, such as a reporter or
terminator elements, and a second gene can be operably linked {o the bidirectional promoter
in the opposite direction and by the complementary promoter sequence, again with or

without further regulatory elements.

[00042] "Donor DNAY, *donor templale,” and “repair template” as used interchangeabily
herein refers {0 a double-stranded DNA fragment or molecule that includes at lsast a portion
of the gene of interest. The donor DNA may encode a full-functional protein or a partially-

functional protein.

[00843] “Duchenne Muscular Dystrophy” or “DMD” as used interchangeably herein refers
to a recessive, fatal, X-linked disorder that resulis in muscle degeneration and eventual
death. DMD is a common hereditary monogenic disease and occurs in 1 in 3500 males.
DMD is the result of inherited or spontaneous mutations that cause nonsense or frame shift

mutiations in the dystrophin gene. The majority of dystrophin mulations that cause DMD are
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deletions of exons that disrupt the reading frame and cause premature translation
termination in the dystrophin gene. DMD patients typically lose the ability to physically
support themselves during childhood, become progressively weaker during the teenage
years, and die in their fwenties.

[00844] “Dystrophin® as used herein refers o a rod-shaped cyloplasmic protein which is a
part of a protein complex that connects the cytoskeleton of a muscie fiber to the surrounding
extraceliular matrix through the cell membrane. Dystrophin provides structural stability io the
dystroglycan complex of the cell membrane that is responsible for regulating muscle cell
integrity and function. The dystrophin gene or “DMD gene” as used interchangeably herein
i5 2.2 megabases at focus Xp21. The primary transcription measures about 2, 400 kb with
the mature mRNA being about 14 kb. 79 exons code for the protein which is over 3500
amino acids.

[000458] “Exons 45 through 55" of dystrophin as used herein refers to an area where
roughly 45% of all dystrophin mutations are located. Exon 45-55 deletions are associaied
with very mild Becker phenotypes and have even been found in asymplomatic individuals.

Exon 45-55 mulliexon skipping would be beneficial for roughly 50% of ail BMD patients.

[060048] “Frameshift” or “frameshifi mutation” as used interchangeably herain refers o a
type of gene mutation wherein the addition or deletion of one or more nuclectides causes a
shift in the reading frame of the codons in the mRNA. The shift in reading frame may lead to
the alieration in the amino acid sequence at protein translation, such as a missense mutation

or a premature stop codon,

[60047] “Functional” and “fuli-functional” as used herein describes proiein that has
biclogical activity. A “functional gene” refers {0 a gene transcribed to mRNA, which is

translated to a functional protein.

[00048] “Fusion protein” as used herein refers to a chimeric proiein created through the
joining of two or more genes that originally coded for separate proteins. The iransiation of
the fusion gene results in a single polypeptide with functional properiies derived from each of

the original proteins.

[0004%] “Genetic construct” as used herein refers o the DNA or RNA molecules that
comprise a nuclestide sequence that encodes a protein. The coding seguence includes
initiation and termination signals operably linked to regulatory elements including a promoier
and polvadenylation signal capable of directing expression in the celis of the individuai to

whomm the nucleic acid molecule is administered. As used herein, the term “expressible

10
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form” refers to gene constructs that contain the necessary regulatory elements operably
linked to a coding sequence that encodes a proiein such that when present in the cell of the
individual, the coding sequence will be expressed.

[000808] “Genetic disease” as used herein refers {0 a disease, partially or completely,
directly or indirectly, caused by one or more abnormalities in the genome, especially a
condition that is present from birth. The abnormality may be a mutation, an insertion or a
deletion. The abnormality may affect the coding sequence of the gene or its regulatory
sequence. The genetic disease may be, but not limited to DMD, Becker Muscular Dystrophy
(BMD), hemophilia, cystic fibrosis, Huntington's chorea, familial hypercholesterolemia (LDL
receptor defect), hepatoblastoma, Wilson's disease, congenital hepatic porphyria, inherited
disorders of hepatic metabolism, Lesch Nyhan syndrome, sickle cell anemia, thalassaemias,
xeroderma pigmentosum, Fanconi's anemia, retinitis pigmentosa, ataxia telangiectasia,

Bloom's syndrome, retinoblastoma, and Tay-Sachs disease.

[00051] “Homology-directed repair” or “HDR" as used interchangeably herein refers to a
mechanism in cells (o repair double strand DNA lesions when a homologous piece of DNA is
present in the nucleus, mostly in G2 and S phase of the cell cycle. HDR uses a donor DNA
template 1o guide repair and may be used to create specific sequence changes to the
genome, including the targeted addition of whole genes. If a donor template is provided
along with the CRISPR/Casg-based gene editing system, then the cellular machinery will
repair the break by homologous recombination, which is enhanced several orders of
magnitude in the presence of DNA cleavage. When the homologous DNA piece is absent,

non-homologous end joining may take place instead.

[00052] “Genome editing” as used herein refers to changing a gene. Genome ediling
may include correcting or restoring a mutani gene. Genome editing may include knocking
out a gene, such as a mutant gene or a normal gene. Genome editing may be used to treat

disease or enhance muscle repair by changing the gene of inferest.

[80053] “identical” or "identity” as used herein in the context of iwo 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
oplimally aligning the two sequences, comparing the two sequences over the specified
region, determining the number of positions at which the identical residue occurs in both
sequences 1o yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the specified region, and multiplving the result

by 100 to yield the percentage of sequence identity. In cases where the two sequences are
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of different lengths or the alignment produces one or more siaggered ends and the specified
region of comparison includes only a single sequence, the residues of single sequence are
included in the denominator bui not the numerator of the calculation. When comparing DNA
and RNA, thymine (T) and uracii () may be considered equivalent. Identity may be
performed manually or by using a computer sequence algorithm such as BLAST or BLAST
2.0

[60054] “Muiant gene” or “mulated gene” as used inlerchangeably herein refers to a gene
that has undergone a deleclable muiation. 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 1o 8 mutant gene that has
a mutation that causes a premature stop codon. The disrupted gene product is truncated

refative to g full-length undisrupted gene product.

[000585] “Non-homologous end joining (NHEJ) pathway” as used herein refers to a
pathway that repairs double-strand breaks in DNA by directly ligating the break ends without
the need for a homologous template. The {emplate-independent re-ligation of DNA ends by
NHEJ is a stochaslic, ervor-prone repair process that introduces random micro-insertions
and micro-deletions (indels) at the DNA breakpoint. This method may be used o
intentionally disrupt, deleie, or alter the reading frame of targeted gene sequences. NHEJ
typically uses short homologous DNA sequences called microchomologies to guide repair.
These micrchomologies are often present in single-stranded overhangs on the end of
double-strand breaks. ¥hen the overhangs are perfectly compatible, NHEJ usually repairs
the break accurately, yet imprecise repair leading to loss of nucleotides may also ocour, but

is much more common when the overhangs are not compatible.

[60056] “Normal gene” as used herein refers to 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-iype

gene.

[000857] “Nuclease mediated NHEJ” as used herein refers to NHEJ that is initiated after a

nuclease, such as a Cas9 molecule, cuis double stranded DNA.

[G00588] “Nucleic acid” or “oligonuciectide” or "polynucieotide” as used herein means at
least two nucleotides covalently linked together. The depiction of a single strand aiso
defines the sequence of the complementary strand. Thus, a nucleic acid also encompasses

the complementary strand of a depicted single strand. Many variants of a nucleic acid may

12
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be used for the same purpose as a given nucleic acid. Thus, a nucleic acid also
encompasses substantially identical nucleic acids and complements thereof. A single strand
provides a probe that may hybridize to a target seguence under stringent hybridization
conditions. Thus, a nucieic acid also encompasses a probe that hybridizes under stringent

hybridization conditions.

[00058] Nucleic acids may be single stranded or double stranded or may contain portions
of both double stranded and single stranded sequence. The nucleic acid may be DNA, both
genomic and cDNA, RNA, or a hybrid, where the nucleic acid may coniain combinations of
deoxyribo-~ and ribo-nuclestides, and combinations of bases including uracii, adenine,
thymine, cytosine, guanine, inosine, xanthine hypoxanthine, isocylosine and isoguanine.

Nucleic acids may be obtained by chemical synthesis methods or by recombinant methods.

[00080] “Operably linked” as used herein means that expression of a gene is under the
control of a promoter with which it is spatiailly connected. A promoter may be positioned 5
(upstream) or 3' (downstream) of a gene under its control. The distance between the
promuoier and a gene may be approximately the same as the distance between that promoler
and the gene it controls in the gene from which the promoter is derived. As is known in the

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

[00081] “Partially-funclional” 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.

[60062] “Premature stop codon” or “out-of-frame stop codon” as used interchangeably
herein refers {0 nonsense mutation in a sequence of DNA, which resuits in a stop codon at
location not normally found in the wild-type gene. A premature stop codon may cause a

protein to be truncated or shorier compared to the full-length version of the protein.

[000683] "Promoter” as used herein means a synthetic or naturally-derived molecule which
is capable of conferring, activating or enhancing expression of a nucleic acid ina cell, A
promoter may comprise one or more specific franscriptional regulatory sequences to further
enhance expression and/or to alter the spatial expression and/or temporal expression of
same. A promoier may also comprise distal enhancer or repressor elements, which may be
focated as much as several thousand base pairs from the stari site of transcription. A
promaier may be derived from sources including viral, bacterial, fungal, plants, insects, and
animais. A promoter may regulate the expression of a gene componeant constitutively

{constitutive promoter), or differentially with respect to cel, the tissue or organ in which
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expression occurs or, with respect io the developmenial stage at which expression occurs,
or in response o external stimuli such as physiological stresses, pathogens, metal ions, or
inducing agenis. Represeniative examples of promoters include the bacteriophage 77
promoter, bacteriophage T3 promoter, SP8 promoter, lac operator-promoter, tac promoter,
SV4Q iate promoter, SV40 early promoter, RSV-LTR promoter, CMV IE promoter, SV40
early promoter or SV4{ late promoter, human U8 (hU8) promoter, and CMV {E promoter.
Examples of muscle-specific promoters may include & MHCKT promoter, a CK8 promoter,

and a Spcs12 promoter.

[00084] “Skeletal muscle” as used herein refers to a type of striated muscle, which is
under the control of the somatic nervous system and attached {o bones by bundies of
coliagen fibers known as tendons, Skeletal muscle is made up of individual components
known as myocytes, or "muscle cells”, sometimes colloguially called "muscle fibers.”
Myocytes are formed from the fusion of developmental myoblasts (a type of embryonic
progenitor cell that gives rise to a muscle cell) in a process known as myogenesis. These
long, cylindrical, multinucieated celis are also calied myofibers.

[eo08s] “Skeletal muscle condition” as used herein refers to a condition relaled to the
skeletal muscle, such as muscular dystrophies, aging, muscle degeneration, wound healing,
and muscle weakness or atrophy.

[00068] “Subject” and “patient” as used herein inlerchangeably refers {0 any veriebrate,
including, but not limited to, a mammmal {e.g., cow, pig, camel, llama, horse, goat, rabbit,
sheep, hamsters, guinea pig, cat, dog, rat, and mouse, a non-human primate (for example, a
monkeay, such as a cynomolgous or rhesus monkey, chimpanzee, etc.) and a human). In
some embodiments, the subject may be a human or a non-human. The subject or patient

may be undergoing other forms of treatment.

[00067] “Target gene” as used herein refers o any nucleotide sequence encoding a
known or putative gene product. The {arget gene may be a mutated gene involved in a
genetic disease. In cerfain embodiments, the target gene is a human dystrophin gene. In

certain embodiments, the target gene is a2 mutant human dystrophin gene.

{00088} “Target region” as used herein refers to the region of the target gene to which the

CRISPR/CasS-based gene editing system is designed o hind and cleave.

[00069] “Transgene” as used herein refers {0 a gene or genetic material containing a
gene seqguence 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
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in the transgenic organism, or it may alter the normal function of the transgenic organism's
genetic code. The infroduction of a transgene has the potential {o change the phenotype of

an organism.

[000708] “Variant” used herein with respect to a nucleic acid means (i} a poriion or
fragment of a referenced nuclectide sequence; (i) the complement of a referenced
nucleotide ssquence or portion thereof, (i} a nucleic acid that is substaniially identical to 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, or a

sequences subsiantially identical thereto.

{60071} “Variant” with respect to a peptide or polypeptide that differs in amino acid
sequence by the insertion, deletion, or conservative substitution of amino acids, but retain at
least one biclogical activity. Variant may alsc mean a protein with an amino acid sequence
that is substantially identical to a referenced protein with an amino acid sequence that
retains at least one biological aclivity. A conservative substitution of an amino acid, i.e.,
replacing an amino acid with a different amino acid of similar properties {(e.g., hydrophilicily,
degree and distribulion 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 arl. Kyie et al., J. Mol. Biol. 157:105-
132 {1982). The hydropathic index of an amino acid is based on a consideration of iis
hydrophobicity and charge. s 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 substitutions 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 peplide. Substitutions may be
performed with aming acids having hydrophilicity values within £2 of each other. Both the
hydrophobicity index and the hydrophilicily value of amino acids are influenced by the
particular side chain of that amino acid. Consistent with that observation, amino acid
substitutions that are compatible with biclogical function are understood {o depend on the
relative similarity of the amino acids, and particularly the side chains of those amino acids,

as revealed by the hydrophobicily, hydrophilicity, charge, size, and other properiies.

[00072] “Veclor” as used herein means a nucleic acid sequence containing an origin of
replication. A vector may be a viral vector, bacteriophage, bacterial artificial chromosome or
yeast artificial chromosome. A vector may be a DNA or RNA vector. A vector may be a self-

replicating extrachromosomal vector, and preferably, is a DNA plasmid.
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[G0073] Unless otherwise defined herein, scientific and technical terms used in
conneclion with the present disclosure shali have the meanings that are commonly
understood by those of ordinary skill in the art. For example, any nomenciatures used in
connection with, and technigues of, cell and tissue culture, molecular biclogy, Immunociogy,
microbiology, genetics and protein and nucleic acid chemisiry and hybridization described
herein are those that are well known and commeonly 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 exdrinsic definition. Further, unless
otherwise required by context, singular terms shall include pluralities and plural terms shall

inctude the singular.
2. Genetic Construcis for Genome Editing of Dystrophin Gene

[080074] Provided herein are genetic constructs for genome editing, genomic alteration,
and/or altering gene expression of a dystrophin gene. The dystrophin gene may be a human
dystrophin gene. The genetic constructs include at least one gRNA that targets a dystrophin
gene sequence(s). The al least one gRNA may target human and/or rhesus monkey
dystrophin gene seqguences and may be SaCas9-compatible targets. The disciosed gRNAs
can be included in a CRISPR/Cas8-based gene editing system, including systems that use
SaCas9, 1o target exons 45 through 55 of the human dystrophin gene. The disclosed
gRNAs, which may be included in a2 CRISPR/Cas¥-based gene editing system, can cause
genomic deletions of the region of exons 45 through 55 of the human dystrophin gene in

order o restore expression of functional dystrophin in celis from DMD patients.
a. Dystrophin Gene

[60075] Dystrophin is a rod-shaped cyloplasmic protein that is a part of a protein compiex
that connects the cytoskeleton of a muscle fiber {o the surrcunding exdraceliular matrix
through the cell membrane. Dystrophin provides structural stability to the dystroglycan
compiex of the cell membrane. The dysirophin gene is 2.2 megabases at locus Xp21. The
primary transcription measures about 2,400 kb with the mature mRNA being approximately
14 kb. 79 exons code for the protein, which is over 3500 amino acids. Normal skeleton
muscle tissue contains only small amounts of dystrophin, but its absence of abnormal
expression igads (o the development of severe and incurable symptoms. Some mutaiions in
the dystrophin gene lead {o the production of defective dystrophin and severe dystrophic
phenotype in affected patients. Some muiations in the dystrophin gene lead {o partially

functional dystrophin protein and a much milder dysirophic phenotype in affecied patients,
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[Go076] DMD is the result of inherited or spontaneous mutations that cause nonsense or
frame shift mutations in the dystrophin gene. Naturally occurring mutations and their
consequences are relatively well understood for DMD. In~frame deletions that oceur in the
exon 45-55 regions (FIG. 1, FiG. 2) contained within the rod domain can produce highly
functional dystrophin proteins, and many carriers are asymptomatic or display mild
sympioms. Furthermore, more than 60% of patients may theoretically be treated by
targeting this region as a whole (exons 45 through 55) or specific exons in this region of the
dystrophin gene (for example, targeting exon 51 only). Efforis have been made {0 resiore
the disrupted dystrophin reading frame in DMD patienis by skipping non-essential exon(s)
(for example, exon 51 skipping) during mRNA splicing to produce internally deleted but
functional dystrophin proteins. The deletion of internal dystrophin exon{s) (for exampie,
deletion of exon 51) retains the proper reading frams but cause the less severe Becker
muscular dystrophy (EMD). The BMD genotype is similar to DMD in that deletions are
present in the dystrophin gene. However, the deletions in BMD leave the reading frame
intact. Thus an internally runcated but partially functional dystrophin protein is created. BMD
has a wide array of phenotypes, but often if deletions are between exons 45-55 of
dystrophin, the phenotype is much milder compared to DMD. Thus changing a DMD
genotype {o @ BMD genolype is & common sirategy to correct dystrophin. There are many
strategies to correct dystrophin, many of which rely on restoring the reading frame of the
endogenous dystrophin. This shifis the disease genotype from DMD to Becker muscular
dystrophy. Many BMD patients have intragenic deletions that maintain the translational

reading frame, leading to a shorier but largely functional dystrophin protein.

[60077]  In certain embodiments, modification of exons 45-55 (such as deletion or excision
of exons 45 through 55 by, for example, NHEJ) to restore reading frame amelioraies the
phenoctype DMD in subjects, including DMD subjects with deletion mutations. Exons 45
through 55 of a dystrophin gene refers {0 the 45th exon, 46th exon, 47th exon, 48th exon,
49th exon, 50th exon, 51st exon, 52nd exon, 53rd exon, 54th exon, and the 55th exon of the
dystrophin gene. Mutations in the 45th through 55th exon region are ideally suited for

permanent correction by NHEJ-based genome editing.

[G0078] The presently disclosed genetic constructs can generate deletions in the
dystrophin gene. The dystrophin gene may be a human dystrophin gene. In certain
embodiments, the vector is configured 1o form two double siand breaks (a first double strand
break and a second double strand break) in two infrons (a first intron and a second intron)
flanking a target position of the dystrophin gene, thereby deleting a segment of the

dystrophin gene comprising the dystrophin target position. A “dystrophin target position” can
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be a dysirophin exonic target position or a dystrophin intra-exonic targetl position, as
described herein. Deletion of the dystrophin exonic target position can optimize the
dystrophin sequence of a subject suffering from Duchenne muscular dystrophy. For
example, it can increase the funclion or activity of the encoded dystrophin protein, and/or
result in an improvement in the disease state of the subject. In certain embodiments,
excision of the dystrophin exonic target position restores reading frame. The dystrophin
exonic target position can comprise one or more exons of the dystrophin gene. In certain
embodimentis, the dystrophin target position comprises exon 51 of the dystrophin gene {&.g.,

human dystrophin gene).

[600679] A presently disciosed genetic construct can mediate highly efficient gene editing
at the exon 45 through exon 55 region of a dystrophin gene. A presently disclosed genetic
construct can restore dystrophin protein expression in cells from DMD patients,

[000808] Elimination of exons 45 through 55 from the dystrophin transcript by exon
skipping can be used {0 treat approximately 50% of ali DMD patienis. This class of
dystrophin muiations is suited for permanent correction by NHEJ-based genome editing and
HDR. The genetic constructs described herein have been developed for targeted
modification of exon 45 through exon 55 in the human dystrophin gene. A presently
disclosed genetic construct may be transfected into human DMD celis and mediate efficient
gene modification and conversion 1o the correct reading frame. Protfein restoration may be
concomitant with frame restoration and detecled in a bulk population of CRISPR/Cas8-

based gene editing system-treated cells.
b. CRISPR System

{00081} A presently disclosed genetic construct may encode a CRISPR/Cas8-based gene
editing system that is specific for a dystrophin gene. “Clusiered Regularly interspaced Short
Palindromic Repeats” and “CRISPRS”, as used interchangeably herein, refers to loci
containing mutlliple short direct repeats that are found in the genomes of approximatsly 40%
of sequenced bacteria and 90% of sequenced archaea. The CRISPR system is a microbial
nuclease system involved in defense against invading phages and plasmids that provides a
form of acquired immunity., The CRISPR loci in microbial hosts contain a combination of
CRISFR-associated (Cas) genes as well as non-coding RNA elements capable of
programming the specificity of the CRISPR-mediated nucieic acid cleavage. Short
segmenis of foreign DNA, called spacers, are incorporated info the genome between
CRISPR repeats, and serve as a 'memory’ of past exposures. Cas? forms a complex with

the 3’ end of the sgRNA (also referred interchangeably herein as "gRNA"), and the proiein-
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RNA pair recognizes its genomic target by complementary base pairing between the 5’ end
of the sgRNA sequence and a predefined 20 bp DNA sequence, kKnown as the protospacer.
This complex is directed 1o homologous loci of pathogen DNA via regions encoded within the
orRNA, i.e., the prolospacers, and protospacer-adjacent motifs (PAMSs) within the pathogen
genome. The non-coding CRISPR array is transcribed and cleaved within direct repeats into
short crRMNAs containing individual spacer segquences, which direct Cas nucleases {o the
target site (protospacer). By simply exchanging the 20 bp recognition seguence of the
expressed sgRNA, the Cas8 nuclease can be directed {o new genonic targets. CRISPR
spacers are used to recognize and silence exogenous genstic elements in a manner

analogous to RNAI in eukaryotic organisms.

[60082] Three classes of CRISPR systemns (Types |, I, and HH effector systems) are
known. The Type li effector system carries out fargeted DNA double-strand break in four
sequential steps, using a singie effector enzyme, Casg, ic cleave dsDNA. Compared to the
Type | and Type il effector systems, which require mutltiple distinct effeciors acting as a
compiex, the Type H effector system may function in alternative contexis such as eukaryotic
celis. The Type H effector system consists of a long pre-crRNA, which is transcribed from
the spacer-containing CRISFR locus, the Cas® protein, and a tracrRNA, which is involved in
pre-crRNA processing. The tracrRNAs hybridize to the repeat regions separating the
spacers of the pre-orRNA, thus initiating dsRNA cleavage by endogenous RNase lil. This
cleavage is followed by a second cleavage event within each spacer by Cas®, producing
mature crRNAS that remain associated with the tracrRNA and Cas9, forming a Cas8:crRNA-

tracrRNA compiex,

[00083] The Cas8:crRNA-tracrRNA complex unwinds the DNA duplex and searches for
sequences matching the crRNA to cleave. Target recognition occurs 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 prolospacer-
adjacent motif (PAM), a short sequence recognized by the Cas9 nuclease that is required for
DNA clegvage. Different Type Hl systems have differing PAM requiremenis. The S,
pyogenes CRISPR system may have the PAM sequence for this Cas® (SpCas9) as §-NRG-
3, where R is either A or G, and characierized the specificity of this system in human cells.
A unigue capability of the CRISPR/Cas9-hased gene editing system is the straighiforward
ability to simuitaneously target muitiple distinct genomic loci by co-expressing a single Cas$

protein with two or more sgRNAs. For example, the Strepfococcus pyogenes Type i system
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naturaily prefers to use an "NGG” sequence, where "N” can be any nucleotide, but also
accepls other PAM sequences, such as *“NAG” in engineered systems (Hsu et al., Nature
Biotechnology (2013) doi:10.1038/nbt.2647). Similarly, the Cas¥ derived from Neisseria
meningifidis (NmCas9) normally has a native PAM of NNNNGATT, but has activity across a
variety of PAMs, including a highly degenerate NNNNGNNN PAM (Esvell ef al. Nature
Methods (2013) doii10.1038/nmeth.2681).

[00084] A Cash molecule of 8. aureus recognizes the sequence motif NNGRR (R= A or
G) (SEQ 1D NO: 25) and directs cleavage of a target nucleic acid sequence 11010, e.g., 310
5, bp upstream from that sequence. in cerfain embodiments, a Cas8 molecule of S, aureus
recognizes the seqguence motif NNGRRN (R = A or G) (SEQ 1D NO: 26) and directs
cleavage of g target nucleic acid sequence 110 10, e.g., 3 10 5, bp upstream from that
sequence. In certain embodiments, a Cas9 molecule of 8. gureus recognizes the sequence
maotif NNGRRT (R = A or G) (SEQ ID NO: 27) and directs cleavage of a target nucieic acid
sequence 110 10, e.g., 310 5, bp upsiream from that seguence. In certain embodiments, a
Cas9 molecule of 3. gureys recognizes the sequence motif NNGRRV (R=A or G) (SEQ D
NO: 28) and directs cleavage of a farget nucleic acid sequence 110 10, 2.4.,310 5, bp
upstream from that sequence. In the aforementioned embodimenis, N can be any
nucleotide residue, e.g., any of A, G, C, or T. Cas8 molecules can be engineered o alter the

PAM specificity of the Cas8 molecule.
i} CRISPR/Cas%-based Gene Editing System

[00085] An engineered form of the Type il effector system of Strepiococcus pyogenes
was shown to function in human cells for genome engineering. In this system, the Cas?®
protein was directed to genomic target sites by a synthetically reconstituted "guide RNA”
(“gRNA", also used interchangeably herein as a chimeric single guide RNA (“sgRNA™),
which is a crRNA- tracrRNA fusion that obviates the need for RNase [ and crRNA
processing in general. Provided herein are CRISPR/Cas8-based engineered systems for
use in genome editing and treating genetic diseases. The CRISPR/Cas%-based engineered
systems can be designed to target any gene, including genes involved in a genetic disease,
aging, tissue regeneration, or wound healing. The CRISPR/Cas%-based gene editing
sysiems can include a Cas$® protein or Cas? fusion protein and at least one gRNA. In
certain embodiments, the system comprises two gRNA molecules. The Cas8 fusion protein
may, for example, include a domain that has a different aclivity that what is endogenous to

as9, such as a transactivation domain.
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[0088] The target gene {(e.g., a dystrophin gene, e.g., human dystrophin gene) can be
involved in differentiation of a 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. If
the target gene has a mutation that causes a premature stop codon, an aberrant spiice
acceptor site or an aberrant splice donor site, the CRISPR/Cas-based gene editing system
can be designed {0 recognize and bind a nucleotide sequence upsiream or downstream
from the premature stop codon, the aberrant splice acceptor site or the aberrant splice donor
site. The CRISPR-Casg-based system can also be used to disrupt normal gene splicing by
targeting splice acceptors and donors o induce skipping of premature stop codons or
restore a disrupted reading frame. The CRISPR/Cas8-based gene editing system may or

may not mediate off-target changes to protein-coding regions of the genome.
{1} Cas% molecules and Cas? fusion proteins

[60087] The CRISPR/Cas-based gene editing system can include a Casf proleinora
Cas$ fusion protein. Cas? prolein is an endonuclease that cleaves nucleic acid and is
encoded by the CRISPR foct and is involved in the Type Il CRISPR sysiem. The Cas®
protein can be from any bacterial or archaga species, including, but not limiled to,
Streptococcus pyogenes, Staphylococcus aureus (8. gureus), Acidovorax avenae,
Actinobacillus pleuropneumoniae, Actinobaciffus succinogenes, Actinobacillus suis,
Actinomyces sp., cycfiphilus denifrificans, Aminormonas paucivorans, Bacillus cereus,
Bacillus smithii, Bacilius thuringiensis, Bacteroides sp., Blastopirsiiufa maring,
Bradyrhizobium sp., Brevibaciilus laterosporus, Campyiobacter cofi, Campyfobacter jejuni,
Campylobacter lari, Candidatus Puniceispiriilum, Clostridium cellulolyticum, Clostridium
perfiingens, Corynebacterium accolens, Corynebacterium diphtheria, Corynebacterium
matruchotii, Dinoroseobacter shibae, Eubacterium dofichum, gamma protechacterium,
Gluconacetohbacter diazolrophicus, Haemophilus parainfluenzae, Haemophilus sputorum,
Helicobacter canadensis, Helicobacter cinaedi, Helicobacter musteiae, llyobacter polytropus,
Kingella kingae, Lactobacillus crispatus, Listeria ivanovii, Listeria monocytogenes,
Listeriaceae bacterium, Methylocystis sp., Methylosinus trichosporium, Mobiluncus mulieris,
Neisseria bacilliformis, Neisseria cinerea, Neisseria flavescens, Neisseria lactamica,
Neisseria sp., Neisseria wadsworthii, Nifrosomonas sp., Parvibaculum lavamentivorans,
Pasteurella multocida, Phascolarctobacterium succinatutens, Raistonia syzygii,
Rhodopseudomonas palustris, Rhodovulum sp., Simonsiella muelleri, Sphingomonas sp.,
Sporofactobacillus vineae, Staphylococcus fugdunensis, Strepfococcus sp.,
Subdofigranudum sp., Tistrella mobilis, Treponema sp., or Verminephrobacter eiseniae. in

certain embodiments, the Cas8 molecule i5 a Sirepfococcus pyogeneas Casg molecule (also
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referred herein as “SpCas¥”). In certain embodiments, the Cas? molecuie is a

Staphylococcus avreus Cas® molecule (also referred herein as "SaCas®”).

[G0088] A Cash molecule or a Cas8 fusion protein can interact with one or more gRNA
molecule and, in concert with the gRNA molecule(s}, localizes to a site which comprises a
target domain, and in certain embodiments, a PAM sequence. The ability of a Casg
miolecule or a Cas9 fusion protein to recognize a PAM sequence can be delermined, for

example, using a transiormation assay as known in the art.

[0089] In certain embodiments, the ability of a Cas9 molecule or a Cas9 fusion protein io
interact with and cleave a target nucleic acid is PAM sequence dependent. A PAM
sequence is a sequence in the target nucleic acid. In cerlain embodiments, cleavage of the
target nucleic acid occurs upstream from the PAM sequence. Cas® molecules from different
bacterial species can recognize different sequence motifs (e.g., PAM sequences). in cerntain
embodiments, a Cas® molecule of S. awreus recognizes the sequence motif NNGRR (R = A
or G) (SEQ ID NO: 25) and directs cleavage of a targetl nucleic acid seguence 1 10 10, e.g.,
3 to 5, bp upsiream from that sequence. in cerlain embodiments, a Cas® molecule of S
aureus recognizes the sequence motif NNGRRN (R = A or G) {(SEQ 1D NO: 28} and directs
cleavage of a target nucleic acid sequence 110 10, e.q., 310 5, bp upstream from that
sequence. In certain embodiments, a Cas9 molecule of 8. aureus recognizes the sequence
motif NNGRRT (R = A or G) (SEQ 1D NO: 27} and direcis cleavage of a target nucleic acid
sequence 110 10, e.g., 310 5, bp upsiream from that seguence. In certain embodiments, a
Cas® molecule of 5. gureus recognizes the sequence motif NNGRRY (R=AorG; V=Aor
C or G) (SEQ ID NO: 28} and directs cleavage of a target nucleic acid sequence 110 10,
e.g., 3to 5, bp upsiream from that sequence. In the aforementioned embodimeants, N can
be any nuclectide residue, e.g., any of A, G, C, or T. Cas8 molecules can be engineered o
alter the PAM specificity of the Cas8 molecule.

[60090] In cerlain embodiments, the vector encodes at least one Cas9 molecule that
recognizes a Protospacer Adjacent Motif (PAM) of either NNGRRT (SEQ 1D NO: 27) or
NNGRRV (SEQ 1D NO: 28). In certain embodiments, the at least one Cas9 molecule is an
S. aureus Cas® molecule. In certain embodiments, the at least one Cas8 molecule is a
mutant S. aureus Cas9 molecule.

[060091] Additionally or alternatively, a nucleic acid encoding a Cas® molecule or Cas9
polypeptide may comprise a nuclear localization sequence (NLS). Nuclear localization

sequences are known in the art.
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[00082] Exemplary codon optimized nucleic acid sequences encoding a Cas® molecule of
S. aureus, and optionally containing nuclear localization sequences (NLSs), are set forth in
SEQ ID NOs: 31-37. Another exemplary codon optimized nucleic acid sequence encoding &

Cas9 molecule of 5. gureys comprises the nucleotides 1293-4451 of SEQ 1D NOG: 38.

[606883] In some embodiments, the nucleoctide sequence encoding a 3. awreus ©as9
molecule includes the polynuclectide sequence of SEQ ID NO: 37. An amino acid seguence
of an S. awreys CasY molecule is set forth in SEQ ID NO: 39. An amino acid sequence of an
S. aureus Cas® molecule is set forth in SEQ 1D NO: 40.

[G009%4] Alternatively or additionally, the CRISPR/Casg-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 Cas protein and the second
polypeptide domain has an activity such as transcription activalion activity, transcription
repression activily, transcription release factor activily, histone modification activity, nuclease
activily, nucleic acid association aclivity, methylase activily, or demethylase activity. The
fusion protein can include a Cas® profein or a mutated Cas? protein, fused to a second
polypeptide domain that has an aclivity such as transcription aclivation activity, transcripiion
repression activity, transcription release factor activity, histone modification activity, nuclease

activity, nucleic acid association activity, methylase activily, or demethylase activity.
{a} Transcription Activation Activity

[G0098] The second polypeptide domain can have transcription activation activity, i.e., a
fransactivation domain. For example, gene expression of endogenous mammalian genes,
such as human genes, can be achieved by targeting & fusion protein of iCas9 and a
fransactivation domain o mammalian promoters via combinations of gRNAs. The
fransactivation domain can include a p300 protein, VP18 protein, multiple VP16 proteins,
such as a VP48 domain or VP84 domain, or p65 domain of NF kappa B transcription

activator activity. For example, the fusion protein may be dCas8-VP64 or dCas8-p300.
{b} Transcription Repression Activity

[00098] The second polypeptide domain can have transcriplion repression activity. The
second polypeptide domain can have a Kruppel associated box activity, such as a KRAB
domain, ERF repressor domain activity, 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 dCas9-KRAB.
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{c} Transcription Release Factor Activity

[60097Y] The second polypeptide domain can have transcription release factor activity.
The second polypeptide domain can have eukaryotic release factor 1 (ERF1) activity or

sukaryotic release factor 3 (ERF3) activity.
{d} Histone Modification Activity

{000%8] The second polypeptide domain can have histone modification activity. The
second polypeptide domain can have histone deacetylase, histone acetyliransferase,
histone demethylase, or histone methyltransferase activity. The histone acetyliransferase
may be p300 or CREB-binding protein (CBP) proiein, or fragments thereof. For example, the
fusion protein may be dCas9g-p300.

{e} Nuclease Activity

[060098] The second polypeptide domain can have nuclease activity that is different from
the nuclease aclivity of the Cas® protein. A nuclease, or a protein having nuclease activity,
i5 an enzyme capable of cleaving the phosphodiester bonds between the nucleotide
subunits of nucleic acids. Nucleases are usually further divided intoc endonucleases and
exonucleases, although some of the enzymes may fall in both categories. Well known

nucleases are deoxyribonuciease and ribonuclease.
{f) Nucleic Acid Association Activity

[G00108] The second polypeptide domain can have nucleic acid association activity or
nucleic acid binding protein-DNA-hinding domain (DBD) is an independently folded protein
domain that contains at least one motif that recognizes doubie- or single-siranded DNAL A
DBD can recognize a specific DNA sequence (a recognition sequence) or have a general
affinity to DNA. nucleic acid association region selected from the group consisting of helix-
turn-helix region, leucine zipper region, winged helix region, winged helix-turn-helix region,
helix-loop-helix region, immunoglobulin fold, B3 domain, Zing finger, HMG-box, Word

domain, TAL effector DNA-binding domain.
{g} Methylase Activily

[000101] The second polypeptide domain can have methylase actlivily, which involves
transferring a methyl group to DNA, RNA, protein, small molecule, cytosine or adenine. The

second polypeptide domain may include g DNA methyliransferase,
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{h} Demethylase Activity

[600102] The second polypeptide domain can have demethyiase activity. The second
polypeptide domain can include an enzyme that remove methyl (CH3-) groups from nucleic
acids, proteins (in particular histones), and other molecules. Alternatively, the second
polypeptide can covert the methyl group to hydroxymethylcytosine in a mechanism for
demethylating DNA. The second polypeptide can catalyze this reaction. For exampig, the

second polypeplide that catalyzes this reaclion can be Tett.
{2} gRNA Targeting the Dystrophin Gene

[0081083] The CRISPR/Cas9-based gene ediling system includes at least one gRNA
molecule, for example, two gRNA molecules. The gRNA provides the fargeting of a
CRISPR/Cas9-based gene editing system. The gRNA is a fusion of two noncoding RNAS: a
crRNA and a tracrRNA. The sgRNA may target any desired DNA sequence by exchanging
the sequence encoding a 20 bp proifospacer which confers targeting specificity through
complementary base pairing with the desired DNA targel. The gRNA mimics the naturally
occurring crRNAtracrRNA duplex invoived in the Type i Effector system. This duplex,
which may include, for example, a 42-nuclectide crRNA and a 75-nucleotide tracrRNA, acts
as a guide for the Cas9 to cleave the target nucleic acid. The “target region”, “target
sequencs,” or “protospacer” may be used interchangeably herein and refers to the region of
the target gene {(e.g., a dystrophin gene) o which the CRISPR/Casf-based gene editing
system targets. The CRISPR/Cas8-based gene editing system may include at least one
gRNA, wherein each gRNA targeis a different DNA sequence. The target DNA sequences
may be overiapping. The target sequence or protospacer is followed by a PAM sequence at
the 3’ end of the protospacer. Different Type H systems have differing PAM requirements.
For example, the Sireplococcus pyogenes Type  sysiem uses an “NGG” sequence, where
*N” can be any nucleotide. In some embodiments, the PAM sequence may be "NGG”,
where "N” can be any nucleotide. In some embodiments, the PAM sequence may be
NNGRRT (SEQ 1D NG: 27) or NNGRRV (SEQ 1D NO: 28).

[60081084] The number of gRNA molecules encoded by a presently disclosed genetic
construct {(e.q., an AAV vector) can be at least 1 gRNA, at least 2 differeni gRNAs, at least 3
different gRNAs, at least 4 different gRNAs, at least 5 different gRNAs, at least 8 different
gRNAS, at least 7 different gRNAS, at least 8 different gRNAs, at least 9 different gRNAs, at
least 10 different gRNAs, af least 11 different gRNAs, at legst 12 different gRNAs, at least 13
different gRNAs, at least 14 different gRNAs, at least 15 different gRNAs, at least 16
different gRNAs, at least 17 different gRNAs, at least 18 different gRNAs, at least 18
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different gRNAg, at least 20 different gRNAS, at least 25 different gRNAs, al least 30
different gRNAS, al least 35 different gRNAS, at least 40 different gRNAS, ai least 45
different gRNAs, or at least 50 different gRNAs. The number of gRNA molecules encoded
by a presently disclosed genetic construct can be less than 50 gRNAs, less than 45 different
gRNAs, less than 40 different gRNAS, less than 35 different gRNAs, less than 30 different
gRNAS, less than 28 different gRNAS, less than 20 different gRNAs, less than 18 different
gRNAsS, less than 18 different gRNAs, less than 17 different gRNAs, less than 18 different
gRNAs, less than 15 different gRNAS, less than 14 different gRNAs, less than 13 different
gRNAs less than 12 different gRNAs, less than 11 different gRNAs, less than 10 different
gRNAS, less than @ different gRNAs, less than 8 different gRNAS, less than 7 different
gRNAs, less than 6 different gRNAs, less than § different gRNAs, less than 4 different
gRNAs, or less than 3 different gRNAs. The number of gRNAs encoded by a presantly
disclosed genetic construct can be belween at least 1 gRNA fo at least 50 different gRMNAs,
at least 1 gRNA {o at least 45 different gRNAs, al least 1 gRNA to at least 40 different
gRNAs, al least 1 gRNA to at least 35 different gRNAS, at least 1 gRNA to at least 30
different 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 1o at least 16 different gRNAs, at least 1 gRNAto at
least 12 different gRNAs, at least 1 gRNA {0 at least 8 different gRNAs, al least 1 gRNA to at
least 4 different gRNAs, at least 4 gRNAs to at least 50 different gRNAs, at least 4 different
gRMNAs 1o at least 45 different gRNAs, at least 4 different gRNAs to at least 40 different
gRNAs, at least 4 different gRNASs to at least 35 different gRNAs, al ieast 4 different gRNAs
to at least 30 different gRNAS, at least 4 different gRNAS to at least 25 different gRNAs, at
least 4 different gRNAS to at least 20 different gRNAs, at least 4 different gRNAs {o at least
16 different gRNAs, at least 4 different gRNAS to at least 12 different gRNAs, at least 4
different gRMNAS to at least 8 different gRNAs, at lsast 8 different gRNAs o at least 50
different gRNAs, at least 8 different gRNAS to al least 45 different gRNAS, at least 8 different
gRNAS to al least 40 different gRNAS, at least 8 different gRNAS to at least 35 different
gRNAs, & different gRNAS 1o at least 30 different gRNAs, af least 8 different gRNAs to at
least 25 different gRNAs, 8 different gRNAS 1o at least 20 different gRNAs, at least 8
different gRNAs {0 at least 1€ different gRNAs, or 8 different gRNAS {0 at least 12 different
gRNAs. In certain embodiments, the genetic construct (e.g., an AAY vector) encodes one
gRNA molecule, i.e., a first gRNA molecule, and optionally a Cas8 molecule. In certain
embodiments, a first genstic construct (2.g., a first AAV vecior) encodes one gRNA
molecule, .e., a first gRNA molecule, and optionally a2 Cas9 molecule, and a second genetic
construct (8.g., a second AAV vector) encodes one gRNA molecule, i.e., a second gRNA

molecule, and optionally a Cas8 molecule.
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[00105] The gRNA molecule comprises a targeling domain (also referred 10 as a targeting
sequence), which is a complementary polynucleotide sequence of the {argei DNA sequence
followed by a PAM sequence. The gRNA may comprise a “G” at the 5 end of the targeting
domain or complementary polynucleotide sequence. The targeling 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 & 13 base pair, at least a 14 base pair, at least & 15 base pair, atleast a 16
base pair, al least a 17 base pair, at least g 18 base pair, at least a 18 base pair, atleast g
20 base pair, at least g 21 base pair, at least a 22 base pair, al least a 23 base pair, at least
a 24 base pair, at least a 25 base pair, at least a 30 base pair, or at least a 35 base pair
complementary polynuciestide sequence of the target DNA sequence followed by a PAM
seguence. The targeting domain of 8 gRNA molecule may comprise less than a 40 base
pair, less than a 35 base pair, less than a 30 base pair, less than a 25 base pair, less than a
20 base pair, less than a 19 base pair, less than a 18 base pair, less than a 17 base pair,
less than a 16 base pair, less than a 15 base pair, less than a 14 base pair, less than a 13
base pair, less than a 12 base pair, less than a 11 base pair, or less than a 10 base pair
complementary polynucieotide sequence of the farget DNA sequence followed by a PAM
sequence. In cerlain embodiments, the targeting domain of a gRNA molecule has 18-25
nuciectides in length. In cerain embodiments, the targeting domain of a gRNA molecule is
2% nucleotides in length. In certain embodiments, the targeting domain of a gRNA molecule
is 21 nucleotides in length. In certain embaodiments, the targeting domain of a gRNA
molecule is 22 nuclectides in length. in certain embodiments, the targeting domain of a

gRNA molecule is 23 nucleotides in length.

[6001068] The gRNA may target a region of the dystrophin gene (DMD). In certain
embodiments, the gRNA can target at least one of exons, introns, the promoter region, the
enhancer region, the transcribed region of the dystrophin gene. In cerlain embodiments, the
gRNMNA molecuie fargets intron 44 of the human dystrophin gene. In cerlain embodiments,
the gRNA molecule targets intron 58 of the human dystrophin gene. In some embadiments,
a first gRNA and a second gRNA each target an intron of a human dystrophin gene such
that exons 45 through 55 are deleted. A gRNA may bind and target a polynucleotide
sequence corresponding to SEQ 1D NO: 2 or a fragment thereof or a complement thereof. A
gRNA may be encoded by a polynuclectide sequence comprising SEQIDNO: 2 ora
fragment thereof or a complement thereof. The targeting sequence of the gRNA may
comprise the polynucleotide of SEQ 1D NO: 2 or a fragment thereof, such as a 5 truncation
thereof, or a complement thereof. Truncations may be, forexample, 1,2, 3,4, 5,86,7, 8, 9,
10, 11, 12, 13, 14, or 15 nucleotides shorter than SEQ ID NO: 2. In some embodiments, the
gRNA may bind and target the polynuclectide of SEQ D NO: 2. iIn some embaodiments, the
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gRNA may bind and target a 5 truncation of the polynucleotide of SEQ ID NO: 2. A gRNA
may bind and target a polynucleotide sequence corresponding 1o SEQ IDNO: 3 ora
fragment thereof or a complement thereof. A gRNA may be encoded by a polynuclectide
sequence comprising SEQ 1D NO: 3 or a fragment thereof or a complement thereof. The
targeting sequence of the gRNA may comprise the polynucleotide of SEQID NO: 3 ora
fragment thereof, such as a 5 truncation thereof, or a compiement thereof. Truncations may
be, forexample, 1, 2,3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, or 15 nuclectides shorier than
SEQ ID NO: 3. In some embodiments, the gRNA may bind and target the polynucleotide of
SEQ ID NO: 3. In some embuodiments, the gRNA may bind and target a 5" truncation of the
polynuclectide of SEQ 1D NO: 3. In some embodiments, a gRNA that binds and targets or is
encoded by a polynuclectide sequence comprising or corresponding to SEQ ID NOG: 2 or
truncation thereof is paired with a gRNA that binds and targets or is encoded by a
polynucleotide sequence comprising or corresponding to SEQ 1D NO: 3 or truncation
thereof.

[60810871 Single or multiplexed gRNAs can be designed 1o restore the dystrophin reading
frame by targeting the mutsational hotspot in exons 45-55 of dystrophin. Following treatment
with a presently disclosed vecior, dystrophin expression can be resicred in Duchenne
patient muscle cells in vitro. Human dysirophin was detected in vivo following
transplantation of genetically corrected patient cells into immunodeficient mice. Significantly,
the unigue mulliplex gene editing capabilities of the CRISPR/Casg-based gene editing
system enable eificiently generating large deletions of this mutational hotspot region that can
correct up to 62% of patient mutations by universal or patient- specific gene editing
approaches. In some embodiments, candidate gRNAs are evaluated and chosen based on

off-target activity, on-target aclivity as measured by surveyor, and distance from the exon.
{3} gRNA Scaffold

[600108] The CRISPR/Cas®-based gene editing system includes at least one gRNA
scafiold. The gRNA scaffold facilitates Cas9 binding to the gRNA and endonuclease activity.
The gRNA scaffold is a polynucleotide sequence that follows the gRNA targeting sequence.
Together, the gRNA targeting sequence and gRNA scaffold form one polynucleotide. In
some embodiments, the gRNA scaffold comprises the polynucieotide sequence of SEQ ID
NO: 4, or a complement thereof. In some embodiments, the gRNA scaffold is encoded by
the polynucleotide sequence of SEQ 1D NO: 4, or a complement thereof. In some
embodiments, the gRNA comprises a polynucleotide that targeis a sequence of SEQ iD NO:
2 or SEQ ID NO: 3 or a truncation thereof, and a polynuclectide corresponding {o or
encoded by the gRNA scaffold of SEQ 1D NO: 4.
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3. DNA Targeting Compositions

[G00108] Further disclosed hergin are DNA fargeling compositions that comprise such
genetic constructs. The DNA targeting compositions include at least one gRNA moiecule
{for example, two gRNA molecules) that targets a dystrophin gene (for example, human
dystrophin gene), as described above. The at least one gRNA molecule ¢an bind and
recognize a target region. The target regions can be chosen immediately upstream of
possible out-of-frame stop codons such that insertions or deletions during the repair process
restore the dystrophin reading frame by frame conversion. Target regions can also be splice
acceplor sites or splice donor sites, such that insertions or delstions during the repair
process disrupt splicing and restore the dystrophin reading frame by splice site disruption
and exon exclusion. Target regions can also be aberrant stop codons such that insertions or
deletions during the repair process restore the dystrophin reading frame by eliminating or

disrupting the stop codon.

[000110] In cerlain embodiments, the presently disclosed DNA targeting compuosition
includes a first gRNA and a second gRNA. The first gRNA molecule and the second gRNA
molecule may bind or target a polynuclectide of SEQ 1D NO:2 and SEQ 1D NO:3,
respectively, or a truncation or a complement thereof. The first gRNA molecule and the
second gRNA molecule may comprise a polynucieotide corresponding to SEQ 1D NO:2 and

SEQ D NO:3, respectively, or g truncation or a complement thereof,

[000111] The deletion efficiency of the presently disclosed vectors can be related {o the
dsletion size, i.e., the size of the segment deleted by the vectors. In certain embodiments,
the length or size of specific deletions is determined by the distance between the PAM
sequences in the gene being targeted (e.g., a dystrophin gene). In certain embodiments, a
specific deletion of a segment of the dystrophin gene, which is defined in terms of its length
and a sequence it comprises (e.g., exon 51}, is the result of breaks made adjacent to

specific PAM sequences within the target gene (&.g., a dystrophin gene).

[800112] In cerlain embodiments, the deletion size is about 50 to about 2,000 base pairs
{bp}, e.g., about 50 to about 1998 bp, about 50 o about 1900 bp, about 50 to about 1800 bp,
about 50 to about 1700 bp, about 50 1o about 1650 bp, about 50 {0 about 1600 bp, aboul 50
to about 1500 bp, about 50 to about 1400 bp, about 50 to about 1300 bp, about 50 to about
1200 bp, about 50 to about 1150 bp, about 50 {o about 1100 bp, about 50 {o about 1000 bp,
about 50 to about 900 bp, about 50 to about 850 bp, about 50 to about 800 bp, about 50 to
about 750 bp, about 50 to about 700 bp, about 50 {o about 600 bp, about 50 1o about 500
bp, about 50 fo about 400 bp, about 50 to about 350 bp, about 50 o about 300 bp, about 50
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to about 250 bp, about 50 to about 200 bp, about 50 to about 150 bp, about 50 to about 100
bp, about 100 to about 1999 bp, about 100 to about 1200 bp, about 100 to about 1800 bp,
about 100 to about 1700 bp, about 100 {0 about 1650 bp, about 100 to about 1800 bp, about
100 to about 1500 bp, about 100 to about 1400 bp, about 100 to about 1300 bp, about 100
to about 1200 bp, about 100 to about 1150 bp, about 100 to about 1100 bp, about 100 {0
about 1000 bp, about 100 to about 900 bp, about 100 to about 850 bp, about 100 to about
800 bp, about 100 io about 750 bp, about 100 10 about 700 bp, about 100 to about 8GO bp,
about 100 to about 1000 bp, about 100 to about 400 bp, about 100 to about 350 by, about
100 to about 300 bp, about 100 o about 250 bp, about 100 io about 200 bp, about 100 io
about 150 bp, about 200 to about 1982 bp, about 200 to about 1900 bp, about 200 to about
1800 bp, about 200 to about 1700 bp, about 200 to about 1650 bp, about 200 to about 1600
bp, about 200 to about 1500 bp, about 200 to about 1400 bp, about 200 o about 1300 bp,
about 200 to about 1200 bp, about 200 to about 1150 bp, about 200 to about 1100 bp, about
200 to about 1000 bp, about 200 to about 800 bp, about 200 {o about 850 bp, about 200 {o
about 800 bp, about 200 to about 750 bp, about 200 {o about 700 bp, about 200 io about
800 bp, about 200 to about 2000 bp, about 200 to about 400 bp, about 200 to about 350 bp,
about 200 to about 300 bp, about 200 to gbout 250 bp, about 300 to about 1999 bp, about
300 1o about 1800 bp, about 300 io about 1800 bp, about 300 io about 1700 bp, about 300
fo about 1650 bp, about 300 o about 1600 bp, about 300 to about 1500 bp, aboui 300 {0
about 1400 bp, about 300 1o about 1300 bp, about 300 to about 1200 bp, about 300 to about
1150 bp, about 300 to about 1100 bp, about 300 to about 1000 bp, about 300 to about 900
bp, about 300 to about 850 by, about 300 to about 300 bp, about 300 to about 750 bp, about
300 to about 700 bp, about 300 to about 600 bp, about 300 to about 3000 bp, about 300 to
about 400 bp, or about 300 to about 350 bp. In certain embodiments, the deletion size can
be about 118 base pairs, about 233 base pairs, about 326 base pairs, about 766 base pairs,

about 805 base pairs, or about 1811 base pairs.
4. Compositions for Genome Editing in Muscle

[000113] Disclosed herein is a genestic construct or a composition thereof for genome
editing a target gene in a subject, such as, for example, a target gene in skeletal muscie
and/or cardiac muscle of a subject. The genetic construct may be a vector. The vector may
be a modified AAV vector. The composition may include a polynucieotide sequence
encoding a CRISPR/Cas9-based gene editing system. The composition may deliver active
forms of CRISPR/Cas8-based gene editing systems {o skeletal muscle or cardiac muscle.
The presently disclosed genetic constructs can be used in correcting or reducing the effecis

of mutations in the dystrophin gene involved in genetic diseases and/or other skeletal or
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cardiac muscie conditions, such as, for example, DMD. The composition may further
comprise a donor DNA or a transgene. These compositions may be used in genome editing,
genome engineering, and correcting or reducing the effects of mutations in genes involved in
genetic diseases and/or other skeletal and/or cardiac muscle conditions.

a. CRISPR/Cas%-based gene editing system for targeting dystrophin

[600114] A CRISPR/Cas®9-based gene editing system specific for dystrophin gene is
disclosed herein. The CRISPR/Casg-based gene editing system may include Cas? and at
least one gRNA 1o target the dystrophin gene. The CRISPR/Casg-based gene editing
system may bind and recognize a target region. The target regions may be chosen
immediately upstream of possible out-of-frame stop codons such that insertions or deletions
during the repair process restore the dystrophin reading frame by frame conversion. Target
regions may also be splice acceptor sites or splice donor sites, such that insertions or
deletions during the repair process disrupt splicing and restore the dystrophin reading frame
by splice site disruption and exon exclusion. Target regions may also be aberrant stop
codons such that insertions or deletions during the repair process restore the dystrophin
reading frame by eliminating or disrupting the stop codon. Target regions may include an

intron of the dystrophin gene. Target regions may include an exon of the dystrophin gene,
b. Adeno-Associated Virus Vectors

[G00118] The composition may also include a viral delivery system. In cerlain
embodiments, the vector is an adeno-associated virus (AAV) vector. The AAV vectoris a
small virus belonging to the genus Dependovirus of the Parvoviridae family that infects
humans and some other primate species. AAY veciors may be used o deliver
CRISPR/Cas8-based gene editing systems using various construct configurations. For
example, AAV vectors may deliver Cas8 and gRNA expression casseltes on separate
vectors or on the same vector. Alternatively, if the small Cas9 proteins, derived from species
such as Staphyiococcus gureus or Neisseria meningitidis, are used then both the Cas8 and
up to two gRNA expression casseties may be combined in a single AAV vector within the 4.7

kb packaging limit.

[G00116] In certain embodiments, the AAV vecior is a modified AAV vector. The maodified
AAY vecior may have enhanced cardiac and skeletal muscle tissue tropism. The modified
AAV vector 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 vecior may be an
AAV-SASTG vector (Piacentine et al. (2012) Human Gene Therapy 22:635-846). The
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modified AAV vector may deliver nucleases to skeletal and cardiac muscle in vive. The
modified AAV vector may be based on one or more of several capsid types, including AAVT,
AAVZ, AAVSE, AAVE, AAVE, and AAVS. The modified AAV vector may be based on AAV2
pseudotype with alternative muscle-tropic AAY capsids, such as AAVZ/1, AAV2B, AAV2IT,
AAVZI8, AAVZ2/9, AAV2.5, and AAVISASTG vectors that efficiently transduce skeletal
muscle or cardiac muscle by systemic and local delivery (Seto et al. Current Gene Therapy
(2012) 12:138-151). The modified AAY vector may be AAVZI8GE (Shen ef al. J. Biol. Chem.
(2013) 288:28814-28823). The AAV vector may be AAVIhT74.

5. Mathods
a. Methods of Genome Editing in Muscle

[000117] Disclosed hersin are methods of genome editing in subjecl. The genome editing
may be in a skeletal muscle and/or cardiac muscle of a subject. The method may comprise
administering to the skeletal muscle and/or cardiac muscle of the subject the system or
composition for genome editing, as described above. The genome editing may include
correcting a mutant gene or inserting a transgene. Correcting the mutant gene may include
deleting, rearranging, or replacing the mutant gene. Correcting the mutant gene may include
nuclease-mediated NHEJ or HDR.

b. Mesthods of Correcting a Mutant Gene and Treating a Subject

[600118] Disclosed herein are methods of correcting a mutant gene (e.g., a mutant
dystrophin gene, e.g., a mutant human dystrophin gene) in a cell and treating a subject
suffering from a genstic disease, such as DMD. The method can include administering to a
celt or a subject a presently disclosed system or genetic construct {(e.g., a veciorj ora
composition comprising thereof as described above. The method can comprise
administering to the skeletal muscle and/or cardiac muscle of the subject the presently
disciosed sysiem or genetlic constiuct (e.g., 8 vector) or a composition comprising the same
for genome editing in skeletal muscle and/or cardiac muscle, as described above. Use of
the presently disclosed system or genetic construct (e.g., a vector) or a composiion
comprising the same 1o deliver the CRISPR/Cas8-based gene editing system o the skeletal
muscle or cardiac muscle may restore the expression of a fully-functional or partialiy-
functional protein with a repair template or donor DNA, which can replace the entire gene or
the region containing the mutation. The CRISPR/Cas8-based gene ediling system may be
used io introduce site-specific double strand breaks at targeted genomic locl. Site-specific
double-strand breaks are creaied when the CRISPR/Cas8-based gene editing system binds
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to a target DNA sequences, thereby permilting cleavage of the target DNA. This DNA
cleavage may stimulate the natural DNA-repair machinery, leading to one of two possible
repair pathways: homology-direcied repair (HDR) or the non-homologous end joining (NHEJ)

pathway.

[0008118] Provided herein is genome editing with a CRISPR/Casg-based gene editing
system without a repair template, which can efficiently correct the reading frame and resiore
the expression of a functional protein involved in a genetic disease. The disclosed
CRISPR/Cas®-based gene editing sysiems may involve using homology-directed repair or
nuclease-mediated non-homologous end joining (NHEJ)-based correction approaches,
which enable efficient correction in proliferation-limited primary cell lines that may not be
amenable 10 homologous recombination or selection-based gene correction. This strateqgy
integrates the rapid and robust assembly of active CRISPR/Cas8-based gene editing
systemns with an efficient gene editing method for the freatment of genelic diseases caused
by mutations in nonessential coding regions that cause frameshifis, premature stop codons,

aberrant splice donor sites or aberrant splice acceptor sites.
i} Nuclease mediated non-homologous end joining

[G00120] Restoration of protein expression from an endogenous mutated gene may be
through template-free NHEJ-mediated DNA repair. In contrast to a transient method
targeting the target gene RNA, the correction of the target gene reading frame in the
genome by a transiently expressed CRISPR/Cas8-based gene editing system may lead to
permanently restored targst gene sxpression by each modified cell and all of its progsny. In
certain embodiments, NHEJ is a nuclease mediated NHEJ, which in certain embodiments,
refers to NHEJ that is initiated a Cas8 molecule, cuts double stranded DNA. The method
comprises administering a presently disclosed genetic construct {e.g., a vector) or a
compaosition comprising thereof to the skeletal muscle or cardiac muscle of the subject for

genome editing in skeletal muscle or cardiac muscle.

[800121] Nuclease mediated NHEJ geng correction may correct the mutated target gene
and offers several potential advantages over the HDR pathway. For example, NHEJ does
not require a donor lemplats, which may cause nonspecific insertional mutagenesis. in
contrast to HDR, NHEJ operates efficienily in all stages of the celi cycle and therefore may
be effectively exploited in both cycling and post-mitotic celis, such as muscle fibers. This
provides a robust, permanent gene restoration alternative to oligonuciecstide-based exon
skipping or pharmacologic forced read-through of stop codons and could theoretically

require as few as one drug freatment. NHEJ-based gene correction using a CRISPR/Casg-
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based gene ediling system, as well as other engineered nucleases including meganucieases
and zinc finger nucleases, may be combined with other existing ex vivo and in vivo platforms
for cell- and gene-based therapies, in addition {o the plasmid eleclroporation approach
described here. For example, delivery of a CRISPR/Cas9-based gene editing system by
mRNA-based gene transfer or as purified cell permeable proteins could enable a DNA-free

genome editing approach that would circumvent any possibility of insertional mutagenesis.
i} Homology-Directed Repair

[000122] Restoration of protein expression from an endogenous mutated gene may involve
homology-directed repair. The method as described above further includes administrating a
donor template to the cell. The donor template may include a nucleotide sequence encoding
a full-functional protein or a partially-functional protein. For example, the donor template
may include a miniaturized dystrophin construct, termed minidystrophin (“minidys™, a full-
functional dystrophin construct for restoring a mutant dystrophin gene, or a fragment of the
dystrophin gene that after homology-directed repair leads to restoration of the mutant
dystrophin gene.

iii} Methods of Correcting a Mutant Gene and Treating a Subject Using
CRISPR/Cas?

[008123] The present disclosure is aiso directed to genome editing with the CRISPR/Casg-
based gene editing system to restore the expression of a full-functional or partially-funclional
protein with a repair template or donor DNA, which can replace the entire gene or the region
containing the mutation. The CRISPR/CasS-based gene editing system may be used to
introduce site-specific double strand breaks at targeted genomic locl. Site-specific double-
strand breaks are created when the CRISPR/Cas8-based gene aditing system binds {o a
target DNA sequences using the gRNA, thereby permitting cleavage of the target DNA. The
CRISPR/Cas9-based gene editing system has the advaniage of advanced genome editing
due to their high rate of successful and efficient genetic modification. This DNA cleavage
may stimulate the natural DNA-repair machinery, lgading to one of two possible repair
pathways: homology-directed repair (HDR) or the non-homologous end joining (NHEJ)
pathway.

{G00124] The present disclosure is directed to genome editing with CRISPR/Cas8-based
gene editing system without a repair template, which can efficiently correct the reading frame
and restore the expression of a functional protein involved in a genetic disease. The
disclosed CRISPR/Cas8-based gene editing system and methods may involve using
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homology-direcied repair or nuclease-mediated non-homologous end joining (NHEJ)-based
correction approaches, which enable efficient correction in proliferation-limited primary cell
lines that may not be amenabie to homologous recombination or selection-based gene
correction. This straleqy integrates the rapid and robust assembly of active CRISPR/Cas¥-
based gene editing system with an efficient gene editing method for the freatment of genetic
diseases caused by mutgtions in nonessential coding regions that cause frameshifis,

premature stop codons, aberrant splice donor sites or aberrant splice accepior sites.

[000125] The present disclosure provides methods of correcting a mutant gene in a celi
and treating a subject suffering from a genetic disease, such as DMD. The method may
include administering 1o a cell or subject a CRISPR/CasY-based gene editing system, a
polynuclectide or vector encoding said CRISPR/Cas8-based gene editing system, or
composition of said CRISPR/Cas8-based gene editing system as described above. The
method may include administering a CRISPR/Cas8-based gene editing system, such as
administering a Cas$ protein or Cas¥ fusion protein containing a second domain having
nuclease activity, a nuclectide sequence encoding said Cas® protein or Cas9 fusion protein,
and/or at least one gRNA, wherein the gRNAs target different DNA sequences. The target
DNA sequences may be overfapping. The number of gRNA administerad to the cell may be
at least 1 gRNA, at least 2 different gRNA, at least 3 different gRNA at least 4 different
gRNA, atleast 5 different gRNA, at least 6 different gRNA, at least 7 different gRNA, at least
8 different gRNA, at least 9 different gRNA, at least 10 different gRNA, at least 15 different
gRNA, at leasi 20 different gRNA, at least 30 different gRNA, or at leasi 50 different gRNA,
as described above. The method may involve homology-directed repair or non-homologous
end joining.

¢. Methods of Treating Diseasse

[000128] The present disclosure is directed 10 38 method of treating a subject in need
thereof. The method comprises administering to a tissue of a subject the presently disclosed
sysiem or genetic construct {e.g., a vector) or a composition comprising thereof, as
described above. In certain embodimeants, the method may comprise administering o the
skeletal muscie or cardiac muscle of the subjedt the presently disclosed system or genetic
construct (8.q., a vecior) or composition comprising thereof, as described above. in certain
embodimenis, the method may comprise adminisiering to a vein of the subject the presenily
disciosed system or genetic construct {e.g., a vecior) or composition comprising thereof, as
described above. In certain embodiments, the subject is suffering from a skeletal muscie or

cardiac muscle condition causing degeneration or weakness or a genetic disease. For
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exampie, the subject may be suffering from Duchenne muscular dystrophy, as described
above.

i} Duchenne muscular dystrophy

[000127] The method, as described above, may be used for correcting the dystrophin gene
and recovering full-functional or partially-functional protein expression of said mutated
dystrophin gene. In some aspects and embodiments the disclosure provides a method for
reducing the effects {e.q., clinical sympioms/indications) of DMD in a patient. In some
aspects and embaodiments the disclosure provides a method for treating DMD in a patient.

in some aspects and embodiments the disclosure provides a methad for preventing DMD in
a patient. In some aspects and embodiments the disciosure provides a method for

preventing further progression of DMD in a patient.
&. Constructs and Plasmids

[000128] The compositions, as described above, may comprise one or more genetic
constructs that encode the CRISPR/Cas-based gene editing system, as disclosed herein.
The genetic construct, such as a plasmid, may comprise a nucleic acid that encodes the
CRISPR/Casg-based gene editing system, such as the Cas® protein and/or Cas9 fusion
proteins and/or at least one of the gRNAs. The compositions, as described above, may
comprise genetic constructs that encodes the modified AAV vector and a nucleic acid
seguence that encodes the CRISPR/CasS-based gene editing system, as disclosed herein.
The genetic construct, such as a plasmid, may comprise a nucleic acid that encodes the
CRISPR/Cas8-based gene ediling system. The compositions, as described above, may

comprise genetic constructs that encodes the modified lentiviral vector, as disclosed herein.

[00081238] The genetic construct, such as a recombinant plasmid or recombinant viral
particle, may comprise a nucleic acid that encodes the CasS-fusion prolein and at least one
gRNA. In some embodiments, the genetic construct may comprise a nucleic acid that
encodes the Cas8-fusion profein and atl least two different gRNAs. In some embodiments,
the genetic construct may comprise a nucleic acid that encodes the CasS-fusion profein and
more than two different gRNAs. In some embodiments, the genetic construct may comprise
a promoter that operably linked to the nuciectide sequence encoding the at least one gRNA
moiecule and/or a Cas® molecule. In some embodiments, the promoter is operably linked to
the nucleotide seguence encoding a first gRNA molecule, a second gRNA molecule, and/or

a Cas8 molecule. The genetic construct may be present in the cell as a functioning
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extrachromosomal molecule. The genetic consiruct may be a linear minichromosome

including centromere, telomeres or plasmids or cosmids.

[G00130] The genestic construct may also be part of a genome of a recombinant viral
vector, including recombinant lentivirus, recombinant adenovirus, and recombinant
adenovirus associated virus. The genetic construct may be part of the genetic material in
attenuated live microorganisms or recombinant microbial vectors which live in cells. The
genetic constructs may comprise regulatory elemenis for gene expression of the coding
sequences of the nucleic acid. The regulatory elements may be a promoter, an enhancer,

an initiation codon, a stop codon, or a polyadenylation signal.

[600131] In certain embodiments, the genetic construct is a vector. The vector can be an
Adengo-associated virus (AAV) vector, which encode at least one Cas? molecule and at least
one gRNA molecule; the vector is capable of expressing the at least one Cas9 molecule and
the at least gRNA molecule, in the cell of a mammal. The vector can be a plasmid. The
vectors can be used for in vivo gene therapy. The vector may be recombinant. The veclor
may comprise helerclogous nucleic acid encoding the fusion protein, such as the Casd-
fusion protein or CRISPR/Cas8-based gene editing sysiem. The vecltor may be a plasmid.
The vecior may be useful for transfecting cells with nucleic acid encoding the Cas9-fusion
protein or CRISPR/Cas8-based gene editing system, which the fransformed host cell is
cultured and mainiained under conditions wherein expression of the Cas@-fusion protein or

the CRISPR/Cas8-based gene editing system takes placea.

[800132] Coding sequences may be optimized for stability and high levels of expression.
in some insiances, codons are selecled to reduce secondary structure formation of the RNA
such as that formed due {o intramolecular bonding.

{G00133] The vecior may comprise heterologous nucleic acid encoding the CRISPR/Casé-
based gene editing system and may further comprise an initiation codon, which may be
upstream of the CRISPR/Cas8-based gene ediling system coding sequence, and a stop
codon, which may be downsiream of the CRISPR/Cas-based gens editing system cading
sequence. The initiation and termination codon may be in frame with the CRISPR/Cas®-
based gene ediling system coding sequence. The vector may also comprise a promoter that
is operably linked 1o the CRISPR/Cas9-based gene editing system coding sequence. The
promoter that is operably linked to the CRISPR/Cas8-based gene editing system coding
sequence may be a promoter from simian virus 40 (SV40), a mouse mammary tumor virus
(MMTV) promoter, a human immunodeficiency virus (HIV) promoter such as the bovine

immunodeficiency virus (BIV) long terminal repeat (LTR) promoter, a Moloney virus
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promuoier, an avian leukosis virus (ALY) promoter, a cytomegalovirus (CMV) promoter such
as the CMV immediate early promoter, Epstein Barr virus (EBV) promoter, a US promoter,
such as the human U6 promoter, or a Rous sarcoma virus (RSV) promoter. The promoter
may alse be a promoter from a human gene such as human ubiguitin C (hUbC), human
actin, human myosin, human hemoglobin, human muscle creatine, or human metalothionein.
The promaoter may alsc be a tissue specific promoter, such as a musdcle or skin specific
promocter, natural or synthetic. Examples of such promoters are described in US Patent
Application Publication Nos. US20040175727 and US20040192593, the contents of which
are incorporated herein in their entirety. Examples of muscle-specific promoters include a
Spcs-12 promoter (described in US Patent Application Publication No. US 20040192583,
which is incorporated by reference herein in its entirety; Hakim et al. Mol. Ther. Methods
Clin. Dev. (2014) 1:14002; and Lai et al. Hum Mol Genet. (2014) 23(12): 3188-3199), a
MHCKY promoter (described in Salva et al., Mol Ther. (2007) 15:320-329), a CKS8 promoter
{described in Park et al. PLoS ONE (2015) 10(4): e0124814), and a CK8e promoler
{described in Muir et al., Mol. Ther. Methods Clin. Dev. (2014) 1:14025). In some

embodiments, the expression of the gRNA and/or Cas8 protein is driven by tRNAs.

[000134] Each of the polynucleotide sequences encoding the gRNA molecule and/or CasB
molecule may each be operably linked to a promoter. The promoters that ars operably
linked to the gRNA molecule and/or Cas® molecule may be the same promoter. The
promoters that are operably linked to the gRNA molecule and/or Cas® molecule may be
different promoters. The promoter may be a conslitulive promoter, an inducible promoter, a
repressible promoter, or a regulatable promoter. The promoter may be a tissue specific
promoter. The tissue specific promoter may be a muscle specific promoter. Examples of
muscle-specific promoters may include a MHCK7 promoter, a CK8 promoter, and a Spcbi2
promoter. The promoter may be a CK8 promoter, a Spcd12 promoter, a MHCKT promoter,

for exampile.

[000138] The vecior may also comprise a polyadenylation signal, which may be
downsiream of the CRISPR/Cas9-based gene editing system. The polyadenylation signal
may be a SV40 polyadenylation signal, LTR polyadenylation signal, bovine growth hormone
(bGH) polyadenylation signal, human growth hormone (hGH) polyadenylation signal, or
hurman B-globin polyadenylation signal. The SV40 polyadenylation signal may be a

polyadenylation signal from a pCEP4 vector (Invitrogen, San Diego, CA).

[000138] The vector may also comprise an enhancer upstream of the CRISPR/Casg-
based gene editing system, i.e., the Cas9 protein or Cas? fusion protein coding sequence or
sgRNAS, or the CRISPR/Cas8-based gene editing system. The enhancer may be
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necessary for DNA expression. The enhancer may be human actin, human myosin, human
hemoglobin, human muscle creatine or a viral enhancer such as one from CMV, HA, RSV or
EBV. Polynucleotide function enhancers are described in U.S. Patent Nos. 5,593,872,
5,962,428, and WOS4/016737, the contents of each are fully incorporated by reference. The
vector may also comprise a mammalian origin of replication in order {o maintain the vector
extrachromosomally and produce mulliple copies of the vector in a cell. The vector may also
comprise a regulaiory sequence, which may be well suited for gene expression in a
marmmalian or human cell info which the vector is administered. The vector may also
comprise a reporier gene, such as green fiuorescent protein (*GFP”) and/or a seleciable

marker, such as hygromycin ("Hygro”).

[6001377 The vector may be expression vectors or systems {o produce protein by routine
technigues and readily available starling materials including Sambrook et al., Molecular
Cioning and Laboratory Manual, Second Ed., Cold Spring Harbor (1888), which is
incorporated fully by reference. In some embodiments the vector may comprise the nucleic
acid sequence encoding the CRISPR/Cas%-based gene editing system, including the nucleic
acid sequence encoding the Cas8 protein or Cas® fusion protein and the nucleic acid

seguence encoding the at least one gRNA.
7. Pharmaceutical Compositions

[000138] The presently disclosed subject matter provides for compositions compyrising the
above-described genetic constructs. The pharmaceutical compositions as detailed herein
can be formulated according to the mode of administration to 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, isotonic solutions such as phosphate buffered saline are preferred.
Stabilizers include gelatin and albumin. In some embodiments, a vasoconstriction agent is

added to the formulation.

[00808138] The composition may further comprise a pharmaceutically acceptable excipient.
The pharmaceuticaily acceptable excipient may be functional molecules as vehicles,
adjuvants, carriers, or diluenis. The pharmaceutically acceptable excipient may be a
transfection facilitating agent, which may include surface active agents, such as immune-
stimulating complexes (ISCOMS), Freunds incompiete adjuvant, LPS analog including

monophosphoryl lipid A, muramyl peplides, quinone analogs, vesicles such as squalene and
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squalene, hyaluronic acid, lipids, liposomes, calcium ions, viral proteins, polvanions,
polycations, or nanoparticles, or other known transfection facilitaling agents.

[G001408] The transfection facilitating agent is a polvanion, 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 iess than 6 mg/mi. The transfection facilitating
agent may aiso include surface active agents such as immune-stimulating complexes
(ISCOMS), Freunds incomplete adjuvant, LPS analog including monophosphoryl lipid A,
muramyl peptides, quinone analogs and vesicles such as squalene and squalene, and
hyaluronic acid may also be used administered in conjunction with the genetic construct. In
some embodiments, the DNA vector encoding the composition may aiso include a
transfection facilitating agent such as lipids, liposomes, including lecithin liposomes or other
liposomes known in the art, as a DNA-lipasome mibdure (see for example international
Patent Publication No. W08324640), calcium ions, viral proteins, polvanions, polycations, or
nanoparticles, or other known transfection facilitating agents. Preferably, the transfection

facilitating agent is a polyanion, polycation, including poly-L-giutamate (LGS), or lipid.

8. Methods of Delivery

[800141] Provided herein is a mathod for delivering the presently disclosed genetic
construct (e.g., a vector) or a composition thereofto a cell. The delivery of the compaositions
may be the transfection or electroporation of the composition as a nucleic acid molecule that
is expressed in the cali and delivered to the surface of the cell. The nucleic acid molecules
may be electroporaied using BioRad Gene Pulser Xcell or Amaxa Nuclesofecior {ib devices.
Several different buffers may be used, including BioRad electroporation solution, Sigma
phosphate-buffered saline product #D8537 (PBS), Invitrogen OptiMEM | (OM), or Amaxa
Nucleofector solution V {N.V.). Transfections may include a transfection reagent, such as

Lipofectamine 2000.

[0001427 Upon delivery of the presently disclosed genetic construct or composition to the
tissue, and thereupon the vector into the cells of the mammal, the transfected celis will
express the gRNA molecule(s) and the Cas® molecule. The genetic constiuct or
composition may be administered to a mammal to alter gene expression or {o re-engineer or
alter the genome. For example, the genetic construct or composition may be administerad
to a mammal {0 correct the dystrophin gene in a mammal. The mammal may be human,

non-human primate, cow, pig, sheep, goat, antelope, bison, water buffalo, bovids, deer,
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hedgehogs, elephants, llama, alpaca, mice, rals, or chicken, and preferably human, cow,

pig, or chicken.

[000143] The genstic construct (8.¢., a vector) encoding the gRNA molecule(s) and the
Cas$ molecule can be delivered o the mammal by DNA injection (also referred {0 as DNA
vaccination) with and without in vivo electroporation, liposome mediated, nanoparticle
facilitaled, and/or recombinant vectors. The recombinant vector can be delivered by any
viral mode. The viral mode can be recombinant lentivirus, recombinant adenovirus, and/or

recombinant adeng-associated virus.

[000144] A presently disclosed genetic construct {e.g., a vector) or a composition
comprising thereof can be introduced into a cell to genetically correct g dystrophin gene
{e.g., human dystrophin gene). In certain embodiments, a presently disclosed genetic
construct (e.g., a vector) or a compgosition comyprising thereof is introduced into a myoblast
cell from a DMD patient. in certain embodiments, the genstic construct {e.g., a veciorj ora
composition comprising thereof is introduced into a fibroblast cell from a DMD patient, and
the genetically corrected fibroblast cell can be treated with MyoD to induce differentiation
into myoblasts, which can be implanied into subjects, such as the damaged muscles of a
subject to verify that the corrected dystrophin protein is functional and/or 1o treat the subject.
The modified cells can also be stem cells, such as induced pluripotent stem cells, bone
marrow-derived progenitors, skeletal muscle progenitors, human skeletal myoblasts from
DMD patients, CD 133+ celis, mesoangioblasts, and MyoD- or Pax7- transduced cells, or
cther myogenic progenttor cells. For example, the CRISPR/Cas9-hased gene editing

system may cause neuronal or myogenic differentiation of an induced pluripotent stem cell.
9. Routes of Administration

{G00148] The presently disciosed genetic constiucts (e.q., vectors) or @ composition
comprising thereof may be administered to a subject by different routes including orally,
parenterally, sublingually, transdermally, rectally, transmucosally, topically, via inhalation, via
buccal administration, intrapleurally, intravenous, intraarterial, intraperiioneal, subcutaneous,
intramuscular, intranasal intrathecal, and intraarticular or combinations thereof. In centain
embodiments, the presently disclosed genetic construct (.g., a vector) or a composition is
administered to a subject (e.g., a subject suffering from DMD) intramuscularly, intravenously
or a combination thereof. For veterinary use, the presently disclosed genetic construcis
(e.g., veclors) or compositions 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.
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The compositions may be administered by traditional syringes, needieless injection devices,
"microprojectile bombardment gone guns”, or cther physical methods such as
electroporation ("EP"), *hydrodynamic method”, or ultrasound.

[000148] The presently disclosed genestic construct {&.g., a vector) or a composition may
be delivered to the mammal by several technologies including DNA injection (aiso referred {o
as DNA vaccination} with and without in vivo eleciroporation, liposomes mediated,
nanoparticle facilitated, recombinant vectors such as recombinant lentivirus, recombinant
adenovirus, and recombinant adenovirus associated virus. The composition may be injected
into the skeileial muscle or cardiac muscle. For example, the composition may be injecled

into the tibialis anterior muscle or tail.

[000147] In some embodiments, the presently disclosed genetic construct {(e.g., a vector)
or a composition thergof is administered by 1) tail vein injections (systemic) into adult mice;
2y intramuscular injections, for example, local injection into a muscle such as the TA or
gastrocnemius in adult mice; 3} intraperitoneal injections into P2 mice; or 4) facial vein

injection {systemic) into P2 mice.

18. Cell types

[000148] Any of these delivery methods and/or routes of administration can be utilized with
a myriad of cell types. Cell types may include, bul are not limited to, immorialized myobiast
cells, such as wild-type and DMD patient derived lines, for example A48-50 DMD, DMD
8594 (del48-50), DMD 8038 (deld8-50), C25C14 and DMD-7786 cell lines, primal DMD
dermal fibroblasis, induced pluripotent stem celis, bone marrow-derived progenitors, skeletal
muscle progenitors, human skeletal myoblasts from DMD patients, CD 133+ cells,
mesocangioblasts, cardicmyocytes, hepatocyies, chondrocytes, mesenchymal progenitor
cells, hematopoietic stem cells, smooth muscle cells, and MyoD- or Pax7-transduced cells,
or other myogenic progenitor celis. Immortalization of human myogenic celis can be used
for clonal derivation of genetically corrected myogenic cells. Celis can be modified ex vive to
isolate and expand clonal populations of immeortalized DMD myoblasts that include a
genetically corrected dystrophin gene and are free of other nuclease-introduced mutations in
protein coding regions of the genome. Alternatively, transient in vive delivery of
CRISFR/Cas8-based sysiems by non-viral or non-inlegrating viral gene transfer, or by direct
delivery of purified proteins and gRNAs conlaining cell-peneirating motifs may enable highly
specific correction i sifu with minimal or no risk of exogenous DNA integration.
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1. Kits

[600148] Provided herein is a kit, which may be used 10 correct a muiated dysirophin gene.
The kit comprises at least a gRNA for correcting a mutated dystrophin gene and instructions
for using the CRISPR/Cas®-based gene editing system. Also provided herein is a kit, which
may be used for genome editing of a dystrophin gene in skeletal muscle or cardiac muscle.
The kit may comprise genetic constructs {e.g., vectors) or a composition comprising thereof
for genome editing in skeletal muscle or cardiac muscle, as described above, and

instructions for using said composition.

[G00150] Instructions included in kits may be affixed to packaging material or may be
included as a package inseri. While the instructions are typically wiitten or prinied malerials
they are not limited to such. Any medium capabile of storing such instructions and
communicating them o an end user is contemplated by this disclosure. Such media include,
but are not limited to, electronic storage media (e.g., magnetic discs, tapes, cariridges,
chips), oplical media {(e.g., CD ROM), and the like. As used herein, the term “instructions”

may include the address of an internet site that provides the instructions.

[G00151] The genetic constructs (e.q., vectors) or & composition comprising thereof for
correcting a mutated dystrophin or genome editing of a dystrophin gene in skeletal muscle or
cardiac muscie may include a medified AAV vector that includss a gRNA molecule(s) and a
Cas8 molecule, as described above, that specifically binds and cleaves a region of the
dystrophin gene. The CRISPR/Cas8-based gene editing system, as described above, may
be included in the kit to specifically bind and target a particular region in the mutated
dystrophin gene. The kit may further include donor DNA, a different gRNA, or a iransgene,

as described above.
12. Examples

[000152] It will be readily appareni to those skilled in the art that other suiiable
maodifications and adaptations of the methods of the present disclosure described herein are
readily applicable and appreciable, and may be made using suitable equivalents without
departing from the scope of the present disclosure or the aspects and embodiments
disclosed herein. Having now described the present disclosure in detail, the same will be
more clearly understood by reference 1o the following exampies, which are merely intended
only to illustrate some aspects and embodiments of the disclosure, and should not be

viewed as limiting to the scope of the disclosure. The disclosures of all journal references,
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U.S. patenis, and publications referred {0 herein are hereby incorporated by reference in

their entireties.

[G00153] The present disclosure details multiple embodiments and aspects, illustrated by

the foliowing non-limiting examples.

Example 1

Dual vector system

[600154] Conventional CRISPR/Cas¥ systems for the freatment of DMD typically include
more than one vector (FIG. &, FIG. 7). For example, one vector may encode a Cas? profein,
and a second vector may encode two gRNAS. As another example, one vector may encode
a Cas9 protein and a first gRNA, and & second vector may encode a Cas8 proteinand &
second gRNA.

[000155] A schematic of an experiment that uses multiple vectors 1o excise exons 45-55 of
dystrophin in mice is shown in FiG. 3 with results shown in FIG. 4, FIG. 5, and FIG. 10.
Neonatal mice were treated with the dual veclor system via systemic/temporal vein injection.
Al 8 weeks post-treatment, tissue was harvested. As shown in FIG. 4, PCR and sequencing
confirmed the deletion of the mulational hotspot exon 45-55. Additional results are shown in
FIG. 18 with either AAV-CRISPR targeting a conirol locus (FI1G. 10, top panel) or targeting
exon 45-55 (FIG. 18, bottom panel}, showing that widespread dystrophin expression was
cbserved in cardiac muscle after deietion of exon 45-55, but not in sham vector-treated

mice.

Example 2

Validation of therapeutic approach for dual vecior system

[G001586] Additional validation of the CRISPR-based approach {o restore functional
dystrophin gene with the dual vectors of Exampie 1 was performed using immortalized
myoblasts isolated from a DMD patient. The immortalized myoblasts contained a deletion of
exons 48-58, creating an oul-of-frame mutation (FIG. 8A). Patient myoblasts were
fransfected with the same AAY plasmids used in the HEKZ283 in vifro experiment in Example
1.

[000187] Deletion PCR of genomic DNA and cDNA revealed that exon 45-55 was
effectively deleted, which was confirmed by Sanger sequencing (FIG. 88). Western bilot of

cell lysates showed that untreated myoblasts produced no dysirophin protein, while
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transfected myoblasis expressed a smaller dystrophin protein compared o the posilive

control, consistent with hotspot deletion (FIG. 8C). These results additionally provided in

vifro validation that the dual vector constructs can be used fo edit a human mutation and

restore dystrophin expression.

Example 3

Components for All-in-One Vectors

[000158] A one-vecior CRISPR/Cas? system was developed for the treatment of DMD

(FiG. 8, FIG. 7). Advantages to a one vector system may include having all necessary

editing componenis on a single vector, ability to increass effective dose, streamilining of

other vector production (single therapeutic agent), use/incorporation of muscle-specific

promoters (for example, CK8, Spcb12, MHCKY), and abilily to target combinations of exons

and large deletions (for example, by changing guide sequences). A schematic diagram of

the all-in-one veclors developed is shown in FiG. 8. Sequences included in some or all of
the hersin described all-in-one veciors are shown in TABLE 4. FiG. 12, FIG. 13, and FiG 14

show results from testing these constructs in the mdx mouse. The all-in-one vectors are

further detailed in Examples 4-7.

human dystrophin
intron 44 region

TABLE 1

Component Segquence

AAV TR CCTGCAGGCAGCTGCGCGCTCEGLTCGCTCACTGAGGLCOGCCC
GGGCOTCGGGCEACCTTTGETCGUCCGGCCTCAGTCAGCGAG
CGAGCGCGCAGAGAGGGBAGTGGCCAACTCCATCACTAGGGGT
TCCT (SEQ ID NO:1)

JCR143: ACATTTCCTCTCTATACAAATG (SEQ ID NO:2)

guide sequence

RNA targeting

JCR120:

guide sequence
RNA targeting
human dystrophin
intron 55 region

ATATAGTAATGAAATTATTGGCAC (SEQ ID NO:3)

SalCas? guide
RNA scaffold

TCTCGCCAACAAGTTGACGAGATAAACACGGCATTTTGCCTTGT
TTTAGTACGATTICTGTTTCCAGAGTACTAAAAC (SEQ ID NO:43

U8B promoter

GGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCGA
AATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAAC
ATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTAC
GTCACGTATTTTGTACTAATATCTTITGTGTTTACAGTCAAATTAA
TTCCAATTATCTCTCTAACAGCCTTCTATCGTATATGCAAATATG
AAGGAATCATGGGAAATAGGCCCTC (SEQ ID NG5

H1 promoler

GAACGCTGACGTCATCAACCCGCTCCAAGGAATCGCGGGCCC
AGTGTCACTAGGCGGGAACACCCAGCGCGCGTGCGCCCTGGT
AGGAAGATGGCTGTCAGGGACAGGGGAGTGGCGCCCTGCAAT
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ATTTGCATGTOGCTATGTGTTCTGGGAAATCACCATAAACGTGA
AATGTCTTTGGATTTGGGAATCTTATAAGTTCTGTATGAGACCA
C (SEQ ID NO#)

EFS promoter TCEAGTGBCTCCGGTACCCGTCAGTGRGCABAGCGLACATCE
CCCACAGTCCCCGAGAAGTTGGGRGGAGGGETCGGCAATTGA
ACCGGTGOCTAGAGAAGETGGCGCGGEGTAAACTGGGAAAGT
GATGTCGTGTACTGGCTCCGCOTTTTTCCCGAGGETGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCOGTGAACGTTCTTTTICGE
AACGGGTTTGCCGOCAGAACACAGGTETCETGACCGCGE
(SEQ ID NO'T)

CK& promoter CTAGACTAGCATGCTGCCCATGTAAGCAGGCAAGGCCTGGGE
ACACCCGAGATGCCTGGTTATAATTAACCCAGACATGTGGCTG
CCCCCCCCCCCCCAACACCTGCTGCCTCTAARAATAACCCTGE
ATGCCATGTTCCCGGCGAAGGGCCAGCTGTCCCCCGCCAGET
AGACTCAGCACTTAGTTTAGGAACCAGTGAGCAAGTCAGCCCT
TGGGGCAGCCCATACAAGGCCATGGGGCTEGGCAAGCTGCAC
GCCTGGGTCCEGEETGGGCACGETGCCCGGGCAACGAGCTS
AAAGCTCATCTGCTCTCAGGGGCCCOTCCCTGRGRGACAGCET
CTCCTGGOTAGTCACACCCTGTAGGCTCCTCTATATAACCCAG
GGGCACAGGGGCTGCOCTCATTCTAGCACCACCTCCACAGCAC
AGACAGACACTCAGGAGCCAGCCAG (SEQ ID NO:§)

Spch12 promoter | GAGCTCCACCBCGRTGGCGGCCGTCCGCCTTCBGCACCATCE
TCACGACACCCAAATATGGCGACGGGTGAGCAATGGTGGGEA
GTTATTTTTAGAGCGGTGAGGAAGGTEGGCAGGCAGCAGGTGT
TGGOGCTCTAAAAATAACTCCOGGGAGTTATTTTTAGAGCGGAG
GAATGGTGGACACCCAAATATGGCGACGGTTCCTCACCCGTCS
CCATATTTGGGTGTCCGCOCTCGGCCGGGGCCGCATTOCTEE
GGGCCGGGCEETGCTCCCGCOCGCCTCGATAAAAGGCTOCGG
GGCCGGCEGCGGCOCACBAGCTACCCGGAGGAGCGGGAGGT
GCCAAGCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTC
GATAT (SEQ ID NO:9)

MHCKT promoter | GTTTAAACAAGCTTGCATGTCTAAGCTAGACCCTTCAGATTAAA
AATAACTGAGGTAAGGGCCTGGGTAGGGGAGGTGGTGTGAGA
CGCTCCTATCTCTCCTCTATCTGCCCATCGGCCCTTTGRGGAG
GAGGAATGTGCCCAAGGACTAAAAAAAGGLCATGGAGCCAGAG
GGGCGAGGECAACAGACCTTTCATGGGCAAACCTTGGGROCT
TGCTGTCTAGCATGCCCCACTACGRGTCTAGGCTGCCCATGTA
AGGAGGCAAGGCCTGGGGACACCCGAGATEOCTGGETTATAATT
AACCCAGACATGTGGCTGCCCCCCCOCCCOCAACACCTGCTGE
CTCTAAAAATAACCCTGTCCOTGGTGGATCCCCTGCATGCGAA
GATCTTCGAACAAGGCTGTGGGGGACTGAGGGCAGGCTGTAA
CAGGCTTGGGBGCCAGGGCTTATACGTGCCTGGGACTCOCAA
AGTATTACTGTTCCATGTTCCCGBCGAAGGGCCAGCTETCCEC
CGCCABCTAGACTCAGCACTTAGTTTAGGAACCAGTGAGCAAG
TCAGCCCTTGGGGCABCCCATACAAGGCCATGGGECTEGGGCA
AGCTGCACGCCTGGGTCCGGGETEGGCACGGTGCCCGGGCA
ACGAGCTGAAAGCTCATCTGCTCTCAGGGGCCCCTCCCTGGE
GACAGCCCCTCOCTGGCTAGTCACACCCTATAGGBCTCCTCTATA
TAACCCAGGGGCACAGGAGCTACCCTCATTCTACCACCACCTC
CACAGCACAGACAGACACTCAGGAGCCAGCCAGCGGCGCGCC
C (SEQ ID NO:10)

SaCas AAGCGGAACTACATCCTGGGCCTGGACATCGGCATCACCAGTG
TGGGCTACGGCATCATCGACTACGAGACACGGGACGTGATCGA
TGCCGGCGTGCGGCTGTTCAAAGAGGCCAACCTGGAAAACAA
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COAGGGCAGGUGCAGCAAGACAGGCGCCAGAAGGCTGAAGC
GGCGGAGGCGGCATAGAATCCAGCGAGAGTGAAGAAGCTGCTGT
TCGACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGGCAT
CAACCCCTACGAGCLCAGAGTEAAGGGCCTCGAGCCAGAAGCT
CAGCGAGGAAGAGTTCTCTGCCGCCCTGCTGCACCTGGCCAA
CAGAAGAGGCGTGCACAACGTGAACGAGGTGGAAGAGGACAC
CGGCAACGAGCTGTCCACCAAAGAGCAGATCAGCCGGAACAG
CAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGCAGCTGGA
ACGGCTGAAGAAAGACGGCGAAGTGCGGGGCAGCATCAACAG
ATTCAAGACCAGCGACTACGTGAAAGAAGCCAAACAGCTGCTG
AAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCG
ACACCTACATCGACCTGCTGGAAACCCGGCGGACCTACTATGA
GGGACCTGGCGAGGGCAGCCCCTTCGGCTGGAAGGACATCAA
AGAATGGTACGAGATGCTGATGGGCCACTGCACCTACTTCCCC
GAGGAACTGCGGAGCGTGAAGTACGCCTACAACGCCGACCTG
TACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGG
ACGAGAACGAGAAGCTGGAATATTACGAGAAGTTCCAGATCAT
CGAGAACGTGTTCAAGCAGAAGAAGAAGCCCACCCTGAAGCAG
ATCGCCAAAGAAATCCTCEGTGAACGAAGAGGATATTAAGGGECT
ACAGAGTGACCAGCACCGGCAAGCCCGAGTTCACCAACCTGAA
GGTCTACCACGACATCAAGGACATTACCGCCCGGAAAGAGATT
ATTGAGAACGCCGAGCTGCTGGATCAGATTGCCAAGATCCTGA
CCATCTACCAGAGCAGCCAGGACATCCAGGAACGAACTGACCAA
TCTGAACTCCGAGCTGACCCAGGAAGAGATCGAGCAGATCTCT
AATCTGAAGBGCTATACCGGCACCCACAACCTGAGCCTGAAGS
CCATCAACCTGATCCTGCACGAGCTCGTGGCACACCAACGACAA
CCAGATCGCTATCTTCAACCGGCTGAAGCTGGTGCOCAAGAAG
GTGGACCTGTCCCAGCAGAAAGAGATCCCCACCACCCTGGTG
GACGACTTCATCCTGAGCCCCGTCGTGAAGAGAAGCTICATCC
AGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCT
GCCCAACGACATCATTATCGAGCTGGCCCGCGAGAAGAACTCC
AAGGACGCCCAGAAAATGATCAACGAGATGCAGAAGCGGAACT
GGCAGACCAACGAGCUGGATCGAGGAAATCATCCGGBACCACCG
GCAAAGAGAACGCCAAGTACCTGATCGAGAAGATCAAGCTGCA
CGACATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCATC
CCTCTGGAAGATCTGCTGAACAACCCCTTCAACTATGAGGTGG
ACCACATCATCCCCAGAAGCGTGTCCTTCGACAACAGCTTCAA
CAACAAGGTCCTCGTGAAGCAGGAAGAAAACAGCAAGAAGGEG
CAACCGGACCCCATTCCAGTACCTGAGCAGCAGUGACAGCAAG
ATCAGCTACGAAACCTTCAAGAAGCACATCCTGAATCTGGCCAA
GCGGCAAGGGCAGAATCAGCAAGACCAAGAAAGAGTATCTGCTG
CAAGAACGGGACATCAACAGGTTCTCCGTGCAGAAAGACTTCA
TCAACCGGAACCTGGTGGATACCAGATACGCCACCAGAGGCCT
CATGAACCTGCTGCGGAGCTACTTCAGAGTCAACAACCTGGAL
CTGAAAGTGAAGTCCATCAATGGCGGCTTCACCAGCTTTICTGC
CCCGCAAGTGGAAGTTTAAGAAAGAGCGGAACAAGGGGTACA
AGCACCACGCCGAGGACGCCCTGATCATTGCCAACGCCGATTT
CATCTTCAAAGAGTGGAAGAAACTGGACAAGGCCAAAAAAGTG
ATGGAAAACCAGCATGTTCCAGGAAAAGCAGGCCGAGAGCATGC
CCGAGATCGAAACCGAGCAGGAGTACAAAGAGATCTTCATCAC
CCCCCACCAGATCAAGCACATTAAGGACTTCAAGGACTACAAG
TACAGCCACCGGGTGGACAAGAAGCCTAATAGAGAGCTGATTA
ACGACACCCTGTACTCCACCCGGAAGGACGACAAGGGCAACA
CCCTGATCGTGAACAATCTGAACGGUCTGTACGACAAGGACAA
TGACAAGCTGAAAAAGCTGATCAACAAGAGCCCCGAAAAGCTS
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CTGATGTACCACCACGACCCCCAGACCTACCAGAAACTGAAGC
TCGATTATGGAACAGTACGGUGACCGAGAAGAATCCCCTGTACAA
GTACTACCAGGAAACCGGGAACTACCTGACCAAGTACTCCAAA
AAGGACAACGGCCCCGTGATCAAGAAGATTAAGTATTACGGCA
ACAAACTGAACGCCCATCTGGACATCACCGACGACTACCCCAA
CAGCAGAAACAAGCTCGTGAAGCTGTCCCTGAAGCLCCTACAGA
TTCGACGTGTACCTGGACAATCGCGTGTACAAGTTCGTGACCG
TGAAGAATCTGGATGTGATCAAAAAAGAAAMACTACTACGAAGTG
AATAGCAAGTGCTATGAGGAAGCTAAGAAGCTGAAGAAGATCA
GCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCT
GATCAAGATCAACGGCGAGCTGTATAGAGTGATCGGCGTGAAC
AACGACCTGCTGAACCGGATCGAAGTGAACATGATCGACATCA
CCTACCGUGAGTACCTGGAAAACATGAACGACAAGAGGCCCCO
CAGGATCATTAAGACAATCGCCTCCAAGACCCAGAGCATTAAG
AAGTACAGCACAGACATTCTGGGCAACCTGTATGAAGTGAAATC
TAAGAAGCACCCTCAGATCATCAAAAAGGGC (SEQ ID NOH)

polyadenylation
signal

Mini TAGCAATAAAGGATCGTTTATTTTCATTGCGAAGCCGTGTGTTGGT
polyadenylation TTTTTGATCAGGCGCG (SEQ ID NO:12)

signal

bGH CTAGAGCTCGUTCATCAGCCTCGACTGTGCLCTTICTAGTTGCCA

GCCATCTGTTGTTTGCCCCTCCCCOCBTGCOTTCCTTGACCCTG

CAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATCAGGAAAT
TGCATCGCATTGTCTGAGTACGCTGTCATICTATTCTGGGGGGT

CGCGETGGGGCAGGACAGCAACGGGEGCAGGATTCGCAAGAGAA
TAGCACGGCATGCTGGECA (SEQ ID NO:13)

SV40 infron

TCTAGAGGATCCGGTACTOGAGGAACTGAAAAACCAGARAGTT
AACTGGTAAGTTTAGTCTTTTTGTCTTTTATTTCAGGTCCCGGAT
CCGGTGGETGGTGCAAATCAAAGAACTGCTCCTCAGTGGATGTT
GCCTTTACTTICTAGGCCTGTACGGAAGTGTTAC (SEQ ID NO:
24)

Example 4

Al-in-One Yector 1 (Versions 1 and 2}

[60815%8] Two versions of vector 1 were genersted. Vector 1 contained exon 45-55

targeted gRNAs with all promoters (U6, H1, and SaCasS-driving) in forward direction and

mini polyadenylation signal for SaCash.

[00061607 Version 1 of vector 1 contained an EFS constitutive promoter. The sequence for
version 1 of vector 1 s in SEQ D NC:14,

[000161] Version 2 of vector 1 contained a CK8 constitutive promoter. The sequence for
version 2 of vector 1 is in SEQ 1D NO:15.
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Example §
All-in-One Vector 2 {Versions 1-4}

[000182] Four versions of vector 2 were generated. Vector 2 contained exon 45-55
fargeted gRNAs with U8 promoter in reverse direction facing away from SaCas8-driving

promoter and mini polvadenylation signal for SaCasg.

[000183] Version 1 of vecior 2 contained an EFS constitulive promoter. The sequence for
version 1 of vector 2 is in SEQ D NO:186.

[6006164] Version 2 of vector 2 contained a CK8 constitutive promoter. The sequence for
version 2 of vector 2 is as in SEQ ID NG:17.

[G00165] Version 3 of vector 2 coniained a Spchi2 promoter. The sequence for version 3
of vector 2 is as in SEQ ID NO:18.

[G00166] Version 4 of vector 2 contained a MHCKY promoter. The sequence for version 4
of vector 2 is as in SEQ 1D NO:19.

Example §
All-in-One Vector 3 (Versions 1-4}

[0600167] Four versions of vector 3 were generated. Veclor 3 contained exon 45-55
targeted gRNAs with US promoter in reverse direction facing away from SaCasf-driving

promoter and mini polyadenylation signal for SaCas8.

[000168] Version 1 of vector 3 contained an EFS constitutive promoter. The sequence for
version 1 of vector 3 is as in SEQ 1D NO:20.

[G00168] Version 2 of veclor 3 contained a CK8 promoter. The sequence for version 2 of
vector 3 is as in SEQ D NO:21.

[0001708] Version 3 of veclor 3 contained a Spceb12 promoter. The sequence for version 3
of vector 3 is as in SEQ 1D NUO:22.

[000171] Version 4 of vector 3 contained a MHCKY promoter. The sequence for version 4
of vector 3 is as in SEQ 1D NO:23.
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Example 7
All-in-One Vector § {(Versions 1-4}

[000172] After screening a panel of all-in-one vector designs o determine the effect of
guide placement, regulatory elements, and Pol-lil promoters, a new set of all-in-one veciors
was created with constitutive and musdle-specific promoters (FIG. 11). Versions of vector 5
of the all-in-one vector included an SV40 intron (see SEQ 1D NO: 24) and placement of
different elements.

[000173] Version 1 of veclor 5 included a constitutive promoter. The sequence for version
1 of vecior 5 is as in SEQ 1D NO: 41,

[008174] Version 2 of vector § included a CK8 promoter. The sequence for version 2 of
vector 5 is as in SEQ 1D NO: 42.

[000175] Version 3 of vector § included a Spe-512 promoter. The sequence for version 3
of vector 5 is as in SEQ 1D NQ: 29.

[0008178] Version 4 of vector § included a MHCKY promoter. The sequence for version 4
of vector 5 is as in SEQ 1D NO: 30.

[06081771 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 modily and/or adapt for various applications such specific aspects, without undue
experimentation, withoul departing from the general concept of the present disclosure.
Therefore, such adaptations and modifications are intended {o be within the meaning and
range of eguivalents of the disclosed aspects, based on the feaching and guidance
presented herein. It is {0 be understood that the phraseciogy or terminology herein is for the
purpose of description and not of limitation, such that the terminology or phraseociogy of the
present specification is to be interpreted by the skilied artisan in light of the feachings and

guidance.

[000178] 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 equivalenis.
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{00178 All publications, patenis, patent applications, and/or other documents ciled in this
application are incorporated by reference in their entirety for all purposes {0 the same extent
as if each individual publication, patent, patent application, and/or other document were

individually indicated {o be incorporated by reference for all purposes.

[000188] Forreasons of completeness, various aspects of the disclosure are set out in the

following numbsered clauses:

[000181] Clause 1. A CRISPR-Cas sysiem comprising one or more vectors encoding a
compaosition, the composition comprising: (a) a first guide RNA (gRNA) molecule targeting
intron 44 of dystrophin; (b) a second gRNA molecule targeting infron 55 of dystrophin; and
{c) & Cas8 protein; and (d) one or more Cas8 gRNA scaffoids.

[000182] Clause 2. The sysiem of clause 1, wherein the system comprises a single vector.

[000183] Clause 3. The system of dlause 1, wherein the system comprises two or more

vectors, wherein the two or more vectors comprises a first vector and a second vector.

[000184] Clause 4. The system of clause 3, wherein (a) the first vector encodes the first
gRNA molecule and the second gRNA molecule; and (D) the second vecior encodes the

Cas$ protein.

[0001858] Clause 5. The system of clause 3, wherein (&) the first vector encodes the first

gRNA molecule; and (b} the second vector encodes the second gRNA molecule.

{G00188] Clause 6. The system of clause 5, wherein the first vectior further encodes the

Cas$g protein.

[000187] Clause 7. The sysiem of clause 5 or 8, wherein the second veclor further

encodes the Cas? protein.

[0600188] Clause 8. The system of any one of clauses 1-7, wherein the expression of the

Cas? protein is driven by a constitutive promoter or a muscle-specific promoter.

[0600188] Clause 8. The system of clause 8, where the muscle-specific promoter

comprises a MHCKY promoter, a CKS8 promoter, or a Spcd12 promoter.

[000188] Clause 10. The system of clause 2, wherein the single vector encodes the first

gRNA molecule, the second gRNA molecule, and the Cas8 proiein.
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[00181] Clause 11. The system of any one of clauses 1-10, wherein the vector comprises
at least one bidirectional promoter.

[0600192] Clause 12. The system of clause 11, wherein the bidirectional promoter
comprises: a first promaoter driving expression of the first gRNA molecule and/or the second
aRNA molecule; and a second promoter driving expression of the Cas9 protein.

(6001931 Clause 13. The system of any one of clauses 1-12, wherein the first gRNA
targets the polynucieotide of SEQ ID NO:Z or a §’ truncation thereof.

[000194] Clause 14. The system of any one of clauses 1-13, wherein the second gRNA
targets the polynucieotide of SEQ 1D NO:3 or a & truncation thereof.

[600198] Clause 15. The system of any one of clauses 1-14, wherein the Cas9 profein is
SpCas9, Salasy, or Si1Casg protein.

[000188] Clause 16. The system of any one of clauses 1-15, wherein the Casg gRNA
scaffold is a SaCas? gRNA scaffold.

[000187] Clause 17. The system of clause 18, wherein the SaCas® gRNA scaffold
comprises or is encoded by the polynuclestide of SEQ 1D NOC4.

[600198] Clause 18. The system of any one of clauses 1-17, wherein the Cas® proteinis a
SaCas9 protein encoded by the polynucieotide of SEQ 1D NO:11.

[00019%8] Clause 19. The system of any one of clauses 1-18, wherein the vector comprises

at least one polynuciectide selected from SEQ 1D NOs: 1-13 and 24.

[606208] Clause 20. The system of any one of clauses 1-19, wherein the vector comprises
the polynuciectide sequence of SEQ 1D NO: 24,

[000201] Clause 21. The system of any one of clauses 1-20, whersin the vector comprises
a polynucleotide sequence thal is selected from SEQ 1D NO:14, SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:17, SEQ ID NC:18, SEQ D NO:19, SEQ 1D NO:20, SEQ D NO:21,
SEQ D NO:22, SEQ 1D NO:23, SEQ 1D NO: 41, SEQ ID NG: 42, SEQ 1D NO: 28, and SEQ
ID NO: 30

[000202] Clause 22. The system of any one of clauses 1-21, wherein the vector is a viral

vector.
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[000203] Clause 23. The system of any one of clauses 1-22, wherein the vector is an

Adenoc-associated virus (AAY) vector

[000204] Clause 24. The system of clause 23, whereain the AAV vecior is AAVT, AAVZ,
AAVS, AAVE, AAVE, AAVE, AAVT, AAVE, AAVE, AAV-10, AAV-11, AAV-12, AAV-13 or
AAVTh.74.

[600208] Clause 25. The system of any one of clauses 1-24, wherein the veclor comprises
a ubiquitous promoter or a tissue-specific promoter operably linked fo the polynucieotide
seqguence encoding the first gRNA molecule, the second gRNA molecule, and/or the Cas8

protein.

[000208] Clause 28. The system of clause 25, wherein the tissue-specific promoteris a

muscle specific promoter.
[0002377 Clause 27. A cell comprising the system of any one of clauses 1-26.
[000208] Clause 28. A kit comprising the sysiemn of any one of clauses 1-28,

[000208] Clause 28. A method of correcting a mutant dystrophin gene in a cell, the

method comprising administering to a cell the system of any one of clauses 1-26.

(6002107 Clause 30. A method of genome editing & mutant dystrophin gene in g subject,
the method comprising administering {o the subject the systern of any one of clauses 1-26 or

the cell of clause 27.

[000211] Clause 31. A method of ireating a subject having a muiant dystrophin gene, the
method comprising administering 1o the subject the system of any one of clauses 1-26 or the

cell of clauss 27.

[606212] Clause 32. The method of clause 30 or 31, wherein the system or the cellis
administered to the subject inframuscutarly, intravenously, or a combination thereof.

SEQUENCES

SEQ ID NO: 1, AAVITR

cctygcaggca

cgggegteggye
gtggccaactecatcactaggs

gtteot (SEQ ID NC:1)
SEQ D NO: 2, JCR143: DNA target sequence of gRNA targeting human dystrophin intron
44 region

acatttcctctcectatacaaatg (SEQ ID NO:Z)
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SEQ D NO: 3, JCR120: DNA target sequence of gRNA targeting human dystrophin intron
55 region

atatagtaatgaaattattg

SEQ D NO: 4, SaCas® guide RNA scaffold, scaffold of gRNAs
aacaagttgacgagataaacacyggeattttgecttgttitagtagattctgttte
tactaaaac (SEQ ID NO:4)

agat
tagtccattitaas
ttyg
atc

acccaagaaatt
aattaattc
gggaaataggcc

fat\kvtcfaa g
(SEQ ID NO:5)

SEQ D NQ: 6, H1 promoter

_..D )JO 10}

SEGQ D NO: 7, EFS promoter

tcgagt g(tf“othuc:otCQg*ﬂoquga
a99 C gdca
gfgakothtVLa “tg
gtagtcgecgt oaahqtuvvttttcacaapgqo
gcgg (SEQ ID NO:7)

cgcacatcgcecocacagtacas
qucr a;aqaam, gchc

SEQ ID NO: 8, CK8 promoter
ctagactagcatgcectgcocccatgtaaggaggcaadgce
jgoetgcocecocecocea
'Cjaﬂquufcaqfh
jtcagcececttgggg

SEQ ID NO: 9 $p0512 promaoier
4 +

qtqecoapcqtg gccttcg

e e
aaatatggcgacggttc
jQGQ””ngq’

€ggygccyggeggege
tggatceoccoggget

SEQ D NO: 10, MHCKY promoter
gtttaaacaagecttgea uq+ctddactaqac*
ctgggte gtgagacgctect
gygagge >ccaaggactaaaaaasa
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gcaaaccttggggecactyg actacgggtctagget

aggcaaggectggggaca tataattaacccagaca

cceccecccaacacetgce! ccetgtecectggtggat
gcgaagatcttcgaacaaggcet gcaggcectgtaacagget
gggcttatscqtqcctgggaC' gttccatgttcececggeg
ctgtecccececgeocagcectagact gaaccagtgagcaagtc
Jggcageccatacaaggceecaty cacgectgggtecgggy
tgeceoceggy gctgaaa ggggceccctocectgggg
cctggcets cecctgta coccaggggoacagggygc
tctac gca gecagoggego

—

;dﬁcqﬂca' ccawcgtqﬁo

g czg tcaaa

I
o

uQ
Qi

ot Q

Q0
o)

v,tggf
Jeaacgagetgted
gbggCC”aathF

- k5.
0

ge o

acgt ggggesa
gcatcaacag caagac ] g Jaaggtgcas
aa&qcctaccaccagctgg CCajcVVt cctacatcgacctgctggaaaccey
gcggacctactatgagggacctggeg ttcggctggaaggacatcaaagaat
ggtacgagatgctgatgggceccactge cgaggaactgcggagegtgaagtac
gcctacaacgccgacctgtacaacgeecctgaacgacctgaacaatectegtgatcaccaggga
cgagaacgagaagctggaatattacgagaagttccagatcatcgagaacgtgttcaagcaga
agaagaagcccacccetgaagcagatcecgceccaaagaaatectegtgaacgaagaggatattaag
ggctacagagtgaccagcaccggcaageccgagttcaccaacctgaaggtgtaccacgacat
caaggacattaccgeccggaaagagattattgagaacgecgagetygectggatecagattgeca
agatcctgaccatctaccagagecagecgaggacatccaggaagaactgaccaatectgaactee
gagctgacccaggaagagatcgagecagatct tctgaagggctataccggecacccacas
cctgagectgaaggeccatcaacctgatecty jgce a
tcgetatette ctgaagct g
at accctggtggacga &
a o

]

St
Q

agges

aag aacts

tte aggtyge
falelels: Aguagcagcga
ngma@C Tfpaogaagc.,atcrbvoatcfgg ccaagggoaagggca
aagaaagagtatctgctggaagaacgggacatcaacaggttctecgtyg
Faavﬁﬁqaarg*gjtggafafﬁaq“tacqprhc agaggcectgatgaa
acttcagagtgaacaacctggacgtgaaagtgaagtcecatcaatggeg
ctgcggcggaagtggaagtttaagaaagageggaacaaggggtacaayg
cgccctgatcattg tcaaagagtggaagaa
aaaaaatgdtsﬁdadi C & of goccecgagagcea
accgagcagygagtacaaagagatcti _cacc CC‘ccaqatcaag
caaggactacaagte i —ctaatagagag
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ccocggaaggacgacaagggce accctgatcgt atctgaacgge
caatgacaagctgaaas gatcaacaag gaaaagctget
acccccagacctaccea tgaagcectgat ggaacagtacggcy

C C ctgtacaagtactacy accgggaactacctgaccaagtactece
aaaaaggacaacggeccccecgtgatcaagaaqg gtattacggcaacaaactgaacgccea
tetggacatcaccgacgactacccecaacagcagaaacaaggtecgtgaagetygtecctgaage
cctacagattecgacgtgtacctyggacaatyggegtgtacaagttegtgacegtgaagaatetg
gatgtgatcaasaaagaaasactactacgaagtgaatagcaagtgctatgaggaagctaagaa
ggtoudgddgot ag‘aaCC:ggccgagtttatcgcctc ttcta acgatctgateca
agabc:e tatagagtgatcggegtga ceggatogaa
—cacctacegegagtacctyg agaggcccoo
Paqmaucdti~dJagaatcgcctccaaqacccagag acagfcattc
tgggeaacatgtatgaagtgaaatetaagaagecacc ggge (SEQ

ID NO:1i)

SEQ ID NO: 12, Mini polyadenylation signal
tagcaataaaggatcgtitatttiteattggaagegtgtgttggtt
(SEQ ID NO:12)

/

SEQ ID NO: 13, bGH polyadenylation signal
ctagagctegetgatcagoctegactghgecttetagtigecaged
tCCuvbgtgcct+ accctggaaggtgecactecocactgtactt

1 ‘tctgag'noqtgt\ ttc 't’tgggg,'
“gggaagagaatagcas { ga

QCgagF,agLu gc Fofefel
TCTAGAGAL TATTTCCCAT T‘T CTTCAT e
AATTGGAATTAATTTGACTGTAAACACARAGH T;—\u:TX.;/AZ a\'\AAk,CTf‘v“CC A(‘z’ /"CTAZ'THAT
TTCTTGGGTAGTTT JC?\GTT"‘TZ\HA ATTATGE A.TTTPJ\E\.ATCG \CTATCATATG :TTIACCGTLVW TGA
AAGTATTTCGATTTCTTGGCTTTATATATCTTGT GGAAAGGACGAAACACCGeatttgtatagagaygy
aaatgtgttttagtactcetggaaacagaatctactaaaacaaggcaaaatgeegtgtttatectegtesa
a;ttutu‘g\,"“qattt tUI‘ CAGl’L GAGTGGCTCCGETGCC C’lCAGTCuuCAGACCG ACATCGC
CCACAGTCCCC £ <G CGGCAATTGAACCGETGCCTAGAGAAGETG
GTAAACTGGGAAAGTGA ‘G’l‘"GIgiA CTGGCTCCGLC [TTCCCCAGGGTGGEGEEGAGAACCET,
AAGTGCAGTAGTCGCCETGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTGTCGTGAC
CGCGGCCATGECCCCAAAGAAGAAGCGGAAGCGTCGGTATCCACGEAGT CCCAGCAGCCAAGCGGAACT
ACATCCTGGGCCTGGACATCGGCATCACCAGCGTGGGCTACGGCATCATCGACTACGAGACACGGGAL
GTGATCGATGCCGGCETGCEGCTETTCARAGAGGCCAACGTGGAAPACAACGAGGGCAGGCGGAGCAA
GAGAGGCGCCAGAAGGCTGAAGCGGCCEAGGLGGCATAGAATCCAGAGAGT GAAGAAGCTGCTGTTCG
ACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGGCATCAACCCCT ACCASSCfA(,ﬂG”GAhGGGL,
CTGAGCCAGAAGCTGAGCCAGGAAGAGTTCTCTGCCGCCCTG "‘v’?Cr\u"l‘
GCACAACGTGAACCGAGGTCCAAGAGCACACCGEGCAACGAGCTGTCCACCAL
ACAGCAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGCAGCTGGAACG _CTC .
GTGCGGGEECAGCAT CAACAGATTCAAGACCAGCCGACTACGT GAAAGAAGC \ETA\,AC TGCTGAAGGT
r‘Cnu AAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCTACAT CGACCT GCTGGA Lu‘x’:ch‘G .
GACCTACTATGAGGGACCT GGCGAGGECAGCCCLTTCGGLTGEGAAGGACATCAAAGARTGGTACGAG

A_[C TGATGGGCCACTECACCTACTTCCCCGAGGAACTGCGGAGCGTGAAGTACGCCTACAACGCCGA
CCTGTACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGGACGAGAACGAG!

G AGCTGGAAT
ATTACGACAAGTTCCAGATCATCCAGRACCTETT CARGCACRAGAAGARGCCCACCCTGARGCAGRTC
c T GAACGAAGAGCATATTAASGGCTACAGAGTGACCAGCACCGGCAAGCCCRA
\,]\AV\,TF‘ AGGTGTACCACE AAAGAGATTATTGAGAACG
CAGATTGCCAAGATCCTGACCATCTACCAGAGCAGCGAGGACATCCAGGARAGAA
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CTGACCAATCTGAACTCCGAGCTCGACCCAGEGAAGAGAT CGAGCAGATCTCTAAT CTGAAGGGCTATAC
CGGCACCCACAACCTGAGCCTGAAGGCCAT CAACCTGATCCTGCGACGAGCTGTGGCACACCAACGALA
ACCAGATCGCTATCTTCAACCGGCTGAAGCTEGTGCCCAAGAAGGTGGACCTGTCCCAGCAGARAGAG
ATCCCCACCACCCTGGTGGACGACTTCATCCTGAGCCCCGTCCTGAAGAGAAGCTTCAT CCAGAGCAT
CAAAGTGATCAACGCCAT ATC%AGAAC”ACGGCCTLCCCAALCACA ATTA”C”AG”TGC”CC”““
AGAAGAACTCCAAGGACGCCL, PGATCAACGAGATGCA fbbg(ﬁACLuu( 3 >
ATCGAGGAAATCATCCGGA PLLGGPAAAGA ACGCCAAGTACCT
ACGACATGCAGGAAGGCAAGT CTGTACAGCC AGCCATCCCTC ]
PP\pCT“CA“ CTATGAGGTGGACCACAT CATCCCCA ;CGTGTCCTTCGACAACAGCT
AGGTGCTCGETGAAGCAGGAAGAARACAGCAAGAAGGGCAACCGGACCCCATTCCAGTACCT G
CGACAGCAAGATCAGCTACGAAACCTTC AAGAHGCACAJfCTth*ﬁTmu:QAtQGG,AAGaGCh
CAGCAAGACCAAGAAAGAGTATCT GCTGCAAGAACGEGACATCAACAGGTTCTCCGTGCAGAS
TCATCAACCGGAACCT GGTGGATACCAGATACGCCACCAGAG GCFTG“”GAA“ TGCTGCGGAG

“'l"f“TTCAGAGT(‘AAL,AA(‘("”GU“ "“C’l"»‘Af\AC:T(‘]AAu’ICCATLEA’T‘G(‘L(;L;«\, g CAGCTTTCTGC
GGCGEGAAGTGCAAGTTTAAC A“”AAGGGGLAPAAGWAIPPLU””GAG& WCGCCCTGATC

ATTGCCAACGCCGATTTCATCTTCAAAGAGTGGAAGAAACTGGACAAGGCCAAAAAAGT GATGGAANA
CCAGATGTTCGAGGAAAAGCAGCGCCGAGAGCAT AGATCCGAAACCGA GGRbJAFAAAvoP
TCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAA JCP(TACaAJTnbAJCCA CGGGTG
GAC“{CAJJVVTAATASPP GCTGATTAACGACACCCTGTACTCCACCCGGAAGGACGACAAGGGCAA
CACCCTGATCGTGAACAATCTGARCGGCCTGTACGACAAGGACAAT (JA CAAGCTGAARAAGCTGATCA
ACPLbAcLC"”S AAAGCTGCTGATGTACCACCACGACCCCCAGACCTACCAGAAACTGAAGCTGATT
ATGGE AGTPLUw(GACbAGAACAATCFCCTbTAFJD”T“”PACGAhrhA“CLGqu “TA”CTwPL
CAAGTACTCCAAAARAGGACAACGGCCCLGTGATCAAGAAGATTAAGTY
CCCATCTG vATbAkarbGFCTACbb ACAGCAGAAACAAG
TACAGATTCGACGTGTACCT GGACAATCGGCGTGTACAAGTTCETGA! VAGAATCTGGATG
CARARAAGARAACTACTACGAAGTGAATAGCAAGTGCTATGAGGAAGCTAAGAAGCTGAAGAAGATCA

GCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCTGATCAAGATCAACGGCGAGCTGTAT

AGAGTGATCGGCGTGAACAACGACCTGCTGAACCECATCCARGTCAACRATGATCGACATCACCTACCG
CGAGTACCTGGAAANCATGARACGACAAGAGCCCCCCCAGGATCATTAAGACAAT CGCCTCCAAGACCC

AGAGCATTAAGAAGTACAGCACAGACATTCTGEGGCAACCTGTA] HPMGAAATCTAﬁUthbAquT
CAGATCATCAAAAAGGGCAARAGGCCGGCGECCAL GAAAAA GCCGEGCCAGGLA
atcctacccatacgatgt =

atgttocagattacgettaaGaatt da1u14qqdirgth-afiﬁtvdquQAGQCGtﬁtq
gtittttgatcagygegegGGETACCGA, GC GACGTCATCAACCCGCTCCAAGGAATCGCGGEGCCCAG
TGTCACTAGGCGG Ahvl“CC‘CCGLGbGTCCGC CCTGGCAGGAAGATGGCTGTGAGGGACAGGGGAG

TGGCGCCCTGCAATATTTGCATGTCGCTATGTGTTCTGECAAATCACCATAAACGTGAAATGTCTTTG
GATTTGGGAATCTTATAACTTCTGTATCGAGACCACATATACGTAATGAAATTATTGGCACGTTTTAGTA
creT 'AACAGAATCTACThhAPpAAuQFAAA GPFFTﬁ TBWCT“GTPAAf’TmeGu QA AT
TTTTG

rgaccaaaggtegae
tgcagggchc

sfeleletots : Jag o gal ;r

;3c qnuLutﬂﬂccg coathptoaatc
apctcoabpc”aaaddacttgdpttao tyg
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Lt,,hg+q“act tcagt aqutct‘p;ctgatgccq”atagt:aagccagcv:cgq acococgecaac
ac cgecctgacygyg ‘ tyg g le Zt?caqahaagc }th?ccgtct
ccggjagctghatgtq*ﬂagd
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gggaaatgtgcgoggaaccce
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attcoccttttttgegg
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agat

Q
ey

ccaccaguc apaqhadaq ratce

tgacttggtitgagtact ch C “gacagtaagagaatta
gc ahtgptqhﬂatdaccatgdotgatadc CﬁLguccaa ctgac aacgatcccaggaccg
aa cctt ‘ttggg accgga
gc tagc gacaac ttgc
gc ttaa q

’Lg,aqqa_
igtgageg t,\}(/a agceey
tatactaca

e
G 0
r+‘r+f\

C ¢ ¢ -9 g9 C
acqategt:accgg tadg;cq“ gytcgggotgaacggggggttagto cageccagetitgy
agcgaacgacctacac o,actngatacc; cagegigagcectatgagaaagegecacgettceecgaa
gaggagaaaggcggacaggtatccggtaageggea tcggaacaggagagcegeacgagggagettoe
agggggaaacgcctggtatctttatagtc”t C Tttcocgccacctetgacttgagegtogatttt
tgtgatgctegtcaggggggeggagectatggaaasacgecagcaacgeggectttttacggttactg
gccttttgctggccttttgctcacatgv

;qudvgag g gc G
] CCTATTTCCCA] TTC ATAT "TGCATATA AGAG
]Z\T"‘GCP TTAATTTGACTCTAZ\AC xC‘N AGATATTAGTACARAAAT \CGT(“/-aCG"“’mZ\nAG AATAAT
TTGGGTAGTTTGCAGTTTTAAAATTAT TTAAAATGGACTATCA [FZ\TG CTTACCGTARACTTGA

T GTGGAAAGGACGAAACACCGeatttgtatagagagy
Ctaqaacaaﬁgcaaaatg cgtgtttatctegtesa

A’TTCGATTTCTW"GCTT 1A1Af";
~bLLnTGTAAU CAGGCAAGGCCTGGEEA
L—TAAT APP CnGACA GTuﬂFiuC?CC CCCCCCCAACACCTGCTGCC
TL A,AAATnA TGCATF CCATGTTCCCGGC AUG\C\AGCTGTP SCCCGCCAGCTAGACTCAGC
ACTTAGTTTAGG 3MCCA:TGAGCA1GTCACCCv..GGbarﬂcCC“ATACsACGVyATCvaFC”GCVVP
AGCTGCACGCCTGGEGETCCGGEGEETGEGCACGETGCCCEEECAACGAGCTGAAAGCTCATCTGCTCTCAG
GGGLCCCCTCCCTGGEGCGACAGCCCCTCCTGGCTA GTAP CCTCTATATAACCCAGGG
GCACAGGGGCTGCCCTCATTCTACCACCACCTCCACAGCACAGALC CTCAGGAGCCAGCCAGCa
ccggtgecaccATGGCCCCAAAGAAGAAGCGGAAGGTCS TCCHLGGACMCCCAGC“ CCAAC”"”
AACTACATCCTGGGECCTGCACATCGGCATCACCAGCGTGGECTACGGCATCATCGACTACGAGACAC
GGACGTGATCGATGCCGGCETGCGGCTETTCAAAGAGGCCAACGTGCAAANCAACGAGES AGG"“GA
GCAAGAGAGGCGCCAGAAGGCTGAAGCEGCGGAGGCGECATAGAAT CCAGAGAGTGAAGAAGCTGCTG
TTCGACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGGCATCAARCCCCTACGAGGCCAGAGTGAA
GGGCCTGAGCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGCCCTGCT GCACCT GGCCAAGAGAAGAG
GCGTGCACAACGTGAACGAGGTGGAAGAGGACACCGECAACGAGCTGT CCACCARAGY GCACATCAG
CGCGAACAGCAAGGCCCTGGARGAGARAATACCGTGGCCGAACT GCAGCTGGAACGGCTGAAGAARGACG
CCAAGTGCGGEGCAGC AlCAPLACATTCAACACCPb GAAAGAAGCCAAACAGCTGCTG
AGGTGCAGAAGGCCTACCACCE T / CCTACATCGACCTGCTGGAAACC
GPACVJAFT“ CATCAAAGARTGGTA
GAGCGTGAAGTACGCCTACAACG
CC‘CJA(‘ CTGTACAA& GL,\,\,T‘F P QL,\;A(“ C G]‘vm,f AT TuATCn’ CAGGGACGAGAACGAGAAGCTG
GAA'{TTACGAGAMGTTuLKGATCkTC@nCAHPF GTTCAAQCAVAACAACAAGCCJQCCCTGAACCA
GATCGCCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAGAGTGACCAGCACCGGCAALT
CCEGAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTACCGCCCEGAAAGAGATTATTGAG

7 N7
CACAC
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AACGCCGAGCTGCTGGATCAGATTGCCAAGATCCTCGACCATCTACCAGAGCAGCGAGGACATCCAGGA
hGAﬁ“Tu CCAATCTGARCTCCGAGCTGACCCAGGAAGAGATCGAGCAGAT CTCTAATCTGAAGGGLT
ATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGATCCTGGACGAGCTGTGGCACACCARAL
GACAACCAGATCGCTATCTTCAACCGGCTGAAGCTGGTGCCCAAGAAGGTGGACCTGTCCCAGCAGAA
AGAGATCCCCACCACCCTGGTGGACGACTTCATCCTGAGCCCCCTCGTGAAGAGAAGCTTCATCCAGA
TCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAACGACATCATTATCGAGCT
GAGAAGAACTCCAAGGACGCCCAGAAAATGA
GCGGATCGAGG, TCATC ACCACCGGCAAAGAGAACGCC
TGCACGACATGCAGGAAGGCAAG CTGTACAGCCTGGAA C\CALFPVA AGAT )
ARCAACCCCTTCAACTATGAGGTGGACCACATCATCCCCAGAAGCGETGT (CTTCGP(ARCAGVTT“AA
FARCXA SGTGCTCETGAAGCAGGAAGAAAACAGCAAGAAGGGCAACCGGACCCCATTCCAGTACCTGA
GCAGCAGCGACAGK AAcATCAUL-ACGAAA””TT"AA”AA”“AC CCTGAAT*T‘GCCAAGCGCAAG
bG“AGHﬁfCAGChﬁbACCAAGT ATCAACAGGTTCTCCGTGCA
GAAAGACTTCATCAACCGGAACCTGG CCAGAGGCCTGATGAACCTGCTGC
GGAGCTACTTCAGAGTGAACAACCTG TCCATCAATGGCGGCTTC AF”PBL-
CTGCGGCGGAAGTGGAAGTTTAAGARA vaCGAACAA\F,;TAVATF CACCACGCCGAG
GATCATTGCCAACGCCGATTTCATCTTCAAAGAGTGCGAAGAAACTGGACAAGGCCAAAALA
ARARCCAGATGTTCGAGGAARAGCAGGCCGAGAGCATGCCCGAGATCGAAACCGAGCAGGAGTACARA
GAGATCTTCATCACCCCCCACC, xutTCnxGC‘VATTXAGJU@TTT‘“CGACWBCARCTACAF CACCG
GGTGGACAAGAAGCCTAATAGAGAGCTCGATTAACGACALCC STACTCCACCCGGAAGGACGACAAGG
GCPLLACCCTGAI”GTCAALAATCTbAHCC””"’TA”GAyAthﬁLAATGApAhu‘T“AAAAAC””
ATCRAACAAGAGCCCCGAAAAGCTGCTGATGTACCACCACGACCCCCAGACCTACCAGAAACT GAAGCT
GATTATGGAACAGTACGGCCACGAGAAGAATCCCCTGTACAAGTACTA GA”GAnnF“GGG FTACL
TGACCAAGTACTCCAAAAAGGACAACGGCCCCGTGATCAAGAA
AACGCCCATCTGGACATCACCGACGACTACCCCAACAGCAGAAACAAGGETC
GCCCTACAGATTCGACGTGTACCTGGACAATGGCGTGTACAAGTTCGT GACCE ]
TGATCARAARAGARAACTACTACCAAGT GAATAGCE G”TA£~AGGAACCNAP” GCPCAACAAG
ATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCTGATCAAGATCAACGGCGAGCT
"ATAGAGTGATCGGCETGAACAACGACCTGCTGAACCGGATCGAAGT GAACAT GATCGACATCACCT
AGCTACCTGGAAAACATG AAC CCCCCAGGATCATTAAGACAATCGCCTCCAAG

GC AACGACAAGAGGC
A LC&’PGQA“TAﬁbﬂA TACAGCACAGACATTCTGGGCAACCTGTAT GAAGTGARATCTAAGAAGCA
CcCTe ;CCACGAAAAAGGCCGGCCAGGCAAARARGARARA

A

CAGATCATCAAAAAGGGCAARAGSG

AGggatcctacoccatacgatgttccagat gottaceCa
tacgatgttccagattac ;‘_ad:dA+t”’dgvdqtaaangLv tha, cattggaagegtgt

gtiggttttitgatcaggegegGETACCGAACGCTGACGTCATCAACCCGCTCCAAGGAATCGCGGEL
LCB“T”“CACTACGLCGGAACACCCAGCGCﬁF3’”CG””‘”GGL“:GAAGATGFCTGT“*J GACAGG
GGAGTGGCGCCCTGCAATA GCAT 'GTGTTCTGGGAAAT CACCATAAACGTGAAATGTC
'l"l‘“-'\’-"Gr\ 'l TGGGAATCTT AGTTCTGETATG CCAC TAGTA SAAATTATTGGCACGTTTT

AGAATCTACTAAAACAAGGCAAAATGCCG “TT“PPW’ TCAACTT CG
tagtgatggagttggccactaocct e rgotegetegotea

e
fele) (vqgf—qtf\ \'ng't:
cgc;th;_CAOttcct
gggttcecgattt

¢ gcatd‘g+caua cadc”dtagta
tacgcqﬂagcgtqac got
ttctegecacgtt

agtgcectttacggeac gac : ) ¢ ot - gtaqtgg60ﬂ1tcgcc
ctgatagacggttttte & gact
ctggaacaacactcaaccatat tgecgattt
taatvg*Luaaaentg."ptqQLuuaecahadaL+LMaOthaa tttaacaaaat thddvgtt tac

attttatggtgeactctcagtacaatctyge

i

gttaa(hhagcccccauacccou

tgatge

S

0 &

aacacccgctgacgcecgecctgacgggottgtetgecteccggecatecgettacagacaagetgtgace
gbctecgggagetgcatgtgtecagaggtttitcaccgtcatcaccgaaacgcgegagac ‘gcct
cgtgatacgcctatttttataggttaatgtcatgataataat tttcttagacgt cog"tggcs tt
ttcggggaaatgtgcgcggaacccctz“tfq ttatttttat tacattcaaatatgtatccget
atgagacaataaccctgataa ct ga ﬁagtabpcﬂa attt

gtgt [of ctgg
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tgaasgtaasaagatgetgaag
gataagatcecetty:
atgtggegeggtattateccgta
aqaatgacttact*g“gtactca aag
jrtgpcotaaccatgagtgataaractg

catcgaac

’ta”aﬂtdttct;

gccecgyg q ca

ggccaac utapttCLgacqacgatpcqaaﬁ
aqﬁtqauﬂqrtt Lttt 04caafwtggggq:tcatgtﬁactcgccttgatcgttgggaac
aaacgacgagegtgacaccacgatgectgtagea gcazacaacqg

'Gchuacta ] ¢
aunqttq:aqnm cacttotg ctegy cggctggcetggt .tgctqaiu
«;ﬁq+gq%a<pcgcqqte+catt cagcactggggcecagatggtaagecetaooagt
?qchavte* { aatagacagat Cgagat
actgtcagac dajuttdptcata+dtartt agattgatt
""" ttaaaagga*rtaggthaagdtcctttttqataa,ctcatgac~aaadbc
o} gaufLttcct#ﬁc~"*gagcg*cagwccccctwgaaaogwtpaaoqﬂatc tcttgaga
ttttctgecgegtaatetgetgettgocaaacaaasaaaccaccgetace Ncgg“*g*ttg t
.,'jtvad<aqctd t
ttetagtgtage G
cgetoctgetaatectgtitaccagty cttaccgay
caagacgatac Ltnccqoatjqqch ach;t gqch,chqq“v gttcotgca aca;vc

aact ttcecgaaggtaa

sagt
aaqg

cgaacgacctacaccgaactgagatac gtgagctatgagaaagcge capgct,,
gagaaaggcggacaggtatcoggtaag jggtcggaacaggagagcegecacgagggage
gggaaacgcctqgtatctttataqtc cgggtttegecacctetgacttgagegtega
gatgctcgtcag acgccagcaacgecggcectttttacggtt
ttttgectgygc

SEQ ID NO: 18, Version 1 of vecior 2
cotgeaggoagetgogegeta ¢
tcagtgageyga gy agagggagt
TCTAGAdaenijchu thaeg+tqarqagdtdae¢jc goat o] -t tagtagattct
gtttceccagagtactaaaacacatt - CTTTCCACAAGATAT
ATAAAGCCAAGAAATCGAAATAC ATTTTAAAACATAAT
T hhAP‘Tf”aAﬁ‘T“”FPAAUAAATWT TACTAATATCTTTG
GTTTACAGTCAAATTAATTCCAATTATCTC LTAPLACC"mGInTFF'ATA‘GPAA”’ TGAAGGARA
TCATGGGAAATAGGCCCTCCTCGAGTC .GTUGPmCCuUT“bCCJTCA T GG C\C‘”FACAT'”?
CCACAGTCCCCGAGAAGTTGGGGEEA GTCGGCA
GTAAPCLGUGAZAvaALFTCGTuTPPTGbVTFPu,LLLT
AAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGSEG
CGCGGCvATGG(CCCAAPPAAGAAG( AAGGTCGGTATC
ACATCCTGGGCCTGGACATCGGCATCACCAGCG GCTAC C? AC ; G, C
GTGATCGATGCCGECETGCGECTCTTCAAAGAGGCCAALG GAAAACAACHTGGGCASG‘C”AC“AA
GAGAGGCGCCACAAGGCTCAAGCGECCEAGGCCGCATAGAATCCAGAGAGTGAAGAAGCTGCTGTTCG
ACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGGCATCAACCCCTACGAGGCCAGAGTGAAGGGC
CTGAGCCAGAAGCT GAGCGAGGAAGAGTTCTCTGCCGCCCTGCTGCACCTGGCCAAGAGAAGAGGCGT
GCACAACGTGAACGAGGTGGAAGAGGACACCGGCAACGAGCTGTCCACCAAAGAGCAGATCAGCCGGA

ACAGCAR WGCCJTaGﬂMuAGnAD”RCGT GCCGAACTGCAGCTGGAACGGCTGAAGAAAGACGGCGAA

rJ;GAUAAF” STAT, AT
TGCCGCCACAPW“CHJSTG pGTuﬁl

GTGCGGGGCAGCAT CAACAGATTCAAGACCAGCGACTACGT GAAAGAAGCCAAACAGCTGCTGAAGGET
GCAC hh:bL“TACVALCAGL$bCA”CH AGCTTCATCGACACCTACAT CGACCT GCTGGAAATCCGGC
GGACCTACTATGAGGGACCTGGCGA CAGCCCCTTCGEGCTGCGAAGGACATCARAGAATGGTACGA
AICCI‘AT@GGC"AC'GCA”“T CCCCGAGGA CGGA TGAA ‘"”CT"”“'CG G
CCTCT ACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGGACG

ATTACGAGAA \JT T CCAGATCATCCGAGAACGTGTTCAAGCAGAAGAAGAAGCLC,
GC \/Apu‘\kn—\i}‘\f‘\ TCCTCGTGAACGAAGAGGATATTAAGGGECTACAGAG T(‘/&CLJ\(‘
GTTCACCAACCTGAAGGTGTACCACGACAT CAAGGACATTACCGCCCGGARAAL ]CTTTATTCAGHA G
CCGAGCTGCTGGATCAGATTGCCAAGAT CCTGACCATCTACCAGAGCAGCGAGGACAT CCAGGAAGAR
CTGACCAATCTGAACTCCGAGCTGACCCAGGAAGAGAT CCAGCAGATCTCTAATCTGAAGGGCTATAC

&0
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CGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGATCCTGGACGAGCTGTGGCACACCAACGACA
ACCAGATCGCTATCTTCAACCGGCTGAAGCTGGTGCCCAAGAAGETGGACCTGTCCCAGCAGARAGAG

ATCCCCACCACCCTGGTGGACGACTTCATCCTGAGCCCCEGTCGTGAAGAGAAGCTTCATCCAGAGCAT
CAAAGTGATCAACGCCATCATCAAGAACGTACGGCCTGCCCAACGACAT CATTATCGAGCTGGCCCGIG
hLAHbAACT""AAoGA”‘CCCAGAAAA”GRT”AA“GHVA”GCAGAAGCGGHA”CGGCA ACCAACGAG
ATCGA AAATCATCCGGAC ~GCARAGAGAACGCCAAGTACCTGATCGAGAAGAT CAAGCT

GCACGACATGCAGGAA VAGCCATCCCTCTGGAAGATCTGCTGAACA

wCTTCAHwTALGAw pC,V GCGTGTCCTTCGACAACAGCTTCAACAAC
AAGGTGCTC GAAGAARAACAG GAAGGGCAACCGGACCCCATTCCAGTACCT GAGCAG
CAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATCCTGAATCTGGCCAAGGGCAAGGGCE

GAATCAGCAAGACCAAGAARAGAGTATCT GCTGGAAGAACGGGACATCARACAGGTTCTCCGTGCAGAAA
GACTTCATCAACCS GA“”CTGG’GGAEAC"A” TACGCCACCAGAGGCCTGATGAACCTGCTGCGGAG
CTACTTCAGAGTGAACAACCTGGACGTGAAAGTGAAGTCCATCAATGGCGGCTTCACCAGCTTTCTGC
GCGGAAGTGCAAGTTTAAGAAACGAGC AAGGUQ“ CAAGCACCACGCCGAGCGACGCCCTGATC
ATTGCCAACGCC ATT”” P“TT”AAA GGAAGAAACTGGACAAGGCCAAAAAAGTGATGGAAAR
CCAGATGTTCGA GCATGCCCGAGATCGAAACCGAGCAGGAGTACARAGAGA
TCTTCATCACCC bCA/.AGATLMAG ATTAAGGACTTCAAGGACTACAAGTACAG CCGGETG
GACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCGGAAGGACGACAAGGGCAA
CACCCTGATCGTGAACAATCTGAACGGCCTGTACGACAAGGACAATGACAAGCTGAAAARAGCTGATCA
ACAAGAGCCCCGAAAAGCTGCTGATGTACCACCACGACCCCCAGACCTACCAGAAACT GAAGCTGATT
ATGGAACAGTACGGCGACGAGAAGAATCCCCTGTACAAGTACTACGAGGAAACCGGGAACTACCTGAC
CAAGTACTCCAAAAAGGACAACGGCCCCGTGATCAAGAACATTAAGTATTACGGCAACAAACTGAACG
F"“PT”“GCACA'th””ﬂthfiACC CCAACAGC hCAAAthCCTLG“GAAuCTuF““”“bﬁh"““b
ACCTGGACAATG \
C.F\F-\AANXG AR TACGAA .aAGTGCTATUA(—‘
GCAACCAGGCCGAGTTTATCGCCTCCTTC CAAFPACGATLTQ
AGAGTGATCGGCGCTGAACAACGACCTGCTGAACCHG,
CGAGTACCTGGAAAACATGARCGACAAGAGGCCCCCCA GGATLP
AGAGCATTAAGAAC TA“AGLALACACAMT“W GGGC b

“'Apfﬂ” AACGCCGAG CTGTAT
SAACATGATCGACATCACCTACCG
AAGACAATCGCCTCCARAGACCC
AAGTGAAATCTAAGAAGCACCCT

}

CAGATCATCAAAAAGGGCAAAAGGCCGECGECCAL Lubp’GQ””AuGChAAAﬂm.AAAAﬁugg
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SAACGCTG 2CGGEGC
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TGGCGCCCTGCAATATTTGCATGTCGCTATGT GT“CTCGJMAATCkLCATAAAPF GARATGTCTTTG
GATTTGGG AATCI”AIAAJTFCT“*ATCALA CACATATAGTAATGAAATTATTGGCACGTTTTAGTA
FT“mGUhhA CAGAATCTACTAAAACAAGGCART G"““”‘“PT VI'CTCGTCAACTTGTTGGCGAGAT
TTTTGG: f
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dgegege
tgacttggt‘
Gcaﬂtqctcccataaccatgq
agcagpta%ﬂﬂgc T*ttgca

agaatitat
acaacgatecggaggaceyg
’cttgat gttgggaaccgga
gcaatggcaacaacgttge
aaunqautgqatgcaQWC'
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qaiuqttaCu;q
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& agceghtgage

[efe ;aqajaqqcvgncaqgt tecggtaagegge agqqu ;gdac:ggegaqco.a(q;ngagc
a jggaaacgcc vttauag cuputpg Tttcogceccacctetgacttgage tpgat
tat cgccagcaacgeggectttttacggttee
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\4 %L o A 4.
]TMAACVVARQAAATC AsAAICTTTCAﬁF ACbFTMHGvATA.chP TCCATTTTAAAA ]TAAT
TTTAAAACTGCAAACTACCCAAGARATTATTACTTTCTACGTC ATCTTTGT

GTTTACAGTCAAATTAATTCCAATTATCTC .lHﬁLAC”CmmFT TGAAGGAA
TCATGGGAAATAGGCCCTCCTCGAGCTACGACTAGCATGCTGCCCA GTAAUCA;h”AAuqumquuH
CACCCGAGATGCCTGGTTATAATTAACCCAGACATGTGGECTGCCCCCCCCCCCCCAACACCTGCTGCC
TCTAAAAATAACCCTGCATGCCATGTTCCCGGCGAAG AGCTGTCCCCCGCCAGCTAGACTCAGC

ACTTAGTTTAGGAACCAGTGAGCAAGTCAGCCCTTGGEGCAGCCCATACAAGGCCATGGGGCTGGGECA
AGCTGCACGCCTGGEGETCCGEEETGGEGCACGETGCCCEEECAACGAGCTGAAAGCTCATCTGCTCTCAG
GGGLCCCTCCCTGGEGGACAGCCCCTCCTGGCTAGTCACACCCTGTAGGCTCCTCTATATAACCCAGGG
GCACAGGGGCTGCCCTCATTCTACCACCACCTCCACAGCACAGACAGACACTCAGGAGCCAGC
ccggtgecaccATGGCCCCAAAGAAGAAGCGGAAGGTCS TCCACGGAGTCCCAGCAGCCAAGCGG
ARCTACATCCTGGGCCTGGACATCGGCATCACCAGCGTGGGCTACGGCATCATCGACTACGAGACALG
GGACGTGATCGATGCCGGCETGCGGCTETTCAAAGAGGCCAACGTGGAAAACAACCAGGGCAGGCGGA
GCAAGAGAGGCGCCAGAAGGCUTGAAGCEGCGCAGGCGGCATAGAAT CCAGAGAGTGAAGAAGCTGCTG
TTCGACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGGCATCAACCCCTACGAGGCCAGAGTGAA
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GGGCCTGAGCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGCCCTGCT GCACCT GGCCAAGAGAAGAG
GCGTGCACAACGTGAACGAGGTGGAAGAGGACACCGGCAACGAGCTGT CCACCAAA KGCAJATCAGC

CGCGAACAGCAAGGCCCTGGARGAGAAATACGTGGCCCAACT GCAGCTGGAACGGCTGAAGAARGALG
CGAAGT GCGGEGGCAGCATCARCAGATTCAAGACCAGCCGACTACCGTGAAAGAAGCCAAACAGCTGCTGA
AbmethAMurccTAﬂChP AbCTQCAL'"HAP”TTVATCGACACFTACATCGACCTGCTCVAAAWC
GGCGGACCTACTATGAGGGAC GGAA SACATCAAAGAATGGETA
Cbﬁ»?TuCTbATGw‘ CACTGCACCTACTTCCCCGAGGAACT SAAGTACGCCTACAACG
CCCGACCTGTACAACGCCCTGAAC LwTwATunvFAuGbvaAuAAC ] )
GAATATTACGAGAAGT TCFAGATLATFwAbnAF G TCAAGCAGAAGAAGAAGCCCACC FTuAAuVP
GATCGCCAAAGAAAT CCTCETGAACGARGAGGATATTAAGGGCTACAGAGT GACCAGCACCGGCAAG
CCGAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTACCGCCCGGAAAGAL, TTATTGAb
ARCGCCGAGCTGCTGGATCAGATTGCCAAGATCCTGACCATCTACCAGAGCAGCGAGGACATCCAGGA

CTTe
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AGAACTGACCAATCTGAACTCCGAGCTGACCCAGGAACAGAT CCGAGCAGATCTCTAATCTGAAGGGCT
ATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGATCCTGGACGAGCTGTGGCACACCARL
GACAACC AfA“LGCTnT?TTghhMCGCCTCA]GCTGCTGCCCAAVAPCGTGvAS TGTCCCAGCAGAA
AGAGATCCCCACCACCCTGETGGACGACTTCATCCTCGAGCCCCGTCGTGAAGAGAAGCTTCATCCAGA

T

c

[0
n

GCATCAAAGTGATCAACGCCATCATC AHGAA”TA“GL""”GCCCAHLGACAT"AW’ATCGAGCTGGCC
AACGAGATG "AUI—LAJ‘ G

CGCGAGAAGAACTCCAAGGACG
GCGGATCGAGGAAATCATC
. TGCACGACATGCAGGAAGE CC ;
AA\AAp CCCTTCAACTATGAGGTGG CATCC CCAUAFF\UT T?CuAFAPpAb TT\AA
ARCAAGGTGCTCGTGAAGCAGGAAGARAACAGCALG ?‘GCGt AACCGGACCCCATTCCAGTACCTGA
GCRGCAGPGRV“GCAAGATCAGC”ACCAJ [CTTCAAGAAGCACATCCTGAATCTGGCCAAGGEGCAAG
GGCAGAATCAGCAAGACCAAGAA ”AGTAIb GCMGCAAGAALCGGACHTbAALAFGT";FC GTGCA
GAAAGACTTCATCAACCGGARCCTGGT GG "ACGCCACCAGAGGCCTGATGAACCTGCTGEC
GGAGCTACTTCAGAGTGAACAACCTGCGACCTCGAAACTCGAAGTCCATCAATGGCGGCTTCACCAGTCTTT
CTGCGGCGGAAGT GCAACT T TAACARN TACAAGCACCACGCCGAGGACGLLLT
GATCATTGCCAACGCCGATTTCATCTTCAAAGA SGAAGARACT GGACAAGGCCAAAALALGTGAT GG
AAAACCAGATGTTCGAGGAARAGCAGGCCGAGA ATbu CGAGATCG
GAGATCTTCATCACCCCCCACCAGATCAAGCACATT .4‘;CAAGGACMKCAAGTACFGCCnvvJ
GGTGGACAAGAAGCCTAATAGAGAGCTGAT AACGACACSCTCTAL, CACCCGGAAGGACGACAAGG
GCAACACCCTGATCGTGAACAATCTGAACGGCCTGTACGACAAGGACAATGACAAGCTGARAAAGCTG
ATCAACAAGAGCCCCGAARAAGCTGCTGATGTACCACCACGACCCCCAGACCTACCAGAAACTGAAGCT
GATTATGGAACACTACGGECCACCAGAAGAATCCCCTGTACAAGTACTACGAGGAAACCGGGAACTACC
TGACCAAGTACTCCAAAAAGGACAACGGCCCCGTGATCAAGAAGATTAAGTATTACGGCAACARACTG
AMCGCCCATCTGGACATCACCGACS AGALACAAG TCGTGHAGCTGTCCCT“
GCCCTACAGATTCCACGTGTACCTGGACAATGGCETGTACAAGTTCGT G ( )
TGATCAAALAAAGAALACTACTACGAAGT GAATAGCAAGTGCTATGAGGAAGCT FJ\GP 2T GAH GAAG
ATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATC FLA”CAAGAT‘A"“GGpGAGCT
ATAGAGTGATCEGCETGARCAACGACCTCCUTGAACCGGATCGAAGT GAACAT GATCGACATCACCT
’CCA TACCTGGAAAACATGAACGACAAGAG CCC CAGGATCATTAAGACAATCGCCTCCAAG
Af ‘]Af_au{“ TAAGAAGTACAGCACAGACATTCTGGGCAACCTGTATGAAGTGAAATCTAAGAAGCA
CAGATCATCAAAAAGGGCAAAAGGCCGEGECGECCAC f_rf—\AAJ-\A SGCCGGCCAGGCAAAMMNAGAAAR
AGggatcctacoccatacgatgttceccagattacge agatta
tacgatgttccagattac aGaattctage nh””ftka .(1ttq jaagegtgh
gtiggttttitgatcagg ,,,*ACvGaALGC.GAVaT\ATCAALC GC”uuHAGCA;TCuCCC\
CCAGTGTCACTAGGCGGGAACACCCAGCGCELGTGCGCCCTGGCAGGAAGAT GGCTGTGAGGGACAL
GGAGTGGCGCCCTCCAATATTTGCATGTCCGCTATGTGTTCTGGGAAAT CACCATA AACﬁ“bAAATCT
TTTGGATTTGGGAATCTTATAAGTTCTGTATGA "CAC TAATGAAATTATTGGCACGTTTT
AGTACTCTGGAAACAGAATCTACTAAAACARAGGCAAAATGCCGETGTTTATCTCGTCAACTTG
AGATTTTT TALLangaCCCﬂtnotgofqﬁag tgqrcﬂgtccct
ctgaggeogggegac ccecggy
gogegeagot '
geatace

C ",—\ GARMAAT
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recCa

TAGTA

tacgegeas [sts) geecagegecaetagey got
ttctegecacgttege cggctttccccgtpddcﬂ*ﬁtdaat;gggg
ag‘"ctutacgoc cctegac aaaacttgattt
tttageo hqttgo’agbc ac
o ;
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gatitttatggtgeactctocagtacaatetgetoctgatgeogeatagttaageccagececegacacecege
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atgag taa ttcaatwatathWQaa



WO 2020/214609 PCT/US2020/028148

ggtaagatccttyg
atgtggegeggtatt
agaatgactiggttga

o
o)

gtactcaccagtcacagaaaageatce

ttabﬁpddtjﬂtgLca*aaLpatgaﬁtgutaaﬂaLtthgcc gg
gaaggag ac
agctga ca

aa

Q

2 QW0
Q
)

s

2

ctgg grﬁqqtocq‘gt gaagyg cchqiuh, tgcagcactgggg

agatggtaagec
atcgth\tt1ﬁctaﬁaugQCCququvaqgcaactat atQ': aataqacdgath

cttettgaga
cgctaccagcggtggtttgtt
agcagagcgecagataces

: tyg
raagacgatagttaceggataaggeg

ggetg uLJC‘“de}CC”dV

ttggagcgaacgacctacaccgaactgag gogt qqute+qa;aeagcq ccacget ‘
cqaanggaqaaagQCQjaragutachgu gg agagcgcacgagggage
ttccaggcqgaaabgc gg,atcuttdt gg acctctgacttgagegtega
aaacgccagcaacgeggeckttttacggtt

httb cagagt taeadcchat at ajtf“ F”“TT“tFTCC”“TCCALAAJA“AT
ATARAGCCAAGAAATCG. 1hJAWTTTCAAG ACHFTMAGCATLTGM‘PF ‘CCATTTTAARAACATAAT
TTTAAAACTGCAAAC TACCCAAGEAATTAL CTTTCTACGTCACGTATTTTGTACTAATATCTTTGET
ACAGTCAAATTAATTCCAA “TCTL .TAPLAGCFW“bInT““ TATGCAAATATGAAGCAA
TCATGGGAAATAGGCCCTCCTCGA sGCGECCETCCECCETCGECACCATCCT
CAV\%PACCCAAA.ATGGC\ACQU T \GTTATTTTTAGAGCGGTGA
GGCAGGCAGCAG \GTTATTTTTAGAG ZGAATGETG
GACALCCC AAAﬁP.@GCMMLJGTTCCTCACCFK TGGGETGTCCGC GGGGCLG
CATTCCTGGEEGCCGEELGETGCTCCCGC GPCT:GA ARRAGGCTCC GGVSCCG:CUQLGGCCvﬁt
GAGCTACCCGGAGGAGCGGGAGGCGCCAAGCTCTAGAACTAGTGGATCC CTGCAGGAATTCG
ATATaccygtgecaccATGGCCCCARAGCAAGAAGCGGAAG "CCCAGC AC““
AGCGGAACTACATCCTGGGCCTGGACA CATCACCAGCGTGGGCTACG ATCGACTACG

ACACGGGACGTGATCGATGCCGGLETGCGEITCT FAAP@ GGCCAACGTGGAAAACAACGAG QGCAb
GCGGAGCAAGAGAGGCGCCAGAAGGCTGAAGCGGLGGAGGCEGCATAGAAT CCAGAGAGTGAAGAAGC
TGCTGTTCGACTACAACCTGCTGACCGACCACAGCGAGCT GAGCGGCATCAACCCCTACGAGGCCAGA,
GTGAAGGGCCTGAGCCAGAAGCTGAGCEAGGAAGAGTTCTCTGCCGCCLTGCTGCACCTGGCCAAGAG

G

UQ‘

AAGAGGCGTGCACAA CTG VACGAC GTuJAﬁGAsbACﬂCCSGLﬂnCGAGtT”TCvftCMRMCAPCAGA
TCAGCCGGAACAGCAAGGCCCTGCAAGAGAAATACGTGGCCGAAC GCAGCWG SAA GCPCAACHAh
GACGGCGAAGTGCGGGGECAGCATCAACAGATTCAAGACCAGCGACTACGTGAS “”AACCChhﬁL cT

GCTTCATCGAC ALCFhuLTCCACpmb”TG
GCCC CGGCTGCGAAGCACATCAAAGARA
CGA UGAJ-\\,TF\,G GAGCGET G}‘V\ TACGCC

bCTQAA rGCACAAprCTPL““CCAFVT GACCAI
(wwﬂ(_’bGth,‘T -

CGAG
'AFTTC

AGCTGGAATATTAC GJZ\X\JAZ\ ,AT'T‘L,\,AGA 'C. AJ G.AuAA\,
AAGCAGATCGCCARAGAAATCCTCGTGAA C‘GAAGAGC—ATA '.AACG("C"'A(“A SAGT G xk,C‘Af\ux SCGG
CAAGCCCGAGTTCACCAACCTGAAGGTCETA "”AuuhLATLﬁAGCA CATTACCGCCCGGARAGAGATTA
TTGAGAACGCCGAGCTGCTGGAT CAGATTGCCA TCCTGACCATCTACCAGAGCAGCGAGGACATC
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CAGGAAGAACTGACCAATCTGAACTCCGAGCTGACCCAGGAAGAGAT CGAGCAGATCTCTAATCTGAA
GCVVTA‘ndquC“CCCI”AHCCTGAstTGAZGGCCATIAACC GATCCTGGACGAGCTGTGGCACA
GT

.
CCARCGACAACCAGATCGCTATCTTCAACCGGCTG AACCTCGTGCCvAAGAA GGACCTGTCCCAG

CAGAAL ALAT”“CCACCAL”CT“"”~uhLuHLI”L CCTGAGCCCCGETCETGAAGAGAAGCTTCAT
CCAGAGCATCAAAGTGATCAACGCCATCATC AACAhLmA GGCCTGCCCAACGACATCATTATCGAGC
TGGCC (CAMAACH:CTLL&hGGPLUvFQAUAﬁhhTC V'CAACGAGATGCAGAAGCGGAACCGGCAG

AP“AAUGACC“Gﬁ'CQA”&AAAT“ATLCGC“ ACCGGCAAAGAGAACGCCAACTACCTGATCGAGAA
GATCAAGCTGCACGACATGCAGGARAGGCA AGTGL CTGTACAGCCTGGAAGCCAT CCCTCTGGAAGATC
TGCTGAACAACCCCTTCAACTATGAGGT GGACCACATCATCCCCAGAAGCGTGTCCTTCGACARACAGC
TTCAACAACAAGGT GCTCGT GAAGCAGCAAGARARCAGCAAGAAGGGCAACCGGACCCCATTCCAGTE
CCTGAGCAGCAGCCACAGCAAGATCAGCTACGAAACCTTCAAGARAGCACATCCTGAATCTGGCCAAGG
GCAAGGGCAGAATCAGCAAGACCAAGAAAGAGTATCTGCTGGAAGAACGGGACATCAACAGGTTCTCC
GTGCAGAAAGACTT CATCAACCGGAACCTGETGGATACCAGATACGCCACCAGAGGCCTGAT GAACCT
GCTGECGGAGCTACTTCACAGTCAACAACCTCGCACGTCAAAGTCAAGTCCATCAATGGCGGECTTCACCA
G”W“‘P”GC” CEGAAGTGGAAGTTTAACAAAGAGCGEAACAAGGEGTACAAGCACCACGCCGAGEAC
GCCCT] TTGCCAACGCCGAT ,L'[‘f_‘uTL‘r“”“(‘z\/xAu‘A\ TGGAAGAAACTGGACAAGGCCARAAAAGT
aAA’”A~ TGTTCGAGGAAAAGCAGGCCGAGAGCATGCCCGAGAT CGARACCEAGCAGGAGT
ACAAAGAGATCTTCATCACCC CCVE(CMGATCFAU«MM“T.AhJuH(TﬁCAAghACTACAPC ACAGC
CACCGGGETGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCEGGAAGGACGA
CAAGGGCAACACCCTGATCGTGAACAATCTGAACGGCCTGTACGACAAGGACAATC ALP,bCWGaAAA
AGCTGATCAACAAGAGCCCCGAARAAGCTGCTGATGTACCACCACGACCCCCAGACCTACCAGAAACTG
ANGCTGATTATGCAACAGTACGGCGACCAGAACAATCCCCTETACAAGTACTACGAGGARACC CC-AA
CTACCTGACCAAGTACTCCAAAAAGCACAACGGCCCCGTGATCAAGAAGATTAAGTATTACGGCAACA
AACTGAACGCCCATCTGGACATCACCGACGACTACCCCAACAGCAGAAACAAGGTCGTGARAAGCT
WAGCCCTACAGATTCGACGT CCTGGACAATGGCGTGTACAAGT QTGALF
GTGATCAAAAAAGAAAACTACTACGAAGT GAATAGCAAGTGCTATGAGGA
AGATCAGCAACCAGGCCGAG ‘ATLGCCTLPTTCWACAAQAACLA”““"“TST
GAGCTGT l“”hLTGATgGGCGTGAACAACﬁAL CTGCTGAAL CGGhTQf GTGP,
CACCTACCGLG! CMACCTGGAAAACATﬁT \CGACAAGAGGCCCCCCA
CCAAGAC ““fAJC / CACAGACATTCTGGGCAAC ”"T"“QAPG’”AAA“”TAhG
AAGCACCCTCAGATCATC "”GQQCAAAA.Q‘”GGCG SCCACGAAARAGGCCGGCCAGGCAAAAND
GAARAAAGGQE tnCCCatacqatctﬁ cagattacgcecttacccatacgatgticcagattacgett
accCatacgatgttcecagattacgecttaaGaattctageaa raggatey attttcattggaag
cgbgtgttggttttttgatcaggegegGGTACCGAACGCTGACGTCATCAACCCGCTCCAAGGAATCG
CGGGCCCAGTETCACTAGGCGGGAACACCCAGCGC GCciJvu/CCTG«CAJCAAGATCCCTF“GAVaJ
ACAGGGGAGTGGCGCCCTGCAATATTTCCATGTCGCTATCTGTTCTGGGAAAT CACCATARACGTGAA
ATGTCTTTGGATTTGGGAAT CTTATAAGTTCTGTATGAGACCACATATAGTAATGARAATTATTGGCAC
GTTTTAGTACTCTGCGARACAGAATCTACTAAAACAAGGCAAAATGCCGTGTTTATCTCGTCAACTTGT
- . s
a
C

TGGCGAGATTTTTGGTACCaggaacce toqtoa g chcbc
tgaggecygggegaccaaaggtegaocagace gtgagceg

goteac

agcgageyg qCachg(thcagqqccqﬁﬁt atgoge GIJULatt
tcacacegeatacgtcaaageaacca LdWLIC_COJC.uQ"aG-gngth .aqhﬁ-ggccﬂjtg*
gtggttacgcgecagaegtgacegoctacacttgecagogeacctagegecegaetectttogetttettece
ttectttotaogecacgttegecggetttcccegtcaagetcectaaategg cggptﬂﬁﬂt;t gggttcce
gatttagtgctttacggcacctogaccececaaaaaacttgatttgggtgatggttcacgtagbgggeca
tcgoocctgatagacggttttitegecctttgacgtiggagtccacgttctttaatagtggactettgtt
ccaaacltggaacaacactcaaccetatctegggotattcttttgatttataagggattt gattt
attggttaaaaaatgagetgattte aazaatttaacgcgaattt acaaaatattaacgy

tatggtgcactctcagtaca
aacacccgetgacgegecctgacyys

tgctctgatgeecgoatagtitaageccagoocecgaca

cttgtetgotecceggeatecgaettacagacaagety

tgac cg tctececgggagectgocatgtgtcagaggttttcaccgtcatcaccgaaacgegcgagacgaaag
tq%uacgcctatt ttabaggttaatgvca gataataatggtttcttagacgtcagagtgg
ctatttgtttatttttctaaatacatt tgtate

ttcaataatattgaaaaaggaaga attcaa

cggga#tttchttcctgttttt agaaac

ttgggtgcacgagt { teg atctea
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acagcggtaac ai“ctvgar cgecccgaagaacgtttteccaatgatgageactittaaagtt
ctgctatgtyg cgtattyg ceg gvaqavqﬁaecth;ch:cqvaL1C“ﬁ

ttcecteagaatgacttggttgagtactecaccagtcacagaaaagecatottacyggatggecatgacagtaa

tgcagtyge ﬁh'ataaccatgan*gataahac gcggecaacttacttctgacaacgate
aaggagctaaccgcttttttgecacaacatgggggatcatgtaactcgecttgategttg
ctgaatgaagcc g gacaccacgatgectgtagecaat a

azactattaactgg o foh ttcccggcaacaattaatag
of tecggotggetggttta
tqua;cactu,gqoca yatggta
=Xel
g

,vq@ qnqCCqua googoeg
gttatctacacgacggggagte
gagatagyg Lg cL“dﬂ+gaLtaag0at_hg+ ad
tgatttaaaa ttcatt*ttaatttaaaagg at
aaatcccttaacgtgagttttcegttcee aﬂtg

tgagatcc tftttttpLgcgcqtaatﬂ*N

tatqutQddpqdad"dqaCaquCgft
apweagt ”+Cd7dLPuiC
aagatccttttty

~caagaactcetgt
ataaq:ajt
}aa.gqqq

a ragegtga
ggagaaag
gggggaaa
gtgatgcte
ccttttget

LPéadC&hdLupC\

\AGCCARGAAATCGAAATACTTTCAAGTTA GCATATGATAG] CCATTTT ﬁA”KT. T
TTTAAAACTGCAAACTACCCAAGAAATTA ACT“TCEAC”M” \CGTATTTTGTACTAATATCTTTGT
GTTTACAGTCAAATTAATTCCAA TCTCTCTAACAGCCTTGTATCGTATATGCAAATATGAAGGAA
TC SGCAAATAGGCCCTCctegagGittaaacaagettgecatgtectaagetagacecettcagattaas
aaat goctgggtaggggaggtaggtgtgagacyc ctgtetctectetatetgen

gecct Jgggaggaggaatgtgcccaa ggagccagaggggcygag
gygcaacagacctttcecatgggcaaacactgy “gctgt.::qoatgccccacuaqq"VLctaqg
tgcecatgtaaggaggcaaggectggggac agatgectggttataattaacccagacate
ctgeoceceeed cacctgetgectetaaaaataacecte ctggtggatceccectygeat
yetg tqq gqctjaﬁggcaja@v"taaragyct,dJgQQCﬁqﬁggctrat

Y
G

Ca

[\
X
\

! C *tvakthQQd*aqc ‘..cctqqcta;t<ggacctt; 3ggct
atadccca;;g jca ggqqotgc::,cat ctaccaccacctocacagoacagacagacad
aqccachqc<“gCCC“c4;g+q”“aP'ATGJICCCAAPGW?GAAGCGCIFL\TCGG ATCCACG
CCCAGCAGCCAAGCGGAACTACAT CCTGCGLCTGCACATCEGCATCACCA GLJluuGLmA“CG‘
ATCATCGACTACGAGACACGGGACGTCGATCEATGCCGECGTGCGGCTGTTCAAAGAGGCCAACGTGGA
AAACAACGAGGGCAGGCGEGAGCAAGAGAGGLE FCPGA“”?CTQAAGCQGLGGAG CGGCATAGAATCC
AGAGAGTGCAAGAAGCTGCTGTTCEACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGGCATCAAC
CCCTACGAGGCCAGAGTGAAGGGLCTGAGCCAGAAGCT GAGCGAGGAAGAGTTCTCTGCCGCCCTGLT
GCACCTGGCCAAGAGAAGAGGCGTGCAC AAQQTFAACGAGH' NAGAGGACACCGGCAACGAGCTGET
CCACCAAAGAGCAGATCAGCCGCGAACAGCAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGCAGLTG
GAACGGCTGARGAAAGACGGCGAAGTGC GCuPPA CATCARCAGATTCAAGACCAGCGACTACGTGAA
heuﬁbp,hhA~AG”TC"muAAGCTGLA SAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCT
ACATCGACCTGCTGGAAACCCGGLGGACCTACTATCGAGGCACCTGGCGAGGGCAGCCCCTTCGGCTEE
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GATGGGCCACT

AAGGACATCAAAGAATGCTACGAGATGS CCCCGAGGAACTECGEAG
CGTGAAGTACECCTACAACGCCGACCTGTACAACGCCOTGAACGACCT GAACARTCTCETGATCACCA
GGEACGAGAACGAGAAGCTGGAATATTACGAGAAGTTCOAGATCATCGAGAACGTGTTCARGCAGARG
AAGBAGCCCACCCTGAAGCAGATCGCCARAGAAATCCT COTGAACGAAGAGGATAT AASGC”TACPG
AGTGA CALVACCGGCAAGCCCGAGTTZhCCAAbCTGAAbUTGIAC“A”GA SATCARGEA
CCCGGAAAG PATTGAGAACGCCGAGCT GCTGGE WCA¥hPT”’LAAG‘m”C“uhP“PT
, ACTCCG \GATC
TGATC

TGAGC WTCARC

.C FT quA'\,Z-\CC/?sAC’?Z-‘CZ—‘&ACCAGF\T”G ATCTTCAACCGGCTGAAGCTGGTGCCCAA
GTGGACCTGTCCCAGCAGARRAGAGATCCCCACCACCCTGGTGGACGACTTCATCCTGAGCCCLCGTCGT
GARGAGAAGCTTCATCCAGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAACG

ACATCA ”"IAE CGAGCTGGCCCGCCAGAAGAACTCCAAGGACGCCCAGAARATGAT CAACGAGATGCAG
ARGC GC*A(JA’"“AA(‘GP\GCGC‘ ;TC\:AGLAAP\“? CATCCGGACCACCGGCAAAGAGAACGCCAA
T AT(\”AU\.&h CAAGTGCCTGTACAGCCTGGAAGCCA

TGCGACCACATCATCCCCAGAAGCGETG
\GGAAGAAAACAGCAAGAAGGGCAACCG
AGATCAGCTACGARA TCAAGAAGCACATCC

TCCCTCTGGAAGS 7{“-" CTGCTGAACAAC
TCCTTCGACAACAGCTTCAACAACAA
GACCCCATTCCA

ANCTATC
G]\f\\ C

CAG

TGAATCTGGCCAAGGGCAAGGGCAGAAT CAGCAAGACCAAGARAGAGTATCTGCTGGAAGAACGGGAL
ATCAACAGGTTCTCCGTGCAGAAAGACTTCATCAACCGGAACCTGGTGGATACCAGATACGCCACCAG
ARCAACCTGGACGTGAAAGTGAAGTCCATCA

AGGCCTGATGAACCTGCTGCGGAGCTACTT CAGAG
ATGGCGECTTCACCAGCTTTCTGCEGCEGARMGTGEAAGT TTAAGARAGAGCEEAACAAGGGGTACAAS
CACCACGCCGAGGACGLCCTGATCATTGCCARCECCEATTTCATCTTCARAGAGTGGARGAAACT SGA
CARGGCCAMAPAAGTCAT GGARAACCAGAT GTTCCAGGAAAAGCAGGCCCAGAGCATGCCCGAGATCG
ARACCGAGCAGGAGTACAAAGAGATCTTCATCACCCCCCACCA mCAAGcACAmTAAGGACTTrnAG
CAGCCACCGGETGEACAR AGAGAGCTGATTAACGACACCCTGTACTC

ATCJCGA GGA,uACAAGGaLﬂﬂCACV TCGTGAACAATCTGAACGGCCTGTACGACAAGGACA

(@]

>

ATGACAAGCTGAAARAGCTGATCA GAGCCCCE, AAGC' 'GCTGATGTACCACCACGACCCCCAG
ACCTACCAGAAACTGAAGCTGAT CAGTACGGCGACGAGAAGAATCCCCTGTACAAGTACTA
CGAGGAAACCGGGAACTACCTGACCAAG C”’CCAAA‘ *—xQx PL]—‘\/—& "GGCCCCGTGATCAAGAAGATTA
AGTATTACGGCAACAAACTGAA ! ACTACCCCAACAGCAGARACAAG

Gr'CP(AAUQ'GT“LCﬂuhAprV. \LNNLUlA‘CEGUHCAAunFG\GIAﬂ ANGTTCGT
GACCGTGAAGAATCTGCGATGTGATCA \A AAAAG Z- -\AA C TAC‘ TACGAAGTGAATAGCAAGTGCTATGAGG
AAGCTAAGAAGCTGAAGAAGATCAGCAR TATCGCCTCC 'J’rp CTACAACAACGATCTG
ATCAAGATCAACGGCGAGCTGTATAGA GAT CCGC ‘C :A/\\,AACGZ\C CTGCTGAACCGGATCGAAGT
GAACATGATCGACATCACCTACCGLCGAGTACCTGG fo«,?\ﬁ CATGAACGA CAAV; GCCCCCCAGGATCA
TTAAGACAATCGCCTCCAAGACCCAGAGCATTAAGAAGCTACAGCACAGACATTCTGGGCAACCTGTAT
GAAGTGAAATCTAAGAAGCACCCTCAGATCATCAALAAAGG GCAAAP GGC (‘f""‘(} GCCACGAAAANGGC
CGGCCAGGCARAAAAGAAAANGggatcctaccea

ttccagattacgettacelCat aﬂqntg tce gaut cgctta

tatt ttcat*ﬁaoah q thttqqttLLL tcagqcaccﬂ
CGCT ; AACAC /xG(l("CC’CGT‘(JC CCCTGG (‘"‘k):\
AG FTCC TGTGA,x:GZWAGGGGZ-\CT‘GGCG CCTCCAZ\.TATWTJCT\ GT\,JCTAT\MGTﬁ”TC‘f:GZ\z\AT

CACCATAAACGTGARATGTCTTTGGATTTGGGAATCTTATAAG
TGAAATTATTGGCACGTTTTA FTA“TCMGCﬂAhLHbAA;LMACTHAhA
ATCTCGTCAACTTGTTGGCGAGATTTTTGGTACCaggaaccecctay
tctgegegetegetegetecactga ggﬂfoggccarc~aauqtcgc
cggcctcagzj.gcqagcgachc aggggcge
catctgtgeggtatttcacacegeatacg Lvaaaﬁcaac*n
agegoggcgggtgtggtggttacgegs achﬁdaccqcf'ajct'
tttegotttettecetteottt ttogeeggotttecaas
tccectttagggttocgattta ctttacggecacctcgacacccaaaaaac

tcacgtagtgggecategeo

yocacy

cac ttutttaa

tagtggactcttgttccaa tgatttataag
ggattttgccgattteggce gacgcgaatt
agacaa=zatattaacgttta

aagccage
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Cgaaa

‘aLOd?'qu
tta a»gtv ygtggeactttt

[efe e anaauwtchcqwala:cctat+tq { e sac
t*ﬂaadta*ﬂta ccgrtbdtqanaLdutaacuctqaLaddtqcctbdqtaatdutqaaaaduq ag
agtatga gt%utpdaCQuttLCq gtogcccttattcecctttttitgeggeattttgecttectgtttt
t ,g:ﬂgatﬂ ﬁttgcg*qcaugaqtgggttaca

trqaact
actttta
togecgeataca
atggecatgacagt
cttetgacaacy
tcgecttgatey

:catqagtqateac

o]

t s} accg ataccaaac cgatge
ctgtagcaatggcaacaacgtt 9cqaaphdttaap ggcgaact cggcaas
caattaatagactggat agg acﬂg tgﬁ ggac goctgyg

g ata tggggco

ctgattbat“gctq

103
©

atcaaagg CLtqhaadcaaaqaadccarr
gctaccag ttccgaaggtaactggettea
gocagagog ggcocaccacttcaagaactet
gtagcacc tg“fqﬁcaotgwﬂgataaqtc
gtgtcttac gggotgaacgyggayg
gttcgtgc“c30qg ggaﬁccaarﬁﬁv<turaccc

tgagaaagogecac

aggagagcgcacga

acctetgacttgag

aacgcggecttttt

3,jcmddiquGTGTTmCGTCCT”TCCAFAAGAJAT
TACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAACATAAT
TTTAAAARCTGCAA, TACLCAAGAIKT.MTME( TCTACGTCACGTATTTTGTACTAATATCTTTCT
GTTTACAGTCAAATTAATTCCAATTATCTCTC GTATC TATGAAGGAA
TCATGGGAAATAGGCCCTCCTCGAGTCGA CLC TGCCCGTC CGCACATCEC
CCACAGTCCCCGAGAAGTTGGEGGEEGAGEGEETCGECAATTGAACCGGTGCCTAGAGAAGETGGLGE
GTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCECCTTTTTCCCGAGGGT GGG EEAGAACCETATAT
hA”mGCAGT“G”LuFCCTb AFCTW“T TTCGCAACGGGTTTGCCGCCAGAACACAGGTGTCGTGAC
CGCGGET GGAAGGTCGGTATCCACGGAGT CCCAGCAGCCAAGCGGAACT
“CAmCCTGﬂGCCTu:A”ATC fCﬂmCﬁ'(Kq”GT:FGCAAVaFCM CATCGACTACGAGACACGGGAC
GTGATCGATGCCGGCGTGCGGCTGTTCAAAGAGGCCAACGTGGARAAACAACGAGGGCAGGCGGAGCAA
GAGAGGCGCCAGAAGGCTGARGCGEGCGEA ~GCG(;! CATAGAATCCAGAGAGTCGAAGAAGCTGCTGTTCG
ACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGGCAT CAACCCCTACGAGGCCAGAGTGAAGGEGC
CTGAGCCAGAAGCTCAGCGAGGAAGAGTTCTCTGCCGCCCTGCTGCACCTGGCCAAGAGAAGAGGLE
GGCAACGAGCTGTCCACCAAAGAGCAG ""(‘!—\f-"CC

ACAGCAAGGCCCTGGAAGAGAAATACGT GAACTGCAGCTGGAACGGCTGA 1\‘047\}\/-\\. AC
GTGCGGGGCAGCATCAACAGATT CAAGA GCGA CTACrfUA«mNAﬁUCLAALVAGU
GCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCCGACACCTACATCGACCT TbuAZAbCLuGh
GGACCTACTATGAGGGACCTGGCGAGGGCAGCCCCTTCGGCTGGAAGGACATC %mAGaATPC'A,CAG
ATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACTGCGCGAGCGTGAAGTACGCCTACAACGCCGA
CCTGTACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGGACGAGAACGAGAAGCTGGAAT

]—\_TAAZ‘ GC CAA AAA

GCACAACGTGAACGAGGETGGAAGAGGAC?

y:’).,y

&8
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ATTACGAGAAGTTCCAGATCATCGAGAACGTGTTCAAGCAGAAGAAGAAGCCCACCCTGAAGCAGATC
GCCARAGAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAGAGTGACCAGCACCGGCAAGCCCGA
GTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTACCGCCCGGAAAGAGATTATTGAGAALG

CCEAGCTGCTEEATCAGATTGCCARAGATCCTGACCATCTACCAGAGCAGCGAGGACATCCAGGAAGAA
CTGACCAATCTGAACTCCGAGCTC HuuthCAACAGa”"GAGCAuA”“”*TAAT””GAAGGC "TATAC
CGGCACCCACL AALVPFAFLL”QAﬁubpvar"Aﬁp“I TCCT SAGCT 'b’”APECthC
ACCAGATCGCTATCTTCAACC AAGAA
ATCCCCACCACCCTGGTGGACGA CGTCGET xAGAGA“GC”“F\
CAAAGTGATCAACGCCATCATCAAGAAGTACG sCCCAACGACAT CATTATC ,TGoVFCqu
AGAAGAACTCCAAGGACGCCCAGAAAAT GATCAACGAGAT GLCAGAAGCEGAACCGEGCAGACCAACGAG
CGGATCGAGGAAAT CATCCGGACCACCEGCARAGAGARCGCCAAGTACCTGATCGAGAAGAT CAAGCT
CACGACATGCAGGAAGGCAAGTGCCTGTACAGCCTGCGAAGCCATCCCTCTGGAAGATCTGCTGAACA
CCCCTTCAACTATGAGGTGGACCACAT CATCCCCAGAAGCGTGTCCTTCGACAACAGCTTCAACAAC
AAGGTGCTCGTGAAGCAGGAAGAAAACAGCAAGAAGCGECAACCGCGACCCCATTCCAGTACCT GAGCAG
CAGCGACAGCAAGATCAGCTACGAAACCTTC AAPAAUVAFDmL”W”AAm‘TGUCCAAUUUFAPbbGCA
GAATCAGCAAGACCAAGAAAGAGTATCTGCTGGAAGAACGGGACATCAACAGGTTCTCCGTGCAGAAA
GACTTCATCAACCGGAACCTGGTGGATACCAGATAC ,p\yAbAGGCCTbanAACL TGCGCAG
CTACTTCAGAGTGAACARACCTGCGACGTGAAAGTGAAGT CCATCAATGGCGGCTTCACCAGCTTTCTGL

GGCGGAAGTCGAAGTTTAAGAAAGAGCGGAACAAGGGETACAAGCACCACGCCGAGGACGCCOTGATC
ATTGCCAACGCCGATTTCATCTTCARAAGAGT GCAAGAAACTGCACAAGGCCAALAANNGT GAT GGARAA
CCAGATGTTCGAGCAARAGCAGGCCGACGAGCATGCCCCAGATCGAAACCGAGCAGGAGTACAAAGAGA
TCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAAGGACTACAAGTACAGCCACCGEETG
GACAAGAAGCCTAATAGACAGCTGATTAACGACACCCTGTACTCCACCCGGAAGGACGACAAGGGCAA
CACCCTGATCGTGAAC TTpLGAACGbVFT AL\FC-AGUACA‘EGAMuAGCTUAAAQAGbl
ACAAGAGCCCCGAAAAG \CCTACCAGAAACTGAAGCTG
ATmunACACAACCatCﬁCGAJU 7 TGTACAAGTACTACGAGGAAACCGGGAACTACC
A"”FACTCCAAAAAG~ACAAL~GCCC"“’”ATLAAGAAGATIA.uT ATTACGGCAACAAACTGAA

CCCATCTGGACATCACCGACGACTACCCCAACAGCAGAAACAAGGTCGT bA&u’mG”CCCTCAHCﬂC*
TACAGATTCGACGT GTA! CC””GA AATGGCGTGTACAAGTTCGTCGACCETGAAGAATCTGGATGTGAT
CAAAAAAGAAAACTA AANTAGCH TGAGGAAGCTAAGAAGCTGAAGAAGATCA
GCAACCAGGCCGAGTTTATCGCC FTQCTA AACA \CGATCTGATCAAGATCAACGGCGAGCTGTAT
AGAGTGATCGGCGTGAACAACGALCC TcprnAﬁpuJATCG”AGTUAAPATQA CGACATCACCTACCG
CGAGTACCTGGAAAACATGAACCGACAAGAGCCCCCCCAGGATCATTAAGACAATCGCCTCCAAGALCCC
AGAGCATTAAGAAGTACAGCACAGAL KFTCTGJFChﬁgcTUtATuAIpﬂG\A{TCTAﬂbAACCh/CCT
CAG&TCATCAAaﬂAGCCCAAAA,CCLM CCCVKCGhAAPﬂGGCVaGC”“C SCAARAAAGAAAAAGGG
atcctacccatacgatgtte ccafaﬁgdtq*t,

cgecttaccCatacg
atgttccagattacget aaGAL ctg agc ¢ cttctagttgec
tcoctgtt

> ﬁ Q

o

tt
ttgtttgcce

*.vouraacaa;qqqg'_
TCAACCCGCTCCAAG G
CC}\LZ\ \;‘\;JGCI JT WUC:C -

C GCAGGAAGATGGCT G T AC
Jﬂ TTCA(CHY“ WCGTGA TTG
ATAG 'GGCA CFAPH hLAAT“m AMAAAAChbeﬂAh
‘C"TC[-'AMCTﬂ”TCAACTf gqg

GTMG ””hLﬁTI““’GG CCaqga cc tag tgatggagt
tceotete y
geeeygggogge C
”cttacc”ntc”of;coq atttcaca cgt
agcggogeattaagegegge :ct;gtqqttecq"goagcqt
,cszL+chctt+ tte Lt@ gc
taaatocgggggetocctttag
ttgggtgatggttcacgtag
cacgttctttaatagtggac
tfqatt*afaaqggattttgcc
aacmcgaaftttqaL

Gg<

gaccqctaha
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tceceggeatecgottacagac
accgaaacgcgegagacgaaay
atggtiitcttagacgtecaggtggce

sa

oo
Qoo @ 0
ot ¢

j

tctaaatacat tcaaatdtq*atgcgctca gagac

aaaaagga ahagtaTOag t*raacatttcc~tgcc
ccttectgtt ttgutcacccagai tagtyg
gagtgggt atcteas gg
tttccaat

agagcaac :,
agcatcttac
rggccaa;t:’

(“.

thweggaﬁvoeag_

ggatca
acacca T .atggc “ﬁaabgtt gpdaac
gcttee tggaugﬁqga“aana
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‘f‘aa(VL*tm
rgatoc ) C C 'a(,tqa\; gtcagac
cc gtagaaaaha CGangdthurthgaj 1 {efetes { ctjrttgcoaar

[te]

aaaaaaaccaccgctaccagegqg
taactggcttcagcagagcgcaga
ttcaagaactctgtagcaccge
tggecgataagtegtgtetta

gotgaa

22 QW

ggqftqbquCddbaCQAﬁagtl
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cgette
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3,jcmddiquGTGTTmCGTCC”TTCCAFAAGAJAT
ACGGTAAGCATATGATAGTCCATTTTAAAACATAAT
TTTAAAARCTGCAA, TACLCAAGAIKT.MTWAL TC;HLu CACGTATTTTGTACT%A““J CTTTGT
GTTTACAGTCAAATTAATTCCAATTATC GTATC \AGGAA
TCATGGGAAATAGGCCCTCCTCGAGCTA h"mAC“hl"””’“CLATb‘AAG A
CACCCGAGATGCCTGGTTATAATTAACCCAGACATGTGS CCCCCCCCCCCCCAACACCTGCTGEC
TCTAAAAATAPLLVTGC)TGCFATPTTCF””’LbAAP“G“’ALCTGTCC(CCGLCACPWPbA”TCP”
ACTTAGTTTAGGAACCAGTGAGCAAGTCAGCCCTTGGGGCAGCCCATACAAGGCCATGGGGCTGGGCA
pPAﬂGbAFh\VTbuFTkCGb GTGGGCACGGTGCCCGGGCAACGAGCT GAAAGCTCATCTGCTCTCAG
GGCCCCTCCCTGEGEGACAGCCCCTCCTGGCTAGTCACACCCTGTAGGL TCCTCTATATAACC:HGG:

ATAAPP CAA AAA TACTTTCAAGTT

GCACAGL GCTGCCCTCATTCTACCACCACCTCCACAGCACAGACAGACACTCAGGAGCCAGCCAGCa

ceggtgccacch I"GCCCCHAAGHAGHPbbGthSGT. sGTATCCACGGAGTCCCAGCAGCCAAGCGEG

AACTACP CIGCT“ TGGA f GQ‘T“A”‘ GCGTGGGCTACGGCATCATCGACTACGAGACAC

G'GACCT *C CAI"LCGC(_ AAA Abu\, CAACGTGGARAACAACGAGE ;CG
=CG CATAGAATCCAGAGAGTGAAGAAGCTG

CGGCAT

] : TGCTGCACCTGGCCAAGAGAAGAG
GCGT GFACAM GT AAVUP uTbuApCDGbA ppprvAA\uAbVLCTpCALC AAGAGCAGATCAGC
CGGAACAGCAAGGCCCTGGAAGAGAAATACGTGGCCCGAACTGCAGCTCGAACGGCTGAAGAAAGACGG
CGARGTGCGGGGCAGCATCAACAGATTCAAGACCAGCGACTACCT GAAAGAAGCCAAACAGCTGCTGA
AGGTGCAGAAGGCCTACCACCAGUTGGACCAGAGUTTCATCGACACCTACATCGACCTGCTGGAAACC

ARCCCCTACGAGGCCAGAGTGAA

70
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CGGCGGACCTACTATGAGGGACCTGGCGAGGGCAGCCCCTTCGGLTGGAAGGACATCAZ \AGAATL;\J L?‘
CGAGATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACT GCEGAGCGTGAAGTACGCCTACA
CCGACCTGTACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGGACGAGAAT LKCAACVTF
GAATATTACCAGAAGTTCCAGATCATCCGAGAACGTGTTCAAGCAGAAGAAGAAGCCCACCCTGAAGCA
GATCGCCAAAGAAATCCTC G’GHA“GAHGA””AIATTAAGGG CTACAGAGTGACCAGCACCGGCAAGC
CCGAGTTCACCAAC CT‘%AUGT . ATCA %CGAthTBCLU“F AAAG ‘PTT“TT“PB
AACGCCCGAGCTGCTGE \GCGAG ATCC
AGAACTGACCAATCT ACT’\, z CAGGA \ ECTAZ\TCT'G]\A
ATACCGGCACCCACAACCTGAGC AAGGCCAT&%A\CTGATC,TG SAGCTGETGGCACACCA
GACAACCAGATCGCTATCTTCAACCGGCTGAAGCTGGETGCCCA KCZDGGTGGACCTGTC CCAGCAGAA
AGE GHTCLC“ACCA(C“TGGTGCA\GxVTTCATC CTGAGCCCCGETCGT GAAGAGAAGCTTCATCCAGA
TCAAAGTGATCAACGCCATC! AAGTACGGCCTGCCCAACGACATCATTATCGAGCTGGCC
CGCGAGA GHACT"CAAGGRCSC ATGATCAACGAGATGCAGAAGCGGAACCEGCAGACCAA
GAGCG rAP”AL uC”AAA AQAPLU’”AAGTALCP”PTLuAGAPb“”

o~

ICA
GAAGCCATCCCTCTGGAAGATCTGLTG
AACAACCCCTTCAACT TGGA ./ mFATCCCC SAAGCGETGETCCTTCGACAACAGCTTCAA
CAACAAGGTGCTCGTGAAGCAGGAAG, AAGAAGGGCAAC \TT GTACCTG
GCAGCAGCGACAGCAAGATCAGCTACGARACCTTCAAGAAGCACATCCTGA mZTG:C\,AAGGGCAA;
GGCAGAATCAGCAAGACCAAGAAAGAGTAT CTGCTGCGAAGAACGEGACAT CAACAGGTTCTCCGTGCA
GAAAGACTTCATCAACCGGAACCTGETGGATACCAGATACGCCACCAGAGGCCTGATGAACCTGCTEC
GG“uCTACT“CAGAGTGAALAACCTu~ACCTGAﬁAGT”AA‘1CLATCPAFGSFGGCFTCACCAGCTTT
CTGECCECEGAAGTECGAAGTTTAAGAAAGAGCGGAACAAGGGETACAAGCACCACECCGAGCGACGCCCT
GATCA TWQPCAALUCPhPTTTCVm”TTChA;JAG GGAAbﬁhh"m”b”“hAﬂGL CAAMNAAAGTGATGG
AAAACCAGATGTTCGAGGAAAAGCAGGCCGAGAGCATGCCCGA AGCAGGAGTACAAA
TCACCCCCCACCAGATCAAGCACATT, .quMTTksAbCPCTAC NAG
ACAWGAA)VuTnATAbPCﬂGCTGAT:AAC&PCRCCCTFTACTCCBCCCGGAAC4ACGACAAGG
La CCTGATCGTGAACAATCTGAACGGLCT GTACGACAAGGACAATGACAAGCTGARARANGCTG
ATCAACAAGAGCCCCGAARAGCTGCTGATGTACCACCACGACCCCCAGACCTACCAGAAACT GAAGCT
TATGEGAACAGTACGGCGACGAGRAAGAATCCCCTGTACAAGTACTACGAGGARACCGGEGARCTACC
TGACCAAGTACTCCAAAAAGGACAACGGCCCCGT CATCAAGAACGATTAAGTATTACCGGCAACAAACTG
AACGCCCATCTGGACATCACCCGACGACTACCCCAACAGCAGAAACAAGGTCETGAAGCTETCCCTGAA
GCCCTACAGATTCGACGTGTACCTGGACAATGGCGTGTACAAGTTCGTGACCETGAAGAATCTGGATG
TGATCAAAAAAGAAAACTACTACGAAGT GAATAGCAAGTGCTATGAGGAAGCTARAGAAGCTGAAGAAG
ATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGAT CTGAT CAAGATCAACGGCGAGT]
GTATAGAGTGATCGGCETGAACAACGACCTGCTGAACCGGATCGAAGT GAACATGATCGACATCACCT
ACCGCGAGTACCTGGAARACATGAACGACARGAGGCCCCCCAGGAT CATTAAGACAATCECCTCCARG
ACCCAGAGCATTAAGAAGTACAGCACAGACATTCTGGGCAACCTGTA T”hA*“bﬁhhT““AﬁuhAhCﬁ
CCCTCAGATCATCAAAAAGGGCAALA GGCEGECCACCGAAAAAGGCCGGCCAGGCAARAAAGALAAN
hfqﬁatccfaﬁcvat“Pﬁﬂt”tfccagatf1 chtacccak“ﬂqﬁtg tccaqa tacgcttaccCa
jcttaaGAATTC tgatcageccte tgcett .

AGCTGCACGACAT!

tecetaataaaatgaggaaatt ofe]
gogc ag jacagcaagggggaggattgggaagagaatageaggecatgetgyy GeGuTAVtﬁAAC

T cattetggegygy
tyg
GAC?T ATCAACCCGCTCCAAGGAATCGCGGECCCAGTETCACTAGGCEGCGAACACCCAGCGLGL
~
e

399

GCT
GTGCCCLCTGECAGGARAGAT GEGCT GTGAGGE ACA‘GC”AGTSGCGC (ﬁ'GCAA‘l‘AT‘T’I'GChl"."TCGCl“
ATGTETTCTGECARATCACCATAAACGT GAAATGTCTT PGEGAATCTTATAAGTTCTGTATG

AGACCACATATAGTAATGAAATTATI CGTTTTA y ZGAAACAGAATCTA
GCAARATGCCETGTTTATCTCGTCAAC TbTmGFCGAUMTTTTTJUTApCFqu1CC‘0
agtthccact?vaLcuhtgcq“gctcgcLccuLCactcaggcc<og-qacadaagqtcg
cegggoetttgeccgggeggectecagtgagegagae caqctgpc,

gta;ttuctccttacgcatctutgccg;atr*ﬂ

AAAACAAG

ctgtagcggcgecattaa ’tggtgg

ccctagcecgececgotect Cg
goctetaaatcecggggget aaa
tgatttgggtgatggtt g
agtccacgttcttitaat: g9
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acaaaa

El .aecchaattt aat C tget
ctgatgcecgcatagttaagocageas acac tcaacac yoecctgacgggetitgt

ctjﬂtcccqjﬂatccq ctapaqaraagctjCﬁ ccgtc el _3tcanag3t tte
: > aggttaatgtca

1L+WLVVT7W*GT'ft+WQtC cocagaaacgetggte gtas »d1gCL0ddet
agtgggttacatcgaactggatctecaacagoggtaagate
atgatgagcacttttaaagttctgetatyg ttatcecaogta

=}

gtcgeccegeata

yactgga ¢
ttgctgataaat ;gvagcc<<tg q“q_ﬁgiaq”h

cggoocat cccx;;qq“‘g]+

atigragcactggggccagatggtaagee cgtategtagtitatctacacgacggggagtcagge
aactatggatgaacgaaatagacagatcgctigagataggtygectcactgattaagecattggtaactgt
cagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctag
gtgaagatcctttttgataatctc atgaccaaaat.ccttaagg+agg t#*ﬂnhticactgagc:tc
agaccccgtagaaaagatcaaaggatcecttcttgagatcetttttt ctgcgfqtaat gcttge
aaacaaaaaaace dccqct‘. gcqq:oqtttgtt jagctaccas Helef
saggtaactggetta t )

ccacttecaagaac

ccay actcaagac atagttaccggauaaggcqrag gy
tcgyg ctt gaacgacctacaccegaactgagata
ccta jagaaaggoggacaggtatceggtaa
gcgyg gggaaacgcectggtatcectttatagt
cctyg t:tgatgctcgt Caqg ggggccgqagcct
atygy acggttectggect gt tttgctcacatgt

SEQID NO: 22, Version 3 of vector 3
cctgoaggeagetgegegetegetegotecactgagyg
ggcgtcaotgagcanCGdgc c gagagggag
TCTAGAazaaaatc aacaagite
C C aaaacaca
ATARNGC LAA”’ ATCGAAATACTTTCAAG
PT“AAAACT””AAHCTB CCCAAGAAAT X
GTTTACAGTCAAATTAATTCCAATTA TLTPW”TAA(A”LLL”‘T
TCATGGCAAATAGGCCCTCCTCGAGCGAGCTCCACCGLGETEECEEECETCCGCCETCGGCACCATCCT
CACGACACCCAAATATGGCGACGGGTGAGGAATGETGGGCGAGTTATTTTTAGAGCGGTGAGGAAGGTG
GGCAGGCAGCAGGTGTTGGCGECTCTAAAAATAACTCCCGGGAGTTATT TTTAGAGCGGAGGAATGETG
GACACCCAARATATGGCGACGETTCCTCACCCGETCECCATATTTEGETGTCCGCCCTCGGELCGEGECEG
CATTCCTGGEEGCCEEECEETGCTCCCECCCECCTCGATAARAAGELTCCGGEECCEGCEGECGECCCAL
GAGCTACCCGGAGGAGC GGAGG“”CCAAGCW‘TAGAAiTAG”C SATCCCCCGGELCTGCAGGAATTC
ATATaccggtgocaccATGGECCCCARAGAAGARGT AGCTLb"AI“LACQQ““”CCCAC”AGCC
z GGAACTACATCCTGGEGCCTGGACATC CA’“’"A@ AGCET CATCATCGACTACG
ACACGGGACGTGATCGATGCCG TGCG GTTCAAAGAGG AAACAACGAGGGCAG
GCGGAGCAAGAGAGGCGCCAGAAGGCT AUVGFCGUAJGKuGu““AFAATva AGAV GAAGAAGC
TCCTGTTCCACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGEGGECATCAAC CTACGAGGCCAGA
GTGAAGGGCCTGAGCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGCCL TCCTGCACCTGGCCfaﬁAG
AAGAGGCGTGECACAACGTGAACGAGGTGGARGAGGACACCGECAACGAGCTGTCCACCARAGAGCAGA
TCAGCCGGAACAGCAAGGCCCTGEAAGAGARATACGTGECCGAACTGCAGCTGGAACGECTGAAGARA

tacaaatgCGGTETTTCGTC chp(ﬂAGnmAT
TACGGTAAG\ : W"AIAGT"” PTABBACATAAT

i ; TPTGTACTARTATCTTTGT
meth \TGCAAATAT GAAGGAA

.,2

72



WO 2020/214609 PCT/US2020/028148

GACGGCGAAGCTGCGGGGECAGCATCAACAGATTCAAGACCAGCGACTACGT GAAAGAAGCCAMACAGCT
GCTGAAGGTGCAGAAGGCCTACCACCAGCT GGACCAGAGCTTCATCGACACCTACATCGACCTGCTGG
ARACCCGGCGGACCTACTATGAGGGACCTGGCGAGGGCAGCCCCTTCGGCTGGAAGGACATCAAAGAL
TGCETACGAGATGCTGATGGCCCACTGCACCTACTTCCCCGAGGAACTGCGGAGCETGAAGTACGCCTA
CAACGCCGACCTGTACARCGCCCTGAACG! H(" C T G Ahf.} ;T cT CGT GATCACCAGGGACGAGAACGAGA
AGCTGGAATATTACGAGAAGTTCCA DJA G C AG}'—\‘A GAAGAAG C C C_AC
ANGCAGATCGCCAAAGARATCCT
CARGCCCG TCACCAACCTGAAGGTGTACC Ct\AG L
TT .G]‘J\f GC \/G]\‘\.\JC‘T‘ sCTGGATCAGATT ’k,r’\]\\:r \TCCTGACCATC T‘A(‘ CAGAGC, E" GCGAGE
CAGGAAGAACTGACCAATCT GAT\CT CCGAGCTGACCCAGGAAGAGAT CGAGCAGATCTCTAATCTG Z\f\.
GGGCTATA LCCGGL]\( CCACAACCTGAGCCTGAAGGCCATCAACCTGAT CCTGGACGAGCTGT GGCACA
CCAACGACAACCAGATCGCTA TC TTCAACCGGCTGAAGCTGGTGCCCARGAAGGTGCGACCTGTCCCAG
CA G%ASACAI CCCCACCACCCTGETGGACGACTTCATCCTGAGCCCCGTCETGAAGACGAAGCTTCAT
CLA\::ACCA_[ CAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAACCGACATCATTATCGAGC
TGGCCCEC *vAAUA}\ CTCCAAGGACGCCCAGARRATCGATCAACGAGATGCAGAAGCGGAACCGGCAG
ACCAMCGA L)' CGGATCCGAGGAAATCAT GACCACCG f:r CARAGAGANCGCCAAGTACCTGATC GA'\:AZ»\
GATCAAGCTGCACGACATGCAGCGAAGGCAAGTGCCTGTACA >
TGCTGAACAACCCCTTCAACTATGAGGTGCGACCACATCATCCC C']\"‘ 7{13 G _GT G CCTT CGAC Z\ACA\:'
TTCAACA? XCN) GGTGCTCGTGAAGCAGGAAGAAAACAGCAAGAAGGGCAACCGGACCCCATTCCAGTA
CCTGAGCAGCAGCGACAGCAAGAT CAGCTACGAAACCTTCAAGAAGCACATCCTCGAATCTGGCCAAGS
GCAAGGG CACH.A.[ CAGCAAGACCARGAAAGAGTATCTGCTGGAAGAACGGCACATCAACAGGTTCTCC
GTGCAGAAAGACTT CATCAACCGGAACCTGCTGCATACCAGATACGCCACCAGAGGCCTGAT GAACCT
GCTGCGGAG ’3‘ ‘”r\ CTTCAGAGT G]—L \CAAC (‘T GGACGTGAAAGTGAAGTCCAT A]“.‘.r\ TG (_ CGGCT
GCTTTCTGCGGCEGAAGTGCAAG [AAGARAGAGC ACAAGGGGTACAAG
GCCCTGATCAT A CARAAGAGTGGAAGAAACT
GATGGAAAA CCGAGAGCATGCCCGAGATCGAAACC GT‘;GCAGP AGT

T

i

9

ACY‘—\%LHJA- TTCHrl'CAC(,(‘CCCA(,CA(J ARGCACATTAAGGACTTCAAGGACTACAAGTACAGC
CACCGGGTGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCGGAAGGACGA
CAAGGGCAACACCCTGATCGTGAACAATCT AAC-."GC’“ GTACGACAAGGACAATGACAAGCTGAAAA
AGCTGATCAACAAGAGCCCCGAAAAGCTG ATGTACCACCACGACCCCCAGACCTACCAGRAAAC

AAGCTGATTATGGAACAG "FACGG'“QA(‘GAUAF;(J!—\]A TCCCCTGTACAAGTACTACGAGGAAACCGGEAA

CTACCTGACCAAGTACTCCARAAAGGACAACGGCT TGATCAAGAAGATTAAGT
AACTGAACGCCCATCTGGACATCACCGACGACTACCCCAACAGCAGAAACAAGGTC
CTGAAGCCCTACAGATTCGACGTGTACCTGGACAATGGCGTGTACAAGTTC :T GACCGTGAAGAZ ‘{:C
GGATGTGATCAAAARAGAAAACTACTACGAAGTGAATAGCAAGT GCTATGAGGAAGCTAAGAAGCT GA
AG}XKGﬁ"'1’C3;”3(‘]%]%CCAG"SCCGAC'“""IA’I’CC’“’“""‘”l’TCTA’“AﬁLF WCGATCTGATCAAGATCAACGEC
GAGCTGTATAG ATCGGCGTGAACAACS, GCTGAACCGE PTL"AA"'”GAA(" TGATCGACAT
CACCTACCGCG ACA’"G’\/’C CCCAGGATCATTAAGACAA

GCG Zat]
CCARGACCC ‘AGAGCAT”"‘ZA} GAA GGGCAACCTGETATGAAG
TCATCAAAAAG AR GG ACGAAAPAGE

ATTACGGCAACA
GTGAAGCTGTCC

“GCCT
"CTARG
CARARRA,

AAGCACCCTCAGA!
GARRAAGY

gocagecatetgttyg
ac 3t“ﬂttgpct3atdda8
gggvuqootggcq”agg'c
CGAACGCTGACGTCATCAS AAGCGAATCGCGGGCCCAGTGT CACTAGGCGGGAACACCLAG
CGLELETGLGCCCTGGLAGGE TCTGAGGGACAGGGGAGTGELG >CAATATTTGCATG
TCGCTAT GTULTCTG;JAZAﬂCALLATAAApVTFAAA GTCTTTGEGATTTGGEGAATCTTATAAGTTCT
GTATGAGACCACATATAGTAATGAAATTATTGGCACCTTTTAGTACTCTGGAAACAGAATCTACTARA

ggaaattgc tcécattqtﬂtgagtang*gfﬁattcLat*ﬁtgga
jgaggatuﬁggdagaﬂadkagcagg“a”nrtggcqabGlAL

3999
C

NGO of &
O

;r;
')C“ 3
“'?

ACAAGCCAAAATGCCCTGTTlATCTLGTCAA CTTGTTGG FAGA**TTLGC*MLbdqqdd :ctag'
gatggagttggecacteectetetgegaget gagg cgcec
gacgcccgggrtt*gcccoggcqg gcg cgectg
atgecggtattttcotceccttacgeate gca tagtac
gogeect tagcggugcattaagfﬂ acgc acttge
cagecgec tct ttcecece
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acggtttttcecgeootttgac
acactcaaccctatctegy
tgagetgattitaa
ctcagtacaat

ﬁgac cﬁ
ALL+qccaat

rgagtatgagtat
ttqctcaca,agaaacgc:#_.j"fj‘.aaagaf"
‘“catcgaacrggd tcte cttg

cct Lgagag“*ttﬂgcccc
t"”aa‘““t"agpdct ttaaagt attatccegtattga

agcaactcggtegecgecatacac tgagtactcaccag
gccataac gt

aaq*"aﬁ ,caaavq
stia (o}
; L;Caqq f
agcgtggaagceccgeg
tdpcharggggagt

’cthqvttnccqoco gac
ggcccttocggetggetggtttattgety

ttgcagcactggggccagatggtaagace

tg
TC

]

ctat antgadcgaaatwadcagatcgc

:gacc.
ttcitqaaau

a av-qgtg yttty Gge

tte ttcagcaga_cgcagata@“aaa ccttotagtgtageecgtagtta
ggc actctgtagcaccgoctacatacctegetetgetaateetgtt ac~aﬁtg3c
tge aagtcgtgtcecttaccgggttggactcaagacgatagttaceggataaggeyg
agcyg gggggttcgtgcacacagecca tggagcgaacgacctacaccgaactg
agatacc gctatgagaaagcgccacgett ga cggacaggtatcc
vaaagc ;qtc<*aacaqqaou cge efefe] : »ﬁﬁqdddCQCCLU;thv

atagtaoct gogtttcgocace gtc \; ctegtcagggggycygy

agc Ftehqqaaaqacq scagcaacys
catgt

;*gqcctttf;gw(d

SEQ D NO: 23, Version 4 of vector 3

ccfg“eggCigctchco;thc:cg;bcachagqccqcc‘q]qcvthqqc*acct

ggtcgeea

ggcctrocagtgagogagcecgagegecgcagagagy gtqg caactccatcactaggggttectgecggea
TCTAGAaaaaatcthccaapaajutgdcqagatdao acggcattttgecttgttttagtagattct

Gt%tccaoaqtacta“aaczcaﬂ tecctcohetatacaaatgCGETGTTTCGTCCTTTCCACAAGATAT

ATARAGC GAAATCGAAATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAACATAAT
TTT AAAAFTVVAAAFT?CCbAPGAAATmJTTACTTTCTACU'CACGTA TTTGTAC TAATATVTT-uT
GTTTACAGTCAAAT TAATTCCAATTATCTCTCTARACAGCCTTGTATCGTATATGCARATATGAAGGAA
TCATGGauﬂuiﬁCatCpACCmtCRCCtEtaaacaaogt+q“aL;+c::aggtiqaczztf,auaLh.a
aaataactgaggtaagggectgggtaggggaggtggtygtgagacgectectgtetetectectataetygec
catcggcec c““tqjogaggaggaatgtgh”daaggactaaaaaaaggccatggag;c gaggggcy
ggcaacagacctttecatgggecaaacctiggggocctgectgtetagecatgeccea
tgcccatgtaaggaggcaaggectygg agatgc t att
ctgcoceeccecoccecaacacctygaote g tggtggat
gaagatcttegaacaaggobatggygyce tLggggged
Aﬂf*ﬁﬁctqqcau rccaaaqg E icgaagggecage tdtc ,ccag
ctagactcageacttagtttaggaaccagtgageaaghcagecctiggggcagaoccatacaaggecat

gaggcectygggcaagetgecacgectgggtecggggtgggcacggtgeccgggcaacgagetgaaagetea
tctgetetcaggggeccctecctggggacageccctectggetagtcacaccetgtaggectoctetat
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ataaac: acaggggctgecctecattctaccaccaceteccacageacagacagacactcayy
gecagy ggcgegeccaceggtgoeecaccATGECCCCARAGAAGAAGCGGAAGGTCGGETATCCAL
GAGTCCCAGCAGCCAAGCGGAACTACAT CCTGEECCTGEACATCGECATC L\Ci,AGCGTvL:FC’?‘ACW
ATCATCGACTACGAGACACGGGACGTGATCEATGCCGECETGCCECTGTTCAAAGAGGCCAACGTEGA
AANCAACGAGGGCAGGCGGAGCAAGAGAGGCGCCAGAAGGCUTGAAGCGECGE JGCGG CATAGAATCC
A.CA CAGTGAAGAAGCTGCTGTTCEACTACAACCTGCTGACCGACCACA ((J CTGAGCGGCATCAAC
CCCTACCAGGCCACAGTGAAGGGCCTCGAGCCAGAAGCTCAGCGAGGAAGA! i“-""”""f“l‘(",LG SCCTGCT
AC CT {GCCAAGAGAAGAGGCGTGCACAACGTGAACGAGETGGAAGAGGACACCGGCAACGAGCTG'
1“ CCAALGAGCAGATCAGCCGGE xAATACGTGC CCGAA CT‘LSCZ‘C“W
AC
A

-mCA\/(‘AAGG(;“ CTGGAAGAG! CTG
a’\ WCGGCTGAAGAAAGACGGCGAAGTGCGGGEGCAGCATCAACAGATTCAAGACCAGCGACTACGTGAA
AGCCAARCAGCTGCTGARAGG TGCACA’AGGCC""TALCCACCA CTGG‘\\,J\G AGCTTCATCGACACCT
ACATCGACCTGCTGGAAACCCGGCGCACCTACTATCAGGCGACCTGGCGAGGGCAGCCCCTTCGGCTGE
\GGACATCAAAGAATCGTACGAGATGCTGATGGHGCCACTGCACCTACTTCCCCGAGCGAACT GCGEAG
CCTGAAGTACGCCTACAACGCCGACCTGTACAACGCCCTGAACCGACCTGAACAATCTCGTGATCACCA
GGCGACGAGAACGAGAAGCTGGAATATTACGAGAAGTTCCAGATCATCGACAACGTGTTCAAGCAGAAG
sCCCACCCTGAAGCAGATCGCCAAACAAAT CCTCGTGAACGAAGAGGATATTAAGGGCTACAG
ACCAGCACCGGCAAGCCCGAGTTCACCAACCTGAAGGTGTACCACGACAT CAAGGACATTACCG
CCCGGAAAGAGATTATTGAGAACGCCGAGCTGCTGGATCAGATTCCCAAGATCCTGACCATCTACCAG
AGCAGCGAGGACATCCAGGAAGAACTGACCAATCTGAACTCCGAGCTGACCCAGGAAGAGATCGAGCA
GATCTCTAATCTGAAGGGCTATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGATCCT GG
ACGAGCTGTGGCACACCAACGACAACCA C-xh'“""‘GC "AI"""T’”A_AL"‘GGC"’GHP"SCZG STGCCCAAGAAG
GTGGACCTGTCCCAGCAGAAAGAGATCCCCACCACCCTGCTECGACGACTTCATCCTGAGCCCCETCET
GAAGAGAAGCTTCATCCACGAGCATCAAAGTG ’I‘CA/—;C’ZCLA"’C‘-\”"CI—\J—\ GAAGTACGGCCTGCCCAACS
ACATCATTATCGAGCTGGCCCGCGAGAAGAACT CCAAGGACGCCCAGAAAATGATCAACGAGATGCAG
>CGGAACCGGCAGACCAACGAGCGGATCGAGGAAATCATCC WCCACCGG ,nAZ‘ GAACGCCAA
GTACCT GATCGAGAAGATCAAGCTGCACGACATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCA
TCCCTCTGGAAGATCTGCTGAACAACCCCTTCAACTATGAGGTGGACCALY fi‘CAT’JCC\, AGAAGCGETG
TCCTTCGACAACAGCTTCAACAACAAGGTGCTCGTGAAGCAGGAAGAARACAGCARAGAAGGGCAACCG
GACCCCATTCCAGTACCTGAGCAGCAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATCC
TGAATCTGGCCAA va}-;_/—;JGGC GAATCAGCAAGACCAAGAAAGAGTATCTGCTGGCAAGAACGGEAC
ATCAACAGGTTCTCCGTGCAGAAACGACT TCATCAACCEEAACCTGETGGATACCAGATACGCCACCAG
AGGCCTGATGAACCTGCTGCGGAGCTACTTCAGAGTGAACAACCTGGACGTGAAAGTGAAGT CCATCA
ATGGCGGCTTCACCAGCTTTCTGCGGCGGAAGT GGAAGTTTAAGAAAGAGCGGAACAAGGGGTACAAG
CACCACGCCGAG C ACGCCCTGATCATTGCCAACGCCGATTTCATCTTCAAAGAGTGGAAGAAACTGGA
CAAGGCCARARAAAGT GATGGAAARACCAGAT GTTCGAGGAAAAGCAGGCCGAGAGCATGCCCGAGATCG
ARR \"‘CGAGLHJJ GTACAAAGAGATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCARG
GACTACAAGTACAGCCACCGGGTGCGACAAGAAGCCTAATACGAGAGCTGATTAACGACACCCTGTACTC
CACCCGGAAGGACGACAAGGECAAL I—\C”'(‘.’l‘f:]drl""""C‘AJACAf—Ll‘(“"'\.u—\J—\ GCCC””"EA"‘A(A—\&Q GACA
ATGACAAGCTGAAAAAGCTCGATCAACAAGAGCCCCGAARAGCTGCTGATGTACCACCACGACCCCCAG
ACCTACCAGAAACTGAAGCTGATTATGGAACAGTACGGCGACGAGAAGAATCC ,\,TCTFA CAAGTACTA
CGAGGAAACCGGGAACTACCTGACCAAGCTACTCCAAAAAGGACAACGGCCCCGTCATCAAGAAGATTA
AGTATTACGGCAACAAACTGAACGCCCATCTGGACATCACCGACGACTACCCCAACAGCAGAAACAAG
GTCGTGAAGCTGTCCCTGAAGCCCTACAGATTCCGACGTGTACCTGGACAATGGCETGTACAAGTTCGT
GACCGTGAAGAATCTGGATGTGATCAAAAAAGARARACTACTACGAAGT ’“r\;—\"’AG’”PAG’! GCTATGAGG
AR [AAGAAGCTGAAGAAGATCAGCAACCAGGCCGAGTTTATCGCCTCCT CAACAACGATCTG
ATCAAGATCAACGGCGAGCTGTATAGAGTCGATCGGCET GL\A CAACGACCTC GAACCGGATCGAAGT
GAACATGATCGACATCACCTACCGCGAGTACCTGGAAAACATGAACGACAAGAGGCCCCCCAGGATCA
TTAAGACAATCGCCTCCAAGACCCAGAGCATTAAG Az\w TACAGCACAGACATTCTGGGCAACCTGTAT

GAAGTGAAATCTAAGAAGCACCCTCAGATCAT J\Ahﬁ]\\mm AAAAGGCCGGCGGCCACGARARARAAGET
CGGCCAGGCAAA F\I\AC]\AAA]\G(]’]dt ccetaccoccatacgatgttecagatta “tacecatacgatyg
ttccagattacgoettacelat cgatg te ar*a._t acgcttaaGAA gagctcecgetgatcag

ctcgactgtgect c ttgoceccte cctte g
gaaggtgcca;tcc a aggaaattg ttgtct g
tcattctattcectgggg aagggggag aagags c
atgctggggaGGTAL CGCTCCAAGS 5GC A
GGCGGGAACACCCA GATGGCTGET AGG .C
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TGCAATATTTGCATGTCGCTATGTGTTCTGGEGAAATCACCATAAACGTGAAATGTCTTTGGATTTGGG
HA”“TTTTQA“TTCTCTATGAGACLACATATAGTﬁ1TCLz ATTATTGGCACGTTTTAGTACTCTGGAA
ACAGAATCTAC T%MAAV““GGJF NAATGCCETGTTTATCT

CCaggaac tgg;cactcc;tctctgcg gc

gaccaaa ggctttgcecegggecggect g

ctgcagg ttttetoccttacgecatetyg ca
ac tagcggogecattaagegeyg
tagege ttecge

. ¢ sgggt
gat tqqhtgdtq racgtagtygge
agtccacgttcetttaat agtq yact
t,t_,tqatt“dtoaﬂggdt
attt aacgrgddttutaqp
-

cacectegaca

9]

g AU T
Q
lu el

Nolole
calege

atgtgtcagagg! qtu< coet

o]

cq oq
0Lit“ccu.

nvqeaa a;qajq‘gtatgaq?attcaac ttteccgigtegeeet

catgagacaataa
gotte

att ccttftttgcqqrat ttjcct cctgtttttgectocacccagaaacgcectggtgaaagtaaaag
atgctgaagatcagttygg OtQCQCGag gagttacatcgaactggatctcaacageggtaagatectt
tttte atga:cacttttwgqat#c Q““a#qbag g qgt
cggte tgg

ot (

,‘qct
aaggaget
aqﬁﬁv?aﬁq

,
¢
&

Lol

el
)

Q0

aagccat cg cg cgcaaacta
ttaactg ta te

tgcaggac ct tyg
agcgtgga cq to
ta t ct
gattaa G gtecagacae " atactt 3 L»;.: —aaaactteatt

"ratc"’

quMQddeju
caaaaaaaccaccgctac aqccctqa

TG

¢
[te
p

oF o ot ot Sl*

aagtqqrttbaqﬁahaQCQﬂana accaaatactg
c Cgct
aag

Al

[ve)

YL

OQ a
9]
o Q

}.qchqth qqea£=;" *Ju; oa;qﬁ‘qctt(gu;‘_;‘;<
gtcecgggttteg : ,gtcgdtttttc
Lggaaaaacgccagoaacy f “*gq“h

t'gtaa“*;gthggaqc
ctggceccttttgetcacatgt

SEQ 1D NO: 24, polynuciectide encoding SV40 intron
1Q1aougg@1ccxgtgLbbjdggaacbgadaad;cagaudjttda tggtaagtttagtett
tttgtcetttta <

ggatgttgect

SEQID NQ: 25
NNGRR (R = A or G; N can be any nucleotide residue, e.g., any
of A, G, C, or T)
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SEQIDNO: 26
NNGRRN (R = A or G, N can be any nucleotide residue, e.g., any
cf A, G, C, or T)

SEQID NC: 27
NNGRRT (R = A or G, N can be any nucleotide residue,

\

cf A, G, C, or T)

@

ge, any

SEQ D NO: 28
NNGRRV (R = A or G, N can be any nucleotide residue, e.g., any

cf A, G, C, or T)

SEG D NO: 29, Version 3 of vector &
‘“?qwaggﬁig‘tchc;ctc
cctroagtgagogagcecgagegegcagagagggagtage
TCmAb \CTCGAGGAGCTCCACCGLGGTGGCEECCET FGCCtrC”“CPCLxTCCELhL ACCCAAA
TATGGCGACGGGETE ACCAAT.}”"“GGAGT”PTT”TTA”AGCCPW”AUUAAPGTGGGPA GC“GCAGG
TGCTTGGCGCTCTAAANNTAACTCCCGGEAGTTA' buah“ﬁG”GGh”ALC TAT
GGCGACGETTCCTCACCCGT CGCCATATTTGGGT G ;
CGGECEETECTCCCGCCCGCOT TAARAGGCTCC cC
JA@MGCGPGGCGCCAAGCTCTACHACTAFTGGATCL CCGJJ‘vaMCbt
agaggatocggtactegaggaactgaaaaa and?g*tad'tggtvdd
tatttcaggtcccggatecggtggtggt datﬁaadgaqﬂtghpc
ttctaggecctgtacggaagthgttacge LVAPP” ’“AAP@A .AAGL
GAG “F"pﬁuthP“AAGCGPAAb_nF RE GTuCQ“TACGGF
ATCATCGACTACG,
AAACAACGAGGE
AGAGAGTGAAGA TTCGAC

CCCTACGAGGCCAGAGTGAAGGGCCT

ToNTIA TR

AAC ,'T C'T JACK L)A (‘é\u ,(‘/»x(‘r(ﬂi SAGC CATC

GCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGCCCTGLT
GCACCTGGCCAAGAGAAGAGGCGTGCACAACGTGAACGAGGT GGRAAGAGGACACCEGCAACGAGCTGT
CCACCAAAGAGCAGATCAGCCGCGAACAGCAAGGCCCTGEAAGAGARATACGT GGCCGAACTGCAGCTG
GAACGGUTGAAGAAAGACGGCGAAGTGCGGEECAGCATCAACAGATTCAAGACCAGCCGACTACGTGAA
AGAAGCCAAACAGCTGCTGAAGGTGCAGAAGGCCTACCACCAGCTGCACCAGAGCTTCATCGACACCT
ACATCGACCTGCTGGAAACCLCGGCGGACCTACTA rAwubAfC”“uLUhC CAGCCCCTTCGGCTGE
AAGGACATCAAAGAATGGTACGAGATGCTCGATGGE ’\k,T(Jl\jZ{(‘f\ﬁAL,mT(\k \,C\J]\GFT\ACT CGGAG
CGETC AA\TA\U/LTTC”ACGC pCTuTACsAL\CP7£; AAC GATCACCA
>CTGGAATATTACGAGAAGTTCC HvATC“ CCAJA“bGlJTTbAAGCACAAG
AR AAC CC””CCTGAAQCAGATCGCCAAA SAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAG
AGCACCEGCAAGCCCGAGTTCACCAACCTGAAGGETGTACCACGACAT CAAGGACATTACCG
,AC/'—\GATMAI' GAGAACGCCGAGCTGCT GG, AGATTGCCAAG ZCTGACCATCTACCAG
GAGGACATCCAGGAAGAACTGAC SAACTCCGAGCTGAC LAGAGATCGAGCA
,TCW'”W”TCAAUuuCTATACCG ACCCACAACCTGAGCCTCGAAGGCCATCAACCTGATCCTGE
ACCGAGCTGTGGCACACCAACGACAACCAGATCGCTATCTTCAACCGGCTGAAGCTGGTGE CPAAbAAG
GTGGACCTGCTCCCAGCAGAAAGAGATCCCCACCACCCTGGETGCACGACTTCATCCTGAGCCCCGTCET
GAAGAGAAGCTTCATCCAGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTG C\,J CG
ACATCATTATCCGAGCTGGCCCGCEGAGAAGAACTCCAAGGACGCCCAGAAAAT GATCAACGAGATGCAG
ARAGCGGAACCGGCAGACCAACGAGCGGATCCAGGAAAT CATCCGGACCACCGGCAAAGAGAACGCCAA
GTACCTGATCGAGAAGATCAAGCTGCACGACATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCA
TCCCTCTGGAACATCTGCTCGAACAACCCCTTCAACTATGAGET \CCACATCATCCCCAGAAGCETG
TCCTTCGACAACAGCTTCAACAACAAGETCGCTCGTGAAGCAGGAAGAAAACAGCAAGAAGGGCAACCG
GACCCCATTCCAGTACCTGAGCAGCAGCGACAGCAAGATCAGCTACGAAACCTT CAAGAAGCACATCC

TGAATCT F“”\hva SCAAGGGCAGAAT CAGCAAGACCAAGAAAGAGTATCTGCTGGAAGAACGGGAC
ATCAACAGGTTCTCCGETGCAGAAAGACT TCATCAACCGGAACCTGGTGGATACCAGATACGCCACCAG
AGGCCTGATGAACCTGCTGCGGAGCTACTTCAGAGTGAACAACCTGCGACGTGAAAGTGAAGT CCATCA
TGGCGGCTTC AL" \GCTTTCTGCGGCEGAAGTGE TTAAGAAAGAGCGGAACAAGGGGTACAAG

CAATCTG

o
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CACCACGCCGAGGACGCCCTGATCATTGCCAACGCCGATTTCATCTTCAAAGAGT GGAAGAAACTGGA
CAAGGCCAARARAAGT GATGGAAARACCAGAT GTTCGAGGAAAAGCAGGCCGAGAGCATGCCCGAGATCG
ARACCGAGCAGGAGTACARLAGAGATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCARG
GACTACAAGTACAGCCACCGGGTGGACAAGAAGCCTAATAGAGAGCTGATTAACCGACACCCTGTACTC
CACCCGGAAGGACGACAAGG CHACALCCTCAT"”TLAALAAFCTGAA“GG”"TGnhC ACAAGGACA
TGACAAGCTGAAAAAGCTCGATCAACAAGAGCC GAAAAGCP 'GATGTACCACCACGACCCCCA
TAC”ACAAA"WCAAQCTQATWATUQAAFLbTAF VAGAATCCCCTGTACAAGT!

GGAAACCGGCAACTACCTGACCAAGTACTCCAAA \CGGCCCCGTGATCAAGAAG

Qo
o

AGTATTACGGCAACAAACTCGAACGCCCATCTGGACATCACC \CTACCCCAACAGCAGAAA
GTC TCPJaCTG CCCTGAAGCCCTACAGATTCGACGTGTACCTGGACAATGGCETGTACAAGTTCGT
GACCGTGAAGAATCTGGATGTGATCARAAAAGAAAACTACTACGAAGT GAATAGCAAGTGCTATGAGG

”CC1AH5A””‘T”AAuAAGATCAGCAACCAGGLuGAuT”TATCGC‘TCCTivTACAACAhCFAIb
ATCAAGATCAACGGCGAGCT GTATAGAGTGATCGGCGTCAACAACCGACCTGCTGAACCGGAT CGAAGT
SAACATGATCCACATCACCTACCGCGAGTACCT AAAACATbAACGACAﬁun»» CCCCCAGGATCA
TTAAGACAATCGCCTCCAAGACCCAGAGCATTAAGAAL ?A”Pbp“”A»PLA““C““GUVAAP“Tb“AT
GAAGTGAAATCTAAGAAGCACCCTCAGATCATCAAAAAGE AAAAAGGC
CGGCCAGGCAAAAAAGAAAAAGYga AATT C
th_UL*qu“LL+tqaLcagq“quCGTACCAAAAATCTCGCCAPLAAGTTGAuunCATAAACAVb
CATTTTGCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAAAACacatttcectctctatacaaatgl
GGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCGAAATACTTTCAAGTTACGGTAAGCA
TATGATAGTCCATTTTAAAACATAATTTTAARACTGCARACTACCCAAGAAATTATTACTTTCTACGET
CACGTATTTTGTACTAATATCTTTGTGTTTACAG CAAPT”AAPm”LAAIT VICTCTCTAACAGCCTT
GTATCGTATATGCAAATATGCAAGGAATCATGGCAAATAGGCCCTCCTCGACTAGTAGARMAAATCTCGC
C\”vAAGTTFZCbAGAWAAA CACGGCATTTTGCCTT TTAGTAGATTCTGTTTCCAGAGTACTA
TAATTTCATTACTATATCG TTCGTCCTTTCCACAAGATATATARAGCCAAGAAAT
CGAAATACTTTCAAGTTACGETAAGCATATGATAGTCCATTTTAAAACATAATTTTAAAACT GCARAC
TACCCAAGAAATTATTACTTTCTACGTCACGTATTTTCTACTAATATCTTTGTGTTTACAGT CAA
AATTCCAATTATCTCTCTAACAGCCTTGCTATCCTATATGCARATATGARGCAAT CATGGGAAATAG
CCTCGGTACCa gqaaCchtaﬁtgatqjag“VUQﬁFabgc ctot tqwﬂpgpt”gﬂtugct@a"-ga
ggccgggcgaccaaaggtogeccgacgecagygygae ttgcc j
gcagctgcecctgecaggggcgectgatgeoggtattttcte
atacgtcaaageoaaccatagtacgego cageggega
cgcagogtgac ~tacacttgecagogece ’gc cecogatec
cgecacgttegecgge zaatcggy
ctittacggcacc LLG&

G)

¢
JUNRNY]

O
ko)

tagacggtttttogece Cccacgttett e)
aacaacactcaaccctat : / cttttgs 'tat t

¢t
Qo W

ggtta=zaaa

ttatggtgc aa

accegetga c
gct; e

h;gadarhtchcgceac:chPttt

gtb CCCttdvt
agt aaaﬂhztccha
ﬁgdf tgagagtt vadiqa gagca
ggcgoggtattateeegtattgacgoogggcaagagecaactegy )
Lgdcttggt;oajtactcaccaqchacaQaadagcQLvutacqutggcatgacagtaagagaatﬁat
geagtgetgecataaccatgaghe cgqccaa" i caacgateggaggacaey

aaggagctaaccgettt tttgca ggatcatgt c ttjat; jttgggaaccgga
yCt ol caadcgacaagcth caccacga caatggcoaraauct:ac
c gaactacttabtutagcttcccgg
cacttctgcg . gctyg
gc gggy«
g =g
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actgattaagcattggta . . E
P*ttwta?ﬁttadaag aggtgas Lttt at Ao F: aaatcect
tte qttﬁhactq«f

rttuaaqwcc
jtggcgab:agt
Gqct(ancq_g;gq

sy

acagagy
yoggeagye

1 //\V;
Cqgd

d}FﬁaaLbd(thvaCC
cggdqhaagqcoqaﬁaqgt
a;ggqqaaengccr

SEQ D NO: 30, Version 4 of

)
gctgegad cgo

cct ctyg
ggcct c ggg
TCT? t aga
ggtage a ct
aat aaaagygae

aac ;

ctggg cc

tgctg gt

gaggg gt

attac G T g
acca gc c
gtcags g

jeeqols
By

QW
Q
e}
o
]

ceteat agga quCC&QCVCDTGC
atccecggtactegaggaacigaaaaaccagaaagttaactggtaagtittagtetitttgtettttat
tcaggtcecococggatecggtggtggtgcaaatcaaagaactgectectecagtggatgttgectttactte
aggcctgtacggaagtgttacgoecaCCATGGCCCCAAAGAAGAAGCGGAAGGET CGGTATCCACGGAG
TCCCAGCAU CAA,C uhhfmﬁpn“ﬁfmquCC“G ﬁvnr"”bpnﬁfa AGCQWGGGV._(GGLAWF

TGCCGGCETGECGEE

GCCAGAAGUCTG“AGCGGC‘UAUUQGJwATAWxATCLHK
ACCTGCTGACC :%CCACA:LCAGCTGHGCGCCATCAACgVV
TC”F GbCCCC:TUCT:C

CZ\AC GA G G G CAG G C C > GAC C‘ AR GA'\yAG
GAGTGAAGAAGCTGCTGTTCGACTAL,
TACGAGGCCAGAGTGAAGGGCCTGAGCCAGAAGCTGAGCGAGGAAGA
CCTGGCCAAGAGAAGAGGCGTGCACAACGTCGAACGAGETGGAAGAGGAC
CCARAGAGCAGATCAGCCGGAACAG CCCTGGAAGAGAAATACGTGGCCG ACTCFAGf
CGGCTGAAGARAGACGGCGAAGTGCGGEGCAGCATCAACAGATTCAAGACCAGCCGACTACGTGAAAGA
AGCC AAAFA””TUVPCAPGGTQCA“AAGGCCTAC“ACCPQ”“QCACLAGACCTTCATP”PLA”FTA CA
TCGACCTGCTGGAAACCCGGUGGACCTACTATGAGGGACCTEGCGAGGECAGCCCOTTCGGCTGGAAL
A\AprJAvAATGFTACGA'-TGCTUATGhFCbACT'vaC ACTTCCCCGAGGAACTGCGGAGCET
GAARGTACGCCTACAACGCCGACCTGTACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGG
ACGAGAACGAGAAGCTGGAATATTACGAGAAGTTCCAGAT CATCGAGAACGTGTTCAAGCAGAAGAAG
AAGCCCACCCTGAAGCAGAT CGCCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGCGGCTACAGAGT
GACCAGCACCGGCAAGCCCGAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTACCGCCC
GGAAAGAG ATTGAGAACGCCCGAGCTGCTGEGATCAGATTGCCAAGATCCTCGACCATCTACCAGAGC
AGCGAGGACATCCAGGAAGAACT GAACTCCGAGCTGACCCAGGAAGAGATCGAGCAGAT
CTCTAATCTGAAGGGCTATACC AMRCCTGAGCC ﬂCAanCVATVALppT'xTCCTC”ACG
AGCTGTGGCACACCAACGACAACTY TCAACCGGCTGAAGCTGGTGCCCAAGAAGETG
GACCTGTCCCAGCAGAAAGAGATCCCC CCTGGTGGEACGACTTCATCCTGAGCCCCGTCGTGAA
GAGAAGCTTCATCCAGAGLK“CRAAGTwnTVAAC GCCATCATCAAGAAGTACGGCCTGCCCAACGACA
TCATTATCGAGCTGGCCCGCGAGAAGAACTCCAAGGACGCCCAGAAAATGAT CAACGAGATGCAGARG
CGGAACCGGCAGACCAACGAGCGGATCCAGGAARATCATCCGGACCACCGGCARAGAGAACGCCAAGTA

79
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CCTGATCGAGAAGATCAAGCTGCACGACATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCATCC
CTCTGGAAGATCTGCTGAACAACCCCTTCAACTATGAGETGGACCACATCATCCCCAGAAGCETGTCC
TTCGACAACAGCTTCAACAACAAGGTGCTCETGAAGCAGGAAGAAAACAGCAAGARAGGGCAACCGGAL
CCCATTCCAGTACCTGAGCAGCAGCGACAGCAAGATCAGCTACGARACCTTCAACGAAGCACATCCTGA
ATCTGGCCAAGGGCAAGGGCAGAAT CAGCAAGACCAAGAAAGAGTATCTGCTGGAAGAACGGGACATC
ARCAGGTTCTCCGTGCAGAAAGACTTCATCAACCGGAACCTEGTGGATACCAGATAC

~NeNR

CACCA

CCTGATGAACCTGCTGCGGAGCTACTTCA TGAAC \CGTGAAAGTGAA
GCGGCTTCACCAGCTTTCTGCG AAGTTTAAGALAGAGCGGAACAAG

CACGCCGAGGA CCTGATCATTGCCAA CGATTTCATCTTCAAAGAGTGGAA AACT GGACAA,
GGCCAAAAARGTGATGGAAAR (CHGHTGTTCGA:G]AMAGVAFﬂCCm\aACCATCCVCCAG TCGAAA

CCGAGCAGGAGTACAAAGAGATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGA CARGGAC
TACAAGTACAGCCACCGG TGGA”AAGAAC”.lhﬁTA”A&AJCI SATTAACGACACCCTGTACTCCAC
CCCGAAGGACGACAAGGGCARCACCCTGATCGTGAACAAT CTGAACGGCCTGTACGACAA
ACAAGCTGAAAAAGCTGATCAACAAG, GARAAGCTGCTGATGTACCACCACGACT

TACCAGAAACTGAAGCTGATTATGCAACA
C;AJPPVGGGAPP ACCTGACCAAGTACTCCAAARAGCGACAACGECCCCGTCATCAAGATZ 'TA
ATTACG TGAMNC TCTGGACATCACCGACGACTACCCCAACA GCM;AAZWAAU 1
GTGﬁﬂﬂCTCTCLCT AAGCCCTACAGATTCGACGTGTACCTGGACAATGGCETGTACAAGTTCGTGAL
CCTGAAGAATCTGGAT GTGATCAAAAAAGAALPACTACTACGAAGT GAATAGCAAGTGCTATGAGGAAG
CTAAGAAGCTGAAGAAGATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCTGATC
AAGATCAACGGCGAGCTGTATAGAGTGATCGECGTCAACAACGACCTGCTGAACCGGAT CGAAGTGAA
C‘M”AI”GJCLTLACCTPLLQ(CA“TACCTCGAAAACAWQAA(PBCAAGAP"L CCC‘A GGATCATTA
AGACAATCGCCTCCAAGACCCAGAGCATTARGAAGTACAGT CCTGTATGAA
GTGRAAATCTAAGAAGCACCCTCAGATCATCAAAAAG wAAAG:CCGG
CCAGGCAAAAAAGARAAAGYgatccGAATTCtagcaataaaggateg cattggaagogtyg
tgttggttttttgatcaggey GTACCAAAAATCTCGCCAACAAGT TGACGAGATARACACGGCAT
TTTGCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAAAACacatttcctotctatacaaatgCGGT
GTTTCGTCCTTTCCACAAGATATATAANAGCCAAGAAATCGAAATACTTTCAAGT TACGGTAAGCATAT
CATAGTCCATTTTAAAACATAATTTTAAAACTGCAAACTACCCAAGAARTTATTACTTTCTACGTCAC
TTTGTAL! l‘AA’I"”"‘”/’l"l"T' TG 5 TAATTCCAATTATCTCTCTAACAGCCTT
GTATATGCAAATATCAAGGAA MHTGGUAhhTPbULCCm CCTCGACTAGTAGARAAATCTCGCCAA
CAMOTTUALUAGATAAACAP sGCATTTTGCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAAAACG
TGCCAATAATTTCATTACTATATCGGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGARATCGA
AATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAACATAATTTTAAAACT GCAAACTAC
CCARGAAATTATTACTTTCTACGTCACGTATTTTGTACTAATATCTTTGTGTTTACAGT CAAATTAAT
TCCAATTATCTCTCTAACAGCCTTGTATCGTATATGCARATATCARGCGAAT CATGGCGAAATAGGCCCT

ACGGCCGACGAGAAGAATCCCCTGTACAAG

(

3

CGGTACCaggaacccectagtgatggagttggecact ctcactgagy
gq4cgaccaaaggthrccgaﬂqrccgugcuttug s gcgagcgogea
gctgcctgcaqgggcgcctgatgfqotatf tectecttac cacaccgcata

yecaaccatar ¢ tgtageggeg ols fadet

qatt*gqqrve*qu tgatag
ga httggaq_ccdccttﬁt;uaaLag ggac tcttg tocaas tﬁgaac
cttttgatttataagggatt th”

ttaacgcgas

a;ggttLttb t
aacactcaaccctatet
taaaaaatgagctgattt
tgq*ccachctﬁaqtevaatc
cgctgacgegeoctgacgggetty C
agacctgcanotg+cquvg+tL:hachL cat

kE

“thﬁacaaaa+c

k‘_/
aataac
gccettatteceetttttt
aaaagatgctyg
tccttgagagt
goggtattatcc

ad
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thFL]CC’

'aqctadccq0tt+tttcﬂ

gaa
aac

)
o
9]

Q
Q
T,

ctgdi
tecat

ctaat
atagt

acagaa

,gac yaay
raatgagy

coocat
cggat

ceag aegdq“
hvvtgda

ttccath\

aaggagatcc
ccagagttca
atcattgaga
tccgaggaca

gaacagatta
aatctgattco !
ctgaagetgg |
gtggacgatt

atcaacgcca
gagaagaaca
accaatgaac
attgaaaaaa
tecocootgg

agaagao
tctaaaaagy
tacgaaacct
accaaaaadqg

SCgge
Cgga

gaacgacctaca

agvdttqqtqd
ttttaatttaaaagga
Cttoegttcecocactge

actacattet
azacaaggga
atgaggg
teeac
gtggaattaa
agttttecege
tggaagagga
ctctggaaga
tgaQ¢gggtc
tgaaagt
tgctgga
saagacatcaa
Cyagaagogt
acctggtcat
Lo

gc
gac
2

tc atCadgaa
gcaaggacge
cattgaaga

xq*,7c<

#LQ&

cectga +

aggac
ttcgacaa
gcaataggac

ctecaccagtc

acacaaaaqcatctbacogatqgcat
acttctgacaacgatcggay
~cgecttgategtigggaaca
ctgtagcaatggcaacaacgttyg
ttaatagactggatggagyg cggat
gtttattgctgataaatce
agatggtaagccctcocagtata

ctgag:

Caaccatgagtgataacactgeggocaactt
caacdtngqth afquaacL

gtcagac
aggtgaagatc

t j ;(:(;(;,

ac

gddwtatg

aattaatagyg
gaacgcttac
» teggagaace
ggaatggtac
caagtacgct

dteu:
qd.P+

tecettteca
cattctuQab

ggaagagcgg

("t Ctt

tcagacccaegtagaaaagatae

atcgggatta
gcagqﬁn

Qo

M2 k'.
ot
Q Q
[SENJ)

Q 0
(Lol

d

tgg
gagoctgt
gcagagctge
ttcaagacaa
caccagctgg
tactatgagqg

gagabtgo

I3

QY G
Qi
G
o]

ot W
oG WG
Ol

ot ct

o

QoW

gdg
o
ga
C

ctgaacagcg
ggaacacaca
aacgacaata
agtcagcaga
aagcggaget
cccaatgata
atcaatgaga
actaccggga
gaq as

&t
oot
oo o0
o
S)

gele]
g

qat?atctcatqqc

jagaaagcy

acgcggecttttt

cagat

cqg

naajdatc+t

actt

- 31, codon optimized poiy ucleotide encoding S. aureas Cas9

caagcgtggy
gactgttcaa
ggcgcectgaa
gct

Jagdg
Jaaca

aaaq

atctgtacaa
aactggaata
cie gaa

caag

ctacact
acatcacagce
c

gggtga

[te]

acagtaagagaattat
jgaccgaag
Jgaget

gcgea

rcaaaat
cttgaga
“gq“"guttg*ttg“cgg

vudcgct
gagegcacgaggga
gagceght
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e
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cgatt

cacctatttt
cgecoctgaat
ctatgagaaqg
acagattget

a
c‘:qgaaaa

cactg
acggaaagaa
ctaccagage

gaaagctatc
ctttaaccgyg
aaccacacty
catcaaagtyg
gotggetagg
aaaccggcag
aaagtacctg

o

)

tetggaggece
tattataocce

ﬂdaawaqaac
raagatotet

catcaﬂpdaq
ccagaaggat

efer:]

ctggage

taggtgcce
~actttagattgatttasaact
rcettaac

aaygygy
tocagy
ttitgt
acggttcecctggea
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aaagtc
aagctgatta !
actgggaact
aagtactatyg
cgcaacaagyg
ggcgtgtata

gaagt

atgaa

atcgact

O
ot Q
O G
e
W

gt

slolotor:)
SCCg

Aggaao
gacctgaaca
ttuca;jtv,

gaca

agcga
jdchgatct
aacctgatcc
ctgaagetygy
gtggacgact

atcaacgcca
gagaagaact
accaacgagc
atcgagaage

atcecotetygy
agaagogtgt
agcaagaagg
tacgaaacct
accaagaaag

tupoqq.
tgaggcgeaa
atgctctgat
ccaagaaagt
tcgagacaga
aggatttcaa
tcaatgacac
atctgaacygyg
:cqaqadq“z

qaj

actacatcc
agacachga

tgctggaaac
aggacatcaa
Cgcggagegt
atctegt
tcgagaacgt
tcgtqaaﬁga

gat

ccaacctgaa
acgccgaget
tccaggaaga
ctaatctgaa
tggacgaget
tq'*w aagaa
tcatcctgag
tcatcaagaa
ccaaggacgce

ggatcgagga
tcaagcectgea
aagatctgot

ttcgacaa

Fote
- CC

o

goaaccggac
t gaagca
a t

atctge

o
Qo

g

gt

acaggagtac
ggactacaag
cectgtatagt
actgtacgac
gctgatgtac
cggcgacgag
gt tagradd

o
&
«

ga 3“9*"
catcaacaga
gaaggcctac
goggace
agaatggtac ¢
qaactacqcc
Aac:egqqac

ey
CCYy

9
JJ

ggcacace

ggacct
ceccgtegty
gtacqqﬂctg
ccagaaaatyg
aatca cccgv

qaauAlc””*
cagottcecaac
cceattccea

’“auCL\_Uaa\,

ggaagaacgg

tacgctactc
tgaaagtca

aaggagce
gacttca
agatgttcy
aaggagattt
tactctcacc

acaagaaaag
ataatg
caccatgata
aagaac
ataa

el Yol
scadc

W
W
O
QU

O 0
ct
M0 W0

Q

c atcggcatca

c
gc
cc

aagaag agc
aagggctaca
gacatcaagyg
attgccaags
ctgaa;tccg

> 3

tcoccageaga
aagagaagct
ccecaacgaca
atcaacgaga

=
g
accaccg
gaagygcas
ttcaact:

uu'.QSDY-U
Y

aacaaggto
y tacctgagca

ctggccaagy
gacatcaaca

geggectgat
agtccat
gcaacaaagqg

caa

32, codon optam;zed poiynu cleotide encoding S. aureas Cas9

ccagcgtggy
ggctgttcaa
gaaggctgaa
acaa

r/< ;C‘ o] r*‘
d@“tgtgxdd

agctggaata
ccaccecet ;

(‘uW

Q Q

Q

] \AO
O o W

Q

agat<gﬂt

Q
Q

[
[e Rt
QW
r-rSUr“
Qi

9O ot
v

hY

Y
hY

0 Q 0w«
0 G

[oRN(e I Ulte]

5 Q)

gecagcgacag
geaagggcag
ggttctceg

ID NO:
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gaatc

Cggegat j

gtacaagcac
gtggaaaaaqg
ggccgaatct
caccagatc

geogy
aaa

cgecoctgaac

t acoaqaaq

gy
caccaccctq
catcaaagtyg
"thgccccc
”ngCag
cr:‘gt acC
cetyy
catcatcce
ggaaqg
caagatcage
aatcagcaag
gcagaaagac

Q '52 L
I"‘)

jaadqg

() ()kQ

aa

aac
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cggagotact

accagott

aegctqatta
accgggaact
aagtattacy

agaaacaagyg
ggcgtgtaca

gaagt

cgca
ta

acatagasa

ga gng"
gac vtgda
ttc
on”aadt
ccggagtte
atc attgaga
tccgaggata
gagcaaatct
aacttgatcc

ctgaagetygy
gtggacgatt

ﬂqqa@
,qua;jqqq
tacgaaacct
accaagaadqg

acctggt
tuao';vgaa
tgcgg
ac
ccaaaaaagt
tcgaaaccga
aggacttcaa
ttaacgacac
atctgaacygyg
cegaaaaget
tqqdaudqta
Vctgdp

coaas
Jeggaa

cctgat

actacatec
aaactaqﬂga
acgaggggcyg
tccagegegt
cCyg
agttctecge
qudegaaqa

atcaa

tgctegagac
aggatattaa
Cgcggagegt
atctegic
ttgagaacgt
c tcgtgaacga
ccaate u‘ad
acgcggaget
tcaggaaga
>caacctgaa
tggacgaget ¢
t““”“aiQé

tcatte
ttatca

yat

l_o .
o
Q

aaga

cgaaggacgce

ggatugaag
E*(]’*‘,_.‘“C‘,a

a;q‘”‘?rct
cattcecgacaa

Gaaaccgcac

gtggaagt
cattgccaac
gatggaaaac
gcaggagtac
ggactacaag
“cbotdlt ce

acgac
qcﬁqafhtac
cggcgacgag
a gtactccaaa

0 Q
=
[e]
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«
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taaﬁaduta
tcagatcate

cggactggac

LaccqquaC
gaaatacgtyg ¢
gatcaaccgce
aaacgﬁctat
tggact
ggdgtqgtag
gaaatacgca

cooe
elele]

cacce

ggca

ccgtggte
atacggtctyg
ccagaagatyg
aatcatccgyg
tgacatgce
gaacaacccet

ttcotteaac
geegttcecag

catcctcaac

ggaagaaaga

gk_qqd."-"* C
e

ac
cag

tacgccacea
'tgaaagtga

gatgttcyg
agagatct
cageccaca

a e

coggaagy

)'\debq

cac

aaga&tccc_

aaggacaacg
ctggacatca
ccctacagat
ctggatgtga

(]
e

atcggcatta
gutgqango

caccaact
taotavoq

ggaa et
aacgataa
Ccacaa

accacc
gaaggaaa
tttaactacg
aacaaggtcc
tacctgagea
ctgqﬁaaag'
gacatcaac

a3

gaggcctgat
agtccat
ggaacaagqgyg

caa

Q

4
W
Q

o
o =z

tcgacg
aa

aacggcga
yaacatgat
ccaggatecat t
ttctgggcaa
NO:

SEQ ID

NQO: 33, codon optam;zed polynuclectide encoding S. aureas Casg

cctocegtggg
ggctgttcaa
qncg gctgaa

tgg ga cacty
a@ﬁtgtgvda

aactgacceca
acctgagect
agathgﬂ+qt
aggagatcce

tcatacagtce
ttatcattga
tgcagaagag
aggaaaacgygc
gtotgtacta
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ooy

v<+tﬂ
cggotte

vg
gtacaagcac

ccaqaaactg
ctacgaggaa
caagaagatt

ccocaacago

geegyg
adaaa

cacat
cgcghtqjdv
ttacgaaaaqy
ragattgee
cgggaaaqg

aa
ccggaaggag
ctaccaatcc

thh;

aggasaaac

raagattt
cat tcocaag
gcaaaaggac

oC
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C wcctogt ggatactaga tacgetacte ggggtetgat gaacctaoctg
ttagagtgaa 'tgaaedtca agtcgattaa cggaggttte
tgcggegeaa gwwweaqt ragaaggaac ggaacaaggg ctacaageac
acgccctgat cattgccaac cgacttca tcttcasaga atggaagaaa
ctaagaaggt catggaaaac gatgttcg aagaaaagca ggccgagtct
tcgagactga acaggagtac ggaaatct ttattacgcce acaccagatc
aggatttcaa ggattacaag ctcacatc gegt a aaaq;cgaaﬂ

ctctactce acccggaagy

tcaacgacac o at ¢
accttaacgyg cctgtacgac ,.\decq at gaagctca
cegaaaagti getgatgtac cocacgaco ot ccagaageta
aagctgatca tggagcagta tggggacgag aaaaaccceglt tgta a ctacgaagaa
actgggaatt atctgactaa g tactccaayg aaagataacg gcccegtgat taagaagatt
aagtactacyg gcaacaagct a ccgatgacta coctaattce
cgbaa aagy s ttgatgtgta ccttgacaat
tcaaga
ag

Tga t T. a
CgcatCGH

aacggcga
yaacatgat

L oa gaa tatgaacgac ygatcat
gccteaaaga cocagtegat caagaagtac agcaccga tcectgggcaa
gtcaaatcga agaagcaccc ccagatcatce aagaaggga [SEQ ID NO:

aaacaacgaggge
agagagtgaagasd

CaJge

) ,Qda;gq,v“ g CC
gagaa qdhqutqtauaja

29cg
Aqq

) \\4

e
) (2

[qRto}
QW0

gaq”fotc:" o]

“%

Q
A
O
¢}

“teggotggaaggacat

qgcgaggq:aga
~acttoccegaggas

gegtgaagtacgecta ca.acgccga.z_,c, t,g L
accagggacgagaacgagaagetggaatattacga

aacy C ctgaacaatetoegtyg

gaaottcc:qat tegagaacgtgttcaageagaagaagaageccacectgaagecagategecaaag
aaa gtgaacgaagaggatattaagggctacagagtgaccageacceggecaagecegagtteaca
aacctgaaggtgtaccacgacatcaaggacattaccgcceccggaaagagattattgagaacgecgaget
gctggatce cgaggacatccaggaagaact
atctg ctaatctgaagggctataccggea
caca gtggcacaccaacgacaac

yjq(:t, g‘ ;,tqt cecageagasagagatc C
ccaccctggtg'acgacttoat ;j"q "ccqtvvtgjaqagaagct atccagageatcaaagtyg
atcaacgocatcatcaagaagtacggectgaccea ‘”gncaﬁcattﬁtcoe;chqqc'“qC‘aQ‘?gaa
ctcocaa { tcaacgagatgecagaagcggaaccggeagaccaacgageggatcy
aggaa aaagagaacgccaagtacctgatcgagaagatcaagctgecacygac
atgca cagcctggaagecatecctetyggaagatetgetgaacaaccoott
caacta tccccagaagecgtgteocttegacaacagettcaacaacaaggtge
tegtgaag caagaaggygcaaccggacccecattocagtacctgagcagoagegac
agcaagatcage -chaaacttcaagqaq cacatcectgaatetygge

gyggcaaggygcagaatcaqg
aacaggttctecgtgecagaaagactice
tgaacctgotgeggagotactt

caccagctttc:acggcqgaa
aggacgccctgatcattgeca

caag arcz.gaaaq(qfaiuh ctggaagaacgggacat
tcaaccgqaacctqa ~ggataccagatacgeccaccagag

¢
agagtgaacaacct uqacctgaaa stgaagtccat c;atggcgg
gtggaagtttaagaaagagocggaacaaggggtacaagcaccac
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gcaatcttta accggctgaa
atcccaacca ,avfgqtqga
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aza < agaccaa
aa cctgattga
t aggeccatcce
g tccccagaag

aactctaa
cttacga
ggccgoatea g« :qACﬂaa
tcegtaocaga aggatititat

ctgatgaatc tgctgcgatce
atcaacggcyg ggttcacatce

atagagagctgattaacgacaccct

tcatcttcasagagtggaagaaa
cegagad
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attaagg

gacageaga
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gotget
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atggaaagac
agagctgaga
(j(i(i‘. saccty

tqageacq”:
ggacatccag
gattagtaat
gattctggat
gctggtcceca
cgatttcatt
cgecatoate
;ajc;quaaq
tgaacgcat

zaaaatcaay
cctggaggac
cgtgtectte
aaagggcaat
ttaaa

aacd
aaaggagtac
taaccgge
ﬂ*att*ccva

totgagg

catgceegagat
tcaaggactacaagtacage
tgtactccacccggaaggacgaca
gaaﬁoguctguacgacaaggdca%t'ac

thutgabqtaccaﬁcad"iccccc‘ ta
gg CgaFQﬂgaaqTatCC”CCQta
:ccotqatvda;aaGav o C
QQVdagqﬁcgt<aaﬁctG1~
gtacctggacaatggegtgtacaagttegtgacegtgaag
tagcaagtgotatgaggaage
'atﬁtgdtcaahatpaaCGg,
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taagaagete

caaggccaaaaaagtgatggaaaac
gagcaggagtacaaagagatct

caccgggtggacas
aggqcaacaccc

'gacatvg;
gacgcagg
gcaagagggyg
aactgctgtt
tgaagccag
ctgcacct

a
tacgagat

cttataa
gggatgaaaa

1qaa

acatc

caaqgqa

:acgaLdL

o

ot

e

aqa, eLc

cgaa¥_ac
caggagyy
cattcas
aacaacaa

tccagtaccet

Q

t
o

tgaatctgge
agocgggacat
caas
tggatgtgaa
agtttaaaaa

tacga

at
gctgat
tg

o

aactgaa
cetgasgc
ratctggatgtgateaaaaaa

Czdd(“ft cagcaacca

PCT/US2020/028148

tgatcaaca

ccC

C C
CCl

Qo0 Qo
G oaomon

Qa0
QO QQ

K3

K3
KeRoaate

;jpagat t

accgggty
taaggacate

gatfctq

caa
Gas

caaag ag

caacagattc
tactegogge
agtcaagtcc

ggagcgcoaac

2Ca q at g
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aaagggtaca a

accatge cgaagatgcet caaatgccga cttceataottt

3c

aag ;qqa aaaagctgga caaagccaag aaaghge agaaccagat gttcgaagag
g aatctatgoe cgaaatcgag acagaac agtacaagga ate

¢ tcaccgggtg

aga

agatcaagca tatcaaggat ttcaaggact acaagtactc g

ccaacagaga gctgatcaat gacaccctgt atagtacaag aaaagacgat

cectgattgt gaacaatctg aacggactgt ¢ aaaga taatga

tgatcaacaa aagtccoccgag aagctgcectga f c

aactgaaget gattatggag cagtacggeg

aagagactygy gaactacctg accaagtata

agatcaagta ctatgggaac aagotgaatyg

acagtcgceaa caaggtggtce aagotgtceac cagattcecgat
gtgactgtca tgtcat"aaa
tgctacgaag gotgaaaaag
ttttacaaca taagatcaat

T tgaagtgaat

aatgatctge

ceeecocoteg

taagactcag

agtactcaac
tatcaaaaa

atgaqﬁi
[SEQ ID NO: 35]

gaa gagcaaaaaqg

]

SEQ ID NO: 38, codon optimized polynucleotide encoding S. aureas Casy

atjﬂﬂccc aagaagaagocggaaggtoggtatocacggagteccageagec aaﬁcgu

|Q 0)
0w

Q

Q

DO QW

[a e

(Y]
o
Wt
0
Q

(o]
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ot

Q
(o

cggecatcaccagegtgggctacggecateategactacgagacac
ngctgttpaaagaggbcqaﬁgtggaaaapd CjahggCagO gg
y atagaatcca, aagaagc 't
gc

Qi

@
o)
()

Q

[ate]
o
Q
V)
Bl

Q
3]

i
Q
Q

gcacvi
cecacce

Acva;q gaagagga Jgeascgagetgt
rctggaa Jgeagcetggaa
actacgtgaas

eaqacéV
.;;+gc:qaaggt]va

antgg*‘ gacat :ga
cctacaacgcagacctgtac

e ore

sCtgaacdaac

gaagctggaatattacga

gaagttccagal scgagaacygt gJoagaagaagaageccacectgaagecagatocgecaaag
aaat gaggctacagagtgaccagoaccggcaagecegagtecaca

tegtgaacgaagaggat

aacctgaaggtgtaccacgacatcaagygac taccgeecoggaaagagattattgagaacgocgaget
gehggatcagattgecaagatectgaccatctaccagagragegaggacatccaggaagaactgacea
atctgaactccgagcetgacccaggaagagategagcagatetcectaatetgaagggetatacoggecace
cacaacctgagectgaaggocatcaacctgatectggacgagetgtggecacaccaacgacaaccagat
cgctatcttcaaccggctgaagectggtgoccaagaaggtggacctigteccagecagaaagagatcocea
ccaccctggtggacgacttecatcctgageccegtegtgaagagaagettcatecagagecatcaaagtyg
atcaacgeocatcatcaagaagtacggectgeccaacgacateattategagetggeoccgecgagaagaa
jgacgeccagaaaatgatcaacgagatgecagaageggaaceggeagaccaacgageggateg

SIS E: ratccggaccaccggoaaagagaacgccaagtacetgategagaagatcaagetgeacgac
atgcaggaaggcaagtygcecctgtacagectggaagecatecectetggaagatetgetgaacaacaoct
caactatgaggtggaccacatcateccecagaagegtgtecttegacaacagettcaacaacaaggtyge
tcgtgaageaggaagaaaacagcaagaagggcaaccggaccececattecagtacctgagcagecagegac

aagggcaagggcagaatcag
cegtgecagaaagactitca

agcaagatcagctacgaaaccttcaagaagcacatcctgaate
caagaccaagaaagagtatctgetggaagaacgggacatcaacag
tecaac racctggtggataccagatacgecaccagaggectyga acctgotgeggagotactta
agagtyg caacctggacgtgaaagtgaac catcaatggeggettcaccagetttectgoggeggaa
gtggaagttitaagaaagagoeggaacaaggggtacaagcaccacgecgaggacgecctgatcattgeca
acgccgatttcatcttcaaagagtggaagaaactggacaaggc"aaaaa gtga aaaaccagatg

gtgatyg
ttcgaggaaaageaggccgagagecatgoeccgagatcgaaaccgagecaggagtacaaagagatettecat

o
@
[te]

..\Q
o0
'rvLO
Q
o0
Io}
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ccaccagatcaagoacattaaggact
gecta ““qaoegctthtachd accetyg
atcecgtgaacaatctgaacggectgtacgacaagga C‘atdacaaqhtqaaaaaﬁctqa raacaagag
cccccaaaagctggtqabctdc accacqg taccagaaactgaagctgattatggaac
agtacggcgacgagaagaatcccctgtacaa aaccgggaactacctgaccaagtac
tccaaaaaggacaacggeccegtgatcaaga Jgcaacaaactgaacgceccatet
ggacatcaccgacgactaccceca aﬁag ag getgtcoccecctgaageooctacagat
qacg;otqcctqaaca&““, adadLngdeutqaLvdaaaaa
C =Tolef: é gaacatcsqcaacca
ggccgagtttatey

atagagtga
tﬂggcqtheacaacqacc__ atCatheucqcoagﬁda

Catd acaaga

~cotg
scetyg

cteea

3 o~
aCce

taCand?Lgdt(L

gaaccqcath:aotgaacatqaﬁcqa

ctggaaaacatgaacgac ggcccccoccaggatcattaagacaatcgectccaagacccagageat
taagaagtacagcacaga ctgggcaacctgtatgaagtgaaatctaagaagecaccctcagatca
tcaaasaagggcaaaaggcc ggccacgaaasaggcocggccaggcaaaaaagaaaaag [seq id
no: 367

SEQ D NO: 37, polynucieotide sequence of 5. aureus Cas®
aagoggaactacatcctgggectggacateggcatecaccagegtyggge
gacacgggacgtgategatgecggegtgeggetgttcaaagaggecaac
gagcaagagaggege ¢ chqaugcquatad
acaac accacagcegagotgagegy

gaaggo
gctga

jolef
3

tgagccagaagcetg g gajﬁaa aqttc ctgcecge
caacgt
gcaagg
cggggce
gaaggc
& act

. aqqtqctgquQN‘ et ccgaggaact gq-d*J: agtacgc
acaacgeogacctgtacaacgocctgaacgacctgaacaatetegty taccagggacgagaacgadg
aagctggaatatte agaagttccagatcategagaacgtgttcaagecagaagaagaageceacoct
gaagcagatcgccaaagaa atcctcgtgaabgaagaggdt%utadygg ctaca gagtgabcqgraccg
Quaauﬂﬂcgauttca caacctgaaggbotaug  cgacatcaa gcccggaaagagatt
at:ga ctgctggatcagattgec gagecagcga
scaqg “gaactaocg c«f;(‘i acccaggas ;(‘aqat ct

.1<*<*"gat(:ctggacgc gt ;t ggcac
ggtgcoccaagaaggtggac gtcececa
'+Q"qc~'cgtcgtgaagagaagctbca
rcaacgacatcattategag

aggvﬁ S
accaacgacaacc
gcagaaaga
tccagageata

slot qucc:i’”a aggcaeca t

atcttocaacegye

agatcecget

qat;cccaccac:ccavtgqacga;t

ctggeccgeg ga caac gag atgcagaagcggaaccggea
gaccaapgagcgg* tcat;cqjaﬂ”accggcaaagagaa aagtacctgatcgaga
gaaggcaagtgeoctgtacagectgg cat te aagat
tgxggtgwwcbagatcatccccaga T C
a a gee gg c
atcag el o el
gac agaa a a caqge
accggaacrtg tqaatapc»gatac:ccacca"aggcctj
gtgaacaacctggacgtgaaagtgaagteccatcaatggogy
gaagtttaa gaaagngcgdaacaaggggtacaagcaccacg
ccgatttcatcocttcaaagagtggaagaaactggacaaggceo

ggocgagageatgecogagategaaacegageagygay
cececocan tocaagcacattaaggac caaggactacaagtacag

Jagtygge agaagcoctaat aqaqaqctcattaaﬁqaCﬁﬂhntqtdc‘ caccecggaaggacy
acaagggcaacaccctgategtgaacaatctgaacggeaetygtac aggacaatgacaagctgaaa
aagctgatcaacaagagccoccgaaaagetgetgatgtaccaccacgacceccagacctaccagaaact

gaagctgattatggaacagtacggcgacgagaagaatcococtgtacaagtactacgaggaaaccggga

a7
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actacactga
gaactgaace
Cctca?gcccta;aa

tqjatg

agt
aggtegt
Lawtqdccc

SEQ 1D NO: 38, pD0242 (Salas8 used in all JCR89/81 projects and JOCR157/160 projects
for in vitro work; 3aCas® in uppercase)

ctaaatigtaagcegttaatattttgttaaaat!
accaataggccgaaatcegge daea+cchL1*"“a'u aaagaat [STaF: "»dgggttgagtgtt

gttccagtttggaacaagagtccactattaaaga gtcaaagggogaaaaaccgt
ctatcagg rgtgaaccat tttgyugbrgdgutJ,_gua
aagcact gggagcea acgtg
gcgagaa gaaagg g

gegogtaa ; t sccecat chcatt

tqcaca]ctq'i;qcadvrqcoatv*qtvc<g, ago te :Cdﬂlxqcccaaaﬁqqgga
tg»ewtgcadgc'qatwdag+t QwL?qu )

R (=i
cgcgttacataacttacggt
aatastgacgtatgttccec
t ggtaaactgccecactt

Tac

raatge

ae*gqqcvtngtaﬁcqgt gactcacggggatt agtotcecace
tttgttittggecaccaa aat”aa-ngavttfcc;aae+gtccteaca;ht cgccv"e
tgggcq“taggcqbotacgqnggdwqbctdVataagbacacctctcteﬁ;tdactap
ATGARANAGGAACTACA ! ACAAGCGTGGGG
TCGAAACAAGGGACGTGATCG TanA““‘ CAAGGAGGCCAACGT GGAAAACAATGA ,Q
GAV\GAuAAﬁCAAHAGuwGAwCCACG' CTGAARCGACGGAGAAGGCACAGAATCCACGAGGGTGAAG
AAACTGCTGTTCGATTACAACCTGCTGACCGACCATTCTGAGCTCAGT GGAATTAATCCTTATGAAGC
CAGGGTGAAAGGCCTGAGTCAGAAGCTGT CAGAGGAAGAGTTTTCCGCAGCTCTGCTGCACCTGGCTA
AGCGCCGAGGAGTGCATAACGTCAATGAGGTCGAAGAGCACACCEGCAACGAGCTGTCTACARAGGAA
CAGATCTCACGC AGCAAAGCTCT \AGAGAAGTATGTCGCAGA GCAGCTGGAACGGCTGAA
GAAAGATGGCGAGETGAGAGGGTCAA ATAGGTTCAAGACAAGCGACTACGTCAAAGAAGCCAAGC
AC”MGCWGHAAu GCAGAAGGCTTACCACCAGCTGGAT CAGAGCTTCATCGATACTTATATCGACCTG
GGAGACTCGGAGAACCTACTATGAGCGACCAGCAGAAGCECEAGCC LCFTP”“ATrGAAPbA”AT“AA
GGAATbGTACGAuAFCCTbﬁ“GCCPLﬁ“ GCACCTATTTTCCAGAACAGCTGACGAAGCGTCAAGTACG
CTTATAACGCAGATCTGTACAACGCCCT GAATGACCTGAACAACCTGGTCATCACCAGGGAT GAAAAC
GAGAAACTGGAATACTATGAGAAGTTCCAGATCATCGARAAACGTGTTTAAGCAGAAGARAAAGCCTAC
ACTGAAACAGATTGCTAAGGAGATCCTGGTCAACCAAGAGCACATCAAGGGCTACCGGGTGACAAGCA
CTGGAAAACCAGAGTTCACCAATCTGAAAGTGTATCACGATATTAAGGACATCACAGCACGGAAAGAA
ATCATTGAGAACGCCGAACT GCTGGATCAGATTGCTAAGATCCTGACTATCTACCAGAGCTCCGAGGA
CATCCAGGAAGAGCTGACTAACCTCGAACAGCCAGCTCACCCAGGAAGAGAT CGAACAGATTAGTAATC
TGAAGGGGTACACCGGAACACACAACCTGTCCCTGAAAGCTATCAATCTGATTCTGG AGCTGTGG
CATACAAACGACAATCAGATTGCAATCTTTAACCGGCTGAAG GTCCCAAAAAAGGTGGACCTGAG
TCAGCAGAAAGAGATCCCAACCACACT 'GGACGATTTCAT CGTGGTCAAGCGGAGCT
TCATCCAGAGCATCAAAGTGATCAACGCCATCATCAACAAGTACCGECCTGCCCAATGATATCATTATC
GAGCTGGCTAGGGAGAAGAACAGCAAGGACGCACAGAAGATGAT CAAT GAGATGCAGAAACGAAACCG
GCAG, CCAA“G*.”GQATTCAALBuA TATCCGAACTACCGGGAAAGAGAACGCAAAGTACCTGATTG
AAAPNATCAAGCTGCACGATATGCAGCGAGGCAAAGTCTCTCTATTCTCTGGAGGCCATCCCCCTGGAG

a8
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GACCTGCTGAACAATCCATTCAACTACGAGETCGATCATATTATCCCCAGAAGCGTGTCCTTCGACAA
TTCCTTTAACAACAAGGTGCTGGTCAAG A:GAAU1CAﬁCTCTAAAAAUGGbAP1AGCA CTCCTTTCC
AGTACCTGTCTAGTTCAGATTCCARGATCTCTTACGARARACCTTTAAAAAGCACATTCTGAATCTGGCC
AMNGGAAAGGGCCGCATCAGCAAGACCAAARAGGAGTACCTGCTCCAAGAGCEGCEACAT CAACAGATT
CTCCGTCCAGRAGGATTTTATTAACCCGCGAATCTGET GG uACAAGA”A”GCTAC*CGL SGCCTGATGA
ATPWGQWQ“ pTL'T%TTTLC GAACAATCTGGATGTGAALN C”“CHmﬂhAPGGLg
CAAAT MAGTTTAARAAAG G‘””AAPAAA G SCACCH
CAAATGCCGACTTCATCTTTAAGGAGT xAAbu,
uAA\,C‘A- SATGTTCGAAGAGAAGCAGGCCGA fnC‘T/“\ﬁG\, CCGARATCGAGACAGAACAG
GAGTACAAGGAGATTTTCATCACTCCTCACCAGATCARGCATATCAAGGATTTCAAGGACTACAAGTA
CTC CnCLGGGTpuATnAAAAGCCCRAVPFRGACCTGATCAPTCﬁCACC3 'GTATAGTACAAGALALAG
ACGAlHﬁbCCGﬁh ACCCTGATTGTGAACAATCT GAACGCACTGTACGACAAAGATAATGACAAGCTG
ﬁAhﬁ””GATChﬁLAAAAGWCCCGAGAAG”WGLTG \TGTACCACCATGATCCTCAGACATA uAﬁAA
ACTGAAGCTGATTATGGAGCAGTACG bﬁvuAPAAu ACCCACTGETATAAGTACTATCAAGAGA
GGAACTACCTCGACCAACTATAGCCAAANAGGAT] GGCCCCGTGATCAAGAAGATCAAGT AP“ATUUQ
AACALGCTGAATGCCCATCTGGACATCACAGAC AACAGTCGCAACAAGGTGGTCAAGCT
GTCACTGAAGCCATACAGATTCGATGTCTATC CGTGTATAAATTTGTGAC CAAGA
ATCTGGATGTCATCAAAAAGGAGAACTACTAT JAAGT:AATAGCAPGTGCTA. GAAGAGGCTAAAALG
CTGAAAAAGATTAGCAACCAGGCAGAGTTCATCGCCTCCTTTTACAACAACGACCTGATTAAGAT CAA
TGGCGAACTGTATAGGGTCATCG TCAACAATGATCTGCTGAACCGCATTGAAGTGAATATGATTG
ACATCACTTACCGAGAGTATCTGGARAACATGAATGATAAGCCCCCCCCTCGAATTATCAAAACAATT
GCCTCTAAGACTCAGAGTAT CAAAAAGTACTCAACCGACATTCTGGCAAACCTGTATGAGGT GAAGAG
CAAAAAGCACCCTCAGATTA “FAAAAA Qpﬁwnbggaggcaagcgtcctgctgctactaagaaagctg
gtcaagctaagaaaaaga "acgct,aavaa*tca
c tcagectae tgccee ~ccegth
accctggaaggtgea

tctgagtaggtgtcattetattetyggaggggtgy

agaatagcaggcatgotggggaggtageggocy

gagggttaattgcgcgettggegtaatcatggt

acaattccacacaacatacgagec agcata

actcacattaattgcgttgcgete

aavvaa:chCﬁﬁacqccﬂgqg>

gactaogetgegotaggtegtteggote

atcea ‘1,u€JQqqudqu taggaaagaa C

GtaaaPaqc 3C ' ,:"“tttccataqgctcc ccc::ct E ta 1caaaaatcga

cgctca
Cthgtg
gcegtggce
ggctgtg
caacccy
o
99

;j+atc,0-gctctgptga

aencaﬂcAutgqracbqqtq tgt a C cgogeaqg ddaeadaq atcecte
aagaagatcctttgate tt;ctacgqjgt cgctcaqtﬂgaacqaaadptcaﬂg;taaacgdbt
ttggtcatgagattatcasaaaggatcite a tttaaattaaaastgaagttttaaatc
aatctaaagtatatatgagtaaacttggt

-

cagegatctgtaotattteogtt

gagggcttaccatctggeoo

atcagraataaacda qq”Pagccqqda;ggcccach” angtqq' aacttt
,CCdULCtaCta?+tqttﬁuCQ_qdqutq]dﬁtijud}t tagtttgegcaa
gttaP dttghtacanﬂatuatjﬂtg cacact;utﬁﬂ 'cttcattcsqﬁt; *tJ
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ttgagatccagttcgatgtaacccactegtgecacccaact

ctgggtgagcaaaaacaggaaggcaaaatgeege
gttgaatactcatactcecttectttitteaatattattgaageatttatcagggttattgtcteatgage
ggatacatatttgaatgtatttagaaaaataaacasataggggttccecgegcacattteccegaaaagt
gccac [SEQ ID NC:38]

SEQ ID NO: 39, amino acid sequence of an S. aureus Cas9 molecule

YILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRS
RIQRVKRLLFDYNLLTDHSELSGT ARVKGLSQKLS
BEDTGNELSTKE LKKDGEVRGSINRFKTSDY VKEARKQL LKV
WKAYHD SFIDTYIDL Y CGEGSPERGWKDIKEW MGHCTY FPEELRSVE
YAYNADLYNALNDLNNLVITRDENEKLE ENVFRKORKKKPTLKQIAKE ILVNEEDI
KGYRVTSTGKP KDITARKETIIENAELLDQIAKILTIYQSSEDIQRELTNL
K2 NN KKVDLSQOK
SPVVKRSFIQSIKVINALIRKYG INEMQOK
GEKENAKYLIEKT FEVDHI
LVKQEENSKKG
TKREYLLE INRESVOKDF INRNLVDTRY
FLRREWKFRKKERNKGYKHEBAEDALT TANADFET CKVMENQWM KOAESMPET
ETEQEYKEIFITPHQIKHIKDFKDYKYSHR DTLYSTRKDDKGNTL IVNNLN
GLYDKEDNDKLKKLINKSPEKLLMYEHDPOTYOKLKLIMEQYGDEKNPLYRKYYEETGNYLTKY
SKKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLELKPYRFDVYLDNGVYKFVT VKN
LDVIKKENYYEVNSKCYEEAKKLKKISNQARFIASFYNNDLIKINGELYRVIGVNNDLLNRI
EVNMIDITYREYLENMNDKRPPRITIKTIASKTQOSIKKY STDILGNLYEVKSKKEPQIIKKG
[SEQ ID NC: 393

L

KRGARRLKRRERRHE
AKRRGVHNVNEV

e

SEQ 1D NO: 48, amino acid sequence of an S, aureys Cas?

KRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKRRRRER
IQRVKKLLFDYNLLTDHSELSCGINPYEARVKGLEQKLSEEEFSARLLELAKRRGVHNVNEVE
EDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGS INRFKTSDY VKEAKQLLKVQ

KAYHOLDOSFIDTYIDLLETRRTYYEGPCGEGSPEGWKRDIKEWY EMIMGHCTY FPEELRSVEY
AYNADLYNALNDLNNLVITRDENERKLEYYEKEQ NVE CPTLROQIAKEILVNEEDIK
GYRVISTGKPEFTNLKVYHDIKDITARKEITENAELLDOQIAKILTIVQSSEDIQEELTNLNS
Y TGTHNLSLKAINLILDELWHTNDNQIAT FNRLKLVPKKVDLSQOOKE
VVERSEPIQSIRY! [ IKKYGLPNDITIIELARERKNSKDAOKMINEMOKR

IPTTLY
NROTNER
PREVS
LRREKWKFRKERNKGY K
TEQRYKEIFT

LYDKD:

LS

SETIRTTGRKENARYLIEK

SOVYT QS a
E &_/,YJ.J\)»J};

DT RY AT

SET
A

TLIVNNLNG

DYGDERKNPLYKYYEETGNYLTEKY S
LKPYRFDVYLD YKEVITVRNL

VNMIDITYREYLENMNDRKRPPRITKTIAS
[SEQ ID NO: 40]

SEQ ID NO: 41, Version 1 of vector 5

cgegotegetaegotea

tgaggeegaocedgyy C

: ol Jegegcagagagggagtgge ccatcactaggggticotygeg
TCTAGACTCGAGTCGAGTGGCTCCGGTGCCCGTCAGTGEGCAGAGCGCACATCGCLCACAGT CCCL
AGAGAAGGTGGCGLGGEETAARCTGGGARA
TGEGEECGAGAACCGTATATAAGTGCAGTAGTC

a0
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GCCAGAACACAGGETGTCGTGACCGCGGCCATGE
t,aga.g- : agaaagttaactggt G ttttgte
ttatttcagy cczqa\ ccggtygg qutqf*aae ~caaagaactgetectecagtggatgttgectt
cttctaggcctgtacggaagtgttacgccallATGGCCCCAAAGAAGAAGCEGAAGGTCGGTATCCAC
GLA"T””LA’ CAGCCAAGCGGAACTACATCCTGGGCCTGGACATCGGCATCACCAGCGTGGGCTACGG
CATCATCGACTACCAGACACGGGACCTCGATCCATGCCGGCETGCGGCTGTTCAAA! CAGGCL"‘ ACGTGE
j—h‘—\A]A CAACGAGGGCAGGCGGAGCAACACAGGCCCCAGAAGCECTGAAGCGGCGGAGGCGGCATAGAATC
CAGAGAGTGRAAGAAGCTGCTGTTCGACTACAACCTGCTGACCGACCACAGC AGC’:"C AGCGGCATCAA
CCCCTACGAGGCCAGAGTGAAG CTGAGCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGE GC
TGCACCTGGCCAAGAGAAGAGGCGTGCACAACGT GAACGAGGETGGAAGAGGACACCGGCAACGAGCTG
TCCACCAAAGAGCAGATCAGCCGGAACAGCAAGGCCCTGGARAGAGA muxCGT‘GC\HCnTxCT'“CAGCT
GGP\ALL" ”.[r%(.‘}&—\AGACG(JLG:—\_AGT sCGGGGCAGCATCAACAGATT CAAGACCAGCGACTACGTGA

-Ah SCCAAACAGCTGCTGAAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACC

CATCGACCTGCTGGAAACCCGELCGCACCTACTATCGAGGGACCT "GAGGGCAGCCLCLTTCG 5
()AAUGA CATCARAGAATGGETACGAGATGCTEATGGGCCACTS LA"‘f‘1‘L\"TT"’“(‘""AugkAf"”bpgu
GCGTGAAGTACGCCTACAACGCCCACCTGTACAACGCCCTGAACGACCTGAACAATCTCGTGATCACC
AGGGACGAGAACGAGAAGCT GGAATATTACCAGAAGT TCCAGATCATCGAGAACGTGTTCAAGCAGAA
GAAGAAGCCCACCCTGARAGCAGATCGCCAAAGAAAT CCTCGTGAACGAAGAGGATATTAAGGGCTACA
GAGTGACCAGCACCGGCAAGCCCEAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTACC
GCCUGGAAAGAGATTATTGAGAACGCCCAGCTGCTGCAT CAGATTGCCAAGAT CCTGACCATCTACCA

—cCcgg
Setelofs

}_,-'

GAGCAGCGAGGACATCCAGGAAGAACTCGACCAATCTGAACTCCGAGCTGACCCAGGAAGAGS CL}X-JL,
AGATCTCTAATCTGAAGGGCTATACCGGECE -’:LLACAACCT"AG(‘-"'"'C;AAQC’JCAT"“AL\-’"‘TL;AT(‘-"'"'b
C"—\.,GAL:Cl‘C‘I‘\’SGCA(‘A-"Cr\_‘—\\,Cd—\ ]‘\.‘.Hk/ ACAI’LG”T‘“-""'I”"f‘/—u-\-"C "'f“l‘GA]—\LGf CrGTG CAAGAA
GGTGGAC

T /—-\.GAG]-\I X,CTT'\,AT\ \,I\L)AG CAANT I uAT' \AC uC-\,AT C CZ‘J&(—‘AE\GT‘N, GGCCTGCCCA
GACATCATTATCGAGCTGGCCCGCG! x(‘]\ﬁf“n?x(”]ﬂw ?\GCA'“(‘CCCA SAAAAT CA“‘(,A?\CGAJL 'GCA
GAAGCGGAACCGGCAGACCAACGAGCGEATCCGAGGAAATCATCCGGACCACCEGCAAAGAGARCGCCA
AGTACCTGATCGAGAAGATCAAGCTGCACGACAT GCAGGAAGGCAAGT GCCTGTACAGCCTGGAAGCC
ATCCCTCTGGAAGATCTGCT GAACAACCCCTTCARCTATGAGGTGGACCACATCATCCCCAGAAGCGT
GTCCTTCCACAACAGCTTCAACAACAAG "'I’GCl‘("””urmC CAGGAAGARAACAGCAAGAAGGGCAACC
GGACCCCATTCCAGTACCTGAGCAGCAGCGACAGCAACAT CACCTACGAAACCT TCAACAAGCAC
CTCGAATCTGGCCAAGGECAAGGGCAGAAT CAGCAAGACCAAGAAAGAGTATCTGCTGCAAGAR
CATCAACAGGTTCTCCETGCAGAAAGACTTCATCAACCGGAACCTGGTGGATACCAGATACGCCACCA
G,GG"‘C'T‘GATGPZ\CCT’J( TGCGGAGCTACTTCAGAGTGAACAACCTGGACGTGARAGTGAAGTCCATC
AATGGCGGCTTCACCAGCTTTCTGCGGCGCAAGT GGAAGT TTAAGAAAGAGCGGAACAAGGGGTACAA
GCACCACGCCGEAGGACGCCCTGAT CATTGCCAACGCCEAT TTCATCTTCAAAGAGTGGAAGAARCT GG
ACAAGGCCAAAAAAGTGATGCGAAAACCAGATGTT r“G]—\":Gﬁ_z-wsh("‘]-‘b CCGAGAGCATGCCCGAGATC
GAAACCGAGCAGCGAGTACAAAGAGATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAA
fo‘B{‘T” CAAGTACAGCCACCGGETGCACAAGAAGCCTAATAGAGAGCT CATTAACGACACCCTGTACT
CACCCGGAAGGACGACAAGGGCAACACCCTGATCGTGAACAATCTGAACGGCCTGTACGACAAGGAL
1\”GA\L,AZ—‘ GCTGAAMAAAGCT GATCAACAAGAGCCCCGAAAAGCTGCTCGATGTACCACCACGACCCCCA
GACCTACCAGAAACTGAAGCTGATTAT GGAACAGTACGGCGACGAGAAGAATCCCCTGTACAAGTACT
]AC '7\.GC}> ACCGGGAACTACCTGAC C,AAF“TF\C'TCCAZ-\? AAGGACAACGGCCCCGTGATCAAGAAGATT
ATTACGGCAACAAACTGAACGCCCATCTGGACATCACIG CGACW'ACCC CARCAGCAGAAACAA
G ~’F‘CGT” AGCTGTCCCTGAAGCCCTACAGATTCGACGET G "*""I‘G'T'ACAAGTTCG
TGACCGTGAAGAAT CTGCEATGTCAT CARAAAAGAAAACTA : T TATGAG
GAAGCTAAGAA AAGATCAGCAACCAGGCC TCGCCTC TCTAC AAC Z-\CGATC
GATCAAGATCAACGGCGAGCTGTATAGAGTGATCGGC AACAACGACCTGCT -"/“,\(,(,CGATC‘GAAG
TGAACATGATCGACATCACCTACCGCGAGTACCTGGAAAACAT GAACGACAAGAGGCCCCCCAGGAT
ATTAAGACAATCGCCTCCAAGACCCAGAGCATTAAGAAGTACAGCACAGACATTCTGGGCAACC TL;JLP
TGAAGTGAAAT ‘IH_AL ARGCACCCTCAGATCATCARAAARAGGGCARAAAGGCCEECGGCCACGAAARAGTS
CCGGCCAGGCAAAARAAGAAAAAGggatccGAATTCtagecaataaaggategtttattttcattggaag
’-‘f*tg*"tq’jutt*ttfjatpdgqcccgu 5T ;'JC/—\Ahhﬁm CGCCAACAAGTTGACGAGATAAACACT
GCATTTTGCCTTCTTTTACTAGATICTCGTTTCCACGAGTACTAAAACacatttecctctctatacaaatyg
CEETETTTCETC "r""ApAhf‘ﬁ'” TATAAAGCCAAGAAATCCGAAATACTTTCAAGTTACGETAAG
ATATGATAGTCCATTTTAAAACATAATTTTARAACTGCAAACTACCCAAGAAAT TATTACTTTCTACG

.
s
\
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TCACGTATTTTGTACTAATATCTTTGE TTACAGTCAAATTAATTCCAATTATCTCTCTAACAGCCT
TGTATCGTATATGCAAATATGAAGGAAT CATGGGAAATAGGCCCTCCTCGACTAGTAGARAAAATCTCG
CCARCAAGTTGACGAGATAAACACGGCATTTTGCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAA
AACGTGCCAATAATTTCATTACTAT AE“GGWFTT LGTV” TTCCACAAGATATATAAAGCCAAGARA
TCGAAATACTTTCAAGTTACGGTAAGCA’ TIAAAA CATAATTTTAARACTGCARA

CTACCCAAGARATTATTACTTTCTACE TA T”PT“””GTPTﬁCﬁu”FAAPT
TAATTCCAATTATCTCTCTAAC ATCATGGGAAATAGG

CCCTCGGETACCaggaacce
aggccgggogaccasaggteyg
'vnjqctouato agqggcqowtthq

oggf
attttctce

tt;atggtq"aw 'T“d’LdCaa‘(LJL,
accogcetgacgoegecctgacgggettgtei

,aLgC”qha; C
jctccecggeoateecgettacagacaag

(‘TO

ccgggagcetgeat gtj,ca3Qqutt CoCCOtCat”aCLgaa?COLqua"ap g
gatacgcoctatttttataggttaatgtcatgataataatggtttecttagacgte T
ggggaazatgtgecgecggaacccectatttgttitatttttctaaatacattcaaatatgtatecgetecatg
agacaata accctgofantu ttcaataatattgaaaaa goaaqiotatgaqtattéawcat,tccg

cggecattttgeco g a

ttagg gt it

gaagas ttttae el

tggcgcggt" attgac:ccg gcaaga a
atgacttggtt accagtcaca aagce a
tgcagtgety tgagtgataacactgcg acc
gaaggagcta ttgcacaacatggggga cgg
agctgaatga aacga j tga01 ttg
ac ot ggo

cgcaaactattaactggcgaa

UQd'duQUL,@“”; -

gagcoggtygad v ] ¢

gtag LLj,c: ggqq»haggc;ahte*qqa,hnjcqadatiqudhlfcq,,uegqta“ﬁ

tqﬂrtcactgatta tggtaaﬂtgtcaﬁa; aagtttactcatatatactttagattgatttaa
! Ft“tt*qﬂtﬂ :

(t Ffugt@tdbu
tgc tdatuctq:ta,
gacgatagtt :cgce
gagcgaa

agggaga aaggcqgapdggtat;;gwtaagc
cagggggaaacgcctggtatetttatagtect
ttgt qltac: aggggggcyggagad

ggcott t’- getggecttttgetecacatgt

g
a

kQ (e
p]

e
QG QG

o
K
o}

SEQ D NO: 42, Version 2 of vector 5
sctgcaggeagaotgegegaeteget
ggvctcaghga( cgagegagegegca
TCTAGACTCGAGCTAGACTAGCATGCT CCvxT
TGCTTATAATTAACCCAGACATGTGGCTGCCCC
CTECATGCCATGTTCCCGGCGARAGEGCCAGCTG

,acc tegeoo
t tococtgeggen
GT G 1A C TCu ACACbcpAuxT:C:
CCCCVCC”CAA.HCC“GCWGCC”‘TAAAAAIAA
TC C’MAGACTCAJCACTTKGT“PACGA

@]
@]
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ACCAGTGAGCAAGTCAGCCCTTGEEGCAGCCCATACAAGGCCATGGGGECTGGGCAAGCTGCACGCLTG
GCTLLGGaC““FﬁCACvJTﬁCCCvaFCFACGAGCTCAAAG\zCA*VTﬁCTC*VFCGCCpVLCTCCuiG
GGGACAGCCCCTCCTGGCTAGTCACACCCTGTAGGCTCCTCTATATAACCCAGGGGCACAGGGGLTG
LCTCAITTTAC*A“LA?””C "ACAGCACAGACAGACACTCAGGAGCCA CL“GCCAIC" ctagagga
tccggtacteg ccagaaagttaactggtaagtttagtctttttgtecttttatite
t caaagaactgctcc td ﬁtgga?q tgugfbta ttet
A CGGTATCCACGGA
'GGGCTACGGCAT
sGCCAACGTGGAALACRA

@] k')

GGACATCGGCAT
;CGTGECGGCTETTCAAAG

Q

ACGTG, T\,uATG

CG CCC AGGCGGA(“C AG,L\GACCCGCCACI\Z\GG CTGAAGCGGCGGAGGCGGCATAGAATCCAGAGAG
TGAARGAAGCTGCTGCGTTCGACTACAACCT GCTGACCGACCACAGCGAGCTGAGCGGCATCAACCCCTAC
GAGGCCAGAGTGAAGGGCCT GAGCCAGAAGCTGAGCCGAGGAAGAGTTCTCTGCCGCCCTGCT GCACCT
GGCCAAGAGAAGAGGCGTGCACAACGT GAACGAGGTGGAAGAGGACACCGGCAACGAGCTGT CCACCA
AAGAGCAGATCAGCCGGAACAGCAAGGCCCTG :AAC; GAAATACGTGGCCGAACTGCAGCTGGAACGEE

CTGAAGAAACACGGCCAAGTGCGEGEGEE. \GATTCAAGACCAGCCGACTACGTGAAACGAAGC
CAAACAGCTGCT GGTGCAGAAGG \AL:‘LJTG- v/aC’k,’AGZ‘ sCTTCATCGACACCTACATCG
ACCTGCTGGAAACCCGELCGGAL TTCGGCTGGAAGGAC
ATCAAAGAATGGTACGAGATGCTGATGGGCCACT uCACCT AC TTCCLCGJ SGAACTGCGGAGCGT GAA
GTACGCCTACAACGCCGACCTGTACAACGCCCTGAACCGACCTGAACAATCTCGTGATCACCAGGGALG

AGAACGAGAAGCTGGAATATTACGAGAAGTTCCAGATCATCGAGAACGTGTT CAAGCAGAAGAAGARG
CCCACCCTGAAGCAGATCGCCAAAGAAATCCTCGTGAACGAAGAGGAT ATT ARGGGCTACAGAGTGAC
CAGCACCGGCAAGCCCE PbT'l‘(_‘.AC’“AAC("l“C]l\AboTGTAL"‘A( CACAI ANGGACATTACCGCCCGGA
ANGAGATTATTGAGAACGCCGAGCTGCTGGAT AGAT“"‘\” -’JC;—\"‘C l‘!—\-’:"r\br—;bf‘AGL
GACATCCAGGAAGAACTGACCAATCTGAACTCC . ATCTC
TAARTCTGAAGGGCTATACCGGCACCCACAACCTGAGCCT GJ}‘\AG ".CATC. -\ACCTBA‘T‘""TL GL;»AC(-‘ AGC
TGTGGCACACCAACGACAACCAGATCGCTATCTT CAACCGGCTGAAGCTGGTG ,'CCPA’:AAGGTP
CTGTCCCAGCAGAAAGAGAT CCCCACCACCCTGGTGEACGACTTCATCCTGAGCCCCETCGT GAZ
AAGCTTCATCCAGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAACGACAT
TTA '?’CGAGC’T’\JGC-"CG’”GA(:AAG;—;ACTCCAAGGA\’"GCCC‘ ATGATCAACGAGATGCAGAAGCGG
AACCGGCAGACCAACGAGCGGATCGAGGAAATCATCC GCAAAGAGAACGCCAAGTACCT
GATCGAGAAGATCAAGC GLALU""ATG(,AGC'/—;A\.:GLAAG“"”Lk, TACAGCCTGGAAGCCATCC
TGGAAGATCTGCTGAACAACCCCTTCAACTATGAGGTGGACCACATCATCCCCAGAAGCETGTCL
GACAAC /-&Gku TCARCAACAAGGTGCTCGTGAAGCAGGAAGARAACAGCAAGAAGGGCAACCGGACCCC
ATTCCAGTACCTGAGCAGCAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACAT CCTGAATC
TGG \,VATXGCCCZALZ\ GGGCAGARATCAGCAAGACCAAGARAGAGTATCTGCTGGAAGAACGGGACATCAAC
AGGTTCTCCETGCAGAARGACTTCATCAACCGCAACCTGGTGGATACCAGATACGCCACCAGAGGCCT
GATGAACCTGCTGCGGAGCT h("l‘“"Cﬂk:nGT GAA '/3{‘ f"'f‘GGA(‘( STGAAAG T"AA CATCAATGGCG
GCTTCACCAGCTTTCTGCGGCGGAAG ACAAGCACCAC

GCCGAGGACGCCCTGATCATTGCCAA ATCT >
CAAAAAAGTGATGGAAARACCAGATGTTC :GAAAAGCAGGECCG AG CGAAACCG
AGCAGGAGTACAAAGAGATCTTCATCACCCCCCACCAG /xT"‘fJ‘f“CACATTz\/“\ GACTTCAAGGACTAC
AAGTACAGCCACCGGETGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCG
GARGGACGACAAGGGCAACACCCTGATCGTGAACAATCTGAACGGCCT GTACGACAAGGACAATGACE

GCTGAAAAAGCTGATCAACAAGAGCCCCGAAAAGCTGCTGATGTACCACCACGACCCCCAGACCTAC
CAGAAACTGAAGCTGATTAT GG/ HC’AC'“AK,GGCLALCAU GAATCCCCTGTACAAGTACTACGAGGA
A_A'CIC sGAACTACCTGACCAAGTACTCCE ACAACGGCCCCGETGATCAAGAAGATTAAGTATT

[ORe

()

N

b

G

>

A AACAAACTGAACGCCCAT ACTA ARCAGC. AACAAGGT
AAGLTCT CCCTGAAGCCCTACAGATT GACAATGGCGTGTACAAGTTCGTGA

GAAGAATCTGGATGTGATCAAAARAGAAAACTACTACGAAGT GAATAGCAAGTGCTATGAGGAAGCTA
AGAAGCTGAAGAAGATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACARCGAT CTGATCARG
ATCAACGGCGAGCTGTATAGAGTGATCEGCETGAACAACGACCTGCTGAACCECGATCCGAAGT GAACAT
GATCGACATCACCTACCGCGAGTACCTGGAARACATG] A@ GACAAGAGGCCCCCCAGGATCATTAAGA
CAATCGCCTCCAAGACCCAGAGCATTAAGAAGTACAGCACAGACATTCTGGGCAACCTGTAT "AA-""' G
AMNTCTAAGAAGCACCCTCAGATCATCARARAAGGEC ‘ANA \GGCCGGCGECCACCAARAAGGCLGET
GGCAAAAAACAAAAAM } .ATTLtagoaataaaggatcgtttz*tttﬁat“ggaqocgtgtﬂt
tggtttittgatcagge CGCCAACAAGTTGACGAGATAAACAT T
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GCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAAAACacattteot ctetatacaaatgCGGTETT
TCETCCTTTCCACAAGATATATAAR Cw’—mvﬁ\]ﬁj\ﬁCCAﬁATAC‘T’“”‘LAAGT"WZ‘,GG AAGCATATGAT
AGTCCATTTTAAAACATAATTTTAAARCT GCARACTACCCAAGAAATTATTACT TTCTACGTCACETA
PPTTETACTAATATCTTTGTGTTTAC A STCABATTAATTCCAATTATCTCTCTAACAGCCTTGTATCG
TATATG AAATAI GAA (JAA’:’chrGGC.HhaIAbCf’LU coT C—:ACTAG"LAGAH@HA‘l’C'T(”GCC’AL&CPﬁ
GTTGACGA P ,cw;;%:’ar‘“'m

o 'l

y ] AACATA T“TA“AAVL_ ‘“ALTPPLVL
AAT“PTﬁ CTWTCTACbLFAbUTA TTﬁ”TA”T TATCTTTGTGTTTACAGTCAAATTAATTCC
AATTATCTCTCTAACAGCCTTGTATCGTATATGCARATAT GAAGGAAT CATGGGAAATAGGCCC] CG:
TACCaggaacccectagtgatggac ¢ cteo
gogaccaaaggtegeccgacg gcectttgecceggyge
goctygcaggggegectgatge tttoctecttacy
caaagcaaccatagtacgcge
gtgaccgctacacttgecag
gtt

f gacgttgyg
:tcaac:c:at thqop'

N

aaaatgagctgatttaacazaa asaa
tgcactctcagt cca
tgacgecgecctg ac
gctgeatgtgte

ctatttttatag

fta}
A

k¢ atgettcaataatattgaaaaaggaagag £ e
tec tttthygcattttchtt ctgttttty ctg ragtaaa
ctyg atcagttgggtgcacgagtgggttacat cagcggtaagatcce
gagt cgccocgaagaacgttt t““datﬁatgd tgctatgtggegeg
atc tattgacgcecgggcaagagcaacteggtc tctecagaatgactt
ggyLcaqta”tcaccagtcaragaaaaqcatﬁ.tacggat agaattatgcagtg
“tgccataaccatgagtgataac gag

gggaacceggagetgaa
yogcaaad

cfaa@cdcht“tt jcacaaca
Lgaduchtagueacha' sefefe]
"zttaectqqcve10La0ttjctv,agcttv gcaacaa*tv.?
gttecagcaChac“tﬂrﬂﬂgptcy“F ctte

ggaunqaggaﬁaLaaacaor'Lgcbnavafaggt
aagtttactcatatatacttt agabtgat
atcetttttgataatcte

C

tt coLtCCi
ctgegegtaatote o C
a;xgctaWQajc,vtt++ aggtaactgge agcagagcegeagatace

tagtgtagcogtagttaggcecac tcaagaactotgtagecaccgectacataccte ctﬁtg ta
atcctgttaccagtggetygctgecagtggegataagtegtgtettac jartudaqargdta
gttaccggataaggcgcageggt gggftgaaggdhggutLﬁﬁtgcaﬂac rgoccagettggagegaa

cgac
qoq;wqdqvavotatccoota
aacgoctggt aLLtL,dtaqtcct gact+";<<
sferule gtcagggggchgdgbcL:tcvaaaaacgucagcaacgcggccttL
gectggecttttgetcacatgt

caccgaactygac rcegaagggaga

efefoto]
th
ettt

Q@
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CLAIMS
What is claimed is:

1. A CRISPR-Cas sysierm comprising one or more vectors encoding a composition, the
composition comprising:

{a) a first guide RNA (gQRNA) molecule targeting intron 44 of dystrophin;

() a second gRNA molecule targeting intron 85 of dystrophin; and

{c) a Cas? protein; and

{d) one or more Cas8 gRNA scaffolds.

2. The system of claim 1, wherein the system comprises a single vector.

3. The system of claim 1, wherein the systemn comprisas iwo or more vectors, wherein
the two or more vectors comprises a first vector and a second vector.

4. The system of claim 3, wherein
{a} the first vector encodes the first gRNA molecule and the second gRNA
molecule; and

{s)] the second vector encodes the Cas¥ protein.

5. The system of claim 3, wherain
(a) the first vector encodes the first gRNA molecule; and

(b} the second vector encodes the second gRNA molecule,

8. The system of claim 5, whergin the first vector further encodes the Cas® protein.

7. The system of claim 5 or 6, wherein the second vector further encodes the Cas8
protein.

8. The system of any one of claims 1-7, wherein the expression of the Cas? protein is

driven by a constitutive promoter or a muscle-specific promoter.

9. The systemn of claim 8, where the muscle-specific promoter comprises a MHCKY

promoter, a CK8 promoter, or a Spcbi2 promoter.
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10. The system of claim 2, wherein the single vecior encodes the first gRNA molecule,

the second gRNA molecule, and the Cas® protein.

11. The system of any one of claims 1-10, wherein the vector comprises at least one

bidirectional promoter.

12. The system of claim 11, wherein the bidirectional promoter comprises:

a first promaoter driving expression of the first gRNA molecuie and/or the second
gRNA molecule; and

a second promoter driving expression of the Cas@ protein.

13. The system of any one of claims 1-12, wherein the first gRNA targets the

polynucleotide of SEQ 1D NO:2 or a &' truncation thereof.

14. The system of any one of claims 1-13, wherein the second gRNA largels the

polynucieotide of SEQ 1D NO:3 or a & truncation thereof.

15, The systemn of any one of claims 1-14, wherein the Cas9 protein is Splasg, SaCasg,

or St1Casg protein.

16. The system of any one of claims 1-15, wherein the Cas9 gRNA scaffold is & SaCas8
gRNA scaffold.

17. The system of claim 16, wherein the SaCas9 gRNA scaffold comprises or is encoded
by the polynucisolide of SEQ 1D NO:4.

18. The system of any one of claims 1-17, wherein the Cas9 protein is a SaCasg protein
encoded by the polynucleotide of SEQ 1D NO:11.

18, The system of any one of claims 1-18, wherein the vector comprises at least one
polynuclectide selected from SEQ {D NOs: 1-13 and 24.

20. The system of any one of claims 1-19, wherein the vector comprises the

polynuclectide sequence of SEQ 1D NO: 24,

21. The system of any one of claims 1-20, wherein the vector comprises a polynucleotide
seqguence that is selected from SEQ IR NO:14, SEQ ID NO:15, SEQ 1D NO:18, SEQ ID
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NO:17, SEQ D NO:18, SEQ ID NO:19, SEQ 1D NO:20, SEQ 1D NO:21, SEQ 1D NO:22,
SEQ D NO:23, SEQ ID NO: 41, SEQ ID NO: 42, SEQ 1D NO: 29, and SEQ 1D NO: 30,

22, The system of any one of claims 1-21, wherein the vecior is a viral vector.

23. The system of any one of claims 1-22, wherein the vecior is an Adeno-assodiated
virus (AAV) vector.

24. The system of claim 23, wherein the AAV vector is AAVT, AAV2, AAVS, AAVS,
AAVSE, AAVE, AAVT, AAVE, AAVY, AAV-10, AAV-11, AAV-12, AAV-13, or AAVrh.74.

25. The system of any one of claims 1-24, whergin the vector comprises a ubiquitous
promoter or a tissue-specific promoter operably linked 1o the polynuclectide sequence

encoding the first gRNA molecule, the second gRNA molecule, and/or the Cas® protein.

26. The system of claim 25, wherein the tissue-specific promoter is a muscle specific

promoter.

27. A celi comprising the sysiem of any one of claims 1-26.

28. A kit comprising the system of any one of claims 1-28.

29, A method of corracting a mutant dystrophin gene in a cell, the method comprising

administering to a cell the system of any one of claims 1-28.

30. A method of genome editing a muiant dystrophin gene in a subiject, the method
comprising administering to the subject the system of any one of claims 1-26 or the cell of
chaim 27.

31. A method of treating a subject having a mutant dystrophin gene, the method
comprising administering 1o the subject the system of any one of claims 1-26 or the cell of

claim 27.

32. The method of claim 30 or 31, wherein the system or the cell is administered 1o the
subject intramuscularly, infravenously, or a combination thereof.
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