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Disclosed herein are therapeutic targets for the correction of the human dystrophin gene by gene editing and methods of use.
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AAY VECTOR-MEDIATED DELETION OF LARGE MUTATIONAL HOTSPOT FOR
TREATMENT OF DUCHENNE MUSCULAR DYSTROPHY

CROSS-REFERENCE TORELATED APPLICATIONS

(60017 This application claims priority 1o U.S. Provisional Patent Application No.
€2/833,760, filed April 14, 2019, which is incorporated herein by reference in ifs entirety,

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

(00062} This invention was made with government support under grant ROTARQE2085
awarded by the National Institutes of Health. The govermnment has cerlain rights in the

invention.
FIELD

[G003] The present disclosure relates to the field of gene expression alteration, genome
engineering, and genomic alieration of genes using Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPRY/CRISPR-associated (Cas) $-based systems and viral
delivery systems. The present disclosure also relates {o the field of genome engineering

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

[0004] CRISGPR/Cas8-based gene editing systems can be used {o introduce site-spedcific
double strand breaks at targeted genomic loci. This DNA cleavage stimulales 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 to 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 femplate 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. Howaever, the major hurdle for implementation of these
technologies is delivery 1o particular tissues i vivo in a way that is effective, efficient, and

facilitates successful genome maodification.
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[3005] Hereditary genetic diseases have devastating effects on children in the United
States. These diseases curvently have no cure and can only be managed by atiempts to
alleviate the symptoms. For decades, the field of gene therapy has promised a cure fo these
diseases. MHowever technical hurdies regarding the safe and efficient delivery of therapeutic
genes {o cells and patients have limited this approach. Duchenne muscular dystrophy
(DMD) is a fatal genetic disease, dinically characterized by muscle wasting, loss of
ambulation, and death typically in the third decade of life due to the loss of functional
dystrophin, DMD is the result 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 maijority of DMD mutations are deletions {(~ 68%) of one or
more of [ts 79 exons that shift the reading frame and terminate expression of the fuli-length
transcript. Deletions mostly occur 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) patients with naturally occurring in-frame deletions of the entire
45 o 55 region of the dystrophin gene exhibit delayed disease onset and minimal skeletal

muscle pathology.

EH Dystrophin is a key component of a protein complex that is responsible for
regulating muscle cell integrity and function. DMD patients typically lose the ability o
physically supporit themselbves during childhood, become progressively weaker during the
feenage vears, and die in their twenties. Current experimental gene therapy strategies for
DMD require repeated adminisiration of fransient gene delivery vehicles or rely on
permanent integration of foreign genetic material info the genomic DNA. Both of these
methods have serious safety concerns. Furthermore, these strategies have been limited by
an inability {o deliver the large and complex dystrophin gene sequence. There remains a
need for more precise and efficient gene editing fools 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
system may include one or more vectors enceding a compaosition, the composition
comprising. (a) a first guide RNA (gRNA) molecule targeting intron 44 of dystrophin; (b) a
second gRNA molecule targeting intron 55 of dystrophin; and (¢} a Cas® protein; and {d) one
or more Casg gRNA scaffolds. In some embodiments, the system comprises a single
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, (8) the

first vector 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 embodiments, (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 Casg protein. In some
embodiments, the second vector further encodes the Cas® protein. In some embodiments,
the expression of the Cas$ protein is driven by a constitutive promoter or a muscle-specific
promoter. In some embodiments, the muscle-specific promoter comprises a MHCKY
promoter, a CK8 promoter, or a Spchi12 promoter. In some embodiments, the single vecior
encodes the first gRNA molecule, the second gRNA molecule, and the Cas9 protein. In
some embodiments, the vector comprises at least one bidirectional promoler. In soms
embodiments, the bidirectional promaoter comprises: a first promoter driving expression of
the first gRNA molecule and/or the second gRNA molecule; and a second promoter driving
expression of the Cas9 protein. In some embodiments, the first gRNA targets the
polynucieotide of SEQ ID NO:2 or a 5 truncation thereof. In some embodiments, the second
gRNA targeis the polynucleotide of SEQ ID NO:3 or a 5" truncation thereof. In some
embodiments, the Cas® protein is SpCas®, SaCasy, or St1Casy protein. In some
embodiments, the Cas® gRNA scaffold is 3 SaCas¥ gRNA scaffold. In some embodiments,
the SaCas® gRNA scaffold comprises or is encoded by the polynucleotide of SEQ 1D NO:4,
in some embodiments, the Cas8 protein is g SaCas8 protein encoded by the polynucleotide
of SEQ ID NO:11. In some embodiments, the vector comprises at least one polynuclectide
selected from SEG 1D NOs: 1-13 and 24. In some embodiments, the vector comprises the
poiynucleotide sequence of SEQ ID NO: 24, In some embodiments, the vector comprises a
polynuclectide sequence that is selected from SEQ 1D NO:14, SEQ 1D NO15, SEQ ID
NO:16, SEQID NO:17, SEQ ID NO:18, SEQ ID NO:18, SEQ ID NO:20, SEQ 1D NG:21,
SEQ ID NO:22, SEQ 1D NO:23, SEQ ID NO: 41, SEQ 1D NO: 42, SEQ ID NO: 29, and SEQ
D NO: 30, In some embodiments, the vector is a viral vector. In some embodiments, the
vector is an Adenoc-associaled virus (AAV) vecior. In some embodiments, the AAV vecloris
AAVT, AAV2, AAV3, AAVE, AAVE, AAVE, AAVT, AAVE, AAVS, AAV-10, AAV-11, AAV-12,
AAV-13, or AAVIN.T4. In some embodiments, the vector comprises a ubiquitous promoter or
a tissue-specific promoter operably linked to the polynucleotide sequence encoding the first
gRNA molecule, the second gRNA molecule, and/or the Cas® protein. In some

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

[3008] in a further aspect, the disclosure relates {o a cell comprising the herein

described system.

(G009 Another aspect of the disclosure provides a kit comprising the herein described

system.
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[30010]  Another aspect of the disclosure provides a method of correcting a mutant
dystrophin gene in a cell. The method may include adminisiering to a cell the herein

described system.

[80011] Another aspsct of the disclosure provides a method of genome editing a mutant
dystrophin gene in a subject. The method may include administering to the subject a herein
described system or cell. The system or cell may be administered o the subject

intramuscularly, intravenously, or a combination thereof,

[60012] 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 administered 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

[00014] FIG. 1 shows the two deletion prone hotspots 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.

[B0015] FIG. 2 shows delails relating to the exon 45 through exon 55 mutational hotspot.
Approximately 45% of all DMD mutations, and many commonly deleted single exons, are
located in this region. Patients with exon 45 1o 55 in-frame deletion display milder dystrophic
phenotype. AONs (antisense oligonuclectides) have been used {0 induce exon skipping in
this region.

[00016] 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.

[600171  FiG. 4 shows injection of & system 10 excise exons 45 through 55 of dystrophin in
neonatal mice. Neonatal mice were systemically injecied at 2 days postnatal (P2). Muscles

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

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

magnification, dual vector P2 injected, 8 weeks post-treatment.
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[30018] FIG. & shows the traditional 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 {0 increase effective dose, streamiining of other vector
production (single therapeutic agent), use/incorporation of muscle-specific promoters (CKE,
Spesi2, 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
(ictal packaged DNA < 4.8 kb include: 5aCas¥ (~3.2 kiy}; mini polyadenyiation signal (80 bp)
or bGH polyadenylation signal (232 bp); constitulive EFS promoter (252 bp) or muscle

specific promoter).

[80021] FiG. 8 shows the ali-in-one veclor for deletion of exons 45-55 and in vifro
analyses in HEK293s.

[60022] FiG. %A is a schematic diagram of the dystrophin gene from immortalized
myoblasts isolated from a DMD patient, showing the deletion of exons 48-50. FiG. 88
shows results from deletion PCR of genomic DNA and ¢DNA 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, while transfecied myoblasts expressed a smalier dystrophin protein compared io the

positive controd, consistent with hotspot deletion.

[60023] FiG. 10 are images of cardiac muscle cells from neonatal hDMDAS2/mdx mice
injected with either AAV-CRISPR targeting a control locus (op panel) or targeting exon 45-
55 {(bottomn panel. Cells were harvested 8 weeks post injection. Cells were siained with

DAP! or for dystrophin. 10x magnification, scale bar = 200 ym.

[00024] FiG. 11 is a schematic diagram of the versions of all-in-one vecior 5.

[00025] FIG. 12 are images of TA muscle cells 8 weeks after injection with the vectors as

indicated, at 10x magnification.

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

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

[00027] FIG. 14 are graphs showing the stability of ali-in-one {AlQO) vectors in vivo. The
left graph are resulis from gPCR using TA samples & weeks posi-injection. The righi graphs

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

5
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DETAILED DESCRIPTION

[00028] As described herein, certain methods and engineered gRNAs have been
discovered o be usefyl with CRISPR/CRISPR-associated (Cas) 8-based gene editing
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 Cas? (SpCas?) 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® (SaCas9), which is about 1
kb smaller than SpCas9. The disclosed gRNAs, which target human dystrophin gene
sequences, can be used with the CRISPR/Cas9-based system 1o farget exons 45 to 55 of
the human dystrophin gene, causing genomic deletions of this region in order o resiore

expression of functional dystrophin in celis from DMD patients.

[(30028] Also described herein are genetic constructs, compositions, and methods for
delivering CRISFR/Cas8-based gene ediling system and multiple gRNAS to target the
dystrophin gene. The presently disclosed subject matter also provides for methods for
delivering the genetic constructs {e.g., vectors) or compositions comprising thereof {o
skeletal muscle and cardiac muscle. The vector can be an AAV, including modified AAYV
vectors. The presently disclosed subject matier describes a way to deliver aclive forms of
this class of therapeutics to 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 species for basic science applications.
The methods may relate to the use of a single AAV vector for the delivery of all of the ediling

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

[00030]  Section headings as used in this section and the entire disclosure herein are

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

[60031] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly undersiood 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 equivalent to

those described herein can be used in practice or testing of the present invention. All
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publications, patent applications, patents and other references mentioned herein are
incorporaied by reference in their entirety. The materials, methods, and examples disclosed

herein are iHustrative only and not intended to be {imiting.

[80032] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain{(s},” and
variants thereof, as used herein, are intended io be open-ended transitional phrases, terms,
or words that do not preclude the possibility of additional acts or structures. The singular
forms “a,” “and” and “the” include plural references unless the context clearly dictates
otherwise, The present disclosure also contemplates other embodiments “comprising,”
“‘consisting of” and “consisting essentially of,” the embodiments or elemenis presented

herein, whether explicitly set forth or not.

[80033] Forthe recitation of numeric ranges herein, each intervening number there
between with the same degree of precision is explicitly contemplated. For example, for the
range of 6-8, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range
6.0-7.0, the number 6.0,8.1,6.2,6.3,6.4, 6.5 66,6.7,6.8,8.9, and 7.0 are explicitly

contemplated.

[00034] As used herein, the term “about” or “approximately” means within an acceptable
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 determined, Le., the limitations of the
measurement system. For example, “aboul” 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 still up o 1% of a
given value. In ceriain aspects, the term *about” refers to a range of values that fall within
20%, 18%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 8%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, 1%, orless in either direction {greater than or less than) of the stated reference
value uniess otherwise stated or otherwise evident from the context (except where such
number would exceed 100% of a possible value). Allernatively, particularly with respectio
biclogical systems or processes, the term can mean within an order of magnitude, preferably

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

[B0035] “Adeno-associated virus” or “AAV” as used interchangeably herein refers {0 a
small virus belonging to the genus Dependovirus of the Parvoviridae family that infects
humans and some other primate species. AAV is not currently known 1o cause disease and

consequently the virus causes a very mild immune response.
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[(30036] “Binding region” as used herein refers 10 the region within a nuclease target

region that is recognized and bound by the nuclease.

[60037] “Cardiac muscle” or *heart muscle” as used interchangeably herein means a type
of involuntary striated muscie found in the walls and histological foundation of the head, the
myocardium. Cardiac muscle is made of cardiomyocytes or myocardiocytes.
Myocardiocytes show striations similar to those on skeletal muscle cells but contain only
one, unique nucleus, unlike the multinucleated skeletal cells. In certain embodiments,
“cardiac muscle condition” refers to a condition related to the cardiac muscle, such as

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

[60038] “Coding sequence” or "encoding nucleic acid” as used herein means the nucleic
acids (RNA or DNA molecule) that comprise a nucleoctide sequence which encodes a
protein. The coding sequence can further include initiation and termination signals operably
linked to regulatory elements including a promoter and polyadenyiation signal capable of
directing expression in the celis of an individual or mammal to which the nucleic acid is

administered. The coding sequence may be codon optimized.

[6003%] “Complement” or “complementary” as used herein means a nucleic acid can
mean Watson-Crick {e.g., A-T/U and C-G) or Hoogsteen base pairing between nuclectides
or nucleotide analogs of nucleic acid molecules. “Complementarity” refers o a property
shared between two nucleic acid sequences, such that when they are alighed antiparaliel to

gach other, the nuciestide bases at gach position will be complementary.

[60040] “Correcling”, “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 homaology-directed repair (HDR). Correcting or restoring a
mutant gene may aiso include repairing a frameshift mutation 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
(NHEJD. NHEJ may add or delete at least one base pair during repair which may restore the
proper reading frame and eliminate the premature stop codon. Correcling or restoring a
mutant gene may also include disrupting an aberrant splice gaeceptor site or splice donor
sequence. Correcting or restoring a mutant gene may also include deleting a non-essential

gene segment by the simulfaneous 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 two nuclease
target sites and repairing the DNA break by NHEJ,

[60041] The term “directional promoter” refers {o two or more promoters that are capable
of driving transcription of two separate sequences in both directions. In one embaodiment,
one promoter drives transcription from 8’ to 3’ and the other promoter drives transcription
from 3 10 5. In one embodiment, bidirectional promoters are double-strand transcription
control elements that can drive expression of at least iwo 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 {o the other (complementary) nucieotide sequence, including
packaging constructs comprising the two promoters in opposite directions, for example, by
hybrid, chimeric or fused sequences comprising the two individual promoter sequences, or at
least core sequences thereof, or else by only one transcription regulating sequence that can
initiate the transcription in both directions. The two individual promoter seguences, in some
embodiments, may be juxtapoesed or a linker sequence can be located between the first and
second sequences. A promoter sequence may be reversed to be combined with another
promoter sequence in the opposite orientation. Genes located on both sides of a
bidirectional promoter can be operably linked to a single transcription conirol seqguence or
region that drives the transcription in both directions. In other embodiments, the bidirectional
promoters are not juxtaposed. For example, one promoter may drive franscription on the &
end of a nucleotide fragment, and another promoter may drive franscription from the 3" end
of the same fragment. In ancther embodiment, a first gene can be operably linked 1o the
bidirectional promoter with or without further regulatory elements, such as a reporter or
ferminator elements, and a second gene can be operably linked io the bidirectional promoter
in the opposite direction and by the complementary promoter sequence, again with or

without further reguiatory elements.

[00042] “Donor DNA”, "donor templaie,” and “repair template” as used inferchangeably
herein refers to a double-stranded DNA fragment or molecule that includes at least a portion
of the gene of interest. The donor DNA may encode a full-functional proiein or a partially-

functional protein.

[00843] “Duchenne Muscular Dystrophy” or “DMD” as used interchangeably herein refers
{0 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 malss.
DMD is the result of inherited or spontaneous mutations that cause nonsense or frame shiit

mutations in the dystrophin gene. The majority of dysirophin mutations that cause DMD are

g
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deletions of exons that disrupt the reading frame and cause premature fransiation
termination in the dysirophin gene. DMD patients typically lose the ability to physically
support themselves during childhood, become progressively weaker during the teenage

years, and die in their fwenlies,

[60044] “Dystrophin” as used herein refers 1o a rod-shaped cyioplasmic protein which is a
part of a protein complex that connects the cyloskeleton of a muscle fiber {o the surrounding
extraceliular matrix through the cell membrane. Dystrophin provides structural stability o 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 locus 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 arsa where
roughly 45% of all dystrophin mutations are located. Exon 45-55 deletions are associaled
with very mild Becker phenotypes and have even been found in asymptomatic individuals.

Exon 45-55 multiexon skipping would be beneficial for roughly 50% of all DMD patients.

[00046] “Frameshift” or “frameshift mutation” as used interchangeably herein refersto a
type of gene mutation wherein the addition or deletion of one or more nucleotides causes a
shift in the reading frame of the codons in the mRNA. The shift in reading frame may lead (o
the alieration in the amino acid sequence at protein transiation, such as a missense mutation

or a premature stop codon.

[60047] “Functional” and “full-functional” as used herein describes protein that has
biclogical activity. A "functional gene” refers 10 a gene transcribed to mRNA, which is

fransiated to a functional protein.

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

the original proteins.

[0004%] “Genelic construct” as used herein refers {0 the DNA or RNA molecules that
comprise a nuclestide sequence that encodes a protein. The coding sequence includes
initiation and termination signais operably linked to requlatory elements including a promoter
and polyadenylation signal capable of direcling expression in the celis of the individual to

whom the nucleic acid molecule is administered. As used herein, the term “expressible
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form” refers to gene constructs that contain the necessary regulatory elements operably
linked to a coding sequence that encodes a protein such that when present in the celi of the

individual, the coding sequence will be expressed.

[G0050] “Genetic disease” as used herein refers {o 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 inserlion or a
deletion. The abnormality may affect the coding sequence of the gene or its reguiatory
sequence. The genetic disease may be, but not limited to DMD, Becker Muscular Dysirophy
(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, refinitis pigmentosa, ataxia telangiectasia,

Bloomy's syndrome, retinoblasioma, and Tay-Sachs disease.

[30051] “Homology-directed repair” or "HDR” as used inlerchangeably herein refers o a
mechanism in cells 1o repair double strand DNA lesions when a homologous piece of DNAis
present in the nucleus, mostly in G2 and S phase of the cell cycle. HDR uses a donor DNA
tempiate {0 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/Cas9-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.

[(0052] “Genome editing” as used herein refers to changing a gene. Genome editing
may include correcting or restoring a mutani gene. Genome editing may include knocking
out a gene, such as g mutant gene or a normal gene. Genome editing may be used to freat

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

[G0053] “identical” or “identity” as used herein in the context of two or more nucleic acids
or polypeptide sequences means that the sequences have a specified percentage of
residues that are the same over a specified region. The percentage may be calculated by
optimally aligning the two sequences, comparing the two seguences over the specified
region, determining the number of positions at which the identical residue gocurs in both
sequences to vield the number of matched positions, dividing the number of matched
positions by the total number of positions in the specified region, and multiplying the result

by 100 to vield 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 staggered ends and the specified
region of comparison includes only a single sequence, the residues of single sequence are
included in the denominator but not the numerator of the calculation. When comparing DNA
and RNA, thymine (T) and uracil (L) may be considered equivalent. Identity may be
performed manually or by using a computer sequence algorithm such as BLAST or BLAST
2.0

[0054] “Mulant gene” or “‘mutated gene” as used interchangeably herein refers {0 a gene
that has undergone a detectable 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 to a mutant gene that has
a mutation that causes a premature stop codon. The disrupted gene product is fruncated

refative to g full-length undisrupted gene product.

[G00558] “Non-homologous end joining (NHEJ) pathway” as used herein refers to a
pathway that repairs double-sirand breaks in DNA by directly ligating the break ends without
the need for a homologous template. The template-independent re-ligation of DNA ends by
NHEJ is a stochastic, error-prone repair process that introduces random micro-insertions
and micro-deletions {indeis) at the DNA breakpoint. This method may be used {o
intentionally disrupt, delete, or alter the reading frame of targeted gene sequences. NHEJ
typically uses short homologous DNA sequences called micrchomologies to guide repair.
These micrchomologies are often present in single-stranded overhangs on the end of
double-strand breaks. YWhen the overhangs are perfectly compatible, NHEJ usually repairs
the break accurately, yet imprecise repair leading 1o loss of nucleotides may also ocour, but

is much more common when the overhangs are not compatible.

[30056] “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-type

gene.

[G0057] “Nuciease mediated NHEJ” as used herein refers to NHEJ that is initiated after a

nuclease, such as a ©as8 molecule, culs double stranded DNA.

[G60058] “MNucieic acid” or “cligonuciectide” or “polynuclectide” as used herein means at
feast two nuclectides covalently linked fogether. The depiction of a single strand also
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
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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 10 a target seguence under stringent hybridization
conditions. Thus, a nucleic acid also encompasses a probe that hybridizes under stringent

hybridization conditions.

[G0058] 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 contain combinations of
deoxyribo- and ribo-nuclectides, and combinations of bases including uracil, adenine,
thymine, cylosine, guanine, inosine, xanthine hypoxanthine, isocytosine and isoguanine.

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

[G0068] “Operably linked” as used herein means that expression of a gene is under the
control of a promoter with which it is spatially connected. A promoter may be positioned &'
(upstreamy) or 3' {downstream) of a gene under its control. The distance between the
promoter and a gene may be approximately the same as the distance between that promoter
and the gene it controls in the gene from which the promoter is derived. As is known in the

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

[G0061] “Fartially-functional” as used hergin describes a protein that is encoded by a
mutant gene and has less biclogical activity than a functional protein but more than a non-

functional protein.

[600682] “Premature stop codon” or “out-of-frame stop codon” as used interchangeably
herein refers 1o nonsense mutation in a sequence of DNA, which results in a stop codon at
focation not normally found in the wild-type gene. A premature stop codon may cause a

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

[00083] “Promoter” as used herein means a synthetic or naturally-derived molecule which
is capable of conferring, activating or enhancing expression of a nucleic acid in g cell. A
promoter may comprise gne or more specific transcriptional regulatory sequences to further
enhance expression and/or to alter the spatial expression and/or temporal expression of
same. A promoter may also comprise distal enhancer or repressor elements, which may be
located as much as several thousand base pairs from the start site of transcription. A
promoter may be derived from sources including viral, bacterial, fungal, plants, insects, and
animals. A promoter may regulate the expression of a gene component constitutively

{constitutive promoter), or differentially with respect to cell, the tissue or organ in which
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expression occurs or, with respect io the developmenial stage at which expression ocours,
or in response o external stimuli such as physiological stresses, pathogens, metal ions, or
inducing agents. Represeniative examples of promoters include the bacteriophage 77
promoter, bacteriophage T3 promoter, SP6 promoter, lac operator-promoter, tac promoter,
SV40 iate promoter, SV40 early promoter, RSV-LTR promoter, CMV IE promoter, SV40
early promoter or SV44Q kate promoter, human US (hUG) promoter, and CMV IE promoter.
Examples of muscle-spedcific promoters may include a MHCKT promoter, a CK8 promoter,

and a Spch12 promoter.

[(0084] “Skeletal muscle” as used herein refers to a type of striated muscle, which is
under the control of the somatic nervous systern and atlached o bones by bundles of
collagen 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 myoblasis {(a type of embryonic
progenitor cell that gives rise to a muscle cell) in a process known as myogenesis. These

long, cylindrical, multinuclieated cells are also called mycofibers.

[30085] “Skeletal muscie condition” as used herein refers 1o a condition related to the
skeletal muscle, such as muscular dystrophies, aging, muscle degeneration, wound healing,

and muscle weakness or atrophy.

[G0066] “Subject” and "patient” as used herein interchangeably refers to any veriebrate,
including, but not limited to, a mammal {(e.g., cow, pig, camel, llama, horse, goat, rabbit,
sheep, hamsters, guinea pig, cat, dog, ral, and mouse, a non-human primate (for exampie, a
monkey, 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 palient

may be undergoing other forms of treatment.

[B006Y] “Target gene” as used herein refers {0 any nuclestide sequence encoding a
known or putative gene product. The target gene may be a mutated gene involved in a
genetic disease. In cerfain embodiments, the targsi gene is a human dystrophin gene. In

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

[G0068] “Target region” as used herein refers to the region of the target gene to which the

CRISPR/Cas8-based gene editing sysiem s designed o bind and cleave.

[0008%] “Transgene” as used herein refers {0 a gene or genetic material containing a
gene sequence that has been isolated from one organism and is introduced into a different

organism. This non-native segment of DNA may retain the ability to produce RNA or protein
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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 to change the phenotype of

an organism.

[G0070] “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
nucleoctide sequence 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 substantially identical thereio.

[60071] “Variant” with respect to a peptide or polypeptide that differs in amino acid
sequence by the insertion, deletion, or conservative substitution of aming acids, but retain at
least one biological 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 biclogical aclivity. A conservative substitution of an amino acid, i.e.,
replacing an amino acid with a different amino acid of similar properties {&.g., hydrophilicily,
degree and distribution of charged regions) is recognized in the art as typically involving a
minor change. These minor changes may be identified, in part, by considering the
hydropathic index of amino acids, as understood in the art. Kyle et al,, J. Mol Biol. 157:105-
132 (1882). The hydropathic index of an aming acid is based on a consideration of its
hydrophobicity and charge. His known in the art that amino acids of similar hydropathic
indexes may be substituted and still retain protein function. In one aspect, amino acids
having hydropathic indexes of £2 are substituted. The hydrophilicity of amino acids may
also be used 1o reveal substitutions that would result in proteins retaining biological function.
A consideration of the hydrophilicity of amino acids in the context of a peptide parmits
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 hydrophilicity 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 biological function are understood 1o depend on the
relative similarity of the amino acids, and particularly the side chains of those amino acids,

as revealed by the hvdrophobicity, hydrophilicity, charge, size, and other properties.

[B0072] “Veclor” as used herein means a nucleic acid seguence containing an origin of
replication. A vecior 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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[B0073] Unless otherwise defined herein, scientific and technical terms used in
connection with the present disclosure shall have the meanings that are commonly
understood by those of ordinary skill in the art. For example, any nomenclatures used in
connection with, and techniques of, cell and tissue culiure, molecular biology, immunology,
microbiology, genetics and protein and nucleic acid chemistry and hybridization described
herein are those that are well known and commonly used in the art. The meaning and scope
of the terms should be clear; in the event however of any latent ambiguity, definitions
provided herein take precedent over any dictionary or extrinsic definition. Further, unless
otherwise required by context, singular terms shall include pluralities and plural terms shall

include the singular.
2. Genetic Constructs for Genome Editing of Dysirophin Gene

[80074] 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 at least one gRNA may target human and/or rhesus monkey
dystrophin gene sequences and may be SaCas9-compatible targets. The disclosed gRNAS
can be included in a CRISPR/Cas8-based gene editing system, including systems that use
SaCas®, 1o target exons 45 through 55 of the human dystrophin gene. The disclosed
gRNAs, which may be included in a CRISPR/Cas¥-based gene editing sysiem, can cause
genomic deletions of the region of exons 45 through 55 of the human dystrophin gene in

order to restore expression of functional dystrophin in cells from DMD patients.
a. Dystrophin Gene

[60075] Dystrophin is a rod-shaped cyloplasmic protein that is a part of a protein complex
that connects the cytoskeleton of a muscle fiber to the surrounding exdiraceliular matrix
through the cell membrane. Dystrophin provides structural stability to the dystroglycan
complex of the cell membrane. The dysirophin gene is 2.2 megabases ai iocus Xp21. The
primary transcription measures about 2,400 kb with the mature mRNA being approximately
14 k. 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 leads {o the development of severe and incurable symptoms. Some mutations in
the dystrophin gene lead {0 the production of defective dystrophin and severe dysirophic
phenotype in affected patients. Some mutations in the dystrophin gene lead to partially

functional dystrophin protein and a much milder dystrophic phenotype in affecied patients.
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[30076] DMD is the result of inherited or spontanecus mutations that cause nonsense or
frame shift mutations in the dystrophin gene. Naturally ocourring mutations and their
consequences are relatively well understood for DMD. In-frame deletions that cocur 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
symptoms. Furthermore, more than 80% of patients may theoretically be treated by
targeting this region as a whole {exons 48 through 55) or specific exons in this region of the
dystrophin gene {for example, targeting exen 51 only). Efforis have been made {o resiore
the disrupted dystrophin reading frame in DMD patienis by skipping non-essential exon(s)
{for example, exon 51 skipping) during mRNA splicing 1o produce internally deleted but
functional dystrophin proteins. The deletion of internal dystrophin exon(s) (for example,
deletion of exon 51) retains the proper reading frame 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 truncated bul partially functional dystrophin protein is created. BMD
has a wide array of phenotlypes, but often if deletions are belween exons 45-55 of
dystrophin, the phenotype is much milder compared to DMD. Thus changing a DMD
genotype to a BMD genotype is & comimon strategy to correct dystrophin. There are many
strategies 1o correct dystrophin, many of which rely on restoring the reading frame of the
endogenocus dystrophin. This shifis the disease genotype from DMD 1o Becker muscular
dystrophy. Many BMD patients have intragenic deletions that mainiain the translational

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

[G00771 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
phenctype DMD in subjects, including DMD subjects with deletion mulations. Exons 45
through 55 of g dystrophin gene refers {0 the 45th exon, 46th exon, 47th exon, 48th exon,
4%th 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.

[60078] The presently disclosed genelic constructs can generate deletions in the
dystrophin gene. The dystrophin gene may be a human dystrophin gene. In ceriain
embodiments, the vector is configured 1o form two double stand breaks (g first double strand
break and g second double strand break) in two introns {(a first infron 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 dystrophin exonic target position or a dystrophin intra-exonic target 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 function 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
embodiments, the dystrophin target position comprises exon 51 of the dystrophin gene {e.g.,

human dystrophin gene).

[00079] A presently disclosed 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,

[G008G] Elimination of exons 45 through 55 from the dystrophin transcript by exon
skipping can be used {o treat approximately 50% of all DMD patients. This class of
dystrophin mutations is suiled for permanent correction by NHEJ-based genome editing and
HDR. The genetic consiructs 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 transfecied into human DMD celis and mediate efficient
gene modification and conversion 1o the corredt reading frame. Profein restoration may be
concomitant with frame restoration and detected in a bulk population of CRISPR/Casg-

based gene editing system-treated cells.
. CRISPR System

[60081] A presently disclosed genetic construct may encede g CRISPR/Cas8-based gene
editing system that is specific for a dystrophin gene. “Clustered Regularly Interspaced Short
Palindromic Repeats” and “CRISPRS”, as used interchangeably herein, refers to loci
containing muttiple shont direct repeats that are found in the genomes of approximately 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
CRISPR-associated (Cas) genes as well as non-coding RNA elements capable of
programming the specificity of the CRISPR-mediated nucleic acid cleavage. Short
segmenis of foreign DNA, called spacers, are incorporated into 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 protein-
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RNA pair recognizes its genomic target by complementary base pairing between the & end
of the sgRNA sequence and a predefined 20 bp DNA sequence, known as the protospacer.
This complex is directed {o homologous loci of pathogen DNA via regions encoded within the
crRNA, i.e., the protospacers, and protospacer-adjacent motifs (PAMs) within the pathogen
genome. The non-coding CRISPR array is franscribed and cleaved within direct repeats into
short crRNMNAs containing individual spacer sequences, which direct Cas nucleases 1o the
target site {protospacer). By simply exchanging the 20 bp recognition sequence of the
expressed sgRNA, the Casf nuclease can be directed 1o new genomic targets. CRISPR
spacers arg used 1o recognize and silence exogenous genelic elements in a manner

analogous to RNAI in eukaryolic organisms.

[00082] Three classes of CRISPR systems (Types |, I, and i effeclior systems) are
known. The Type Il effector system carries out targeted DNA double-sirand break in four
seguential steps, using a single effector enzyme, Cas9, 1o cleave dsDNA. Compared to the
Type | and Type i effector systems, which require multiple distinct effectors acting as a
complex, the Type li effector system may function in giernative coniexis such as eukaryctic
celis. The Type H effector system consists of a long pre-crRNA, which is transcribed from
the spacer-containing CRISPR locus, the Cas® protein, and a tracrRNA, which is involved in
pre-orRNA processing. The tracrRNAs hybridize 10 the repeat regions separating the
spacers of the pre-crRNA, thus initiating dsRNA cleavage by endogenous RNase . This
cleavage is foliowed by a second cleavage eveni within each spacer by Cas®, producing
mature crRNAS that remain associated with the tracrRNA and Cas, forming a CasB:crRNA-

tracrRNA complex,

[G0083] The Cas8.orRNA-tracrRNA complex unwinds the DNA duplex and searches for
seguences maiching 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 corRNA. Cas? mediates cleavage of target DNA if a correct
protospacer-adjacent motif (PAM) is also present at the 3° end of the protospacer. For
protospacer targeting, the sequence must be immediately followed by the protospacer-
adjacent motif (PAM), a short sequence recognized by the Cas9 nuclease that is required for
DNA cleavage. Different Type |l systems have differing PAM requirements. The S
pyogenes CRISPR system may have the PAM sequence for this Cas® (SpCas9) as 5-NRG-
3, where R is either A or G, and characterized the specificity of this system in human cells.
A unigue capability of the CRISPR/Cas@-based gene editing system is the straightforward
ability to simultaneously target multiple distinct genomic loci by co-expressing a single Casd

protein with two or more sgRNAs. For example, the Streplococcus pycgenes Type H system
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naturally prefers to use an "NGG” sequence, where "N’ can be any nucleotide, but also
accepts 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
meningiidis (NmCas®) normally has a native PAM of NNNNGATT, but has activity across a
variety of PAMs, including a highly degenerate NNNNGNNN PAM (Esvell et al. Nature
Methods (2013) doi:10.1038/nmeth 2681).

[30084] A Cash molecule of 8. aureus recognizes the sequence molif NNGRR (R = A or
G) (SEQ D NO: 25) and directs clsavage of a target nucleic acid sequence 110 10, e.g., 310
5, bp upstream from that sequence. In cerlain embodiments, a Cas® molecule of 8. aureus
recognizes the sequence motif NNGRRN (R = A or G) (SEQ D NO: 28) and directs
cleavage of a targetl nucleic acid sequence 110 10, e.g., 310 5, bp upstream from that
sequence. In certain embodiments, a Cas8 molecule of 5. gureus recognizes the sequence
molif NNGRRT (R = A or &) (SEQ 1D NO: 27) and directs cleavage of a target nucleic acid
seguence 11010, e.g., 310 5, bp upstream from thal seguence. In certain embodiments, a
Cast molecule of 5. gureus recognizes the sequence motif NNGRRV (R = A or G) (SEQ D
NO: 28) and direcis cleavage of a target nucleic acid sequence 11018, e.0., 310 5, bp
upsiream from that sequence. In the aforementioned embodiments, N can be any
nucleotide residue, e.g., any of A, &, C, or T. Cas8 molecules can be engineered o alter the

FAM specificity of the Cas8 molecule.

i} CRISPR/Cas%-based Gene Editing System

[G0088] An engineersd form of the Type H effector system of Sireplococous pyogenes
was shown o function in human cells for genome engineering. In this system, the Casg
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 orRNA
processing in general. Provided herein are CRISPR/Cas8-based engineered systems for
use in genome editing and treating genelic diseases. The CRISPR/Cas8-based engineered
systemns can be designed 1o target any gene, including genes involved in a genetic disease,
aging, tissue regeneration, or wound healing. The CRISPR/Cas%-based gene editing
systems can include a Cas$ protein or Cas® fusion protein and at least one gRNA. In
ceriain embodiments, the system comprises two gRNA molecules. The Cash fusion protein
may, for example, include a domain that has a different activity that what is endogenous to

Cas8, such as a transactivation domain.
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[30086] The target gene (8.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 g frameshift mutation or a nonsense mutation. If
the target gene has a mutation that causes a premature stop codon, an aberrant splice
acceptor site or an aberrant splice donor site, the CRISPR/Cas8-based gene editing system
can be designed to recognize and bind a nuclectide sequence upstream or downstream
from the premature stop codon, the aberrant splice acceptor site or the aberrant splice donor
site. The CRISPR-Cas8-based system can also be used {o disrupt normal gene splicing by
targeting splice acceptors and donors to induce skipping of premature stop codons or
resiore a disrupted reading frame. The CRISPR/Cas8-based gene editing system may or

may not mediate off-target changes o protein-coding regions of the genome.

{1} Cas® molecules and Cas® fusion proteins

[8008Y] The CRISPR/Cas8-based gene editing system can include a Cas? proiein or a
Casg fusion protein. Cas? protein is an endonuclease that cleaves nucleic acid and is
encoded by the CRISPR loci and is involved in the Type I CRISPR sysiem. The Cas®
protein can be from any bacterial or archaea species, including, but not limited {o,
Streptococcus pyogenes, Staphviococcus aureus (S. aureus), Acidovorax avenae,
Actinobacillus pleuropneumoniae, Actinobaciflus succinogenes, Actinobacillus suis,
Actinomyvees sp., cycliphilus denifrificans, Aminomonas paucivorans, Bacillus cereus,
Bacillus smithii, Bacillus thuringiensis, Bacteroides sp., Blastopireliula marina,
Bradyrhizobium sp., Brevibacillus laterosporus, Campyiobacter cofi, Campylobacter jejuni,
Campylobacter lari, Candidatus Puniceispiriffum, Clostridium celluiolyticum, Clostridium
perfringens, Corynebacterium accolens, Corynebadcterium diphtheria, Corynebacterium
matruchotii, Dinoroseobacter shibae, Eubacterium dolichum, gamma protecbacterium,
Gluconacetfobacter diazofrophicus, Haemophilus parainfluenzae, Haemophilus spulorum,
Helicobacter canadensis, Helicobacter cinaedi, Helicobacter mustelae, iyobacter polytropus,
Kingella kingae, Lactobacillus crispatus, Listeria ivanovii, Listeria monocytogenes,
Listeriaceae bacterium, Methyilocystis sp., Methyviosinus trichosporium, Mobiluncus mulfieris,
Neisseria bacilliformis, Neisseria cinerea, Neisseria flavescens, Neisseria lactamica,
Neisseria sp., Neisseria wadsworthii, Nifrosomonas sp., Parvibaculum lavamentivorans,
Pasteurefla multocida, Phascolarctobadterium succinatultens, Raistonia syzygii,
Rhodopseudomonas palusiris, Rhodovulum sp., Simonsiella muelleri, Sphingomonas sp.,
Sporolactobacillus vineae, Staphylococcus fugdunensis, Strepfococcus sp.,
Subdoligranuium sp., Tistrella mobilis, Treponema sp., or Verminephrobacter eisenige. In

certain embodiments, the Cas9 molecule is g Sfrepfococcus pyogenes Cas? molecule (giso

21



CA 03137248 2021-10-13

WO 2020/214609 PCT/US2020/028148

referred herein as “SpCasy”). in certain embodiments, the Cas® moleculs is a

Staphyvlococcus aureus CasB molecule (also referred herein as "SaCas®”).

[60088] A Casb molecule or a Cas8 fusion protein can interact with one or more gRNA
mclecule and, in concert with the gRNA molecule(s}, localizes to a site which comprises a
target domain, and in ceriain embodiments, a PAM sequence. The ability of a Cas®g
molecule or a Cas@ fusion protein (o recognize a PAM sequence can be determined, for

example, using a transformation assay as known in the arl.

[6008%] In certain embodiments, the ability of a Cas8 molecule or a Cas8 fusion protein o
interact with and cleave a target nucleic acid is PAM sequence dependent. A PAM
seguence is a sequence in the target nucleic acid. In cerlain embodiments, cleavage of the
target nucleic acid occurs upsiream from the PAM sequence. Cas® molecules from different
bacterial species can recognize different sequence motifs (e.g., PAM sequences). In certain
embodiments, a Casy molecule of S. auwreus recognizes the sequence motif NNGRR (R = A
or G) (SEQ ID NO: 25) and direcls cleavage of a target nucleic acid sequence 110 10, e.g,,
3 to 5, bp upstream from thal sequence. In certain embodiments, a Cas® molecule of 3.
aureus recognizes the sequence motif NNGRRN (R = A or G) (SEQ 1D NO: 28} and directs
cleavage of a targetl nucleic acid sequence 110 10, e.g., 310 5, bp upstream from that
sequence. In certain embodiments, a Cas8 molecule of 5. gureus recognizes the sequence
molif NNGRRT (R = A or G) (SEQ 1D NO: 27} and directs cleavage of a target nucleic acid
seguence 11010, e.g., 310 5, bp upstream from thal seguence. In certain embodiments, a
Cas® molecule of S, gureus recognizes the sequence motif NNGRRY (R=AorG; V=Aor
C or G) (SEQ ID NQ: 28) and directs cleavage of a target nucleic acid sequence 1 10 10,
e.g., 3to 5, bp upstream from that sequence. In the aforementioned embodiments, N can
be any nuclectide residue, e.g., any of A, G, C, or T. Cas® molecules can be engineered io

alter the PAM specificity of the Cas@ molecule.

[000901  In ceriain embodiments, the vector encodes at least one Cas® 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 Cas8 molecule is an
S. aureus Cas9 molecule. In certain embodiments, the at least one Cas® molecule is a

mutant S. aureus Cas? molecule.

[(00%1] Additionally or alternatively, a nucleic acid encoding a Cas® molecule or Cas®
polypeptide may comprise a nuclear localization sequence (NLS). Nudclear localization

sequences are known in the art.
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[300382] 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 D NOs: 31-37. Another exemplary codon optimized nucleic acid sequence encoding a

Cas¥ molecule of 5. gureus comprises the nucleotides 1293-4451 of SEQ 1D NO: 38.

[800%3] In some embodiments, the nuclectide sequence encoding a 3. auwreus Cash
molecule includes the polynucieotide sequence of SEQ ID NO: 37. An amino acid sequence
of an S. aureus Cas8 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

[600%4] Alernatively or additionally, the CRISPR/Cas8-based gene ediling system can
include a fusion protein. The fusion proiein can comprise two helerologous polypeptide
domains, wherein the first polypeptide domain comprises a Cas protein and the second
polypeptide domain has an activity such as transcription activation activity, transcription
repression activily, franscription release factor activity, histone modification activity, nuclease
activity, nucleic acid association activity, methylase activity, or demethylase activily. The
fusion protein can include a Cas® protein or a mutated Cas8 protein, fused to a second
polypeptide domain that has an aclivity such as transcription aclivation activity, transcripiion
repression activity, franscription release factor activity, hisione modification activity, nuclease

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

[600958] The second polypeptide domain can have franscription activation activity, i.e., a
fransactivation domain. For example, gene expression of endogenous mammalian genes,
such as human genes, can be achieved by targeting a fusion protein of iCasY% and a
fransactivation domain 1o mammalian promoters via combinations of gRNAs. The
fransactivation domain can include g p300 protein, VP16 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 dCass-p300.
{b} Transcription Repression Activity

[0003%8] 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-3ID 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

[6009%7] The second polypeptide domain can have transcription release factor activity.
The second polypeptide domain can have eukaryotic release factor 1 (ERF1) activity or

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

[00038] The second polypeptide domain can have histone modification activity. The
second polypeptide domain ¢an have histone deacetylase, histone acetyliransferase,
histone demethylase, or histone methyltransferase aclivity. The histone aceiyliransferase
may be p300 or CREB-binding protein (CEBF) protein, or fragments thereof. For exampie, the
fusion protein may be dCas8-p300.

{e} Nuclease Activity

[(300%8] The second polypeptide domain can have nuclease activity that is different from
the nuclease activity of the Casb protein. A nuclease, or g protein having nuclease activity,
i5 an enzyme capable of cleaving the phosphodiester bonds between the nucleotide
subunits of nucleic acids. Nucleases are usually further divided info endonucleases and
exonucleases, aithough some of the enzymes may fall in both categories. Well known

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

[G600180] The second polypeptide domain can have nucleic acid association activity or
nucleic acid binding protein-DNA-binding domain (DBD) is an independently folded protein
domain that contains at least one motif that recognizes double- or single-stranded DNA. A
DBD can recognize a specific DNA sequence (a recognition seqguence) 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, Zinc finger, HMG-box, Word

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

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

second polypeptide domain may include a DNA methyiiransferase.
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{h} Demethylase Activity

[600102] The second polypeptide domain can have demethylase 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 hydroxymethyicytosine in a machanism for
demethylating DNA. The second polypeptide can catalyze this reaction. For example, the

second polypeptide that catalyzes this reaction can be Tet1.
{2} gRNA Targeting the Dystrophin Gene

[000103] The CRISPR/Casy-based gene editing system includes at leasi one gRNA
molecule, for example, two gRNA molecules. The gRNA provides the targeting of a
CRISPR/Cas9-hased gene editing system. The gRNA is a fusion of two noncoding RNAS: a
orRNA and a tracrRNA. The sgRNA may farget any desired DNA sequence by exchanging
the sequence encoding a 20 bp protespacer which confers fargeting specificity through
complementary base pairing with the desired DNA target. The gRNA mimics the naturally
oocurring orRNATracrRNA duplex involved in the Type ll Effector system. This duplex,
which may include, for example, a 42-nuclectide orRNA and a 75-nucleotide tracrRNA, acts
as a guide for the Cas? to cleave the target nucleic acid. The “target region”, “target
sequence,” or ‘profospacer” may be used interchangeably herein and refers to the region of
the target gene {(e.g., a dystrophin gene) to which the CRISPR/Cas8-based gene editing
system targets. The CRISPR/Cas8-based gene ediling system may include at least one
gRNA, wherein each gRNA targeis a different DNA sequence. The target DNA sequeances
may be overlapping. The target sequence or protospacer is followed by a PAM sequence at
the 3’ end of the protospacer. Different Type Il systems have differing PAM requirements.
For example, the Sirepiococcus pyogenes Type U system 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 D NO: 27) or NNGRRVY (SEQ D NO: 28).

[800104] 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 isast 4 different gRNAS, at least 5 different gRNAs, at least 8 different
gRNAS, at least 7 different gRINASs, at least 8 different gRNAS, at least 9 different gRNAs, at
least 10 different gRNAs, at least 11 different gRNAs, at least 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 gRNAs, at isast 20 different gRNASs, at least 25 different gRNAS, at least 30
different gRNAs, at isast 35 different gRNAS, at least 40 different gRNAS, at least 45
different gRNAs, or at least 50 different gRNAs. The number of gRNA molecuies 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 25 different gRNAS, less than 20 different gRNAs, less than 10 different
gRNAs, less than 18 different gRNAS, less than 17 different gRNAs, less than 16 different
gRNAs, less than 15 different gRNAS, less than 14 different gRNAs, less than 13 different
gRNAsS fess 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 5 different gRNAs, less than 4 different
gRNAS, or less than 3 different gRNAs. The number of gRNAsS encoded by a presently
disclosed genetic construct can be beilween at least 1 gRNA to at least 50 different gRNAs,
at least 1 gRNA 1o at least 45 different gRNAs, at least 1 gRNA to at least 40 different
gRNAs, at least 1 gRNA to at least 35 different gRNAS, at least 1 gRNA 1o 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, af least 1 gRNA {0 at least 16 different gRNAs, at least 1 gRNA 1o at
least 12 different gRNAS, at least 1 gRNA {0 at least 8 different gRNAs, at least 1 gRNAto at
least 4 different gRNAS, at least 4 gRNAs to at least 50 different gRNAS, ai ieast 4 different
gRMNAs 1o at least 45 different gRNAs, at least 4 different gRNASs to at least 40 different
gRMNAs, at least 4 different gRNAs 1o at least 35 different gRNASs, at least 4 different gRNAs
o at least 30 different gRNAs, at least 4 different gRNAS 10 at least 25 different gRNAs, at
least 4 different gRNAS to at least 20 different gRNAs, at least 4 different gRNAs io at least
18 different gRNAs, at least 4 different gRNAS to at least 12 different gRNAs, at least 4
different gRNAS to at least 8 different gRMNAS, at least 8 diifferent gRNAs 1o al least 50
different gRNAs, at isast 8 different gRNAS to at 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, 8 different gRNAs 10 at least 30 different gRNAs, at least 8 different gRNAs {o at
least 25 different gRNAs, 8 different gRNAS 1o at least 20 different gRNAs, at least 8
different gRNAs 1o at legst 16 different gRNAs, or 8 different gRNAs 10 atl least 12 different
gRNAs. In certain embodiments, the genetic construct (e.g., an AAY vector) encodes one
gRNA molecule, i.e., a first gRNA maolecule, and optionally a Cas® molecule. In certain
embodiments, a first genetic construct {8.q., a first AAY veclor) encodes one gRNA
molecule, L.e., a first gRNA molecule, and optionally a Cas? molecule, and & second genetic
construct {e.g., a second AAV vector) encodes one gRNA molecule, i.e., a second gRNA

molscule, and optionally a Cas® molecule.
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[300105] The gRNA molecule comprises a {argeting domain (also referred 10 as a targeting
sequence), which is a complementary polynuclectide sequence of the target DNA sequence
followed by a PAM sequence. The gRNA may comprise a “G” gt the & end of the targeting
domain or complementary polynucleotide sequence. The largeling domain of a gRNA
molecule may comprise al least a 10 base pair, atleast a 11 base pair, at least a 12 base
pair, at least a 13 base pair, at least a 14 base pajy, at least & 15 base pair, atleast a 16
base pair, at least a 17 base pair, at least a 18 base palr, al least a 18 base pair, atleast a
20 base pair, at least a 21 base pair, at least a 22 base pair, al least & 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 a gRNA mclecule 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 hase 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 polynucleotide sequence of the target DNA sequence followed by a PAM
seguence. In certain embodiments, the fargeting domain of a gRNA molecuie has 19-25
nuclectides in length. In certain embodiments, the targeting domain of a gRNA molecule is
20 nucleotides in length. In certain emboediments, the targeting domain of a gRNA molecule
is 21 nucleotides in length. In certain embodiments, the targeting domain of a gRNA
molecule is 22 nuclectides in length. In cenain embodiments, the targeting domain of a

gRNA molecule is 23 nuclestides in lengih.

[600106] 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 certain embodiments, the
gRNA molecule targels intron 44 of the human dystrophin gene. In certain embodiments,
the gRNA molecule targets intron 55 of the human dystrophin gene. In some embodiments,
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
seguence corresponding 1o SEQ 1D NO: 2 or a fragment thereof or a complement thergof. A
aRNA may be encoded by a polynucleotide sequence comprising SEQ IDNQO: 2 ora
fragment thereof or a complement thereof. The targeting sequence of the gRNA may
comprise the polynucleotide of SEQ 1D NG: 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 SEG 1D NO: 2. In some embodiments, the
gRNA may bind and target the polynuciectide of SEQ 1D NO: 2. In some embodiments, the
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gRNA may bind and target a 5" truncation of the polynuciectide of SEQ D NO: 2. A gRNA
may bind and targst a polynuclectide sequence corresponding 10 SEQ ID NO: 3 ora
fragment thereof or a complement thereof. A gRNA mavy 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 polynuciectide of SEQ ID NG: 3 ora
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 nuclectides shorter than
SEQ D NO: 3. In some embodiments, the gRNA may bind and target the polynucleotide of
SEQ D NO: 3. In some embodiments, the gRNA may bind and target a 5 truncation of the
polynucleoctide of SEQ ID NO: 3. In some embodiments, a gRNA that binds and targets or is
encoded by a polynuclectide sequence comprising or coresponding 1o SEQ D NO: 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.

[000187] Single or multiplexed gRNAS can be designed 1o restore the dystrophin reading
frarme by targeting the mutational hotspot in exons 45-55 of dystrophin. Following treatment
with a presently disclosed vecior, dystrophin expression can be restored in BDuchenne
patient muscle cells in vifro. Human dystrophin was detected in vivo following
transplantation of genetically correcied patient cells inio immunodeficient mice. Significantly,
the unigue multiplex gene editing capabilities of the CRISPR/Cas8-based gene editing
system enable efficiently 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

[000108] The CRISPR/Cas8-based gene editing svstem includes at least one gRNA
scaffeld. The gRNA scaffold facilifates Cas® binding to the gRNA and endonuclease activily.
The gRNA scaffold is a polynuclectide 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 polynucleotide sequence of SEQ ID
NO: 4, or a complement thereof. In some embodimenis, 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 polynuclestide that targeis a sequence of SEQ 1D NO:
2 or SEQ ID NO: 3 or a fruncation thereof, and a polynuclectide corresponding to or
encoded by the gRNA scaffold of SEQ D NO: 4.
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3. DNA Targeting Compositions

[000109%] Further disclosed herein are DNA targeting compositions that comprise such
genetic constructs. The DNA targeting compositions include at least one gRNA molecule
{for example, two gRNA miolecules) that targets a dystrophin gene (for example, human
dystrophin gene), as described above. The at least one gRNA molecule can 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
acceptor sites or splice donor sites, such that insertions or deletions during the repaiy
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.

[300110] In cerlain embodiments, the presently disciosed DNA targeting composition
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 NG:2 and SEQ 1D NO:3,
respectively, or a truncation or a complement thereof. The first gRNA molecule and the
second gRNMNA molecule may comprise a polynucleotide corresponding to SEQ 1D NO:2 and

SEQ ID NO:3, respectively, or a fruncation or a complement thereof,

[800111] The deletion efficiency of the presently disclosed vectors can be related o the
deletion 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 g seguence it comprises {(e.g., exon 51), is the result of breaks made adjacent o

specific PAM sequences within the target gene {e.g., a dystrophin gene).

[800112] In certain embodiments, the deletion size is about 50 1o about 2,000 base pairs
{bpy, e.g., about 50 to about 1993 bp, about 50 io about 1900 bp, about 50 io about 1800 bp,
about 50 to about 1700 bp, about 50 {0 about 1850 bp, about 50 1o about 1600 bp, about 50
1o 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 500
about 750 bp, about 50 to about 700 bp, about 50 to about 600 bp, about 50 o about 500
bp, about 50 to about 400 bp, about 50 {0 about 350 bp, about 50 1o about 300 bp, about 50
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1o about 250 bp, about 50 to about 200 bp, about 50 to aboui 150 bp, about 50 to about 100
bp, about 100 to about 1999 bp, about 100 to about 1800 bp, about 100 to about 1800 bp,
about 100 to about 1700 bp, about 100 {0 about 1650 bp, about 100 {0 about 1600 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 10 about 800 bp, about 100 to about 850 bp, about 100 to about
800 bp, about 100 to about 750 bp, about 100 {0 about 700 bp, about 100 to about 800 bp,
about 100 to about 1000 bp, about 100 to about 400 bp, about 100 to about 350 bp, about
100 1o about 300 bp, about 100 to about 250 bp, about 160 to about 200 bp, about 100 io
about 150 bp, about 200 to about 1999 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 {0 about 1400 bp, about 200 io about 1300 bp,
about 200 to aboui 1200 bp, about 200 to about 1150 bp, about 200 to about 1100 bp, about
200 to about 1000 bp, about 200 to about 900 bp, about 200 io about 850 bp, about 200 {0
about 800 bp, about 200 to about 750 bp, about 200 {0 about 700 bp, about 200 {0 about
€00 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 {0 about 250 bp, about 300 to about 1999 bp, about
300 1o about 1800 bp, about 300 1o about 1800 bp, about 300 o about 1700 bp, about 300
1o about 1650 bp, about 300 {o about 1600 bp, about 300 1o about 1500 bp, about 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 bp, about 300 to about 800 bp, about 300 to about 750 bp, about
300 to about 700 bp, about 300 to about 800 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 hase pairs, about 326 base pairs, about 766 base pairs,

about 805 base pairs, or about 1611 base pairs.
4. Compositions for Genome Editing in Muscle

[000143] Disclosed herein is a genelic construct or a composition thereof for genome
editing a target gene in a subject, such as, for example, a target gene in skeletal muscle
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 effects

of mutations in the dystrophin gene involved in genetic diseases and/or other skeletal or
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cardiac muscle 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/Cas9-based gene editing system specific for dystrophin gene is
disciosed herein. The CRISPR/Cas8-based gene editing system may include Cas? and at
least ocne 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 sife 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 disrupling 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

[600115] The composition may also include a viral delivery system. In cerlain
embodiments, the vector is an adenoc-associated virus (AAV) vector. The AAV vecloris a
small virus belonging to the genus Dependovirus of the Parvoviridae family that infects
humans and some other primate species. AAY vectors may be used o deliver
CRISPR/Cas8-based gene editing sysiems using various construct configurations. For
example, AAV veciors may deliver Cas8 and gRNA expression cassettes on separate
vectors or on the same vector. Alternatively, if the small Cas® proteins, derived from species
such as Staphyiococcus aureus or Neisseria meningitidis, are used then both the Cas8 and
up to two gRNA expression casseties may be combined in a single AAV vector within the 4.7

kb packaging limit.

[600116] In certain embodiments, the AAV vecior is a modified AAV vector. The maodified
AAV vector 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 AAY vecior may be an
AAV-SASTG vector (Placenting et al. (2012) Human Gene Therapy 23:635-846). The
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modified AAV vector may deliver nucleases to skeletal and cardiac muscle in vivo. The
modified AAV vector may be based on one or more of several capsid types, including AAV1T,
AAVZ, AAVE, AAVE, AAVE, and AAVE. The maodified AAV vector may be based on AAVZ
pseudotype with alternative muscle-tropic AAV capsids, such as AAVZ/1, AAV2/6, AAV2/T,
AAVZI8, AAVZ/O, AAVZ2.5, and AAVISASTG vectors that efficiently transduce skeletal
muscle or cardiac muscle by systemic and local delivery (Seto et al. Current Gene Therapy
(2012 12:139-151). The modified AAV vector may be AAV2IBGY (Shen et al. J. Biol. Chem.
{2013) 288:28814-28823). The AAV vector may be AAVIM74.

5. Methods
a. Methods of Genome Editing in Muscle

[000147] Disclosed herein are methods of genome editing in subject. 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. Meathods of Correcting a Mutant Gene and Treating a Subject

[00¢118] 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 subiect
suffering from a genetic disease, such as DMD. The method can include administering to a
cell or a subject a presently disclosed system or genetic construct (e.g., a vecior or a
composition comprising thereof as described above. The method can comprise
administering to the skeletal muscle and/or cardiac muscle of the subject the presently
disclosed sysiem or genetic construct (e.g., a vecior) 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 composition
comprising the same to deliver the CRISPR/Cas¥-based gene editing sysiem {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/Casg-based gene editing system may be
used to introduce site-specific double strand breaks at targeted genomic loci. Site-spedific

double-strand breaks are created when the CRISPR/Cas%-based gene editing system binds
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10 a target DNA sequences, thereby permitting cleavage of the target DNA. This DNA
cleavage may stimulate the natural DNA-repair machinery, leading to one of two possible
repair pathways: homology-directed repair (HDR) or the non-homologous end joining (NHEJ)

pathway.

[800118] Provided herein is genome editing with a CRISPR/Cas8-based gene editing
system without a repair template, which can efficiently correct the reading frame and resiors
the expression of a functional protein involved in a genetic disease. The disclosed
CRISPR/Cas8-based gene editing systems 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 strateqy
integrates the rapid and robust assembly of active CRISPR/Cas®-based gene editing
systems with an efficient gene editing method for the treatment of genelic diseases caused
by mutations in nonessential coding regions that cause frameshifts, premature stop codons,

aberrant splice donor sites or aberrant splice acceptor sites.

i} Nuclease mediated non-homologous end joining

(0001207 Restoration of protein expression from an endogenous muiated 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 ediling systam may lead to
paermanently restored target gene expression by each modified cell and all of iis progeny. in
certain embodiments, NHEJ is a nuclease mediated NHEJ, which in certain embodiments,
refers {0 NHEJ that is initiated a Cas8 moleculs, cuts double stranded DNA. The methad
comprises administering a presently disclosed genetic construct {e.g., a vector) or a
composition comprising thereof to the skeletal muscle or cardiac muscle of the subject for

genome editing in skeletal muscle or cardiac muscle.

[000121] Nuclease mediated NHEJ gene correction may correct the mutated target gene
and offers several polential advantages over the HDR pathway. For example, NHEJ does
not require a donor {emplate, which may cause nonspecific insertional mutagenesis. In
contrast to HDR, NHE.J operaies efficiently in all stages of the cell cycle and therefore may
be effectively exploited in both cycling and post-mitolic cells, such as muscle fibers. This
provides a robust, permanent gene restoration alternative {o oligonucieotide-based exon
skipping or pharmacologic forced read-through of stop codons and could theoretically

require as few as one drug treatment. NHEJ-based gene correction using a CRISPR/Casg-
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based gene editing system, as well as other engineered nucleases including meganucleases
and zing finger nucleases, may be combined with other existing ex vivo and in vivo platforms
for cell- and gene-based therapies, in addition to the plasmid eleciroporation approach
described here. For example, delivery of a CRISPR/Cas8-based gene editing sysiem 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

[600122] Restoration of protein expression from an endogenous muiated 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 nuclectide seguence encoding
a full-functional protein or a partialiy-functional protein. For example, the donor template
may include a miniaturized dystrophin construct, termed minidysirophin “minidys™, a full-
functional dystrophin construct for restoring a mutant dystrophin gene, or a fragment of the
dystrophin gene that after homology-direcied repair leads to restoration of the mutant

dystrophin gene.

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

[000123] The present disclosure is also directed to genome editing with the CRISPR/Cas9-
based gene editing system to restore the expression of g full-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 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 editing system binds o a
target DNA sequences using the gRNA, thereby permitting cleavage of the target DNA. The
CRISFPR/Cas8-based gene editing sysiem has the advaniage of advanced genome ediling
due to their high rate of successful and efficient genetic modification. This DNA cleavage
may stimulate the natural DNA-repair machinery, leading to one of two possible repair
pathways: homology-directed repair (HDR) or the non-homologous end joining (NHEJ)
pathway.

[600124] 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-directed repair or nuclease-mediated non-homologous end joining (NHE.J)-based
correction approaches, which enable efficient correction in proliferation-limited primary cell
lines that may not be amenabile to homologous recombination or selection-based gene
correction. This strateqy integrates the rapid and robust assembly of active CRISPR/Cas9-
based gene editing system with an efficient gene editing method for the treatment of genetic
diseases caused by mutations in nonessential coding regions that cause frameshifis,

premature stop codons, aberrant splice donor sites or aberrant splice gocceptor sites,

[(300125] The present disclosure provides methods of correcting a mutant gene in a cell
and treating a subject suffering from a genetic disease, such as DMD. The method may
include administering to a cell or subject a CRISPR/Cas9-based gene editing system, a
polynucleotide or vector encoding said CRISPR/CasS-based gene editing system, or
composition of said CRISPR/Cas8-based gene editing system as described above, The
method may include administering & CRISPR/Cas8-based gene ediling system, such as
administering a Cas9 protein or Cas? fusion protein containing & second domain having
nuclease activity, a nuclectide sequence encoding said Cas$ protein or Cas¥ fusion protein,
and/or gt least one gRNA, wherein the gRNAs target different DNA sequences. The target
DNA sequences may be overlapping. The number of gRNA administerad to the cell may be
atleast 1 gRNA, at least 2 different gRNA, at least 3 different gRNA at least 4 different
gRNA, at least 5 different gRNA, at least 8 different gRNA, atleast 7 different gRNA, at least
8 different gRNA, at least 0 different gRNA, at least 10 different gRNA, at least 15 different
gRNA, at least 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 Disease

[000126] The present disclosure is directed 10 38 method of ireating a subject in need
thereof. The method comprises adminisiering to a tissue of g subject the presently disclosed
system or genetic construct (e.g., a vector) or a composition comprising thereof, as
described above. In certain embodiments, the method may comprise administering to the
skeletal muscle or cardiac muscle of the subject the presently disclosed system or genetic
constiuct {e.q., g vector) or compgosition comprising thereof, as described above. In ceriain
embodiments, the method may comprise administering to a vein of the subject the presently
disclosed 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 genelic disease. For

35



CA 03137248 2021-10-13

WO 2020/214609 PCT/US2020/028148

example, the subject may be suffering from Duchenne muscular dysirophy, as described

above.

i} Duchenne muscular dystrophy

[6001271 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 symptoms/indications) of DMD in a patient. In some
aspects and embodiments the disclosure provides a method for treating DMD in a patient.

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

preventing further progression of DMD in a patient.

&. Constructs and Plasmids

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

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

[000128] The genetic construct, such as a recombinant plasmid or recombinant viral
particle, may comprise a nucleic acid that encodes the Cas8-fusion protein and at least one
gRNA. In some embodiments, the genetic construct may comprise a nucleic acid that
encodes the Cas8-fusion profein and al 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 nuclectide sequence encoding the at least one gRNA
mclecule and/or a Cas8 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 Cas® 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.

[600130] The genetic 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 reguiatory elements for gene expression of the coding
sequences of the nucieic acid. The reguiatory elements may be a promoter, an enhancer,

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

[600131] In certain embodiments, the genetic construct is a vecior. The vector can be an
Adenoc-associated virus (AAV) vector, which encode at ieast one Cash 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 vecior
may comprise heteroiogous nucleic acid encoding the fusion protein, such as the Cash-
fusion protein or CRISPR/Cas8-based gene editing system. The vector may be a plasmid.
The vector may be useful for transfecting cells with nucleic acid encoding the Casg-fusion
protein or CRISPR/Cas8-based gene ediling system, which the fransformed host cell is
cultured and maintained under conditions wherein expression of the Cas@-fusion protein or

the CRISPR/Cas%-based gene editing system takes place.

[800132] Coding sequences may be optimized for stability and high levels of exprassion.
in some instances, codons are selecied to reduce secondary structure formation of the RNA

such as thal formed due o intramolecular bonding.

[600133] The vector may comprise heterclogous nucleic acid encoding the CRISPR/Cas8-
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/Cas2-based gene editing system coding
sequence. The initiation and termination codon may be in frame with the CRISPR/Casg-
based gene editing system coding sequence. The vector may also comprise a promoter that
is operably linked to the CRISPR/Casg-based gene editing system coding sequence. The
promoter that is operably linked to the CRISPR/Cas®-based gene editing system coding
sequence may be a promgoter 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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promoter, an avian leukosis virus (ALV) promoter, a cytomegalovirus (CMV) promoter such
as the CMV immediate early promoter, Epstein Barr virus (EBV) promoter, a U8 promoter,
such as the human UG promoter, or a Rous sarcoma virus (RSV) promoler. The promoter
may aiso be a promoter from a human gene such as human ubiquitin C (hUbC), human
actin, human myosin, human hemoglobin, human muscle creatine, or human metalothionein.
The promoter may alsc be a tissue specific promoter, such as a muscle or skin specific
promoter, natural or synthetic. Examples of such promoters are described in US Patent
Application Publication Nos, US20040175727 and US20040182583, 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 20040182583,
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 Genetl. (2014} 23(12): 3188-3199), a
MHCKY promoter (described in Salva et al., Mol. Ther. (2007) 15:320-329), a CK8 promoter
{described in Park et al. PLoS ONE (2015) 10(4): e0124814), and a CK8e promoter
(described in Muir et al., Mol. Ther. Methods Clin. Dev. 2014) 1:14025). In some

embodiments, the expression of the gRNA and/or Cas9 protein is driven by tRNAs.

[000134] Each of the polynucieotide sequences encoding the gRNA molecule and/or Cas®
molecule may each be operably linked to a promoter. The promoiers that are operably
linked to the gRNA molecule and/or Cas8@ molecule may be the same promoter. The
promoters thatl are operably linked 1o the gRNA molecule and/or Cas® molecule may be
different promoters. The promoter may be a constitutive promoter, an inducible promoter, a
repressible promoter, or a reguiatable promoter. The promoter may be a fissue specific
promoter. The tissue specific promoter may be a muscle specific promoter. Examples of
muscle-specific promoters may include a MHCKY promoter, g CK8 promoter, and a Spcbi2
promoter. The promoter may be a CKS8 promoter, a Speb12 promoter, a MHCKY promoter,

for example.

[0001358] The vecior may also comprise a polvadenyliation signai, which may be
downsiream of the CRISPR/Cas8-based gene editing system. The polyadenylation signal
may be a SV40 polyadenyiation signal, LTR polyadenviation signal, bovine growth hormone
(bGH) polvadenylation signal, human growth hormone (hGH) polyadenylation signal, or
human B~globin polyadenylation signal. The 3V40 polvadenylation signal may be a

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

[008138] The vecior may alsc comprise an enhancer upstream of the CRISPR/Casg-
based gene editing system, i.e., the Cas® protein or Cas’ fusion protein coding sequence or

sgRNAS, or the CRISPR/Cas9-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. 5,503,972,
5,962,428, and WO94/016737, the contents of each are fully incorporated by reference. The
vector may also comprise a mammalian origin of replication in order to maintain the vector
extrachromosomally and produce multiple copies of the vector in a cell. The vector may also
comprise a regulatery sequence, which may be well suited for gene expression in a
mammalian or human cell into which the vedtor is administered. The vector may also
comprise a reporter gene, such as green fluorescent protein (*GFP”) and/or a selectable

marker, such as hygromycin {("Hygro”.

[0001371 The vector may be expression vectors or systems to produce protein by routine
technigues and readily available starling materials including Sambrook et al., Molecular
Cloning and Laboratory Manual, Second Ed., Cold Spring Harbor (1889}, which is
incorporated fully by reference. In some embodiments the vecior may comprise the nucleic
acid sequence encoding the CRISPR/Cas8-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

[G00138] The presently disclosed subject matier provides for compositions comprising the
above-described genstic constructs. The pharmaceutical compaositions 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 pariiculate free. An isotonic formulation is preferably used. Generally,
additives for isotonicity may include sodium chioride, dexirose, 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.

[800138] The composition may further comprise a pharmaceutically acceptable excipient.
The pharmaceutically 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 aclive agents, such as immune-
stimulating complexes (ISCOMS), Freunds incomplete adjuvant, LPS analog including

monophosphoryl lipid A, muramy! peplides, quinone analogs, vesicles such as squalene and
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squalene, hyaluronic acid, lipids, liposomes, calcium ions, viral proteins, polyanions,

polycations, or nanoparticies, or other known transfection facilitaling agents,

[0600140] The transfection facilitating agent is a polyanion, polycation, including poly-L-
glutamate (LGS}, or lipid. The transfection facilitating agent is poly-L-glutamate, and more
preferably, the poly-L-glutamate is present in the composition for genome editing in skelstal
muscle or cardiac muscle at a concentration less than 6 mg/mi. The transfection facilitating
agent may also include surface active agents such as immune-stimulating complexes
(ISCOMS), Freunds incompiete 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-liposome mibdure (see for example International
Patent Publication No. W08324640), calcium ions, viral proteins, polyanions, polycations, or
nanoparticles, or other known transfection facilitating agents. Preferably, the transfection

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

8. Methods of Delivery

[800141] Provided herein is a mathod for delivering the presently disclosed genetic
construct {e.g., a vecton or a composition thereof to a cell. The delivery of the compositions
may be the transfection or electroporation of the composition as a nucleic acid molecule that
is expressed in the cell and delivered to the surface of the cell. The nucleic acid molecules
may be electroporaied using BioRad Gene Fulser Xcell or Amaxa Nucleofector {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.

[000142] Upon delivery of the presently disclosed genetic construct or composition to the
tissue, and thersupon the vector into the cells of the mammal, the transfecied celis will
express the gRNA molecule(s) and the Cas® molecule. The genetic construct or
composition may be administered to a mammal to alter gene expression or to re-engineer or
alter the genome. For exampie, the genetic construct or composition may be administered
to a mammal to 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, rats, or chicken, and preferably human, cow,

pig, or chicken.

[0600143] The genetic construct (2.g., a vecior) encoding the gRNA molecule(s) and the
Cas8 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
facilitated, and/or recombinant vectors. The recombinant vecior can be delivered by any
viral mode. The viral mode can be recombinant lentivirus, recombinant adenovirus, and/or

racombinant adeno-associated virus.

[000144] A presently disclosed genetic construct {e.g., a vector) or a composition
comprising thereof can be infroduced into g cell to genetically correct a dystrophin gene
{e.g., human dystrophin gene). In certain embodiments, a presently disclosed genetic
construct {e.g., a vector} or a composition comprising thereof is introduced into a myoblast
cell from a DMD patient. In certain embodiments, the genstic construct {e.g., a veclorjora
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 implanted into subjects, such as the damaged muscles of a
subject to verify that the corrected dystrophin protein is functional and/or 10 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+ cells, mesoangicblasts, and MyoD- or Pax{7- transduced cells, or
other myogenic progenitor cells. For example, the CRISPR/Cas%-based gene editing

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

9. Routes of Administration

[G6001458] The presently disclosed genelic constructs (e.g., vectors) or a composition
comprising thereof may be administered {0 a subiject 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 (8.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 velerinary use, the presently disclosed genelic constructs
{e.g., vectors) 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 fraditional syringes, needleless injection devices,
"microproiectile bombardment gone guns”, or other physical methods such as

electroporation (*EP”"), *hydrodynamic method”, or ultrasound.

[000146] The presently disclosed genetic construct (8.g., a vector) or a composition may
be delivered {o the mammal by several technologies including DNA injection (alsc referred to
as DNA vaccination} with and without in vivo electroporation, liposome mediated,
nanoparticle facilitaied, recombinant vectors such as recombinant lentivirus, recombinant
adenovirus, and recombinant adenovirus associated virus. The composition may be injected
into the skeletal muscle or cardiac muscle. For example, the composition may be injected

into the tibialis anterior muscle or tail.

[800147] In some embodiments, the presently disclosed genetic construct {e.g., a veciorn)
or a composition thereof is adminisiered by 1) tail vein injections (systemic) into adult mice;
2y intramuscular injections, for example, local injection intc a muscie 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, but are not limited to, immorialized myoblast
cells, such as wild-type and DMD patient derived lines, for example A48-50 DMD, DMD
6594 (del48-50), DMD 8036 (deld8-50), C25C14 and DMD-7798 cell fines, primal DMD
dermal fibroblasts, induced pluripotent stem cells, bone marrow-derived progenitors, skeletal
muscle progenitors, human skeletal myoblasts from DMD patients, CD 133+ cells,
mesoangioblasts, cardiomyocytes, hepatocyies, chondrocyies, mesenchymal progenior
celis, hematopoietic stem cells, smooth muscle cells, and MyoD- or Pax7-transduced celis,
or other myogenic progenitor celis. Immontalization of human myogenic celis can be used
for clonal derivation of genetically corrected myogenic celis. Cells can be modified ex vivo to
isolaie and expand clonal populations of immortalized BDMD 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
CRISPR/Cas8-based systems by non-viral or non-integraling viral gene transfer, or by direct
delivery of purified proteins and gRNAS containing cell-penetrating motifs may enabile highly

specific correction in sifu with minimal or no risk of exogenous DNA integration.

42



CA 03137248 2021-10-13

WO 2020/214609 PCT/US2020/028148

11. Kits

[600149] Provided herein is a kit, which may be used 1o correct a mutated dystrophin gene.
The kit comprises at least g gRNA for correcting a mutated dystrophin gene and instructions
for using the CRISPR/Cas%-based gene editing system. Also provided hergin is a kit, which
may be used for genome editing of a dystrophin gene in skeletal muscle or cardiac muscle.
The kit may comprise genstic 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.

[600150] Instructions included in kits may be affixed {o packaging material or may be
included as a package inseri. While the instructions are typically written or printed materials
they are not limited {o such. Any medium capable 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 siorage media (e.g., magnetic discs, tapes, cariridges,
chips), optical media (s.g., CD ROM), and the like. As used herein, the term “instructions”

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

[600151] The genetlic constructs {e.g., vectors) or a composition comprising thereof for
correcting a mutated dystrophin or genome editing of a dystrophin gene in skeletal muscle or
cardiac muscie may include a modified AAV vector that includes 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 transgene,

as describad above.

12. Examples

[000152] it will be readily apparent to those skilled in the art that other suilable
modifications and adaptations of the methods of the present disclosure described herein are
readily applicable and appreciable, and may be made using suifable equivalents without
departing from the scope of the present disclosure or the gspects 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 disciosures of all journal references,
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U.S. patenis, and publications referred {0 herein are hereby incorporated by reference in

their entireties.

[600153] The present disclosure details multiple embodiments and aspects, illustrated by

the following non-limiting examples.

Example 1

Bual vector system

[000154] Conventional CRISPR/Cas? systems for the freatment of DMD fypically include
more than one vector (FIG. 6, FIG. 7). For example, one vector may encode a Cas? protein,
and a second vector may encode two gRNAs. As another example, one vector may encode
a Cas® protein and a first gRNA, and a second vector may encode a Casf protein and a
second gRNA.

[B00155] A schematic of an experiment that uses multiple vectors 1o excise exons 45-55 of
dystrophin in mice is shown in FiIG. 3 with results shown in FIG. 4, FIG. 5, and FIG. 10,
Neonatal mice were treated with the dual veclor system via systemicftemporal vein injection.
Al 8 weeks post-treatment, lissue was harvested. As shown in FIG. 4, PCR and sequencing
confirmed the deletion of the mutational hotspot exon 45-55. Additional results are shown in
FIG. 10 with either AAV-CRISPR targeting a conirol locus (FIG. 10, top panel) or targeting
exon 45-55 (FIG. 18, bottom panel}, showing that widespread dystrophin expression was
cbserved in cardiac muscle after deletion of exon 45-55, but not in sham vector-treated

mice.,

Example 2

Validation of therapeutic approach for dual vecior system

[600156] Additional validation of the CRISPR-based approach to restore functional
dystrophin gene with the dual vectors of Example 1 was performed using immeortalized
myoblasts isolated from a DMD patient. The immortalized myoblasts contained a deletion of
exons 48-50, creating an out-of-frame mutation (FIG. 84). Patient myoblasts were
fransfected with the same AAV plasmids used in the HEK293 in vitro experiment in Example
1.

[000157] 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 myoblasis produced no dystrophin protein, while
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transfected myoblasis expressed a smaller dystrophin protein compared to the posilive

control, consistent with hotspot deletion (FIG. 9C). These results additionally provided in

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

restore dystrophin expression.

Example 3

Components for All-in-One Vectors

[000188] A one-vecior CRISPR/Cas system was developed for the treatment of DMD

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

editing componenis on a single vector, ability to increase efiective dose, streamlining of

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

promoters (for example, CK8, Spcb12, MHCKY), and ability fo 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 herein described all-in-one vectors are shown in TABLE 1. FiGG. 12, FIG. 13, and FiIG 14

shiow resulis 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 Sequence

AAV TR COTGCAGGCAGCTGCGCEGLTCELTCGLTCACTGAGGLCOGOCL
GEGLETCOGELGACCTTTGETCEUCCGGLLTCAGTGAGCGASG
COAGCGCGLAGAGAGGGAGTGGCCAACTCCATCACTAGGGGT
TCCT (SEQ ID NO:1)

JCR143; ACATTTCCTCTCTATACAAATG (SEQ 1D NO:3)

quide sequence

RNA targeting

JCR120:

guide sequence
RNA targeting
human dystrophin
intron 55 region

ATATAGTAATGAAATTATTGGCAC (SEQ ID NO:3)

SalCasy guide
RNA scaffold

TCTCGCCAACAAGTTGACGAGATAAACACGGCATTTTGCCTTGT
TTTAGTAGATTCTGTTTCCAGAGTACTAAAAC (SEQ ID NO:4)

Us promoter

GGTGTTICGTCCTTTCCACAAGATATATAAMAGCCAAGAAATCGA
AATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAAC
ATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTAC
GTCACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAA
TTCCAATTATCTCTCTAACAGCCTTGTATCGTATATGCAAATATG
AAGGAATCATGGGAAATAGGCCCTC (SEQ ID NG:5)

H1 promoter

GAACGCTGACGTCATCAACCCGCTCCAAGGAATCGCGGGCCC
AGTGTCACTAGGCGGGAACACCCAGCGCGCGTGCGCCCTGGO
AGGAAGATGGCTGTGAGGGACAGGGGAGTGGCGCCCTGCAAT
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ATTTGCATGTCGCTATGTGTTCTGGGAAATCACCATAAACGTGA
AATGTCTTTGGATTTGGGAATCTTATAAGTTOTETATGAGACCA
C (SEQ ID NOB)

EFS promoter

TCCAGTGGCTCCGGTGOCCGTCAGTEGGCAGAGCGCACATCE
CCCACAGTOCCCGAGAAGTTGGGGGGAGGGEGTCGGCAATTGA
ACCGGTEOCTAGAGAAGGTGGCGCGEGGTAAACTGGGAAAGT
GATGTCGTGTACTGGCTCCGCOTTTTTCCCGAGGGTGGGGEAG
AACCGTATATAAGTGCAGTAGTCGCOGTGAACGTTCTTTTICGE
AACGGGTTTGCOGOCAGAACACAGGTETCETGACCGCGE
(SEQ ID NOT)

CKS8 promoter

CTAGACTAGCATGCTGCCCATGTAAGGAGGCAAGGCCTGGGG
ACACCCGAGATGCCTGGTTATAATTAACCCAGACATGTGGCTG
CCCCCCCCCCCCCAACACCTGCTGCCTCTAAAAATAACCCTGC
ATGCCATGTTCCCGGCGAAGGGCCAGCTGTCCCCCGCCAGCT
AGACTCAGCACTTAGTTTAGGAACCAGTGAGCAAGTCAGCCCT
TGGGGCAGCCCATACAAGGCCATGGGGUTGGGCAAGCTGCAC
GCCTGGGTCCGGEGETGGEGCACGETGCCCGGGCAACGAGLTG
AAAGCTCATCTGOTCTCAGGGGCCCOTCCCTGGGBACAGCCO
CTOCCTGGCTAGTCACACCCTGTAGGCTCCTCTATATAACCCAG
GGGCACAGGGGECTGCOCTCATTCTACCACCACCTCCACAGCAC
AGACAGACACTCAGGAGCTAGCCAG (SEQ D NO:B)

Spch12 promoter

GAGCTCCACCGLGGTGGCGGCCGETCCGCCTTCGGCACCATCC
TCACGACACCCAAATATGGCGACGGGTGAGGAATGGTGGGGA
GTTATTTITAGAGCGGTGAGGAAGGTGGGCAGGCAGCAGGTGT
TGGUGCTCTAAAAATAACTCCCGGGAGTTATTTTTAGAGCGGAG
GAATGGTGGACACCCAAATATGGOGACGGTTCCTCACCCGTCG
CCATATTTGGGTGTCCGCCCTCGRCCEEGGECCEGCATTCOTGE
GGGCCEEECGEGTGCTCCCGCLCGCCTCGATAAAAGGCTCCGEG
GGCCGGLGECEGLLOACCAGCTACCCGGAGGAGCGGGAGGC
GCCAAGCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGAATIC
GATAT (SEQ 1D NC:8}

MHCKY promoter

GTTTAAACAAGCTTGCATGTCTAAGCTAGACCCTTCAGATTAAA
AATAACTGAGGTAAGGGCCTGGGTAGGGGAGGTGGTGTGAGA
CGCTCCTGTCTCTCCTCTATCTGCCCATCGGCCCTTTIGGGGAG
GAGGAATGTGCCCAAGGACTAAAAAAAGGCCATGGAGCCAGAG
GGGCGAGGGCAACAGACCTTTCATGGGCAAACCTTGGGGCCC
TGCTGTCTAGCATGCCCCACTACGGGTCTAGGCTGCCCATGTA
AGGAGGCAAGGCCTGGGGACACCCGAGATGUCTGGTTATAATT
AACCCAGACATGTGGCTGCCCCCOCOCCCCCAACACCTGECTGC
CTOTAAAAATAACCCTGTCCOCTGGTGGATCOCCTGCATGLGAA
SATCTTCGAACAAGGCTGTGOGGGACTCAGGGCAGGTTGTAA
CAGGCTTGGGGOUCAGGECTTATACGTGCCTGGGACTCCTAA
AGTATTACTGTTCCATGTTCCCGGCGAAGGGUCAGCTGTCCCC
CGCCAGCTAGACTCAGCACTTAGTTTAGGAACCAGTGAGCAAG
TCAGCCCTTGGGGCAGCCCATACAAGGCCATGGGEECTGGGCA
AGCTGCACGCCTGGGTCCGGGGTEGECACGGTGCCCGGGCA
ACGAGTTCAAAGCTCATCTGCTCTCAGGGGCCLCCTCCCTGGE
GACAGCCCCTCCTGGUTAGTCACACCCTCTAGGCTCCTCTATA
TAACCCAGGGGCACAGGGGCTGCCCTCATTCTACCACCACCTC
CACAGCACAGACAGACACTCAGGAGCCAGCCAGCGGCGCGCO
C (SEQ ID NO:10)

SaCas9

AAGCGGAACTACATCCTGGGCCTGGACATCGGLCATCACCAGCG
TGGGOTACGGCATCATCGACTACGAGACACGGGACGTGATCGA
TGCCGGCEGTGCGGCTGTTCAAAGAGCGCCAACGTGGAAAACAA
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COAGGGCAGGUGECAGCAAGAGAGGCGCCAGAAGGCTGAAGT
GGCGEAGGCGGCATAGAATCCAGAGAGTGAAGAAGCTGCTGT
TCCACTACAACCTGCTGACCGACCACAGCGAGC TGAGCUGGCAT
CAACCCCTACGAGGCCAGAGTCGAAGGGCCTCAGCCAGAAGCT
CAGCGAGGAAGAGTTCTCTGCCGCCCTGCTGCACCTGGCCAA
CAGAAGAGGCGTGCACAACGTGAACGAGGTGGAAGAGGACALD
CGGCAACGAGCTGTCCACCAAAGAGCAGATCAGCCGGAACAG
CAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGCAGCTGGA
ACGGCTGAAGAAAGACGGCGAAGTGCGGGGCAGCATCAACAG
ATTCAAGACCAGCGACTACGTGAAAGAAGCCAAACAGCTGCTG
AAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCG
ACACCTACATCGACCTGCTGGAAACCCGGCGGACCTACTATGA
GGGACCTGGCGAGGGCAGCCCCTTCGGCTGGAAGGACATCAA
AGAATGGTACGAGATGCTGATGGGCCACTGCACCTACTTCCCC
GAGGAACTGCGGAGCGTGAAGTACGCCTACAACGCCGACCTG
TACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGG
ACGAGAACGAGAAGCTGGAATATTACGAGAAGTTCCAGATCAT
CGAGAACGTGTTCAAGCAGAAGAAGAAGLUCCACCCTGAAGCAG
ATCGOCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGGGECT
ACAGAGTGACCAGCACCGGUAAGCCCGAGTTCACCAATCTGAA
GGTGTACCACGACATCAAGGACATTACCGCCCGGAAAGAGATT
ATTGAGAACGUCGAGCTGCTGGATCAGATTGCCAAGATCCTGA
CCATCTACCAGAGCAGCGAGGACATCCAGGAAGAATCTGACCAA
TCTGAACTCCGAGCTCGACCCAGGAAGAGATCGAGCAGATCTCT
AATCTGAAGGGCTATACCGGCACCCACAACCTGAGCOTGAAGG
CCATCAACCTGATCCTGCGACGAGCTGTGGCACACCAACGACAA
CCAGATCGCTATCTTCAACCGGCTGAAGCTGGTGCCCAAGAAG
GTGGACCTGTCCCAGCAGAAAGAGATCCCCACCACCCTGGETG
GACGACTTCATCCTGAGCCCCGTCGTGAAGAGAAGCTTCATCC
AGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCCT
GCCCAACGACATCATTATCGAGCTGGCCCGCGAGAAGAACTCC
AAGGACGCCCAGAAAATGATCAACGAGATGCAGAAGCGGAACC
GGCAGACCAACGAGUGGATCGAGGAAATCATCCGGACCACCG
GCAAAGAGAACGCCAAGTACCTGATCGAGAAGATCAAGCTGCA
CGACATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCATC
CCTCTGGAAGATCTGCTGAACAACCCCTTCAACTATGAGGTGE
ACCACATCATCCCCAGAAGCGTGTCCTTCGACAACAGCTTCAA
CAACAAGGTGUTCGTCGAAGCAGGAAGAAAACAGTAAGAAGGE
CAACCGGACCCCATTOCCAGTACCTGAGCAGCAGCGACAGCAAG
ATCAGUTACGAAACCTTCAAGAAGCACATCCTGAATCTGGCCAA
GGGECAAGGGCAGAATCAGCAAGACCAAGAAAGAGTATCTGETG
CAAGAACGGGACATCAACAGGTTCTCCGTGCAGAAAGACTTCA
TCAACCGGAACCTGGTGGATACCAGATACGCCACCAGAGGCCT
CATGAACCTGCTGCGGAGCTACTTCAGAGTGAACAACCTGGAC
CTGAAAGTGAAGTCCATCAATGGCGGCTTCACCAGCTTTCTGC
GGCCCAAGTGGAAGTTTAAGAAAGAGCGGAACAAGGGGTACA
AGCACCACGCCGAGGACGCCCTGATCATTGCCAACGCCGATTT
CATCTTCAAAGAGTGGAAGAAACTGGACAAGGCCAALMAAAGTG
ATGGAAAACCAGATGTTCGAGGAAAAGCAGGCCGAGAGCATGC
CCGAGATCGAAACCGAGCAGGAGTACAAAGAGATCTTCATCAC
CCOCCCACCAGATCAAGCACATTAAGGACTTCAAGGACTACAAG
TACAGCCACCGGGTGGACAAGAAGCCTAATAGAGAGCTGATTA
ACGACACCCTGTACTCCACCCGGAAGGACGACAAGGGCAACA
CCOCTGATCGTGAACAATCTGAACGGCCTGTACGACAAGGACAA
TGACAAGCTGAAAAAGCTGATCAACAAGAGCCCCGAAAAGCTG
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CTGATGTACCACCACGACDCCCCAGACCTACCAGAAACTGAAGD
TGATTATGGAACAGTACGGUGACCGAGAAGAATCCCCTGTACAA
GTACTACGAGGAAACUGGGAACTACCTGACCAAGTACTCCAAA
AAGGACAACGGCCCCGTGATCAAGAAGATTAAGTATTACGGCA
ACAAACTGAACGCCCATCTGGACATCACCGACGACTACCCCAA
CAGCAGAAACAAGGTCGTGAAGCTGTCCCTGAAGCCCTACAGA
TTCGACGTGTACCTGGACAATGGCGTGTACAAGTTCGTGACCG
TCGAAGAATCTGGATGTGATCAAAAAAGAAAACTACTACGAAGTG
AATAGCAAGTGCTATGAGGAAGCTAAGAAGCTGAAGAAGATCA
GCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCT
GATCAAGATCAACGGCGAGCTGTATAGAGTGATCGGCGTGAAC
AACGACCTGCTGAACCGGATCGAAGTGAACATGATCGACATCA
CCTACCGCGAGTACCTGGAAAACATGAACGACAAGAGGCCCCC
CAGGATCATTAAGACAATCGCCTCCAAGACCCAGAGCATTAAG
AAGTACAGCACAGACATTCTGGGCAACCTGTATGAAGTGAAATC
TAAGAAGCACCCTCAGATCATCAAAAAGGGC (SEQ 1D NO:11)

Mini TAGCAATAAAGGATCGTTTATTTTCATTGGAAGCGTGTGTTGGT
polyadenyiation TTTTTGATCAGGCGCG (SEQ 1D NO:12)

signal

oGH CTAGAGCTCGUTCATCAGCOTCGACTGTGCCTICTAGTIGCCA

polyadenyiation GCCATCTGTTGTTIGCLCCOTOCCCOGTGCOTTCOTTGACCCTG

signal GAAGGTGCCACTCCCACTGTCCTTTOCTAATAAAATCAGGAAAT

TGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGT
GGGCTGGGBCACGACAGCAAGGGGGAGGATTGGGAAGAGAA
TAGCAGGCATGCTGGGGA (SEQ 1D NO:13)

SV40 intron TCTAGAGGATCCGGTACTCGAGGAACTGAAAAACCAGAAAGTT
AACTGGTAAGTTTAGTCTTTTTGTCTTTTATTTCAGGTCCCGGAT
CCGGTGGTOETGCAAATCAAAGAACTGCTCCTCAGTGGATGTT
GCCTTTACTTCTAGGCCTGTACGGAAGTETTAC (SEQ ID NO:
24)

Example 4

All-in-One Vector 1 (Versions 1 and 2)

[000159] Two versions of vector 1 were generated. Vector 1 contained exon 45-55
targeted gRNAs with all promoters (U6, H1, and SaCas8-driving) in forward direction and

mini polyadenylation signal for Salash.

[000160] Version 1 of vector 1 contained an EFS constitutive promoter. The sequence for
version 1 of vecior 1is in SEQ 1D NO: 14,

[000161] Version 2 of vector 1 contained a CK8 constitutive promaoter. The sequence for
version 2 of vector 1 is in SEQ 1D NO:185.
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Example 5
All-in-One Vactor 2 {Versions 1-4}

[000182] Four versions of vector 2 were generated. Vector 2 contained exon 45-55
targeted gRNAs with U6 promoter in reverse direction facing away from SaCas8-driving

promoter and mini pelyadenylation signal for SaCasy.

[000163] Version 1 of veclor 2 contained an EFS constitutive promoter. The sequence for
version 1 of vector 2 is in SEQ ID NO:16.

[000164] Version 2 of vector 2 contained a CKS8 constitutive promoter. The sequence for
version 2 of vecior 2 is as in SEQ 1D NCG17.

[(300165] Version 3 of vector 2 contained a Spch12 promuoter. The sequence for version 3
of vector 2 is as in SEQ ID NO:18.

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

Example 8
All-in-One Yector 3 {(Versions 1-4}

[B00167] Four versions of vector 3 were generated. Veclor 3 contained exon 45-55
targeted gRNAs with US promoler in reverse direction facing away from SaCas9-driving

promoter and mini polvadenylation signal for SaCas9.

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

[600169] Version 2 of vector 3 contained a CKE promoter. The sequence for version 2 of
vecior 3 is as in SEQ ID NC:21.

[000170] Version 3 of vecior 3 contained a Spc512 promoter. The sequence for version 3
of vector 3 is as in SEQ 1D NG:22.

[000171] Version 4 of vecior 3 contained a MHCOKYT promoter. The sequence for version 4
of vector 3 is as in SEQ 1D NG:23.
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Example 7

All-in-One Vactor § {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 promgoters, a new set of all-in-one veclors
was created with constifutive and muscle-specific promoters (FIG. 11). Versions of vector 5
of the all-in-one vector included an SY40 intron (see SEQ 1D NO: 24) and placement of

different slements.

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

[000174] Version 2 of vecior § included g CK8 promoter. The sequence for version 2 of
vector 5 is as in SEQ 1D NO: 42,

[00175] Version 3 of vector 5 included a Spc-512 promoter. The sequence for version 3
of vector 5 15 as in SEQ D NGO: 29,

[B00176] Version 4 of vector § included a MHCKY promoter. The sequence for version 4
of vector 5 is as in SEQ 1D NO: 20,

H#eked

[B08177] The foregoing description of the specific aspects will 5o fully reveal the general
nature of the invention that others can, by applying knowledge within the skill of the ar,
readily modify and/or adapt for various applications such specific aspects, without undue
experimentation, without departing from the general concept of the present disclosure.
Therefore, such adaptations and modifications are intended to be within the meaning and
range of eguivalents of the disclosed aspects, based on the teaching and guidance
presented herein. It is 10 be understood that the phraseciogy or terminology herein is for the
purpose of description and not of limitation, such that the terminology or phraseoclogy of the
present specification is to be interpreted by the skilled artisan in light of the teachings and

guidance.

[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 equivalents.
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[00179] Al publications, patents, patent applications, and/or other documents cited in this
application are incorporated by reference in their entirety for all purposes o the same extent
as if each individual publication, patent, patent application, and/or other document were

individually indicated 1o be incorporated by reference for all purposes.

[G00180] Forreasons of completeness, various aspects of the disclosure are set oul in the

following numbered clauses:

[600181] Clause 1. A CRISPR-Cas system comprising one or more vectors encoding a
composition, the composition comprising. (a) a first guide RNA (gRNA) mglecule targeting
intron 44 of dystrophin, (b a second gRNA molecule targeting intron 55 of dystrophin; and

{¢) a Casg protein; and (d) one or more Cas8 gRNA scaffolds.

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

[000183] Clause 3. The system of clause 1, wherein the systemn 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 (g) the first vector encodes the first
gRNA molecule and the second gRNA molecule; and (D) the second vector encodes the

Cas$ protein.

[300185] Clause 5. The system of clause 3, wherein {a) the first vector encodes the first

gRNA molescule; and (b) the second vector encodes the second gRNA molecule.

[600186] Clause 6. The system of clause 5, wherein the first vector further encodes the

Cas@ protein.

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

encodes the Cas9 protein.

[003188] 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.

[000189] Clause 9. The system of clause 8, where the muscle-specific promoter

comprises a MHCKY promoter, 2 CKS8 promoter, or a8 Spcbi2 promoter.

[000180] Clause 18. The system of clause 2, wherein the single vector encodes the first

gRNA molscule, the second gRNA molecule, and the Cas® protein.
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[300181] Clause 11. The system of any one of clauses 1-10, wherein the vector comprises

at least one bidirectional promoter.

[600192] 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

gRNA molecule; and a second promoter driving expression of the Cas9 protein.

[600183] Clause 13. The system of any one of clauses 1-12, wherein the first gRNA

targets the polynucisotide of SEQ ID NO:2 or a & fruncation 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.

[000198] Clause 15. The system of any one of clauses 1-14, wherein the Cas% protein is
SpCas?, Salasy, or St1Casy protein.

[300186] 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 SaCas8 gRNA scaffold
comprises or is encoded by the polynuclestide of SEQ 1D NO:4.

[600198] Clause 18. The system of any one of clauses 1-17, wherein the Cas8 proteinis a
SaCas9 protein encoded by the polynucieotide of SEQ 1D NO:11.

[000188] Clause 18. The system of any one of clauses 1-18, wherein the vecior comprises

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

[000280] Clause 20. The system of any one of clauses 1-19, wherein the vector comprises
the polynuciectide sequence of SEQ 1D NO: 24.

[300201] Clause 21. The system of any one of clauses 1-20, wherein the vector comprises
a polynucleotide sequence that is selected from SEQ 1D NO:14, SEQ 1D NO:115, SEQID
NO8, SEQ D NO:17, S8EQ ID NO:18, SEQ D NO:8, SEQ 1D NOZ0, SEQ 1D NO:21,
SEQID NO:22, SEQ ID NO:23, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 28, and SEQ
ID NO: 30.

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

vector.
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[00203] Clause 23. The system of any one of clauses 1-22, whersin the vector is an

Adeno-associated virus (AAV) vector.

[600204] Clause 24. The system of clause 23, wherein the AAY vecior is AAVT, AAVZ,
AAV3, AAVE, AAVE, AAVE, AAVT, AAVS, AAVE, AAV-10, AAV-11, AAV-12, AAV-13 or
AAVrh.74.

[600205] Clause 25. The system of any one of clauses 1-24, wherein the vector comprises
a ubiquitous promoter or a tissue-~specific promoter operably linked {o the polynucieotide
seguence encoding the first gRNA molecule, the second gRNA molecule, and/or the Cast

protein.

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

muscle specific promoter,
[0002877 Clause 27. A cell comprising the system of any one of clauses 1-28.
[000208] Clause 28. A kit comprising the systemn of any one of clauses 1-26.

[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.

[6002101 Clause 30. A method of genome editing a mutant dystrophin gene in a subject,
the method comprising administering to the subject the system of any one of clauses 1-26 or

the cell of clause 27.

[000241] Clause 31. A method of treating a subject having a mutant dystrophin gene, the
method comprising administering {o the subject the system of any one of clauses 1-26 or the

cell of clause 27.

[000212] Clause 32, The method of clause 30 or 31, wherein the system orthe cell is

administered to the subject inframuscularly, intravenously, or a combination thereof.
SEQUENCES

SEGID NO: 1, AAVITR

cpt'*fQqudccvchcccqubtcoctcacvgQqqu jcoccgggegt bqqgcoapct
Legecocggectecagtgagegagegagoegoegecagagagaggagtggecaactecatecacta
gttect (SEQ ID NO:1)

O, (*’

SEQ D NO: 2, JCR143: DNA target sequence of gRNA targeting human dystrophin intron
44 region
acatttcctctetatacaaatyg (SEQ ID NO:2)
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SEQ D NG: 3, JCR120: DNA farget seguence of gRNA targeting human dysirophin intron
55 region
atatagtaatgaaattatt

-r
k’)
‘Q
€]
T3
=
O
-
[}
=z
0
@
.o
)
—

1

tctcgccaacaagttqabddgdtdoﬁg
cagagtactaaaac (SEQ ID NO:4

\

tttgecttgttttagtagattotgtite

acggcat
)

SEQ D NO: &, US promoter
ggtgtttegteectticeac
taageatatgatagteocatt
tactttctacy
tatctctctaacagect
o (SEQ ID NO:5)

ataaagccaagaagtcgaas
ttaaaacataattttaaaactgcaasa
*adeVVKTtgan*facat

ﬂ

SEQ D NG: 8, H1 promoter
gaacactgaCOLCdfrmauvr
<C cgcgaegtgcg
tgcatgtco

gectoccaaggaatcegegggooo
aggaagatgy c\gtga
qftcrﬂoqadau
atgaga

1\

SEQ D NG 7, EFS promoter
tcgagtggetecggtgeocegtcagty
ggcaattgaaccgy

guoggggagyay gtgcctagagaaggtyg sactgggaaa
gtgatgtcgtgtactggeteocgaecttitteccgagggtgggyg tataagtgca
gtagtcgcocgtgaacgttetttttegeaacgggtttgecgec gtgtcgtgace
gocgg (SEQ ID NO:7)

SEQ ID NO: 8, CKSB promoter
ctagactagcatgctgcocccatgtaaggaggcaaggoctyggggacacececgagatgectggtta
taattaacccagacatgtggetgcececccceoeccecccaacacctgetgectectaaaaataace
ctgcatgccatgttecocggegaagggecagotgteococgecagectagactecagecacttagt
ttaggaaccagtgagcaagtcagcececttggggeageecatacaaggecatggggetgggcaa
getgcacgeotgggtecocggggtgggcacyggtygcoccgyggecaacgagectgaaagetecatetget
ctcaggggecccteecctggggacagecectectggctagtcacacectgtaggetectetat
ataacccaggyggeacaggggetgecctecattectaccaccacctececacagecacagacagacac
tcaggagccagecayg (SEQ ID NO:8)

SEQID NO: 9, Spchi2 promuoter
gagctecaccygcggtyggeggeegtecgeetteggcacecatectcacgacaceccaaatatgge
gacgggtgaggaatggtggggagttatttttagageggtgaggaaggtgggecaggeageagyg
tgttggegectet cecgggagttatttttagageggaggaatggtggacaccc
aaatatggc cgtegececatatttgggtgteecgecctegygececggggecge
attcctyggy ccocecgcecgectecgataaaaggetecocggyggeocggoyggegy
ceccacgage cgggaggogocaagetetagaactagtggatecocecggget
gcaggaatt NC:2)
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gacctttcatgggcaaaccttggggecctgectgtctagecatgececactacgyggtectagget
gececatgtaaggaggcaaggectyggyggacaccegagatgectggttataattaaceccagaca
tgtggetgececececececeececaacacctgectygecectectaaaaataaceccectgtecctggtggat
ceccctgeatygcgaagatecttecgaacaaggectgtgggggactgagyggcaggetgtaacagget
tgggggeccagggettatacgtgectgggacteccaaagtattactgtteccatgttcececggeyg
aagggccagctgtececececgecagcectagactecageacttagtttaggaaccagtgagecaagtc
agcecccttggggcagececatacaaggecatggggetgyggeaagetgeacgectygggtecgggyg
tgggcacyggtgecegggeaacgagetgaaagetecatetgetctcaggggececteectaggagyg
acagococctectggetagteacacectgtaggotectetatataacoccaggggeacaggaygae
Lgcoccectecattctaccacecaccticecacagcacagacagacactcaggagecagecagoggego
gcee (SEQ ID NO:10)

SEQ D NO: 11, polynuclestide encoding SaCas8

aagcggaactacatcctgggectyggac 11QJ”C&LV;CP8WCgtq jgctacggeatcatcga
ctacgagacacgggacgtgatecgatgecggegtgoggetgticaaagaggecaacgtggaas
acaacgagggcaggcggageaagagaggcgoecagaaggcetgaagecggoggaggeggeataga
atccagagagtgaagaagotgctgttegactacaacotgotgaccgaccacagogagetgag
cggcatcaaccectacgaggcoagagtgaagggoctgagecagaaget gdgcg ;gaagagt
tetotgocgecctgetgeacotggocaagagaagaggecggoacaacgtgas ggtﬁgaa

~’)
ko]
(G}
Q
:1' [t
O
QO

[¢ItoMte

gaggacaccggcaacgagctgtccaccaaagageagatcagoe
agagaaatacgtggcegaactgeagetggaacggotgaagaaagacggegaag

ggma,aQCdm

-r k’)
)

Lgeggd
gecatcaacagattcaagaccagcgactacgtgaaagaagcecaaacagotgetgaaggtgead
aaggcectaccaccagcetggaccagagettecategacacctacatcgacoctgectggaaacaecy
geggacctactatgagggacctyggegagggecagecectteggetggaaggacatcaaagaat
ggtacgagatgcetgatgggceccactgeacctacttccocgaggaactgeggagegtgaagtac
gcctacaacgecgacctgtacaacgecctgaacgacctgaacaatectegtgatcaccaggga
cgagaacgagaagctggaatattacgagaagttccagatcatcecgagaacgtygttcaageaga
agaagaagccecaccctgaagecagategeccaaagaaatectegtgaacgaagaggatattaag
ggctacagagtgaccagcaccggcaageccgagttcaccaacctgaaggtgtaccacgacat
caaggacattaccgeccyggaaagagattattgagaacgecgagetgetggatecagattgees
agatcctgaccecatcectaccecagageagegaggacatecaggaagaactgaccaatetgaactee
gagctgaccecaggaagagatcgageagatctectaatectgaagggetataccggcaceccacas
cctgagectygaaggececatcaacctgatectyggacgagetgtggeacaccaacgacaaccaga
tcgctatcttcaacc:gctjfagctggtgcccaagdawgtggacctgtcccacﬂ ag
atcccecaccaccoctggtggacgacticatecctgagecocgtegtgaagagaay ca

tjatcaacg"cat”aLbdagaagtacggcctgcccaacgacatd-':ffcg
gagaagaactccaaggacygcccagaaaatgatcaacgagatgcagaageygy
ucaacgag;ogdf‘”'ogdadtpa1ccugac cggcaaagagaacgcoaa
qtd,Vngtfﬁaj agatcaagctgcacgacatgcaggaady gf scotgtacagectgy
aagccatceccctectggaagatetgetgaacaaccceccttcaac aggtggaccacatcatc

g

sact.
cagcettcaacaacaaggrtyge

ag

cccagaagcegtgtecttcgacaac gtgaagcaggaagaaaa
cagcaagaagggcaaccggaccecattccagtacctgagecagcagagacagecaagateaget
acgaaaccttcaagaagcacatcoctgaatctggocaagggeaaggycagaatcagcaagacae
aagaaagagtatctgcectggaagaacgggacatcaacaggttcteocgtgecagaaagactteat
caaccggaacctggtggataccagatacgccaccagaggectgatgaacctgectgeggaget
acttcagagtgaacaacctggacgtgaaagtgaagteccatcaatggeggcttecaccagettt
ctgcggcggaagtggaagtttaagaaagageggaacaaggggtacaagcaccacgccgagga
cgcectgatcattgecaacgecgatttecatecttcaaagagtggaagaaactggacaaggeca
aaaaagtgatggaaaaccagatgttcgaggaaaageaggccgagageatgcecgagatecgas
accgagceaggagtacaaagagatcttcatcacccocececaccagatcaagecacattaaggactt
caaggactacaagtacagccaccgggtggacaagaagectaatagagagetgattaacgacs
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ccetgtactcocaccecoggaaggacgacaagggcaacacectgatecgtgaacaatctgaacygge
ctgtacgacaaggacaatgacaagctgaaaaagctgatcaacaagageccocgaaaagetget
gatgtaccaccacgaccceccagacctaccagaaactygaagetgattatggaacagtacggey
acgagaagaatcecectgtacaagtactacgaggaaaccgggaactacctgacecaagtactee
aaaaaggacaacggceccegtgatecaagaagattaagtattacggecaacaaactgaacygcees
tctggacatcaccgacgactacececaacagecagaaacaaggtecgtgaagetygtecetgaage
cctacagattegacgtgtacctyggacaatggegtgtacaagttegtgacegtgaagaatetyg
gatgtgatcaasaaagaasactactacgaagtgaatagcaagtgctatgaggaagetaagaa
goetgaagaagatcagcecaaccaggeegagtitategecteocttetacascaacgatectgates
agatcaacggegagetgtatagagtgatocggecgtgaacaacgacctgotgaaceggat
gtgaacatgatcgacatcacctacegegagtaccetggaaaacatgaacgacaagaggococococ
caggatcattaagacaatcgectceccaagacccagageattaagaagtacagecacagacattc
tgggeaacctgtatgaagtgaaatetaagaagcaccctecagata: go (SEQ
ID NO:11)

SEQ ID NO: 12, Mini polyadenvylation signal
tagcaataaaggatcecgtiitatttteattggaagegtgtgttggttitttgatcaggegey
{(SEQ ID NO:1Z)

SEQ ID NG: 13, bGH polyade

nylation signal

ctagagctcecgetgatcagoectegactghgecttctagtiyg J
tccocecocgtgacttcattgaccotygy aogqthCoctcc“aTtgtcctttcctaataaaatga
ggaaattgecatcegecattgtctgagtaggtgteattctattetgggguggtggggtggggcagyg
acagcaagggggaggattgggaagagaatagcaggeatgectgggga (SEQ ID NO:13)
SEQ D NO:14, Version 1 of vector 1
cctgecaggcagetgcecgegetogetegetcactgaggecgeocagggegtegggegaccthttggtegece
ggcctcagtgagcgagcgagoegegecagagagggagtggecaactccatcactagy tcctgocggec
TCTAGAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGG TAGAGAGAT
AATTGGAATTAATTTGACTGTAAACACAAAGATAS G . zATACCTﬁzCGJAﬂA“FG CAATAAT
TTCTTGGGETAGT TTGCAGTTTTAAFAT¢LTKTTT VAV Tva Ci?TCLTzi"CTTAC CGTAACTTGA
AGTATTTCGATTTCTTGGCTTTATATATCTTG _aGAz\,AGVALC?J ACACCGeatttgtatagagagy
aaatgtgttttagtactcectggaaacaga at;pavtaaddc%aﬁgbdaoatgLCj*ﬁttt‘ ctcecgtceca
acttgttggegagqatttttCTCCGAGTCGAGTGGCTCCEETGCCCETCAGTGGEGCAGAGCGCACATCGC
CCACAGTCCCCGAGAAGTTGGGEEEAGEE UmﬂCPbAEFMQAPLLGGTPNNTAﬂASAAGGEGG CGCEEE
GTAAACTGUCA_AFTUA“‘””GT””A‘EGG'“FP“LL_‘ GGTGGEGGGAGAACCGTATAT
CGCCETGAACGTTCTTTTT sApu\_i TGCCGP CAGAACACAGGTGTCGTGAC
CGCGGPCAT‘c CCAAAGAAGAAGC AGGTCGGTATCCACGGAGT CCCAGCAGCCAAGCGGAAL
ACATCCTGGGCCTGGACATCGGCATCACCAGCGTGGGCTACGGCATCATCGACTACGAGALCA GCVA(
GTGATCGATGCCGGCETGCEGCTEGTTCARAGAGEC CAAPF”GjhAﬁKCAAMCPGCCCAvaLGGACCAP

GAGAGGCGCCAGAAGGCTGAAG

lelele
{3
il

T alal

CGGCGGAG SCATAGAATCCAGAGAGTGAAGAAGCTGCTGTTCG

ACTACAACCTGCTGACCGACCACAGCGAGCT GAGCGGT T”AAC“N“TACCA‘JCC“C \GTGAAGGGC
CTGAGCCAGARAG SAGCCAGGAAGA CTCTCCCGCCCTECTGCACCTG CAAGAG AGGCGT
GCACAAL GT’AALGAwaG'thAGGALhCCbGCth PG”T‘”””AL”AA‘ AGCAGATCAGCCGGA
ACAGCAAGGCCCTGGAAGAGAAATACGT GGCCGAACTGCAGCTGGAACGE TC nf—'?—AAGAkAJGf‘ GAA
GTGCGGGGCAGCATCAA AbAT‘T\JsAL)hC‘ CAGCGACTACGTGAAAGAAGCCARACAGCTGCT GAAGT'
GCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCTACAT CGACCT GCTGE AahCLC@uC
GGACCTACTATGAGGGACCT GGCGAGGGCAGCCCCTTCEGLT GGAAGGACATCARAGAATGGTACGAG
ATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACTGCGGAGCETGAAG ="ACGCCI WCAACGCCGA
CCTGTACAACGCCCTGAACGACCTGAACAATCTCGTCGATCACCAGGGACGAGAACGCAGAAGCTGGAAT
ATEAL P ”"”FT”Lﬁuﬁl CRTC CACAﬁCU‘?TTLAAGCAHAAU AGAAGCCCACCCTGAAGCAGATC
CGTGAACCGAAGAGGATATTAAGGGUTACAGAGTGACCAGCACCEGECAAGCCLGA
GTT PP AACCTGﬂAbGTGTACCAvFAbATVA}CUACATTHVCGC CCGGARAGAGATTATTGAGAACG
CCGAGCTGCTGGAT CAGATTGCCAAGAT CCTGACCATCTACCAGAGCAGCGAGGACAT CCAGGAAGAA

56
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CTGACCAATCTGAACT CCGAG:TGACCCAGGAFGAGATCGAGCAUATCTCTHATCTGAAGGCVTAJAF
CGGCACCCACAACCTGAGCCTGAAGGCCATCAACCT GATCCTGCGACGAGCT GTGGCACACCAACGACA
ACCAGATCGCTATCTTCAACCGGCTGAAGCT zFTGCCCAAGAL,VAJCACCTG CCCAGCAGAAAGAG
ATCCCCACCACCCTGGETGGACGACTTCATCCTGAGCCCCGTCOET GAAGAGAAGCTTCAT CCAGAGCAT
CAAAGTGATCAACGCCATC ATCAP”AA TACGGCCTGCCCAACGACATCATTATCGAGCTGGCCCGLG
hCAPGﬁhFT”LAA ~GACGCCCAGAAAATGATCAACGAGAT GCAGAAGCGGAACCLGECAGACCAACGAG
CGGATCG ‘”AAﬁmFAm’LU ACCACCGGCARAGAGAACGCCAAGTACCTGATCCGAGAAGAT CAAGCT
.ﬂpGAva”pAbu FGGCAAFTHVCTUTAbAGLvTGUAAbc ATCCCTCTGGAAGATCTGCTGAACE
CCCCTTCAACTATGAGGTGGACCACATCATCCCCA TCCTTCGACAACAGCTTCAACAAC
AAGuTCVTCmIGAAFCAGGAMJAAAACAPCAAGAMJvGChACLGp?CCVVﬂ”ﬂCC%GT“vCTGAGCAG
AGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATCCTGAATCTGGCCAAGGGCAAGGECA
bAAlC GCAAGACCA .GAAAGAGZATCMGCW hﬁbAACG”G CATCAACAGGTTCTCCGTGCAGAAA
GACTTCATCAACCGGAACCT GGTCGATACCAGATACGCCACCAGAGGCCTGATGAACCTGCT GCGEAG
‘T"”FTLAUAGTCAAthF””GG"”C”“A Cl‘AAUW”F VICAATGGCGGCTTCACCAGCTTTCTEC
GGLGEGAAGTGEAAGTTTAAGAAAGAGCGGAACAAGGGETACAAGCACCACGLLGAGGACGCCCTGATC
ATTGCCAACGCCGATTTCATCTTCAAAGAGT GGAAGAAACTGGACAAGGCCAAAALAGT GATGGAAAL
CCAGATG T‘TC\:J‘G-\:A]‘V«AGP AGGCCGAGAGCATGCCCGAGAT CCAAACCGAGCAGGAGTACARAAGAGA
TCTTCATCACCCCCCACCAG ATC]VLJCJ-\,CATTAZ\ GGACTTCAAGGACTACAAGTACAGCCACCGGGETG
SACAAGAAGCCTAATAGAGAGCT GATTAACGACACCCTGTACT CCACCUGGAAGGACGACAAGGGCAA
CACCCTGATCGTGAACA T“”GAP””C”CT”MAL GACAAGCACAATGACAAGCTCGAAARAAGCTGATCA
ACAAGAG CC’”’“ "AHAL\C’"I‘C“TCAT TACCACC A“C—:h’”" CCAGACCTACCAGAAACTGAAGCTGATT
ATGGAACAGTACGGCGACGAGAAGAATC C‘(""”GT ACAAGTACTACGAGGAAACCGGGAACTACCTGAC
CAA““””FPCAAnnhP”PLﬁhF}G” AAGAAGATTAAGTATTACGGCAACAAACTGAACG
C CCATCTGGACATCACCGACG Z‘f‘rACL’,’CC‘AApAb CAGARACALGGTCGTGAAGCTGTCCCTGAAGCCC
CAGATTCGACGTGTACCTGGACAATGGCGTGTACAAGTTCGTGACCGETGAAGAATCTGGATGTGAT

vKA?HAMGAHAhCTBCTACCZJM AATAGCAAGTGCTAT GAGGAAGCTAAGAAGCTGAAGAAGATCA

p

urﬂ

G\

GCAACCAGGCCGAGTTTATCGCCTCCTT CTACAACAACGAT CTGATCAAGATCAACGGCGAGCTGTAT
AGAGTGATCGGCGTGAACAACGACCTGCTGAACCGGATCCAAGTCGAACATGATCCACATCACCTACCG
CGAGTACCTGGAAAACATGAACGACAAGAGGCCCCCCAGGATCATTAAGACAAT CGCCTCCAAGACCC
AGAGCATTAAGAAGTACAGCACACACATTCTGEGGCAACCTGTATGAAGTGAAAT CTAAGAAGCACCCT
CACGATCATCAAANAGGGCAARAGGCCGECCECCACCAAAANGGCCGGCCAGGCAAAAAACANAANGYY
atcctacccate iga’t:qt:.tcc* acgcet :.a.cc:cat:a.c:ga’t:gt:“ cagattacgett ,d'“"”k,x:{t,d(?g
atgttcoccagattacgettaatbaattctagecaataaaggategtttatttttcattggaa tg
gtitttttc :ca;gcqcoJCTnJvauﬂCC CTGACGTCATCAACCCGCTC CaA:FuATCCCJquCan

TGTCACTAGGCGGEAACACCCAGCGCGCGETGCGCLCTGGCAGGAAGATGGCT GTGAGGGACAGGGGAG
TGGCGCCCTGCAATATTTGCATGT CGCTATGTGTTCTGGGAAATCACCATARACGTGAARATGTCTTTG
CATTT G GCAAT T T AT AR T T T T AT GAGACCAC AT ATA T AATCAA N T ATT OO AT T

CTCTGGAAACAGAATCTlCTAAAACA ”GCAAAAFGP”“TGUFT VICTCGETCAAL

TGTTGGCG

acq
C ,kﬁcaqo;qc **1;\ qutltt:vu‘ otqc q
atacqLCdadgC&dCCdbagtachGCCTquaqﬁﬁjug@d.LRIngfﬁjbgqthngtC ytta cg

jcgtgacegetacacttgocagegaocctagegoecegetactttegotttettoccttectttat
cgttogecggettteccogtcaagetetaaataegggggetececctt ttece
acggeacctcecgaccccaaaaaacttgatttgggtgatggttecacgt goca

tagacggtttttogecectttgacgttggagtc arntbctttaatagtgg tgtt ]
xdvdd'jctcddu«Ctatctcﬁqufu;t”‘_1 atttata gattt t:tco;cc:a
ggt atgagctgattta Caacgegaattt t,ddt.:— aa aacy
tfa,hgﬁq”aht'+c;q avjatv,gvg ~gatgcegeatagttaagocagecocgaca
a@ChgquqcoﬁgachcavgqqctL;+c getocceggeatecgettacagacaagetgtgacegtat
ccgggagctgecatgtgtcagaggttttcacegtocatcaccgasacgoegegagacgaaagggectegtg
atacgcctatttttataggttaatgtcatgataataatggtttettagacgtcaggtggecacttttcg
g ctatttgtttatttttctaaatacattcaaatatgtatccgetcatga
g cttcaataatattgasaaaggaagagtatgagtattcaacatttccegt
g tgcgg tgtttttgectcacce acgctggtgaa
ac agttgg e teg rgoggta
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acgttttccas

agatcottgag agtt:tcgccccgaa“
gqccuggtu'tatcccgtatﬁgacc

cogeat aujctattut,MQda

tgacttggtitgagtactecaccagt ada;catcttlcqca,GJCQL;d”agtaa agaatiat
gcagtgcectgccataacca ctgoggccaacttacttetgacaacgatecggaggaceg
aaggagctaaccgett ggatcatgtaactcgccttjat; ttjgga ccgga
gctgaatgaagecat acaccacgatgcctgtageas aacgttgce
gcaaactattaactyg gcttcccggcaacaatt qcg
qataaaqttqc(gqau rcttocgge { tagg

gtgagceyg quaaﬁ Hefe teg

5
)
Lo
0

I3
j)
.@ )
T Q
[ngte]

s}

anaccu”ggggdg

u.qqcaacv“‘

+@
w0
@0
09
O
Q

goetcecactgattaageattggtaactgtcagaccaagtttacta: C jatttaaa
acttca ttaatttaasaggatctaggtgaagatcoccottittygs 1 ok caaaatccoctt
aacgtyg tttegtteocactgagegtcagacccegtagaa > jatcct
ttttttetgegegtaatectgetgettgcasacasaaaaaccac gcc
ggatcaagagctaccaactctttttecgaaggtaactggette ety
tecettotagtgtagecgtagttaggaecaccacttcaagaactctgtageacega acat:;C”cq<

ctgctaatcc“ottﬂgragtggctgctgccaﬂt;ﬁcqafz1ﬁt@5bgtct:acz; jgactcaag
acgatagttaccggataaggage: Jgtegggoetgaacggy jttegtygca ctegc::gj
agegaacgacctacaccgaactgagatacctacagegtgagel gagaaa sgettceccgaa
gagagaaaggcggacaggtateccggtaagcecggecagyggteggaacaggagadg ggagcttcc
agggggaaacgcootggtatetttatagtectgtegggtttaegecacctetyg gtcga Tt

tgtgatgctegtecagggagggoggagectatggaaaaacgoccagcaacgoeggae cggttcecctg
gecettttgotggecttttgetecacatgt

15, Version 2 of vector 1
cctgcagg cagctgcgegetegetegetcactgaggecgeacgggegtegggegacctitggtaegecce

.otqaﬁcgagcgmgcocq:aanHq ccaa‘L catcautadqcxt+cctaﬂgqcc
danl
AG

A
o}
o}
0
e}
Q
~
o
n
[¢]
o
o)}

sCCTATTTCCCATGATTCCTT ;s GCTGETTAGAGAGAT
sTAGAAAGTAATAAT

o}
CATATTT
{RTTCCﬁﬁTTﬁmeTChCTCTﬁ§ACxCAz SATATTAG
TGCGGTAGTTTGCAGTTTITAAAATTATGTTTTAAR
A

q D

TTCT ?TCGICTATC;T \TGCTTACCGTAACTTGA
AACGTATTTCGATTICTTGGCTTTATATATCTTGT GGAAAGGACGAAACACCGE a*ttg*at“” gagg
azatgt tt““ tactetggaaacagaatctactasaacaaggcaaaatgececgtgtttatctegtes
acttgbtggegagatttttCTCCAGCTACACTAGCATGCTGCCCATGTAAGCAGGCAAGGCCTGGEEA
CACCCG GAJGCCTG’W“PTAAT TAACCCACGACATGTGGCTGCCCCCCCCCCCCCAACACCTGCTGCC

TCTAAAAATANCCCTGCATCGCCATETTCCCEGECGAAGGGCCAGCTETCCCCCECCAGCTAGACTCAGC
ACTTAGTTTAGGAACCAGTGAGCAAGTCAGCCCTTGGEECAGCCCATACAAGGCCATGEGEGCTGGECA
AGCTGCACGLCTGEEGETCCGEEETGEECACGETGCCCGEECAACGAGCTGAAAGCTCATCTGCTCTCAG
GGGCCCCTCCCTGEGEACAGCCCLTCCTGGCTAGTCACACCCTGTAGGCTCCTCTATATAACCCAGEG
GCACAGGGGCTGECCCTCA TTCrhhmﬂbbhgﬁmchChCCAbAGhb;bA ALM”AGFAC“” GCCAGCa
ccgagtgecaccATGGCCCCAAAGARAGAAGCGGAAGGTCGGTATCCACGGAGT CCCAGCAGCCAAGCGE
AA”M \CATCCTGGECCTGGAC TCGGCATC“bLnuF\mﬁGGCTAAAGChFP VI'CCAC T CGAGACACG
GGACGCTGATCGATGCCEGCETGCEECTETTCAAAGAGGCCAACGT GCAAANCAACCGAGHEGCAGGCEGA
GC!‘J&G]\\ AGGCGCCAGAAGGCTGAAGCGGCGGAGGCGECATAGAATCCAGAGAGTGAAGAAGCTGCTG
TTCGACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGECATCAACCCCTACGAGGCCAGAGTGAA,
GGGCCTGAGCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGCCCTGCT GCACCT GGCCAAGAGAAGAG
GCGTGCACAACGTGAACGAGETGCAAGAGGACACCGGCAACGAGCTGT CCACCAARGAGCAGATCAGC
CGCAACAGCAAGGCCCTGEGAAGAGAAATACETGGCCCAACTGCAGCTGEAACGGUTGAAGAARGACGEG
CCAAGTGCCEEECAGCATCAACACATTCAACGACCAGCEACTACGTCAAAGAAGCCAAACAGCTGCTGA
cC
m

u)u

G

AGGTGCACGAAGGCCTACCAC bAUQ”QCALbAC\\”TT’hTAGAbAﬂFTPLAWﬂQ“”CTQdT\Gdnh
CGGCGEGACCTACTATGAGGGACCTGGCGAGGGCAGCCCCTTCGGLTGGAAGCGACAT CAAAGAAT GGET
CGAGATGCTGATGGGCCACTGCACCTACTTCCC CUAGQAACTGCGGFCVGTJAAGTAbQ CCTACAAC

CCGACCTGTACAACGCLCTGAACGACCTGAACAATCTCGTGAT CACCAGGGACGAGAACGAGAAGCTG
GAATATTACGRAGAAGTTCCAGAT CATCGAGAACGET GTTCAIG,MMMACAACAMJCCCACCLTGAACCF
GATCGCCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAGAGTGACCAGCACCGGCAA

CCGAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTACCGCCCGGAAAGAGATTATTGAG

Z

58



CA 03137248 2021-10-13

WO 2020/214609 PCT/US2020/028148

AACGCCGAGCTGCTGGATCAGATTGCCAAGATCCTGACCATCTACCAGAGCAGCGAGGACAT CCAGGA
AGAALTGA,CAATvTCAALT CCGAGCTGACCCAGGAAGAGATCCGAGCAGATCTCTAATCTGAAGGGECT
ATACCGGCACCCACAACCTCGAGCCTGAAGGCCA TCAAC: GATCCTGGACGAGCTGTGGCACACCAAC
GACAACCAGATCGCTATCTTCAACCGGCTGAAGCTGGTGCCCAAGAAGETGGACCTGTCCCAGCAGRA
AGAGATCCCCACCACCCTGETGGACZGACTTCATCC l GAGCCCCGETCET r‘hAL,H AAGCTTCATCCAL
GCATCAAAGTGATCAACGCCATCATCAAGAAGTA C’ [ C C (_ CAACGACATC TATCGAGCTGECC
CGCGAGAAGAACTCCAAGGACGCCCAGAAAATGATCE ATGCAGAAGTG Gnﬁ(‘ SGGCAGACCAA
CGAGCGGATCGAGGAAATCATC .SGACCFPCGGLAAAGACAAFCprA\TAprQATCVAGAAGA'V
TGCAF \CATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCATCCCTCTGGAAGATCTGECTG
AACAACCCCTTCAACTATGAGGTGGACCACATCATCCCCAGAAGCGETGTCCTTCGAC §Aan CTTCAA
CAACAAGGTGCTCGTCGAAGCAGGAAGAAAACAGCAAGAAGGGCAACCGGACCCCATTCCAGTACCTGA
GCAGCGACAGCAAGATCAGCTACGAAACCTT CAAGAAGCACATCCTGAATCTGGCCAAGGGCAAG
GGCAGAATCAGCAAGACCAAGAAAGAGTATCTGCTGCGAAGAACGGGACATCAACAGGTTCTCCGTGCA
GAAAGACTTCATCAACCGGAACCTGGTGGATACCAGATACGCCACCAGAGGCCTGATCAACCTGLTGEC
GGAGCTACTTCAGAGTGAACAACCTGGACGT ex ATCAATGGECGGECTTCACCAGCTTT
CTGCGGCGGAAG T SGAAGTTTAAGAAAGAGCGGAACAAGGGGTACAAGCACCACGCCGAGGACGCCCT
GATCATTGCCAACGCCGATTTCATCTTCAAAGAGTGGAAGAAACTGGACAAGGCCAAALAAAGTGATGG
ARAACCAGATGTTCGAGGAAAAGCAGGCCGAGAGCATGCC C GAGATCGAAACCGAGCAGGAGTACARA
GAGATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAAGGACTACAAGTACAG CAVV
GGTGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCGGAAGGACGACAAGG
GCAACACCCTGATCGTGAACAATCTGAACGGLCTGTACGACAAGGACAATGACAAGCTGAAAAAGCTG
ATCAACAAGAGCCCCGAAAAGCTGCTGATGTACCACCACCACCCCCAGACCTACCAGAAACT GAAGCT
GATTATGGAACAGTACGGCGACGAGAAGAATCCCCTGTACAAGTACTACGAGGAAACCGGCGAACTACC
TGACCAAGTACTCCAAAAAGGACAACGECCCCGT GATCAAGCGAAGATTAAGTATTACGGCAACAAACTG
A A\CG CCCATCTGGACATCACCGACGACTACCCCAACAGCAGAAACAAGGTCGTGAAGC r"’T(,'CC”T SAA
CCTACAGATTCGACGTGTACCTGGACAATGGCGTCGTACAAGTTCGT GACCETGAAGAATCTGGATG
TGATChﬁAAAAGhAAAﬂthMALGAACM AATAC"AAr“G“m TGAGGAAGCTAAGA GCTCAACAAG
ATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAA CGATCTGATCAAGATCAACGGCGAGCT
PTAWAGAGTQATC”GCGTGARLA"”Gh“NTﬁClCAALﬂﬂ‘AT CGAAGT GAACATGATCGACATCACCT

G

GCA

%o

1

ACCGCGACTACCTGGAAAACATGAACGACAAGAGGCCCCCCAGGATCATTAAGACAATCGCCTCCAAG
AC“” GAGCATTAAGAAGTACAGCACAGACATTCTGGGCAACCTETAT GAACTGAAATCTAAGAAGCA
TCAGATCATCAARAAAGGGCAAAAGGCCEGCGGCCACGARAARAAGGCCGGCCAGGCAAARAAGAAAL
’Wgatcctacc tacgatgttcececagattacgettaceocatacgatgttceccagattacgettacels

g ~aaGaattcectageaataaaggategtttal cattggaagegtgt
q::o*t ttt“he+cu<ocgcq:CTACvaAngﬂGACG CATCAACCCGCTCCAAGGAATCGCGGEEC
CCAGTGTCACTAGGCGGEGAACACCCAGCGCELGTGCGLLCTGGCAGGAAGATGGCTGTCAGGGACAGS
GGAGTGGCGCCCTGCAATATTTGCATCTCCGCTATGTGTTCTEGGAAAT CACCATAAACGTGAAATSTC
TTTGCATTTGGCAATCTTATAAGTTCTGTATCAGACCACATATE ”mﬂﬁ“QAAPT”AFT”“ ACGTTTT
AGTACTCTGGAAACAGAATCTACTAAAACAAGGCAAANTGCCGTGTTTATCTCGTCAACTTGTTGGCG
TTTTT ACCaggaaccoctagtgatggagttggccac %o felefete gt
ctgaggecgggegaccaaaggl qc*cqa,qcccc,;ctt,gc~(ﬁoqco;cc:caotqa@ccacha
gogoegecagotgectgoeaggggegectgatgeggtattotot cgeatctgtgeggtatittcaca
cogeatacgteagageaaccatagtacgogecctgtageggegeattaagegeggegggtgtaggtyggt
tacgcgecagoegtgacogetacacttgccagagecctagegeeo utccttt gcbutpr ccettect
Tttt cqﬁﬂa;gttﬂgc“'gctttccc gtcaagctctaaatce ctttagggttccgattt
acctcgaccccaasaaaacttgatttggy cgtaﬂtgg ccatcecgec
ttegoocecttitgacgttggagtecacgt ggactcttgttccaaa
*tatc:coggctar ttttgat :kﬁcccattﬁcqqcc
tgatitaac daaatttaacgcga

rgotea

<
o
L

ctgatags cyge
ctggaacs
tattggtt

gatittatggtgeactctocagtacaatetge tgatqvﬁqca:a"ttaaq cagocecgacacecyga
caacacccgctgaC9 rﬂ“lgacgggbttjuﬂt jctcccggcateogettacagacaagetgtgace
jtctccgjgagctgcoLgtgtcagagg tt,caCCUtﬂat ac cgaaapu Mdgacgaaagdqcct
cgtgatacgccta tataggttaa tojarg caggtggcactt
ttcggggaaatgt t aatatgtatccgete
atgagacaata t atgagtattcaacattt

gtgtaeg el o tag
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tgaaagta
ggtaagatcect

aaagatgctgaagatcagtigggtgecacgay
Cgagagttttegecoocgaagaacgttit

tggqttaﬂathaacﬁ

t
o]
ot
(—i— [
Q\
ot
a
Ay

atgtggcgeygy £ cgtatigacgecgggeaagaga: s"hh;ﬁ:cc:;
agaatgacttggttgagtactcaccagtcacagaaaagca t%rogdtqjﬁ
ttatgcagtgctgcoccataaccatgagtgataacactgcgg acttacttec
accgaaggagctaaccgetttttitgeacaacatgggggat gtaact
cggagctgaatgaagccataccaaacgacgagcecgtgacac gatgecce
ttgcgcaaact g JCGdaCLn cttactcetagett TYYCaRacas

wccactitctgaogaetegys teceggaetggae £
jaagocgeggtatcattgeagecactggggecagatyg g“aegcc”
':ojggjq:va;gca;hte+gq tgaacgaaatagac Ge+cqcthaqat
attggtaactgtcag ““dajuttdpt”ata atactttagattgatt

aggat T tqataductcatgdCﬂaaaatc

Ie)
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O]
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W
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ot
Q
W
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C chg tté“t
':cagcaqao“ qudiuCCoddi
cegectacatacct
gtc gtqrht accgggttggact

tqcccgatcaa0<
gtocttoetac

cgc? tgctaats

tgttacc

caagacgatagttaccgratjaqqh< c9<; gqqcthadcggéﬁ;gtLcotgchaha;c:c g
ttggagegaacgacctacaccgaactgagatacctacagegtgagetatgagaaagecgecacgettce
cgaagggagaaaggcggacaggtatcocggtaagoeggcagggteggaacaggagagocgcacgagggage
tteccagggggaaacgccectggtatctttatagtectgtegggtttegecacctetgacttgagegtaega
tttttgtgatgctegtcaggggggeggagectatggaaaaacgocagecaacgeggectttttacggtt
coctggecttttgetggee J rcatygt

SEQ D NO: 18, Version 1 of vecior 2

cctgcaggoagetgogegetegaotegetecactgaggo (ﬁ:cco;qc

Gﬂgqcc

ggcctcagtgagegagegagegogeagagagggaghe
TCTAGxdd?ljtvﬁugLC&;Cd?Jttqdlegatddeb.Cq”d?;dtfﬁuugv Ltlgtqwat+ct
GtﬁtICdW?JtQCLAeddCéFsttCCCuLLvaLd”eljthJGTGTTAV:TCC TTCCACAAGATAT

ATAAAGCCAAGAAATCGAAATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAACATAAT
TTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGT CACGTATTTTGTACTAATATCTTTET
GTTTACAGTCAAATTAATTCCAATTATCTCTCTAACAGCCTTGTATCGTATATGCAAATATGAAGGAA

TCATGGGAAATAGGCCCTCCTCCGAGTCGAGTGGCTCCGETGCCCETCAGTGGGCAGAGCGCACATCGC
CCACAGTCCCCGAGAAGTTGGGGEEAGGGET CGECAATTGAACCEET GCCTAGAGAAGGT GG pGpqu
GTAAACTGGGAAAGTGATGETCGT ULPCTGGCTFCGJCWW‘TT/,CGPCU;TqunuAbnf GTATAT

AAJLJCAGTAJTC¢CCVAJAAC,TTLTTTTTFJCA CGEETTTGCCG ChCAﬁCAC“,VAGT CGTGAC
CGCGGCCATGGCCCCAAAGAAGAAGCGGAAGGTCGGETATCCACGGAGT CCCAGCAGCCAAGCGGAACT
ALATLLTGGGCCTGGhb;TLGGLATNACC AGCGTGGGCTACGGCATCATCGACTACGAGACACGGGAC

GTGATCGATGCCGECETGCEGCTETTC G \GGCCAACGTG hAAALAhLuEquCAGS GAGCAA
GAGAGGC GCCPGnﬁGCCTGﬁhG‘”“LUu GGCGGLCATAGAATCCAGAGAGT GAAGAAGCTGCTGETTCG

ACTACAACCTGCTCGACCGACCACAGCCAGCTGAGCGGCAT CAACCCCTACGAGGT CAJ‘A GTGAAGGGC
CTGAGCC FF\AGbTGAanAGG&ﬂuAbTTCT CTGCCGCCCTGECTGCACCTGGCCAAGAGAAGAGGCGT
Jcl\k AARCGTGAACGAGGTGGAAG /\ijJ‘x\,]; CG :C‘AACG.Z\G'\AGTCCACLAF\MGAV( AGATCAGCCGGA
AGCAAGGCCCTGGAAGAGAAATACGT GGCCGAACTGCAGCTGGAACGGCTGAAGAAAGACGGCGAA
Sr GCGGGGCAGCAT CAACA CHTT’”AACACC" GCGACTACGTGAAA f‘hA’E}CCP'\AAvaL T'GCT"AA\:\:T
GCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCCGACACCTACAT CGACCTGCTGGAAACCCGE
GGACCTACTATGAGGCGACCTGGCGAGGGCA C_CCTTLGGCTGGAhGFPL”W”AAPGHATQ STACGAG
ATGCTGATGGECCACTGCACCTACTTCCCCCGAGGAACTGCGGAGCETGAAGTACGCCTACAACGCCEA
CCTGTACAACGCCCTCAACGACCTGAACAATCTCGTGATCACCAGGGACGAGAACGAGAAGCTGGAAT
ATTACGAGAAGTTCCAGATCATCGAGAACGTGTTCAAGCAGAAGAAGAAGCCCACCCTGAAGCAGATC
GCCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAGAGTGACCAGCACCGGCAAGCCLGA
GTTCACCAACCTGAAGGTGTACCACGACATCAAGG ACAMTACCCCCLEGAAAGAGATTATTGAGAAF
CCGAGCTGCTGGATCAGATTGCCAAGAT CCTGACCATCTACCAGAGCAGCCGAGGACAT CCAGGAAGAA
CTGACCAATCTGAACTCCGAGCTGACCCAGGAAGAGAT CCAGCAGATCTCTAATCTGAAGGGCTATAC

(‘\(}I
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CGGCACCCACAACCTCAGCCTGAAGGCCATCAACCTGATCCTGGACGAGCTGTGGCACACCAACGACA
ACCAGATCGCTATCTTCAACCGGCTGAAGCT GGTGCCCAAGAAGGTGCACCTGTCCCAGCAGARAGAG
ATCCCCACCACCCTGGTGGACGACTTCAT CCTGAGCCCCETCGET GAAGAGAAGCTTCATCCAGAGCAT
CAAAGTGATCAACGCCATCATCAAGAAG ,“SGC TGCCCAACGACATCATTATCGAGCTGGCCCGLG
ACRAbAACT“CAA zGACGCCCAGAAAATGATCAACGAGAT GCAGAAGCGGAACCEGCAGACCAACGAG
CGGATCG ‘”AAﬁmFAm’CUC‘?CPLL ~GCARAGAGAACGCCAAGTACCTGATCCGAGAAGAT CAAGCT
GCH”GAC TGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCATCCCTCTGGAAGATCTGCTGAACA
ACCCCTTCAACTATGAGGTGGACCACAT CATCCCCAGAAGCGETGT pCT"‘C‘CAm ACAGCTTCAACAAC

AGGTGCTCGTGAAG G;AAnKAAACAGF&AGAAG CAACC CATTCCAGTACCTGAGCAG

AACVTTCAACKBﬁCACATCCTuhALLTGGJCIAﬁGG,nAGaGCh

AGCGACAGCAAGATCAGCTACGA
GF\ ATCAGCAAGACCAAGAAAGAGTATCTGCTGGAS LGF\J\,C sGGACATCAACAGGTTCTCCGTGCAGARA
GACTTCATCAACCGGAACCT GGTGGATACCAGATA ﬂ”hh"ACAGGCVTCA“GﬁxCCWﬂ STGECGGAG

CTACTT CAGAGTCAACAACCTGGACGTGA Gl‘GAA STCCATCAATGGOGGCTT CACCAGCTTTCTGC
GGCGGAACTGEAAGTTTAAGAAAGAGCGGAACAAGGGGTACAAGCACCACGCCCABGACGCCCTGATC
ATTGCCAACGCCGATTTCAT CT TCARAGAGTCGAAGAAACT GCACAAGGCCAAAABAGTGAT GGAAAR
CCAGATGTTCGAGGAAAAGCAGGUCGAGAGCATECCCEAGATCGAAAC CEAGCAGBAGTACARAGAGA
TCTTCATCACCOCCCACCAGAT CARGCACAT TAAGCACTTCAAGEALTACAAGTACAGCCACCGGETE
SACARGAAGCCTAATACAGAGCTGA LTT“JLXC\,;JJ\ CCTGTACTCCACCCGEARAGEACCACAAGGGCAA
CACCCTGATCETGAACAATCTGAACGGCCTETACGACAAGGACAATGACAAGCTGAAARAAGCTGATCA
ACAAGAG CC’”""AHAA":"TC“l‘CATGTACQN CACGACCCCCAGACCTACCAGAAACTGAAGC TGATT

e

ATGGAACAGTACGGCGALCG G ATCCCCTGTACAAGTACTACGAGGAAACCGGCGAACTACCTGAL
CAAGTA F”CAAnnh””PLﬁh LLCCGT’LTthGAAGA.‘AAGTn TACGGCAACARACTGAACG

CCCATCTGGACA G Lp\,(‘Aij—\_G AGARACAAGHTCGTGAAGCTGTCCCTGARGCCC
"GTACAAGT TCETGACCGTGAAGAATCTGGATGTGAT

TACAGATTC

CA ﬂSAAATAHPACTPCTACbA]CTCXAJpnbAAGTGCTATUAG~K?GCTAAGAAQC AGAAGATCA
GCAACCAGGCCGAGTTTATCGCCTCCTT CTACAACAACGATCTGATCAAGATCAACGGCGAGCTGTAT
AGAGTGATCGGCET G/ ACAACGACClL“TCAACLSG.T“GA&GT AACATGATCGACATCACCTACCG
CGAGTA ‘Cr”GAAAACATGAACGACAﬁ”A sGCCCCCCAGGATCATTAAGACAAT CGCCTCCAAGACCC
AGAGCATTAAGAAGTAC! MT““”GL”AA”“TC$ TCAAGTGAAAT CTAAGAAGCACCCT
CACGATCATCAAANAGGGCAAL ”‘.SGGC SGCCACGAAAAAGGCCGEGCCAGGCARRAAAGARAAANCYG]
atcctacccatacgatyg cgcttaccc1Lagq1tgtt“CagattacgcttaccCatacg
atgttoccagattacgettaabaattotagecaataaaggategtttattttecattggaagegtgtgttg

gtitttttgatcaggegegGGETACCEA AbGCJupP sTCATCAACCCGCTCCAAGGAATCCCGGGCCCAG
TGCTCACTAGGCGGGAACACCCAGCGLGCGTGCGCCCTGECAGGAAGAT GGCTGTGAGGGACAGGGGAG
TGCGCGCCCTGCAATATTTGCATCTCGCTATGTGTTCTGGEGAAAT CACCATARACGTGAAATGTCTTTG
GATTTGGGAATCTTATAAGTTCTCTATGAGACCACATATAGTAAT CAAATTATTGGCACGTTTTAGTA
CTCTGGAAACAGAATCTACTAAANCAAG QPAPf EGP”““GPFT VICTCGTCAACTTGETTGGC QA LT
TTTTGGTACCaggaaccectagthgatggagt
ggccggy cqahcﬁaoqqtcg “ﬂqncg“”ﬂ

gebtgoctgcaggggege atgceggt
gtcaaagecaaccat gwu;qCGcrﬂtq jeggcegecattaagegegygcady
[s1s) dcot;lcc getacactigocagegooctac retttegaetttetitaccttea

$O
W2

cgccacgttegecggetttecoogtecaagaotetaaategggggctecectttagggttaecgattt

ctttacggeacctcgaccceccaaaaaacttgatttgggtgatggttce CgtagtUjGCCdpcqﬁﬂCLga
tagacggtttttegeoctttgacgt tqjag_bcacgttctttaata;tg‘ ctcttgttceccaaactgyg
asacaac actba ﬂfcta““#hnggut tub_ttga ttataagggattttgoccgatttcggectatt

rcaaaaatt cgaatitttaacaaaatattaacgtitacaatt

mt":*”+ctqatgccq ratagttaagocageoocgacacocgecaan
yoegecctgacgggettgtetgetoeceggecatecgettacagacaagetgtgacegtet

:cgfhegc ;hatgtq.ha;jqq ?LLLQVLGL racgogegagacgaaagggectegig
ttcttagacgt aggtqgﬁa“'tt cg

atacattcaaatatgtatccgoctcatga

gaagagtatgagtattcaacatttccgt

tttttgectecaccecagasacgectggtgaa

tacatcgaa tctcaacagcocggta

tgat ctatgt
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ggcgeggtattatcececgtattgacgocgggcaagagcaacteggtegocgecatacactattectecagas

tqacttgqt;caqbavbcapcac"capaqdaaagCQLcttlcqqa,G;c tgacagtaagagaattat
geagtgetgececataaccatgagtgataacactigoggecaacttacttctgacaacgateggaggacaeg
aaggagct accegoettttttgecacaacatgggggatcatgtaactegecttgategttgggaaccgga
gctgaatgaagcoccataccaaacgacgagegtgacaccacgatgectgt: atggcaacaacgttgc
gcaaactattaactggcgaactacttactctagettcceggecaacaat agactggatggaggcg
gataaagttgecaggaccacttetgegetoggecctteceggetggetgy ttgutgabaqat tag
agcecggtgagegtyggaagecgaeggtatcatt cactggggocaga aagoeoctecegtatag
agtt g > Jagt
gootcecaca Caaa
acttceat cott
aacgtga gagcgtcaga“ aagdpcoaaggdt Ltctujagatcct
tttttte tgcecttgcaaac gcggtggtttgtttgec
ggatcaag taccaac ttttcecgaagy agcgcagataccaaatactg
tecottcoctagtgtagecgtagttaggecaccactt accgcoctacataccteget
ctgctaatce ?gttxgraotgqctgctqccag.;, jataagtc notct:a: gggttggactcaag
acgatagttacocggataaggecgecagoggteggg: tgcacacageccagetigyg
agegaacgacetacaccecgaactgagatacceie tgagaaagegecacgaettaececgaa
qqqadejaqqhhgnc <ct?ﬁ:c<ftenqc<< G ,.; Jgaacaggagagcgoacgagggagaet <

cacctctgacttgagegtoyg tt*t
gocggectttttacggttectyg

2

gcgacctttggtcegece

taggggttectgeocggec

TAGAaaas cacggoattttgoctigttttagtagatict

qttt,gd<aq ?“aatq CGGETGTTTCETCCTT CACAAGATAT
.. s &\4[7; s

>
o
g

s
o
i

ATARA G,VAAKDXATCGAsAiACTTTCAAJTTH.zPTAAGCLTATuA.; GTC T T
TTTAAAACTGCAAACTACCCAAGAAA TTACTTTCTACGTCACGTATTTTGTACTAATATCTT.
GT'”ACAGT”AAAMTAA”TLVAAZFAT”T "lAﬁLA”“Cmm”rﬁfCCm TATGCAAATATGAAGE
TCATGGGAAATAGGCCCTCCTCCGAGCTAGACTAGCA I””‘””me“GTAAUGAGGCAﬁCCCCTGG
CACCCGAGATGCCTGGTTATAATTAACCCAGACATCTGECTGCCCCCCCCCLCCCAACACCTGCTG
TCTAAAARATAACCCTGCATGCCATGETTCCCGECE /—sA’b\J\:rC\,AGCJ GTCCCCCGCCAGCTAGACTCAG
ACTTAGTTTAGGA 1\( CAGTGAGCAAGTCAGCCCTTGGGGECAGCCCATACAAGGCCATGEEGECTGGEE
AGCTGCACGCCTGEEGETCCGEEETGEGECACGETGCCCGEECAACGAGCTGAAAGCTCATCTGCTCTCA
GGGCC CTCCCTGGGGACP CCCCTLCTGCVAuFﬂCACAZCCTCTAJvaCVAV.ATATPBCCCAGGG
GCACAGGGGCTGCCCTCATTC TACCAthCVALCACACCACAGAan \CACTCAGGAGCCAGCCAG e
ccggtgeccaccATCGCCCCAAAGARGAAGCGGA STCGGTATCCAC ACMCCLAGCAGCCAAC”GG
AACTACATCCTGGGCCTGGACATCGGCATCA CC CCMSJGCT CGGCATCATCGACTACGAGACALG
GGACGT frh’l""«’.u—\IG(‘ CGGCETGCGGCTETTCAAAGAGGCCAACGTGCAAAACAACGAGGGCAGGCGGA
GCAAGAGAGG GAAGGCTGAAGCGGCGGCAGECGGCATAGAATCCAGAGAGT GAAGAAGCTGCTG
TTCGAL LZ CARA TGACCGACCACAGCGAGCTGAGCGGCATCAACCCCTACCGAGGCCAGAGTGAA

GGGCCT GAGCCAGAAGCT GAGCGAGGARAGAGTTCTCTGCCGCC ””, GLJT@TCG(CAAGAbA GAG

GCGETGCACAACGTCAACGAGGETGGAAGAGGACACCGGCAACGAGCT GT CCACCARAGAGCAGATCAGC
CGGAACAGCAAGGCCCTGGAAGAG AAATACCIGC CCGAACTGCY GCTGGT_C” CTG AGAARGACGG
CGAAGT GCGEGEGCAGCATCAACACATTCAAGACCAGCCACTACGT GAARGAAGCCAARACAGCTGCTGA
AGGTGCAGANJCp“TﬁvCHLbAULfGGALLhUhGCTTCATpGAbAﬂFTPLﬂmﬂG“CCTGCr\Gdnhc(

GGCGGACCTACTATGAGGGACCTGGCGAGGGCAGCCL Fm’GGCTGGAAGGACATCAAAGAPTGGTA
Cbﬁ\ZTUCTJATJUGCCAFT ;CACCTACTTCCC UAGGAACTGCGJPCVGTJAAGTAbQ CCTACAAC
CCGACCTGTACAACGCLCTGAACGACCTGAACAAT CTCGTGAT CACCAGGGACGAGAACGAGAAGCT G
GAATATTACGAGAAGTTCCAGATCATCGAGAACGT GTTCAAGCAGAAGAAGAAGCCCACCCTGAAGCA
GATCGCCAAAGAAATCCTCETGAACGAAGAGGATATTAAGGGCTACAGAGT GACCAGCACCGGCAAGT
CCGAGTTCACCAACCTGAA uTGTALLACG“LAr“hﬁ””ACATT \CCGCCCGGAAAGAGATTATTGAG
AACGCCGAGCTGCTGGATCAGATTGCCAAGATCCTGACCATCTACCAGAGCAGCGAGGACATCCAGGA
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AGAACTGACCAATCTGAACTCCGAGCTGACCCAGGAACAGAT CGAGCAGATCTCTAAT CTGAAGGET

ATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGATCCTG CTCCAGCT”TCCCACACCAAL
GACAACCAGATCGCTATCTTCAACCGECTGAAGCTGGTGCCCAAGAAGGTGGACCTGTCCCAGCAGAA
AGAGATCCCCACCACCCTGGTGGACGACTTCATCCT G ;"SC”“.“CC'“’ GTGAAGAGAAGCTTCATCCAGA
GCATCAAAGTGAT ZAF”F““AT”AT AHGAP””A“GC“””GCCC CGACATCATTATCGAGCTGGCC

CGCGAGAAGAACTCCAAGGACGCCCAGAAAATGATCAACGA ”GCAU“A SCGCAACCGGCAGACCAA
CGAGCGGEA ””GAUuhAATLﬁ“F‘CGALVACC“G'hhA FGAAFJCCAAClAC’TthP”PGﬁhGAm’
AGCTGCACGACATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCATCCCTCTGGAAGATY TGCTG

AACAACCC [CAACTATGAGGTGGACCAC .CATFPprJAAMCGTLLC>‘ECUAFAACAb CTTCAA
CAACAAGGTGCTCGTGAAGCAGGAAGARAACAGCAAGAAGGGCAACCGEACCCCATTCCAGTACCTGA
GCAGCAGCGACAGCAAGAT CAGCTACGAAACCTTCAA AACCACHTCC GAATCTGGCCAAGGGCAAG
GGCAGAATCAGCAAGACCAAGAAAGAGTATCTGCTGCGAAGAACGGGACATCAACAGGTTCTCCGTGCA
bAHAGhVTTﬂATCKAL GGAACCTGGTGGATACCAGATACGCCACCAGAGGCCTGATGAACCTGCTGC
GGAGCTACTTCAGAGTGAACAACCTGGACGTGAAAGTGAAGTCCATCAATG CCC””TT thPGbLfl
CTGCGGCGGAAGTGGAAGT T TAAGAAAGAGCGGAACAAGGGGTACAAGCACCACGCCCAGGACGCLLCT
GATCATTGCCAACGCCGATTTCATCTTCAAAGAGT GGAAGARACT GGACAAGGC CFAAAAAG GATGF
ARAACCAGATGTTCGAGGAAAAGCAGGCCGAGAGCATCCCCGAGATCGAAACCGAGCAGGAGTACAAL
GAGATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAAGGACTACAAGTACAGCCACCG
GGCTGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCGGAAGGACGACAAGG
GCAACACCCTGATCGTGAACAATCTGAACGGCCTGTACGACAAGGACAATGACAAGCTGAAAAAGCTG
ATCAACAAGAGCCCCGAARAG CT””TCATCMA ACC CGACCCCCAGACCTACCAGAARCTGAAGCT
GATTATGGAACAGTACGGCGACGAGAAGAAT CCCCTGTACAAGTACTACGAGGAAACCGGGAACTACC
TGACCAAGTACTCCAAARAGGACAACGGCCC "G“ 'CATCAAGAAGATTAAGTATTACGGCAACAARACTG
{ACG,CC \TCTGCGACATCACCGACGACTACCCCAACAGCAGAAACAAGGTCGTGAAGCTGTCCCTGAA
CCCTACAGATTCGA TGTAFCTU;AC ATGGCETGTACAAGTTCGTGACCGTGAAGAATCTGGATG
TFHTCfK“AAAGAAAKCTAC“KCGAAC AATAGCAAGTGCTATGAGGAAGCTAAGAAGCTGAAGAAG
ATCAGCAALCAGGCCGAGTTTATCGCLTCCW’CT CAACAACGATCTGATCAAGATCAACGGCGAGCT
GTATAGAGTGATCGGCETGAACAACGACCTGCTGRAACCGGATCGAAGT GAACATGATCGACAT CACCT
CGAGTACCTGGAAAACATGAACGACAAGAGGCCCCCCAGGATCATTAAGACAATCGCCTCCAAG
CCAvPGCnTFAﬁbnAGFA CAGCACAGACATTCTGGEEL
TC

AACCTCTATGAAGTGARAATCTAAGAAGCA
GGCAAAAGGCCGECGECCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAA
tacgatgttccagattacgottacecoatacgatgttccagattacgottacels
tacgatgttoc ataaagga ctcattggaagegtgt
gtitggttd :ge+c;\_ JegGGETACCGAACGCTGACHE] vATCAALC GCTCL“AGCA;TCU,CCG
CCAGTGTCACTAGGCGGGAACACCCAGCGCELETGCGCCCTGGCAGGAAGATCGCTGTGAGGGACAG
GGAGTGGCGCCCTGCAATATTTGCATGTCGCTA T”TC”“““”GLAAAr“AL ATA AAL”M“AAATC$
TTTGCATTTGGCAATCTTATAAGTTCTGTATCAGACCACATATAGCTAATGARATTA’
AGWP‘T”FP AAﬁVaPAPTC AciAAnnFAﬁUb'hhAﬁmG{ﬂCThmTT“rpm”GECAJ-;
ctagtgatggagttggecactoccoctetetgegagetaeget

Jggcgaccas geccgacgeccygggettigececgggeggectecagtgag
gogoegeagotg C””ov\ﬁUunJCCantjCGGLaLLf+Q cocttacgeatctgtgoggtat
cogeatacgteagageaaccatagtacgogecctgtageggegeattaagegeggegggtagtggtyggt
Leugcqva;ugtqaccgc,a<'”**;ccagug:COLequ“ccguk:cfttugcrrtcﬁﬁcccttcct
Tttt cqccacgttcgcc"gctttccccgtpddu tctaaa tcggggg ctttagggttccgattt

T cgtagtgggceccatogec
tggactcttgtitccaas
ttttgeccgattteggea
acaaaatattasc
tgatqggq:a:agttadgccaqccccga
tgetcececoggecateagettacagacaaqg

AGATCATCAAAAAGS
Gggatcctaca

attacgottaaGaattctaga:

gacqttg teccac
ctog: ;qc;:a? ta \,t tt

ycaacactcaaccetat
tgagotg:
act “t'agtavdatut

ctygyg
tattggtta
aattttjtqq,m

MeleleLs)
LCCQC

Ie)
1®

de,C‘C]C',(“r" L,CJ."’]'CCCt_ Jacggygc 'g’tgacc

()Q/

gt tccggq%actgca gtgt cojaﬁg ttttcaccgtcatcaccgaaacgce caagacgaaagdqcct
cgtgatacgcctatttttataggttaatgtcatgataataatggtttettagacgtcaggtggecactt
ttcggggaaatgtgcecgcggaaccectatttgtttatttttctaaatacattcaaatatgtatcegete
atgagacaataaccctgataaatgettes abwatat#qnca aggaagagtatgagtattcaacattt
cocgtgtogoccettat cttttttyg > tgtt cacccagaa ctgg
1 agtaaaagatyg e} c
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ggtaagatccecttgagagttttegecoocgaagaacgttittocaatgatgagecacttitaaagttetget
gtattgacgcecgggecaagageaactoeggtegecgeatacactatttceta

atgtggegeggtattate o

tgactitggttgagtactcacecagtcacagaaaagcatcttacggatggeatgacag aa
ttatgcagtgctgcoccataaccatgagtgataacactgeggecaacttacttctgacaacg gg
aaggagctaaccgettttttgeacaacatgggggatcatgtaactecgececttgataeg ac
cggagcectgaatgaagccataccaaacgacgagegtgacaccacgatgectgtageaatag cqg
tttcgcaaactatta_ctggLcaartqbt#ahtutaqcttcccqtcaacaatt atagac 2
gygcggataaagttgcagga oot C gt 1ttgc -

o+

auqc cat

jtdctttaguvtgatt

a;gﬁg htractqattqu”dttggtha”Lg ca

tazaacttcatttttaatttaazagga tcta"gtga gdtﬂﬁt T tqatadtctcatgaccaaaatc
ccttaacgtgagttttogtteccactgagegtcagacocegtagaaaagatcaaaggatettettgaga
tecotttttttotgegegtaatetgetgettgeaa a Uqctaupagcggug tttgtt
tgccggatcaagagectaccaactettttteo tcagcagagcgcagataccaaat

togtagcaccgectacatacct
lﬁtq”“qltcd tcgtgtettaccecgggttggact
'pggqct ggggttegtgcacacageccaga

. aqgtaﬁ_agdaagcqvcapgctt

act )1 ccttetaght ,’:a cogtagttaggecac

caag ”"GttdCC(gaLd
ttggagegaacgacctacaccgaactgayg
cgaagggagaaaggcggacaggtatcocggta

%agcggcagog cggaacaggagagcygcea
ttccagggggaaacgcctyg tatctttatagtcctgtcgggtttcgccacct;tgacttgagcatcga
tttttgtgatgctegtcaggggggeggagectatggaaaaacgocagecaacgeggectttttacggtt
cctggecttitgetggecttttgecteacatgt

SEQID NO: 18, Version 3 of vector 2

coctgecaggcagetgegegeteogategetcactgaggoogecegggegtecgggegacctttggtaegeee
ggcctcagtgagegagaegagegogeagagagggaghtggceccaacteeatecactaggggttectgaggee
TCTAGAaaaaatctogece acaaq*tgda' ‘,aaa(ac\c*attt:gccttdf cttagtagattct
ttcecagagtactaaaacacattttectat tgCGETETTTCETCCTTTCCACAAGATAT
AAGCCAAGAAATCGAARATRE CTTTCA»CTLDC PTAAGCLTz1GATAGTCCATTTTAAAACAT?AT

TTTARAACTGCAAACTACCCAAGAAATTATTACTTTCTACGTCACGTATTTTGTACTAATATCTTTGET
f—\f AGTCAAANTTAATTCCAATTATCTCTCTAACAGCCTIGTATCGTATATGCAAA] ‘AT GAAGGAA
GAAATAGECCCTCCTCGAGGAGCTCCACCGCEET GGCEECCETCCECCETCGECACCATCCT
C]\x\:\:rf‘(\hf'k,“\:f AATATGGCGACGEETGAGGAATGGTGEEGAGTTATTTTTAGAGCGGTCGAGGAAGGTG
GGCAGGCAGCAGGTGTTGGCGCTCTAAAAATAACTCCCGGGAGTTATTTTTAGAGCGCGAGGAATGETG
GACACCCAAATATGGCGACGGETTCCTCACCCETCGCCATATTTGEETGTCCGCCCTCGGCCEEGGLLG
CATTCCTGGGEGCCGGEELEGETGCTCCCGCCCEGCCTCCGATAAMAGGCTCCGEEECCEGGCEGECEGCCCAL
GAGCTACCCGGAGGAGCGGGAGGCGCCAAGCTCTAGAACTAGTGGATCCCCLGGGLTGCAGGAATTCG
ATATaccyggtgecaccATGGCCCCARAGAAGAAGCGGARGETCGETATCCACGGAGTCCCAGCAGCCA
AGCGGAACTACATCCTGGGCCTGGACATCGECATCACCAGCETGEGCTACGECATCATCGACTACGAG
ACACGEGGACGTGATCGATGCCGGLETGCG (\’\'r'GT TCAAAGAGGCCAACGTGGAARAACAACGAGGGCAG
G( "‘Gr\U\, AAGAGAGGCGCCAGAAGGCTECAAGCGGLGGAGGCEGCATAGCAATCCAGAGAGTGAAGAAGC
CTACAACCTGCTGACCGAC "CZ\b\,Gt\' w,T\—}AGP' SGCATCAACCCCTACGAGGCCAGA

TGAGCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGCCCTECTGCACCTGGCCAAGAG
2

‘,‘

GTGAA GCC
GAG ,'\,GTCC A\CAACGTGAACGAGGT GGAAG. Z\XG'\:]{C?\CC\JJLZ\J\,k/GJx\:r( TGTCCACCAAAGAGCAGA

T“"”CL SGAACAGCAAGGCCOTGEAACAGAAATACCTGGCCGAACTGCAGCTGCAACGECTCAAGARA
bAﬂﬂGc“AAf GCGGGECAGTATCAACAGATTCARGACCAGTCACTACGTGAAAGAAGCCARACAGCT
GCTGAAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCTACATCEACCTGLTGE

AnhrpﬁbbbupA\\fﬁQTADGHUuuHPATUGCQA GGCAGCCCCTTCGGCTGCGAAGGACATCAAAGAA
TGGET FP SAGATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACTGCGCGAGCGTGAAGTACGCCTA

CAACGCCGACCTGTACAACGCCCTGAACGACCTGAACAAT CTCGT GAT CACCAGGGACGAGAACGAGA
AGCTGGAATATTACGAGAAGTTCCAGAT CATCGAGAACGTGTTCAAGCAGAAGAAGAAGCCCACCITG
AAGCAGATCGCCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAGAGTGACCAGCACCGG
CAAGCCCGAGTTCACCAAC ”Ghﬁubi TACCACGACATCAAGGACATTACCGCCCGGARAGAGATTA
TTGAGAACGCCGAGCTGCTGGATCAGATTGCCAAGAT CCTGACCATCTACCAGAGCAGCGAGGACATC
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CAGGAAGAACTGACCAATCTGAACTCCGAGCTGACCCAGGAAGAGATCGAGCAGAT CTCTAATCTGAA
GGGCTATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCT GATCCTGGACGAGCTGTGGCACA
CCAACGACAACCAGATCGCTATCTTCAACCGGCTGAAGCTGETGCCCAAGAAGGTGGACCTGTCCCAG
CAGAAAGAGATCCCCACCACCCTGGTGGACGACTTCATCCTGAGCCCCETCETGAAGAGAAGCTTCAT
CC“uA WAT”AAAQ”GAM CAACGCCATCATCAAGAAGTACGGCCTGCCCAACGACATCATTATCGAGC
TGGCC FC“UAAUHAAmethhPLUVFCuUAﬁhhT’ A TCAACGAGATGCAGAAGCGGAACCGGCAG
AP”AAL AGCGGATCGAGGAAATCATCCGGACCACCGGCAAAGAGAACGCCA TACCTGATCGAGAA
GA'VAA\FT”VALB]C TGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCAT CCCTCTGGAAGAT
TGCTGAACAACCCCTTCAACTATGAGGT GGACCACATCATCCCCAGAAGCGTGTCCTTCGACAL
TTCAACAACAAGGT GCTCGT GAAGCAGGAAGAAAACAGCAAGAAGGGCAACCGGACCCCATTCCAGT
CCTGAGCAGCAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATCCT GAATCTGGCCAAGG
GCAAGGGCAGAATCAGCAAGACCAAGARAGAGTATCTCGCT GGAAGAACGGGACAT CAACAGGTTCTCC
GTGCAGAAAGACTTCATCAACC C”AAL“T -GTGGATACCAGATACGCCACCA ‘AGG“ TGATGAACCT
bp“ﬁF‘GAUL'APmT Af' ACAACCTGEGACGTGAAAGTGAAGTCCATCAATGGCEECTTCACCA
GCTTTCTGCEECG WG TAAGAAAGAGCGGAACAAGEGEGTACA "“ACC_LCFP“ \GGAC
GCCCTGATCATTG \,C]\A TTCATCT C‘z\AAbAGT-"”AAbAZ ACTGGACAAGGCCAAAAAAGT
GATGGAAAACCA GATGTTCGRGGAAZ-\A sCAGGCCGAGAGCATGCCCGAGATCGAAACCCAGCAGGAGT
ACAPAGAGATCTTCATCACCCCCCAL CAGATLAﬂu,nM;Ti? AGGACTTCAAGGACTACAAGTACAGC
CACCGGGETGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCGGAAGGACGA
CAAGGGCAACACCC TGATLGTGAACAATCTGAALGGL“MSIALC“4 AGGACAATGACAAGCTGAARND
AC“MNA”CAPCAA AGCCCCGAAAAGCTGCTGATGTACCACCACGACCCCCAGACCTACCAGARACTG
ARGCTGATTA nh”ﬁ“” CGGCGACGAGAAGAATCCCCTETACAAGTACTACGAGGARACT GP”AA
CT“CC”GACCAA' AF“”LﬁhﬁAﬁubﬁLhAJFGCCC;GTGAIEA‘ SAAGATTAAGTATTACGGCAACA
AACTGAAC LCCATCTGGACAT‘Q\NCL)“ ACTACCCCAACAGCAGAAACAAGGTCGTG AAG\,T\ TC C
FT SAAGCCC

ACAGATTCGACGTH! T'ACCTG : CGTGTACAAGTTCGTGACCGTGAAGAATCT
GTGATC]\}»L\]\IAZ\ SARAACTACTACGAAGT GAATA GC AAGTGCTATGAGGAAGC T!\,]\GJLMLJ r—Gh

4
o

Ay

C
5C
Y

-J

>

AGAAC—:A"‘C {GCAACCAGGCCBAGTTTAT CGCCTCLTTCTACAACAACGAT CTGAT CAAGAT CAACGGT
GAGCl‘G’f'ATAGA(:T"AICGU‘GT Ah@ ,Acuxcc"'“cz GAAC ccz\rc” GTGAAC Aff‘f‘h’r'*“Af“Ar
'C AGT

ACAWL”WCAAAAAGUQCAAHA?Q‘”GGLGQCCApuhAAAAUGCSGGCC“QGCAAAAAA
GAAAZ rotacccatacgatgttecagattacgettacecatacga
1ccCatacgatgttccagatt‘égctt'iGaattctagcaate 1ggategtttattttcattggaag
cgtgtgttggttttttgatcaggegegGGTACCGAACGCTGACGTCATCAACCCGCTCCAAG GAATCG
CGGEGCCCAGTGETCACTAGGCGGGAACAC CCA:CGCGCJLGCG,CVAGﬁanCAAGATCCCTC;&xV
ACAGGGGAGTSGCECCCTGCAATATTTGCATGTCGCTATGTETTCTGGE hhﬁmp"“Ca'AAACGIJAA
ATGTCTTTGGATTTGGGAATCTTATAAL FT”“GT;FFA“ \CCACATATAGTAATGAAATTATTGGCAC
GTTTTAGTACTCTGGAAACAGAATCTA CCTGTTTATCTCGTCAACTTGT
TGGCGAGATTTTTGGTACCaggaaccectan actcectectotgegeg
< g g -

tgttccagattacgett

g gg JCLCQP cC
gotecactgaggeocygr ¢ ‘ JICgye C gageg
agegagoegogeaget 1‘t‘ ctecttacges gtg <:<I,L att
tcacacegoeatacygtcaaagcaaccata goggoegeattaagegoggegggtgtyg
gtggttacgcgecagogtgacegoctaca chc:cc,tuct?rﬁgcﬁtt,ttucc

ttcctttctcgccachchccggc tt;ccc'tcaagptvtaaachaoggctﬂﬁﬂt tag
gatttagtgctttacggecacctocgaccecaaa “garttgggtqatgg tcacgtagt
tugLLctgaLaUaPQgttttngpLLt' gtccacgttctttaatagtggact
tc#' tqatttatadgjgattct,cc

W W

Q

,+ ot
[T
r' kQ r!'

ccaaactggaacaacactcaaccctatal
cggeotattggt 3

¢

uod'T aacgcgaatt

rgotgatt

tttacaattittatggtgecactctcagtaca getetg lﬁMCCG,QﬁQQLWdagCCiG ‘CngCd
2CCgaT .acacccqc:ga'gchCOLgncqqouLthv,hc_cccchwa”ccc;ttacaga;aagaug
tqaccgtctccaggaqctdcatqbatdeanttLtcaCFg catcaccgaaacgcgcgagacgaaag
ggcctogtgatacgectatttttataggttaatgtcatgataataatggtttcttagacgtcaggtgyg
cacttttcggggadatjLﬁcgcqjaaccccbatt gtttatttttctaaatacattcaaatatgtate
cgetecatga f taatatt tatgagtattcaa
cattt = cccagaaac
gotgg ctggatcotcea
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acagoggtaagatcectitgagagttttcgececgaagaacgttttececasatgatgageacttt
ctgcectat uqq dLLjLCCFGLdttqa”jCCQ(Gu?jq geaacteggtegeegeatacacta

aagtt

ttectocaga gtactcaccagt ‘gdaadqc. ttacggatggcatgacagtaa
gagaattatgcagtgcet ccaacttacttctgacaacgatce
ggaggaccgaaggagcet atgtaactcgecttgategttyg
ggaaccggagctgaatg acgatgecctgtageaa caa
caacgttgct;aaacta cggcaacaattaatagactgg
atgqaqac‘ ; ctggetggttta e

2
f\

,cqotq
:aq:tatu

“ggggecagy atqﬁ,,n
cgaaatagacagataget

ca gncqqqhaq caggoad

gagataggtgcectcactgattaagecatitgygts act(tcagactelgtt,avLC'“aLe actittagat
tgatttaaaacttcatttttaatttaaaaggatctaggtgaagatectttttgataatctcatgacca
aaatccettaacgtgagttttegttccactgagegtoagacecogtagaaaagatcaaaggatettcet
tgagatccttttittctgegegtaatctgetgettgecaaacaaaaaaaccaccgetaccageggtyggt
ttgtttgccggatcaaga caadtctttttccgaagttaactgqcttcagcagagcgcagatac
caaata T ctgtadcac*;cc:aaa
tacct .gctgccag dqtcataa~;,gt pAoE

ggact vaaqchcachqthggc gaacgggygagt gracacaga
1Ca V,L+qqawlg1acga caccgaactgagatacctacagegtyg: .tq gaaagogecacy
cttceccogaagggagaaagge cahg_atﬂ ggtaagcoggcagggtad agga gr cacgag
ggagcttccagggggaaac ggtaLctttatagtCth cgggttt cacctcectgacttgage
gtecgattttigtgatgete dggggggcggagectatggaaaaacgcc aacgoggecttttta
cggtteoctggectttiget tttgctcacatgt

SEQID NO: 19, Version 4 of vector 2

gogacct

cctgecaggcagetgcgegetegetegetcactgaggecgeaocgggegtegggeg ttggtcgecee
ggcctca}tqa@cgagcgmgcgcg,MQdd qggagigqccaa rtccatcactaggggttectgaggee
atctaogec acaaq*tha' = rggcattttgecttgttttagtagatict
gtﬁﬁccahegﬁacLAeljcahaLgb‘Ct. ,_ngi STTTCETCCTTTCCACARAGATAT
ATAAAGCCAAGAAATCGAAATE CTTTCA»CTi“,GGTAAGCATz1CATAGTCCAT“TTAAAACKT?

9!

TTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGTCACGTATTTTGTACTAATAT CTTTC

ACAGTth‘TTnnTT‘CAﬁETATCT”“”FAPLAGCme”InTFP“ATATGCAAA‘AF(AAU AR
TGGGAAATAGGCCCTCoctegagGtttasacaagettgcatgtetaagetagacecttcagattas
ataactgaggt: ~cctoetatetgea

jggcctgggtaggggaggtggtygtgagacgetoctgtetet

catcggceectittggggaggaggaatgbgcccaaggactasaaaaaggocatyggagecagaggggeyay
ggcaacagacetttcatgggecaaacottggggaecctgetgtectageatgeccecactacgggtetagga
tgcccatgtaaggaggcaaggectggggacacocgagatgectggttataattaacccagacatgtyg
ctgococacee ‘:Cdd'?CCLq@LjLQL :ctqqthqatcccctgc;
ggctgtgggggactgagggcaggetgtaacaggettg

a
ccaaagtattactgticcatgttce

o
(9]

caaaaataacectygt

QO ot
ot
[AV IRVt '\{4

(1&_4
T o O

gc cgdgcgaagggccag cgcc

ac bttaugancuagfqagcaag*rﬂgccc'*'gggcagcc ggcca
ct t gggcaacyg agctea
cte tecacaccetygt ~tat

N s
-

agoacagacagacact
age hagugqc<ngCCAOngﬁqccapuATthCCChAfJﬂnuah CCGGAAGGTCGGETATCCACG
GAGTCCCAGCAGCCAAGCGGAACTACAT CCTGGGCCTGGACATCGGCAT CACCAGCGTGGGCTACGGC

ATCATCGACTACGAGACACGGGACGTGATCGATGLCGELGTGCGECTGTTCAAAGAGGCCAACGTGGA
GC ~C

AARACAACGAGGEGCAGGCEGAGCAAGAGAGGLCECCAGAAGGCTGAAGCGGCGEAG Gu’hFAuAﬁl
AGAGAGTGAAGAAGCTGUTGTTCCACTACAACCT GCTCGACCGACCACAGCGAGCTG LGG”ATLAAC
CCCTACGAGGCCAGAGTGAAGGGCC TGAGCCAGAAGCJu?@CGchZAUFGTTCTCTGC CCTGCT

GCACCTGGCCAAGAG vu:r?‘f‘vu ,bTGC‘A\AA\J\:TF{&ACC}AG- 1T GGAAGAGGACACCGGCAL ’\C‘f‘AGCJ GT
CCACCAAAGAGCAGATCAGCCGGAACAGCAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGCAGCTG
GAACGGCTGAAGARAGALGG GAAGTaCGCva(ﬂu,ATCﬁKCAGAmTCAhCA CAGCGACTACGTGAA
AGAAGCCAAACAGCTGCTGAAGGTGCAGAAGGCCTACCACCAGCT GGACCAGAGCTTCATCGACACCT
ACATCGACCTGCTGGAAACCCGGLGGACCTACTATGAGGCACCTGGCGAGGGCAGCCCCTTCGGLT GG
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AAGGACATCAAAGAATGGTACGACATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACTGCGGAG
CCTGAAGTACGCCTACAACGCCGACCTGTACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCA
GGGACGAGAACGAGAAGCTGGAATATTACCGAGAAGTTCCAGAT CATCGAGAACGTGTTCAAGCAGAAG
AAGAAGCCCACCCTGAAGCAGATCGCCARAAGARATCCTCGTGAACGAAGAGGATATTAAGGGCTACAG
AGTGACCAGCACCGGCA ;GCCCCAS”rﬂACvAAL TGAAGGTGTACCACGACATCAAGGACATTACCS
F””“bA“A SAG IE;TTGAGAACGCLUAGCT’ GGATCAGATTGCCAAGATCCTGACCATCTACCAG
CAGCGAGGACAT CCAGGAAGAACTGACCAATCTGAACT CCGAGCTGACCCAGGAAGAGATCGAGCA
GA'VTKWFZTCT AFGUU,TATAbVGGCprbAbAprAGﬁﬂcpr SARGGCCATCAACCTGATCCTGE
SGCACACCAACGACAACCAGATCGCTATCTTCAACCGGUTGAAGCTGGETGCCCAAGARG
GT C ACL Tv;vCCAFCAGJXAGALATCVVCACCACLCFU:¢ahﬂCGhCmTCxTJVAJ \GCCCCGTCET
GAAGFCK] -:CTTCATCCAGAGCATCAAAGTGAT CAACGCCATCATCAAGAAGTACGGCCTGCCCAALG
Al ATTATCGAGCT GGCL\"GCGAC-:A}NJA”’T CCA GGA"”GCC\,AG ARAAATGATCAACGAGATGCAG
sGAACCGGCAGACCAACGAGCGCGATCGAGGAAATCAT CCGCGACCACCEGCAARAGAGAACGCCAA
GTALCIUA"ﬁhCAAUnﬁFAPGCm”FA GACATGCAGGAAGGCAAGTGCCTETACAGCCTGGAAGCCA
TCCCTCTGGAAGATCTGCTGAACAACCCCTTCAACTATGAGGTGCACCACATCATCCCCAGAAGCETG
TCCTTCGACAACAGCTTCAACAACALGGTGE LC‘GT'G]‘ CAGGAAGAAAACAGCAAGAAGGGCAACCG
GACCCCATTCCAGTACCTGAGCAGCAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATCC
TGAATCTGGCCAAGGGCAAG u:CAGAﬂTCACCAﬂuA,qu GAAAGAGTATCTGCTGGAAGAACGGGAC
ATCAACAGGTTCTCCGTGCAGAAAGACTTCATCAACCGGAACCT GETGCGATACCAGATACGCCACCAG
AGGCCTGATGAACCTGCTGCGGAGCTACTT CAGAGTGAACAACCT GGACGTGAAAGTGAAGTCCATCA
ATGGC CTm” CCAGCTTTCTGCGGCECAAGTGCGAAGTTTAAGAAAGAGCGGAACAAGGGGTACAAG
CACCACGCCE CGCCCTGATCATTG (‘(‘A,]—\Lu (‘C‘ VITTCATCTTCAAAGAGCTGGAAC Aﬁh("l"»‘Gr\
CAAGGCC AAAAAAGTCHTGGAAAA CAGATGTTCCAGGAAAAGCAGGCCGAGAGCATGCCCGAGATC
AAACCGAGCAGGAGTACAAAGAGS TCTWFA'VACC CCCACCAGATCAAGCACATTAAGGACTTCAL
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Gz\\“AL,AZ‘f‘ WCAGCCACCGGGETGGACAAGAAGCCTAATAGAGAGCTGATTAA C\JAF[\\—KzC/T\ZIT C
ACCCGGAAGGACGACAAGGGCAACACCCTGATCL :rT AACAATCTGAACGGCCTGTACGACAAGGEAC
ATGACAHGC"" GAAARACGCTGATCAACAAGAGCCCC GAHAA""TC”“”’C—:A"‘”I ACCACCACGACCCCC
ACCTACCAGAAACTGAAGCT GATTATGGAACAGTACGCCGACGAGAAGAATCCCCTGTACAAGTACTA
CGAGGAAACCGGGAACTACCTGZ Cf’hA":TA”“”’CCAAAHAC—:QALA ACGGCCCCGETGATCAAGARAGATTA
AGTATTACGGCAACAAACTGAACGLCCCATCTGGACATCACCGACGACTACCCCAACAGCAGARACAAG
GTCGETGAAGCTGTCCCTGAAGCCCTACAGAT .‘C‘(‘ZALU"‘”T“ CTGGACAATGGCGTGTACAAGTTCET
GACCGTGAAGAATCTGGATGTGAT CAAAAAAG -\z—\AAL TACTACGAAGTGAATAGCAAGTGC T/sTbhq &

AAGCTAAGAAGCTGAAGAACGAT CAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCTG
ATCAAGATCAACGGCGAGCTGTATAGAGTGAT LGGC STGAACAACGACCTGCTGR \,ACCCGA CGAAGT
GAACATGATCGACATCACCTACCEGCGAGTACCTGGAAAACATGAACGACAAGAGGCCCCCCAGGATCA
TTAAGACAATCGCCTCCAAGACCCAGAGCATTAAGAAGTACAGCACACGACATTCTEGGEL ;Abr’ TGTAT
GAAGTGAAATCTAAGAAGCACCCTCACATCATCAAAAAGGGECAAAAGGCCGECEECCACGAAAANGGC
CGGCCAGGCAAAAANGARADA Aoqut cta cccetacqatgttvcagattacqctticccatacgatg
ttccagattacge T

AGATG ,\,Tf?rTGA ,GGACAGGGGZ\W GC\,J CCTCCA’\T]\T T C T
ACCATAAACGTGAAATGTCTTTGGAT T TGGGAATCTTATAA GTT“CTC TATCAGACC-ﬁ]\TXufr‘?m
'GAAATTATTGGCACGTTTTAGTACTCT GGAAACAGAATCTACTY CCETETTT
ATCTCGTCAACTTCTTGGCCAGATTTTTGGTACCaggaace cctagtgatggagtt
tctgegegetegetegetcactgaggecgggegaceaaaggtegeccgacgeceggyg
cggeoteagtygsa ;c gagcgagcgegoa qc* tgcctgeaggggegect (Iat geggta t’t:’:t:ct.cc’t:’:a c.g
rtgtgeggtatttecacacegeatacgtcasageaacoatagt
Jycggg Lv tggtggttacgags aqc( tgacagete C C C C
ttteget ttocccttocctttetegocacgttaogeeggaott ,ccccqt_c;aw:t ctaaatocggggac
tcecettt aqjﬁttbcqauttdutjrtt_ac»Gﬁapctﬂga cccaaaaaacttgatttgggtgatggt
jtccacgttectttaa

actcoot

[aNe]
[aNe]

cat gegeectgtagegy

aqgecg

ctagey

(‘fO
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cttacag avdagc: tgaccgtcecteagggagetgeatgtgteagaggtttte
Jagacgaaagggectoegtgatacgectatttttataggttaatgteat

t:a avgtv ggtggcactttteggggaaatgtgegeggaaccectat _tg' LI%
attcaadt“*ﬁtatc gctocatgagacaataaccctgataaatgecttecaataatat aggaag
catttcegtgtogecccttatteccttttttgoeggecattttgecttectgttt
yaaacgctggtgasaagtas thncgatﬂaqtt cgchahga 'Gg ttaca
tcgaaubgqatct““acagcgg agatc aat
agcacttttaaagttotgetatgtggega
Jgcecegeatacactattc tgac

atggcatgacagtaagagaatt: qtgu-q L;lgtqatelcht

”L+cth“elcQat:gqaggac~' ggagctaacagc dauaﬁqqﬁ*;c e
togecttgategbtgye tgaat gaaﬁﬂcatac;aaacgacgangtg caccacgat"c
ctgtagcaatggcaacs: aactattaactggcgaactacttactcectagettecceggeaa
caattaatagactgga ] aa ag tqcaggac cacttcoctgegetoggeccttooggetygy
ctggtttattgctgat T gceoggtgagegtygygs gccgcggtatcattgcagcaCtggggc
Cagdi}ﬁtod”"CTCCFoiatCQtagt ;gtf:agc sat=Te aacya
gectgagataggtgoo toaﬂl1bt;qnauct"tcagaccadgtttac*:

Jattgattte ,Ltﬁaatttada goatct
a:ﬁavuahadt cctitac ttegttecactgageyg
tctte ttjaﬁa CﬂttttLttCqugcqpaathq tgottgcaaacaaaaaaaccacae

ggtgaagatcotttityg
cagaccccecgtagaaaag

t a o)

gctaccage tttcecgaaggtaactggecttca
gcagagcg taggccaccacttcaagaactct
gtagcacc tgctgeccagtggegataagte
gtgtctta goggtegggot

gttecgtgao oF:

tgagaaag cac Hefe ggtenngcueggq cggaac
aggajagcgcacgaoggdg ,“*gd*atc ttatagtcctgtogggtttogece
acctctgacttgag tcaggggggcggagectatggaaaaacgecage
aacgcggeootttt goottttgoteacatgt

SEQ D NO: 20, Version 1 0

cctgecaggeaget ga
ggcctcagtgagcq‘ ] gq
TCTAGAaazaaataotce gttgacgagataaacacgges g

'ﬁ'

TTTCCACAAGATAT
\TTTTALMAACATAAT

~

qtt:~”10aq'a?tzoda‘ ;Lcctc:c:atacaddtngquTTiCdT\
ATARAGCCAAGAAATCGAN z\AAL, TTCAAGTTACGGTAAGCATATGATAGTCC

O

J -

"::‘

TTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCT LVGTCACGTATTT¢JTTCTHATA CTTTGT
GTTTACAGTCAAATTAATTCCAATTATCTCTCTAACAGCCTTGTATCGTATATGCAAATATGAAGGAA
TCATGGGAAATAGGCCCTCCTCCGAGTCGAGTGGCTCCEETGCCCETCAGTGGGCAGAGCGCACATCGC
CCACAGTCCCCGAGAAGTTGEGGEEAGEGCETCGECAATTGAACCGGTGCCTAGAGAAGETGGCGCEEE

GTARACTGGGAAAGTGATCTCETETACT GECTCCECOTTTTTCCCGAGEETGGCGCAGAACCETATAT
AAGTGCAGTAGTCGCCETGAACGTTCTTTTTCGCARCEEE r‘““GQ“HCAALACAJJE“TdGTcpc
C,CCGC(F'CG,CCFAAAGAAGAAuCGG- GGTC\ TCC AGTCCCAGCAGOCAAGCEGARCT
ACATCCTEEGCCTEGACATCEGCATCACCAGCGET icA¢u ACTACGAGACACGGGAC
GTCATCGA GCCGECETGCCEOTEGTTCARA AGCVV“FCGTQP AAACAACGAGEGCAGGCCEAGCAA
GAGAGGCGCCAGAAGGCTGARGCEGCGEAGECERE CCAGAGAGTGAAGAAGCTGCTETTCG
ACTACAACCTGCTGACCGACCACAGCGAGCTCAGE GCCAlVAACCC‘TP CGAGGCCAGAGTCAAGGGEC
CTGAGCCAGAAGCT GAGCCAGCAAGAGT TCTCTGCCGCCCTGCTGCACCTGGCCAAGAGARGAGGCET
GCACAACGTGAACGAGGT GEAAGAGGACACCECCAACGAGCTGTCCACCAAAGAGCAGATCAGCCGGA
. A

ACAGCAAGGCCCTGGAAGAGAAATACGT GGCCGAACT CCAGCTGGAACGGCTGAAGARAAGACGGCGAA
GTGCGEGGGCAGCAT CAACAGATTCAAGACCAGCGACTACGTGAAAGAAGCCAAACAGCTGCTGAAGGET
GCAGA AUGCCTPPCACCAGPﬂGGAva”AGCTTPATCQACAVCTACATCGACC‘HVTGGAZACCCQGF
GGACCTACTATGAGGCGACCTGGCGAGGGCAGCCCCTTCGGCTGGAAGGACAT CAAAGAATGGTACGAG

ATGCTGATC"‘GCCA CTGCACCTACTTCCCCGAGCGAACT GCGGAGCGTCGAAGTACCGCCTA JJAACC—:CCGA
CCTGTACAACGCCCTGAACGACCTGAACAATCTCGETGATCACCAGGGACGAGAACGAGAAGCTGGAAT
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ATTACGAGAAGTTCCAGATCATCCAGAACGTGTTCAAGCCAGAAGAAGAAGCCCACCCTGAAGCAGATC
GCCAAAGAAATCCTCCT GAACGAAGAGGATATTAAGGGCTACAGAGTGACCAG CACCCCCA“ClCCbﬁ
GTTCACCAACCTGAAGGTGTACCACGACATCAAGG ACAMTACCCCCLGGAAAGAGATTA“TCAGaA
CCGAGCTGCTGGATCAGATTGCCAAGAT CCTGACCATCTACCAGAGCAGCCGAGGACAT CCAGGAAGAA
C”CECLAAT“MGAHCT“”GA sCTGACCCAGGAAGAGAT CGAGCAGA T““CTAATﬂ“Gh‘JbC“lATA
CGGCACCCACAACCTG "GAAGGCCATCAACCTGATCCTGGACCGAGCTGTGEGCACACCAACGAC
ACCAGATCGCTATC l"l‘"]—u—\p CGGCTGAAGCTGCTGCCCAAGAAGGTGGACCTGTCCCAGCAGAANGAG
ATCCCCACCACCCTGGTGGACGACTTCATCCTGAGCCCCGTCETGAAGAGAAGCTTCATCCAGAGCAT
CAAAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAACGACAT CATTAT CGAGCTGGCCCGLG
AGAAGAACTCCAAGGACGCCCAGAARAT GATCAACGAGAT GCAGAAGCGGAACCGECAGACCAACGAG

G

G

A

~

£ o
CGGATCGAGGAAAT CATCCGGACCACCGGCAAAGAGAACGCCAAGTACCTGATCGAGARGAT CAAGCT

ATGC

.

A~

> ¢!

b

»-1

bl
L

GCACGAC AGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCATCCCTCTGGAAGATCTGCTGAACA
ACCCCTTCAACTATGAGGTGGACCACAT CATCCCCAGAAGCGTGTCCTTCCGACAACAGCTTCAACAAC
AAGGTGCTCETGAAGCAGGAAGAAANCAGCAAGAAGGECAACCGGACCCCATTCCAGTACCTGAGCAG
CAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACA MLCWUHAFCI GCCRAGGGCAAGGGCA

GAATCAGCAAGACCAAGAAAGAGTATCTGCT GGAAGAACGGGACATCAACAGGTTCTCCGTGCAGAAA
GACTTCATCAACCGGAAC C‘Tu’ STGGATACCAGATACGCC Z\CCAGA\: CCTGATGAACCTGCTGCGGAG
CTACTTCAGAGTGAACAACCTGGACGTGAAAGTGAAGT CCATCAAT GGCGGCTTCACCAGCTTTCTGC
GGCGGAAGT GGAA TTTAHFAsAanCmG\ACA \GGGGTACAA ,CP CACCVWJMUGACG CCTGATC
ATTGLLAALGCLGATTTCATCTTCP \GAGTGGAAGAAACTGGACAAGGCCAAAAAAGT GATGGAARA
CCAGATGTTCGAGGAAAAGCAGGCCGAGAGCATGCCCGAGATCCGAAACCGAGCAGGAGTACAAAGAGA

TCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAAGGACTACAAGTACAGCCACCGGETG
GACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCGGAAGGACGACAAGGGCAA

CACCCTGATCGTGAACAATCTGAACGGCCTGTACGACAAGCGACAATGACAAGCTGALAAAAGCTGATCA
\AGAGCCCCGAAAAGCTGCTGATGTACCACCAC GA&CCCCF~AVCTAF \GAAACTGAAGC VT
ATGGAACA‘.ACCVVC“CGAGP GAATCCCCTGTACAAGTACTA CGACGP§ACCCbPAACTACLTGAC
CAAGTACTCCAAARAGGACAACGECCCCGTCGATCAAGAAGATTAAGCTATTACGGCAACAAACTGAACG
CCCATCTGGACATCACCGACT ACTALL“CA"“AC CAGAARCAAGGETCGTGAAGCTGTCCCTGAAGCCC
TACAGATTCCACCGTGTACCT GGACAATGGECETGTACAAGTTCGTGACCETCGAAGAATCTGCGATGTGAT

CAAAAAAGAAAACTACTACGAAGTGAATAGCAAGTGCTATGAGCGAAGCTAAGAAGCTGAAGAAGATCA

GCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCTGATCAAGATCAACGGLGAGCTGTAT
AGAGTGATCGGCGTGAACAACGACCT f‘C T L>f«AC‘ "GGATCGAAGT \JAZ \CATGATCGACATCACCTACCG

CGAGTACCTGGAAAACATGAACCGACAAGAGGCCCCCCAGGATCATTAAGACAATCGCCTCCAAGACCC

C
AGAGCATTAAGAL TACAJCACACALATTCLbGﬁChhv“TGTH VAACﬂGHAATCTnAVAPFCA,uC.

CAGATCAT C‘]\A AN \,GCCCAZ\ AAGGCCGGCGELCACGAALLAAGGCCGGCCAGCCARARAAAGALAAAAGYY
{ f atgttccagattac taccCatacg
gcoctegactg tctagttgec
ggaaggtgcc cactgtcctt
gtcattcectat ggggggtgggat
C goatgetgyggy TACCGAACGCTG
T CCCAGTGTCAC TAP ;CGGEGARCACCCAGC
T,JVWGGAAVA kaT T ?CCCAL%GG:GAGJGGJCCC TGCAATATTTGCATGT
GTTCTGGGAAATCACCATAAACGTGAAATGTCTTTGGATTTCGGAATCTTATAAGTTCTGT
CACATATAGTAATGAAATTATTGGCACCTTTTAGTACTCTCCAAACAGAATCTACTAAAACARGS
AATGCCGTGTTTATCTCGTCAACTTGTTGGCGAGATTTITGSTACCaggaacccetagty
ggccactceccecctetetgege ghtugutﬂqctbag#.aggcctggcgaccaaafgthcccg
getttgececgggoggecteagtgagegag ccao~ﬁcq*agctgccthz jgggcgectgat

tttctaocttacyg: tatttcacac

tectgtgegy

acca 1_.»1(‘“ a C(I‘“"jC‘CCt‘ gL

pf(,c*' acg ,C,c*dd(

ageggaegeatiaagegeggeggghtgtggtggt Lecchcachtgd.vgctaca,_tccca;cqcc:
agcgcccgctcctttcghttﬁ‘ cttectttetegaecacgticgoaeggetttcecegteaageta
to%atcgdqgactbc Tttag tgcttta Ugcaﬂ“'cqaccccaa%aaapttjat
ttjacgttgquuﬁ
cteggge
tttaac
acaatc
acgggett
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ragaggtittteaccy
aggttaatgtcatgat

tcecggeatcecogattacagacaagoetgtgac Cot,tccc,qaﬁcfaﬂat

'gcqcoa;jcqaaaggg gtgatacgccta

a ttagacgtcagygic ,tthqq aaatgtgoegeggaaccectatttgttiat
ttttctaaatacattcaaatatgt atccg catgagacaataaccctgataaatgcttcaataatat
tgaaaaaggaagagtatgagtattcaaca cttattccct ggcattttg
cocttectgtttttgetcacccagaaacget aaagatgctgas ttgggtgcac
gagtgggttacatcgaactggatcteaac tgagagtt cgaagaacgt
tttcecaatgatgagoact 3 tatta cgeecgggca
gtaege gttgagtact te
ofer: ggatgga ivtqccafaa' C
goggecaact _éCCtCtgavddquthﬁegga hhelgqa”,tlaccgct_‘”'”ﬁ a
ggatcatgtaactcgocttgategttgggaaccggagetgaatgaagccataccaaacgac
acaccacgatgcctgtagcaatggecaacaacgttgocgocaaactattaactggegaactact
gcttcocceggea attaat tggatggaggcggataaagttgcaggaccacttetge
cttcoccggety gttt tgataaafﬁtanaghgqmtgac gtggaagccgaeggt
cagcactggyy Gat cotececgtategtagttatcectacacga @GdggagtcagQCodgt
atggatgaacgaaatagacagategotgagataggtye ct. >,a<*t,\;ai.t .
ccaagttt catatatactttagattg tta

taatet jtqactel a - <)
tcaaaggatcttcttgagatc aaac
%ccg;t“ﬂﬁ gocggtggtttgtttyg Lt“cgaagg
agaﬂcg cagataccaaatac gceaccac
taccteg gctgecag
tggactcaagacgs geggtegyg

ag ]‘ 1‘ q“ GCacac:

C ccagettggageg
cagegtgagetatgagaaagogaoc: ttucchagqgagdaaqgcjgauaggt
cagggtcggaaca jgagagcgFa;gaqjhaguttﬁcaggdgaaaacav
tocgggtttogecacctetgacttgagegtegatttttgtgatget

aaaaacgcoagcaacgoggeoctttttacggttectggaecttttge

(@] @

K2

Ggtg C "nvd'qﬁCE .
gtttocagagtactaaaac ';cctc:c:atacodaiququTTiCGTC
ATARAGCCAAGAAATCGAN z\AAL, TTCAAGTTACGGTAAGCATATGATAGTCC

O

"::‘

\T'T T Tﬁ]\] A ku—\i vav\r['

TTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCT LVGTCACGTATTT¢JTACTAATA CTTTGT
GTTTACAGTCAAATTAATTCCAATTATCTCTCTAACAGCCTTGTATCGTATATGCAAATATGAAGGAA
TCATGGGAAATAGGCCCTCCTCGAGCTAGACTAGCATGCTGCCCATGTAAGGAGGCAAGGCCTGGEGEA

CACCCGAGATGCCTGCTTATAATTAACCCAGACATGTGGCTGCCCCCCCCCCCCCAACACCTGCTGCC
TCTAAAAATAACCCTGCATGCCATGTTCCCGGCGAAGGGCCAGCTGTCCCCCGCCAGCTAGACTCAGC
ACTTAGTTTAGGAACCAGTGAGCAAGTCAGCCCTTGGGGCAGCCCATACAAGGCCATGGGGETEGGCA
pnbAGCAFCbVTGGGTbVGb\FT”U;CACCﬁ.vaph GCAACGAGCTGAAAGCTCATCTGCTCTCAG

GGGCCCCTCCOTGEGEACAGCCCCTCCT GGCTAGTCACACCCTGTAGGCTCCTCTATATAACCCAGEG
GCACAGGGGCTGCCCTCATTL TACCAJVZCCTCCKP“GCACAG CAGACACTCAGGAGCCAGCCAGCa
CGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCAAGCEG

ccgg tgeccaccATGGCCCCARAGAAGAAG
ACTACATCCTGGGCCTGGACATCGGCATCACCAGCGTGGECTACGGCATCATCGACTACGAGACACG
GGACGTGATCCATGCCGGECETGCEECTSTTCAANCGAGGCCAACGTGGARAACAACGAGGGECAGGCGGA
GCAAGAuAuGCQPCAu" AGGCTGAAGCGGCECAGGCCECATAGAATCCAGACGAGT GAACAAGCTGLTG
TTCGACTACAACCTGCTGACCGACCACAGCGAGCTGAGCGGCATCAACCCCTACGAGGCCAGAGT GAA
GGGCCTGAGCCAGAAGCTGAGCCGAGGAAGACTTCTCTGCCGCCCTGCTGCACCTGGCCAAGAGAAGAG
GCETGCACAACGTGAACGAGGTGCAAGAGCACACCGGCAACGAGCTGTCCACCAAAGAGCAGAT CAGC
CGGAACAGCAAGGCCCTGGAAGAGAAATACCTGGCCCAACTGCAGCTGGAACGGCTGAAGAAAGACGEG
CGAAGTGCGGGGCAGCATCAACAGATTCAACGACCAGCCACTACGT CAAAGAAGCCAAACAGCTGCTGA
AGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCTACATCGACCTGCTGGAAACC
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CGGCGEGACCTACTATGAGGGACCTGGCGAGGGCAGCCCCTTCGGLTGGAAGCGACAT CAAAGAAT GETA
CCAGATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACT GCGEAGCGET GAAGTACGCCTACAACG
CCGACCTGTACAACGCCCTGAACGACCTGAACAATCT CGTGAT CACCAGGGACGAGAACGAGAAGCTG
GAATATTACGAGAAGTT CCAGATCATCGAGAACGTGTTCAAGCAGAAGAAGAAGCCCACCCTGAAGCA
GATCGCCAAAGAAATCCTCGTGAACGAAGAGGATATTAAGGGCTACAGAGT GACCAGCACCGGCAAGT
CCGAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACATTACCGCCCGGAAAGAGATTATTGAG
CCAGCTGCTGGATCAGATTGCCAAGAT CCTGACCATCTACCAGAGCAGCGAGGACATCCAGGA
TG 7—‘(‘(‘ AATCTGAACT CCGAGCTGACCCAGGAAGAGAT CGAGCAGATCTCTAATCTGAAGGG
ACCCACAACCTCAGCCTGAAGGCCAT CAACCTGATCCTGGACGAGCTGTGGCACACCARC
z [CGCTATCTT CAACCGGCTGEAAGCT vTGJCCAﬂC \AGGTGGACCTGTCCCAGCAGAR
AGAGATCCCCACCACCCTGGTGEACGACTTCATCCTGAGCCCCETCGT GAAGAGAAGCTTCATCCAGA
GCATCARAGTGA! T“AAﬂ”CCEICATCAAbAAuThVGCﬂf‘””CCAALCELAW“hmm TCGAGCTGGECC
CGCGAGAAGAACTCCAAGGACGCCCAGAAAATGCGATCAACGAGATGCAGAAGCGGAACCGGCAGACCAA
CGAGCG A"ChnuﬂnnﬂFAmL GGAP”ACCGGPAAﬁuhGAPLU’”hAfTﬁLCF”PT CGAGAAGATCA
AGCTGCACGACATGCAGGAAGGCAAGTGCCTETACAGCCT GGAAGCCATCCCTCT GGAAGAT CT LT G
AACAACCCCTTCAACTATGAGGTGGACCACATCATCCCCAGRAAGCETGTCCTTCGACAACAGCTTCAA
CAACAAGGTGCTCGTCAAGCAGCAAGAAARACAGCAAGAAGGGCAACCGGACCCCATTCCAGTACCTGA
GCAGCAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATCCTGAATCTGGCCAAGGGCAAG
GGCAGAATCAGCAAGACCAAGAAAGAGTATCTGCTGGAAGAACGGGACATCAACAGGTTCTCCGTGCA
GAAAGACTTCATCAACCGGAACCTGGTGGATACCAGATACGCCACCAGAGGCCTGATGAACCTGCTGC
GGAGCTACTTCAGAGTGAACAACCTGCGACCT GAAAGT GAAGTCCATCAATGGCGGCTTCACCAGCTTT
CTGCGGUGGAAGTGGAAGTTTAAL AAﬁuhanGnhCAA CCFACAAU”APCA GCFC“ GACGCCCT
GATCATTGCCAACGCCGATTTCATCTTCAAAGAGTGGAACAAACTGGACAAGGCCAALNALA
z\u/sCL,AGATGTTCGI—\GGA]\AZ‘f\JsGGCC‘ GAGAGCATGCCCGA T'CL;AZ \,k,GAGC.z—\-auAG-T]-\CAAA
SATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAAGGACTACAAGTACAGCCACCG
GCTGGACAAGAAGCCTAATAGAGAGCT GATTAACGACACCCTGTACT CCACCCGGRAAGGACGACAAGG
GCAACACCCTGATCGTGAACAATCTGAACGGCCT GTACGACAAGGACAATGACA A’“r”AhAAAC”“G
ATCAACAAGAGCCCCGAARAAGCTCCTGATGTACCACCACGACCCCCAGACCTACT AAACTGAA”CT
GATTATGGAACAGTACGGCGACGAGAAGAATCCCCTGTACAAGTACTACG, uuhAﬁCCCGG CTACC
TGACCAAGTACTCCAAAAAGGACAACGGCCCCGETGATCAAGAAGATTAAGTATTACGGCAAC AAﬁ‘“G
AACGCCCATCTGGACATCACCGACE ACWAC”fFAPL””fA GRAACAAGGTCETGAAGCTETCCCTGAA
GCCCTACAGAT T‘C\,AL,C}"SC‘T“C CTGGACAATGGCGTGTACAAGTTCGTGACCEGTGAAGAATCTGGAT
TGATCAAAAAAGAAAACTACTACCAAGT GAATAGCAAGT GCTAT GAGGAAGCTAA f’AALJCTGAAGFJ\G
ATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGAT CTGAT CAAGAT CAACGGCGAGT]
GTATAGAGTGATCGGCGTGAACAACGACCTGCTGAACCGGAT CGAAGT GAACATGAT CGACATCACC]
ACCGCGAGTACCTGGAAAACATGAACGACAAGAGGCCCCCCAGGATCATTAAGACAATCGCCTCCAAG
ACCCAGAGCATTAAGAAGTACAGCACAGACATTCTGGGCAACCTGTATGAAGTGAAAT CTAAGAAGCA
CCCTCA rhTCPTbnhAAPGG ~CAAAAGGCCGGCGECCACGAAAMAGGCLGGCCAGGCAARARNGAARD
&

accC

’\J L

»-J

Y

agt

;at:agc
Fii,,,,udCCCTq”aaqﬁqu‘quQ”Catht

Lvtt,vhtelﬁahaatngQdaeLbq”at-qcatthtubqa taggtgteattectattetggagggty

X

gggtggggoeaggacageaaggggyaggattgggaagagaatac fagq”dtgubqq GaGGETACCGAAC
GCTGACGTCATCARCCCGCTCCAAGGAATCGCGGECCCAGT 3TCACTAGECGGGARCACCCAGCGCGE
GTGCGCCCTGGCAGGAAGAT GGCTETGAGGCACAGGGGAGTGGCGCCCTGCAATATTTGCATGTCGELT

ATCGTGTTCTGGGAAATCACCATAAACGTCAAATGTCTTTGGATTTCGGAATCTTATAAGTTCTGTATG
ACGACCACATATAGTAATGAAATTATTGGCACGTTTTAGTACTCTGCGAAACACAATCTACTAMAAACAAG
GCAAAATGCCETGTTTATCTCGTCAACTTCTTGGCCAGATTTTTGGTACCaggaacecectag
agtiggcecact tctctchcqcthc:cc tcactgaggecgggegaccaaaggtey

cegggetttgecegggeggectecagtgagegagegagegogeagetgoeatyge dhngcqcttgaLQOG
gtattttc ﬂﬁttdcqﬂat“'gtjﬁﬁg_atrtﬂabaﬂﬂgcataﬂjuradQQﬂaaL atagtacgcgec
cattaagcgcggcgggtdtgatg' acgcgca 1
tcectttogetttett Lt““tttct joC
ggctccctttagggttﬂfqat tattg Tt
ggttcacgtagtgggccategeococtga
ttaatagtggactetigtiiccaaactggaacaacact




CA 03137248 2021-10-13

WO 2020/214609 PCT/US2020/028148

‘s“gggattttqccqatticggcc:aftgﬁttaaa?aatqawctﬁa?ft?acaaaa
atttaacgegaattttaacaaaatattaacgtttacaattttatggtgecactctecagtacaatetget
ctgatgcecgcatagttaagocagecoogacaccogecaacaccegetgacqgegacctgacgggettagt

ctgctoeccggeatoccgettacagacaagetgtgaccgtictecgggagaetgeat g'gtﬂ%ﬁaggttbuﬂ
accgtocatcaccgaaacgogegagacgaaagggoect gata tataggttaatgtc

tttcttagacgt actt g g acccctatftgt

c C gcttcoaata

tttgcggcat
:qaagatc ttgggt
;thc:COGelga
~cecegtattgac
agtactcaccag

c,t,\,otq
,acyggg

o
‘_kQ(’.“

ggcaagagcaactcggLCjc;gcatac%ﬂtdp vtcagdapuapLLUgt

gaaaagcatcttacggatggcatgacagtaa attatgecagtgctgocataaccatyg

cactgcggecaacttacttctgacaacgata gacc ganggaub#aaccgctttttt

tgggggatcatgtaact atc c aqg aagccataccaa
. a

cgtgacaccacy -ttaaciqgcqaa
tctagottece C tgcagjaccac:__
cqqccu:tccggggqq““hgft:' tctcdagcc<”Lg’qcctdqaaQCCGu
att cuagcahzquGCtheﬁqq"da;ucc' rcgtategtag .thavdfﬁlcqqq

ac ad
,tcatgaccaaaatcc btaaggfﬂﬂg tttcgt
t

aactatgga.gaacgaaatagac% jatcgctgagataggtgecteacty t*aagc Gg g
cagaccaagttt ctttagattgatttaaaacttcatttttaatt 1 a
tcett a {

as

uQ'o Q@ oo

cttgagatecctttttttetyg gcwtaa,u
T ttt ‘gat

anthg
/;anQd1<
”actt(aAga ”?F“qﬁaqhapugcha

Cotlﬁ,,ao; 1Ca
q_tdcceqﬁq ctgctyg
g

,
{
{

‘
)

> Qo
[RoRRte]

.

ccagtagge cgtgtcecttaccgggttggactoaag atagttaccggataaggcgecagaegyg
tcg"jctg gttcgtgcacacagococcagoettggagegaacgacctacaccgaactgagata
cctacage tgagaaagcgccacgetteccgaagggagaaaggoggacaggtatceggtaa
gcggcagyg caggagagogcacgagggagettocagggggaaacgaectggtatectttatagt
cctgtogg cacctctgacttgagegtogatttttgtgatgctegtcaggggggeggageot
atggaaaa caacgcggecttitttacggttectggectitigetggeacttttgetocacatgt

SEQ ID NO: 22, Version 3 of vector 3

rctgoaggeagotgegegotegetegetecactgaggecygocegggegtegggegacetttggtegeoa
{ofe

ggcctocagtgagogagegagegegeagagagggayg qu“llC,deiCmCLaoqﬁULTF“iﬁquCC
TC¢;JR aaaaatctegeccaacaagttgacgagataaacacggeattttgectigttttagtagatict
q:: cagagtactaaaacacat ctet ,atjc;adtg CGETGTTTCGTCCTTTCCACAAGATAT

ATAAAGCCARGARATCGAAATACT T TCAAGTTACGGTAAGCATAT CATAGT COAT T T TABAACATAAT
TTTAAAACT GCAAACTACCCAAGARATTATTACTTTCTACGTCACSTATTTTGTA crapm TCTTTGT
GTTTACAGTCAAATTAATTCCARNTTATCTCTCTAACAGCCTTGTATCGTATAT GCARATATGARGGAA
TCATGGGAAATAGGCCCTCCT G GGAGFT”CAL GCGETGECGECCETCCGCCETCEGCACCATOCT
CACGACACCCAAATATGGCCACGEGTGAGE GGAGTTATTTTTAGAGCGETGAGGARGETG

GGCAGGCAG vAGGTGTTG:C:(TCTHAA:ATA&CLLCvu:unGTTATT TTMGAVCGG?GGnnTﬂmlG
GACACCCAARTATGGCGACGETTCCTCAC CGTC:(C, ATTTGGETETCCGCCCTCGECCEERGANG
CATTCCTEEGEGCOGGECEETECTCCCECCCECOTOGA AAACGCTC BEGECCEECGECEECCCAC
GAGCTACCCGE ACGACﬂ”GGAGG“”CL,ACMTCTAbAHgl“”TC SATCOCCCGGEOTGCAGGAATTCG

‘”LLL ANGAAGAAGCGGAAGGTCGGETAT CCACGGAGTCCCAGCAGCCA

ATATaCFgng caccATE!
GCGGAACTACATCCTGGEGCCTGCACAT CGECAT CACCAGCGTGGGECTACGGCATCATCCGACTACGAG
A”AVGﬁuApJTGA 'CGATGCCGGLETGCGECTETTCAAAGAGGCCAACGTGCAAAACAACGAGGGCAG
GCGGAGCAACAGAGGCGCCAGAAGGCTGAACCGGCGCGAGGCEGGCATAGAAT CCAGAGAGT GAAGAAGC
TGCWGTTCGAVTAbAACCTCVTGAVFGACCAVPCVGAGC GAGCGGCATCAACCCCTACGAGGCCAGA
GTGAAGGGCCTGAGCCAGAAGCT GAGCGAGGAAGAGTTCTCTGCCGCCCTGCTGCACCTGGCCAAGAG
ANGE bG“GT””ACAﬁLCTGAACG \GGTCGGAAGAGGACACCGGCARACGAGCTGTCCACCAAAGAGCAGA
TCAGCCGGAACAGCAAGGCCCTGCAAGAGAAATACGTGGCCGAACTGCAGCTGGAACGGCTGAAGARA

72
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GACGGCGAAGTGCGGGECAGCAT CAACAGATTCAAGACCAGCGACTACGTGAAAGAAGCCAAACAGCT
GCTGAAGGTGCAGAAGGCCTACCACCAGCT GGACCAGAGCTTCATCGACACCTACATCGACCTGCT GG
ARACCCGGCGGACCTACTATGAGGGACCT GGLGAGGGCAGCCCCTTCGGCT CGAAGGACATCAAAGAL
TGGTACGAGATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACTGCGCAGCGTGAAGTACGCCTA
C}‘n ;C("“CGA"‘\’"I‘ STACAACGCCCTGAACGACCTGAACARTCTCGTGAT f’thAbGGACG \GAACGAGA
S GAATATTACGAGARAGTTCCAGATCATCCAGAACGTETTCAAGCAGAAGAAGAAGCCCACCCTG
GCAGATCGCCAAAGARATCCTCGTGAACGAAGAGGATA CTACAGAGTGAC Lz—\u”/{""”b’
G

J>
1]

@]
k-3
C“

7 C' CCGAGTTCACCAACCTGAAGGTGTACCACGACATCAAGGACAT TACCGCCCGGAAAGAGATTA
TTGA CCGAGCTGCTGGATCAGATTGCCAAGATCCTGAC GAGCA ,‘CC AGG \TC
CAGG _\»‘x'\:u ACTGACCAATCTGAACTCCGAGCT G}xCLCZ\GG}V GAG Z‘&TCGI{ GCAGATCTCTAATCTGAA
GGGCTATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGAT CCTGGACGAGCTGT GGCACA
CCAACGACAACCAGAT C‘-r‘ CTATCTTCAACCGECTGAAGCTGETGCCCARAGAAGGTGGACCTGTCCCAG
CAGARACL ACJ—\.L’CC"' CACCACCCTGGETGGACGACTTCATCCTGAGCCCCETCETGAAGAGAAGCTTCAT
CCA

~ N

TG CGCGAGAAGAACTCCAAGGACGCCCAGAAAATGAT CAACCGAGATGCAGAAGCGEAACCGGCAG
ACCAACGAGCGGATCGAGGAAATCATCCGGACCACCGGECAAAGAGAAC U/CFKG-AC?TG TCGAGAA
GATCAAGCTGCACGACATGCAGGAAGGCAAGTGCCTGTACAGCCTEGGAAGCCATCCCTCTGGAAGATC
TGCTGAACAACCCCTTCAACTATGAGGETGGACCACATCATCCCCAGAAGCETGTCCTTCGACAACAGT
TTCAACAACAAGGTGCTCGTGAAGCAGGAAGAAAACAGCA ﬁGhApGPCAAMCGGACCCCATT CCAGTA
CCTGEA ALVEbCC“LHJ CAAGATCAGCTACGAAACCTTCAAGAAGCACAT CCTCGAAT CTGGCCAAGG
GCAAGGGCAGAATCAGCARAGACCAAGAAAGAGTATCTGCTGCGAAGAACGGGACATCAACAGGTTCTCC
G”CCAUL' CATCAACCGGAACCTGET TE “”AuhrA”“LphFP“uACCCPmbA GAACCT
SAACAACCTGGACETGAAAGTGAAGTCCATCAATEGCGGECTTCACCA
AGTGGAAGTTTAAGAAAGAGCGE ~AA\/AZ\ GG )TAC.A\AG CACCACGCCG
.TGCFA CGCCGATTTC gele AHAAA GACAAGECCAAAAAAGT
u:nﬁ} CCACATC1TCCMJCAAAAJLRGGCCSPCKGCA vaAGA 'CGAANMCCGAGCAGG FGT
CAARAGAGATCTTCA ICACLNCCLACLAbAWﬂhA”NAﬂArmAAC SACTTCAAGGACTACAAGTACAG
ACCGGGTG SACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTCCACCCEGAAGGACGA
CAAGGGCAACACCCTCGATCGETGAACAAT CTCAACGGCCTGTACGACAAGGACAATGACAAGCTGAAAR
AGCTCGATCAACAAGAGCCCCGAAAAGCTGCTCAT GTACCACCACGACCCCCAGACCTACCAGAANCTG
AAGCTGATTATGGAACAGTACCGCEACGAGAAGAATCCCCTGTACAAGTACTACGAGGAAACCGGGAA
CTACCTGACCAAGTACTCCAAAAAGGACAACGGCCCCETGATCAAGAAGATTAAGTATTACGGCAACA
AACTGAACGCCCATCTEGACATCACCGACGACTACCCCAACAGCAGAAACAAGGTCGTEGAAGCTGTCC
CTGAAGCCCTACAGATTCGACGTETACCTGEACAATGEGCETETACAAGTTCETGACCET GAAGAATC
GGATGT GA.CAAAAAACAAAACTAFTA CGAAGTGAATAGCAAGTGCTATGAGGAAGCTARAGAAGCTGA
AGAAGATCAGCAACCAGGCCCGAGTTTATCGCCTCCTTCTACAACAACGATCTGATCAAGATCAACGEEC
GAGCTGTATAGAGTGATCCEGCGETS Al—\pm{‘ GACCTGCTGAACCGHATCEAAGTCAACATGATCGACAT

GAGCA] hhAP“UATFAPLU’” ATCATCAAGARAGTACGGCCTGCCCAACGACATCATTATCGAGC
GCC
L WL N

CJCCTACCGCGA' ACCTGGAAMNACATGCAACGACAAGAGGCCCCCCAGGATCATTAAGACAATCGCCT
CCAAGAC FC“UHUVHTWAHUhhmeLAGFA,PGE ATTCTGGGCAACCTGTATGAAGTGRAAATCTAAG

AGCACCCTCAGATCATCAAALA nu;CAAAAGGCCGquGCu]
JAAAAAquatccta ,
accCatacgatgtic ,auqct:aaCuATTC:ngQQOL getgatcagectogactgtgaoott
ctagttgecagecatctgttgtttgeceot rcttgacootggaaggtgecactece
actgtcctttcctaatddaatdaggaa%ttgpatCGCdLtguctgadtadgtgtcattcta tctggyg
gggtggggcaggacagcaagygagggaggattgggaagagaatagecaggcatgetggggaGGTAC
GCTGACGTCATCAACCCGCTCCAAGCAAT COCGGEGCCCAGTGT CACTAGGCGGGAACACCCAG
GTGCECCCTGCCAGGAAGATGGCTCTCGAGGGACAGGGCGAGTGGCGCCCTGCAATATTTGCATG
TpuVT TCTGTTCTGCEAAATCACCATAAACGTGAAATGTCTTTCGCGATTTCCGAATCTTATAAGTTCT
GTATGAGACCACATATAGTAATGAAATTATTGGCACGTTTTAGTACTCTGGARAACAGAAT CTACTALA
ACARAGGCAARAATGCCGTGTTTATCTCGTCAACTTGTTGGCGAGATTTTTGGT vajGQdd 'cctag'

SAAAAAGGCCGGECCAGGCARAARNRA
tacgatgttccagattacgett

ol

gatggagttggeoccactcoctetetgaegaogetegetegetcactgaggaacgag
gacgedo agtgagcgagcga"cgcgca"c
atgcgg cggtatttcacaccgcatacyg
gcgece gogtgtggtggttacgegeage:
cagcge tctteccttcetttotegeoas
gtcaag [ Jgcttta
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ggtgatggttcacgtagtgggocategacctgatagacggtttttecgecctttgaa

,;+tvuutejthx,ggactcttgﬁ,CCdalctqqdava cactcaaccctatcectegyg
chLLct ttttgecgattteggoc ygttaaaaaatgagetgatttaa
attaacgtttac atggtgocactctcagtacaat
agccececgacaceoge cocgcetgacgegecctgacggag
caagctgtgacc gggagctgcatgtgtecagagqg
acgaaagggect acgcctatttttataggttaa
tggcac gasatgtgcgocgg

Maaeggaaoag+ ~gagtattcaacatt

ttectgtttittgetcacocagaaacgaetgy

tgaaagtaaaagatgotgaagatcagt

tgggL acatcgaactggatctcaacagcggtaagatecttgagagttttegocoee
ccaatgatgagcactittaaagttcectgctatgtggcgeggtattatocecgtattga
gcaacteggteogecgecatacactattctcagaatgacttggttgagtactcaccag
atcttacggatggcatgacagtaagagaat atgcagtgctgccataaccatgagt
qco;ccodaiLacttc#JQCodCdathqaoqacccaac ag cgetttittges

cadcatﬁﬁqq jatc ;gbaacthc*t+Q“‘:gtﬁdqqda
acgagogtgacaccacgatgectygtagc
cttactcetagettaceyg :LeltMQd”quathagqc<

gctcg"ﬂﬂﬁtt;cqjﬁtggctjﬁtt_at*ﬁﬂt"“t%aatptqjaﬁpc
atcat ; t

ccatacces

yogaacta

gqaccactict
o

C,O’(jd ga

EYolot

<

aca

\x

ycactggggecagatggtaageocctecegtat juagu
igatgaacgaaatagacagatcgetgagatag act

qgt# actcatatatactttagatt

o]
)
of rT
ot
r.
& ot

Aaqcat

“ca
Tg cttcagca"agcgcagata;gaaa cte
aagaactctgtagcaccgcectacatacctag 2
cgataagtegtgtcttaccgggttggact aagdcqat g
gaacggggggttegtgecacacageccagettggagegaac
cgtgagectatgagasaagegocacgettoccegaagy
gagtcyc aucaqqaoa;cq allag;gagctCCCaq;

Pagite)

C ;gtttcgc :
agcctaﬁg]aaa?acq ccagcaacy

N
at
catyg

SEQ D NO: 23, Version 4 of vector 3
cetgoaggcagaotygadg CG,LCG”
ggcctocagtgagogagcgage
2

ct gaggaeegae ,C‘GC]’](‘(“LC‘CXC]’](‘(“ ACCH Zf:'l(“ j —cgece

g actccatcactaggggttcctgeggec
atdaacarggca*tttgccftg_ ttagtagattct
a CTTFCCAthGATAT
7 7

r

'TACE GTAPG hf n"‘\’.L—\ThC""" VITTTAAAACATART
TACTTTCTACGTCACGTATTTTGTACTAATATCTTTGT
C

ATACTTTCAAG

CCARAGAAATTA]

CTAACAGCCTTGTATCGTATATGCAAATATGAAGGAA

TC:AGG:ttAaacadq ttgcatgtectaagoctagacacttcagattaa
tgggtaggggaggtggtgtgagacgetecctgtetctaectetatetgece
aggaatgtgcccaaggactasaaaaaggccatggageccagaggggogay
gcazaccttggggcoctgetgtetageatgecccactacgggtetagge

tg “C“*Qtaauga ygcaaggectggggacacccgagatgect ttac: cagacatgtgg
ctgecoccececeoocecaacacctgetgoectetas 1ace o) cccctgeatga
gaagatcecttcegaacaaggotgtgggggactgage taacaggctitgggggecagggettat
acgtgoctygggactecccaaagt tactgtice V\aa;ﬁﬁcca< tgtceccococegecagy
ctagactcageacttagtttaggaaccagtgag . cagoccatacaaggecat

gggget 9qﬂaag;tqﬂaﬂgpctgaotbcqjag gecccgggcaacgagetgaaagctca
tctgectetcaggggeccecctoacctggggacageoac agtcacaccctgtaggectoctcetat
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ataacccaggggoacaggggetgecateatitctaccaccacctecacageacagacagacacteagy
gecagocageggegegeccaceqggtgoecaccATGGCCCCAAAGAAGAR k'CCAAGGTCCGTA?CCAvJ
GAGTC C;Lx,\,;LJCk,L»LxCC GGAACTACATCCTGGGCCTGGACATCGGCATCACCAGCGTGGGCTACGET
ATCATCGACTACGAGACACGGGACGTGATCCATGCCGELGTGCGECTGTTCARAGAGGCCAACGTGGA
ARACAACGAGGGCAG C’SG \GCARGAGAGGCGCCAGA/ ‘bC:"”C—: AGCGGCGGAGGCGGCATAGAATCC
AGA «’J;—\G"‘CA‘A« AAGCTGCTGTTCGACTACAACCTGCTG LG/—;C’:]—‘L GCGAGCTGAGCGGCATCAAC
TACGAGGCCAGAGTGAAC (_r(\/\”r‘Uh(_r(:/:]—‘Gr\h(_r(‘mGr\\J\‘ GAGGCAAGAG L "CTGCCGCCCTGCT
CCTGGCCAAGAGAAGAGGCGTGCACAACGTGAACGAGGTGGA GA\;er\\,AC\J\;r SCAACGAGCTG
CAAZ‘CAGCAL&]—\TCAGCC SCAACAGCAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGE N‘/‘ﬂf
CGGCTGAAGAAAGACGGL J\C TGCGGGEECAGCATCAACAGATTCAAGACCAGCGACTACGTGAA
\GCCAARCAGCTGCT G,LVLJ TGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGALCE ff,’ )
CGACCTGCTGGAAACCCGGCGGACCTACTATGAGGCGACCTEGGCGAGGGECAGCCCCTTCEGCTG
ACATCAAAGAATCGTACCAGATGCTGATGCECCACTGCACCTACTTCCCCGAGGAACT GCGGAG
CTGAAGTACGCCTACAACGCCCGACCTGTACAACGCCCTGAACGAL (_"GI—\J—\\,FLA“"‘“LG.‘CA“'L“ CA
GGCGACGAGAAC

GOD

CTGGAATATTACGAGAAGTTCCAGATCATCGAGAACGTGTTC GCAGAAG

AAGAAGCCCACC C GATCGCCAAACALMATCCTCGTGAACGAAGAGGATAT T]‘vu:r(‘rf‘v CTACAG
AGTGACCAGCAC CCCCGAGTTCACCAACCTGAAGGTGTACCACGACAT CAAGGACATTACCG
CCCGGAAAGAGATTAT T GA(” AACGCCGAGCTGCTGGAT CAGATTGCCAAGAT CCTGACCATCTACCAG
AGCAGCGAGGACAT CCAGGAAGAACTGACCAATCTGAACTCCGAGCTGACCCAGGAAGAGATCGAGCA
GATCTCTAATCTGAAGGGCTATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGATCCTGE
ACGAGCTGTGGCACACCAACGACAACCAGAT CGCTATCTTCAACCGGCTGAAGCTGCTGCCCAAGAAG
GTGGACCTGTCCCAGCAL ]i\}\_AGAf LWTCCCCACCACCCTGGTEGACGACTTCATCCTGAGCCCCGETCGT
GAAGAGAAGCTTCATCCAGAGCATCAAAGTGATCAACGC Ln’T‘ CATCAAGAAGTACGGCCTGCCCAALG
ACATCATTATCGAGCTGGCCCGCGAGAAGAACT CCAAGGACGCCCAGAAAATGAT CAACGAGATGCAG
AAGCGGAACCGGCAGACCAACGAGCGCGATCGAGGAAATCATCCGGACCACCGLECAAAGAGAACGCCAA,
GTACCT GATCGAGAAGAT CAAGCTGCACGACATGCAGGAAGGCAAGTGCCTGTACAGCCTGGAAGCCA
TCCCTCTGCGAAGATCTGCTGAACAACCCCTT CAACTAT GAGGTGCGACCACATCATCCCCAGAAGCGETG
TCCTTCGACAACAGCTTCAAL AA”“AAC"TC”“”’CC"‘GA AGCAGGAAGAARACAGCARGAAGGGCAACCG
cr er\x AGCAGCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATCC

/’—\L GL/ GAATCAGCAAGACCAAGAAAGAGTATCTGCTGGAAGAACGGGAC

ATCAACAGG AGACTTCATCAACCGGAACCTGETGGATACCAGATACGCCACCAG
AGGCCTGATGAACCTG C'F‘CC G ;Au CTACTTCAGAGTGAAC I\AC CTGGACGTGAAAGTGAAGTCCATCA
ATGGCGGCTTCACCAGCTTTCT GCGGCHGAAGTGGAACTTTAAGAAAGAGCGGAACAAGGGGTACAAG
CACCACGCCGA JC ACGCCCTGATCATTGCCAACGCCGATTTCATCTTCAAAGAGTGGAAGAAACT GGA

\CAJ
GAGRAG
cT

P
e
P

o

Tuz-th‘("”GG’ CAR GGG

CAAGGCCAARAL, TC ATGCGARAAACCAGATGTTCGAGGAAAAGCAGGCC GACAJ ATGCCCGAGATCG
ARANCCGAGCAG ‘GA ACAN] .GAGAT CTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAAG
GACTACAAGTACAG C 2Cl GGEGETGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTETACTC
CACCCGGAAGGACGAC A,]—\ GG GCAACACCCTGA T GTGAACAATCTGAACGGCCTETACGACAAGGACA

ATGACAAGCTGAAAAAGCTGATCAACAAGAGCCCCGAARAGCTGCTGATGTACCACCACGACCCCCAG

A N
,Z’-\CCTA(, CAGAAACTGAAGCTGATTATGGA z\\,AGTAC‘f?- sCGACGAG AAbAZ 'CCCCTET
AGGAAACCGGGAACTACCTGACCAAGTACTCCAAAAAGGACAACGGCCCCETGATC

AG ATTA aGCAACZA AACTGAACGCCCATCTGGACATCACCGACGACT A LCCC}\J\ CAGCAGAAACAAG
GTCGTGAAGCTGTCCCTGAAGCCCTACAGATTCGACGTGTACCTGGACAATGGCETGTACAAGTTCGET
-~ e

-3

GACCGT "AA AATCTGGAT GTGATCAAAAAAGAADACTACTACGAAGT GAATAGCAAGTGCTATGAGG

AAGCTAAGAAGCTGAAGAAGATCAGCAACCAGGCCGAGTTTATCGCCT CCTTCTACAACAACGATCTG
ATCAAGATCAACGGCGAGCTGTATAGAGTGATCGGCETGAACAACGACCTGCTGAACCGEAT CGAAGT

GAACATGATCGA C‘ ATCACCTACCGCGAGTACCTGGAAAACATGAACGACAAGAGGCCCCCCAGGATCA
TTAAGACAATCGCCTCCAAGACCCAGAGCATTAAGAAGCTACAGCACAGACATTCTGGGCAACCTGTAT
GAAGTGAAAT CT]-\ AGAAGCACCCTCAGATCATCAAAAAGGGCAAAAGGCCGGLG GCCAC GAARAAGGC

CGGCCAGGCARAAAAGAPALAGgatcctaccoatacgatgtteccagattacgottaccecatacgaty
ttccagattacgeottacceCatacgatgttceccagattacgettaaGRATTCctagagectegetgateag
cctegactgtgecttcectagttgecagecatetgttgtitgecccteccecegtgactt g
gaaggtgccactcoccactgtectttoctaataaaatgaggaaattigcatcgecattgt g
tcatt ' gagtggggtggggcaggacagcaagggggaggattggga c
t CGAACGCTGACGTCATCAACC TCCAAGGAATCGCGG
CGCETGCGCCCTGGCAG TGGCTG CA.
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TGCAATATTTGCATGTCGCTATGTGTTCTCGGAAATCACCATAAACGTGAAATGTCTTTGGATTTGEG
AATCTTATAAGTTCTGTATGAGACCACATATAGTAAT GAAN TGGECACGTTTTAGTACTCTGGAA

H

TAT T
ACAGAATCTACTAAAACAAGGCAAAATGCCETGTTTATCTCGTCAACTTGTTCGCGAGATTTTITGGETA
CCaggaacccectagtgatggagttggecactcecectetetgegegetaegatag tuact
gaccaaaggtegoccgacgoecgggetttgeeegggeggectecagtg c
ctgcaggggegectgat atttteteecttacgocatetgtgegag

acc g fs) gtagcggcgcecattaagegoggcggg
O ctageygar :tcctttcgctttct
tctaa
cauctcoapuccaaaaaac gatt tqqhtgjtc ttcacq. g rcategeoatyg:
tttt cqvt:gbtqaﬁgtb_ q ccacgttetttaatagtygg avt,ttq

i+

LptqattLdtaaoggdt tthC"a

@]

Q Q q =
c
T

tcggectatt

tcaaccctatcteggget

ttccaaac
-

t

[\

-

o
ot

aatgagctga tt%a A a t acgcgaattttaacaaaa aacgtttacaatt
cactctea g acaatct tgatgcegeatagttaagcoccagecocgacaccogocaaca
acgc tgoctcceggecatcege tacaﬁacaagctgtgaccgtbt
t gtcatcaccgaaacgegao jacgaaagggoct

gcat
att

s aata tcuttbct”aos,"“agl Gq aﬂt*ttcg;gg‘

tgcy tttttctaaatacattcaaata tcatgagaca
cectge thtﬁCddL?itQttﬁelaud G?aqaqfatg‘q"dttCaquLttICCthCGCCC'

a &
tattcocettttttgecggecattttgoottectgtttttget ”acccaﬁadacgﬁtg tq%aagpaa%ao
atgctgaag%tcagttjuotgcacgagtgggttacatcgaa T tce
gatagtfttcg { caatg tgatcac.t
attat tcggtegec
ttgag ggatgge

t tactte

taactcge

aagccata“caaacgacga tgoctgt g
ttaactggogaactactt caacaatTaata igoggatazagt
tgcaggaccacttctgeyg tggcectggtttat tggagccgygty
agogtggaagocgoggta ggccagatggt togtagttate
tacacgacggggagtcagy cgaaatagacad ggtgccteact
gtaactyg cteatatatactt G ~taaascttcatt
LT aat:tcaIOH:, aatccct‘aucq,gag
gcg C gagatccecttttttitet
cttgcaaa daelauacteccqctuccaqcoYtgqtptqtttqc:hgjtvadh
agctaccaact;tttttccg‘agjtaa;tqjﬁttpaqﬂag agcgcagatacce gtccttcta
gtgtageccgtagttaggecaccactt aogancthtqbcg CgC f tectgetaat
coctgttaccagtggetgetgecagtyg gacgatagt
taccggataadgcgcat;ggthtdc gcgaacg
acctacac i agggagaaa

gygcggacaggta yycagggt aacaggagagcocgecacgagggagettccagggggaa
acgcectggtatetittatagtecotgt cqqht :]C:?LC'CtGaL tgagogtegatttttgtgatge
tegtecaggggggeggagectatggaagaacgccagoaacgeggaectttttacggttactggecttttyg
ctggcecttttgectcacatgt

SEQ D NO: 24, polynucleotide encoding SV4QD intron
Letagaggateccggtactegaggaactgaaaaaccagaaagttaactggtaagtttagtett
tttgtettttatttcaggteccggatecyggtggtggtgeasatcaaagaactygectecteagt

at
ggatgttgeccoctttactitctaggectgtacggaagtgttac

SEQID NG: 25
NNGRE (R = A or Gy

- e ¢ P I L
of A, G, C, or T)

>

I can be any nu

76
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SEQID NGOG: 26
NNGRRN (R = A or G, N can be any nucleotide residue, e

~ N - N - T
or A, G, C, or T,

J., any

SEQIDNO: 27

NNGRRT (R = A or G, N can b

any nucleotide

®
]
0]
o
l_.l
[
®
6]

g., any

-
e
e
(!
4
@)
~
e}
[
=

o Fad

SEQ D NOG: 28
NNGRRV (R = A or G, N can b

Fog e ~ P 1\
of A, &, C, or T)

any nucleotide residue,

¢
@]

g., any

‘ch,egq cegetaogotcactgaggecy jcgthqqhhacct'lh;th“h”
ggcctcagtgagcgag agpdﬂjcagacagadagtggc'aactccatbavbaﬁggdttccthQj
TCTAGACTCGAGGAGCT CCACCGLGETGGCEECCETCCECCLT GGLAﬂCthNWﬂhCuALAUCCKAA
TATGGCCACGGETCAGGAATGETGGOCAGTTATTTTTAGAGCCGGTCAGGAAGGT GEGGCAGGCAGCAGG
TCETTGGCGCTCTAAANATAACT CCCOGGAGTTATTTTTACGAGCGCACCGAATGGT GCGACACCCAANTAT
GGCGACGGTTC CTVPPprTuJVbATATTTCG;TGTPCGJQC CGGCCEGEEGCCECATTCCTGGEGGEEC
Ck CCCGCCCGCCTCGATAARAGGCTC GGLCGGCECCEGCCCACGAGCTACCCGGAG
AGCGGGAGGCGCCAAGCTCTA ZCTAPTGGATCLCCvaa‘TGCACGP§TTC:ATATvCALJGtCt
agaggatf;qgtavtrquQdavgg gaaaaccagaaagt tdd,tggtudﬁtg gtotttttgtottt
tatttcaggteceggatecggtggtggtgeaaatcaaagaactgetcecteagt 9gatg**"c¢tt'dc

-GCGGETG

ttctaggectgtacggaagtgttacgeccaClATGGCCCCA AAGnAGhA CGGAAGGTCGETATCCACG
GA&?F‘”AuLAQP”f”GCQ(AA TACATCCTGGGCCTECACATCGECATCACCALL GIﬂGCPM \WCGGEC
{

ATCATCGACTACGAGACACGGGACGETGA fpuhf‘”LuGC}TGLUGCFQWTCAAA,PB SCCAACGTGEA
ARACAACGAGGGCAGGCGGAG CAA”FC?GGVGFPAGAAuGCTGAAqF“uCGSACFCGGCATAHAATCC
AGAGAGTGAAGAAGCTGCTGTTCCACTACAACCTGCTCACCGACCACAGCCAGCTGAGCGGCAT CAALC
CCCTACufJVVVﬂmn,¢auﬂ07GuCTGACC CAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGCCCT CC
GCACCTGGCCAAGAGAAGAGGCGTGCACAACGTGAACGAGGET GCAAGAGGACACCGGCAACGAGCTGT
CCACCAAAGAGCAGATCAGCCGGAACAGCAAGGCCCTGGAAGAGAAATACGT GGCCGAACTGCAGCTG
GAPVVGWTGAAGAAAG ””C“GAP””CﬂGCGSC}GCHMCAf“ACAT”CAhﬁuq CAGCGACTACGTGAA
AGAAGCCAAACAGCTGCTGAAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCT
ACA ﬂLUhFPMKCT =GAAACCC GGCGGEVFT“C“nEGAL’G"”FT“GLU&G}G”A”CCCF“TCQGCTGG
-wACATC‘AAAL)nZ‘T-wTA GAGATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACT GCGGAG
TGAAGTACGCCTACAACGCCGACCTGTACAACGCCOTGAACGACCT GAACAATC] TGATCACCA
GGGACGAGAACGAGAR GCTCG]AAT]\TTALCAGJ VAL :rTT CAGATCATCGAGAACGTGTTCAAGCAGAAG
ARGAAGCCCACCCTGAAGCAGATCGCCAAAGAAATCCTCGT GAACGAAGAGGATATTAAGGGCTACAG
GTGACCAGCACCGGCAAGCT CCAGTT’ALCAALVTCAAGGmGI"“CAVGACATCAAGGACATTACCG
GGARAGAGATTATTGAGAACGCCGAGCTGCT GGATCAGATTGCCAAGATCCTGACCATCTACCAG
SCGAGGACAT CCAGGAAGAACTGACCAATCTGAACT CCGAGCTGACCCAGGAAGAGAT CGAGCA
JIAAE”TPAAUGGFTPTﬁLCGP”AC”““CAACCTG“ CCTGAAGGCCATCAACCTGATCCTEG
ACGA ;rCTGTC GCACACCAACGACAACCAGATCGCTATCTTCAACCGGCTGAAGCTGCTCGCCCAAGAAG
GTGGACCTGTCCCAGCAGAAAGAGATCCCCACCACCLTGETGGACGACTTCAT CiGAuCC‘f‘ CGTCET
GAAGAGAA ,\MTCATCVMJZ\ GCATCAAAGTGATCAACGCCATCAT CAAGAAGTACGGCCTGCCCAALG
ACATCATTATCGAGCTGGCCCGCCAGAAGAACTCCAAGGACGCCCAGAAAATGATCAACGAGATGCAG
hhﬁVGGAAC“”GCAGA“”AA“GACCGGATCGAGGAAATCTTCCCuECCACL”GLHAAC GAACGCCAA
GTACCTGATCGAGAAGATCAAGCTGCACGACATGCAGGCAAGGCAAGTGCCTETACAGCCTGGAAGCCA
TCCCTCTGGAACGATCTGCTGAACAACCCCTTCAACTATCAGETGGACCACATCATCCCCAGAAGCETG
TCCTTCGACAACAGCTTCAACAACAAGGTGCTCGTGAAGCAGGAAGAAAACAGCAAGAAGGGCAACCG
GACCCCATTCCAGTACCTGAGCAGCAGCGACAGCAAGAT CAGCTACGAAACCTTCAA GpAFA'pC
TGAATCTGGCCAAGGGCAAGGGCAGAAT CAGCAAGACCAAGAAAGAGTATCTGCT GGAAGAACGEGAL
ATCAACAGGETTCTCCETGCAGAAAGACT TCATCARACCGGAACCTGETGGATACCAGATACGCCACCAG
AGGCCTGATGAACCTGCTGCGGAGCTACTTCAGAGTGAACAACCT GGACGTGAAAGTGAAGT CCATCA
ATGGCGGCTTCACCAGCTTT CTGCGGCEGAAGTGGAAGTTTAAGAAAGAGCEGAACAAGGGGTACAAG
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CACCPPU,CSAGCACGC CCTGATCATTGCCAACGCCGATTTCATCTTCAAAGAGT GGAAGAAACTGGA
CAAGGCCAARRAAGT GATGGAAAACCAGATGTTCGAGGAARAGCAGGCCGAGAGCATGCCCGAGATCG
HAACLCAGCAGGﬂ TACAA \GAGATCTTCATCACCCCCCACCAGAT VAAGCACATTAAVGACﬂTCAAG

GACTACAAGTACAGCCACCGGGTGGACAAGAAGCCTAATAGAGAGCTGATTAACGACACCCTGTACTC
CACCCGGAAGGACGACAAGGG ChﬁpAC“C”CAT GTGAACAATCTGAACGGCCTCETACGACAAGGACA
ATGACAAGCTGAAAAAGCTGATCAACAAGAGCCCCGAARAGCTGCTCATGTACCACCACGACCCCCAG

A

ACCTACCAGARAL GAA("”ATWPTGGAACPGTAﬁgG”G"”C GAAGAATCCCCTGTACAAGTACTA
CGAGGAAACCGGGAACTACCTGACCAAGTACTCCAAARAAGCACAACGCCCCCCTGATCAAGAAGATTA,
AGTATTACGGCAACAAACTGAACGCCCATCTGGACATCACCG, SACTACCCCAACA
GTCGTGAAGCTGTCCCTGAAGCCCTACAGATTCGACGTGTACCTGGACAATGGCGTGTACAAGTTCGT
JﬂvaTGA GAATCTGGATGTGATCAAARANGARAT CTACTALGAAGTGAKTAGCKKGTG,TLTCuuG
AGCTAAGAAGCTGCAACAAGATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCTG
ATCAAGATCAACGGCGAGCT STATAGAGTCATCGGCGTGAACAACGACCTGCTGAACCGGAT CGAAGT
GAACATGATCGACATCACCTACCGCGAGTACCTGCAAAACATGAACGACAACAGGCCCLCCCAGGATCA
TTAAGACAATCGCCTCCAAGACCCAGASC LLAAFAAC?ACPGC"”APPLﬁFTJm“Gevth”TUth
GAAGTGAAATCTAAGAAGCACCCTCAGATCATCAAARAGGGCAAAAGGCCGECGGCCACGAAAAAGE
CGGCCAGGCAAAAAACAAALAAGggatccGAATTCtagcaat 1dq~atc_:uca_'t: diiﬁ@cd”
gtgtgttggttttttgatcaggegegGETACCAAARATC CG,CAIVAAG TGACGAGATAAACACGG
CATTTTGCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAAAACacatttcetctetata ¢
GGIGTTTCCTCCTTTCCACAAGATATATAAAGCCAAGARAATCCGAAATACTTTCAAGTTACGGTAAGTA
TATGATAGTCCATTTTAAAACATARTTTTAARACTGCAAACTACCCAAGAAATTATTACTTTCTACGT
CACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAATTCCAATTATCTCTCTAACAGCCTT
GTATCGTATATGCAAATATCGAAGGAATCATGGCAAATAGGCCCTCCTCCGACTACTAGARRAATCTCGC
CAACAAGTTGACGAGATAAACACGGCATTTTGCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAAA
TCCCAATAATTTCATTACTATATCGGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAAT
HT]LT”“CAAFTTACCJTAIG,ATATGATAJTCCATTTTAAAACLTAATTTTPAAACTJ(AAAC
CCAAGAAATTATTACTTICTACGTCACCGTATTTTGTACTAATATCTTTGTGTTTACAGT CAAATT
CCAATTATCTCTCTAACAGCCTTGTATCGTATATGCARATATGAAGGAAT CATGCGAAATAGGC
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gctgaa goccataccazacgacgagcegtgacaccacgatgcectgtagcaatggcaacaacgttge
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gcattggtaactgtcagacc
,aatttaaaagganctaqqtqaagdt”“'tbbtqd"

agtttactcatatatactitagattgatttaas
aatctcatgaccaaaatcectt

Ctogttceccactgagegtecagacocegtagaaaaqg aaaggatcttcttgagatcecet
atctgctgc tgcaaacaaaaaaaccaccgctaccageggtggtttgtttgec
Ttcocgaaggtaactggettcagecagagegecagataccaaatactyg
ttangCECﬂahttcaaqna.t, tagcaccgcctacataccteget
tgctgccagtggegat tgtcttacecgggttggactcaag
geggtogggetgaacggggyggttegtgecacacagececagattgyg

agatacctacagogtyg

C gagaaagegcecacgette

: .gaaagchqavaqg,u. cggtaage qg:acj;+cqqda'agqawa;ugcahheggq gettee

agggggaaacgeetggt ”“tt;baq.CL+gt””;gtttcgu:a: bl L;lc::oagug,coatttt

tgtgatgctag tﬂ%ﬁgg cggagcctatggaaaaacgccagoaacgeggoctttttacggttocty
'“'tttﬁ tggcotttt gct;acatqt

rr (e
kC‘

gctegcetcactgaggecgeecgggegtegggegacetttggtegece
gcgcagagagggagtggcocaactcocatcactaggggttectgeggeo
atgtctaagcectagaccecctteagattaasaataactgaggtaagggecty
qqtao;dﬁaqcigqtqfﬂ Jacgcetactgtetotectectatetgeccateggeactttggggaggagy
aatgtgceccaaggactaasaaaaggocatggagocagaggggegaggygcaacagaccetittcatgggea
gaccttggggecctgetgtctagecatgeccecactacgggtetaggetgeccatgtaaggaggcaagga
ctjgggacacwﬂgajatg;“tggttataattaagccojara gtggctgccceococoaoccocooccaacace
tgctgocectcetaaaaataaccctgtecoctggtggatecectgeatgegaagatettecgaacaaggetgt
gagggactgagggcaggctgtaacaggettgggggecagggettatacgt tgggactcccaaagt
attactgttcecatgttcocccggegaagggecagetgtococoaoga cagcacttagtttag
gaaccagtgagcaagtcageocttggggecageccatacaagga ggcaagctgecacgec
gggtcecggagtgggoacgygt cgggcaacgagotgaaagae » gaggeccctece
quq a;(ccc:?:tgg:? cice'7“'_tao;cbc”“*tlg“:aau“ geacagggget
cectecattetaccaccacd C acagacactcaggagecagecageCCATGGL ot
ceggtactegaggaacitgaaaaaccagaaagttaactggtaagtttagtetttttgtettttat
aggtceccoccggat cgggtq“tggtgcaaatcaaagadptjﬁt““'caﬂtggatjttg ctttactt
coctgtacggaagtgttacgocaCCATGEGCCCCAAAGAAGAAGCGGAAGGTCGCTATCCACGEAG
””““GCAGCC AAGCGGAACTACATCCTGCECCTGCACATCGGCATCACCAGCGTGGGLTACGGCATC

ATCGACTACCGAGACACGGEGACGTGATCGATGCCGGCGTEGCEGECTGTTCAAACAGGCCAACGTGGAAAL
CAACGAGGGCAGGCGGAGCAAGAGAGGCGUCAGAAGGCTGAAGCGGCGGAGGCGGCATAGAATCCAGA
GAGTGAAGAAGCTGCTGTTCGACTACAACCT GCTGACCGACCACAGCGAGCTGAGCGGCATCAACCCC
TACGAGGCCAGAGTGAAGGGCCTGAGCCAGAAGCTGAGCGAGGAAGAGTTCTCTGCCGLCCTGCTGCA

CCTGGCCAAGAGAAGAGGCGTGCACAACGT GAACGAGETGGAAGAGGACACCGGCAACGAGCTGTCCA

CCAAAGAGCAGATCAGCCGGAACAGCAAGGCCCTGGAAGAGAAATACGTGGCCGAACTGCAGCTGGAA
CGGCTGAAGARAGACGGCGAAGT GCGEEGCAGCATCAACAGATTCAAGACCAGCGACTACG T GAAAGA

AGCCAAACAGCTGCTGAAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCTACA

TCGACCTGCTBEAAACCCGOCGEACCTACTATCAGCGACCTGECEAGGECAGCCCCTTOGGUTGGAAS
GACATCARAGAATGGTACGACATGCTGATGEECCACTGCACCTACTTCLOCGAGEAACTGCGGAGCET
GAAGTACGCCTACAACGCCGALCTGTACAACGCCOTGARCGACCTGAACAATCTCETGATCACCAGEE
ACGAGAACGAGAAGCTGCAATATTACCAGAAGTTOCA ATCLTCGAGAMVCiCTTLA \GCAGAAGAAG
AAGCCCACCCTGAAGCAGAT CECCARAGAAAT CCTCUGTGAACGAAGAGGATATTAAGGGCTACAGAGT
GACCAGCACCGEG pTCﬂﬂccEGTW ACCAACCTGAAGGT MALL"”GH ATCAAGGACATTACCGCCC
GGAARGAGATTATT GAGAACGCCGAGCT GCTECATCAGAT TGCCAAGATCUTCACCATCTACCAGAGC

AULGAPGALA”FPAGGnhGAPCT SACCAATCTGAACTCCGAGCTGACCCAGGAAGAGATCGAC
CTCTAATCTGCGAAGGGCTATACCGGECACCCACAACCTGAGCCTGAAGGCCATCAACCTGATCC
AGCTGTGGCACACCAACGACAACCAGAT CGCTATCTTCAACCGGLTGAAGCTGGETGCCCAAGAAGET G
GACCTGTCCCAGCAGAAAGAGATCCCCACCACCCTGGTGGACGACTTCAT CCTGAGCCCCETCGTGAA
GAGAAGCTTCATCCAGAGCATCARAGTGATCAACGCCATCATCAAGAAGTACGGCCTGCCCAACGACA

TCATTATCGAGCTGGCCCGCGAGAAGAACTCCAAG GH”G CCAGARAATGATCAACGAGATGCAGAAG
CGGAACCGGCAGACCAACGAGCGGATCGAGGAAATCAT CCGGACCACCGGCARAGAGAACGCCAAGTA
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CCTGATCGAGAAGATCAAGCTGCACGACATGCAGGAAGGCAAGTGCCTGTACAGCCTCGAAGCCATCC
CTCTGGAAGATCTGCTGAACAACCCCTTCAACTATGAGETGGACCACATCATCCCCAGARGCETGTCC
TTCGACAACAGCTTCAACAACAAGGETGCTCETGAAGCAGGAAGARARACAGCARAGAAGGECAACCGGEAL
CCCATTCCAGTACCTGAGCAGCAGCGACAGCAAGATCAGCTACGARACCTTCAACGAAGCACATCCTGA
ATCTGECCAAGGCCAAGGGCAGAATCACGCAAGACCAAGAAMAGAGTATCTGCTGGAAGARACGGEEGACATC
ANCAGGTTCTCCETGCAGAAAGACTTCATCAACCGEGAAC “”}”CGATACCHuAEAF‘”CALCA SAGG
CCTGATGAACCTGCT j’:"Gr\ CCTACTTCAGAGTCAACAACCTGGACGTGAAAGT GAACL AATG
U/TmpAbbAva CTGCGECGGAAGTGGAAGTTTAAGAAAGAGCGGAACAAGG .ACAAG&AC
GCCGAGGACGCC T”’XT CATTGCCAACGCCGATTTCATCTTCARAGAGTGGAAGAAACT GGACAA
CAARDAAGTGATGCGGAAAACCAGAT GTTCGAGGAAAAGCAGGCLGAGAGCAT G CCGAGAT CGAAA
CC; GGAGTACAAAGAGATCTTCATCACCCCCCACCAGATCAAGCACATTAAGGACTTCAAGGAC
ACAGCCACCGEGT GGACAAGAAGCCTAATAGAGAGCTCGATTAACCGACA VCCT”TACTLQAC
AAGFAC GACAAGGGCAACACCCTGCATCETGAACAAT CTGAACGGLCTETACGACAAGGACAATG
'GCTGAAAAA”‘TG&TPAALAhQA CCCCGAAAAGCTGCTCATETACCACCACGACCCCCAGALCC
AG CTGAAGCTCATTATGEAACACTACGEC "”Q“uﬂﬁuhh’ CCCCTGETACAACGTACTAC
CGF&FCCCS SAACTACCTGACCAAGTACTCCARAAAAGGACAACCGCCCCGTEGAT CAAGANGATTAAGT
ATTACGGCAACAAACTCGAACGCCCATCTGGACA TCACVuACGACTAFP CCAACAGCAGAAACAAGGET
GTGAAGCTGTCCCTGAAGCCCTACAGATTCEGACGTGTACCTGGACAATGGCETGETACAAGTTCGT GA
CGTGAAGAATCTGGATGTGATCAARAAAAGAANMACTACT LVGAxCTGAﬂTACCAAGTGCTATGAGGA%G
CTAAGAAGCTGAAGAAGATCAGCAACCAGGLIGAGTTTATCGCCTCCTTCTACAACAACGATCTGATI
AAGAT AACGG“GAGCWFTA’AGAF”GATCCF“GWGAPFTAWGA*”TC“TLAA“CG‘“m”“AAG””LA
CATGATCGACATCACCTACCECGAGTACCTGCAAAACATGCGAACGACAACGAGECCCCCC!
AGACAATCGCCTCCAAGACCCAGAGCATTAAGAAGTACAGCCACAGACATTCTGGECAL
GTGAAATCTAAGAAGCACCCTCAGATCATCAAAAAGGGCAAAAGGCCGGEC
CCAGGCAAAAAAGAAAAAGggat ccGAATTCtagcaataaaggatecg Lviatttvcatt ggaagogtyg
tgttggttttttgatcaggegogty AVVA“AAALLTCG:CAFC“AG CGACATAALC CGGCAT
TTTGCCTTGTTTTAGTAGATTCTEITTCCAGAGTA NT“AthaCdpttCCt tctatacaa a'g“GG”
GTTTCCTCCTTTCCACAAGATATATAAAGCCAAGAAATCGARATACTTTCAAGTTACCGGETAAGCY
GATAGTCCATTTTAAAACATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGTCAC
"TA“FTMGT"”TAATnTCTTTGTGTTTALnuTFAAATEAAETLthTTAT”T”‘CWAﬁLAGCCTTGTA

TCGTATATGCARATATGAAGGAAT CATEGGAAATAGGCCCTC
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CTCCTCGACTAGTAGARARAATCTCGCCAA
CAanTuACQAGAAAAn P GGCATTTTGCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAARALG

TGCCAATAATTTCATTACTATATCGGTGTTTCGTCCTTT

CACAAGATATATAAAGCCAAGARAATCGA
AATACTTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAA

C
T VACATAATTTTAAAACTGCAAACTAC
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CCAAGAAATTATTACTTTCTACGTCACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAAT
TCCAATTATCTCTCTAACAGCCTTIGTATCCTATATGCAAATATGAAGGAATCAT GGCAARATAGGCCCT
CGGTACCaggaacccctag atqfagttggccactcc;tctctg;gcgctcgctcgctcactgatgc
cgggcgaccaa cugugctttgc cgggceggectecagtgagogagegagogogea

g gc.gtatf tcteocettacgeatetgtgoggtatttcacacecgeata

agcgtgac 'gcca;cgc””faqc c‘gcbc
cacgttaege ugq”ttta::cctp’ C ctaaategggggce
tacggcacctegacoccaaaaaacttgatttgggtgatgygt
acggtttttcegeccctttgac ttggaq,,pdpc tcotttaat
aacactcaaccctatct jctattcecttttgatttat

taaasaatgagctgattt amaaat btqaLuCNaa_
tggtgoactcectcocagtacastetgectaotgatgeageatag
cgctgacgegoeoctgacgggettgtaotgectecacggeat
ggagctgeatgtgtcagaggttticac ~catcaccgaaac
cgectat cataggttaatgtecatgat
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aaatgtgcgcggaaccc Ctapttjuttdttputdbao%uaudttnaaapatjuahccg tcatgagac
gataaccct atgcttcaataatattgaaaaaggaaga gacatttoegtgte
geccocottatt gocggcattttgecttoctyg acgctggtgaaagt
aaaagatgc ] gttgggtgcacgagtggyg caacagcggtaaga
tcettyg ccgaataacgtttbccaa ttctgctatgtggce

gta gacgoocgggeaagagaeas ctattctecagaatga
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SEQ ID NO: 35, codon optimized poiyﬁucieotide encoding S. aureas Cas9
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ctccaaggacgeccagaaaatgatcaacgaga tqva;1jqcccaaccqouaqaccaacqagcc;atc;
aggaaatcatcecggaccaceggoaaagagaa aaqy ctgcacgac
atgcaggaaggcaagtgectgtacageccoctgys: T aacaacccoctt
caactatgaggtggaccacatcatcoccccagas acaaggtgce
tcgtgaageaggaagaaaacagcaagaa agcagegac
agcaagatcagctacgaaaccttcaaga gcagaatcag

caagaccaagaaagagtatctgetggaa cagaaagacttcs
tcaaccggaacctggtyggataccagata ,q\/ca.c zagay ,c,c,t,qaa gaacctys *tgcqqm ctactta
agagtgaacaacctggacgtgaaag 1glﬂq'Cﬂatcaafo;CGQ“f?ﬂaccz”*tttvrcﬂgdcqqaa
gtggaagt agaaagageggaacaaggggtacaageaccacgecgaggacgoactgatcattgeca
acgccgatttcatcttcaaagagtggaagaaactggacaaggccaaaaaa q gatg aaaaccagatg

J g
ttcgaggaaaageaggcegagagecatgoccgagatecgaaacegageaggagtacaaagagatcttecat

a6
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cacccoccaccagatcaage #u,mg caccgggtggacaaca
agectaatagagagcet ]dLLjaCQdcaCCCtG acccehg
atcegtgaacaatotgaacggaectgtacgacaagyga Céd,@lCauqFLj gag
cceccgaaaagoetgetgatgtaccaccacgaceocoa g%ﬁﬁ_dCﬂ%ﬁaadctjaagptq%Ltatdq%aﬂ
agtacggcgacgagaagaat a jaactacctgaccaagtac

caaactgaacgeccatet
c

dudd@bbfa;(dec

tccaamaaggacaacggeccce
ggacatcaccgacgactaccce
ac:gt:.gt acctggaca
a: acgaagtga
WJLC'athta' C
toggegtgaacaac

\

o]
D)
oot

\agaaqat
Jogagetgt:
,,tq0L31100< "jtgja dtglﬁcgd;atca cctaccgegagtac

gcaacca

~agagtga

ctoec

yac
ctggaaaacatjaacgaca“ﬁagQLCﬂﬂr' ctcocaagacccagagceat
taagaagtacagcacagacattctgggce agaagcaccctcagatca
tcaaaaagggcaaaaggccggeggocac caaaazagaaaaag [seq 1id
no: 36}

SEQ D NO: 37 p fynucieotide sequence of S. aureus Cashd

aagcggaactacatcctgggectggacateggeateaccagegtggget atcga
gacacygyg ,cgdtgccgqcctchqctgttcaaagadqvcaac tgge aﬂvda‘g

oq<0,u agaggcgocagaaggocbgaagoggeggaggcggcatagaatccagagaghg:
;ht;ttcgd”tlc;acttgc “gaccga :ca”egcqawﬁ+gaqchW’tvad”ccctacg?g jccayg
agbgaagdqcctgdgﬂﬂaﬁad'ctaagcgaggaagagttctctgccgccct»;tgcacctggc aaga
gaagaggcgtgcacaacgtgaacga acaccggcaacgagcetgtocaccaaagageag
atcagoccggaacagcaaggocctygg gtggcoccgaactgcagcetggaacggetgaagaa
agacggcgaagtgcggggecagecate gaccagcgactacgtgaaagaagccaaacage
tgctgaaggtgcafaatgcctaCca atagcttcatcgacacctacatcgacctgctg
ceceggeggacatactate qc~~cb cggctggaaggacatcaaaga
gtacgagatgcectgatggyge tgoggag goot
acaacgcecgacctgtacaacy 'ccaq gacgagaacgag
aagctggaatattacgagaagttcea Jaagaagaagceceaccct
gaagcagatcgccaaagaaatocte cagagtgaccagcaccy
geaagccoccgagticaccaacctgaa accgecceggaaagagatt
attgagaacgccgagetgetggate C cagagcagcgaggacat
ccaggaagaactgaccaatctgaact: ccaggaagagategagecagatcetetaatetygs

a
agggaetataceggeacccacaacctgaqg :C:,(Iduf_f@'( catcaacctgatcecctggacgagetgtggeac
accaacgacaaccagategotate L-aacco gaagctggtgeocaagaaggtggacctgtecea
geagaaagagatocccacoacd c:o*tgqqacactt tgageccegtegtgaagagaagetica

(‘+
Q
Q\
ﬁ)
L \.\1

A
0
o

-

[}
ﬁ

teccagagecatecaaagtgatcaacgecatecatcaagaagtacggectgaoccaacgacatcattategay
ctggecoccygcgagaagaactocaaggacgcccagaaaatgatcaacgagatgcagaagcggaaccggea
gaccaacgagcggatcegaggaaatcatocggaccaccggoaaagagaacgccaagtacectgategaga
agatcaagc acgacatgcaggaaggcaagtgcoctgtacagoctggaagecatceccoctetggaagat
ctgctgaac cccocttcaactatga ggtgqncuagatcatccccagaagcttgtccttcgacaacag
cttcaacaa ggtgo "tgaadCaqdaaﬁ“ 1g<da0u'gg~caac ggaccccat gt
acctgageagcagegac G ag
ggcaaggga atcayg ga a gttcte
cgtgcagaaagacttea acc cagaggoctgatgaacce
tgctgcggagcetactte gtga tcaatggcocggcttocace
agetttetgeggoggaa gaag aagcaccacgccgagga
cgcoctgatcattgeca . ttc aactggacaaggcocaaazsaay
tgatggaaaaccagatgtts =;W1:ae C‘q;c J“;i,~<"~/M;;<g‘tcga1nccca;c‘q; g
tacasagagatcttcatcaccceece 1 C tcaaggactacaagtacag
ccacoygggtyg aﬁledaONCtod'a;lﬁaqctgattda qJCGV(ﬂtgtactC(acccqcaaggdcp

acaagggcaacaccctgategtgaacaatcectgaacggectgtacgacaaggacaatgacaagcectgaaa
aagctgatcaacaaga jﬁﬂcccaaaagctgvuoaLutacc*ccacgaccc acctaccagaaact
aagctgattatggaacagtacggegacgagaagaatcococtgtacaagtactacgaggaaaccggga

‘»«‘

a7
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"aaaggacaacggc:ccc‘qatcadgaago”“3lﬁtg:uavﬁﬁva<;
gacgactaccccaacagcagaaacaaggtcegtgaagety

aha<tgjacgcc ltvbwhecat

‘chAegccctapaQat‘ Loteuc ggac tacaagttegtgacecgtgaaga
actacgaagtyg gtgctatgaggaagctaagaagctg
acaacgatctgatcaagatcaacgg
g cggatcgaagtgascatgatcgaca
g coccocccoccaggatcattaagacaatcgec
acctgtatgaagtyg LA

[
L2

SEQ D NO: 38, pD0O242 (5aCas? used in all JCREY/81 projects and JOCR157/180 projects
for in vitro work; 3aCas@ in uppercase)

ctaaatitgtaagegttaatatttitgttasaattegogt
accaataggccgaaatogye daaat:cc'tl*aaatra
gttccagtttggaacaagagtaecactattaaagaac
ctatcagggcgatggeoccactacgtgaacoatcaca
aagcactaaatcggaaccctaaagggagecaccgat
gcgagaaaggaagggaagaaagcgaaaggagcgggac
gegegtaaccac ”ac:a(*(*‘*gcc:gccl*‘:taat:)c;c*cq'*‘ g
tgecgoaactgttgggaagggegateggtgegggoctettag gggga
tgfgutgc;aQQuqa:taagt ';Laa,:vcagggr""t acggc
cagtg ¢ cactatagggcgaattyg tgcalg
cgttg Cattaatagtaatcaa ccata
tatgg acggtaaatggcceg ccgec
cattyg tcocatagtaacgece atag
gtgga acttggecagtacatce ccce
tattg o ] ttte
‘ T atc
ae+gqq00ngaLa< ggt C C yygag
tttgttttggecaccaaaatcaacgggactt ‘cotelcah<tgug000”e goaaa
tgg jcagtaggecgtgtacggtgggaggt Z cagagﬂ ctctggeotaactac ccace
ATG hhAPGGnhFTALﬁ11C”GGGGCF A TACRAGCGETGGGGTATGGGAT GACEA
TUnthAAucuaP”TUn. GACGCAGHS iCAPbuAGQ‘CAﬁLGTCGAnnhCA%T GG
GACGGAGAAGCA AbdeAu,panﬁffim AAACCGACGGAGAAGGCACAGAATCCAGAG TbnAG

QAACTGCTG“WCGATTA( AACCTGCTGACCGACCATTCTGA CTGAGTGS«AT‘AATCCTTATGAAGC
CAGGGTGAAAGGCCTGAGTCAGAAGCTGT CAGAGGAAGAGTTTTCCGCAGCTCTGCTGCACCTGGCTA
AGCGCCGAGGAGTGCATAACGTCAATGAGGT GGAAGAGGACACCGECAACGAGCTGTCTACAAAGGAA
CAGATCTCACGCAATAGCAAAGCT CTGGAAGAGAAGTATGTCGCAGAGCTGCAGCTGGAACGGCT GAA
GAAAGATGGCGAGGTCGAGAGGGTCAATTAATAGGTTCAAGACAAGCCGACTACGTCAAAGAAGCCAAGT
AGCTGCTGAAAGTGCAGAAGGCTTACCACCAGCTGGAT CAGAGCTTCATCGATACTTATATCGACCTG
CTGGAGACTCGGAGAACCTACTATGAGGGACCAGGAGAAGGGAGCCCCTTCGGATGGAAAGACAT CAA
GGAATGQTAPGAUAFP”mGﬁ“GP"PL”mf‘”PL”“ ATTTTCCAGARGAG FT”PGnhGCC“CAAGT“CG
ATGACCTGAACAACCTGGTCATCACCA
GA@A AACTGGA ﬂVV TﬁﬂGuﬂEK mnTTLA{CATTLXALFnAfJVZGTG TTAAG AC?&%JAAAfvxﬂ C”AC
ACTGARAL KQATTb TAAGGAGATCCTGGETCAACGAAGAGGACATCAAGGGCTACCEG
CTGGAAAACC AGACTTﬂACLAAT”“GAAAGTGThTCAﬂ”hmATTﬁA&CELAIC“CPS
ATCATTGAGAACGCCGAACT GCTGGAT CAGATTGCTAAGAT CCTGACTATCTACCAGAG

'-J

3 ]

sy Vlele
GACAAGC

=GT A
ACGGAAAG
GCTCC GAGGA

TAGTAATC

T
CATCCAGGAAGAGCTGACTAACCTGAACAGCGAGCTGACCCAGCAAGAGAT CCGAACAGATTA
TGAAGGGGTACACCGEGAACACACAACCTGTCCCTGAAAGCTATCAATCTCATTCTGGATGAGCTET GG
CATACAAACGACAATCAGATTGCAATCTTTAACCGGCTGAAGCTGGETCCCAAARAAAGGT GGACCTGAG
TCAGCAGAAAGAGATCCCAACCACACTGGTGGACGATTTCATTCTGTCACCCEGTGGTCAAGCGGAGTT
TCATCCAGAGCATCAAAGTGAT CAACGCCATCATCAACAAGTACGGCCTGCCCAATGATATCATTATC
GAGCTGGCTAGGGAGAAGAACAGCAAGGACGCACAGAAGATGAT CAATGAGATGCAGAAACGAAACCG
GCAGACCAATGAACGCATTGAAGAGATTATCCGAACTACCGGGAARGAGAACGCAAAGTACCTGATTG
ARAABATCAAGCTGCACGATATGCAGGAGGGARAGTGTCTGTATTCTCTGGAGGCCATCCCCCT GG

ag
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GACCTGCTGAACAATCCATTCAACTACGAGGTCGATCATATTATCCCCAGAAGCGTGTCCTTCGACAA
TTCCTTTAACAACAAGGTGCTGGET CAAGCAGGAAGAGAACTCTAALAAGGGCAATAGGACTCCTTTCC
AGTACCTGTCTAGTTCAGATTCCAAGAT CTCTTACGARACCTTTAAAAAGCACATTCTGAATCTGGCC
ARAGGAAAGGGCCGCATCAGCAAGACCAAAAAGGAGTACCTGCTGGAAGAGCGGCACAT CAACAGATT
CTCCGTCCAGRAAGGATTTTATTAACCCGGAAT CTGETGGACACAAGATACGCTACTCGCGGCCTGATGA
ATCTGCTGCGATCCTATTTCCGEETS _ALAATCTGGATGTG“A‘STLﬁhC”””CTC ACGGCEGEETTC

ACATCTTTTCTGAGGCGCAAATGGAAGTTTAAAAAGGAGCGCAACAAAGGGTACAAGCACCATGCCGA
AGATGCTCTGATTATCGCAAATGCCGACTTCATCTTTAAGGAGTG ”\]\AZ \GCTGCGACAAAGCCAAGE
AAGTGATGGAGAACCAGATGTTCGAAGAGAAGCAGGCCGAATCTATGCCCGARAT CGAGA
GAGTACAAGGAGATTTTCATCA r‘”C'TCACC]\G,Mu’\J\,GC]\.MAT CAAGGATTTCAAGGA
CTCTCACCGGETGCATAARAALG CCAAVKCAGAJVTFHTCA;TCAC“CCLTCEA¢AGTF
ACGATAAGGGGAATACCCTGATTGTGAACAATCT GAACGGACTGTACGACAAAGATAATGACAAGCTG
ARAAAGCTGATCAACAAAAGTCCCGAGAAGCTGCTGATGTACCACCATGATCCT CAGACATATCAGAA
ACTGAAGCTGATTA TUGAGPPGT"”G‘”Gﬁ'ﬁh(AAUnnFC’ACWfFA“AACEACTﬁ“GAAGlGACTG
GGAACTACCTGACCAAGTATAGCAAAMAAGGATAANT GGCCCCGTGATCARAGAAGS
AACAAGCTGAATGCCCATCTGGACATCACAGACGATTACCCTAACAGTCGCAA
GTCACTGAAGC FAAApA\ZTTCGATFTCTATCTGGACF\FCG,GTGTAAAAALTiCTGAVTGTCAAGF
ATCTGGATGTCATCAAALAGGAGAACTACTATGAAGTGAATAGCAAGTGCTACGAAGAGGCTARARALG
CTGAAAAAGATTAGCAACCAGGCAGAGTTCATCGCCTCCTTTTACAACAACGACCTGATTAAGAT CAA
TGGCGAACTGTATAGGGTCATCGEGETGAACAATGAT CTGCTGAACCGCATTGAAGTGAATATGATTG
ACATCACTTACCGAGAGTA TWTGCAAAACAWGAAIG,T AGCGCCCCCCTCCAATTATCARAACARATT
GCCTCTAAGACTCAGAGTA T”/—AA]—\J—\ h(‘“" CGAC CTGGGAAACCTGTATGAGGTGAAGAG

g

DOVA AT
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2
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CAARAAGCACCCTCAGATTA agcgtecectgotget agfawgwaogf
gtcaagctaag aaaaga.,ocat,ctaﬂc agattdagcttdawa-t
ctegetgatcagectogactgtgecttet cegt
tpcttqacv,gqqaagqﬁgvcaghcc0dvtq cc;LLu:tadLeljaLca;gjaa L;
tcoctgagtaggtgtcattetattetggggggtggggtggggcag
agaatagcaggcatgotggaggaggtageggoecgellCgaggtagg
gagggttaattgcgogettggegtaatcatggtcatagetgtt
acaattccacacaacatacgagcecggaageatasagtgtaaag
actcacattaattgegttgcgetcactgecagetttecagteg
aat%aubcqqcca1cqc0~gﬁqgaua;q ggtttgegtattgg

{ gct;fc*t ggtoegtteggetge gcggtatcag

:aqqqqatadcgvdggaaagaaf
cog qtt;htqgcqttttﬁ:catang' hh,::cc:tgjcqaoca &« daadatcga
2 a coccgacaggactataaagataccaggegtt { ¢ {

cctegt ccctgoeogettacoggatacctgtec
gcgtgg cwctgtoqﬂtrtc caﬁ*f, gtgta
ggetgt Tt aQC“ﬂqncugctq
TaaACCe cgecactggeagae:
at;tagg: E { cdotqﬁtQNu I jaaggacagtattt
ggtatc .Grqct”rh-+gahw,vcgtLdCLﬁﬁc3 a sefel titgatceggeaaaca
aaccacegotggtagoggtggttttttigtttgecaages qcatht&CGuQqudddeljaq atcte
aagdaqat'“'ttgatguttuctdbgqgotc jacgctcagtggaa cgaaadptﬂaﬂg_paaaogdpt

ttggtcatgagattatcaaaaaggatcttecac gat
aatctaaag*atatatgagtaaadftgqtctca__Qt
rtatttogtteat
tggeoccagtgotgeaatgatacegogagacoos:
gecagecggaagggecgagaegeagaagtggt .
ceattgtitgoaegggaagetagagtaagtagttegecagtt

a
tccttttaaattaaaaatgaagttttazatce
ac caatgcttaatcagtg‘ggcaﬂhtqtut
tgocetgactaccegtac

acgy

cagegatetgt
gagggett
atcage
tceccagtet

rcatagt

j
o &

gttaccattgctagaqgcatpdtgatgL “ﬂgﬂtpgtvu a

ccaacgatcaaggcyg gc
cgatcgttgtcea gca
cttactgtcatg caa
atagtgtatgcg cog
gaactttaaaag! S Lot
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ttgagatccagttcegatgtaacccactaegtgcacceaactgatettcageatettttactttcaccag
ttctgggtgagcaaaaacaggaaggcaaaatgcecgecaaaaaagggaataagggecgacacggaaat
gtitgaatactecatactcttoecttitttcaatattattgaageatttatcagggttattgtctecatgage
ggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegcacatttcecococgaaaagt
[SEQ ID NC:38]

el
Q
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@]

SEG ID NO: 39, amino acid sequence of an S, aureus Casy molecule
MEENY ILGLDIGITSVGYGIIDYRETRDVIDAGVRLEKEANVENNEGRRSKRGARRLKRERRHE
RIQRVEKRKLLEFDYNLLTDHSELSGINPYEARVKGLEQRLSEERFSAALLHLAKRRGVHNVNEY

EEDTGNELSTKEQISRNSKALEERYVAELOLERLEKRKDGEVRGSINRFKTEDY VKEARQLLKY

QRAYHQLDGSFIDTYIDLLETRRTY YEGPGEGSPFGWKDIKEWY EMLMGHCTY FPEELRSVE
YAYNADLYNALNDLNNLVITRDENERLEYYEKFQI TENVEPRKORKRPTLKOTAKE ILVNEEDT
KGYRVISTGRPEFTNLKVYHDIRKDITARKE T ']"[_.NA ] ﬁf..v]:"Q_ L ‘\ ]‘ ",I.’T‘.'CI‘SZI]_; EQEELITNLN

S:ﬂmﬂ

EIP
RN {(\'?“{.

*”“[\ALKQYT‘THN]V;ZLI.f'
DDE] CVVEKRSEFIOSTRY
RIEETIR ‘GthAm

PNRLEKLY DK[VU]SQQR
) NEMOK
VDHI

<

ITPREVSEFDNSENNKVL KOhu(CKKGNIT )S’IM.LTLRKﬂILNM“KCK”R] SK
TKﬁ'Yq}B?‘)7NPFC”“KPFTN&QLVD]DXATRGLMNJMR\Y_{VNk]JVhJKu7N4GfT°
FLRREWKFREKERNKGY KHEAEDALT IANADE L FRKEWKKLDKAKKVMENQMEEERQAESMPE T

ETEQEYKEIFITPHOIKEIKDFKDYKY SHRVDKEPNRELINDTLY STRKDDKGNTLIVNNLN
GLYDEDNDKLKELINKSPEKLLMYHEDPOTYOKLKLIMEQYGDERKNPLYKY YEETGNYLTKY
SKKDNGPVIKKIKYYGNELNAHLDITDDY PNSRNKVVKLELKPYRFDVY LDNGVYKEVTVKN
LDVIKKENYYEVNSKCY EEAKKLKKISNQARFIASFYNNDLIKINGELYRVIGVNNDLLNRI
EVNMIDITYREYLENMNDKRPPRITKTIASKTQSIKKYSTDILGNLYEVKSKKHPOITKEKG

SEQ ID NOC: 39]

EQ D NO: 40, amino acid sequence of an 8. gureus Cas?d

(ILGLDIGITESVGYGIIDYETRDVIDAGVRLFEKEANVENNEGRRSKRGARRLEKRERRHER
JEKLLEDYNLLTDESELSGINPYEARVKGLEQKLSEEEFSAAT T HLAKRRGVHNVNEVE
TGJEL T&EQISRN SKALEERYVAELQLERLEKDGEVRGS INRFKTEDY VKEARKQLLEVQ
YHQLDOSEFIDTY IDLLETRRTYYEGPGEGSPEFGWKDIKEWY EMIMGHCTY FPEELRSVEY

od

= B
el
Z
r<

s}
//!
~y

[

~
)]

o
)

r
-

é

=

L‘X\_f].\TZ\DLYI\L‘\L\\TD_JI\I\I_ I TTRDENEKLEYYERKFQITENVERKORKEKPTLEQIAKEILVNEEDIK
GYRVITSTGKPEFTNLKVYHDIKDITARKEITENAELLDOIAKILTIYQSSEDIQEELTNLNS
ELTOEEIEQISNLKGY TGTHNLSLEAINLILDELWHTNDNQIAT FNRLKLVPRKKVDLSQOKE
IPTTLVDDEILSPVVERSEFIQSTIRKVINAI TRKYGLPNDIT IELAREKNSKDAQKMINEMOKR
NROINERIEETIIRTTGKENARY LIEKIRKLHDMOEGKCLY SLEATL PLEDLLNNFENYEVDHI T
PREVSEFDNSEFNNKVLVRKOEENSKEGNRTPEFQYLSSSDSKISY ETFKEETILNLAKGKGRI SKT

WREYT T 0T
BAUAWSIE N SR B

JINRESVORDEINRNLVDTRYATRGLMNLLRSY PRVNNLDVRVKS INGGFTSE
LRREKWKEREKERNKGY KHEAEDAL T TANADE I FRKEWRKL DEAKRKVMENQMEFEREKQAESMEPETE
TEQEYRKEIFITPHOQIRKHIKDERKDYKY SHRVDKEPNRELINDTLY STREKDDKGNT LI VNNLNG
LYDEKDNDRLRKEL INKSPERKLLMY HEDPOTYQKLEKL IMEQYGDEKNPLYKYYEETGNY LTEY S
KRONGPVIKKIKYYGNEKLNAHLDITDDY PNSRNRKVVKLSLKPYREFDVY LDNGVYKEVTVENL
DVIK YEVNSKCYEEAKKLEKRKI SN ASEFYNNDL NGELYRVIG NDLINRIE
VNMIDITYREYLENMNDKRPPRITKTIASKTQSIKKY STDILGNLY EVKSKKHEHPO I TKEG
[SEQ ID NOC: 40]

SEQ D NO: 41, Version 1 of vector

cctgoagge ”“iqCQCG“iCUGTF*”+Qn”fOuﬁUCCGWFCquthCquFdaCCtﬁ“/7 cgoea
geetcagtgagoegagegagegegeagagagggagtggecaactecatcactaggggttectgegge

TCTAGA,TCVAGTkGAJTGﬁCTCCGFTGCCCGTCAGTva CAGAGCGCACATCGCCCACAGTCCCCGA

GAAGTTGGGEECAGGEETCCECAATTCAACCEGTGCCTAGAGAAGETGGCELEEEETAANCTGGGARA

GTGATGTCETGTACTGECTCCGCCTTTTTCCCGAGGET GGEECAGAACCETATATAAGTGCAGTAGTC

a0



CA 03137248 2021-10-13

WO 2020/214609 PCT/US2020/028148

GCCGTGAACGTTCTTTT CAACGGGTTTGCCGCCAGAACACAGETGTCCTGACCGCGGCCATGGEe

tagaggatccecggtactcgas ;g"*actgaaaaaccagaaa ttaactggtaagtitagtettttogtett

gatggtggtyge ddr"t_c;dd(“IjC‘ getoctecagtggatgttgectita

tgtt argbcoC’jATf‘C—:U*’JCHAhLZ%A(JAAGU"‘T"f‘ STCGGTATCCAC

CGGAACTACATCCTIGGGCCTGGACATCGGCATCACCAGCGTGGGCTACGG

(A\* 'I”QA"'” ACGGGACGTGATCGAT GCCGGCETGCGGCTETTCAAAGAGGCCAACGT GG

AMNMNACAACGAGGGL! GGAGCAACAGAGGCGCCAGY JAGGCFCAZACJL GCGCAGGCGGCATAGAATC

CAGAGAGTGAAGAA ;CTGTTCCACTACAACCTGCTG Gz\\,k,AL,AGC\,AG;‘"‘G A m,G()-C. \TCAA
CCCCTACGA GAAGGGCCTCAGCCAGAAG AGGAAGAG

f\
= )
TGCACCT J(::CCJLMLX\J G}x\:rPCw ITGCACAACGTGA 7\C :GT ~w7\}1C1 GGACA XC:G vx»]\ ACGA
TCCACCAA, T&GC]\G ATCAGCCGGAACAGCAAGGCCCTGGAAGAGARATACGTGGCCGAACT G
“

TC
GGAACGGC T AAGAAAGACGGCGAAGTGCGEGGCAGCAT CAALAGAT TCAAGACCAGCGACTA
&

AAGAAGCCAAACAGCTGCTGAAGGTGCAGAAGGCUTACCACTA C“"G(,E““AG“C(‘TT”ATC"AC \CC
TACATCGACCTGCTGGAAACCCEGCGEACCTACTATGAGGEACCTGGCEAGGGCAGCCCCTTCOECTG
GAAGGACATCAAAGAATGETACGAGATGCTGATGEECCACTGCACCTACTTCCCCGAGGAACTGCGEA

GCE LGAAGTA\ GCCTACAACGCCCACCTGTACAACGCEC -vlsACL}AC‘f‘—'G]‘vx AATCTCGTGATCACC
AGGGACGAGAACGAGAAGCTGGAATATTACGAGAAGTTCCAGATCATCGAGAACGTGTTCAAGCAGAA
GAAGAAGCCCACCCTGAAGCAGAT CGCCAAAGAAAT CCTCETGAACGAAGAGGATATTAAGGGCTACA
GAGTGACCAGCACCGGCAAGCCCGAG TrF CACCAACCTGRAGGTGTACCACGACATCAAGGACATTACC
GCCCGGAAAGAGATTATTGAGAACGCCGAGCTGCTGGAT CAGATT GCCAAGAT CCTGACCATCTACCA
GAGCAGC ’C—:h"SALATCCAGGAAGAACT ACCAATCTGAACTCCGAGCTGACCCAGGAA G JJA"’CC \C
AGATCTCTAATCTGAAGGGCTATACCGGCACCCACAACCTGAGCCTGAAGGCCATCAACCTGA! l‘(""”G
GACGAGC l‘(‘v“"GGL)n(‘ CCAACGACAACCAGATCGCTATCTTCAR ’.,LGuf“."l‘GA]—\G’ TGGTGCCCAL
TGGACCTGTCCCAGCAGAAAGAGATCCCCACCACCCTGETG CTTCATCCTGAGCCCC
AGAGAAGCTTCATCCAGAGCATCAAAGTGAT CAACGCCATC :'C ]\AG AAGTACGGCCTGCC
GACATCATTATCGAGCTGGCCCE CGAC]\AC!\J\CT\,V AAGGACGCCCAGAAAANTGATCAACGAGATGCA
GAAGCGGAACCGGCAGACCAACGAGCGGATCGAGGAAATCATCCGGACCACCGGCAAAGAGAACGCCA
AGTACCTGATCGAGAAGATCAAGUTGCACGACAT GCAGGAAGGCAAGT GCCTGTACAGCCTGGAAGCC
ATCCCTCTGGAAGATCTG ‘TGAA”“‘AAC"‘CC'""C, \CTATGAGGTGCGACCACATCATCCCCAGAAGCET
GTCCTTCGACAACAGCTTCAACAACAAGGTGCTCGTGAAGCAGCGAAGAAAACAGCAAGAAGGGCAACC
GGACCCCATTCCAGTACCTGAGCA r(‘A SCCGACAGCAAGATCAGCTACGAAACCTTCAAGAAGCACATC
CTGAA TprC)CC‘ AAGGGCAAGGGCAGAAT CAGCAAGACCAAGAAAGAGTATCTGCTGGAAGAACGEGA
CATC. -‘z’-\CAGGTTC‘LTC,k,C}"L‘G(‘LAGAAAGACTTCATC‘LAAC;J\:GAAC JTGC‘T‘G SATACCAGATACGCCACCA
GAGGC CTG,MGA CCTGCTGCGGAGCTACTTCAGAGT GAACAACCTGGAL TG] AAGTGAAGTCCATC
AATGGCGGCTTCACCAGCTTTCTGCGECGGAAGTGGAAGT TTAAGAAAGAGCGGAACAAGGGGETACAA
GCACCACGCCGA C SACGCCCTGATCATTGCCAACGCCGATTTCATCTTCAAAGAGTGGAAGAAACT GG
ACAAGGC C‘A‘AJAJ—\J—\nGT’ L TGCAARACCAGATGTTCGAGGAAAAGCAGGCCGAGAGCATGCCCEAGATC
GAAACCGAGCAGGAGTACAAAGAGATCTTCA '”L”f CCCCCCACCAGATCAAGCACATTAAGGACTTCAA
G(»‘vﬁ"rl‘jﬂ\f“." GTACAGCCACCGGGTGGACAAGAAGCCTAATACGAGAGCT GATTAACCACACCCTGTACT
AC CL,GG AAGGACGACAAGGGCAACACC LTCAT CGTGAACAATCTGAACGGCCT GT.A-\\,uA(,AZ-y SAC
TGAAAAAGCT GATCAACAAGAGCCCCGARAAGCTGCTGATGTACCACCACGACCCCCE
AAACTGAAGCTGATTATGGAACAGTACGGCGACGAGAAGAATCCCCTETACAR GT/\&,T
CGAGC]J CCGC\J; \CTACK T(”?\CCAA(”T WCTCCAAAAAGGACAACGGCCCCGTGATCAAGAAGATT
AGTATTACGGCAACAAACTGAACGCCCATCTGGACATCACCGACGACTACCCCAACAGCAGAAACAA
GGTCGTGAAGCTGT CCCTGAAGCCCTACAGATTCGACCGTGTACCTGGACAATGGLL TC'"AQ GTTCG
o

TCACCGTGCAAGAATCTGCAT GTCATCAAAAAAGARAACTACTACCAAGTCAATAGCAAGTGCTATGAG
GP@N:C‘T/&ALV«AGP”GAA GAAGATCAGCAACCAGGCCGAGTTTAT CGCCTCCTTCTACAAL z\k,GAJ 1
GATCAAGATCAACGGCGAGCTGTATAGAGTCATCGGCETGAACAACGACCTGCTGAACCGGATCGAAG
TCAACATGATCGACATCACCTACCGCGAGTACCTGGAAAACATGAACGACAAGAGGCCCCCCAGGATC
ATTAAGACAATCGCCTCCAAGACCCAGAGCATTAAGAAGTACAGCACAGACATTCTGGGCAACCTGTA
TCAAGTGAAATCTAAGAAGCACCCTCAGATCATCAAAAAGGGCAAANGGCCGGCEGCCACGAAANNGT
CCGGCCAGGCAAAAANGALAAAGgatccGAATT f’tojraa“ saaggatcgtttattttcattggaag
cgtgtgttggttttttgatcaggegegGGTACCAAAAATCTCGCCAACAAGTTGACGAGATAAACALCT
GCATTTTGCCTTGTTTTAGTAGATTICTETTTICC ”‘af“"ZACl‘A/ﬁh AL acatttcctctczatacaaatrj
CCETCTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCGARAATACTTTCAAGTTACGETAAG
ATATGATAGTCCATTTTAAAACATAATTTTAAAAC T'(\,/@a NCTACCCAAGAAATT A"[‘Tzu,T‘T"‘C‘Tzu,G

f)
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TCACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAATTCCAATTATCTCTCTAACAGECT
TGTATCGTATATGCAAATATGAAGGAATCATG hh?ﬁh*AJGCCCTCL CGACTAGTAGAAARATCTCG
CCAACAAGTTGACGAGATAAACACGGCATTTTGCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAA
AACGTGCCAATAATTTCATTACTATATCGGTGTTTCGTCCTTTCCACAAGATATATAANGCCAAGARL
TCCAAAIALMMTLAACTTAL SGTAAGCATATGATAGTCCATTTTAAAACATARTTTTAAAACTGCARA
(\ !11 (\ A_\P_\j_\ II mn !11 DI'IP CII 44 11 el DI'IP . (\ l{(\ (3'1‘ 11!11 [ f‘d II| n f* 11 A‘A TR |1 f* 11!11 [ f‘d II| Fanianhs 4l (\ A‘A_\P |I|
TAA‘I‘ T 2C AA‘ TATCTCTCTAAC ‘A" CCTTGTATCGTATATGCAAATATCAAGGAATCATGEE

.
CCCTCGGTACCaggaacacc yot

3 ]

AT

atggagttggocactcecatetetyge C
oot chttt:*"co;qcﬁqa : agc
agetgooctgcaggggaeyga ~geggtattitateo ,A;qCQLO
catacgteaaagcaaccatagtacgegeocotgtagoggegecattaagaege

v}

aggccgggogaccaaaggteys

i+

gogcagegtgaccgeta cacttgccaqcoccctaacgcccgﬁt““'ttﬁﬁCLL ct
cgeocacyg ygotttcocccgtcaagetcectaaate

gctttacg gaccc a cttgattbnggt

atagacgg felele]

O

gaacaAcw
t atattaacgt

1t
T gt,wdcaJC‘:;\;h‘

faacqrc
tctgatgccqva

ttcatggtqcactu,v Lec taotyg

a ahhﬂqcccth?cqqqhttqt”tg pefelere) )Cg@tth;Qd, ngccc‘
tccgggadctaﬂ tgtgtcayg qjutt C“”F”tpat”achaS%rﬁ ggcctegt
gatacgcctatttttataggttaatgtcatgataataatg Ttc
ggtgaaatgt g cgancucctatttgt tatttttctaaatacattcas atg
agacaataacce caata : ccg

+
o)
o+
ot
oW

\_\4

acqaotqﬁﬁ
g tttcoe

\
|
o
S
e

{

Ve
(L]

o
Q: L2

ccgaagaac atgatgag
tgg cg cgccgggcaagagcaactoggte
atgact tcacagaaaagcatcttacggat
tgcagt gataacactgecggcoccaacttact
gaagga caacatggg atcatttaactc
agctga gacgagcgtgacaccacgatg
cge ~ggcgaactacttactceta ttvv“qﬁcaacaubtodnaqactqu<

sccactte Tgo

cegeggt

tt,dtbgctgdt'
ggtaageect

cectteceggetggete
gecactggggeecay

t C
<”Y;gaqrhaggcaactaﬁggath1jcqadatjqud01 ~cgctgagatagg
ttggtaactgtcagaccaagtttactcatatatactttagattgatttaa
aszaggatctaggtgaagatccttttigataatctecat

{

;(qut]af
—agttatctacac

oqe
2

atctgotgettgceaa

ttteeg

o
JCCe

gtc cttcfaqﬁ_tadw* :
Lv+gctdatu,tq:tea ”ﬁﬁ“tthc('qjtddﬁtugth,L ':ccj;ttqqav a
gacgatagttaceggata ngQ”@G cgggetgaacggggggttagtgcacacageccagott
gagcgaacgacctacacc 9aactgdda* cctacagogtgagetatgagaaagcecgocacgettooay
agggagaaaggcggacaggtatecggtaagoegygcagggteggaacaggagagegcacgagggaget
cagggggaaacgcctggtatettt atoqtubtgtcgggtttcgccacctctgacttgagcctcgatL
ttgtgatgctogtcagygggggeggagoctatggaaaaacgoecageaas ctttttacggttcect

ggecttttgetggecttttgetecacatgt

laiEe] QJ'._Q W

SEQ ID NO: 42, Version 2 of vector 8

cectgoaggeagotgegegategetogatcactgaggecgocaegggegtegggegacetittggtegeca
ggcectoagtgagogagegagaegegecagagagggagtggecaactecateactaggggttectgeggea
TCTAGACTCGAGCTAGACTAGCATECTGCCCATGTAAG! j»GG AAGGCCTGEGEGACACCCGAGATECT
TGETTATAATTAACCCAGACATGETEGECTGCCOCCCCCCOCCCAACACCTGCTGCCTCTARAAATARACT
CTGCATGCCATGTTCCOGGLE nﬁGGGCC‘.AGCTGTCCU*"SCC GCTAGACTCAGCACTTAGT TTAGGEA
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ACCAGTGAGCAAGT CAGCCCTTGEEGCAGCCCATACAAGGCCAT GGGGECT GEGGCAAGCTGCACGCLTG
GGTCCGEEGEETGEECACGETGCCCEEECAACGAGCTGARAGCTCATCTGCTCTCAGEGGEC CCTCCCTG
GGGACAGCCCCTCCTGGCTAGTCACACCCTGTAGGC CC‘TCTA’TAAZJ\ CCCAGGGGCACAGGGGCT

CCTCATTCTACCACCACCTCCACAGCA AL“4ACACA“"CAGGAG CLHGC.ATGutctagagga
tcecggtactcecgaggaactgaa 'gtaagtttag ctttttgtcecttttattte
aggtcceggateceggtgatgyg tcocetcagtggatgttgectttacttcotag
gcetgtacggaagtgttacgeo SAAGCGGAAGGTCGE =TCC
CAGCAGCCARGCGGAA CTACA:;' CGGCATCACCAGCGTGGGECTACGGCATCATC
SACTACGAGACACGGGACGTG GCTGTTCAAAGA ‘GGAAAMACAA
CJAGC,V»ﬁGCGCAPCuAGAa; \GGCTGAAGCGGCGGAGGCGGCATAGAAT CCAGAGAG
TGAAGAAGCTGCTCTTCGACTACAACC r‘GAC\,JzCCACPGCC7\GCAJZ\GCGCJCATC.TmC\,VCE‘]\C
GAGGCCAGAGTGAAGGGCCTGAGCCA LAAC””GA”CC AGAGTTCTCTGCCGCCCTGCTGCACCT
GGCCAAGAGAAGAGGCGTGCACAACGTGAACGAGETG AA AGGACACCGGCAACGAGCTGTCCACCA
AACGAGCACATCAGCCGGAACAGCAAGGCCCTEGGAACGAGAAATACCTGGCCCAACTGCAGCTGGAALGE

AGAAAGACGGCGAAGTGC uuCrC‘AGCm’T‘(‘I{Z—\Lr\GA [TCAAGACCAGCGACTACGTCAAAGAAGC
GCTGCTGAAGGTGCAGAAGGCCTACCACCAGCTGGACCAGAGCTTCATCGACACCTACATCG
;\k,\/ it C‘T‘C GAAACCCGGC Gf‘ACL’,JAC‘TAT‘LSA\:G(‘AC CTGGCGAGGGCAGCCCCTTCGGUTGGAAGGAC
ATCAAAGAATGGTACGAGATGCTGATGGGCCACTGCACCTACTTCCCCGAGGAACTGCGEAGTGT GAA
GTACGCCTACAACGCCGACCTGTACAACGCCCTGAACGACCTGAACAATCTCGTGATCACCAGGGALG
AGAACGAGAAGCTGGAATATTACGAGAAGTT CCAGAT CATCGAGAACGTGTTCAAL ‘CA'JEAGAA(:AAG
CCCACCCTGAAGCAGAT CGCCAAAGAAATCCTCGTGAACGAAGAGGATATTARGGGCTACAGAGT GA
CAGCACCGGCAAGCCCGAGT _A""r\;\\,("l" SAAGGTGTACCACGACATCAAGGACATTA Lu”(‘(‘f"”
ARAGAGATTATTGAGAACGCCEAGCTGCTGGATCAGATTGCCAAGATCCTGACCATCTACCAGAGCAL
GAGGACATCCA CLAZ‘CI\ACT\_J-‘C AATCTGAACT CCGAGCTGACCCAGGAAL ~AGA CGAGCAL. -\TCTC
T‘AAT'CT\: AGGGCTATACCGGCACCCACAACCT GAGCCTGAAG CCAT ACCTGATCCTGGACGAGC
TGETGGCACACCAACGACAACCA C\,T‘CC\,TZ\IT CTTCAACCGGCTGAAGC vrTG CCCAAGAAGGTGGAC
CTGT CLpAGCAC—:ﬁJ&ACAGﬁT’J CCACCACCCTGGTGGACGACTT \,.A‘l’LCT GAGCCCCGTCGTGRAAGAG
AGCTTCATCCAGAGCATCARAGTGATCAACGCCATCATCAAGAAGTACG C“l’"’:CCPLACC \CATCA
TTATCGAGCTGGCCCGCCAGAAGAACT CCAAGGACGCCCAGAARAATGAT CAACGAGATGCAGAAGTGG
AACCGGCAGACCAACGAGCGGAT LCrh(‘v"H—\J—\n'.‘C‘A'”LL/GGA"‘ CACCGGCRAAGAGAACGCCAAGTACCT
GATCGAGAAGATCAAGCTGCACGALC Al :CACC GGCAAGTGCCTGETACAGCCT GGAAGCCATCCCT
TGGAAGATCTGCTG AA\/AZ‘(‘ CCCTTCE [ATG L)GT\J\:r ACCACATCATCCCCAGRAAGCGTGTCCTTC
GACAACAGCTTCAACAACAAG ;T\JCT‘C-", AA_C AGGAAGAAAACAGCAAGAAGGGCAACCGGACCCC
ATTCCAG ,xCCTCz\,GCA'“LZ\C’ CGACAGCAAGATCAGCTACGAS aACCTTCJL»&V]>AGCACA CCTGAATC
TGGCCAAGGGCAAGGGCAGAAT CAGCAAGACCAAGAAAGAGTATC C—‘GCA: GAACGGGACATCAAC

’

i”) f) k\

!

vﬂ__qm

AGGTTCTCCETGCAGAARGACTTCATCAACCGBAACCTGET GG ac:p CCAGATACGCCACCAGAGGCLT
GATGAACCTGCTGCGGAGCTACTTCAGAGT GAACARCCTGGACGTGAAA CT"P \GTCCATCAATGGCS
GOTTCACCAGCTTTCTGCOGCCEAAGT CCAAGSTTTAAGAAACGAGCGGAACAAGGEETE ‘JAAGCACCAC
GOCGAGGACGCCUTGAT CATTGCCAACGCCEATTTCATCT TCAARGAGT GGAACAARCTGCACAAGET

CAAAARAGTGATGCAAAACCAGATGTTCGAGGAAAAGCAGGCCGAGAGCATGCCLGA —'CbAZ A\CCG
CAGGAGTACAAAGAGATCTTCATCACCCCCCACCAGAT CAAGCACATTAAGGACTTCAAGGACTAC
AGTACAGCCACCGGETGGACAAGAAGCCTAATAGAGAGCT GATTAACGACACCCTGTACTCCACCCG
Gz’-\ AGGACGACAAGGGCAACACCCTGATCGTGAACAATCTGAACGGCCT GTA CGACA?A GGACAATGACA

AGCTGARARAAGCTGATCAACAAGAGCCCCCGAAAAGCTGCTGATGTACCACCACGACCCCCAGACCTAC
CAGAAACTGAAGCTGATTAT GGAACAGTACGGCGACGAGAAGA ""“CC’“‘TC'"AC ARGTACTACGAGGA

Al

AACCGGGAACTACCTGA f“("{ZAGTA”.‘l‘C’JZ—\J—\AAA SGACAACGGCCCCGETGATCAAGAAGATTAAGTATT
ACGGCAACAAACTGAACGCCCATCTGGACATCACCGACGACTA! Z'CCCA/—&.CAGC AGAAACALGGTCGETG
AAGCTGTCCCTGAAGCCC T‘z\m\Gn TTCGACGTGTACCTGGACAATGGCGTGTACAAGTTCGTGACCET

A
GAAGAATCTGGATGTGATCAAAAANGAAAACTACTACGAAGTGAATAGCAAGTGCTATGAGGAAGCTA
AGARAGCTGAAGAAGATCAGCAACCAGGCCGAGTTTATCGCCTCCTTCTACAACAACGATCTGATCAAG

ATCARACGGCGEAGCTGTATAGAGTGATCEGCETGAACAACGACCTECTG Ah@ CEGATCGAAGTGAACAT
GATCGACATCACCTACCGCCGAGTACCTGGAARACAT GAA GACAAGAGGCCCCCCAGGATCATTAAGA
CAATCGCCTCCAAGACCCAGAGCATTAAGAAGTACAGCACAGACATTCTGGECAACCTETATGAAGTG
ANATCTAAGAAGCACCCTCACGATCATCAAAAAGGC r(‘AA]A \GGECCGGECGECCACT
GGCAAAAAAGAAAAAGggatce APTTCtaqcaataaaﬂﬂaf cgtttattttcat

tttgatcagygecgegGGTACCAARAATCTCGCCAACAAGTTGACGAGAT

v

AAMDAGGCCGGCCA
tggaagcgtgtgt
NAACACGGCATTTT

.
)
LA
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GCCTTGTTTTAGTAGATTCTGTTTCCAGACTACTAARACa catttcotetectatacaaatgCGGTETT
TCETCCTTTCCACAAGATATATARAAG CvaAVAAKTCCAAATAC_¢¢VAAGTTASGG [AAGCATATGAT
AGTCCATTTTAAAACATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGTCACGTA
TTTTGTALTAATATCTT“Sr”ITMALA TCAAATTAATTCCAATTATCTCTCTAACAGCCTTGETATCG
TATATGCAAATATG ””AATCA””bCahhmAbC“CLmCC“iGh“mAC“ALAAAﬁATLm”GCCAACAA
GTTCACGAGATAAACACGGCATTTTCCCTTGTTTTAGTAGATTCTGTTTCCAGAGTACTAAAACGTSEC
CAATAATTTCATTACTATATCGGTGTTTCCGTCCTTITCCACAAGATATATAAAGCCAAGARATCGAAAT
TTTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAACATAATT TTAAAACTGCAZ sAL,LZ‘f\,k,A.
AATTATTACTTTCTACGTCACGTATTTTGTACTAATATCTTTGTGTTTACAGCTCAAATTAATTCC
AATTATCTCTCTAACAGCCTTGTATCGTATATGCAAATAT CAAGGAAT CATGGGAAATE CCCVVTvu:
TACCaggaacccectagtgatggagttggecactecotetetgegegetegategetocacty
fels

Q

ycgaccaaaggtcecgooccga gggctttgecccocgggcecggectcagtgagegagoegage
jcctgcaggggegectgatge attttctccttacgecatetgtgeggtatttcacace
c ta gchCattaagfgcggCug tgtggtggtta
tagcgcecocgetectttegetttoctteactececttt
aaatcgggggetacctttagggttecegatttag
adaaacttgattt TGyt “

o lNte] Oka
o
B0

[t
r‘ryf\ -
.,@

Cﬁqcfitr
; a“”*cqac*”“

p

yatggttcacgtagtgggecat

g‘?“tthcccttt'acctth'jt acygt

actcaaccctatetegggotattettttyg oot ittaa
aaaatgagctgatttaac ata g tatgg
tgcactctcagtacaatce gcoccococgacacoogccaacacccge
tgacgcgcocctgacggge gacaagctgtgaccgteteoccggga
gctgeatgtgtecagag agacgaaaggyqg

otat taggttas: Jtcaggtggea G
tgtgegeggaaccceata atatgtat geé

Q
A NN
QO
SIENe]

o~

]

I

Y
(o]

ot

Q\

ot
o+ &
(-l

o

G

aacccectgataaatgottcaataat:
cttattcocccttttttgoggecattt

o)
(&

O Qo

r e g

1 o

o 0
o7}

cccagaaacgctggtgaaagtaaa
agatgctgaagatcagttgggtgca tggatctcaacagocggtaagatcce
ttgagagttttcgccoaga tttaaagttctgctatgtggey
gtattatcccocgtattgacg catacactattctcagaatgac
ggttgagtactcaccagtca tgacagtaagagaattatgecagt
ctgoa eAt,.mm/(.an—'q' gataa > .; ":g‘ > G Jaggacogaaggac
ctaaccgettttttg g “tgateg gaacca,udctq
tgaagoceat ac;elacgd Jag ;?J Mo 'Q“FLJ aquatgqv s ttgogea
tattaactggegaactactt ttaatagactyg Gad Vlggataaa
gttgcaggaccacttcectge o] ccttﬂcogptqutg jtttattgety t atctggagccgg
tgagcgtggaageocgoggt ttgce agﬂactg cgccggatqua:gﬁcctcccgtatcgtagtta
tﬂbwc~ugacggggagt;a c T gagataggtgcctea
ta tgatttaazacttca
.Lgataaiztcatca cct s ule

gttttcecgttceccactygs

ctchcotaa ctg”tgc:,

taga aauqat caaaggatc
aacaaaaaaac avugctda:agcq L;g*t:ottt :co;at

tcttgagatceet

tag;dtaﬁcb'tojttagjccacc cttcadgaa t gtagcaccg tag tacctgg tctgcta
atcctgttaccagtggetgctgecagtggegataagtegtgtettacegggttggactcaagacgata
gtt aCﬂﬂﬁataogchbag ggtaegggctgaacggggggttcgtgcacacageccagettggagecgaa
cgacotacacogas c,t,\;a.outacctacad\,\ tgagcectatgagaaagogecacgaoticeccgaagggaga
aaggoggacaggtatecggtaageggoagggteggaacaggagagegoacgagggagett 49999

acgoctyggtatettitatagtectgtegggtttegeeca ottt

a gegtegatttttgtgat
g”"@GLCéQQ”VJJCQQd( cetatggaaaaacgocageaacgeggaeotttt
tg

cggttectggectit

ctggecttttgetcacatgt
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CLAIMS
VWhat is claimed is:

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

(a) a first guide RNA (gRNA) molecule targeting intron 44 of dystrophin,

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

{C) a Cas® protein; and

{h 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 system comprises two or more vectors, wherein

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

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

() the second vector encodes the Casy protein.

5. The system of claim 3, wherein
{(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 Cas9 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 Cas8 protein is

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

9. The system of claim &, where the muscle-specific promoter comprises a MHCKY

promoter, a CK8 promoter, or a Spebi12 promoter.
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10. The system of claim 2, wherein the single vector 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:
& first promoter driving expression of the first gRNA molecule and/or the second
gRNA molecule; and

a second promoter driving expression of the Cas8 protein.

13. The system of any one of claims 1-12, wherein the first gRNA targets the
polynucieotide of SEQ ID NO:2 or a & truncation thereof.

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

poiynucieotide of SEQ 1D NOG:3 or a & truncation thereof.

15. The system of any one of claims 1-14, wherein the Cas® protein is Splas$, SaCasg,

or St1Cas9 protein.

16. The system of any one of claims 1-15, wherein the Cas8 gRNA scaffold is a2 SaCast
gRNA scaffold.

17. The system of claim 16, wherein the SaCas8 gRNA scaffold comprises or is encoded
by the polynucieoiide of SEQ ID NO:4.

18. The system of any one of claims 1-17, wherein the Cas? protein is a SaCas9 protein
encoded by the polynuciectide of SEQ 1D NO:11.

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

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

poiynucieotide sequence of SEQ 1D NO: 24,

21. The system of any one of claims 1-20, wherein the vector comprises a polynucieotide
seguence that is selected from SEQ ID NO:14, SEQ 1D NG:15, SEQ 1D NO:18, SEQ ID

23]
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NO:17, SEQ D NOE, SEQ ID NO:119, SEQ 1D NO:20, SEQ 1D NO:Z1, SEQ 1D NC:22,
SEQ D NO:23, SEQ ID NO: 41, SEQ D NO: 42, SEQ 1D NO: 29, and SEQ 1D NO: 30.

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

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

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

25. The system of any one of claims 1-24, wherein the vector comprises a ubiguitous
promoter or a tissue-specific promoter operably linked {0 the polynucieotide 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

promaoter,

27. A cell comprising the system of any one of claims 1-26.

28. A kit comprising the system of any one of claims 1-26.

29. A method of correcting 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 mutant dystrophin gene in a subject, the method
comprising administering to the subject the system of any one of claims 1-26 or the cell of

claim 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 o the

subject intramuscularly, intravenously, or a combination thereof.
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