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(57) ABSTRACT

Provided herein is a gene therapy for PKP2 (Plakophilin-2),
e.g. using an adeno-associated virus (AAV) vector. The
promoter of the vector may be a MHCK?7 promoter or a
cardiac troponin T (HTNNT2) promoter. The capsid may be
an AAV9 or AAVrh74 capsid or a functional variant thereof.
Other promoters or capsids may be used. Further provided
are methods of treatment, such as by intravenous, intrac-
oronary, intracarotid or intracardiac administration of the
rAAV vector, and other compositions and methods.

Specification includes a Sequence Listing.
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PLAKOPHILIN-2 (PKP2) GENE THERAPY
USING AAV VECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/US2021/045220, filed Aug. 9, 2021,
which claims the benefit of U.S. Provisional Application No.
63/063,032, filed Aug. 7, 2020, which is incorporated by
reference herein in its entirety.

STATEMENT REGARDING THE SEQUENCE
LISTING

[0002] The Sequence Listing associated with this applica-
tion is provided in text format in lieu of a paper copy, and
is hereby incorporated by reference into the specification.
The name of the text file containing the Sequence Listing is
ROPA_021_01WO_ST25.txt. The text file is about 212 KB,
created on Aug. 8, 2021, and is being submitted electroni-
cally via EFS-Web.

BACKGROUND

[0003] Arrhythmogenic right ventricular cardiomyopathy
(ARVC) is a form of adult-onset heart disease, which
impacts an estimated 1 in 1,000 to 1 in 1,250 people. It
manifests as breakdown of the muscular wall of the heart
(the myocardium) over time, which leads to increased risk of
abnormal heartbeat (arrhythmia) and an increased risk of
sudden death when an affected individual exercises strenu-
ously. Individuals may also experience a sensation of flut-
tering or pounding in the chest (palpitations), light-headed-
ness, fainting (syncope), shortness of breath, and abnormal
swelling in the legs or abdomen. Over time, ARVC can lead
to heart failure.

[0004] At least 13 genes are implicated in ARVC, many of
which are involved in the biogenesis of desmosomes, which
are intracellular junctions that provide strong adhesion
between cells. When desmosomes fail to form properly,
myocardial cells may detach from one another and die. The
right ventricle in particular may develop weakness, while
fatty deposits and scar tissue may replace the damaged
myocardium, leading to distension of the right ventricle.
These alterations ultimately prevent effective heart pumping
and disrupt the electrical signals that control the heartbeat,
leading to arrhythmia. Autosomal dominant plakophilin-2
(PKP2) cardiomyopathy is an inherited ARVC in which
mutations affecting PKP2 are detected.

[0005] There remains, therefore, an unmet need in the art
for treatments for PKP2-related diseases and disorders,
including ARVC. The compositions and methods disclosed
herein address this need.

SUMMARY

[0006] The present invention relates generally to gene
therapy for a disease or disorder, e.g., a cardiac disease or
disorder, using a vector expressing PKP2 or a functional
variant thereof.

[0007] In one aspect, the disclosure provides polynucle-
otide, comprising an expression cassette and optionally
flanking adeno-associated virus (AAV) inverted terminal
repeats (ITRs), wherein the polynucleotide comprises a
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polynucleotide sequence encoding a Plakophilin-2 (PKP2)
or a functional variant thereof, operatively linked to a
promoter.

[0008] In some embodiments, the promoter is a cardiac-
specific promoter.

[0009] In some embodiments, the promoter is a muscle-
specific promoter.

[0010] In some embodiments, the promoter is a cardio-
myocyte-specific promoter.

[0011] In some embodiments, the promoter is a Myosin
Heavy-chain Creatine Kinase 7 (MHCK?7) promoter.
[0012] In some embodiments, the MHCK7 promoter
shares at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% identity with SEQ ID NO: 31.

[0013] In some embodiments, the promoter is a cardiac
troponin T (WTNNT2) promoter.

[0014] In some embodiments, the hTNNT2 promoter
shares at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% identity with SEQ ID NO: 32.

[0015] In some embodiments, the expression cassette
comprises exon 1 of the cardiac troponin T (WTNNT2) gene,
wherein optionally the hTNNT2 promoter and exon 1
together share at least 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99% or 100% identity with SEQ ID NO: 32.
[0016] Insome embodiments, the promoter is a ubiquitous
promoter, optionally a CMV promoter or a CAG promoter.
[0017] In some embodiments, the expression cassette
comprises a polyA signal.

[0018] Insome embodiments, the polyA signal is a human
growth hormone (hGH) polyA.

[0019] In some embodiments, the expression cassette
comprises a Woodchuck Hepatitis Virus Posttranscriptional
Regulatory Element (WPRE), optionally a WPRE(x).
[0020] Insome embodiments, the Plakophilin-2 (PKP2) or
functional variant thereof is a PKP2.

[0021] In some embodiments, the PKP2 is a functional
PKP2.

[0022] In some embodiments, the PKP2 is a human PKP2.
[0023] In some embodiments, the PKP2 is PKP2 isoform
A

[0024] In some embodiments, the PKP2 isoform A shares
at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%
or 100% identity with SEQ ID NO: 1.

[0025] In some embodiments, the PKP2 is PKP2 isoform
B.

[0026] In some embodiments, the PKP2 shares at least
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%
identity with SEQ ID NO: 2.

[0027] In some embodiments, the polynucleotide
sequence encoding PKP2 is a human PKP2 polynucleotide.
[0028] In some embodiments, the polynucleotide
sequence encoding PKP2 shares at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or 100% identity with
SEQ ID NO: 3.

[0029] In some embodiments, the polynucleotide
sequence encoding PKP2 shares at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or 100% identity with
SEQ ID NO: 4.

[0030] In some embodiments, the polynucleotide com-
prises at least about 4.0 kb, at least about 4.1 kb, at least
about 4.2 kb, at least about 4.3 kb, at least about 4.4 kb, or
at least about 4.5 kb.
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[0031] In some embodiments, the polynucleotide com-
prises at most about 4.1 kb, at most about 4.2 kb, at most
about 4.3 kb, at most about 4.4 kb, at most about 4.5 kb, or
at most about 4.6 kb.

[0032] In some embodiments, the polynucleotide com-
prises 4.0 kb to 4.6 kb, 4.0 kb to 4.5 kb, or 4.0 kb to 4.4 kb
or wherein the polynucleotide comprises 4.0 kb to 4.3 kb,
4.0 kb to 4.2 kb, or 4.0 kb to 4.1 kb.

[0033] In some embodiments, the PKP2 or functional
variant thereof comprises at least 800 or at least 830 amino
acids.

[0034] Insome embodiments, the polynucleotide shares at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
100% identity with any one of SEQ ID NOs: 8-15.

[0035] In some embodiments, the expression cassette is
flanked by 5' and 3' inverted terminal repeats (ITRs)
[0036] In some embodiments, the ITRs are AAV2 ITRs
and/or the ITRs share at least 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99% or 100% identity with any one of SEQ
1D NO: 20-26.

[0037] In another aspect, the disclosure provides a gene
therapy vector, comprising the polynucleotide of any one of
the preceding embodiments.

[0038] In some embodiments, the gene therapy vector is a
recombinant adeno-associated virus (rAAV) vector.

[0039] In some embodiments, the rAAV vector is an
AAV9 or a functional variant thereof.

[0040] In some embodiments, the rAAV vector comprises
a capsid protein that shares 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity to any one of
SEQ ID NO: 77.

[0041] In some embodiments, the rAAV vector is an
AAVrh10 or a functional variant thereof.

[0042] In some embodiments, the rAAV vector comprises
a capsid protein that shares 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity to any one of
SEQ ID NO: 79.

[0043] In some embodiments, the rAAV vector is an
AAV6 or a functional variant thereof.

[0044] In some embodiments, the rAAV vector comprises
a capsid protein that shares 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity to any one of
SEQ ID NO: 78.

[0045] In some embodiments, the rAAV vector is an
AAVrh74 or a functional variant thereof.

[0046] In some embodiments, the rAAV vector comprises
a capsid protein that shares 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity to any one of
SEQ ID NO: 80.

[0047] Inanother aspect, the disclosure provides a method
of treating and/or preventing a disease or disorder in a
subject in need thereof, comprising administering the vector
of any one of the preceding embodiments to the subject.
[0048] In some embodiments, the disease or disorder is a
cardiac disorder.

[0049] In some embodiments, the disease or disorder is
cardiomyopathy.

[0050] In some embodiments, the cardiomyopathy is
arrhythmogenic right ventricular cardiomyopathy (ARVC).
[0051] In some embodiments, the cardiomyopathy is
hypertrophic cardiomyopathy or dilated cardiomyopathy.
[0052] In some embodiments, the disease or disorder is
characterized by fibrofatty infiltration of myocardium.
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[0053] In some embodiments, the disease or disorder is
heart failure.

[0054] In some embodiments, the subject is a mammal.
[0055] In some embodiments, the subject is a primate.
[0056] In some embodiments, the subject is a human.
[0057] In some embodiments, the subject has a mutation

in a PKP2 gene.

[0058] In some embodiments, the vector is administered
by intravenous injection, intracardiac injection, intracardiac
infusion, and/or cardiac catheterization.

[0059] Insome embodiments, the administration increases
PKP2 expression by at least about 5%.

[0060] Insome embodiments, the administration increases
PKP2 expression by at least about 30%.

[0061] Insome embodiments, the administration increases
PKP2 expression by at least about 70%.

[0062] Insome embodiments, the administration increases
PKP2 expression by about 5% to about 10%.

[0063] Insome embodiments, the administration increases
PKP2 expression by about 30% to about 50%.

[0064] Insome embodiments, the administration increases
PKP2 expression by about 50% to about 70%.

[0065] Insome embodiments, the administration increases
PKP2 expression by about 70% to about 100%.

[0066] In some embodiments, the method treats and/or
prevents the disease or disorder.

[0067] In some embodiments, the method comprises
administering an effective amount of the vector.

[0068] In some embodiments, the disease or disorder is
related to or caused by loss of function in PKP2 in the
subject.

[0069] In some embodiments, the disease or disorder is
related to or caused by gain of function in PKP2 in the
subject.

[0070] In some embodiments, the subject has a mutation
that causes an amino acid substitution selected from
p-Argd90Trp, Asp26Asn, Thr50 Val51SerfsX60, Arg79X,
Tyr86X, GInl133X, Val406SerfsX3, Tyr616X, Trp676X,
Cys796Arg, Cys796E, Tyr807X, Glu62Lys, S688P,
Trp848X, Y86X, V406X, Y616X, W848X, and Y807X,
relative to a human PKP2 gene encoding a human PKP2
having the sequence of SEQ ID NO: 2.

[0071] In some embodiments, the method comprises
administering a pharmaceutical composition comprising an
effective amount of the vector.

[0072] In some embodiments, the method comprises
administering between about 1x10" vector genomes and
about 1x10'* vector genomes of the vector to the subject,
administering between about 1x10'* vector genomes and
about 1x10'* vector genomes of the vector to the subject, or
administering between about 1x10'® vector genomes and
about 1x10% vector genomes of the vector to the subject.
[0073] In another aspect, the disclosure provides a phar-
maceutical composition comprising the vector of any one of
the preceding embodiments.

[0074] In another aspect, the disclosure provides a kit
comprising the vector of any one of the preceding embodi-
ments or the pharmaceutical composition of the preceding
embodiment and optionally instructions for use.

[0075] In another aspect, the disclosure provides a use of
the vector of any one of the preceding embodiments in
treating a disease or disorder, optionally according to the
method of any one of the preceding embodiments.
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[0076] In another aspect, the disclosure provides a vector
according to any one of the preceding embodiments for use
in treating a disease or disorder, optionally according to the
method of any one of the preceding embodiments.

[0077] In another aspect, the disclosure provides a poly-
nucleotide, comprising a polynucleotide sequences that
shares at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identity to any one of SEQ ID NOs:
12-15 and 89-92 or to any one of SEQ ID NOs: 8-11 and
93-96.

[0078] In some embodiments, the promoter is a MHCK?7
promoter.
[0079] In some embodiments, the MHCK7 promoter

shares at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% identity with SEQ ID NO: 31.

[0080] In some embodiments, the PKP2 is a human PKP2.
[0081] In some embodiments, the PKP2 is PKP2 isoform
A

[0082] In some embodiments, the PKP2 isoform A shares
at least 80%, 90%, 95%, 99% or 100% identity with SEQ ID
NO: 1.

[0083] In another aspect, the disclosure provides a gene
therapy vector, comprising the polynucleotide of any one of
the preceding embodiments.

[0084] In some embodiments, the gene therapy vector is a
recombinant adeno-associated virus (rAAV) vector.

[0085] In some embodiments, the rAAV vector is an
AAV9Y vector.
[0086] In some embodiments, the rAAV vector is an

AAVrh74 vector.

[0087] Inanother aspect, the disclosure provides a method
of treating and/or preventing a cardiac disorder in a subject
identified as having a mutation in the PRP2 gene, compris-
ing administering the vector of any one of the preceding
embodiments to the subject.

[0088] In some embodiments, the cardiac disorder is car-
diomyopathy, optionally arrhythmogenic right ventricular
cardiomyopathy (ARVC), hypertrophic cardiomyopathy, or
dilated cardiomyopathy.

[0089] In some embodiments, the cardiac disorder is heart
failure.

[0090] In some embodiments, the subject is a mammal.
[0091] In some embodiments, the vector is administered

by intravenous injection, intracardiac injection, intracardiac
infusion, and/or cardiac catheterization.

[0092] In some embodiments, the method prevents or
reduces a decrease in left ventricle ejection fraction percent-
age (LVEF %), optionally by about 50%, about 60%, about
70%, about 80%, about 90%, or about 100% compared to
the decrease observed in an untreated subject identified as
having a mutation in the PRP2 gene.

[0093] In some embodiments, the method prevents or
reduces a decrease in left ventricle fractional shortening
percentage (FS %), optionally by about 50%, about 60%,
about 70%, about 80%, about 90%, or about 100% com-
pared to the decrease observed in an untreated subject
identified as having a mutation in the PRP2 gene.

[0094] In some embodiments, the method prevents or
reduces an increase in right ventricle area in millimeters
squared (RV Area (mm2), optionally by about 50%, about
60%, about 70%, about 80%, about 90%, or about 100%
compared to the increase observed in an untreated subject
identified as having a mutation in the PRP2 gene.
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[0095] In some embodiments, the method prevents or
reduces a decrease in right ventricle velocity time integral in
millimeters per second (RV VTI (mm/sec), optionally by
about 50%, about 60%, about 70%, about 80%, about 90%,
or about 100% compared to the decrease observed in an
untreated subject identified as having a mutation in the PRP2
gene.

[0096] In some embodiments, the method prevents or
reduces an increase in left ventricle or right ventricle fibro-
sis, optionally by about 50%, about 60%, about 70%, about
80%, about 90%, or about 100% compared to the increase
observed in an untreated subject identified as having a
mutation in the PKP2 gene.

[0097] Various other aspects and embodiments are dis-
closed in the detailed description that follows. The invention
is limited solely by the appended claims.

BRIEF DESCRIPTION OF FIGURES

[0098] FIG. 1 shows a diagram illustrating a non-limiting
example of a vector genome. The full polynucleotide
sequence of the vector genome is SEQ ID NO: 12. The
expression cassette is SEQ ID NO: 8. The MHCK7 promoter
as described herein is labelled “Enhancer/MHCK?7” in the
diagram.

[0099] FIG. 2 shows a diagram illustrating a non-limiting
example of a vector genome. The full polynucleotide
sequence of the vector genome is SEQ ID NO: 13. The
expression cassette is SEQ ID NO: 9.

[0100] FIG. 3 shows a diagram illustrating a non-limiting
example of a vector genome. The full polynucleotide
sequence of the vector genome is SEQ ID NO: 14. The
expression cassette is SEQ ID NO: 10. The MHCK?7 pro-
moter as described herein is labelled “Enhancer/MHCK7” in
the diagram.

[0101] FIG. 4 shows a diagram illustrating a non-limiting
example of a vector genome. The full polynucleotide
sequence of the vector genome is SEQ ID NO: 15. The
expression cassette is SEQ ID NO: 11.

[0102] FIGS. 5A-5B show PKP2 protein expression in
transduced differentiated AC16 cells. FIG. SA shows West-
ern Blots (WB) of PKP2 (top panel) or loading control,
GAPDH (bottom panel). FIG. 5B show a bar graph of the
Western Blot. The AAV vector serotype (AAV9 or rh74) and
the promoter (MHCK7 or hTnT) are noted. Controls
included a GFP vector (CON-GFP) and no transduction (No
Tdxn).

[0103] FIGS. 6A-6D show left ventricle ejection fraction
percentage (LVEF %) for normal mice (left bars), untreated
PKP2 knockout mice (middle bars, cKO PKP2), or treated
mice (right bars). FIG. 6A shows results with the AAV9
vector and MHCK?7 promoter (AAV9-MHCK?7). FIG. 6B
shows results with the AAVrh.74 vector and MHCK?7 pro-
moter (AAVrh.74-MHCK?7). FIG. 6C shows results with the
AAV9 vector and hTnT promoter (AAV9-hTnT). FIG. 6D
shows results with the AAVrh.74 vector and hTnT promoter
(AAVrh.74-hTnT).

[0104] FIGS. 7A-7D show left ventricle fractional short-
ening percentage (FS %) for normal mice (left bars),
untreated PKP2 knockout mice (middle bars, cKO PKP2), or
treated mice (right bars). FIG. 7A shows results with the
AAV9 vector and MHCK7 promoter (AAV9-MHCK?7). FIG.
7B shows results with the AAVrh.74 vector and MHCK?7
promoter (AAVrh.74-MHCK?7). FIG. 7C shows results with
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the AAV9 vector and hTnT promoter (AAV9-hTnT). FIG.
7D shows results with the AAVrh.74 vector and the hTnT
promoter (AAVrh.74-hTnT).

[0105] FIGS. 8A-8D show right ventricle area in millime-
ters squared (RV Area (mm?)) for normal mice (left bars),
untreated PKP2 knockout mice (middle bars, cKO PKP2), or
treated mice (right bars). FIG. 8A shows results with the
AAV9 vector and MHCK7 promoter (AAV9-MHCK?7). FIG.
8B shows results with the AAVrh.74 vector and MHCK?7
promoter (AAVrh.74-MHCK?7). FIG. 8C shows results with
the AAV9 vector and hTnT promoter (AAV9-hTnT). FIG.
8D shows results with the AAVrh.74 vector and hTnT
promoter (AAVrh.74-hTnT).

[0106] FIGS. 9A-9D show right ventricle velocity time
integral in millimeters per second (RV VTI (mm/sec)) for
normal mice (left bars), untreated PKP2 knockout mice
(middle bars, cKO PKP2), or treated mice (right bars). FIG.
9A shows results with the AAV9 vector and MHCK?7 pro-
moter (AAV9-MHCK?7). FIG. 9B shows results with the
AAVrh.74 vector and MHCK7 promoter (AAVrh.74-
MHCK?7). FIG. 9C shows results with the AAV9 vector and
hTnT promoter (AAV9-hTnT). FIG. 9D shows results with
the AAVrh.74 vector and hTnT promoter (AAVrh.74-hTnT).
[0107] FIGS. 10A-10B illustrate the degree of fibrosis in
left and right ventricles based on quantitation of the Percent
Collagen following trichrome histological staining of the
heart. Control animals without the conditional PKP2 gene
knock-out (Cre Neg group) were found to have very little
collagen, while control PKP2 knock-out animals receiving
Formulation Buffer (CKO FB group) were found to have
substantially greater proportion of collagen in both left and
right ventricles. AAV-mediated overexpression of PKP2
resulted in robust attenuation of collagen, to varying
degrees, in all AAV-injected groups [n=4 for all groups;
p-values reflect results from One-way ANOVA with Bon-
ferroni post-hoc analyses]. FIG. 10A is a bar graph of
percent collagen in the left ventricle. FIG. 10B is a bar graph
of percent collagen in the right ventricle.

[0108] FIG. 11 shows a diagram illustrating a non-limiting
example of a vector genome. The full polynucleotide
sequence of the vector genome is SEQ ID NO: 89. The
expression cassette is SEQ ID NO: 93. The MHCK?7 pro-
moter as described herein is labelled “Enhancer/MHCK7” in
the diagram.

[0109] FIG. 12 shows a diagram illustrating a non-limiting
example of a vector genome. The full polynucleotide
sequence of the vector genome is SEQ ID NO: 90. The
expression cassette is SEQ ID NO: 94.

[0110] FIG. 13 shows a diagram illustrating a non-limiting
example of a vector genome. The full polynucleotide
sequence of the vector genome is SEQ ID NO: 91. The
expression cassette is SEQ ID NO: 95. The MHCK?7 pro-
moter as described herein is labelled “Enhancer/MHCK7” in
the diagram.

[0111] FIG. 14 shows a diagram illustrating a non-limiting
example of a vector genome. The full polynucleotide
sequence of the vector genome is SEQ ID NO: 92. The
expression cassette is SEQ ID NO: 96.

DETAILED DESCRIPTION OF THE
INVENTION

[0112] The present disclosure provided gene therapy vec-
tors for PKP2 that deliver a polynucleotide encoding a PKP2
polypeptide or a functional variant thereof, along with
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methods of use, and other compositions and methods. In
particular embodiments, the disclosure relates to a gene
therapy vector comprising a promoter sequence operatively
linked to a polynucleotide encoding a PKP2 polypeptide or
a functional variant thereof. In some embodiments, the
promoter is a Myosin Heavy-chain Creatine Kinase 7
(MHCK?7) promoter. In some embodiment, the AAV vector
is an AAV9 vector. In some embodiments, the promoter is an
MHCK?7 promoter and the AAV vector is an AAV9 vector.
In some embodiments, the promoter is a h"TNNT2 promoter.
In some embodiment, the promoter is an h"TNNT2 promoter
and the AAV vector is an AAV9 vector. In some embodi-
ments, the PKP2 is human PKP2a. In some embodiments,
the PKP2 is human PKP2b. In some embodiment, the AAV
vector is an rh74 vector. In some embodiments, the promoter
is an MHCK7 promoter and the AAV vector is an rh74
vector. In some embodiments, the promoter is a h"TNNT2
promoter. In some embodiment, the promoter is an h"TNNT2
promoter and the AAV vector is an rh74 vector. In some
embodiments, the PKP2 is human PKP2a. In some embodi-
ments, the PKP2 is human PKP2b.

[0113] This disclosure further provides methods of treat-
ing a disorder or disorder in a subject by administering a
gene therapy vector of the disclosure to the subject. In a
certain embodiment, the disorder or disorder is
arrhythmogenic right ventricular cardiomyopathy (ARVC).
[0114] In certain embodiments, the subject being treated is
an ARVC patient having one or more mutation in a PKP2
gene. More than half of ARVC patients carry mutations in
the desmosomal gene PKP2 encoding the protein Plakophi-
lin-2 (PKP2). PKP2 is also associated with Brugada syn-
drome (BrS) and idiopathic ventricular fibrillation. It is a
member of the armadillo repeat and plakophilin protein
family. The protein contains nine central, conserved arma-
dillo repeat domains flanked by N-terminal and C-terminal
domains. It functions to link cadherins to intermediate
filaments in the cytoskeleton

[0115] Plakophilin 2 localizes to cell desmosomes and
nuclei and binds plakoglobin, desmoplakin, and the desmo-
somal cadherins via an N-terminal head domain. PKP2
provides a lateral stabilizing force with the desmosomal-
intermediate filament assembly facilitating cell-to-cell con-
tact. It may also serve roles in intracellular signaling regu-
lation, electrophysiologic and trafficking regulation, and
control of transcription processes.

[0116] Intravenous injection of an AAV9 vector encoding
a C-terminal deletion mutant of PKP2a (R735X) in the heart
of' wild-type mice accelerates the appearance of ARVC when
treated mice are subjected to exercise training. Cruz et al. J
Am Coll Cardiol. 65(14):1438-50 (2015). Mutant PKP2a
causes a disease phenotype; and control AAV9 vector
expressing the non-mutant PKP2a causes no phenotypic
change in wild type mice. Heterologous expression of wild-
type human PKP2a does not induce disease or altered
function. These studies demonstrate that mutant PKP2a can
cause a disease phenotype. They fail to demonstrate a
curative role for PKP2, because heterologous expression of
non-mutant PKP2 resulted in no phenotypic change in the
wild-type mouse.

[0117] In accordance with the present invention, a poly-
nucleotide encoding a PKP2 or functional variant thereof,
wherein the PKP2 or functional variant thereof comprises at
least 800 or at least 830 amino acids (e.g., no C terminal
truncation at Arg-735), may be employed in generating a
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gene therapy vector. The resulting vector may be employed
in treating diseases or disorders, e.g. a PKP2-related disease
or disorder, e.g. ARVC, Brugada syndrome (BrS), idiopathic
ventricular fibrillation, dilated cardiomyopathy (DCM), and
others.

[0118] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used in the
practice of the present invention, suitable methods and
materials are described below. All publications, patent appli-
cations, patents, and other references mentioned herein are
expressly incorporated by reference in their entirety. In cases
of conflict, the present specification, including definitions,
will control. In addition, the materials, methods, and
examples described herein are illustrative only and are not
intended to be limiting.

[0119] All publications and patents mentioned herein are
hereby incorporated by reference in their entirety as if each
individual publication or patent was specifically and indi-
vidually indicated to be incorporated by reference. In case of
conflict, the present application, including any definitions
herein, will control. However, mention of any reference,
article, publication, patent, patent publication, and patent
application cited herein is not, and should not be taken as an
acknowledgment, or any form of suggestion, that they
constitute valid prior art or form part of the common general
knowledge in any country in the world.

[0120] In the present description, any concentration range,
percentage range, ratio range, or integer range is to be
understood to include the value of any integer within the
recited range and, when appropriate, fractions thereof (such
as one tenth and one hundredth of an integer), unless
otherwise indicated. The term “about”, when immediately
preceding a number or numeral, means that the number or
numeral ranges plus or minus 10%. It should be understood
that the terms “a” and “an” as used herein refer to “one or
more” of the enumerated components unless otherwise
indicated. The use of the alternative (e.g., “or”) should be
understood to mean either one, both, or any combination
thereof of the alternatives. The term “and/or” should be
understood to mean either one, or both of the alternatives. As
used herein, the terms “include” and “comprise” are used
synonymously.

[0121] As used herein, the terms “identity” and “identical”
refer, with respect to a polypeptide or polynucleotide
sequence, to the percentage of exact matching residues in an
alignment of that “query” sequence to a “subject” sequence,
such as an alignment generated by the BLAST algorithm.
Identity is calculated, unless specified otherwise, across the
full length of the subject sequence. Thus a query sequence
“shares at least x % identity to” a subject sequence if, when
the query sequence is aligned to the subject sequence, at
least x % (rounded down) of the residues in the subject
sequence are aligned as an exact match to a corresponding
residue in the query sequence. Where the subject sequence
has variable positions (e.g., residues denoted X), an align-
ment to any residue in the query sequence is counted as a
match. Sequence alignments may be performed using the
NCBI Blast service (BLAST+ version 2.12.0).

[0122] As used herein, the term “operatively linked” refers
to a functional relationship between two or more nucleic
acid (e.g., DNA) segments. Typically, it refers to the func-
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tional relationship of a transcriptional regulatory sequence to
a transcribed sequence. For example, a promoter sequence is
operatively linked to a coding sequence if it stimulates or
modulates the transcription of the coding sequence in an
appropriate host cell or other expression system. Generally,
promoter transcriptional regulatory sequences that are
operatively linked to a transcribed sequence are physically
contiguous to the transcribed sequence, i.e., they are cis-
acting. However, some transcriptional regulatory sequences,
such as enhancers, need not be physically contiguous or
located in close proximity to the coding sequences whose
transcription they enhance.

[0123] Asused herein, an “AAV vector” or “rAAV vector”
refers to a recombinant vector comprising one or more
polynucleotides of interest (or transgenes) that are flanked
by AAV inverted terminal repeat sequences (ITRs). Such
AAV vectors can be replicated and packaged into infectious
viral particles when present in a host cell that has been
transfected with a plasmid encoding and expressing rep and
cap gene products. Alternatively, AAV vectors can be pack-
aged into infectious particles using a host cell that has been
stably engineered to express rep and cap genes.

[0124] As used herein, an “AAV virion” or “AAV viral
particle” or “AAV vector particle” refers to a viral particle
composed of at least one AAV capsid protein and an
encapsidated polynucleotide AAV vector. As used herein, if
the particle comprises a heterologous polynucleotide (i.e., a
polynucleotide other than a wild-type AAV genome such as
a transgene to be delivered to a mammalian cell), it is
typically referred to as an “AAV vector particle” or simply
an “AAV vector.” Thus, production of AAV vector particle
necessarily includes production of AAV vector, as such a
vector is contained within an AAV vector particle.

[0125] As used herein, “promoter” refers to a polynucle-
otide sequence capable of promoting initiation of RNA
transcription from a polynucleotide in a eukaryotic cell.
[0126] As used herein, “vector genome” refers to the
polynucleotide sequence packaged by the vector (e.g., an
rAAV virion), including flanking sequences (in AAYV,
inverted terminal repeats). The terms “expression cassette”
and “polynucleotide cassette” refer to the portion of the
vector genome between the flanking ITR sequences.
“Expression cassette” implies that the vector genome com-
prises at least one gene encoding a gene product operatively
linked to an element that drives expression (e.g., a pro-
moter).

[0127] As used herein, the term “patient in need” or
“subject in need” refers to a patient or subject at risk of, or
suffering from, a disease, disorder or condition that is
amenable to treatment or amelioration with a recombinant
gene therapy vector or gene editing system disclosed herein.
A patient or subject in need may, for instance, be a patient
or subject diagnosed with a disorder associated with heart.
A subject may have a mutation in an PKP2 gene or deletion
of all or a part of PKP2 gene, or of gene regulatory
sequences, that causes aberrant expression of the PKP2
protein. “Subject” and “patient” are used interchangeably
herein. The subject treated by the methods described herein
may be an adult or a child. Subjects may range in age.
[0128] As used herein, the term “variant” refers to a
protein that has one or more amino-acid substitution, inser-
tion, or deletion as compared to a parental protein. As used
herein, the term “functional variant” refers to a protein that
has one or more amino-acid substitution, insertion, or dele-
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tion as compared to a parental protein, and which retains one
or more desired activities of the parental protein.

[0129] As used herein, “treating” refers to ameliorating
one or more symptoms of a disease or disorder. The term
“preventing” refers to delaying or interrupting the onset of
one or more symptoms of a disease or disorder or slowing
the progression of PKP2-related disease or disorder, e.g.,
arrhythmogenic right ventricular cardiomyopathy (ARVC).

[0130] Adeno-associated virus (AAV) is a replication-
deficient parvovirus, the single-stranded DNA genome of
which is about 4.7 kb in length including two ~145-nucleo-
tide inverted terminal repeat (ITRs). There are multiple
known variants of AAV, also sometimes called serotypes
when classified by antigenic epitopes. The nucleotide
sequences of the genomes of the AAV serotypes are known.
For example, the complete genome of AAV-1 is provided in
GenBank Accession No. NC_002077; the complete genome
of AAV-2 is provided in GenBank Accession No.
NC_001401 and Srivastava et al., J. Virol., 45: 555-564
(1983); the complete genome of AAV-3 is provided in
GenBank Accession No. NC_1829; the complete genome of
AAV-4 is provided in GenBank Accession No. NC_001829;
the AAV-5 genome is provided in GenBank Accession No.
AF085716; the complete genome of AAV-6 is provided in
GenBank Accession No. NC_00 1862; at least portions of
AAV-7 and AAV-8 genomes are provided in GenBank
Accession Nos. AX753246 and AX753249, respectively; the
AAV-9 genome is provided in Gao et al., J. Virol,, 78:
6381-6388 (2004); the AAV-10 genome is provided in Mol.
Ther., 13(1): 67-76 (2006); and the AAV-11 genome is
provided in Virology, 330(2): 375-383 (2004). The sequence
of the AAVrh.74 genome is provided in U.S. Pat. No.
9,434,928, incorporated herein by reference. Cis-acting
sequences directing viral DNA replication (rep), encapsida-
tion/packaging and host cell chromosome integration are
contained within the AAV ITRs. Three AAV promoters
(named pS5, p19, and p40 for their relative map locations)
drive the expression of the two AAV internal open reading
frames encoding rep and cap genes. The two rep promoters
(p5 and pl9), coupled with the differential splicing of the
single AAV intron (at nucleotides 2107 and 2227), result in
the production of four rep proteins (rep78, rep68, rep52, and
rep40) from the rep gene. Rep proteins possess multiple
enzymatic properties that are ultimately responsible for
replicating the viral genome. The cap gene is expressed from
the p40 promoter and it encodes the three capsid proteins
VP1, VP2, and VP3. Alternative splicing and non-consensus
translational start sites are responsible for the production of
the three related capsid proteins. A single consensus poly-
adenylation site is located at map position 95 of the AAV
genome. The life cycle and genetics of AAV are reviewed in
Muzyczka, Current Topics in Microbiology and Immunol-
ogy, 158: 97-129 (1992).

[0131] AAV possesses unique features that make it attrac-
tive as a vector for delivering foreign DNA to cells, for
example, in gene therapy. AAV infection of cells in culture
is noncytopathic, and natural infection of humans and other
animals is silent and asymptomatic. Moreover, AAV infects
many mammalian cells allowing the possibility of targeting
many different tissues in vivo. Moreover, AAV transduces
slowly dividing and non-dividing cells, and can persist
essentially for the lifetime of those cells as a transcription-
ally active nuclear episome (extrachromosomal element).
The AAV proviral genome is inserted as cloned DNA in
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plasmids, which makes construction of recombinant
genomes feasible. Furthermore, because the signals direct-
ing AAV replication and genome encapsidation are con-
tained within the ITRs of the AAV genome, some or all of
the internal approximately 4.3 kb of the genome (encoding
replication and structural capsid proteins, rep-cap) may be
replaced with foreign DNA. To generate AAV vectors, the
rep and cap proteins may be provided in trans. Another
significant feature of AAV is that it is an extremely stable
and hearty virus. It easily withstands the conditions used to
inactivate adenovirus (56° to 65° C. for several hours),
making cold preservation of AAV less critical. AAV may
even be lyophilized. Finally, AAV-infected cells are not
resistant to superinfection.

[0132] Gene delivery viral vectors useful in the practice of
the present invention can be constructed utilizing method-
ologies well known in the art of molecular biology. Typi-
cally, viral vectors carrying transgenes are assembled from
polynucleotides encoding the transgene, suitable regulatory
elements and elements necessary for production of viral
proteins, which mediate cell transduction. Such recombinant
viruses may be produced by techniques known in the art,
e.g., by transfecting packaging cells or by transient trans-
fection with helper plasmids or viruses. Typical examples of
virus packaging cells include but are not limited to Hel.a
cells, SF9 cells (optionally with a baculovirus helper vector),
293 cells, etc. A Herpesvirus-based system can be used to
produce AAV vectors, as described in US20170218395A1.
Detailed protocols for producing such replication-defective
recombinant viruses may be found for instance in WO95/
14785, W096/22378, U.S. Pat. Nos. 5,882,877, 6,013,516,
4,861,719, 5,278,056 and W094/19478, the complete con-
tents of each of which is hereby incorporated by reference.

[0133] The present disclosure contemplates compositions
and methods of use related to Plakophilin-2 (PKP2) proteins
or polypeptides. Various mutations in PKP2 are known to be
associated with cardiomyopathy and heart failure, including
diseases like those described in van Tintelen et al. Circula-
tion 113:1650-58 (2006); Novelli Front. Cardiovasc. Med.
(2008); and in other sources. Viral vector-mediated delivery
of'the PKP2 gene may therefore serve as a viable therapeutic
for PKP2-related human diseases such as cardiomyopathy
and heart failure.

[0134] More than 230 mutations in the PKP2 gene have
been identified in people with arrhythmogenic right ven-
tricular cardiomyopathy (ARVC). (See “PKP2 gene,” Med-
linePlus). This condition most commonly affects the myo-
cardium surrounding the right ventricle, one of the two
lower chambers of the heart. ARVC increases the risk of an
abnormal heartbeat (arrhythmia) and sudden death. Some
PKP2 gene mutations lead to the production of an abnor-
mally short version of plakophilin 2. Other mutations alter
the structure of plakophilin 2 by adding, deleting, or chang-
ing one or more of its protein building blocks (amino acids).
Studies suggest that the altered protein impairs the formation
and function of desmosomes.

[0135] Without normal desmosomes, cells of the myocar-
dium detach from one another and die, particularly when the
heart muscle is placed under stress (such as during vigorous
exercise). The damaged myocardium is gradually replaced
by fat and scar tissue. As this abnormal tissue builds up, the
walls of the right ventricle become stretched out, preventing
the heart from pumping blood effectively. These changes
also disrupt the electrical signals that control the heartbeat,
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which can lead to arrhythmia. Description of PKP2-related
disease may be found in the following references: Bonne et
al. Genomics 51:452-454 (1998) [PubMed: 9721216];
Bonne et al. Cytogenet. Cell Genet. 88:286-287 (2000)
[PubMed: 10828611]; Dalal et al., Circulation 113:1641-
1649 (2006) [PubMed: 16549640]; Gerull et al. Nature
Genet. 36:1162-1164 (2004 [PubMed: 15489853]; Gross-
mann et al. J. Cell Biol. 167:149-160 (2004) [PubMed:
15479741]; Marcus et al. Circulation 65:384-398 (1982)
[PubMed: 7053899]; and Mertens et al. J. Cell Biol. 135:
1009-1025 (1996) [PubMed: 8922383]. See also OMIM.org
entry 602861 (“PLAKOPHILIN 2; PKP2”).

[0136] The native sequences of human PKP2a and its
isoform PKP2b are shown below, with Arg-735 underlined:

PKP2a-837 amino acids

(SEQ ID NO: 1)
1 MAAPGAPAEY GYIRTVLGQQ ILGQLDSSSL ALPSEAKLKL
41 AGSSGRGGQT VKSLRIQEQV QQTLARKGRS SVGNGNLHRT
81 SSVPEYVYNL HLVENDFVGG RSPVPKTYDM LKAGTTATYE
121 GRWGRGTAQY SSQKSVEERS LRHPLRRLEI SPDSSPERAH
161 YTHSDYQYSQ RSQAGHTLHH QESRRAALLV PPRYARSEIV
201 GVSRAGTTSR QRHFDTYHRQ YQHGSVSDTV FDSIPANPAL
241 LTYPRPGTSR SMGNLLEKEN YLTAGLTVGQ VRPLVPLQPV
281 TQNRASRSSW HQSSFHSTRT LREAGPSVAV DSSGRRAHLT
321 VGQAAAGGSG NLLTERSTFT DSQLGNADME MTLERAVSML
361 EADHMLPSRI SAAATFIQHE CFQKSEARKR VNQLRGILKL
401 LQLLKVQONED VQRAVCGALR NLVFEDNDNK LEVAELNGVP
441 RLLQVLKQTR DLETKKQITG LLWNLSSNDK LKNLMITEAL
481 LTLTENIIIP FSGWPEGDYP KANGLLDFDI FYNVTGCLRN
521 MSSAGADGRK AMRRCDGLID SLVHYVRGTI ADYQPDDKAT
561 ENCVCILHNL SYQLEAELPE KYSQNIYIQON RNIQTDNNKS
601 IGCFGSRSRK VKEQYQDVPM PEEKSNPKGV EWLWHSIVIR
641 MYLSLIAKSV RNYTQEASLG ALONLTAGSG PMPTSVAQTV
681 VQKESGLQHT RKMLHVGDPS VKKTAISLLR NLSRNLSLON
721 EIAKETLPDL 7SIIPDTVPS TDLLIETTAS ACYTLNNIIQ
761 NSYQNARDLL NTGGIQKIMA ISAGDAYASN KASKAASVLL

801 YSLWAHTELH HAYKKAQFKK TDFVNSRTAK AYHSLKD

PKP2b-881 amino acids
(SEQ ID NO: 2)

1

41

81

121

161

201

241

MAAPGAPAEY GYIRTVLGQQ

AGSSGRGGQT VKSLRIQEQV

SSVPEYVYNL HLVENDFVGG

GRWGRGTAQY SSQKSVEERS

YTHSDYQYSQ RSQAGHTLHH

GVSRAGTTSR QRHFDTYHRQ

LTYPRPGTSR SMGNLLEKEN

ILGQLDSSSL ALPSEAKLKL

QQTLARKGRS SVGNGNLHRT

RSPVPKTYDM LKAGTTATYE

LRHPLRRLEI SPDSSPERAH

QESRRAALLV PPRYARSEIV

YQHGSVSDTV FDSIPANPAL

YLTAGLTVGQ VRPLVPLQPV
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-continued
281 TQNRASRSSW HQSSFHSTRT LREAGPSVAV DSSGRRAHLT
321 VGQAAAGGSG NLLTERSTFT DSQLGNADME MTLERAVSML
361 EADHMLPSRI SAAATFIQHE CFQKSEARKR VNQLRGILKL
401 LQLLKVQNED VQRAVCGALR NLVFEDNDNK LEVAELNGVP
441 RLLQVLKQTR DLETKKQITD HTVNLRSRNG WPGAVAHACN
481 PSTLGGQGGR ITRSGVRDQP DQHGLLWNLS SNDKLKNLMI
521 TEALLTLTEN IIIPFSGWPE GDYPKANGLL DFDIFYNVTG
561 CLRNMSSAGA DGRKAMRRCD GLIDSLVHYV RGTIADYQPD
601 DKATENCVCI LHNLSYQLEA ELPEKYSQONI YIQNRNIQTD
641 NNKSIGCFGS RSRKVKEQYQ DVPMPEEKSN PKGVEWLWHS
681 IVIRMYLSLI AKSVRNYTQE ASLGALONLT AGSGPMPTSV
721 AQTVVQKESG LQHTRKMLHV GDPSVKKTAI SLLRNLSRNL
761 SLQNEIAKET LPDLVSIIPD TVPSTDLLIE TTASACYTLN
801 NIIQNSYQNA RDLLNTGGIQ KIMAISAGDA YASNKASKAA
841 SVLLYSLWAH TELHHAYKKA QFKKTDFVNS RTAKAYHSLK

881 D

[0137] One experimental model of PKP2-related disease
is the R735X model, as described in Cruz et al. J Am Coll
Cardiol 65:1438-50 (2015). R735X is numbered according
to the PKP2b isoform. The R735X mutant of PKP2a is 690
amino acids in length, due to C-terminal truncation at
Arg-690, (Arg-735 relative to PKP2b, SEQ ID NO: 2).
[0138] Insome embodiments, the PKP2 protein comprises
a polypeptide sequence at least 75%, 80%, 85%, 90%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to any one of SEQ ID NO: 1 or SEQ ID NO: 2. In some
embodiments, the PKP2 protein is a wild-type or native
PKP2 protein, e.g. human PKP2a or human PKP2b.
[0139] In some embodiments, the disclosure provides a
recombinant adeno-associated virus (rAAV) virion, com-
prising a capsid and a vector genome, wherein the vector
genome comprises a polynucleotide sequence encoding an
PKP2 or a functional variant thereof, operatively linked to a
promoter. In some embodiments, the disclosure provides a
recombinant adeno-associated virus (rAAV) virion, com-
prising a capsid and a vector genome, wherein the vector
genome comprises a polynucleotide sequence encoding an
PKP2, operatively linked to a promoter. The polynucleotide
encoding the PKP2a may comprise a polynucleotide
sequence at least 75%, 80%, 85%, 90%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 3.

[0140] The polynucleotide encoding the PKP2b may com-
prise a polynucleotide sequence at least 75%, 80%, 85%,
90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 4.

[0141] Optionally, the polynucleotide sequence encoding
the vector genome may comprise a Kozak sequence, includ-
ing but not limited to GCCACCATGG (SEQ ID NO: 5).
Kozak sequence may overlap the polynucleotide sequence
encoding an PKP2a protein or a functional variant thereof.
For example, the vector genome may comprise a polynucle-
otide sequence (with first ten nucleotides constituting the
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Kozak sequence) at least 75%, 80%, 85%, 90%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
1D NO: 6.

[0142] Kozak sequence may overlap the polynucleotide
sequence encoding an PKP2b protein or a functional variant
thereof. For example, the vector genome may comprise a
polynucleotide sequence (with first ten nucleotides consti-
tuting the Kozak sequence) at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 7.

[0143] In some embodiments, the Kozak sequence is an
alternative Kozak sequence comprising or consisting of any
one of:

(SEQ ID NO: 16)
(gcc) geccRecAUGG;

AGNNAUGN ;
ANNAUGG ;
ANNAUGC ;

ACCAUGG;
and

(SEQ ID NO: 18)
GACACCAUGG.

[0144] In some embodiments, the vector genome com-
prises no Kozak sequence.

[0145] The polynucleotide sequence may be codon-opti-
mized. For example, the vector genome may comprise a
polynucleotide sequence encoding a PKP2a that shares at
least 75%, 80%, 85%, 90%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identity to SEQ ID NO: 87.

[0146] The vector genome may comprise a polynucleotide
sequence encoding a PKP2b that shares at least 75%, 80%,
85%, 90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identity to SEQ ID NO: 88.

[0147] The AAV virions of the disclosure comprise a
vector genome. The vector genome may comprise an expres-
sion cassette (or a polynucleotide cassette for gene-editing
applications not requiring expression of the polynucleotide
sequence). Any suitable inverted terminal repeats (ITRs)
may be used. The ITRs may be AAV ITRs from the same
serotype as the capsid present in the AAV virion, or a
different serotype from the capsid (e.g., AAV2 ITRs may be
used with an AAV virion having an AAV9 capsid or an
AAVrh74 capsid). In each case, the serotype of the capsid
determines the name applied to the virion. The ITR are
generally the most 5' and most 3' elements of the vector
genome. The vector genome will also generally contain, in
5'to 3' order, a promoter, a transgene, 3' untranslated region
(UTR) sequences (e.g., a WPRE element), and a polyade-
nylation sequence. In variations, the vector genome includes
an enhancer element (generally 5' to the promoter) and/or an
exon (generally 3' to the promoter). In variations, the vector
genomes of the disclosure encode a partial or complete
transgene sequence used as a repair template in a gene
editing system. In such variations, the vector genome may
comprise an exogenous promoter, or the gene editing system
may insert the transgene into a locus in the genome having
an endogenous promoter, such as a cardiac- or myocyte-
specific promoter.
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[0148] In some embodiments, the 5' ITR comprises a
polynucleotide sequence at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 20.

[0149] In some embodiments, the 5' ITR comprises a
polynucleotide sequence at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 21.

[0150] In some embodiments, the 5' ITR comprises a
polynucleotide sequence at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 22)

[0151] In some embodiments, the 5' ITR comprises a
polynucleotide sequence at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 23.

[0152] In some embodiments, the 3' ITR comprises a
polynucleotide sequence at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 24.

[0153] In some embodiments, the 3' ITR comprises a
polynucleotide sequence at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 25.

[0154] In some embodiments, the 3' ITR comprises a
polynucleotide sequence at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 26.

[0155] In some embodiments the vector genome com-
prises one or more filler sequences, e.g., at least 75%, 80%,
85%, 90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 27; SEQ ID NO: 28; or SEQ
ID NO: 29.

[0156] In some embodiments, the polynucleotide
sequence encoding an PKP2 protein or functional variant
thereof is operatively linked to a promoter. In certain
embodiments, the promoter is an MHCK?7 promoter. In
certain embodiments, the promoter is an TNNT2 promoter.
[0157] The present disclosure contemplates use of various
promoters. Promoters useful in embodiments of the present
disclosure include, without limitation, a cytomegalovirus
(CMV) promoter, phosphoglycerate kinase (PGK) promoter,
or a promoter sequence comprised of the CMV enhancer and
portions of the chicken beta-actin promoter and the rabbit
beta-globin gene (CAG). In some cases, the promoter may
be a synthetic promoter. Exemplary synthetic promoters are
provided by Schlabach et al. PNAS USA. 107(6):2538-43
(2010). In some embodiments, the promoter comprises a
polynucleotide sequence at least 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 30.

[0158] In some embodiments, a polynucleotide sequence
encoding an PKP2 protein or functional variant thereof is
operatively linked to an inducible promoter. An inducible
promoter may be configured to cause the polynucleotide
sequence to be transcriptionally expressed or not transcrip-
tionally expressed in response to addition or accumulation of
an agent or in response to removal, degradation, or dilution
of an agent. The agent may be a drug. The agent may be
tetracycline or one of its derivatives, including, without
limitation, doxycycline. In some cases, the inducible pro-
moter is a tet-on promoter, a tet-off promoter, a chemically-
regulated promoter, a physically-regulated promoter (i.e., a
promoter that responds to presence or absence of light or to
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low or high temperature). Inducible promoters include
heavy metal ion inducible promoters (such as the mouse
mammary tumor virus (mMTV) promoter or various growth
hormone promoters), and the promoters from T7 phage
which are active in the presence of T7 RNA polymerase.
This list of inducible promoters is non-limiting.

[0159] In some cases, the promoter is a tissue-specific
promoter, such as a promoter capable of driving expression
in a cardiac cell to a greater extent than in a non-cardiac cell.
In some embodiments, tissue-specific promoter is a selected
from any various cardiac cell-specific promoters including
but not limited to, desmin (Des), alpha-myosin heavy chain
(a-MHC), myosin light chain 2 (MLC-2), cardiac troponin
C (c¢TnC), cardiac troponin T (WTNNT?2), muscle creatine
kinase (CK) and combinations of promoter/enhancer regions
thereof, such as MHCK?7. In some cases, the promoter is a
ubiquitous promoter. A “ubiquitous promoter” refers to a
promoter that is not tissue-specific under experimental or

Jun. 2, 2022

clinical conditions. In some cases, the ubiquitous promoter
is any one of Cytomegalovirus (CMV), Cytomegalovirus
early enhancer element chicken beta-Actin gene intron with
the splice acceptor of the rabbit beta-Globin gene (CAG),
ubiquitin C (UBC), Phosphoglycerate Kinase (PGK),
Eukaryotic translation elongation factor 1 alpha 1 (EF1-
alpha), Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), simian virus 40 (SV40), Hepatitis B virus
(HBV), chicken beta-actin, and human beta-actin promoters.
[0160] In some embodiments, the promoter sequence is
selected from Table 3. In some embodiments, the promoter
comprises a polynucleotide sequence at least 75%, 80%,
85%, 90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identical to any one of SEQ ID NOS: 31-51. In some
embodiments, the promoter comprises a fragment of a
polynucleotide sequence of any one of SEQ ID NOs: 31-51,
e.g., a fragment comprising at least 25%, at least 50%, at
least 75%, 80%, 85%, 90%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% of any one of SEQ ID NOs: 31-51.

TABLE 3

PROMOTER

SEQ ID
SEQUENCE NO:

MHCK7

Human cardiac
troponin T
promoter
(without

exon 1)
hTnnT2/
HTNNT2

Human cardiac
troponin T
promoter
exon 1,
underlined)
hTnnT2/
HTNNT2

(with

ACCCTTCAGATTAAAAATAACTGAGGTAAGGGCCTGGGTAGG 31
GGAGGTGGTGTGAGACGCTCCTGTCTCTCCTCTATCTGCCCA
TCGGCCCTTTGGGGAGGAGGAATGTGCCCAAGGACTAAAAAA
AGGCCATGGAGCCAGAGGGGCGAGGGCAACAGACCTTTCATG
GGCAAACCTTGGGGCCCTGCTGTCTAGCATGCCCCACTACGG
GTCTAGGCTGCCCATGTAAGGAGGCAAGGCCTGGGGACACCC
GAGATGCCTGGTTATAATTAACCCAGACATGTGGCTGCCCCC
CCCCCCCCAACACCTGCTGCCTCTAAAAATAACCCTGTCCCT
GGTGGATCCCCTGCATGCGAAGATCTTCGAACAAGGCTGTGG
GGGACTGAGGGCAGGCTGTAACAGGCTTGGGGGCCAGGGCTT
ATACGTGCCTGGGACTCCCAAAGTATTACTGTTCCATGTTCC
CGGCGAAGGGCCAGCTGTCCCCCGCCAGCTAGACTCAGCACT
TAGTTTAGGAACCAGTGAGCAAGTCAGCCCTTGGGGCAGCCC
ATACAAGGCCATGGGGCTGGGCAAGCTGCACGCCTGGGTCCG
GGGTGGGCACGGTGCCCGGGCAACGAGCTGAAAGCTCATCTG
CTCTCAGGGGCCCCTCCCTGGGGACAGCCCCTCCTGGCTAGT
CACACCCTGTAGGCTCCTCTATATAACCCAGGGGCACAGGGG
CTGCCCTCATTCTACCACCACCTCCACAGCACAGACAGACAC
TCAGGAGCCAGCCAG

CTCAGTCCATTAGGAGCCAGTAGCCTGGAAGATGTCTTTACC 33
CCCAGCATCAGTTCAAGTGGAGCAGCACATAACTCTTGCCCT
CTGCCTTCCAAGATTCTGGTGCTGAGACTTATGGAGTGTCTT
GGAGGTTGCCTTCTGCCCCCCAACCCTGCTCCCAGCTGGCCC
TCCCAGGCCTGGGTTGCTGGCCTCTGCTTTATCAGGATTCTC
AAGAGGGACAGCTGGTTTATGTTGCATGACTGTTCCCTGCAT
ATCTGCTCTGGTTTTAAATAGCTTATCTGAGCAGCTGGAGGA
CCACATGGGCTTATATGGCGTGGGGTACATGTTCCTGTAGCC
TTGTCCCTGGCACCTGCCAAAATAGCAGCCAACACCCCCCAC
CCCCACCGCCATCCCCCTGCCCCACCCGTCCCCTGTCGCACA
TTCCTCCCTCCGCAGGGCTGGCTCACCAGGCCCCAGCCCACA
TGCCTGCTTAAAGCCCTCTCCATCCTCTGCCTCACCCAGT

CTCAGTCCATTAGGAGCCAGTAGCCTGGAAGATGTCTTTACC 32
CCCAGCATCAGTTCAAGTGGAGCAGCACATAACTCTTGCCCT
CTGCCTTCCAAGATTCTGGTGCTGAGACTTATGGAGTGTCTT
GGAGGTTGCCTTCTGCCCCCCAACCCTGCTCCCAGCTGGCCC
TCCCAGGCCTGGGTTGCTGGCCTCTGCTTTATCAGGATTCTC
AAGAGGGACAGCTGGTTTATGTTGCATGACTGTTCCCTGCAT
ATCTGCTCTGGTTTTAAATAGCTTATCTGAGCAGCTGGAGGA
CCACATGGGCTTATATGGCGTGGGGTACATGTTCCTGTAGCC
TTGTCCCTGGCACCTGCCAAAATAGCAGCCAACACCCCCCAC
CCCCACCGCCATCCCCCTGCCCCACCCGTCCCCTGTCGCACA
TTCCTCCCTCCGCAGGGCTGGCTCACCAGGCCCCAGCCCACA
TGCCTGCTTAAAGCCCTCTCCATCCTCTGCCTCACCCAGTCC
CCGCTGAGACTGAGCAGACGCCTCCAGGATCTGTCGGCAG
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TABLE 3-continued

SEQ ID
PROMOTER SEQUENCE NO:
Mouse a- GGTACCGGATCCTGCAAGGTCACACAAGGGTCTCCACCCACC 34

cardiac myosin
heavy chain
promoter

(aMHC)

AGGTGCCCTAGTCTCAATTTCAGTTTCCATGCCTTGTTCTCA
CAATGCTGGCCTCCCCAGAGCTAATTTGGACTTTGTTTTTAT
TTCAAAAGGGCCTGAATGAGGAGTAGATCTTGTGCTACCCAG
CTCTAAGGGTGCCCGTGAAGCCCTCAGACCTGGAGCCTTTGC
AACAGCCCTTTAGGTGGAAGCAGAATAAAGCAATTTTCCTTA
AAGCCAAAATCCTGCCTCTAGACTCTTCTTCTCTGACCTCGG
TCCCTGGGCTCTAGGGTGGGGAGGTGGGGCTTGGAAGAAGAA
GGTGGGGAAGTGGCAAAAGCCGATCCCTAGGGCCCTGTGAAG
TTCGGAGCCTTCCCTGTACAGCACTGGCTCATAGATCCTCCT
CCAGCCAAACATAGCAAGAAGTGATACCTCCTTTGTGACTTC
CCCAGGCCCAGTACCTGTCAGGTTGAAACAGGATTTAGAGAA
GCCTCTGAACTCACCTGAACTCTGAAGCTCATCCACCAAGCA
AGCACCTAGGTGCCACTGCTAGTTAGTATCCTACGCTGATAA
TATGCAGAGCTGGGCCACAGAAGTCCTGGGGTGTAGGAACTG
ACCAGTGACTTTTCAGTCGGCAAAGGTATGACCCCCTCAGCA
GATGTAGTAATGTCCCCTTAGATCCCATCCCAGGCAGGTCTC
TAAGAGGACATGGGATGAGAGATGTAGTCATGTGGCATTCCA
AACACAGCTATCCACAGTGTCCCTTGCCCCTTCCACTTAGCC
AGGAGGACAGTAACCTTAGCCTATCTTTCTTCCTCCCCATCC
TCCCAGGACACACCCCCTGGTCTGCAGTATTCATTTCTTCCT
TCACGTCCCCTCTGTGACTTCCATTTGCAAGGCTTTTGACCT
CTGCAGCTGCTGGAAGATAGAGTTTGGCCCTAGGTGTGGCAA
GCCATCTCAAGAGAAAGCAGACAACAGGGGGACCAGATTTTG
GAAGGATCAGGAACTAAATCACTGGCGGGCCTGGGGGTAGAA
AAAAGAGTGAGTGAGTCCGCTCCAGCTAAGCCAAGCTAGTCC
CCGAGATACTCTGCCACAGCTGGGCTGCTCGGGGTAGCTTTA
GGAATGTGGGTCTGAAAGACAATGGGATTGGAAGACATCTCT
TTGAGTCTCCCCTCAACCCCACCTACAGACACACTCGTGTGT
GGCCAGACTCCTGTTCAACAGCCCTCTGTGTTCTGACCACTG
AGCTAGGCAACCAGAGCATGGGCCCTGTGCTGAGGATGAAGA
GTTGGTTACCAATAGCAAAAACAGCAGGGGAGGGAGAACAGA
GAACGAAATAAGGAAGGAAGAAGGAAAGGCCAGTCAATCAGA
TGCAGTCAGAAGAGATGGGAAGCCAACACACAGCTTGAGCAG
AGGAAACAGAAAAGGGAGAGATTCTGGGCATAAGGAGGCCAC
AGAAAGAAGAGCCCAGGCCCCCCAAGTCTCCTCTTTATACCC
TCATCCCGTCTCCCAATTAAGCCCACTCTTCTTCCTAGATCA
GACCTGAGCTGCAGCGAAGAGACCCGTAGGGAGGATCACACT
GGATGAAGGAGATGTGTGGAGAAGTCCAGGGAACCTAAGAGC
CAGAGCCTAAAAGAGCAAGAGATAAAGGTGCTTCAAAGGTGG
CCAGGCTGTGCACACAGAGGGTCGAGGACTGGTGGTAGAGCC
TCAAGATAAGGATGATGCTCAGAATGGGCGGGGGGGGGGATT
CTGGGGGGGGGAGAGAGAAGGTGAGAAGGAGCCTGGAACAGA
GAATCTGGAAGCGCTGGAAACGATACCATAAAGGGAAGAACC
CAGGCTACCTTTAGATGTAAATCATGAAAGACAGGGAGAAGG
GAAGCTGGAGAGAGTAGAAGGACCCCGGGGCAAGACATTGAA
GCAAGGACAAGCCAGGTTGAGCGCTCCGTGAAATCAGCCTGC
TGAAGGCAGAGCCCTGGTATGAGCACCAGAACAGCAGAGGCT
AGGGTTAATGTCGAGACAGGGAACAGAAGGTAGACACAGGAA
CAGACAGAGACGGGGGAGCCAGGTAACAAAGGAATGGTCCTT
CTCACCTGTGGCCAGAGCGTCCATCTGTGTCCACATACTCTA
GAATGTTCATCAGACTGCAGGGCTGGCTTGGGAGGCAGCTGG
AAAGAGTATGTGAGAGCCAGGGGAGACAAGGGGGCCTAGGAA
AGGAAGAAGAGGGCAAACCAGGCCACACAAGAGGGCAGAGCC
CAGAACTGAGTTAACTCCTTCCTTGTTGCATCTTCCATAGGA
GGCAGTGGGAACTCTGTGACCACCATCCCCCATGAGCCCCCA
CTACCCATACCAAGTTTGGCCTGAGTGGCATTCTAGGTTCCC
TGAGGACAGAGCCTGGCCTTTGTCTCTTGGACCTGACCCAAG
CTGACCCAATGTTCTCAGTACCTTATCATGCCCTCAAGAGCT
TGAGAACCAGGCAGTGACATATTAGGCCATGGGCTAACCCTG
GAGCTTGCACACAGGAGCCTCAAGTGACCTCCAGGGACACAG
CTGCAGACAGGTGGCCTTTATCCCCAAAGAGCAACCATTTGG
CATAGGTGGCTGCAAATGGGAATGCAAGGTTGAATCAGGTCC
CTTCAAGAATACTGCATGCAAGACCTAAGACCCCTGGAGAGA
GGGGTATGCTCCTGCCCCCACCCACCATAAGGGGAGTGAACT
ATCCTAGGGGGCTGGCGACCTTGGGGAGACACCACATTACTG
AGAGTGCTGAGCCCAGAAAAACTGACCGCCCTGTGTCCTGCC
CACCTCCACACTCTAGAGCTATATTGAGAGGTGACAGTAGAT
AGGGTGGGAGCTGGTAGCAGGGAGAGTGTTCCTGGGTGTGAG
GGTGTAGGGGAAAGCCAGAGCAGGGGAGTCTGGCTTTGTCTC
CTGAACACAATGTCTACTTAGTTATAACAGGCATGACCTGCT
AAAGACCCAACATCTACGACCTCTGAAAAGACAGCAGCCCTG
GAGGACAGGGGTTGTCTCTGAGCCTTGGGTGCTTGATGGTGC

Jun. 2, 2022
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TABLE 3-continued

PROMOTER

SEQUENCE

SEQ ID
NO:

CACAAAGGAGGGCATGAGTGTGAGTATAAGGCCCCAGGAGCG
TTAGAGAAGGGCACTTGGGAAGGGGTCAGTCTGCAGAGCCCC
TATCCATGGAATCTGGAGCCTGGGGCCAACTGGTGTAAATCT
CTGGGCCTGCCAGGCATTCAAAGCAGCACCTGCATCCTCTGG
CAGCCTGGGGAGGCGGAAGGGAGCAACCCCCCACTTATACCC
TTTCTCCCTCAGCCCCAGGATTAACACCTCTGGCCTTCCCCC
TTCCCACCTCCCATCAGGAGTGGAGGGTTGCAGAGGGAGGGT
AAAAACCTACATGTCCAAACATCATGGTGCACGATATATGGA
TCAGTATGTGTAGAGGCAAGAAAGGAAATCTGCAGGCTTAAC
TGGGTTAATGTGTAAAGTCTGTGTGCATGTGTGTGTGTCTGA
CTGAAAACGGGCATGGCTGTGCAGCTGTTCAGTTCTGTGCGT
GAGGTTACCAGACTGCAGGTTTGTGTGTAAATTGCCCAAGGC
AAAGTGGGTGAATCCCTTCCATGGTTTAAAGAGATTGGATGA
TGGCCTGCATCTCAAGGACCATGGAAAATAGAATGGACACTC
TATATGTGTCTCTAAGCTAAGGTAGCAAGGTCTTTGGAGGAC
ACCTGTCTAGAGATGTGGGCAACAGAGACTACAGACAGTATC
TGTACAGAGTAAGGAGAGAGAGGAGGGGGTGTAGAATTCTCT
TACTATCAAAGGGAAACTGAGTCGTGCACCTGCAAAGTGGAT
GCTCTCCCTAGACATCATGACTTTGTCTCTGGGGAGCCAGCA
CTGTGGAACTTCAGGTCTGAGAGAGTAGGAGGCTCCCCTCAG
CCTGAAGCTATGCAGATAGCCAGGGTTGAAAGGGGGAAGGGA
GAGCCTGGGATGGGAGCTTGTGTGT TGGAGGCAGGGGACAGA
TATTAAGCCTGGAAGAGAAGGTGACCCTTACCCAGTTGTTCA
ACTCACCCTTCAGATTAAAAATAACTGAGGTAAGGGCCTGGG
TAGGGGAGGTGGTGTGAGACGCTCCTGTCTCTCCTCTATCTG
CCCATCGGCCCTTTGGGGAGGAGGAATGTGCCCAAGGACTAA
AAAAAGGCCATGGAGCCAGAGGGGCGAGGGCAACAGACCTTT
CATGGGCAAACCTTGGGGCCCTGCTGTCCTCCTGTCACCTCC
AGAGCCAAGGGATCAAAGGAGGAGGAGCCAGGACAGGAGGGA
AGTGGGAGGGAGGGTCCCAGCAGAGGACTCCAAATTTAGGCA
GCAGGCATATGGGATGGGATATAAAGGGGCTGGAGCACTGAG
AGCTGTCAGAGATTTCTCCAACCCAGGTAAGAGGGAGTTTCG
GGTGGGGGCTCTTCACCCACACCAGACCTCTCCCCACCTAGA
AGGAAACTGCCTTTCCTGGAAGTGGGGTTCAGGCCGGTCAGA
GATCTGACAGGGTGGCCTTCCACCAGCCTGGGAAGTTCTCAG
TGGCAGGAGGTTTCCACAAGAAACACTGGATGCCCCTTCCCT
TACGCTGTCTTCTCCATCTTCCTCCTGGGGATGCTCCTCCCC
GTCTTGGTTTATCTTGGCTCTTCGTCTTCAGCAAGATTTGCC
CTGTGCTGTCCACTCCATCTTTCTCTACTGTCTCCGTGCCTT
GCCTTGCCTTCTTGCGTGTCCTTCCTTTCCACCCATTTCTCA
CTTCACCTTTTCTCCCCTTCTCATTTGTATTCATCCTTCCTT
CCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTTC
TCCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTT
CCTGTGTCAGAGTGCTGAGAATCACACCTGGGGTTCCCACCC
TTATGTAAACAATCTTCCAGTGAGCCACAGCTTCAGTGCTGC
TGGGTGCTCTCTTACCTTCCTCACCCCCTGGCTTGTCCTGTT
CCATCCTGGTCAGGATCTCTAGATTGGTCTCCCAGCCTCTGC
TACTCCTCTTCCTGCCTGTTCCTCTCTCTGTCCAGCTGCGCC
ACTGTGGTGCCTCGTTCCAGCTGTGGTCCACATTCTTCAGGA
TTCTCTGAAAAGTTAACCAGGTGAGAATGTTTCCCCTGTAGA
CAGCAGATCACGATTCTCCCGGAAGTCAGGCTTCCAGCCCTC
TCTTTCTCTGCCCAGCTGCCCGGCACTCTTAGCAAACCTCAG
GCACCCTTACCCCACATAGACCTCTGACAGAGAAGCAGGCAC
TTTACATGGAGTCCTGGTGGGAGAGCCATAGGCTACGGTGTA
AAAGAGGCAGGGAAGTGGTGGTGTAGGAAAGTCAGGACTTCA
CATAGAAGCCTAGCCCACACCAGAAATGACAGACAGATCCCT
CCTATCTCCCCCATAAGAGTTTGAGTCGACCCGCGGCCCCGA
ATTG

Chicken cardiacGGGATAAAAGCAGTCTGGGCTTTCACATGACAGCATCTGGGG

troponin T
promoter
(cTnT)

Human Creatine
Kinase M
(hCKM)

CTGCGGCAGAGGGTCGGGTCCGAAGCGCTGCCTTATCAGCGT
CCCCAGCCCTGGGAGGTGACAGCTGGCTGGCTTGTGTCAGCC
CCTCGGGCACTCACGTATCTCCGTCCGACGGGTTTAAAATAG
CAAAACTCTGAGGCCACACAATAGCTTGGGCTTATATGGGCT
CCTGTGGGGGAAGGGGGAGCACGGAGGGGGCCGGGGCCGCTE
CTGCCAAAATAGCAGCTCACAAGTGTTGCATTCCTCTCTGGG
CGCCGGGCACATTCCTGCTGGCTCTGCCCGCCCCGGGETGGGE
CGCCGGGGGGACCTTAAAGCCTCTGCCCCCCAAGGAGCCCTT
CCCAGACAGCCGCCGGCACCCACCGCTCCGTGGGA

CTCTCAGCCCTGGAAGTCCTTGCTCACAGCCGAGGCGCCGAG
AGCGCTTGCTCTGCCCAGATCTGCGCGAGTCTGGCGCCCGCG
CTCTGAACGGCGTCGCTGCCCAGCCCCCTTCCCCGGGAGGTG
GGAGCGGCCACCCAGGGCCCCGTGGCTGCCCTTGTAAGGAGG

35

36
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TABLE 3-continued

PROMOTER

SEQUENCE

SEQ ID
NO:

Human beta-
actin (HuBa)

Chicken beta-
actin (CBA)

CGAGGCCCGAGGACACCCGAGACGCCCGGTTATAATTAACCA
GGACACGTGGCGAACCCCCCTCCAACACCTGCCCCCGAACCT
CCCCATACCCAGCGCCTCGGGTCTCGGCCTTTGCGGCAGAGG
AGACAGCAAAGCGCCCTCTAAAAATAACTCCTTTCCCGGCGA
CCGAGACCCTCCCTGTCCCCCGCACAGCGGAAATCTCCCAGT
GGCACCGAGGGGGCGAGGGTTAAGTGGGGGGGAGGGTGACCA
CCGCCTCCCACCCTTGCCCTGAGTTTGAATCTCTCCAACTCA
GCCAGCCTCAGTTTCCCCTCCACTCAGTCCCTAGGAGGAAGG
GGCGCCCAAGCGCGGGTTTCTGGGGTTAGACTGCCCTCCATT
GCAATTGGTCCTTCTCCCGGCCTCTGCTTCCTCCAGCTCACA
GGGTATCTGCTCCTCCTGGAGCCACACCTTGGTTCCCCGAGG
TGCCGCTGGGACTCGGGTAGGGGTGAGGGCCCAGGGGGCACA
GGGGGAGCCGAGGGCCACAGGAAGGGCTGGTGGCTGAAGGAG
ACTCAGGGGCCAGGGGACGGTGGCTTCTACGTGCTTGGGACG
TTCCCAGCCACCGTCCCATGTTCCCGGCGGGGGGCCAGCTGT
CCCCACCGCCAGCCCAACTCAGCACTTGGT CAGGGTATCAGC
TTGGTGGGGGGGCGTGAGCCCAGCCCCTGGGGCGGCTCAGCC
CATACAAGGCCATGGGGCTGGGCGCARAGCATGCCTGGGTTC
AGGGTGGGTATGGTGCGGGAGCAGGGAGGTGAGAGGCTCAGC
TGCCCTCCAGAACTCCTCCCTGGGGACAACCCCTCCCAGCCA
ATAGCACAGCCTAGGTCCCCCTATATAAGGCCACGGCTGCTG
GCCCTTCCTTTGGGTCAGTGTCACCTCCAGGATACAGACA

GCCCAGCACCCCAAGGCGGCCAACGCCAAAACTCTCCCTCCT
CCTCTTCCTCAATCTCGCTCTCGCTCTTTTTTTTTTTCGCAA
AAGGAGGGGAGAGGGGGTAAAAAAATGCTGCACTGTGCGGCG
AAGCCGGTGAGTGAGCGGCGCGGGGCCAATCAGCGTGCGCCG
TTCCGAAAGTTGCCTTTTATGGCTCGAGCGGCCGCGGCGGCE
CCCTATAAAACCCAGCGGCGCGACGCGCCACCACCGCCGAGT
o

GGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTC
CCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTA
GGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTC
CCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTA
ATTATTTTGTGCAGCGATGGGGGCGGGGGEEGEGEEEGEGEECGCE
CGCCAGGCGGGGCGGEGEECGGEEECGAGGGGCEGEEECEGEGELGA
GGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCC
GAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCT
ATAAAAAGCGAAGCGCGCGGCGGGCGGGA

CytomegalovirusTGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGC

(cMV)

GGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACG
TGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGC
GGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACG
TCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTC
CAAAATGTCGTAATAACCCCGCCCCGTTGACGCARATGGGCG
GTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTT
TAGTGAACCG

CytomegalovirusTAGTTATTAATAGTAATCAATTACGGGGTCATTAGT TCATAG

(CMV)
(second
version)

CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGG
CCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTC
AATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTT
CCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCA
CTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCC
TATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGC
CCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG
GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGG
ATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAA
CTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTG
GGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGT

CytomegalovirusCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC

(cMv) (third
version)

CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGT
GGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGG
TAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
TATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCG
TGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCC

37

38

39

40

41
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TABLE 3-continued

PROMOTER

SEQUENCE

SEQ ID
NO:

CAG promoter

CATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACG
GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAG
AGCT

ACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCC

(first version)CCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAAC

CAG promoter
(second
version)

Human EF1-
alpha (EFl-a)

Human
CamKIIa
(CaMKIIa)

GCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTT
ACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCC
CGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCC
TACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCAT
GGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTC
CCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTA
ATTATTTTGTGCAGCGATGGGGGCGGGGGEEGEGEEEGEGEECGCE
CGCCAGGCGGGGCGGEGEECGGEEECGAGGGGCEGEEECEGEGELGA
GGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCC
GAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCT
ATAAAAAGCGAAGCGCGCGGCGGGCGG

CGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGT
GGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGG
TAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
TATTACCATGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTC
CCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTT
ATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGEEGEEE
GGGGCGCGCGCCAGGCGGGGCGEEEGECEEGGECEAGGGGLGGEEE
CGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGG
CGCGCTCCGARAGTTTCCTTTTATGGCGAGGCGGCGGCGGCE
GCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCG

CAACCTTTGGAGCTAAGCCAGCAATGGTAGAGGGAAGATTCT
GCACGTCCCTTCCAGGCGGCCTCCCCGTCACCACCCCCCCCA
ACCCGCCCCGACCGGAGCTGAGAGTAATTCATACAAAAGGAC
TCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACTC
CCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCT
CACCCGCCCGCTCTCGTCATCACTGAGGTGGAGAATAGCATG
CGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGC
CCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAA
CGGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTG
ATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTT

ACTTGTGGACAAAGTTTGCTCTATTCCACCTCCTCCAGGCCC
TCCTTGGGTCCATCACCCCAGGGGTGCTGGGTCCATCCCACC
CCCAGGCCCACACAGGCTTGCAGTATTGTGTGCGGTATGGTC
AGGGCGTCCGAGAGCAGGTTTCGCAGTGGAAGGCAGGCAGGT
GTTGGGGAGGCAGTTACCGGGGCAACGGGAACAGGGCGTTTT
GGAGGTGGTTGCCATGGGGACCTGGATGCTGACGAAGGCTCG
CGAGGCTGTGAGCAGCCACAGTGCCCTGC

42

43

44

48

[0161]

In a certain embodiment, the vector genome com-

Virus thymidine kinase (HSV tk), the immediate early
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prises a polynucleotide sequence at least 75%, 80%, 85%,
90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 31. In a certain embodiment, the
vector genome comprises a polynucleotide sequence at least
75%, 80%, 85%, 90%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 32. In a certain
embodiment, the vector genome comprises a polynucleotide
sequence at least 75%, 80%, 85%, 90%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 33.

[0162] Further illustrative examples of promoters are the
SV40 late promoter from simian virus 40, the Baculovirus
polyhedron enhancer/promoter element, Herpes Simplex

promoter from cytomegalovirus (CMV) and various retro-
viral promoters including TR elements. A large variety of
other promoters are known and generally available in the art,
and the sequences of many such promoters are available in
sequence databases such as the GenBank database.

[0163] In some cases, vectors of the present disclosure
further comprise one or more regulatory elements selected
from the group consisting of an enhancer, an intron, a
poly-A signal, a 2A peptide encoding sequence, a WPRE
(Woodchuck hepatitis virus posttranscriptional regulatory
element), and a HPRE (Hepatitis B posttranscriptional regu-
latory element).

[0164] In some embodiments, the vector comprises a
CMYV enhancer.
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[0165] In certain embodiments, the vectors comprise one
or more enhancers. In particular embodiments, the enhancer
is a CMV enhancer sequence, a GAPDH enhancer sequence,
a (3-actin enhancer sequence, or an FEFl-a enhancer
sequence. Sequences of the foregoing are known in the art.
For example, the sequence of the CMV immediate early (IE)
enhancer is SEQ ID NO: 50.

[0166] In certain embodiments, the vectors comprise one
or more introns. In particular embodiments, the intron is a
rabbit globin intron sequence, a chicken [-actin intron
sequence, a synthetic intron sequence, an SV40 intron, or an
EF1-a intron sequence.

[0167] In certain embodiments, the vectors comprise a
polyA sequence. In particular embodiments, the polyA
sequence is a rabbit globin polyA sequence, a human growth
hormone polyA sequence, a bovine growth hormone polyA

Jun. 2, 2022

sequence, a PGK polyA sequence, an SV40 polyA sequence,
or a TK polyA sequence. In some embodiments, the poly-A
signal may be a bovine growth hormone polyadenylation
signal (bGHpA).

[0168] In certain embodiments, the vectors comprise one
or more transcript stabilizing element. In particular embodi-
ments, the transcript stabilizing element is a WPRE
sequence, a HPRE sequence, a scaffold-attachment region, a
3'UTR, ora 5' UTR. In particular embodiments, the vectors
comprise both a §' UTR and a 3' UTR.

[0169] In some embodiments, the vector comprises a 5'
untranslated region (UTR) selected from Table 4. In some
embodiments, the vector genome comprises a polynucle-
otide sequence at least 75%, 80%, 85%, 90%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any
one of SEQ ID NOS 51-61.

TABLE 4
5 SEQ
UNTRANSLATED D
REGION SEQUENCE NO:

Human beta-actin

exon/intron

Chicken beta-actin

CGCGTCCGCCCGCGAGCACAGAGCCTCGCCTTTGCCGATC 51
CGCCGCCCGTCCACACCCGCCGCCAGGTAAGCCCGGCCAG
CCGACCGGGGCATGCGGCCGCGGCCCTTCGCCCGTGCAGA
GCCGCCGTCTGGGCCGCAGCGGGGGGCGCATGGGGCGGAA
CCGGACCGCCGTGGGGGEGCGCGEGGAGAAGCCCCTGGGCCT
CCGGAGATGGGGGACACCCCACGCCAGTTCGCAGGCGCGA
GGCCGCGCTCGGGCGGGCECGCTCCGGGGGETGCCGCTCTC
GGGGCGGGGGCAACCGGCGGGGTCTTTGTCTGAGCCGGGC
TCTTGCCAATGGGGATCGCACGGTGGGCGCGGCGTAGCCC
CCGTCAGGCCCGGTGGGGGCTGGGGCGCCATGCGCGTGCG
CGCTGGTCCTTTGGGCGCTAACTGCGTGCGCGCTGGGAAT
TGGCGCTAATTGCGCGTGCGCGCTGGGACTCAATGGCGCT
AATCGCGCGTGCGTTCTGGGGCCCGGGCGCTTGCGCCACT
TCCTGCCCGAGCCGCTGGCGCCCGAGGGTGTGGCCGCTGC
GTGCGCGCGCGCGACCCGGTCGCTGTTTGAACCGGGCGGA
GGCGGGGCTGGCGCCCGGTTGGGAGGGGGTTGGGGCCTGG
CTTCCTGCCGCGCGCCGCGGGGACGCCTCCGACCAGTGTT
TGCCTTTTATGGTAATAACGCGGCCGGCCCGGCTTCCTTT
GTCCCCAATCTGGGCGCGCGCCGGCGCCCCCTGGCGGCCT
AAGGACTCGGCGCGCCGGAAGTGGCCAGGGCGGCAGCGGTL
TGCTCTTGGCGGCCCCGAGGTGACTATAGCCTTCTTTTGT
GTCTTGATAGTTCGCCAGCCTCTGCTAACCATGTTCATGC
CTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTC

GTCGCTGCGCGCTGCCTTCGCCCCGTGCCCCGCTCCGCCG 52

exon/intron + rabbit CCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTT

globin intron

ACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCG
GGCTGTAATTAGCGCTTGGTTTAATGACGGCTTGTTTCTT
TTCTGTGGCTGCGTGAAAGCCTTGAGGGGCTCCGGGAGGG
CCCTTTGTGCGGGGGGAGCGGCTCGGGGGETGCGETGCGTG
TGTGTGTGCGTGGGGAGCGCCGCGTGCGGCTCCGCGCTGC
CCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGECTTTG
TGCGCTCCGCAGTGTGCGCGAGGGGAGCGCGGCCGGGGEGT
GGTGCCCCGCGGTGCGGGGEEGGGECTGCGAGGGGAACAAAG
GCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGG
TGTGGGCGCGTCGGTCGGGCTGCAACCCCCCCTGCACCCC
CCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGG
GGCTCCGTACGGGGCGTGGCGCGGGGCTCGCCGTGCCGGE
CGGGGGGTGGCGGCAGGTGGGGGTGCCGGGECGGEECEEEE
CCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGCG
GCCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCE
CAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAG
GGACTTCCTTTGTCCCAAATCTGTGCGGAGCCGARAATCTG
GGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGGCGAA
GCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGGAGGGC
CTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCCTCTCC
AGCCTCGGGGCTGTCCGCGGGGGGACGGCTGCCTTCGGGG
GGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACC
GGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCT
TCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTTATTGT
GCTGTCTCATCATTTTGGCAAAGAATTC
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5
UNTRANSLATED
REGION

SEQUENCE

SEQ
iD
NO:

SV40 intron
(Chimeric intron
sequence)

Shown in FIG. 14

5'UTR-Synl Hs

CMV IE exon

TPL-ePKP2
(adenovirus derived
enhancer element)

Human EFl-a
intron/exon

HumanEFl-a,
intron A

GGTAAGTTTAGTCTTTTTGTCTTTTATTTCAGGTCCCGGA
TCCGGTGGTGGTGCAAATCAAAGAACTGCTCCTCAGTGGA
TGTTGCCTTTACTTCTAGGCCTGTACGGAAGTGTTACTTC
TGCTCTAAAAGCTGCGGAATTGTACCCGC

AGTCTGCGGTGGGCAGCGGAGGAGTCGTGTCGTGCCTGAG
AGCGCAGCTGTGCTCCTGGGCACCGCGCAGTCCGCCCCCG
CGGCTCCTGGCCAGACCACCCCTAGGACCCCCTGCCCCAA
GTCGCA

TCAGATCGCCTGGAGAGGCCATCCACGCTGTTTTGACCTC
CATAGTGGACACCGGGACCGATCCAGCCTCCGCGGCCGGEG
AACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGA
o

CTCACTCTCTTCCGCATCGCTGTCTGCGAGGGCCAGCTGT
TGGGCTCGCGGTTGAGGACAAACTCTTCGCGGTCTTTCCA
GTACTCTTGGATCGGAAACCCGTCGGCCTCCGAACGGTAC
TCCGCCACCGAGGGACCTGAGCGAGTCCGCATCGACCGGA
TCGGAAAACCTCTCGAGAAAGGCGTCTAACCAGTCACAGT
CGCAAGGTAGGCTGAGCACCGTGGCGGGCGGCAGCGGETG
GCGGTCGGGGTTGTTTCTGGCGGAGGTGCTGCTGATGATG
TAATTAAAGTAGGCGGTCTTGAGACGGCGGATGGTCGAGG
TGAGGTGTGGCAGGCTTGAGATCCAGCTGTTGGGGTGAGT
ACTCCCTCTCAAAAGCGGGCATTACTTCTGCGCTAAGATT
GTCAGTTTCCAAAAACGAGGAGGATTTGATATTCACCTGG
CCCGATCTGGCCATACACTTGAGTGACAATGACATCCACT
TTGCCTTTCTCTCCACAGGTGTCCACTCCCAG

CTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTG
CCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTA
TGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTCCAG
TACGTGATTCTTGATCCCGAGCTGGAGCCAGGGGCGGGCC
TTGCGCTTTAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAG
GCCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTGGT
GGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCT
AGCCATTTAAAATTTTTGATGACGTGCTGCGACGCTTTTT
TTCTGGCAAGATAGTCTTGTAAATGCGGGCCAGGATCTGC
ACACTGGTATTTCGGTTTTTGGGCCCGCGGCCGGCGACGG
GGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGT
CTGCGAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTC
AAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCT
GTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCG
GCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCC
CTGCTCCAGGGGGCTCAAAATGGAGGACGCGGCGCTCGGG
AGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCC
TTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGT
ACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTGGAGCTT
TTGGAGTACGTCGTCTTTAGGT TGGGGGGAGGGGTTTTAT
GCGATGGAGTTTCCCCACACTGAGTGGGTGGAGACTGAAG
TTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATT
TGGCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCT
CAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAG

GTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTA
CGGGTTATGGCCCTTGCGTGCCTTGAATTACTTCCACCTG
GCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGA
AGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGGAGCCC
CTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTG
GGGCCGCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTGT
CTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTT
GATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCT
TGTAAATGCGGGCCAAGATCTGCACACTGGTATTTCGGTT
TTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTCCCAGT
GCACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACC
GAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGCT
CTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCCCGCCCT
GGGCGGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGC
GGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCA
ARAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGT
CACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAGCCGT
CGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGG

53

54

55

56

57

58
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TABLE 4-continued
5t SEQ
UNTRANSLATED D
REGION SEQUENCE NO:

CACCTCGATTAGTTCTCGAGCTTTTGGAGTACGTCGTCTT
TAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCA
CACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCAC
TTGATGTAATTCTCCTTGGAATTTGCCCTTTTTGAGTTTG
GATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAAAG

TTTTTTTCTTCCATTTCAG
5'UTR human TCAGAAGCCCCGGGCTCGTCAGTCAAACCGGTTCTCTGTT 59
CamKIIa TGCACTCGGCAGCACGGGCAGGCAAGTGGTCCCTAGGTTC

GGG
B-globin intron GTGAGTCTATGGGACCCTTGATGTTTTCTTTCCCCTTCTT 60

TTCTATGGTTAAGTTCATGTCATAGGAAGGGGAGAAGTAA
CAGGGTACACATATTGACCAAATCAGGGTAATTTTGCATT
TGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTT
TTGTTTATCTTATTTCTAATACTTTCCCTAATCTCTTTCT
TTCAGGGCAATAATGATACAATGTATCATGCCTCTTTGCA
CCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGC
AATAGCAATATTTCTGCATATAAATATTTCTGCATATAAA
TTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGC
TACAATCCAGCTACCATTCTGCTTTTATTTTATGGTTGGG
ATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTG
CTAATCATGTTCATACCTCTTATCTTCCTCCCACAG

SV40 intron (long TCTAGAGGATCCGGTACTCGAGGAACTGAAAAACCAGAAR 61
form; underlined 5' GTTAACTGGTAAGTTTAGTCTTTTTGTCTTTTATTTCAGG
and 3' extensions) TCCCGGATCCGGTGGTGGTGCAAATCAAAGAACTGCTCCT

CAGTGGATGTTGCCTTTACTTCTAGGCCTGTACGGAAGTG
TTACTTCTGCTCTAAAAGCTGCGGAATTGTACCCGC

[0170] In some embodiments, the vector comprises a 3' sequence at least 75%, 80%, 85%, 90%, 92%, 93%, 94%,
untranslated region selected from Table 5. In some embodi- 95%, 96%, 97%, 98%, 99%, or 100% identical to any one
ments, the vector genome comprises a polynucleotide of SEQ ID NOS 62-70.

TABLE 5

SEQ
3' UNTRANSLATED D
REGION SEQUENCE NO:

WPRE (x) {(mutated AATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTG 62
woodchuck hepatitis GTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATA
regulatory element - CGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGT
version 1) ATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGC
TGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACT
GGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGA
CTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCAT
CGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTG
TTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCAT
CGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGAT
TCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTC
AATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTC
TGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAG
TCGGATCTCCCTTTGGGCCGCCTCCCCGC

WPRE (x) {(mutated TCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGT 63
woodchuck hepatitis ATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACG
regulatory element - CTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTAT
version 2) GGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTG
TCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTG
GCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGG
TTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACT
TTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCG
CCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCG
TCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTC
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3' UNTRANSLATED
REGION

SEQUENCE

SEQ
iD
NO:

WPRE (x) (mutated
woodchuck hepatitis
regulatory element -
version 3)

CARX

EES

HPRE

R2V17 (HepB derived
enhancer element)

TGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAA
TCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG
CGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTC
GGATCTCCCTTTGGGCCGCCTCCCCGCA

TTCCTGTTAATCAACCTCTGGATTACAAAATTTGTGAAAG
ATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTA
TGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTG
CTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATC
CTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTC
AGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAA
CCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCT
TTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCG
GAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGG
CTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGG
GAAGCTGACGTCCTTTCCGCGGCTGCTCGCCTGTGTTGCC
ACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTT
CGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCT
GCCGGCTCTGCGGCCTCTTCCGCCTCTTCGCCTTCGCCCT
CAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCCA
TGTATCTTTTTCACCTGTGCCTTGTTTTTGCCTGTGTTCC
GCGTCCTACTTTTCAAGCCTCCAAGCTGTGCCTTGGGCGG
CTTTGGGGCATGGACATAGATCCCTATAAAGAATTTGGTT
CATCTTATCAGTTGTTGAATTTTCTTCCTTTGGAC

TGTGTGATAATG

CTGTTCTCATCACATCATATCAAGGTTATATACCATCAAT
ATTGCCACAGATGTTACTTAGCCTTTTAATATTTCTCTAA
TTTAGTGTATATGCAATGATAGTTCTCTGATTTCTGAGAT
TGAGTTTCTCATGTGTAATGATTATTTAGAGTTTCTCTTT
CATCTGTTCAAATTTTTGTCTAGTTTTATTTTTTACTGAT
TTGTAAGACTTCTTTTTATAATCTGCATATTACAATTCTC
TTTACTGGGGTGTTGCAAATATTTTCTGTCATTCTATGGC
CTGACTTTTCTTAATGGTTTTTTAATT TTAAAAATAAGTC
TTAATATTCATGCAATCTAATTAACAATCTTTTCTTTGTG
GTTAGGACTTTGAGTCATAAGAAATTTTTCTCTACACTGA
AGTCATGATGGCATGCTTCTATATTATTTTCTAAAAGATT
TAAAGTTTTGCCTTCTCCATTTAGACTTATAATTCACTGG
AATTTTTTTGTGTGTATGGTATGACATATGGGTTCCCTTT
TATTTTTTACATATAAATATATTTCCCTGTTTTTCTAAAA
AAGAAAAAGATCATCATTTTCCCATTGTAAAATGCCATAT
TTTTTTCATAGGTCACTTACATATATCAATGGGTCTGTTT
CTGAGCTCTACTCTATTTTATCAGCCTCACTGTCTATCCC
CACACATCTCATGCTTTGCTCTAAATCTTGATATTTAGTG
GAACATTCTTTCCCATTTTGTTCTACAAGAATATTTTTGT
TATTGTCTTTGGGCTTTCTATATACATTTTGAAATGAGGT
TGACAAGTTA

ATAACAGGCCTATTGATTGGAAAGTTTGTCAACGAATTGT
GGGTCTTTTGGGGTTTGCTGCCCCTTTTACGCAATGTGGA
TATCCTGCTTTAATGCCTTTATATGCATGTATACAAGCAA
AACAGGCTTTTACTTTCTCGCCAACTTACAAGGCCTTTCT
CAGTAAACAGTATATGACCCTTTACCCCGTTGCTCGGCAA
CGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCA
CTGGTTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGG
AACCTTTGTGTCTCCTCTGCCGATCCATACTGCGGAACTC
CTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCAAACC
TCATCGGGACCGACAATTCTGTCGTACTCTCCCGCAAGTA
TACATCGTTTCCATGGCTGCTAGGCTGTGCTGCCAACTGG
ATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGC
TGAATCCCGCGGACGACCCCTCCCGGGGCCGCTTGGGGCT
CTACCGCCCGCTTCTCCGTCTGCCGTACCGTCCGACCACG
GGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGCCTT
CTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTCTGCA
CGTCGCATGGAGGCCACCGTGAACGCCCACCGGAACCTGC
CCAAGGTCTTGCATAAGAGGACTCTTGGACTTTCAGCAAT
GTCATC

TTCCTGTAAACAGGCCTATTGATTGGAAAGTTTGTCAACG
AATTGTGGGTCTTTTGGGGTTTGCTGCCCCTTTTACGCAA
TGTGGATATCCTGCTTTAATGCCTTTATATGCATGTATAC
AAGCAAAACAGGCTTTTACTTTCTCGCCAACTTACAAGGC

64

65

66

67

68
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3' UNTRANSLATED
REGION

SEQUENCE

SEQ
iD
NO:

3'UTR{globin)

WPRE (1)

CTTTCTCAGTAAACAGTATATGACCCTTTACCCCGTTGCT
CGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAA
CCCCCACTGGTTGGGGCTTGGCCATAGGCCATCAGCGCAT
GCGTGGAACCTTTGTGTCTCCTCTGCCGATCCATACTGCG
GAACTCCTAGCCGCTTGTTTTGCTCGCAGCTGGACTGGAG
CAAACCTCATCGGGACCGACAATTCTGTCGTACTCTCCCG
CAAGCACTCACCGTTTCCGCGGCTGCTCGCCTGTGTTGCC
ACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTT
CGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCT
GCCGGCTCTGCGGCCTCTTCCGCCTCTTCGCCTTCGCCCT
CAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCCA
TGTATCTTTTTCACCTGTGCCTTGTTTTTGCCTGTGTTCC
GCGTCCTACTTTTCAAGCCTCCAAGCTGTGCCTTGGGCGG
CTTTGGGGCATGGACATAGATCCCTATAAAGAATTTGGTT
CATCTTATCAGTTGTTGAATTTTCTTCCTTTGGAC

GCTGGAGCCTCGGTAGCCGTTCCTCCTGCCCGCTGGGCCT
CCCAACGGGCCCTCCTCCCCTCCTTGCACCGGCCCTTCCT
GGTCTTTGAATAAA

ATTCGAGCATCTTACCGCCATTTATTCCCATATTTGTTCT
GTTTTTCTTGATTTGGGTATACATTTAAATGTTAATAAAA
CAAAATGGTGGGGCAATCATTTACATTTTTAGGGATATGT
AATTACTAGTTCAGGTGTATTGCCACAAGACAAACATGTT
AAGAAACTTTCCCGTTATTTACGCTCTGTTCCTGTTAATC
AACCTCTGGATTACAAAATTTGTGAAAGATTGACTGATAT
TCTTAACTATGTTGCTCCTTTTACGCTGTGTGGATATGCT
GCTTTAATGCCTCTGTATCATGCTATTGCTTCCCGTACGG
CTTTCGTTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTC
TCTTTATGAGGAGTTGTGGCCCGTTGTCCGTCAACGTGGC
GTGGTGTGCTCTGTGTTTGCTGACGCAACCCCCACTGGCT
GGGGCATTGCCACCACCTGTCAACTCCTTTCTGGGACTTT
CGCTTTCCCCCTCCCGATCGCCACGGCAGAACTCATCGCC
GCCTGCCTTGCCCGCTGCTGGACAGGGGCTAGGTTGCTGG
GCACTGATAATTCCGTGGTGTTGTCGGGGAAGGGCC

69

70

[0171]

In some embodiments, the vector comprises a
polyadenylation (polyA) signal selected from Table 6. In
some embodiments, the polyA signal comprises a polynucle-

otide sequence at least 75%, 80%, 85%, 90%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any

one of SEQ ID NOS 71-75.
TABLE 6
POLY- SEQ
ADENYLATION iD
SITE SEQUENCE NO:
Rabbit globin TGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTG 71
(pAGlobin-0Oc) TTGGAATTTTTTGTGTCTCTCACTCGGAAGAACATATGG
GAGGGCAAATCATTTAAAACATCAGAATGAGTATTTGGT
TTAGAGTTTGGCAACATATGCCCATATGCTGGCTGCCAT
GAACAAAGGTTGGCTATAAAGAGGTCATCAGTATATGAA
ACAGCCCCCTGCTGTCCATTCCTTATTCCATAGAAAAGC
CTTGACTTGAGGTTAGATTTTTTTTATATTTTGTTTTGT
GTTATTTTTTTCTTTAACATCCCTAAAATTTTCCTTACA
TGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTACT
CCCAGTCATAGCTGTCCCTCTTCTCTTATGGAGATC
Bovine growth TTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTC 72

hormone (pAGH-Bt -

version 1)

CTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTA
ATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTG
TCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAA
GGGGGAGGATTGGGAATACAATAGCAGGCATGCTGGGGA
TGCGGTGGGCTCTATGGGTACCCAGGTGCTGAAGAATTG
ACCCGGTTCCTCCTGGG
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TABLE 6-continued

POLY-
ADENYLATION
SITE

SEQUENCE

SEQ

NO:

Bovine growth
hormone (pAGH-Bt -
versgion 2)

Bovine growth
hormone (pAGH-Bt -
version 3)

Human growth
hormone (pAGH-Hs)

TTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTC
CTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTA
ATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTG
TCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAA
GGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGA
TGCGGTGGGCTCTATGGGTACCCAGGTGCTGAAGAATTG
ACCCGGTTCCTCCTGGG

CTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCT
CCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCA
CTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATT
GTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGG
GGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCA
GGCATGCTGGGGATGCGGTGGGCTCTATGG

CTGCCCGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCT
CTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGC
CTTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTGAC
TAGGTGTCCTTCTATAATATTATGGGGTGGAGGGGGGTG
GTATGGAGCAAGGGGCCCAAGTTGGGAAGAAACCTGTAG

73

74

75
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GGCCTGC

[0172] Illustrative vector genomes are depicted in FIGS.
1-4 and 11-14; and provided as SEQ ID NOs: 12-15 and
89-92. The expression cassette of each sequence is SEQ 1D
NOs: 8-11 or 93-96. In some embodiments, the vector
genome comprises, consists essentially of, or consists of a
polynucleotide sequence that shares at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to any one of SEQ ID NOs: 12-15 and 89-92,
optionally with or without the ITR sequences. In some
embodiments, the vector genome comprises, consists essen-
tially of, or consists of a polynucleotide sequence that shares
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identity to any one of SEQ ID NOs: 8-11 and
93-96.

[0173] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; an MHCK7 promoter; a
PKPa transgene; an WPRE(x) element; an pAGH-HS
sequence; and a 3' ITR. The vector genome may comprise,
in 5' to 3' order, the polynucleotide sequences SEQ 1D NO:
31; any one of SEQ ID NOs: 3, 6, and 87; SEQ ID NO: 63;
and SEQ ID NO: 75; or polynucleotide sequences sharing
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identity to each of the foregoing. In certain embodi-
ments, this vector genome is packaged in an AAV9 or
AAVrh74 vector. The PKP2a transgene of this embodiment
is a full length transgene, i.e. a transgene encoding a PKP of
at least 800 or at least 830 amino acids.

[0174] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; a hTnnT2 promoter; a PKPa
transgene; an WPRE(x) element; an pAGH-HS sequence;
and a 3' ITR. The vector genome may comprise, in 5' to 3'
order, the polynucleotide sequences SEQ ID NO: 32 or 33;
any one of SEQ ID NOs: 3, 6, and 87; SEQ ID NO: 63; and
SEQ ID NO: 75; or polynucleotide sequences sharing 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to each of the foregoing. In certain embodiments,
this vector genome is packaged in an AAV9 or AAVrh74
vector. The PKP2a transgene of this embodiment is a full

length transgene, i.e. a transgene encoding a PKP of at least
800 or at least 830 amino acids.

[0175] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; an MHCK?7 promoter; a
PKPb transgene; an WPRE(x) element; an pAGH-HS
sequence; and a 3' ITR. The vector genome may comprise,
in 5' to 3' order, the polynucleotide sequences SEQ ID NO:
31; any one of SEQ ID NOs: 4, 7, and 88; SEQ ID NO: 63;
and SEQ ID NO: 75; or polynucleotide sequences sharing
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identity to each of the foregoing. In certain embodi-
ments, this vector genome is packaged in an AAV9 or
AAVrh74 vector. The PKP2b transgene of this embodiment
is a full length transgene, i.e. a transgene encoding a PKP of
at least 800 or at least 830 amino acids.

[0176] In a certain embodiment, the vector genome com-
prises, in 5'to 3' order, a 5' ITR; a hTnunT2 promoter; a PKPb
transgene; an WPRE(x) element; an pAGH-HS sequence;
and a 3' ITR. The vector genome may comprise, in 5' to 3'
order, the polynucleotide sequences SEQ ID NO: 32 or 33;
any one of SEQ ID NOs: 4, 7, and 88; SEQ ID NO: 63; and
SEQ ID NO: 75; or polynucleotide sequences sharing 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to each of the foregoing. In certain embodiments,
this vector genome is packaged in an AAV9 or AAVrh74
vector. The PKP2b transgene of this embodiment is a full
length transgene, i.e. a transgene encoding a PKP of at least
800 or at least 830 amino acids.

[0177] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; an MHCK?7 promoter; a
PKPa transgene; optionally a WPRE element; a polyade-
nylation sequence; and a 3' ITR. The vector genome may
comprise, in 5' to 3' order, the polynucleotide sequences
SEQ ID NO: 31; any one of SEQ ID NOs: 3, 6, and 87; or
polynucleotide sequences sharing 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to each
of the foregoing. In certain embodiments, this vector
genome is packaged in an AAV9 or AAVrh74 vector. The
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PKP2a transgene of this embodiment is a full length trans-
gene, i.e. a transgene encoding a PKP of at least 800 or at
least 830 amino acids.

[0178] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; a hTnnT2 promoter; a PKPa
transgene; optionally a WPRE element; a polyadenylation
sequence; and a 3' ITR. The vector genome may comprise,
in 5' to 3' order, the polynucleotide sequences SEQ 1D NO:
32 or 33; any one of SEQ ID NOs: 3, 6, and 87; or
polynucleotide sequences sharing 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to each
of the foregoing. In certain embodiments, this vector
genome is packaged in an AAV9 or AAVrh74 vector. The
PKP2a transgene of this embodiment is a full length trans-
gene, i.e. a transgene encoding a PKP of at least 800 or at
least 830 amino acids.

[0179] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; an MHCK7 promoter; a
PKPb transgene; optionally a WPRE element; a polyade-
nylation sequence; and a 3' ITR. The vector genome may
comprise, in 5' to 3' order, the polynucleotide sequences
SEQ ID NO: 31; any one of SEQ ID NOs: 4, 7, and 88; or
polynucleotide sequences sharing 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to each
of the foregoing. In certain embodiments, this vector
genome is packaged in an AAV9 or AAVrh74 vector. The
PKP2b transgene of this embodiment is a full length trans-
gene, i.e. a transgene encoding a PKP of at least 800 or at
least 830 amino acids.

[0180] In a certain embodiment, the vector genome com-
prises, in 5'to 3' order, a 5' ITR; a hTanT2 promoter; a PKPb
transgene; optionally a WPRE element; a polyadenylation
sequence; and a 3' ITR. The vector genome may comprise,
in 5' to 3' order, the polynucleotide sequences SEQ 1D NO:
32 or 33; any one of SEQ ID NOs: 4, 7, and 88; or
polynucleotide sequences sharing 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to each
of the foregoing. In certain embodiments, this vector
genome is packaged in an AAV9 or AAVrh74 vector. The
PKP2b transgene of this embodiment is a full length trans-
gene, i.e. a transgene encoding a PKP of at least 800 or at
least 830 amino acids.

[0181] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; an MHCK?7 promoter; SV40
intron; a PKPa transgene; optionally a WPRE eclement; a
polyadenylation sequence; and a 3' ITR. The vector genome
may comprise, in 5'to 3' order, the polynucleotide sequences
SEQ ID NO: 31; SEQ ID NO: 53 or 61; any one of SEQ ID
NOs: 3, 6, and 87; or polynucleotide sequences sharing 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to each of the foregoing. In certain embodiments,
this vector genome is packaged in an AAV9 or AAVrh74
vector. The PKP2a transgene of this embodiment is a full
length transgene, i.e. a transgene encoding a PKP of at least
800 or at least 830 amino acids.

[0182] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; a hTnnT2 promoter; SV40
intron; a PKPa transgene; optionally a WPRE eclement; a
polyadenylation sequence; and a 3' ITR. The vector genome
may comprise, in 5'to 3' order, the polynucleotide sequences
SEQ ID NO: 32 or 33; SEQ ID NO: 53 or 61; any one of
SEQ ID NOs: 3, 6, and 87; or polynucleotide sequences
sharing 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identity to each of the foregoing. In certain
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embodiments, this vector genome is packaged in an AAV9
or AAVrh74 vector. The PKP2a transgene of this embodi-
ment is a full length transgene, i.e. a transgene encoding a
PKP of at least 800 or at least 830 amino acids.

[0183] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; an MHCK?7 promoter; SV40
intron; a PKPb transgene; optionally a WPRE eclement; a
polyadenylation sequence; and a 3' ITR. The vector genome
may comprise, in 5'to 3' order, the polynucleotide sequences
SEQ ID NO: 31; SEQ ID NO: 53 or 61; any one of SEQ ID
NOs: 4,7, and 88; or polynucleotide sequences sharing 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to each of the foregoing. In certain embodiments,
this vector genome is packaged in an AAV9 or AAVrh74
vector. The PKP2b transgene of this embodiment is a full
length transgene, i.e. a transgene encoding a PKP of at least
800 or at least 830 amino acids.

[0184] In a certain embodiment, the vector genome com-
prises, in 5' to 3' order, a 5' ITR; a hTnnT2 promoter; SV40
intron; a PKPb transgene; optionally a WPRE eclement; a
polyadenylation sequence; and a 3' ITR. The vector genome
may comprise, in 5'to 3' order, the polynucleotide sequences
SEQ ID NO: 32 or 33; SEQ ID NO: 53 or 61; any one of
SEQ ID NOs: 4, 7, and 88; or polynucleotide sequences
sharing 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identity to each of the foregoing. In certain
embodiments, this vector genome is packaged in an AAV9
or AAVrh74 vector. The PKP2b transgene of this embodi-
ment is a full length transgene, i.e. a transgene encoding a
PKP of at least 800 or at least 830 amino acids.

[0185] In each case the optionally WPRE element may be
present or absent.

Adeno-Associated Virus Vector

[0186] AAV vectors useful in the practice of the present
invention can be packaged into AAV virions (viral particles)
using various systems including adenovirus-based and
helper-free systems. Standard methods in AAV biology
include those described in Kwon and Schaffer. Pharm Res.
(2008) 25(3):489-99; Wu et al. Mol. Ther. (2006) 14(3):316-
27. Burger et al. Mol. Ther. (2004) 10(2):302-17; Grimm et
al. Curr Gene Ther. (2003) 3(4):281-304; Deyle D R,
Russell D W. Curr Opin Mol Ther. (2009) 11(4):442-447;
McCarty et al. Gene Ther. (2001) 8(16):1248-54; and Duan
et al. Mol Ther. (2001) 4(4):383-91. Helper-free systems
included those described in U.S. Pat. Nos. 6,004,797, 7,588,
772; and 7,094,604,

[0187] AAV DNA inthe rAAV genomes may be from any
AAV variant or serotype for which a recombinant virus can
be derived including, but not limited to, AAV variants or
serotypes AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAV-6,
AAV-7, AAV-8, AAV-9, AAV-10, AAV-11, AAV-12, AAV-13
and AAVrh10. Production of pseudotyped rAAV is disclosed
in, for example, WO 01/83692. Other types of rAAV vari-
ants, for example rAAV with capsid mutations, are also
contemplated. See, for example, Marsic et al., Molecular
Therapy, 22(11): 1900-1909 (2014). The nucleotide
sequences of the genomes of various AAV serotypes are
known in the art.

[0188] In some cases, the rAAV comprises a self-comple-
mentary genome. As defined herein, an rAAV comprising a
“self-complementary” or “double stranded” genome refers
to an rAAV which has been engineered such that the coding
region of the rAAV is configured to form an intra-molecular
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double-stranded DNA template, as described in McCarty et
al. Self-complementary recombinant adeno-associated virus
(scAAV) vectors promoter efficient transduction indepen-
dently of DNA synthesis. Gene Therapy. 8 (16): 1248-54
(2001). The present disclosure contemplates the use, in some
cases, of an rAAV comprising a self-complementary genome
because upon infection (such transduction), rather than
waiting for cell mediated synthesis of the second strand of
the rAAV genome, the two complementary halves of scAAV
will associate to form one double stranded DNA (dsDNA)
unit that is ready for immediate replication and transcription.
It will be understood that instead of the full coding capacity
found in rAAV (4.7-6 kb), rAAV comprising a self-comple-
mentary genome can only hold about half of that amount
(=2.4 kb).

[0189] In other cases, the rAAV vector comprises a single
stranded genome. As defined herein, a “single standard”
genome refers to a genome that is not self-complementary.
In most cases, non-recombinant AAVs have singled stranded
DNA genomes. There have been some indications that
rAAVs should be scAAVs to achieve efficient transduction
of cells. The present disclosure contemplates, however,
rAAV vectors that maybe have singled stranded genomes,
rather than self-complementary genomes, with the under-
standing that other genetic modifications of the rAAV vector
may be beneficial to obtain optimal gene transcription in
target cells. In some cases, the present disclosure relates to
single-stranded rAAV vectors capable of achieving efficient
gene transfer to anterior segment in the mouse eye. See
Wang et al. Single stranded adeno-associated virus achieves
efficient gene transfer to anterior segment in the mouse eye.
PLoS ONE 12(8): 0182473 (2017).

[0190] In some cases, the rAAV vector is of the serotype
AAVI1, AAV2, AAV4, AAVS, AAV6E, AAVT, AAVS, AAVY,
AAVI10, AAV1], AAV12, AAV13, AAVrh10, or AAVrh74.
Production of pseudotyped rAAV is disclosed in, for
example, WO 01/83692. Other types of rAAV variants, for
example rAAV with capsid mutations, are also contem-
plated. See, for example, Marsic et al., Molecular Therapy,
22(11): 1900-1909 (2014). In some cases, the rAAV vector
is of the serotype AAV9. In some embodiments, said rAAV
vector is of serotype AAV9 and comprises a single stranded
genome. In some embodiments, said rAAV vector is of
serotype AAV9 and comprises a self-complementary
genome. In some embodiments, a rAAV vector comprises
the inverted terminal repeat (ITR) sequences of AAV2. In
some embodiments, the rAAV vector comprises an AAV2
genome, such that the rAAV vector is an AAV-2/9 vector, an
AAV-2/6 vector, or an AAV-2/8 vector.

[0191] Full-length sequences and sequences for capsid
genes for most known AAVs are provided in U.S. Pat. No.
8,524,446, which is incorporated herein in its entirety.
[0192] AAV wvectors may comprise wild-type AAV
sequence or they may comprise one or more modifications
to a wild-type AAV sequence. In certain embodiments, an
AAV vector comprises one or more amino acid modifica-
tions, optionally substitutions, deletions, or insertions,
within a capsid protein, optionally VP1, VP2 and/or VP3. In
particular embodiments, the modification provides for
reduced immunogenicity when the AAV vector is provided
to a subject.

[0193] Capsid proteins of a rAAV may be modified so that
the rAAV is targeted to a particular target tissue of interest
such as endothelial cells or more particularly endothelial tip
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cells. In some embodiments, the rAAV is directly injected
into the intracerebroventricular space of the subject.

[0194] Insome embodiments, the rAAV virion is an AAV2
rAAV virion. The capsid many be an AAV2 capsid or
functional variant thereof. In some embodiments, the AAV2
capsid shares at least 98%, 99%, or 100% identity to a
reference AAV?2 capsid, e.g., SEQ ID NO: 76.

[0195] Insome embodiments, the rAAV virion is an AAV9
rAAV virion. The capsid many be an AAV9 capsid or
functional variant thereof. In some embodiments, the AAV9
capsid shares at least 98%, 99%, or 100% identity to a
reference AAV9 capsid, e.g., SEQ ID NO: 77.

[0196] Insomeembodiments, the rAAV virion is an AAV6
rAAV virion. The capsid many be an AAV9 capsid or
functional variant thereof. In some embodiments, the AAV6
capsid shares at least 98%, 99%, or 100% identity to a
reference AAV6 capsid, e.g., SEQ ID NO: 78.

[0197] In some embodiments, the rAAV virion is an
AAVrh.10 rAAV virion. The capsid many be an AAV9
capsid or functional variant thereof. In some embodiments,
the AAVrh.10 capsid shares at least 98%, 99%, or 100%
identity to a reference AAVrh.10 capsid, e.g., SEQ ID NO:
79.

[0198] In some embodiments, the capsid protein is
encoded by a polynucleotide supplied on a plasmid in trans
to the transfer plasmid. The polynucleotide sequence of
wild-type AAVrh74 cap is provided as SEQ ID NO: 80.

[0199] The disclosure further provides protein sequences
for AAVrh74 VP1, VP2, and VP3, including SEQ ID NOs:
81-83, and homologs or functional variants thereof.

[0200] In certain cases, the AAVrh74 capsid comprises the
amino acid sequence set forth in SEQ ID NO: 81. In some
embodiments, the rAAV vector comprises a polypeptide that
comprises, or consists essentially of, or yet further consists
of'a sequence, e.g., at least 65%, at least 70%, at least 75%,
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
or 89%, more typically 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or more identical to amino acid
sequence of AAVrh74 VP1 which is set forth in SEQ ID NO:
81. In some embodiments, the rAAV vector comprises a
polypeptide that comprises, or consists essentially of, or yet
further consists of a sequence, e.g., at least 65%, at least
70%, at least 75%, at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, or 89%, more typically 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to
amino acid sequence of AAVrh74 VP2 which is set forth in
SEQ ID NO: 82. In some embodiments, the rAAV vector
comprises a polypeptide that comprises, or consists essen-
tially of, or yet further consists of a sequence, e.g., at least
65%, at least 70%, at least 75%, at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, or 89%, more typically
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
more identical to amino acid sequence of AAVrh74 VP3
which is set forth in SEQ ID NO: 83.

[0201] In some embodiments, the rAAV virion is an
AAV-PHP.B rAAV virion or a neutrotrophic variant thereof,
such as, without limitation, those disclosed in Int’1 Pat. Pub.
Nos. WO 2015/038958 Al and WO 2017/100671 Al. For
example, the AAV capsid may comprise at least 4 contigu-
ous amino acids from the sequence TLAVPFK (SEQ ID
NO:85) or KFPVALT (SEQ ID NO:86), e.g., inserted
between a sequence encoding for amino acids 588 and 589
of AAVI.
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[0202] The capsid many be an AAV-PHP.B capsid or
functional variant thereof. In some embodiments, the AAV-
PHP.B capsid shares at least 98%, 99%, or 100% identity to
a reference AAV-PHP.B capsid, e.g., SEQ ID NO: 84.
[0203] Further AAV capsids used in the rAAV virions of
the disclosure include those disclosed in Pat. Pub. Nos. WO
2009/012176 A2 and WO 2015/168666 A2.

[0204] Without being bound by theory, the present inven-
tors have determined that an AAV9 vector, AAVrh.74, or an
AAVrh.10 vector will confer desirable cardiac tropism on
the vector. Without being bound by theory, the present
inventors have further determined that an AAV9 vector,
AAVrh.74, or an AAVrh.10 vector may provide desired
specificity to cardiac cells.

[0205] In an aspect, the disclosure provides pharmaceuti-
cal compositions comprising the rAAV virion of the disclo-
sure and one or more pharmaceutically acceptable carriers,
diluents, or excipients.

[0206] For purposes of administration, optionally by injec-
tion, various solutions can be employed, such as sterile
aqueous solutions. Such aqueous solutions can be buffered,
if desired, and the liquid diluent first rendered isotonic with
saline or glucose. Solutions of rAAV as a free acid (DNA
contains acidic phosphate groups) or a pharmacologically
acceptable salt can be prepared in water suitably mixed with
a surfactant such as Poloxamer 188, e.g., at 0.001% or
0.01%. A dispersion of rAAV can also be prepared in
glycerol, liquid polyethylene glycols and mixtures thereof
and in oils. Under ordinary conditions of storage and use,
these preparations contain a preservative to prevent the
growth of microorganisms. In this connection, the sterile
aqueous media employed are all readily obtainable by
standard techniques well-known to those skilled in the art.
[0207] The pharmaceutical forms suitable for injectable
use include but are not limited to sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In
all cases the form is sterile and must be fluid to the extent
that easy syringability exists. It must be stable under the
conditions of manufacture and storage and must be pre-
served against the contaminating actions of microorganisms
such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, liquid poly-
ethylene glycol and the like), suitable mixtures thereof, and
vegetable oils. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of a
dispersion and by the use of surfactants. The prevention of
the action of microorganisms can be brought about by
various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, thimerosal and
the like. In many cases it will be preferable to include
isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be
brought about by use of agents delaying absorption, for
example, aluminum monostearate and gelatin.

[0208] Sterile injectable solutions may be prepared by
incorporating rAAV in the required amount in the appropri-
ate solvent with various other ingredients enumerated above,
as required, followed by filter sterilization. Generally, dis-
persions are prepared by incorporating the sterilized active
ingredient into a sterile vehicle which contains the basic
dispersion medium and the required other ingredients from
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those enumerated above. In the case of sterile powders for
the preparation of sterile injectable solutions, the certain
methods of preparation are vacuum drying and the freeze-
drying technique that yield a powder of the active ingredient
plus any additional desired ingredient from the previously
sterile-filtered solution thereof.

[0209] In another aspect, the disclosure comprises a kit
comprising an rAAV virion of the disclosure and instructions
for use.

[0210] In an aspect, the disclosure provides a method of
increasing PKP2 activity in a cell, comprising contacting the
cell with an rAAV of the disclosure. In another aspect, the
disclosure provides a method of increasing PKP2 activity in
a subject, comprising administering to the subject an rAAV
of the disclosure. In some embodiments, the cell and/or
subject is deficient in PKP2 messenger RNA or PKP2
protein expression levels and/or activity and/or comprises a
loss-of-function mutation in PKP2. The cell may be a
cardiac cell, e.g. a cardiomyocyte cell. In particular embodi-
ments, the subject is a mammal, e.g., a human.

[0211] In some embodiments, the method promotes sur-
vival of cardiac cell, e.g. a cardiomyocyte cell, in cell culture
and/or in vivo. In some embodiments, the method promotes
and/or restores function of the heart.

[0212] In another aspect, the disclosure provides a method
of treating a disease or disorder in a subject in need thereof,
comprising administering to the subject an effective amount
of an rAAV virion of the disclosure. In some embodiments,
the disease or disorder is a cardiac disease or disorder.
Illustrative cardiac  disorders include heart failure,
arrhythmogenic right ventricular cardiomyopathy (ARVC),
Brugada syndrome (BrS) and idiopathic ventricular fibril-
lation. In certain embodiments, the subject suffers from or is
at risk for arrhythmogenic right ventricular cardiomyopathy
(ARVC). In particular embodiments, the subject is a mam-
mal, e.g., a human, having a loss-of-function mutation in a
PKP2 gene. In particular methods, treatment with the rAAV
virion results in expression of the PKP2 protein encoded by
the rAAV virion in the subject, e.g., in the subject’s heart or
cardiac tissue. In certain embodiments, treatment with the
rAAV virion results in at least two-fold, at least five-fold, at
least ten-fold, or more PKP2 protein levels detectable in the
subject’s heart.

[0213] The AAV-mediated delivery of PKP2 protein to the
heart may increase life span, prevent or attenuate cardiac cell
degeneration, heart failure, scarring, reduced ejection frac-
tion, arrythmia, angina, exercise intolerance, angina (chest
pain), sudden cardiac death, exertional myalgias and
cramps. The AAV-mediated delivery of PKP2 protein to the
heart may show improvement from, or prevent normal
disease course detected by use of pathological electrocar-
diogram, cardiac MRI, heart biopsy, decrease in paroxysmal
ventricular arrhythmias, decrease in sudden cardiac death,
and/or decrease in or lack of further development of fibro-
fatty deposits in right ventricular myocardium. The methods
of the disclosure may prevent a decrease in, restore, and/or
increase right ventricular ejection fraction (RVEF).

[0214] The methods disclosed herein may provide effi-
cient biodistribution in the heart. They may result in sus-
tained in expression in all, or a substantial fraction of,
cardiac cells, e.g., cardiomyocytes. Notably, the methods
disclosed herein may provide long-lasting expression of
PKP2 protein throughout the life of the subject following
AAV vector administration. In some embodiments, PKP2
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protein expression in response to treatment lasts at least 1,
2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, or 40 years.
[0215] Combination therapies are also contemplated by
the invention. Combinations of methods of the invention
with standard medical treatments (e.g., corticosteroids or
topical pressure reducing medications) are specifically con-
templated, as are combinations with novel therapies. In
some cases, a subject may be treated with a steroid and/or
combination of immune suppressing agents to prevent or to
reduce an immune response to administration of a rAAV
described herein.

[0216] In some embodiments, the AAV vector is admin-
istered at a dose of between about 1x10'? and 5x10'* vector
genomes (vg) or between about 1x10'? and 6x10'* vg of the
AAV vector per kilogram (vg) of total body mass of the
subject (vg/kg). In some embodiments, the AAV vector is
administered at a dose of between about 1x10'® and 5x10"*
vg/kg. In some embodiments, the AAV vector is adminis-
tered at a dose of between about 5x10"* and 3x10'* vg/kg.
In some embodiments, the AAV vector is administered at a
dose of between about 5x10'® and 1x10"* vg/kg. In some
embodiments, the AAV vector is administered at a dose of
less than about 1x10'? vg/kg, less than about 3x10'* vg/kg,
less than about 5x10'2 vg/kg, less than about 7x10'? vg/kg,
less than about 1x10'* vg/kg, less than about 3x10"* vg/kg,
less than about 5x10*® vg/kg, less than about 7x10'3 vg/kg,
less than about 1x10"* vg/kg, less than about 3x10™* vg/kg,
less than about 5x10™* vg/kg, less than about 7x10'* vg/kg,
less than about 1x10'° vg/kg, less than about 3x10'° vg/kg,
less than about 5x10%° vg/kg, or less than about 7x10*°
vg/kg. In certain embodiments, the AAV vector delivered at
any ofthese doses is an AAV9 vector or an AAV rh74 vector.
In some cases, it may be advantageous to use a higher dose
for an AAV rh74 vector than for an AAV9 vector.

[0217] In some embodiments, the AAV vector is admin-
istered at a dose of about 1x10'? vg/kg, about 3x10*? vg/kg,
about 5x10'? vg/kg, about 7x10'? vg/kg, about 1x10*3
vglkg, about 3x10'® vg/kg, about 5x10'* vg/kg, about
7x10" vg/kg, about 1x10'* vg/kg, about 3x10'* vg/kg,
about 5x10'* vg/kg, about 7x10'* vg/kg, about 1x10*°
vg/kg, about 3x10'> vg/kg, about 5x10'° vg/kg, or about
7x10" vg/kg. In certain embodiments, the AAV vector
delivered at any of these doses is an AAV9 vector or an AAV
rh74 vector.

[0218] In some embodiments, the AAV vector is admin-
istered at a dose of 1x10*? vg/kg, 3x10* vg/kg, 5x10'2
ve/kg, 7x10'? vgikg, 1x10" vg/kg, 3x10" vg/kg, 5x10*3
velkg, 7x10" vg/kg, 1x10'* vg/kg, 3x10'* vg/kg, 5x10™*
ve/kg, 7x10'* vgrkg, 1x10"° vg/kg, 3x10"° vg/kg, 5x10*°
veglkg, or 7x10'° vg/kg. In certain embodiments, the AAV
vector delivered at any of these doses is an AAV9 vector or
an AAV rh74 vector.

[0219] In some embodiments, the AAV vector is admin-
istered systemically at a dose of between about 1x10'2 and
5x10'* vector genomes (vg) of the AAV vector per kilogram
(vg) of total body mass of the subject (vg/kg). In some
embodiments, the AAV vector is administered systemically
at a dose of between about 1x10*® and 5x10'* vg/kg. In
some embodiments, the AAV vector is administered sys-
temically at a dose of between about 5x10'* and 3x10'*
vg/kg. In some embodiments, the AAV vector is adminis-
tered systemically at a dose of between about 5x10"* and
1x10'* vg/kg. In some embodiments, the AAV vector is
administered systemically at a dose of less than about
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1x10"2 vg/kg, less than about 3x10" vg/kg, less than about
5x10"2 vg/kg, less than about 7x10'? vg/kg, less than about
1x10" vg/kg, less than about 3x10" vg/kg, less than about
5x10" vg/kg, less than about 7x10® vg/kg, less than about
1x10™* vg/kg, less than about 3x10"* vg/kg, less than about
5x10™* vg/kg, less than about 7x10'* vg/kg, less than about
1x10% vg/kg, less than about 3x10"° vg/kg, less than about
5x10'® vg/kg, or less than about 7x10'° vg/kg. In certain
embodiments, the AAV vector delivered at any of these
doses is an AAV9 vector or an AAV rh74 vector.

[0220] In some embodiments, the AAV vector is admin-
istered systemically at a dose of about 1x10"* vg/kg, about
3x10" vg/kg, about 5x10'? vg/kg, about 7x10'* vg/kg,
about 1x10'® vg/kg, about 3x10'® vg/kg, about 5x10%3
vg/kg, about 7x10'? vg/kg about 1x10'* vg/kg, about
3x10'* vg/kg, about 5x10'* vg/kg, about 7x10'* vg/kg,
about 1x10*® vg/kg, about 3x10*> vg/kg, about 5x10%°
vg/kg, or about 7x10" vg/kg. In certain embodiments, the
AAV vector delivered at any of these doses is an AAV9
vector or an AAV rh74 vector.

[0221] In some embodiments, the AAV vector is admin-
istered systemically at a dose of 1x10'% vg/kg, 3x10* vg/kg,
5x10'? vg/kg, 7x10"? vg/kg, 1x10" vg/kg, 3x10" vg/kg,
5x10" vg/kg, 7x10'3 vg/kg, 1x10™* vg/kg, 3x10'* vg/kg,
5x10' vg/kg, 7x10™ vg/kg, 1x10" vg/kg, 3x10"° vg/kg,
5x10* vg/kg, or 7x10"° vg/kg. In certain embodiments, the
AAV vector delivered at any of these doses is an AAV9
vector or an AAV rh74 vector.

[0222] In some embodiments, the AAV vector is admin-
istered intravenously at a dose of between about 1x10"* and
5x10™* vector genomes (vg) of the AAV vector per kilogram
(vg) of total body mass of the subject (vg/kg). In some
embodiments, the AAV vector is administered intravenously
at a dose of between about 1x10** and 5x10'* vg/kg. In
some embodiments, the AAV vector is administered intra-
venously at a dose of between about 5x10™ and 3x10™*
vg/kg. In some embodiments, the AAV vector is adminis-
tered intravenously at a dose of between about 5x10"* and
1x10™ vg/kg. In some embodiments, the AAV vector is
administered intravenously at a dose of less than about
1x10"2 vg/kg, less than about 3x10" vg/kg, less than about
5x10'? vg/kg, less than about 7x10'? vg/kg, less than about
1x10'? vg/kg, less than about 3x10" vg/kg, less than about
5x10"'? vg/kg, less than about 7x10'® vg/kg, less than about
1x10' vg/kg, less than about 3x10"* vg/kg, less than about
5x10'* vg/kg, less than about 7x10'* vg/kg, less than about
1x10%° vg/kg, less than about 3x10"° vg/kg, less than about
5x10'® vg/kg, or less than about 7x10'° vg/kg. In certain
embodiments, the AAV vector delivered at any of these
doses is an AAV9 vector or an AAV rh74 vector.

[0223] In some embodiments, the AAV vector is admin-
istered intravenously at a dose of about 1x10'? vg/kg, about
3x10'2 vg/kg, about 5x10'* vg/kg, about 7x10'? vg/kg,
about 1x10*® vg/kg, about 3x10"® vg/kg, about 5x10%
vglkg, about 7x10'® vg/kg, about 1x10'* vg/kg, about
3x10™* vg/kg, about 5x10'* vg/kg, about 7x10'* vg/ke,
about 1x10'° vg/kg, about 3x10"° vg/kg, about 5x10%°
vg/kg, or about 7x10'° vg/kg.

[0224] In some embodiments, the AAV vector is admin-
istered intravenously at a dose of 1x10'? vg/kg, 3x10"2
vg/kg, 5x10'2 vg/kg, 7x10'2 vg/kg, 1x10** vg/kg, 3x10"3
vg/kg, 5x10'3 vgrkg, 7x10" vg/kg, 1x10™* vg/kg, 3x10™*
velkg, 5x10'* vg/kg, 7x10'* ve/kg, 1x10%° vg/kg, 3x10*°
vg/kg, 5x10"° vg/kg, or 7x10" vg/kg. In certain embodi-
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ments, the AAV vector delivered at any of these doses is an
AAV9 vector or an AAV rh74 vector.

[0225] Evidence of functional improvement, clinical ben-
efit or efficacy in patients may be revealed by change in New
York Heart Association functional classification (NYHA
Class), pathological electrocardiogram, cardiac MRI, heart
biopsy, decrease in paroxysmal ventricular arrhythmias,
decrease in sudden cardiac death, and/or decrease in or lack
of further development of fibro-fatty deposits in right ven-
tricular myocardium. Benefit may be observed in electro-
cardiographic ~ features normally associated  with
arrhythmogenic right ventricular cardiomyopathy such as T
wave inversion, prolonged S-wave upstroke, localized QRS
widening, and/or paroxysmal episodes of ventricular tachy-
cardia.

[0226] In some embodiments, the method prevents or
reduces a decrease in left ventricle ejection fraction percent-
age (LVEF %), optionally by about 50%, about 60%, about
70%, about 80%, about 90%, or about 100% compared to
the decrease observed in an untreated subject suffering from
or at risk for disease or disorder related to or caused by loss
of function in PKP2.

[0227] In some embodiments, the method prevents or
reduces a decrease in left ventricle fractional shortening
percentage (FS %), optionally by about 50%, about 60%,
about 70%, about 80%, about 90%, or about 100% com-
pared to the decrease observed in an untreated subject
suffering from or at risk for disease or disorder related to or
caused by loss of function in PKP2.

[0228] In some embodiments, the method prevents or
reduces an increase in right ventricle area in millimeters
squared (RV Area (mm2), optionally by about 50%, about
60%, about 70%, about 80%, about 90%, or about 100%
compared to the increase observed in an untreated subject
suffering from or at risk for disease or disorder related to or
caused by loss of function in PKP2.

[0229] In some embodiments, the method prevents or
reduces a decrease in right ventricle velocity time integral in
millimeters per second (RV VTI (mm/sec), optionally by
about 50%, about 60%, about 70%, about 80%, about 90%,
or about 100% compared to the decrease observed in an
untreated subject suffering from or at risk for disease or
disorder related to or caused by loss of function in PKP2.

[0230] In some embodiments, the method prevents or
reduces an increase in left ventricle or right ventricle fibro-
sis, optionally by about 50%, about 60%, about 70%, about
80%, about 90%, or about 100% compared to the increase
observed in an untreated subject suffering from or at risk for
disease or disorder related to or caused by loss of function
in PKP2.

[0231] Administration of an effective dose of the compo-
sitions may be by routes standard in the art including, but not
limited to, systemic, local, direct injection, intravenous,
intracardiac administration. In some cases, administration
comprises systemic, local, direct injection, intravenous,
intracardiac injection. Administration may be performed by
cardiac catheterization.

[0232] In some embodiments, the disclosure provides for
local administration and systemic administration of an effec-
tive dose of rAAV and compositions of the invention. For
example, systemic administration may be administration
into the circulatory system so that the entire body is affected.
Systemic administration includes parental administration
through injection, infusion or implantation. Routes of
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administration for the compositions disclosed herein include
intravenous (“IV”) administration, intraperitoneal (“IP”)
administration, intramuscular (“IM”) administration, intral-
esional administration, or subcutaneous (“SC”) administra-
tion, or the implantation of a slow-release device, e.g., a
mini-osmotic pump, a depot formulation, etc. In some
embodiments, the methods of the disclosure comprise
administering an AAV vector of the disclosure, or pharma-
ceutical composition thereof by intravenous, intramuscular,
intraarterial, intrarenal, intraurethral, intracardiac, intracoro-
nary, intramyocardial, intradermal, epidural, subcutaneous,
intraperitoneal, intraventricular, ionophoretic or intracranial
administration.

[0233] In particular, administration of rAAV of the present
invention may be accomplished by using any physical
method that will transport the rAAV recombinant vector into
the target tissue of an animal. Administration includes, but
is not limited to, injection into the heart.

[0234] In some embodiments, the methods of the disclo-
sure comprise intracardiac delivery. Infusion may be per-
formed using specialized cannula, catheter, syringe/needle
using an infusion pump. Administration may comprise
delivery of an effective amount of the rAAV virion, or a
pharmaceutical composition comprising the rAAV virion, to
the heart. These may be achieved, e.g., via intravenous,
intramuscular, intraarterial, intrarenal, intraurethral, intrac-
ardiac, intracoronary, intramyocardial, intradermal, epi-
dural, subcutaneous, intraperitoneal, intraventricular, iono-
phoretic or intracranial administration. The compositions of
the disclosure may further be administered intravenously.
[0235] The method of treatment disclosed herein may
reduce and/or prevent one or more symptoms including but
not limited to ventricular hypertrophy, ventricular tachycar-
dia, exercise intolerance, angina, and reduced RVEF.

EXAMPLES

Example 1: Pre-Clinical Bioactivity and Efficacy

[0236] Vectors illustrated in FIGS. 1-4 are tested. AAV
vectors or respective expression cassettes are tested in vitro
using cultured cardiomyocytes (e.g., induced pluripotent
stem cell cardiomyocytes, iPSC-CMs) or other cells ame-
nable to transfection or transduction with these constructs.
Expression of PKP2 is assessed by immunofluorescence and
Western blot. Cell-based studies employing patient iPSC-
derived cardiomyocytes will reveal benefit of overexpres-
sion of PKP2 transgene (either following AAV vector trans-
duction and/or transfection with vector plasmids) by a
decreased adipogenic potential (e.g. less lipid accumula-
tion), decreased upregulation or abnormal peroxisome pro-
liferator-activated receptor gamma activation, associated
with increased density of PKP2.

[0237] Selected vectors are tested in vivo using mutant
mouse models of cardiomyopathy (e.g., PKP2-cKO, among
others). Evidence of benefit of AAV mediated overexpres-
sion of PKP2 may be revealed using a cardiomyocyte-
specific, tamoxifen-activated, PKP2 knockout murine line,
referred to as “PKP2-cKO”. This mouse model allows
control of the onset of PKP2 loss of expression, limits loss
of PKP2 to adult myocytes, and initiates a progression of
molecular and functional events leading to an
arrhythmogenic cardiomyopathy, with right ventricular pre-
dominance in this mouse. Additional mouse models that
result in similar course of pathology may also be utilized to
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reveal benefit of AAV-mediated overexpression of PKP2 in
cardiomyocytes. Benefit of AAV-mediated PKP2 overex-
pression would be evidenced by increase in survival, miti-
gation of the normal progression of cardiomyopathy
observed on echocardiograms from left and/or right ven-
tricle (e.g. greater left ventricular ejection fraction, greater
left ventricle fractional shortening, and greater right ven-
tricle velocity time interval, compared to PKP ¢cKO formu-
lation buffer control animals).

[0238] Electrophysiological evidence of functional benefit
of AAV-mediated delivery of PKP2 protein is demonstrated
by mitigation of disease-related disrupted calcium dynamics
in affected cardiomyocytes, most notably on measures of
L-type calcium current, sarcoplasmic reticulum calcium
leak, diastolic calcium leak, as well as standard measures of
calcium transients in affected (e.g., PKP2-deficient) cardio-
myocytes such as time to peak amplitude and relaxation time
constants. Histological analyses will reveal benefit of AAV-
mediated PKP2 overexpression by diminished appearance
of disease-related collagen deposition (e.g., via trichrome
stain) in various regions of the heart including ventricles,
compared to cKO formulation buffer injected controls.
Additional benefit will also be revealed by evaluating car-
diomyocyte ventricular proteins involved in calcium signal-
ing pathways, measured by increased (i.e., normalized)
relative levels of Casq2, and/or Trdn, and/or Cav 1.2, and/or
AnkB and/or RyR2, relative to non AAV-PKP2 treated,
PKP2-cKO diseased controls.

Example 2: In Vitro Testing of Adeno-Associated
Virus Vectors

[0239] AAV wvectors are described herein (see FIGS.
11-12) were prepared and used to transduce differentiated
ACI16 cells, a human cardiomyocyte cell line. Expression
levels of PKP2 (PKP2a isoform) were assessed by Western
Blot (FIGS. 5A-5B). Surprisingly, the MHCK7 promoter
causes robust expression of PKP2 in cardiomyocytes,
whereas the hTnnT2 promoter (“hTnT”) generates marginal
PKP2 levels above background under the current testing
conditions. The AAVrh.74 serotype induced higher expres-
sion of PKP2 than the AAV9 serotype vector.

[0240] Based on these results, we conclude that AAV9
vectors or AAVrh74 vectors can effectively be used to
express PKP2 in cardiomyocytes, and that the MHCK?7
promoter is superior to the hTnnT2 promoter when solely
evaluating the relative levels of PKP2 expression.

Example 3: In Vivo Efficacy of Adeno-Associated
Virus Vectors

[0241] A “PKP2-cKO” mouse model of PKP2-deficiency,
as described in Cerrone et al., Nat Comm., 2017 was
obtained. This cardiomyocyte-specific, tamoxifen-activated
PKP2 knockout murine line (aMHC-Cre-ER(T2)/Pkp2 fi/fl;
referred to as “PKP2-cKO”) was utilized to control the onset
of PKP2 loss of expression (see Cerrone et al., Nat Comm,
2017). The conditional loss of PKP2 expression in this
mouse model is limited to adult myocytes and the temporal
progression of the molecular, structural and functional
events as a consequence of PKP2-cKO have been estab-
lished (Cerrone et al., Nat Comm, 2017). PKP2 deficiency in
adult ventricular myocytes is sufficient to cause an
arrhythmogenic cardiomyopathy of RV predominance,
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which includes the ‘hallmark’ functional, molecular, and
structural indices consistent with the disease phenotype of
ARVC.

[0242] PKP2-Cko mice were injected with tamoxifen,
causing myocyte-specific knockout of PKP2. Mice were
injected with AAV vectors (as described below) at 3x10*>
vg/kg by intravenous (tail vein) injection. Four weeks later,
myocyte-specific knockout of PKP2 was induced by treat-
ment of the mice with tamoxifen. The vector genomes used
were:

[0243] 5' ITR; MHCK?7 promoter (with its enhancer ele-
ment); SV40 intron; Kozak sequence; PKPa transgene;
WPRE(x); hGH polyadenylation sequence); 3' ITR—shown
in FIG. 11

[0244] 5' ITR; hTonT2 promoter (with exon 1); Kozak
sequence; PKPa transgene; WPRE(x); hGH polyadenylation
sequence); 3' ITR—shown in FIG. 12.

[0245] Each vector genome was tested in a AAV9 serotype
or AAVrh74 serotype vector.

[0246] At 21 or 28 days after tamoxifen treatment, which
is 25 or 32 weeks after AAV treatment, mice were evaluated
for various physiology parameters, essentially as described
in Cerrone et al, Nat Comm, 2017 or using standard
methodologies known in the art. Efficacy in treating disease
was assessed by left ventricle ejection fraction percentage
(LVEF %) (FIGS. 6A-6D), left ventricle fractional shorten-
ing percentage (FS %) (FIGS. 7A-7D), right ventricle area
in millimeters squared (RV Area (mm?)) (FIGS. 8A-8D),
right ventricle velocity time integral in millimeters per
second (RV VTI (mm/sec)) (FIGS. 9A-9D), and degree of
fibrosis (FIGS. 10A-10B). These measures are appropriate
functional and morphological indices to evaluate potential
efficacy of AAV-mediated PKP2 overexpression in cardio-
myocytes as they are among key parameters indicative of
ARVC in human disease. Generally, a right ventricle nor-
mally has slightly greater amount of fibrosis (irrespective of
disease); and this is further exacerbated with lack of PKP2
in the cKO model. Progressive deterioration of these param-
eters was observed within 21 days of tamoxifen injection,
because tamoxifen injection causes myocyte-specific knock-
out of the PKP gene.

[0247] Evidence for mitigation of the disease phenotype
was observed following both AAV9- and AAVrh.74-medi-
ated PKP expression, to varying degrees. With the dose
studied to date (3x10"* vg/kg) using a pre-treatment para-
digm (AAV 4 weeks prior to tamoxifen-induced PKP cKO),
AAV9 surprisingly produced the most robust effects on all
parameters. Nevertheless, given the cardiotropism of
AAVrh74 and given that biological effects were observed
with AAVrh.74-mediated overexpression of PKP2 in this
model (e.g. LVEF %, FS %, and right ventricular area),
optimization of the dose of AAVrh.74 in combination with
the appropriate promoter (i.e., either MHCK7 or hTnnT2)
could enable robust therapeutic potential for this vector.

[0248] These results demonstrate both AAV9 and AAVrh.
74 can be used to treat PKP2-related diseases, such as
Arrhythmogenic right ventricular cardiomyopathy (ARVC)
[also known as Arrhythmogenic Right Ventricular Dysplasia
(ARVD) or Arrhythmogenic Cardiomyopathy (ACM)] for
which the PKP-cKO mouse is considered an appropriate
model. Additionally, vectors with either MHCK?7 promoter
or hTnnT?2 promoter have been demonstrated to be effective
in treating PKP2-related disease.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 96

<210> SEQ ID NO 1

<211> LENGTH: 837

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Ala Ala Pro Gly Ala Pro Ala Glu Tyr Gly Tyr Ile Arg Thr Val
1 5 10 15

Leu Gly Gln Gln Ile Leu Gly Gln Leu Asp Ser Ser Ser Leu Ala Leu
20 25 30

Pro Ser Glu Ala Lys Leu Lys Leu Ala Gly Ser Ser Gly Arg Gly Gly
35 40 45

Gln Thr Val Lys Ser Leu Arg Ile Gln Glu Gln Val Gln Gln Thr Leu
50 55 60

Ala Arg Lys Gly Arg Ser Ser Val Gly Asn Gly Asn Leu His Arg Thr
65 70 75 80

Ser Ser Val Pro Glu Tyr Val Tyr Asn Leu His Leu Val Glu Asn Asp
85 90 95

Phe Val Gly Gly Arg Ser Pro Val Pro Lys Thr Tyr Asp Met Leu Lys
100 105 110

Ala Gly Thr Thr Ala Thr Tyr Glu Gly Arg Trp Gly Arg Gly Thr Ala
115 120 125

Gln Tyr Ser Ser Gln Lys Ser Val Glu Glu Arg Ser Leu Arg His Pro
130 135 140

Leu Arg Arg Leu Glu Ile Ser Pro Asp Ser Ser Pro Glu Arg Ala His
145 150 155 160

Tyr Thr His Ser Asp Tyr Gln Tyr Ser Gln Arg Ser Gln Ala Gly His
165 170 175

Thr Leu His His Gln Glu Ser Arg Arg Ala Ala Leu Leu Val Pro Pro
180 185 190

Arg Tyr Ala Arg Ser Glu Ile Val Gly Val Ser Arg Ala Gly Thr Thr
195 200 205

Ser Arg Gln Arg His Phe Asp Thr Tyr His Arg Gln Tyr Gln His Gly
210 215 220

Ser Val Ser Asp Thr Val Phe Asp Ser Ile Pro Ala Asn Pro Ala Leu
225 230 235 240

Leu Thr Tyr Pro Arg Pro Gly Thr Ser Arg Ser Met Gly Asn Leu Leu
245 250 255

Glu Lys Glu Asn Tyr Leu Thr Ala Gly Leu Thr Val Gly Gln Val Arg
260 265 270

Pro Leu Val Pro Leu Gln Pro Val Thr Gln Asn Arg Ala Ser Arg Ser
275 280 285

Ser Trp His Gln Ser Ser Phe His Ser Thr Arg Thr Leu Arg Glu Ala
290 295 300

Gly Pro Ser Val Ala Val Asp Ser Ser Gly Arg Arg Ala His Leu Thr
305 310 315 320

Val Gly Gln Ala Ala Ala Gly Gly Ser Gly Asn Leu Leu Thr Glu Arg
325 330 335

Ser Thr Phe Thr Asp Ser Gln Leu Gly Asn Ala Asp Met Glu Met Thr
340 345 350
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-continued

Leu Glu Arg Ala Val Ser Met Leu Glu Ala Asp His Met Leu Pro Ser
355 360 365

Arg Ile Ser Ala Ala Ala Thr Phe Ile Gln His Glu Cys Phe Gln Lys
370 375 380

Ser Glu Ala Arg Lys Arg Val Asn Gln Leu Arg Gly Ile Leu Lys Leu
385 390 395 400

Leu Gln Leu Leu Lys Val Gln Asn Glu Asp Val Gln Arg Ala Val Cys
405 410 415

Gly Ala Leu Arg Asn Leu Val Phe Glu Asp Asn Asp Asn Lys Leu Glu
420 425 430

Val Ala Glu Leu Asn Gly Val Pro Arg Leu Leu Gln Val Leu Lys Gln
435 440 445

Thr Arg Asp Leu Glu Thr Lys Lys Gln Ile Thr Gly Leu Leu Trp Asn
450 455 460

Leu Ser Ser Asn Asp Lys Leu Lys Asn Leu Met Ile Thr Glu Ala Leu
465 470 475 480

Leu Thr Leu Thr Glu Asn Ile Ile Ile Pro Phe Ser Gly Trp Pro Glu
485 490 495

Gly Asp Tyr Pro Lys Ala Asn Gly Leu Leu Asp Phe Asp Ile Phe Tyr
500 505 510

Asn Val Thr Gly Cys Leu Arg Asn Met Ser Ser Ala Gly Ala Asp Gly
515 520 525

Arg Lys Ala Met Arg Arg Cys Asp Gly Leu Ile Asp Ser Leu Val His
530 535 540

Tyr Val Arg Gly Thr Ile Ala Asp Tyr Gln Pro Asp Asp Lys Ala Thr
545 550 555 560

Glu Asn Cys Val Cys Ile Leu His Asn Leu Ser Tyr Gln Leu Glu Ala
565 570 575

Glu Leu Pro Glu Lys Tyr Ser Gln Asn Ile Tyr Ile Gln Asn Arg Asn
580 585 590

Ile Gln Thr Asp Asn Asn Lys Ser Ile Gly Cys Phe Gly Ser Arg Ser
595 600 605

Arg Lys Val Lys Glu Gln Tyr Gln Asp Val Pro Met Pro Glu Glu Lys
610 615 620

Ser Asn Pro Lys Gly Val Glu Trp Leu Trp His Ser Ile Val Ile Arg
625 630 635 640

Met Tyr Leu Ser Leu Ile Ala Lys Ser Val Arg Asn Tyr Thr Gln Glu
645 650 655

Ala Ser Leu Gly Ala Leu Gln Asn Leu Thr Ala Gly Ser Gly Pro Met
660 665 670

Pro Thr Ser Val Ala Gln Thr Val Val Gln Lys Glu Ser Gly Leu Gln
675 680 685

His Thr Arg Lys Met Leu His Val Gly Asp Pro Ser Val Lys Lys Thr
690 695 700

Ala Ile Ser Leu Leu Arg Asn Leu Ser Arg Asn Leu Ser Leu Gln Asn
705 710 715 720

Glu Ile Ala Lys Glu Thr Leu Pro Asp Leu Val Ser Ile Ile Pro Asp
725 730 735

Thr Val Pro Ser Thr Asp Leu Leu Ile Glu Thr Thr Ala Ser Ala Cys
740 745 750

Tyr Thr Leu Asn Asn Ile Ile Gln Asn Ser Tyr Gln Asn Ala Arg Asp
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-continued

755 760 765

Leu Leu Asn Thr Gly Gly Ile Gln Lys Ile Met Ala Ile Ser Ala Gly
770 775 780

Asp Ala Tyr Ala Ser Asn Lys Ala Ser Lys Ala Ala Ser Val Leu Leu
785 790 795 800

Tyr Ser Leu Trp Ala His Thr Glu Leu His His Ala Tyr Lys Lys Ala
805 810 815

Gln Phe Lys Lys Thr Asp Phe Val Asn Ser Arg Thr Ala Lys Ala Tyr
820 825 830

His Ser Leu Lys Asp
835

<210> SEQ ID NO 2

<211> LENGTH: 881

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Ala Ala Pro Gly Ala Pro Ala Glu Tyr Gly Tyr Ile Arg Thr Val
1 5 10 15

Leu Gly Gln Gln Ile Leu Gly Gln Leu Asp Ser Ser Ser Leu Ala Leu
20 25 30

Pro Ser Glu Ala Lys Leu Lys Leu Ala Gly Ser Ser Gly Arg Gly Gly
35 40 45

Gln Thr Val Lys Ser Leu Arg Ile Gln Glu Gln Val Gln Gln Thr Leu
50 55 60

Ala Arg Lys Gly Arg Ser Ser Val Gly Asn Gly Asn Leu His Arg Thr
65 70 75 80

Ser Ser Val Pro Glu Tyr Val Tyr Asn Leu His Leu Val Glu Asn Asp
85 90 95

Phe Val Gly Gly Arg Ser Pro Val Pro Lys Thr Tyr Asp Met Leu Lys
100 105 110

Ala Gly Thr Thr Ala Thr Tyr Glu Gly Arg Trp Gly Arg Gly Thr Ala
115 120 125

Gln Tyr Ser Ser Gln Lys Ser Val Glu Glu Arg Ser Leu Arg His Pro
130 135 140

Leu Arg Arg Leu Glu Ile Ser Pro Asp Ser Ser Pro Glu Arg Ala His
145 150 155 160

Tyr Thr His Ser Asp Tyr Gln Tyr Ser Gln Arg Ser Gln Ala Gly His
165 170 175

Thr Leu His His Gln Glu Ser Arg Arg Ala Ala Leu Leu Val Pro Pro
180 185 190

Arg Tyr Ala Arg Ser Glu Ile Val Gly Val Ser Arg Ala Gly Thr Thr
195 200 205

Ser Arg Gln Arg His Phe Asp Thr Tyr His Arg Gln Tyr Gln His Gly
210 215 220

Ser Val Ser Asp Thr Val Phe Asp Ser Ile Pro Ala Asn Pro Ala Leu
225 230 235 240

Leu Thr Tyr Pro Arg Pro Gly Thr Ser Arg Ser Met Gly Asn Leu Leu
245 250 255

Glu Lys Glu Asn Tyr Leu Thr Ala Gly Leu Thr Val Gly Gln Val Arg
260 265 270
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-continued

Pro Leu Val Pro Leu Gln Pro Val Thr Gln Asn Arg Ala Ser Arg Ser
275 280 285

Ser Trp His Gln Ser Ser Phe His Ser Thr Arg Thr Leu Arg Glu Ala
290 295 300

Gly Pro Ser Val Ala Val Asp Ser Ser Gly Arg Arg Ala His Leu Thr
305 310 315 320

Val Gly Gln Ala Ala Ala Gly Gly Ser Gly Asn Leu Leu Thr Glu Arg
325 330 335

Ser Thr Phe Thr Asp Ser Gln Leu Gly Asn Ala Asp Met Glu Met Thr
340 345 350

Leu Glu Arg Ala Val Ser Met Leu Glu Ala Asp His Met Leu Pro Ser
355 360 365

Arg Ile Ser Ala Ala Ala Thr Phe Ile Gln His Glu Cys Phe Gln Lys
370 375 380

Ser Glu Ala Arg Lys Arg Val Asn Gln Leu Arg Gly Ile Leu Lys Leu
385 390 395 400

Leu Gln Leu Leu Lys Val Gln Asn Glu Asp Val Gln Arg Ala Val Cys
405 410 415

Gly Ala Leu Arg Asn Leu Val Phe Glu Asp Asn Asp Asn Lys Leu Glu
420 425 430

Val Ala Glu Leu Asn Gly Val Pro Arg Leu Leu Gln Val Leu Lys Gln
435 440 445

Thr Arg Asp Leu Glu Thr Lys Lys Gln Ile Thr Asp His Thr Val Asn
450 455 460

Leu Arg Ser Arg Asn Gly Trp Pro Gly Ala Val Ala His Ala Cys Asn
465 470 475 480

Pro Ser Thr Leu Gly Gly Gln Gly Gly Arg Ile Thr Arg Ser Gly Val
485 490 495

Arg Asp Gln Pro Asp Gln His Gly Leu Leu Trp Asn Leu Ser Ser Asn
500 505 510

Asp Lys Leu Lys Asn Leu Met Ile Thr Glu Ala Leu Leu Thr Leu Thr
515 520 525

Glu Asn Ile Ile Ile Pro Phe Ser Gly Trp Pro Glu Gly Asp Tyr Pro
530 535 540

Lys Ala Asn Gly Leu Leu Asp Phe Asp Ile Phe Tyr Asn Val Thr Gly
545 550 555 560

Cys Leu Arg Asn Met Ser Ser Ala Gly Ala Asp Gly Arg Lys Ala Met
565 570 575

Arg Arg Cys Asp Gly Leu Ile Asp Ser Leu Val His Tyr Val Arg Gly
580 585 590

Thr Ile Ala Asp Tyr Gln Pro Asp Asp Lys Ala Thr Glu Asn Cys Val
595 600 605

Cys Ile Leu His Asn Leu Ser Tyr Gln Leu Glu Ala Glu Leu Pro Glu
610 615 620

Lys Tyr Ser Gln Asn Ile Tyr Ile Gln Asn Arg Asn Ile Gln Thr Asp
625 630 635 640

Asn Asn Lys Ser Ile Gly Cys Phe Gly Ser Arg Ser Arg Lys Val Lys
645 650 655

Glu Gln Tyr Gln Asp Val Pro Met Pro Glu Glu Lys Ser Asn Pro Lys
660 665 670

Gly Val Glu Trp Leu Trp His Ser Ile Val Ile Arg Met Tyr Leu Ser
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-continued

675 680 685

Leu Ile Ala Lys Ser Val Arg Asn Tyr Thr Gln Glu Ala Ser Leu Gly
690 695 700

Ala Leu Gln Asn Leu Thr Ala Gly Ser Gly Pro Met Pro Thr Ser Val
705 710 715 720

Ala Gln Thr Val Val Gln Lys Glu Ser Gly Leu Gln His Thr Arg Lys
725 730 735

Met Leu His Val Gly Asp Pro Ser Val Lys Lys Thr Ala Ile Ser Leu
740 745 750

Leu Arg Asn Leu Ser Arg Asn Leu Ser Leu Gln Asn Glu Ile Ala Lys
755 760 765

Glu Thr Leu Pro Asp Leu Val Ser Ile Ile Pro Asp Thr Val Pro Ser
770 775 780

Thr Asp Leu Leu Ile Glu Thr Thr Ala Ser Ala Cys Tyr Thr Leu Asn
785 790 795 800

Asn Ile Ile Gln Asn Ser Tyr Gln Asn Ala Arg Asp Leu Leu Asn Thr
805 810 815

Gly Gly Ile Gln Lys Ile Met Ala Ile Ser Ala Gly Asp Ala Tyr Ala
820 825 830

Ser Asn Lys Ala Ser Lys Ala Ala Ser Val Leu Leu Tyr Ser Leu Trp
835 840 845

Ala His Thr Glu Leu His His Ala Tyr Lys Lys Ala Gln Phe Lys Lys
850 855 860

Thr Asp Phe Val Asn Ser Arg Thr Ala Lys Ala Tyr His Ser Leu Lys
865 870 875 880

Asp

<210> SEQ ID NO 3

<211> LENGTH: 2511

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

atggcagcce ccggegecce agctgagtac ggctacatcee ggaccgtect gggecagcag 60

atcctgggac aactggacag ctccagectg gegetgecet cegaggccaa gcetgaagetg 120

geggggagea geggecgegg cggcecagaca gtcaagagee tgeggatcca ggagcaggtg 180

cagcagacce tcgeccggaa gggecgcage tcegtgggea acggaaatct tcaccgaacce 240
agcagtgtte ctgagtatgt ctacaaccta cacttggttg aaaatgattt tgttggagge 300
cgttccectyg ttoctaaaac ctatgacatg ctaaaggetg gcacaactge cacttatgaa 360
ggtcgetggyg gaagaggaac agcacagtac agctcccaga agtccgtgga agaaaggtec 420
ttgaggcatce ctctgaggag actggagatt tctectgaca gecageccgga gagggcetcac 480
tacacgcaca gcgattacca gtacagccag agaagccagg ctgggcacac cctgcaccac 540
caagaaagca ggcgggecge cctectagtg ccaccgagat atgetegtte cgagatcegtg 600
ggggtcagee gtgctggcac cacaagcagg cagcgccact ttgacacata ccacagacag 660
taccagcatyg gctcectgttag cgacaccgtt tttgacagea tecctgecaa cceggecctg 720
ctcacgtace ccaggccagg gaccagecge agecatgggea acctcettgga gaaggagaac 780

tacctgacgg cagggctcac tgtegggeag gtcaggecge tggtgecect gcageccegte 840
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actcagaaca gggcttccag gtcctecctgg catcagaget ccttccacag cacccgcacg 900
ctgagggaag ctgggcccag tgtcgcegtg gattccageg ggaggagagce gcacttgact 960

gtcggccagg cggccgcagg gggaagtggg aatctgctca ctgagagaag cactttcact 1020
gactcccage tggggaatgce agacatggag atgactctgg agcgagcagt gagtatgcetce 1080
gaggcagacc acatgctgcce atccaggatt tctgctgcag ctactttcat acagcacgag 1140
tgcttceccaga aatctgaagce tcggaagagg gttaaccage ttcgtggcat cctcaagett 1200
ctgcagctcce taaaagttca gaatgaagac gttcagcgag ctgtgtgtgg ggccttgaga 1260
aacttagtat ttgaagacaa tgacaacaaa ttggaggtgg ctgaactaaa tggggtacct 1320
cggctgetee aggtgetgaa gcaaaccaga gacttggaga ctaaaaaaca aataacaggt 1380
ttgctgtgga atttgtcatc taatgacaaa ctcaagaatc tcatgataac agaagcattg 1440
cttacgctga cggagaatat catcatccce ttttectgggt ggcctgaagg agactaccca 1500
aaagcaaatg gtttgctcga ttttgacata ttctacaacg tcactggatg cctaagaaac 1560
atgagttctg ctggcgctga tgggagaaaa gcgatgagaa gatgtgacgg actcattgac 1620
tcactggtce attatgtcag aggaaccatt gcagattacc agccagatga caaggccacg 1680
gagaattgtg tgtgcattct tcataacctc tcctaccage tggaggcaga gctcccagag 1740
aaatattccc agaatatcta tattcaaaac cggaatatcc agactgacaa caacaaaagt 1800
attggatgtt ttggcagtcg aagcaggaaa gtaaaagagc aataccagga cgtgccgatg 1860
ccggaggaaa agagcaaccce caagggcgtg gagtggetgt ggcattccat tgttataagg 1920
atgtatctgt ccttgatcge caaaagtgtc cgcaactaca cacaagaagc atccttagga 1980
gctetgcaga acctcacgge cggaagtgga ccaatgccga catcagtggce tcagacagtt 2040
gtccagaagg aaagtggcct gcagcacacc cgaaagatgce tgcatgttgg tgacccaagt 2100
gtgaaaaaga cagccatctce gctgctgagg aatctgtcec ggaatctttce tctgcagaat 2160
gaaattgcca aagaaactct ccctgatttg gtttceccatca ttectgacac agtcccgagt 2220
actgaccttc tcattgaaac tacagcctct gcctgttaca cattgaacaa cataatccaa 2280
aacagttacc agaatgcacg cgaccttcta aacaccgggg gcatccagaa aattatggcece 2340
attagtgcag gcgatgccta tgcctccaac aaagcaagta aagctgctte cgtecttcetg 2400
tattctetgt gggcacacac ggaactgcat catgcctaca agaaggctca gtttaagaag 2460
acagattttg tcaacagccg gactgccaaa gcctaccact cccttaaaga ¢ 2511
<210> SEQ ID NO 4

<211> LENGTH: 2643

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

atggcagcce ccggegecce agctgagtac ggctacatcee ggaccgtect gggecagcag 60
atcctgggac aactggacag ctccagectg gegetgeect cegaggccaa gctgaagetg 120
geggggagea geggecgegg cggcecagaca gtcaagagece tgeggatcca ggagcaggtyg 180
cagcagacce tcgeccggaa gggccgeage teegtgggea acggaaatct tcaccgaacce 240

agcagtgtte ctgagtatgt ctacaaccta cacttggttg aaaatgattt tgttggagge 300

cgttccectyg ttoctaaaac ctatgacatg ctaaaggetg gcacaactge cacttatgaa 360



US 2022/0168447 Al Jun. 2, 2022
32

-continued
ggtcgctggg gaagaggaac agcacagtac agctcccaga agtccgtgga agaaaggtcc 420
ttgaggcatc ctctgaggag actggagatt tctcctgaca gcagcccgga gagggctcac 480
tacacgcaca gcgattacca gtacagccag agaagccagg ctgggcacac cctgcaccac 540
caagaaagca ggcgggccge cctectagtg ccaccgagat atgctegttce cgagatcegtg 600
ggggtcagce gtgctggcac cacaagcagg cagcgccact ttgacacata ccacagacag 660
taccagcatg gctctgttag cgacaccgtt tttgacagca tccctgccaa ccceggecctg 720
ctcacgtacc ccaggccagg gaccagcecge agcatgggca acctcttgga gaaggagaac 780
tacctgacgg cagggctcac tgtcgggcag gtcaggccege tggtgcccct gcageccegtce 840
actcagaaca gggcttccag gtcctecctgg catcagaget ccttccacag cacccgcacg 900
ctgagggaag ctgggcccag tgtcgcegtg gattccageg ggaggagagce gcacttgact 960

gtcggccagg cggccgcagg gggaagtggg aatctgctca ctgagagaag cactttcact 1020
gactcccage tggggaatgce agacatggag atgactctgg agcgagcagt gagtatgcetce 1080
gaggcagacc acatgctgcce atccaggatt tctgctgcag ctactttcat acagcacgag 1140
tgcttceccaga aatctgaagce tcggaagagg gttaaccage ttcgtggcat cctcaagett 1200
ctgcagctcce taaaagttca gaatgaagac gttcagcgag ctgtgtgtgg ggccttgaga 1260
aacttagtat ttgaagacaa tgacaacaaa ttggaggtgg ctgaactaaa tggggtacct 1320
cggctgetee aggtgetgaa gcaaaccaga gacttggaga ctaaaaaaca aataacagac 1380
catacagtca atttaagaag taggaatggc tggccgggcg cggtggctca cgcctgtaat 1440
cccageactt tgggaggcca aggcgggegg atcacgaggt caggagtteg agaccagcect 1500
gaccaacatg gtttgctgtg gaatttgtca tctaatgaca aactcaagaa tctcatgata 1560
acagaagcat tgcttacgct gacggagaat atcatcatcc ccttttctgg gtggectgaa 1620
ggagactacc caaaagcaaa tggtttgctc gattttgaca tattctacaa cgtcactgga 1680
tgcctaagaa acatgagttce tgctggcgct gatgggagaa aagcgatgag aagatgtgac 1740
ggactcattg actcactggt ccattatgtc agaggaacca ttgcagatta ccagccagat 1800
gacaaggcca cggagaattg tgtgtgcatt cttcataacc tcectcecctacca gctggaggca 1860
gagctcccag agaaatattc ccagaatatc tatattcaaa accggaatat ccagactgac 1920
aacaacaaaa gtattggatg ttttggcagt cgaagcagga aagtaaaaga gcaataccag 1980
gacgtgccga tgccggagga aaagagcaac cccaagggceyg tggagtgget gtggcattec 2040
attgttataa ggatgtatct gtccttgatc gccaaaagtg tccgcaacta cacacaagaa 2100
gcatccttag gagctcectgca gaacctcacg gccggaagtyg gaccaatgcec gacatcagtg 2160
gctcagacag ttgtccagaa ggaaagtggce ctgcagcaca cccgaaagat gctgcatgtt 2220
ggtgacccaa gtgtgaaaaa gacagccatc tcgctgctga ggaatctgtc ccggaatcett 2280
tctctgcaga atgaaattgc caaagaaact ctceccecctgatt tggtttccat cattcctgac 2340
acagtcccga gtactgacct tcectcattgaa actacagect ctgcctgtta cacattgaac 2400
aacataatcc aaaacagtta ccagaatgca cgcgacctte taaacaccgyg gggcatccag 2460
aaaattatgg ccattagtgc aggcgatgcce tatgcctceca acaaagcaag taaagctgcet 2520
tcegtectte tgtattctet gtgggcacac acggaactgce atcatgccta caagaaggct 2580

cagtttaaga agacagattt tgtcaacagc cggactgcca aagcctacca ctcccttaaa 2640
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<210> SEQ ID NO 5

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Kozak sequence motif

<400> SEQUENCE: 5

gccaccatgyg

<210> SEQ ID NO 6

<211> LENGTH: 2517

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide encoding an PKP2a with Kozak
sequence

<400> SEQUENCE: 6

gecaccatgyg cageccccgg cgcecccagcet gagtacgget acatceggac cgtectggge

cagcagatce tgggacaact ggacagctcce agectggege tgccctcecga ggccaagetg

aagctggegyg ggagcagegg ccgcggegge cagacagtca agagectgeyg gatccaggag

caggtgcage agaccctege ccggaagggce cgcagctceeg tgggcaacgyg aaatcttcac

cgaaccagca gtgttectga gtatgtctac aacctacact tggttgaaaa tgattttgtt

ggaggcegtt ccectgttece taaaacctat gacatgctaa aggctggcac aactgccact

tatgaaggtc gctggggaag aggaacagca cagtacaget cccagaagtce cgtggaagaa

aggtccttga ggcatcctet gaggagactg gagatttcte ctgacagcag cccggagagg

gctcactaca cgcacagcga ttaccagtac agccagagaa gccaggcetgg gcacaccctg

caccaccaag aaagcaggcg ggccgceecte ctagtgccac cgagatatge tcegttccgag

atcgtggggg tcageegtge tggcaccaca agcaggcage gccactttga cacataccac

agacagtacc agcatggctc tgttagegac accgtttttyg acagcatccce tgccaacccyg

geectgcetea cgtaccccag gccagggacce agccgcagca tgggcaacct cttggagaag

gagaactacc tgacggcagg gctcactgtce gggcaggtca ggccgetggt geccctgeag

ccegtecacte agaacagggce ttccaggtece tectggcate agagetcctt ccacagcace

cgcacgctga gggaagetgg geccagtgte gecgtggatt ccagegggag gagagegcac

ttgactgteg gccaggegge cgcaggggga agtgggaate tgctcactga gagaagcact

ttcactgact cccagetggg gaatgcagac atggagatga ctcetggageyg agcagtgagt

atgctcgagg cagaccacat gctgccatce aggatttcetyg ctgcagctac tttcatacag

cacgagtgct tccagaaatc tgaagctcgg aagagggtta accagcetteg tggcatccte

aagcttctge agctectaaa agttcagaat gaagacgtte agcgagetgt gtgtggggece

ttgagaaact tagtatttga agacaatgac aacaaattgg aggtggctga actaaatggg

gtacctegge tgctceccaggt gctgaagcaa accagagact tggagactaa aaaacaaata

acaggtttgce tgtggaattt gtcatctaat gacaaactca agaatctcat gataacagaa

gecattgctta cgctgacgga gaatatcatce atcccctttt ctgggtggec tgaaggagac

tacccaaaag caaatggttt getcgatttt gacatattet acaacgtcac tggatgecta

2643

10

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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agaaacatga gttctgctgg cgctgatggg agaaaagcga tgagaagatg tgacggactc 1620

attgactcac tggtccatta tgtcagagga accattgcag attaccagcc agatgacaag 1680

gccacggaga attgtgtgtg cattcttcat aacctctceet accagctgga ggcagagcetce 1740

ccagagaaat attcccagaa tatctatatt caaaaccgga atatccagac tgacaacaac 1800

aaaagtattg gatgttttgg cagtcgaagc aggaaagtaa aagagcaata ccaggacgtg 1860

ccgatgecgg aggaaaagag caaccccaag ggcgtggagt ggctgtggca tteccattgtt 1920

ataaggatgt atctgtcctt gatcgccaaa agtgtccgca actacacaca agaagcatcce 1980

ttaggagctc tgcagaacct cacggccgga agtggaccaa tgccgacatc agtggctcag 2040

acagttgtcc agaaggaaag tggcctgcag cacacccgaa agatgctgca tgttggtgac 2100

ccaagtgtga aaaagacagc catctcgctg ctgaggaatc tgtcccggaa tetttetcetg 2160

cagaatgaaa ttgccaaaga aactctccct gatttggttt ccatcattce tgacacagtce 2220

ccgagtactg accttctcat tgaaactaca gcctctgect gttacacatt gaacaacata 2280

atccaaaaca gttaccagaa tgcacgcgac cttctaaaca ccgggggcat ccagaaaatt 2340

atggccatta gtgcaggcga tgcctatgce tccaacaaag caagtaaagce tgcttcecgte 2400

cttctgtatt ctctgtgggce acacacggaa ctgcatcatg cctacaagaa ggctcagttt 2460

aagaagacag attttgtcaa cagccggact gccaaagcect accactccct taaagac 2517

<210> SEQ ID NO 7

<211> LENGTH: 2649

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide encoding an PKP2b with Kozak
sequence

<400> SEQUENCE: 7

gecaccatgyg cageccccgg cgcecccagcet gagtacgget acatceggac cgtectggge 60

cagcagatcce tgggacaact ggacagctcee agectggege tgcectceega ggccaagetg 120

aagctggegyg ggagcagegg cegeggegge cagacagtcea agagectgeg gatccaggag 180

caggtgcage agaccctege ccggaaggge cgcageteeg tgggcaacgg aaatcttcac 240
cgaaccagca gtgttectga gtatgtctac aacctacact tggttgaaaa tgattttgtt 300
ggaggcegtt ccecctgttec taaaacctat gacatgctaa aggctggcac aactgecact 360
tatgaaggtc gctggggaag aggaacagca cagtacaget cccagaagte cgtggaagaa 420
aggtccttga ggcatcctet gaggagactg gagatttcte ctgacagecag cccggagagg 480
getcactaca cgcacagcga ttaccagtac agccagagaa gccaggcetgyg gcacacectg 540
caccaccaag aaagcaggceg ggccgeccte ctagtgecac cgagatatge tcegttcecegag 600
atcgtggggyg tcageegtge tggcaccaca agcaggecage gecactttga cacataccac 660
agacagtacc agcatggcte tgttagegac accgtttttg acagcatcce tgccaacceg 720
gecectgetcea cgtacceccag gecagggace agccgcagca tgggcaacct cttggagaag 780
gagaactacc tgacggcagg gctcactgte gggcaggtca ggccgetggt geccctgeag 840
ccegteacte agaacaggge ttccaggtee tectggeate agagetcett ccacagcacce 900

cgcacgctga gggaagetgg geccagtgte geegtggatt ccagegggag gagagegeac 960
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ttgactgtcg geccaggcgge cgcaggggga agtgggaatc tgctcactga gagaagcact 1020
ttcactgact cccagctggg gaatgcagac atggagatga ctctggagcg agcagtgagt 1080
atgctcgagg cagaccacat gctgccatcce aggatttcetg ctgcagctac tttcatacag 1140
cacgagtgct tccagaaatc tgaagctcgg aagagggtta accagcttceg tggcatccte 1200
aagcttetge agctcecctaaa agttcagaat gaagacgttc agcgagctgt gtgtggggcece 1260
ttgagaaact tagtatttga agacaatgac aacaaattgg aggtggctga actaaatggg 1320
gtacctcgge tgctccaggt gctgaagcaa accagagact tggagactaa aaaacaaata 1380
acagaccata cagtcaattt aagaagtagg aatggctggc cgggcgcggt ggctcacgcce 1440
tgtaatccca gecactttggg aggccaaggc gggcggatca cgaggtcagg agttcgagac 1500
cagcctgace aacatggttt getgtggaat ttgtcatcta atgacaaact caagaatctce 1560
atgataacag aagcattgct tacgctgacg gagaatatca tcatcccctt ttetgggtgg 1620
cctgaaggag actacccaaa agcaaatggt ttgctcgatt ttgacatatt ctacaacgtce 1680
actggatgcce taagaaacat gagttctgct ggcgctgatg ggagaaaagce gatgagaaga 1740
tgtgacggac tcattgactc actggtccat tatgtcagag gaaccattgc agattaccag 1800
ccagatgaca aggccacgga gaattgtgtg tgcattcttc ataacctcte ctaccagcetg 1860
gaggcagagc tcccagagaa atattcccag aatatctata ttcaaaaccg gaatatccag 1920
actgacaaca acaaaagtat tggatgtttt ggcagtcgaa gcaggaaagt aaaagagcaa 1980
taccaggacg tgccgatgcce ggaggaaaag agcaacccca agggcegtgga gtggetgtgg 2040
cattccattg ttataaggat gtatctgtcce ttgatcgcca aaagtgtccg caactacaca 2100
caagaagcat ccttaggagc tctgcagaac ctcacggecg gaagtggacce aatgccgaca 2160
tcagtggctc agacagttgt ccagaaggaa agtggcctgce agcacacccg aaagatgcetg 2220
catgttggtg acccaagtgt gaaaaagaca gccatctcecge tgctgaggaa tcectgtcececgg 2280
aatctttecte tgcagaatga aattgccaaa gaaactctcc ctgatttggt ttccatcatt 2340
cctgacacag tcccgagtac tgaccttcte attgaaacta cagcctctge ctgttacaca 2400
ttgaacaaca taatccaaaa cagttaccag aatgcacgcg accttctaaa caccgggggce 2460
atccagaaaa ttatggccat tagtgcaggc gatgcctatg cctccaacaa agcaagtaaa 2520
gctgetteeg tecttetgta ttetetgtgg gcacacacgg aactgcatca tgcctacaag 2580
aaggctcagt ttaagaagac agattttgtc aacagccgga ctgccaaagce ctaccactcce 2640
cttaaagac 2649
<210> SEQ ID NO 8

<211> LENGTH: 4081

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - MHCK7-PKP2a expression cassette

<400> SEQUENCE: 8

acccttcaga ttaaaaataa ctgaggtaag ggectgggta ggggaggtgg tgtgagacge 60
tcctgtetet cctetatetg cecateggee ctttggggag gaggaatgtyg cccaaggact 120
aaaaaaaggc catggagcca gaggggcgag ggcaacagac ctttcatggg caaaccttgg 180

ggcectgetyg tctagecatge ceccactacgg gtctaggetyg cccatgtaag gaggcaaggce 240
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ctggggacac ccgagatgcc tggttataat taacccagac atgtggetgce ccccccccce 300
ccaacacctg ctgcctctaa aaataaccct gtccctggtg gatcccctge atgecgaagat 360

cttegaacaa ggctgtgggg gactgaggge aggctgtaac aggettgggg gecagggett 420

atacgtgcct gggactccca aagtattact gttccatgtt cecggegaag ggccagetgt 480
ccececgecag ctagactcag cacttagttt aggaaccagt gagcaagtca geccttgggg 540

cagcccatac aaggccatgg ggctgggeaa getgeacgece tgggtecggg gtgggcacgg 600

tgccegggeca acgagetgaa agetcatetg ctetecagggg cecctecetyg gggacagecce 660
ctcetggeta gtcacaccct gtaggetect ctatataacce caggggcaca ggggcetgecce 720
tcattctace accaccteca cagcacagac agacactcag gagecageca ggccaccatg 780
gecagcceeeg gegecccage tgagtacgge tacatccgga cegtectggyg ccageagatc 840
ctgggacaac tggacagcte cagectggeg ctgeecteeg aggecaaget gaagetggeg 900

gggagcageyg gcecgeggegg ccagacagtce aagagectge ggatccagga gcaggtgcag 960
cagacccteg cccggaaggg ccgcagetee gtgggcaacyg gaaatcttca ccgaaccage 1020
agtgttcecctg agtatgtcta caacctacac ttggttgaaa atgattttgt tggaggccgt 1080
tceectgtte ctaaaaccta tgacatgcta aaggctggca caactgccac ttatgaaggt 1140
cgetggggaa gaggaacagce acagtacage tceccagaagt cegtggaaga aaggtcecttg 1200
aggcatcctce tgaggagact ggagatttct cctgacagca gecccggagag ggctcactac 1260
acgcacagceg attaccagta cagccagaga agccaggctyg ggcacaccct gcaccaccaa 1320
gaaagcaggc gggccgcecct cctagtgecca ccgagatatg ctegtteccga gatcegtgggg 1380
gtecagceegtyg ctggcaccac aagcaggcag cgccactttg acacatacca cagacagtac 1440
cagcatggct ctgttagcga caccgttttt gacagcatcc ctgccaacce ggccctgete 1500
acgtacccca ggccagggac cagccgcage atgggcaacce tcettggagaa ggagaactac 1560
ctgacggcag ggctcactgt cgggcaggtc aggccgcetgg tgccecctgca geccgtcact 1620
cagaacaggg cttccaggtc ctecctggcat cagagctect tccacagcac ccgcacgcetg 1680
agggaagctg ggcccagtgt cgccgtggat tccagcggga ggagagcgca cttgactgte 1740
ggccaggegy ccgcaggggg aagtgggaat ctgctcactg agagaagcac tttcactgac 1800
tcecagetgg ggaatgcaga catggagatg actctggage gagcagtgag tatgctcecgag 1860
gcagaccaca tgctgccatce caggatttct gectgcagcta ctttcataca gcacgagtge 1920
ttccagaaat ctgaagctcg gaagagggtt aaccagcttc gtggcatcct caagcettcectg 1980
cagctcctaa aagttcagaa tgaagacgtt cagcgagcetg tgtgtggggce cttgagaaac 2040
ttagtatttg aagacaatga caacaaattg gaggtggctg aactaaatgg ggtacctcgg 2100
ctgctccagg tgctgaagca aaccagagac ttggagacta aaaaacaaat aacaggtttg 2160
ctgtggaatt tgtcatctaa tgacaaactc aagaatctca tgataacaga agcattgcett 2220
acgctgacgg agaatatcat catccceccttt tcectgggtgge ctgaaggaga ctacccaaaa 2280
gcaaatggtt tgctcgattt tgacatattc tacaacgtca ctggatgecct aagaaacatg 2340
agttctgetg gecgctgatgg gagaaaagcg atgagaagat gtgacggact cattgactca 2400
ctggtccatt atgtcagagg aaccattgca gattaccagc cagatgacaa ggccacggag 2460

aattgtgtgt gcattcttca taacctctce taccagetgg aggcagagct cccagagaaa 2520
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tattcccaga atatctatat tcaaaaccgg aatatccaga ctgacaacaa caaaagtatt 2580
ggatgttttyg gcagtcgaag caggaaagta aaagagcaat accaggacgt gccgatgcecg 2640
gaggaaaaga gcaaccccaa gggcgtggag tggctgtgge attccattgt tataaggatg 2700
tatctgtecct tgatcgccaa aagtgtccge aactacacac aagaagcatc cttaggagcet 2760
ctgcagaacc tcacggccegg aagtggacca atgccgacat cagtggctca gacagttgtce 2820
cagaaggaaa gtggcctgca gcacacccga aagatgctge atgttggtga cccaagtgtg 2880
aaaaagacag ccatctcgcect gctgaggaat ctgtcccecgga atctttctet gcagaatgaa 2940
attgccaaag aaactctccecc tgatttggtt tccatcattce ctgacacagt cccgagtact 3000
gaccttctceca ttgaaactac agecctctgec tgttacacat tgaacaacat aatccaaaac 3060
agttaccaga atgcacgcga ccttctaaac accgggggca tccagaaaat tatggccatt 3120
agtgcaggcg atgcctatge ctccaacaaa gcaagtaaag ctgcttccecgt ccttcetgtat 3180
tctetgtggg cacacacgga actgcatcat gcctacaaga aggctcagtt taagaagaca 3240
gattttgtca acagccggac tgccaaagcc taccactcec ttaaagactg atcaacctcet 3300
ggattacaaa atttgtgaaa gattgactgg tattcttaac tatgttgctc cttttacget 3360
atgtggatac gctgctttaa tgcctttgta tcatgctatt gecttcccgta tggetttcat 3420
tttctectee ttgtataaat cctggttgct gtectcectttat gaggagttgt ggcccegttgt 3480
caggcaacgt ggcgtggtgt gcactgtgtt tgctgacgca acccccactg gttggggcat 3540
tgccaccacce tgtcagctcecce ttteccgggac tttegettte ceccctecccta ttgeccacggce 3600
ggaactcatc gccgectgcee ttgecccgetg ctggacaggg gcetcecggetgt tgggcactga 3660
caattcegtg gtgttgtegg ggaaatcatc gtectttect tggctgcteg cetgtgttge 3720
cacctggatt ctgcgcggga cgtccttcectg ctacgtecect teggccecctca atccagcgga 3780
ccttecttee cgecggectge tgccggetcet gecggectett cecgegtcectte gecttegece 3840
tcagacgagt cggatctccecce tttgggeccge cteecccgcac tgccecgggtg gcatccectgt 3900
gaccecteee cagtgecctcet cctggeccectg gaagttgcca cteccagtgece caccagectt 3960
gtcctaataa aattaagttg catcattttg tctgactagg tgtccttcta taatattatg 4020

gggtggaggyg gggtggtatg gagcaagggyg cccaadttgg gaagaaacct gtagggectg 4080

c 4081

<210> SEQ ID NO 9

<211> LENGTH: 3854

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in lab - hTnT-PKP2a expression cassette

<400> SEQUENCE: 9

ctcagtccat taggagccag tagectggaa gatgtcttta ceccccageat cagttcaagt 60
ggagcagcac ataactcttg cectcetgect tccaagatte tggtgetgag acttatggag 120
tgtcttggag gttgecttet gecccccaac cctgetecca getggeccte ccaggectgg 180
gttgctggee tctgetttat caggattcte aagagggaca gectggtttat gttgeatgac 240
tgttccctge atatctgete tggttttaaa tagettatet gagecagetgg aggaccacat 300

gggcttatat ggegtggggt acatgttect gtagecttgt cectggcacce tgccaaaata 360
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gcagccaaca ccceccacce ccaccgcecat ccccctgece cacccgtecc ctgtcegeaca 420
ttccteccte cgecagggetyg gctcaccagg ccccagecca catgectget taaagccctce 480
tccatcctet gectcaccca gtcccegetg agactgagca gacgcctcca ggatctgtceg 540
gcaggccace atggcagccce ceggegceccc agcetgagtac ggctacatcce ggaccgtect 600
gggccagcag atcctgggac aactggacag ctccagcctg gegetgccct ccgaggccaa 660

getgaagetyg geggggagcea geggcecegegyg cggccagaca gtcaagageco tgeggatcca 720

ggagcaggtyg cagcagaccce tegeccggaa gggccgcage tcegtgggca acggaaatcet 780
tcaccgaacce agcagtgtte ctgagtatgt ctacaaccta cacttggttg aaaatgattt 840
tgttggagge cgttecectyg ttectaaaac ctatgacatg ctaaaggetyg gcacaactge 900
cacttatgaa ggtcgetggg gaagaggaac agcacagtac agctcccaga agtcegtgga 960

agaaaggtcc ttgaggcatc ctctgaggag actggagatt tctcectgaca gcagcccgga 1020
gagggctcac tacacgcaca gcgattacca gtacagccag agaagccagg ctgggcacac 1080
cctgcaccac caagaaagca ggcgggecge cctectagtyg ccaccgagat atgctegtte 1140
cgagatcgtyg ggggtcagcee gtgctggcac cacaagcagg cagcgccact ttgacacata 1200
ccacagacag taccagcatg gctctgttag cgacaccgtt tttgacagca tccctgccaa 1260
cceggecctyg ctcacgtace ccaggccagg gaccagcecge agcatgggea acctettgga 1320
gaaggagaac tacctgacgg cagggctcac tgtcgggcag gtcaggecge tggtgccect 1380
gcagecccgte actcagaaca gggcttcecag gtcecctectgg catcagaget ccttcecacag 1440
caccegcacyg ctgagggaag ctgggeccag tgtegecegtyg gattecageyg ggaggagage 1500
gcacttgact gtecggccagg cggecgcagg gggaagtggg aatctgetca ctgagagaag 1560
cactttcact gactcccage tggggaatgc agacatggag atgactctgg agcgagcagt 1620
gagtatgctc gaggcagacc acatgctgecc atccaggatt tcectgctgcag ctactttceat 1680
acagcacgag tgcttccaga aatctgaagc tcggaagagg gttaaccagce ttecgtggcat 1740
cctcaagett ctgcagctcecc taaaagttca gaatgaagac gttcagcgag ctgtgtgtgg 1800
ggccttgaga aacttagtat ttgaagacaa tgacaacaaa ttggaggtgg ctgaactaaa 1860
tggggtacct cggctgctec aggtgctgaa gcaaaccaga gacttggaga ctaaaaaaca 1920
aataacaggt ttgctgtgga atttgtcatc taatgacaaa ctcaagaatc tcatgataac 1980
agaagcattg cttacgctga cggagaatat catcatcccce ttttectgggt ggcctgaagg 2040
agactaccca aaagcaaatg gtttgctcga ttttgacata ttctacaacg tcactggatg 2100
cctaagaaac atgagttctg ctggcgctga tgggagaaaa gcgatgagaa gatgtgacgg 2160
actcattgac tcactggtcc attatgtcag aggaaccatt gcagattacc agccagatga 2220
caaggccacg gagaattgtg tgtgcattct tcataacctc tecctaccage tggaggcaga 2280
gctecccagag aaatattcce agaatatcta tattcaaaac cggaatatcc agactgacaa 2340
caacaaaagt attggatgtt ttggcagtcg aagcaggaaa gtaaaagagc aataccagga 2400
cgtgecgatyg ccggaggaaa agagcaaccce caagggcegtyg gagtggetgt ggcattccat 2460
tgttataagg atgtatctgt ccttgatcgc caaaagtgtc cgcaactaca cacaagaagc 2520
atccttagga gectctgcaga acctcacggce cggaagtgga ccaatgccga catcagtggce 2580

tcagacagtt gtccagaagg aaagtggcct gcagcacacc cgaaagatgce tgcatgttgg 2640
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tgacccaagt gtgaaaaaga cagccatctc gctgctgagg aatctgtccce ggaatcttte 2700
tctgcagaat gaaattgcca aagaaactct ccctgatttg gtttceccatca ttectgacac 2760
agtcccgagt actgaccttce tcattgaaac tacagcctcect gectgttaca cattgaacaa 2820
cataatccaa aacagttacc agaatgcacg cgaccttcta aacaccgggyg gcatccagaa 2880
aattatggcce attagtgcag gcgatgccta tgcctccaac aaagcaagta aagctgcttce 2940
cgtccttetg tattctcectgt gggcacacac ggaactgcat catgcctaca agaaggctca 3000
gtttaagaag acagattttg tcaacagccg gactgccaaa gcctaccact cccttaaaga 3060
ctgatcaacc tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg 3120
cteccttttac gectatgtgga tacgctgcett taatgecttt gtatcatget attgettcece 3180
gtatggcttt cattttctce tcecttgtata aatcctggtt getgtctett tatgaggagt 3240
tgtggcceecgt tgtcaggcaa cgtggcegtgg tgtgcactgt gtttgctgac gcaaccccca 3300
ctggttgggg cattgccacc acctgtcage tceecttteegg gactttceget tteccectece 3360
ctattgccac ggcggaactc atcgccgect gecttgeccg ctgctggaca ggggcteggce 3420
tgttgggcac tgacaattcc gtggtgttgt cggggaaatc atcgtceccttt cecttggctgce 3480
tcgectgtgt tgccacctgg attctgegeg ggacgtectt ctgctacgte ccetteggecce 3540
tcaatccage ggaccttect teccgeggcee tgctgcecegge tcectgeggect cttecgegte 3600
ttegectteg cectcagacyg agtcggatct cceectttggge cgecteccceg cactgceccecgg 3660
gtggcatcece tgtgacccct cceccagtgec tectcectggec ctggaagttg ccactccagt 3720
gcccaccage cttgtcctaa taaaattaag ttgcatcatt ttgtctgact aggtgtectt 3780
ctataatatt atggggtgga ggggggtggt atggagcaag gggcccaagt tgggaagaaa 3840
cctgtaggge ctgce 3854
<210> SEQ ID NO 10

<211> LENGTH: 4213

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - MHCK7-PKP2b expression cassette

<400> SEQUENCE: 10

acccttcaga ttaaaaataa ctgaggtaag ggectgggta ggggaggtgg tgtgagacge 60
tcctgtetet cctetatetg cecateggee ctttggggag gaggaatgtyg cccaaggact 120
aaaaaaaggc catggagcca gaggggcgag ggcaacagac ctttcatggg caaaccttgg 180
ggcectgetyg tctagecatge ceccactacgg gtctaggetyg cccatgtaag gaggcaaggce 240
ctggggacac ccgagatgece tggttataat taacccagac atgtggetge cccccccccce 300
ccaacacctyg ctgcctctaa aaataaccct gtecetggtg gatccectge atgcgaagat 360

cttegaacaa ggctgtgggg gactgaggge aggctgtaac aggettgggg gecagggett 420

atacgtgcct gggactccca aagtattact gttccatgtt cecggegaag ggccagetgt 480

ccececgecag ctagactcag cacttagttt aggaaccagt gagcaagtca geccttgggg 540

cagcccatac aaggccatgg ggctgggeaa getgeacgece tgggtecggg gtgggcacgg 600

tgccegggeca acgagetgaa agetcatetg ctetecagggg cecctecetyg gggacagecce 660

ctcetggeta gtcacaccct gtaggetect ctatataacce caggggcaca ggggcetgecce 720
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tcattctacc accacctcca cagcacagac agacactcag gagccagcca ggccaccatg 780
gcagcceceg gecgecccagce tgagtacgge tacatccgga cegtcectggg ccagcagatc 840
ctgggacaac tggacagctc cagcctggeg ctgcccteeg aggccaagcet gaagetggeg 900

gggagcageyg gcecgeggegg ccagacagtce aagagectge ggatccagga gcaggtgcag 960
cagacccteg cccggaaggg ccgcagetee gtgggcaacyg gaaatcttca ccgaaccage 1020
agtgttcecctg agtatgtcta caacctacac ttggttgaaa atgattttgt tggaggccgt 1080
tceectgtte ctaaaaccta tgacatgcta aaggctggca caactgccac ttatgaaggt 1140
cgetggggaa gaggaacagce acagtacage tceccagaagt cegtggaaga aaggtcecttg 1200
aggcatcctce tgaggagact ggagatttct cctgacagca gecccggagag ggctcactac 1260
acgcacagceg attaccagta cagccagaga agccaggctyg ggcacaccct gcaccaccaa 1320
gaaagcaggc gggccgcecct cctagtgecca ccgagatatg ctegtteccga gatcegtgggg 1380
gtecagceegtyg ctggcaccac aagcaggcag cgccactttg acacatacca cagacagtac 1440
cagcatggct ctgttagcga caccgttttt gacagcatcc ctgccaacce ggccctgete 1500
acgtacccca ggccagggac cagccgcage atgggcaacce tcettggagaa ggagaactac 1560
ctgacggcag ggctcactgt cgggcaggtc aggccgcetgg tgccecctgca geccgtcact 1620
cagaacaggg cttccaggtc ctecctggcat cagagctect tccacagcac ccgcacgcetg 1680
agggaagctg ggcccagtgt cgccgtggat tccagcggga ggagagcgca cttgactgte 1740
ggccaggegy ccgcaggggg aagtgggaat ctgctcactg agagaagcac tttcactgac 1800
tcecagetgg ggaatgcaga catggagatg actctggage gagcagtgag tatgctcecgag 1860
gcagaccaca tgctgccatce caggatttct gectgcagcta ctttcataca gcacgagtge 1920
ttccagaaat ctgaagctcg gaagagggtt aaccagcttc gtggcatcct caagcettcectg 1980
cagctcctaa aagttcagaa tgaagacgtt cagcgagcetg tgtgtggggce cttgagaaac 2040
ttagtatttg aagacaatga caacaaattg gaggtggctg aactaaatgg ggtacctcgg 2100
ctgctecagg tgctgaagca aaccagagac ttggagacta aaaaacaaat aacagaccat 2160
acagtcaatt taagaagtag gaatggctgg ccgggcgcegg tggctcacge ctgtaatccce 2220
agcactttgg gaggccaagg cgggcggatce acgaggtcag gagttcgaga ccagectgac 2280
caacatggtt tgctgtggaa tttgtcatct aatgacaaac tcaagaatct catgataaca 2340
gaagcattgc ttacgctgac ggagaatatc atcatccccet tttetgggtg gcecctgaagga 2400
gactacccaa aagcaaatgg tttgctcgat tttgacatat tctacaacgt cactggatge 2460
ctaagaaaca tgagttctgc tggcgctgat gggagaaaag cgatgagaag atgtgacgga 2520
ctcattgact cactggtcca ttatgtcaga ggaaccattg cagattacca gccagatgac 2580
aaggccacgg agaattgtgt gtgcattctt cataacctct cctaccaget ggaggcagag 2640
ctcccagaga aatattccca gaatatctat attcaaaacc ggaatatcca gactgacaac 2700
aacaaaagta ttggatgttt tggcagtcga agcaggaaag taaaagagca ataccaggac 2760
gtgccgatge cggaggaaaa gagcaacccce aagggcgtgg agtggctgtg gcattccatt 2820
gttataagga tgtatctgtc cttgatcgcc aaaagtgtcc gcaactacac acaagaagca 2880
tcettaggag ctcectgcagaa cctcacggce ggaagtggac caatgccgac atcagtgget 2940

cagacagttg tccagaagga aagtggcctg cagcacaccc gaaagatgct gcatgttggt 3000
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gacccaagtyg tgaaaaagac agccatctcg ctgctgagga atctgtcccg gaatctttet 3060
ctgcagaatg aaattgccaa agaaactctc cctgatttgg tttccatcat tectgacaca 3120
gtcececgagta ctgaccttcet cattgaaact acagcctctg cctgttacac attgaacaac 3180
ataatccaaa acagttacca gaatgcacgce gaccttctaa acaccggggyg catccagaaa 3240
attatggcca ttagtgcagg cgatgcctat gcctccaaca aagcaagtaa agctgcttcece 3300
gtcecttetgt attctetgtg ggcacacacg gaactgcatce atgcctacaa gaaggctceag 3360
tttaagaaga cagattttgt caacagccgg actgccaaag cctaccactce ccttaaagac 3420
tgatcaacct ctggattaca aaatttgtga aagattgact ggtattctta actatgttgc 3480
tcettttacg ctatgtggat acgctgettt aatgectttg tatcatgcta ttgcttecceg 3540
tatggctttc attttctect ccttgtataa atcctggttg ctgtctcecttt atgaggagtt 3600
gtggccegtt gtcaggcaac gtggcegtggt gtgcactgtg tttgctgacg caacccccac 3660
tggttggggce attgccacca cctgtcagct ccttteceggg actttegcett teccectece 3720
tattgccacg gcggaactca tcecgccgectg ccttgeceege tgctggacag gggctcegget 3780
gttgggcact gacaattccg tggtgttgtc ggggaaatca tcgtcecttte cttggctget 3840
cgectgtgtt gecacctgga ttetgcegegg gacgtectte tgctacgtece ctteggcect 3900
caatccagcg gaccttceett ccecgeggect gctgecgget ctgcggecte ttececgegtet 3960
tcgecttege cectcagacga gteggatcte cctttgggece gectcececccecge actgececcggg 4020
tggcatccct gtgacccecte cccagtgect ctectggece tggaagttge cactccagtg 4080
cccaccagcece ttgtcctaat aaaattaagt tgcatcattt tgtctgacta ggtgtcectte 4140
tataatatta tggggtggag gggggtggta tggagcaagg ggcccaagtt gggaagaaac 4200
ctgtagggcce tgce 4213
<210> SEQ ID NO 11

<211> LENGTH: 3986

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - hTnT-PKP2b express cassette

<400> SEQUENCE: 11

ctcagtccat taggagccag tagectggaa gatgtcttta ceccccageat cagttcaagt 60
ggagcagcac ataactcttg cectcetgect tccaagatte tggtgetgag acttatggag 120
tgtcttggag gttgecttet gecccccaac cctgetecca getggeccte ccaggectgg 180
gttgctggee tctgetttat caggattcte aagagggaca gectggtttat gttgeatgac 240
tgttccctge atatctgete tggttttaaa tagettatet gagecagetgg aggaccacat 300
gggcttatat ggegtggggt acatgttect gtagecttgt cectggcacce tgccaaaata 360
gecagccaaca ccccccacce ccaccgecat ccccctgece caccegtece ctgtegeaca 420
ttcecteccte cgcagggetyg getcaccagg ccccagecca catgectget taaagcccte 480
tccatectet gectcaccca gteccegetyg agactgagea gacgecteca ggatcetgteg 540
gecaggccace atggcagcce ceggcegecce agctgagtac ggctacatcce ggacegtect 600
gggccagcag atcctgggac aactggacag ctccagectg gegetgecct ccgaggecaa 660

getgaagetyg geggggagcea geggcecegegyg cggccagaca gtcaagageco tgeggatcca 720
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ggagcaggtg cagcagaccc tcgcccggaa gggccgcagce tcecgtgggca acggaaatct 780
tcaccgaacc agcagtgttc ctgagtatgt ctacaaccta cacttggttg aaaatgattt 840
tgttggaggc cgttcccctg ttcctaaaac ctatgacatg ctaaaggctg gcacaactgce 900
cacttatgaa ggtcgctggg gaagaggaac agcacagtac agctcccaga agtccgtgga 960

agaaaggtcc ttgaggcatc ctctgaggag actggagatt tctcectgaca gcagcccgga 1020
gagggctcac tacacgcaca gcgattacca gtacagccag agaagccagg ctgggcacac 1080
cctgcaccac caagaaagca ggcgggecge cctectagtyg ccaccgagat atgctegtte 1140
cgagatcgtyg ggggtcagcee gtgctggcac cacaagcagg cagcgccact ttgacacata 1200
ccacagacag taccagcatg gctctgttag cgacaccgtt tttgacagca tccctgccaa 1260
cceggecctyg ctcacgtace ccaggccagg gaccagcecge agcatgggea acctettgga 1320
gaaggagaac tacctgacgg cagggctcac tgtcgggcag gtcaggecge tggtgccect 1380
gcagecccgte actcagaaca gggcttcecag gtcecctectgg catcagaget ccttcecacag 1440
caccegcacyg ctgagggaag ctgggeccag tgtegecegtyg gattecageyg ggaggagage 1500
gcacttgact gtecggccagg cggecgcagg gggaagtggg aatctgetca ctgagagaag 1560
cactttcact gactcccage tggggaatgc agacatggag atgactctgg agcgagcagt 1620
gagtatgctc gaggcagacc acatgctgecc atccaggatt tcectgctgcag ctactttceat 1680
acagcacgag tgcttccaga aatctgaagc tcggaagagg gttaaccagce ttecgtggcat 1740
cctcaagett ctgcagctcecc taaaagttca gaatgaagac gttcagcgag ctgtgtgtgg 1800
ggccttgaga aacttagtat ttgaagacaa tgacaacaaa ttggaggtgg ctgaactaaa 1860
tggggtacct cggctgctec aggtgctgaa gcaaaccaga gacttggaga ctaaaaaaca 1920
aataacagac catacagtca atttaagaag taggaatggc tggccgggcg cggtggctca 1980
cgecctgtaat cccagcactt tgggaggcca aggcgggcegg atcacgaggt caggagttcg 2040
agaccagcct gaccaacatg gtttgctgtg gaatttgtca tctaatgaca aactcaagaa 2100
tctcatgata acagaagcat tgcttacgct gacggagaat atcatcatcc ccttttetgg 2160
gtggcctgaa ggagactacc caaaagcaaa tggtttgctc gattttgaca tattctacaa 2220
cgtcactgga tgcctaagaa acatgagttc tgctggceget gatgggagaa aagcgatgag 2280
aagatgtgac ggactcattg actcactggt ccattatgtc agaggaacca ttgcagatta 2340
ccagccagat gacaaggcca cggagaattg tgtgtgcatt cttcataacc tcectectacca 2400
gctggaggca gagctcccag agaaatattc ccagaatatc tatattcaaa accggaatat 2460
ccagactgac aacaacaaaa dtattggatg ttttggcagt cgaagcagga aagtaaaaga 2520
gcaataccag gacgtgccga tgccggagga aaagagcaac cccaagggcg tggagtgget 2580
gtggcattcc attgttataa ggatgtatct gtccttgatc gccaaaagtg tccgcaacta 2640
cacacaagaa gcatccttag gagctctgca gaacctcacyg gccggaagtyg gaccaatgece 2700
gacatcagtyg gctcagacag ttgtccagaa ggaaagtggce ctgcagcaca cccgaaagat 2760
gctgcatgtt ggtgacccaa gtgtgaaaaa gacagccatc tcgctgctga ggaatctgte 2820
ccggaatcett tectctgcaga atgaaattgce caaagaaact ctccctgatt tggtttecat 2880
cattcctgac acagtcccga gtactgacct tctcattgaa actacagcct ctgectgtta 2940

cacattgaac aacataatcc aaaacagtta ccagaatgca cgcgaccttc taaacaccgg 3000
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gggcatccag aaaattatgg ccattagtgc aggcgatgcc tatgcctcca acaaagcaag 3060
taaagctgct tccgtcectte tgtattectcet gtgggcacac acggaactgce atcatgecta 3120
caagaaggct cagtttaaga agacagattt tgtcaacagc cggactgcca aagcctacca 3180
ctcccttaaa gactgatcaa cctcectggatt acaaaatttg tgaaagattg actggtattce 3240
ttaactatgt tgctcctttt acgctatgtg gatacgctge tttaatgcct ttgtatcatg 3300
ctattgcttc ccgtatggcet ttcattttcet cctecttgta taaatcctgg ttgectgtcete 3360
tttatgagga gttgtggccc gttgtcagge aacgtggcegt ggtgtgcact gtgtttgetg 3420
acgcaacccce cactggttgg ggcattgcca ccacctgtca getcectttee gggacttteg 3480
ctttceceect cectattgec acggcggaac tcatcgecge ctgcecttgece cgctgctgga 3540
caggggctcg getgttggge actgacaatt ccgtggtgtt gtcggggaaa tcatcgtect 3600
ttecttgget getegectgt gttgccacct ggattctgeg cgggacgtcece ttetgctacg 3660
tcecttegge cectcaateca geggacctte ctteccgegg cectgectgeeg getcectgegge 3720
ctectteegeg tettegectt cgeccctcaga cgagtcggat ctcecectttgg gecgectece 3780
cgcactgecce gggtggcatce cctgtgacce cteccecccagtg ccectcectectgg cectggaagt 3840
tgccactcca gtgcccacca gecttgtect aataaaatta agttgcatca ttttgtcectga 3900
ctaggtgtcce ttctataata ttatggggtg gaggggggtg gtatggagca aggggcccaa 3960
gttgggaaga aacctgtagg gcctge 3986
<210> SEQ ID NO 12

<211> LENGTH: 4417

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Labe - full polynucleotide sequence of

vector genome

<400> SEQUENCE: 12

gegegetege tegetcactg aggecgeceyg ggcaaageoe gggegteggyg cgacctttgg 60
tcgeceggee tcagtgageg agcgagegeg cagagaggga gtggccaact ccatcactag 120
gggtteccttyg tagttaatga ttaacccgece atgctactta tctacgtaac ccttcagatt 180
aaaaataact gaggtaaggg cctgggtagg ggaggtggtg tgagacgete ctgtctctece 240
tctatectgee catcggecct ttggggagga ggaatgtgec caaggactaa aaaaaggcca 300
tggagccaga ggggcgaggg caacagacct ttecatgggea aaccttgggg ccctgetgte 360
tagcatgcce cactacgggt ctaggcetgece catgtaagga ggcaaggect ggggacaccce 420
gagatgcctyg gttataatta acccagacat gtggctgece ccccccccce aacacctget 480
gectctaaaa ataaccctgt cectggtgga tcccctgecat gegaagatcet tcgaacaagg 540

ctgtggggga ctgagggcag gctgtaacag gettggggge cagggettat acgtgectgg 600

gactcccaaa gtattactgt tccatgttce cggcgaaggg ccagetgtece ccegecaget 660

agactcagca cttagtttag gaaccagtga gcaagtcage cettggggca gcccatacaa 720

ggccatgggyg ctgggcaage tgcacgectyg ggtceggggt gggcacggtyg ccegggeaac 780

gagctgaaag ctcatctget ctcaggggece ccteectggg gacageccct cctggetagt 840

cacaccctgt aggctectet atataaccca ggggcacagg ggctgeccte attctaccac 900

cacctecaca gcacagacag acactcagga gccagecagg ccaccatgge ageccccegge 960
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geeccagety agtacggcta catccggace gtectgggee agcagatcct gggacaactg 1020
gacagctceca gectggeget gcecctcecgag gecaagetga agetggeggg gagcagegge 1080
cgeggeggee agacagtcaa gagcctgegg atccaggage aggtgcagcea gaccctegece 1140
cggaagggcee gcagcetceogt gggcaacgga aatcttcacce gaaccagcag tgttectgag 1200
tatgtctaca acctacactt ggttgaaaat gattttgttg gaggccgttce ccctgttect 1260
aaaacctatg acatgctaaa ggctggcaca actgccactt atgaaggtcg ctggggaaga 1320
ggaacagcac agtacagctc ccagaagtcc gtggaagaaa ggtccttgag gcatcctcetg 1380
aggagactgg agatttctcc tgacagcage cecggagaggyg ctcactacac gcacagcgat 1440
taccagtaca gccagagaag ccaggctggg cacaccctge accaccaaga aagcaggcgg 1500
gccgecctee tagtgccace gagatatget cgtteccgaga tegtgggggt cagecgtget 1560
ggcaccacaa gcaggcagceg ccactttgac acataccaca gacagtacca gcatggctet 1620
gttagcgaca ccgtttttga cagcatccct geccaacccecgg cectgctcac gtaccccagyg 1680
ccagggacca gccgcagcat gggcaaccte ttggagaagg agaactacct gacggcaggg 1740
ctcactgtecg ggcaggtcag gecgcetggtg ccectgcage ccgtcactca gaacagggct 1800
tccaggtect cctggcatca gagctcectte cacagcacce gcacgctgag ggaagcetggg 1860
cccagtgteg ccegtggattce cagcgggagg agagcgcact tgactgtegyg ccaggeggece 1920
gcagggggaa gtgggaatct gctcactgag agaagcactt tcactgactc ccagctgggyg 1980
aatgcagaca tggagatgac tctggagcga gcagtgagta tgctcgaggce agaccacatg 2040
ctgccatcca ggatttctge tgcagctact ttcatacagce acgagtgctt ccagaaatct 2100
gaagctcgga agagggttaa ccagcttegt ggcatcctca agecttcectgca gctcectaaaa 2160
gttcagaatg aagacgttca gcgagctgtg tgtggggcct tgagaaactt agtatttgaa 2220
gacaatgaca acaaattgga ggtggctgaa ctaaatgggg tacctcggct gctccaggtyg 2280
ctgaagcaaa ccagagactt ggagactaaa aaacaaataa caggtttgct gtggaatttg 2340
tcatctaatg acaaactcaa gaatctcatg ataacagaag cattgcttac gctgacggag 2400
aatatcatca tccectttte tgggtggcct gaaggagact acccaaaagc aaatggtttg 2460
ctcgattttg acatattcta caacgtcact ggatgcctaa gaaacatgag ttcectgctggce 2520
gctgatggga gaaaagcgat gagaagatgt gacggactca ttgactcact ggtccattat 2580
gtcagaggaa ccattgcaga ttaccagcca gatgacaagg ccacggagaa ttgtgtgtge 2640
attcttcata acctctcecta ccagctggag gcagagctcecce cagagaaata ttcccagaat 2700
atctatattc aaaaccggaa tatccagact gacaacaaca aaagtattgg atgttttggc 2760
agtcgaagca ggaaagtaaa agagcaatac caggacgtge cgatgccgga ggaaaagagce 2820
aaccccaagg gcgtggagtyg getgtggcat tccattgtta taaggatgta tetgtecttg 2880
atcgccaaaa gtgtccgcaa ctacacacaa gaagcatcct taggagctct gcagaacctce 2940
acggccggaa gtggaccaat gccgacatca gtggctcaga cagttgtcca gaaggaaagt 3000
ggectgcage acacccgaaa gatgetgcat gttggtgace caagtgtgaa aaagacagec 3060
atctcgetge tgaggaatct gtcccggaat ctttcectetge agaatgaaat tgccaaagaa 3120
actctcectg atttggttte catcattcct gacacagtcce cgagtactga ccttctcatt 3180

gaaactacag cctctgectg ttacacattg aacaacataa tccaaaacag ttaccagaat 3240
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gcacgcgacc ttctaaacac cgggggcatc cagaaaatta tggccattag tgcaggcgat 3300
gcctatgect ccaacaaagce aagtaaagct gettcececgtec ttetgtattce tcectgtgggea 3360
cacacggaac tgcatcatgc ctacaagaag gctcagttta agaagacaga ttttgtcaac 3420
agccggactg ccaaagccta ccactcecctt aaagactgat caacctctgg attacaaaat 3480
ttgtgaaaga ttgactggta ttcttaacta tgttgctect tttacgctat gtggatacgce 3540
tgctttaatg cctttgtatc atgctattge ttcccgtatg getttcattt tetectectt 3600
gtataaatcc tggttgctgt ctetttatga ggagttgtgg cccgttgtca ggcaacgtgg 3660
cgtggtgtge actgtgtttg ctgacgcaac ccccactggt tggggcattg ccaccacctg 3720
tcagctectt teccgggactt tegetttcecce cctecctatt geccacggcecgg aactcatcegce 3780
cgectgectt geccgectget ggacaggggce tceggctgttg ggcactgaca attccegtggt 3840
gttgtcgggg aaatcatcgt cctttecttg getgctegee tgtgttgeca cctggattcet 3900
gcgegggacyg tecttetget acgtceccectte ggccctcaat ccagcggacce ttecttececy 3960
cggcctgetg cecggcectcectge ggectcettee gegtettege cttegeccte agacgagtceg 4020
gatctcceett tgggecgect ccececgcactg cccgggtgge atccecctgtga ccectcececca 4080
gtgcctctee tggccctgga agttgccact ccagtgccca ccagecttgt cctaataaaa 4140
ttaagttgca tcattttgtc tgactaggtg tccttctata atattatggg gtggaggggg 4200
gtggtatgga gcaaggggcce caagttggga agaaacctgt agggcectgcet acgtagataa 4260
gtagcatggc gggttaatca ttaactacaa ggaaccccta gtgatggagt tggccactcce 4320
ctetetgege getegetege tcactgagge cgggcgacca aaggtcegece gacgeccggg 4380
ctttgcecgg geggectcag tgagcgagceg agcgcegce 4417
<210> SEQ ID NO 13

<211> LENGTH: 4190

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Labe - full polynucleotide sequence of

vector genome

<400> SEQUENCE: 13

gegegetege tegetcactg aggecgeceyg ggcaaageoe gggegteggyg cgacctttgg 60
tcgeceggee tcagtgageg agcgagegeg cagagaggga gtggccaact ccatcactag 120
gggtteccttyg tagttaatga ttaacccgece atgctactta tctacgtact cagteccatta 180
ggagccagta gcctggaaga tgtctttacce cccagcatca gttcaagtgg agecagcacat 240
aactcttgee ctetgectte caagattetyg gtgectgagac ttatggagtyg tettggaggt 300
tgccttetge cccccaacce tgctcccage tggeecteee aggectgggt tgetggecte 360
tgctttatca ggattctcaa gagggacage tggtttatgt tgcatgactg ttccctgeat 420
atctgetetyg gttttaaata gettatctga gecagetggag gaccacatgg gettatatgg 480
cgtggggtac atgttectgt agecttgtee ctggecacctg ccaaaatage agccaacacce 540
ccccaccoce accgecatee cectgececa ccegteccect gtegecacatt ccteecteceg 600
cagggctgge tcaccaggece ccageccaca tgectgetta aagecctete catcctetge 660

ctcacccagt ccccgetgag actgagcaga cgectccagg atctgtegge aggccaccat 720



US 2022/0168447 Al Jun. 2, 2022
46

-continued
ggcagccccee ggcegecccag ctgagtacgg ctacatcegg accgtccetgg gccagcagat 780
cctgggacaa ctggacagct ccagcctgge gctgcectee gaggccaagce tgaagctggce 840

ggggagcage ggcecgeggeg gccagacagt caagagectg cggatccagg agcaggtgea 900
gcagacccte geccggaagg gcocgcagetce cgtgggcaac ggaaatcttc accgaaccag 960
cagtgttcct gagtatgtcect acaacctaca cttggttgaa aatgattttg ttggaggcecg 1020
ttccectgtt cctaaaacct atgacatgct aaaggctgge acaactgcca cttatgaagg 1080
tcgetgggga agaggaacag cacagtacag cteccagaag tccgtggaag aaaggtectt 1140
gaggcatcct ctgaggagac tggagatttc tcctgacagce agcccggaga gggctcacta 1200
cacgcacagce gattaccagt acagccagag aagccaggcet gggcacaccce tgcaccacca 1260
agaaagcagg cgggccgccce tectagtgce accgagatat getcegttceceg agatcecgtggg 1320
ggtcageegt getggcacca caagcaggca gcgccacttt gacacatacc acagacagta 1380
ccagcatggce tctgttageg acaccgtttt tgacagcatc cctgccaacce cggccctget 1440
cacgtacccee aggccaggga ccagccgcag catgggcaac ctcecttggaga aggagaacta 1500
cctgacggca gggctcactg tcgggcaggt caggecgetyg gtgeccctge ageccgtcac 1560
tcagaacagg gcttccaggt cctcectggca tcagagctcece ttccacagca cccgcacgcet 1620
gagggaagct gggcccagtg tcgecgtgga ttccageggyg aggagagcgce acttgactgt 1680
cggccaggeg gcecgcagggyg gaagtgggaa tcetgctcact gagagaagca ctttcactga 1740
ctcccagetg gggaatgcag acatggagat gactctggag cgagcagtga gtatgctcega 1800
ggcagaccac atgctgccat ccaggatttc tgctgcaget actttcatac agcacgagtg 1860
cttccagaaa tctgaagctc ggaagagggt taaccagcett cgtggcatcce tcaagcttcet 1920
gcagctccta aaagttcaga atgaagacgt tcagcgaget gtgtgtgggg ccttgagaaa 1980
cttagtattt gaagacaatg acaacaaatt ggaggtggct gaactaaatg gggtacctcg 2040
gctgcectecag gtgctgaage aaaccagaga cttggagact aaaaaacaaa taacaggttt 2100
gctgtggaat ttgtcatcta atgacaaact caagaatctc atgataacag aagcattgcet 2160
tacgctgacg gagaatatca tcatccecctt ttetgggtgg cctgaaggag actacccaaa 2220
agcaaatggt ttgctcgatt ttgacatatt ctacaacgtc actggatgcc taagaaacat 2280
gagttctgcet ggcgctgatg ggagaaaagc gatgagaaga tgtgacggac tcattgactce 2340
actggtccat tatgtcagag gaaccattgc agattaccag ccagatgaca aggccacgga 2400
gaattgtgtg tgcattcttc ataacctctc ctaccagctg gaggcagagc tcccagagaa 2460
atattcccag aatatctata ttcaaaaccg gaatatccag actgacaaca acaaaagtat 2520
tggatgtttt ggcagtcgaa gcaggaaagt aaaagagcaa taccaggacg tgccgatgcece 2580
ggaggaaaag agcaacccca agggcgtgga gtggctgtgg cattccattg ttataaggat 2640
gtatctgtece ttgatcgcca aaagtgtccg caactacaca caagaagcat ccttaggagce 2700
tctgcagaac ctcacggcecg gaagtggacce aatgccgaca tcagtggctce agacagttgt 2760
ccagaaggaa agtggcctgce agcacacccg aaagatgcetg catgttggtg acccaagtgt 2820
gaaaaagaca gccatctcge tgctgaggaa tctgtcccgg aatctttectce tgcagaatga 2880
aattgccaaa gaaactctcecc ctgatttggt ttceccatcatt cctgacacag tcccgagtac 2940

tgaccttcte attgaaacta cagcctcectge ctgttacaca ttgaacaaca taatccaaaa 3000
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cagttaccag aatgcacgcg accttctaaa caccgggggce atccagaaaa ttatggccat 3060
tagtgcaggc gatgcctatg cctccaacaa agcaagtaaa gctgcttceg tecttetgta 3120
ttectectgtgg gecacacacgg aactgcatca tgcctacaag aaggctcagt ttaagaagac 3180
agattttgtc aacagccgga ctgccaaagc ctaccactcc cttaaagact gatcaacctce 3240
tggattacaa aatttgtgaa agattgactg gtattcttaa ctatgttgct ccttttacgce 3300
tatgtggata cgctgcttta atgcctttgt atcatgctat tgcttcccgt atggcetttca 3360
ttttctecte cttgtataaa tectggttge tgtcectcttta tgaggagttg tggccegttg 3420
tcaggcaacg tggcgtggtg tgcactgtgt ttgctgacgce aacccccact ggttggggca 3480
ttgccaccac ctgtcagcte ctttcececggga ctttegettt cecccectceccect attgecacgg 3540
cggaactcat cgccgcctge cttgcceget gctggacagg ggctecggcectg ttgggcactg 3600
acaattccgt ggtgttgteg gggaaatcat cgtecctttece ttggctgcte gectgtgttg 3660
ccacctggat tctgcgcecggg acgtecttcet gctacgtece ttcecggecccte aatccagegg 3720
accttectte cecgecggectyg ctgccggcete tgeggectet teccgegtcett cgecttegece 3780
ctcagacgag tcggatctcecce ctttgggccg ccteccegeca ctgccegggt ggcatccctg 3840
tgaccecctee ccagtgcecte tectggecct ggaagttgece actccagtge ccaccagect 3900
tgtcctaata aaattaagtt gcatcatttt gtctgactag gtgtccttet ataatattat 3960
ggggtggagy ggggtggtat ggagcaaggg gcccaagttyg ggaagaaacc tgtagggect 4020
gctacgtaga taagtagcat ggcgggttaa tcattaacta caaggaaccc ctagtgatgg 4080
agttggccac tccctcectetg cgegeteget cgctcactga ggccgggcga ccaaaggtceg 4140
ccecgacgece gggctttgee cgggceggcect cagtgagcega gcgagcegcegce 4190
<210> SEQ ID NO 14

<211> LENGTH: 4549

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Labe - full polynucleotide sequence of

vector genome

<400> SEQUENCE: 14

gegegetege tegetcactg aggecgeceyg ggcaaageoe gggegteggyg cgacctttgg 60
tcgeceggee tcagtgageg agcgagegeg cagagaggga gtggccaact ccatcactag 120
gggtteccttyg tagttaatga ttaacccgece atgctactta tctacgtaac ccttcagatt 180
aaaaataact gaggtaaggg cctgggtagg ggaggtggtg tgagacgete ctgtctctece 240
tctatectgee catcggecct ttggggagga ggaatgtgec caaggactaa aaaaaggcca 300
tggagccaga ggggcgaggg caacagacct ttecatgggea aaccttgggg ccctgetgte 360
tagcatgcce cactacgggt ctaggcetgece catgtaagga ggcaaggect ggggacaccce 420
gagatgcctyg gttataatta acccagacat gtggctgece ccccccccce aacacctget 480
gectctaaaa ataaccctgt cectggtgga tcccctgecat gegaagatcet tcgaacaagg 540

ctgtggggga ctgagggcag gctgtaacag gettggggge cagggettat acgtgectgg 600
gactcccaaa gtattactgt tccatgttce cggcgaaggg ccagetgtece ccegecaget 660

agactcagca cttagtttag gaaccagtga gcaagtcage cettggggca gcccatacaa 720

ggccatgggyg ctgggcaage tgcacgectyg ggtceggggt gggcacggtyg ccegggeaac 780
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gagctgaaag ctcatctgct ctcaggggec cctcecctggg gacagcccect cctggetagt 840
cacaccctgt aggctcctct atataaccca ggggcacagg ggctgccctce attctaccac 900
cacctccaca gcacagacag acactcagga gccagccagg ccaccatggce agcccccggce 960

geeccagety agtacggcta catccggace gtectgggee agcagatcct gggacaactg 1020
gacagctceca gectggeget gcecctcecgag gecaagetga agetggeggg gagcagegge 1080
cgeggeggee agacagtcaa gagcctgegg atccaggage aggtgcagcea gaccctegece 1140
cggaagggcee gcagcetceogt gggcaacgga aatcttcacce gaaccagcag tgttectgag 1200
tatgtctaca acctacactt ggttgaaaat gattttgttg gaggccgttce ccctgttect 1260
aaaacctatg acatgctaaa ggctggcaca actgccactt atgaaggtcg ctggggaaga 1320
ggaacagcac agtacagctc ccagaagtcc gtggaagaaa ggtccttgag gcatcctcetg 1380
aggagactgg agatttctcc tgacagcage cecggagaggyg ctcactacac gcacagcgat 1440
taccagtaca gccagagaag ccaggctggg cacaccctge accaccaaga aagcaggcgg 1500
gccgecctee tagtgccace gagatatget cgtteccgaga tegtgggggt cagecgtget 1560
ggcaccacaa gcaggcagceg ccactttgac acataccaca gacagtacca gcatggctet 1620
gttagcgaca ccgtttttga cagcatccct geccaacccecgg cectgctcac gtaccccagyg 1680
ccagggacca gccgcagcat gggcaaccte ttggagaagg agaactacct gacggcaggg 1740
ctcactgtecg ggcaggtcag gecgcetggtg ccectgcage ccgtcactca gaacagggct 1800
tccaggtect cctggcatca gagctcectte cacagcacce gcacgctgag ggaagcetggg 1860
cccagtgteg ccegtggattce cagcgggagg agagcgcact tgactgtegyg ccaggeggece 1920
gcagggggaa gtgggaatct gctcactgag agaagcactt tcactgactc ccagctgggyg 1980
aatgcagaca tggagatgac tctggagcga gcagtgagta tgctcgaggce agaccacatg 2040
ctgccatcca ggatttctge tgcagctact ttcatacagce acgagtgctt ccagaaatct 2100
gaagctcgga agagggttaa ccagcttegt ggcatcctca agecttcectgca gctcectaaaa 2160
gttcagaatg aagacgttca gcgagctgtg tgtggggcct tgagaaactt agtatttgaa 2220
gacaatgaca acaaattgga ggtggctgaa ctaaatgggg tacctcggct gctccaggtyg 2280
ctgaagcaaa ccagagactt ggagactaaa aaacaaataa cagaccatac agtcaattta 2340
agaagtagga atggctggcc gggcgceggtg gctcacgect gtaatcccag cactttggga 2400
ggccaaggeyg ggcggatcac gaggtcagga gttcgagacce agectgacca acatggtttg 2460
ctgtggaatt tgtcatctaa tgacaaactc aagaatctca tgataacaga agcattgcett 2520
acgctgacgg agaatatcat catccceccttt tcectgggtgge ctgaaggaga ctacccaaaa 2580
gcaaatggtt tgctcgattt tgacatattc tacaacgtca ctggatgecct aagaaacatg 2640
agttctgetg gecgctgatgg gagaaaagcg atgagaagat gtgacggact cattgactca 2700
ctggtccatt atgtcagagg aaccattgca gattaccagc cagatgacaa ggccacggag 2760
aattgtgtgt gcattcttca taacctctce taccagetgg aggcagagct cccagagaaa 2820
tattcccaga atatctatat tcaaaaccgg aatatccaga ctgacaacaa caaaagtatt 2880
ggatgttttyg gcagtcgaag caggaaagta aaagagcaat accaggacgt gccgatgcecg 2940
gaggaaaaga gcaaccccaa gggcgtggag tggctgtgge attccattgt tataaggatg 3000

tatctgtecct tgatcgccaa aagtgtccge aactacacac aagaagcatc cttaggagcet 3060
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ctgcagaacc tcacggccegg aagtggacca atgccgacat cagtggctca gacagttgtce 3120
cagaaggaaa gtggcctgca gcacacccga aagatgctge atgttggtga cccaagtgtg 3180
aaaaagacag ccatctcgcect gctgaggaat ctgtcccecgga atctttctet gcagaatgaa 3240
attgccaaag aaactctccecc tgatttggtt tccatcattce ctgacacagt cccgagtact 3300
gaccttctceca ttgaaactac agecctctgec tgttacacat tgaacaacat aatccaaaac 3360
agttaccaga atgcacgcga ccttctaaac accgggggca tccagaaaat tatggccatt 3420
agtgcaggcg atgcctatge ctccaacaaa gcaagtaaag ctgcttccecgt ccttcetgtat 3480
tctetgtggg cacacacgga actgcatcat gcctacaaga aggctcagtt taagaagaca 3540
gattttgtca acagccggac tgccaaagcc taccactcec ttaaagactg atcaacctcet 3600
ggattacaaa atttgtgaaa gattgactgg tattcttaac tatgttgctc cttttacget 3660
atgtggatac gctgctttaa tgcctttgta tcatgctatt gecttcccgta tggetttcat 3720
tttctectee ttgtataaat cctggttgct gtectcectttat gaggagttgt ggcccegttgt 3780
caggcaacgt ggcgtggtgt gcactgtgtt tgctgacgca acccccactg gttggggcat 3840
tgccaccacce tgtcagctcecce ttteccgggac tttegettte ceccctecccta ttgeccacggce 3900
ggaactcatc gccgectgcee ttgecccgetg ctggacaggg gcetcecggetgt tgggcactga 3960
caattcegtg gtgttgtegg ggaaatcatc gtectttect tggctgcteg cetgtgttge 4020
cacctggatt ctgcgcggga cgtccttcectg ctacgtecect teggccecctca atccagcgga 4080
ccttecttee cgecggectge tgccggetcet gecggectett cecgegtcectte gecttegece 4140
tcagacgagt cggatctccecce tttgggeccge cteecccgcac tgccecgggtg gcatccectgt 4200
gaccecteee cagtgecctcet cctggeccectg gaagttgcca cteccagtgece caccagectt 4260
gtcctaataa aattaagttg catcattttg tctgactagg tgtccttcta taatattatg 4320
gggtggaggy gggtggtatyg gagcaagggg cccaagttgg gaagaaacct gtagggectg 4380
ctacgtagat aagtagcatg gcgggttaat cattaactac aaggaacccc tagtgatgga 4440
gttggccact ccctctetge gcgetegete gectcactgag gecgggcgac caaaggtege 4500
ccgacgecceg ggctttgece gggcggecte agtgagcgag cgagcgcegce 4549
<210> SEQ ID NO 15
<211> LENGTH: 4322
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Made in Labe - full polynucleotide sequence of
vector genome

<400> SEQUENCE: 15

gegegetege tegetcactg aggecgeceyg ggcaaageoe gggegteggyg cgacctttgg 60
tcgeceggee tcagtgageg agcgagegeg cagagaggga gtggccaact ccatcactag 120
gggtteccttyg tagttaatga ttaacccgece atgctactta tctacgtact cagteccatta 180
ggagccagta gcctggaaga tgtctttacce cccagcatca gttcaagtgg agecagcacat 240
aactcttgee ctetgectte caagattetyg gtgectgagac ttatggagtyg tettggaggt 300
tgccttetge cccccaacce tgctcccage tggeecteee aggectgggt tgetggecte 360

tgctttatca ggattctcaa gagggacage tggtttatgt tgcatgactg ttccctgeat 420
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atctgectcectg gttttaaata gcttatctga gcagectggag gaccacatgg gcttatatgg 480
cgtggggtac atgttcctgt ageccttgtcce ctggcacctg ccaaaatagc agccaacacce 540
ccccaccceec accgcecatce ccectgecceca cccgteccect gtcecgecacatt cctecctecyg 600
cagggctgge tcaccaggcc ccagcccaca tgectgetta aagccctctce catcctetge 660
ctcacccagt ccccgetgag actgagcaga cgcectccagg atctgtegge aggccaccat 720
ggcagccccee ggcegecccag ctgagtacgg ctacatcegg accgtccetgg gccagcagat 780
cctgggacaa ctggacagct ccagcctgge gctgcectee gaggccaagce tgaagctggce 840

ggggagcage ggcecgeggeg gccagacagt caagagectg cggatccagg agcaggtgea 900
gcagacccte geccggaagg gcocgcagetce cgtgggcaac ggaaatcttc accgaaccag 960
cagtgttcct gagtatgtcect acaacctaca cttggttgaa aatgattttg ttggaggcecg 1020
ttccectgtt cctaaaacct atgacatgct aaaggctgge acaactgcca cttatgaagg 1080
tcgetgggga agaggaacag cacagtacag cteccagaag tccgtggaag aaaggtectt 1140
gaggcatcct ctgaggagac tggagatttc tcctgacagce agcccggaga gggctcacta 1200
cacgcacagce gattaccagt acagccagag aagccaggcet gggcacaccce tgcaccacca 1260
agaaagcagg cgggccgccce tectagtgce accgagatat getcegttceceg agatcecgtggg 1320
ggtcageegt getggcacca caagcaggca gcgccacttt gacacatacc acagacagta 1380
ccagcatggce tctgttageg acaccgtttt tgacagcatc cctgccaacce cggccctget 1440
cacgtacccee aggccaggga ccagccgcag catgggcaac ctcecttggaga aggagaacta 1500
cctgacggca gggctcactg tcgggcaggt caggecgetyg gtgeccctge ageccgtcac 1560
tcagaacagg gcttccaggt cctcectggca tcagagctcece ttccacagca cccgcacgcet 1620
gagggaagct gggcccagtg tcgecgtgga ttccageggyg aggagagcgce acttgactgt 1680
cggccaggeg gcecgcagggyg gaagtgggaa tcetgctcact gagagaagca ctttcactga 1740
ctcccagetg gggaatgcag acatggagat gactctggag cgagcagtga gtatgctcega 1800
ggcagaccac atgctgccat ccaggatttc tgctgcaget actttcatac agcacgagtg 1860
cttccagaaa tctgaagctc ggaagagggt taaccagcett cgtggcatcce tcaagcttcet 1920
gcagctccta aaagttcaga atgaagacgt tcagcgaget gtgtgtgggg ccttgagaaa 1980
cttagtattt gaagacaatg acaacaaatt ggaggtggct gaactaaatg gggtacctcg 2040
getgetecayg gtgctgaage aaaccagaga cttggagact aaaaaacaaa taacagacca 2100
tacagtcaat ttaagaagta ggaatggctg gccgggcegceg gtggctcacg cctgtaatce 2160
cagcactttyg ggaggccaag gcgggceggat cacgaggtca ggagttcegag accagectga 2220
ccaacatggt ttgctgtgga atttgtcatc taatgacaaa ctcaagaatc tcatgataac 2280
agaagcattg cttacgctga cggagaatat catcatcccce ttttectgggt ggcctgaagg 2340
agactaccca aaagcaaatg gtttgctcga ttttgacata ttctacaacg tcactggatg 2400
cctaagaaac atgagttctg ctggcgctga tgggagaaaa gcgatgagaa gatgtgacgg 2460
actcattgac tcactggtcc attatgtcag aggaaccatt gcagattacc agccagatga 2520
caaggccacg gagaattgtg tgtgcattct tcataacctc tecctaccage tggaggcaga 2580
gctecccagag aaatattcce agaatatcta tattcaaaac cggaatatcc agactgacaa 2640

caacaaaagt attggatgtt ttggcagtcg aagcaggaaa gtaaaagagc aataccagga 2700
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cgtgecgatyg ccggaggaaa agagcaaccce caagggcegtyg gagtggetgt ggcattccat 2760
tgttataagg atgtatctgt ccttgatcgc caaaagtgtc cgcaactaca cacaagaagc 2820
atccttagga gectctgcaga acctcacggce cggaagtgga ccaatgccga catcagtggce 2880
tcagacagtt gtccagaagg aaagtggcct gcagcacacc cgaaagatgce tgcatgttgg 2940
tgacccaagt gtgaaaaaga cagccatctc gctgctgagg aatctgtccce ggaatcttte 3000
tctgcagaat gaaattgcca aagaaactct ccctgatttg gtttceccatca ttectgacac 3060
agtcccgagt actgaccttce tcattgaaac tacagcctcect gectgttaca cattgaacaa 3120
cataatccaa aacagttacc agaatgcacg cgaccttcta aacaccgggyg gcatccagaa 3180
aattatggcce attagtgcag gcgatgccta tgcctccaac aaagcaagta aagctgcttce 3240
cgtccttetg tattctcectgt gggcacacac ggaactgcat catgcctaca agaaggctca 3300
gtttaagaag acagattttg tcaacagccg gactgccaaa gcctaccact cccttaaaga 3360
ctgatcaacc tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg 3420
cteccttttac gectatgtgga tacgctgcett taatgecttt gtatcatget attgettcece 3480
gtatggcttt cattttctce tcecttgtata aatcctggtt getgtctett tatgaggagt 3540
tgtggcceecgt tgtcaggcaa cgtggcegtgg tgtgcactgt gtttgctgac gcaaccccca 3600
ctggttgggg cattgccacc acctgtcage tceecttteegg gactttceget tteccectece 3660
ctattgccac ggcggaactc atcgccgect gecttgeccg ctgctggaca ggggcteggce 3720
tgttgggcac tgacaattcc gtggtgttgt cggggaaatc atcgtceccttt cecttggctgce 3780
tcgectgtgt tgccacctgg attctgegeg ggacgtectt ctgctacgte ccetteggecce 3840
tcaatccage ggaccttect teccgeggcee tgctgcecegge tcectgeggect cttecgegte 3900
ttegectteg cectcagacyg agtcggatct cceectttggge cgecteccceg cactgceccecgg 3960
gtggcatcece tgtgacccct cceccagtgec tectcectggec ctggaagttg ccactccagt 4020
gcccaccage cttgtcctaa taaaattaag ttgcatcatt ttgtctgact aggtgtectt 4080
ctataatatt atggggtgga ggggggtggt atggagcaag gggcccaagt tgggaagaaa 4140
cctgtagggce ctgctacgta gataagtage atggcgggtt aatcattaac tacaaggaac 4200
ccetagtgat ggagttggec actccctcte tgegegeteg ctcegectcact gaggcecgggce 4260
gaccaaaggt cgcccgacge ccgggetttg ccegggegge ctecagtgage gagcgagege 4320
gc 4322
<210> SEQ ID NO 16

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Kozak sequence motif

<400> SEQUENCE: 16

gccgecreca ugg 13

<210> SEQ ID NO 17
<400> SEQUENCE: 17

000
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<210> SEQ ID NO 18
<211> LENGTH: 10
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Kozak sequence motif

<400> SEQUENCE: 18

gacaccaugg

<210> SEQ ID NO 19

<400> SEQUENCE: 19

000

<210> SEQ ID NO 20

<211> LENGTH: 141

<212> TYPE: DNA

<213> ORGANISM: Adeno-associated
<400> SEQUENCE: 20

cctgeaggea getgegeget cgetegetca
gggecgaccett tggtegeceyg gectecagtga
actccatcac taggggttee t

<210> SEQ ID NO 21

<211> LENGTH: 168

<212> TYPE: DNA

<213> ORGANISM: Adeno-associated
<400> SEQUENCE: 21

gegegetege tegetcactyg aggecgeceg
tegeceggee tcagtgageg agcegagegey
gggttcettyg tagttaatga ttaacccgece
<210> SEQ ID NO 22

<211> LENGTH: 170

<212> TYPE: DNA

<213> ORGANISM: Adeno-associated
<400> SEQUENCE: 22

ctgegegete getegetcac tgaggeegee
ggtegeeegyg cctcagtgag cgagegageg
aggggttccet tgtagttaat gattaacccy
<210> SEQ ID NO 23

<211> LENGTH: 145

<212> TYPE: DNA

<213> ORGANISM: Adeno-associated
<400> SEQUENCE: 23

ttggccacte cctetetgeg cgectegetey

cgtegggega cctttggteg ceeggectca

gccaactcca tcactagggg ttect

<210> SEQ ID NO 24

virus

ctgaggcege ccgggcaaag cccgggegte

gcgagcgagc gcgcagagag ggagtggcca

virus 2

ggcaaagece gggcegtceggg cgacctttgg

cagagaggga gtggccaact ccatcactag

atgctactta tctacgta

virus

cgggcaaage ccgggegteg ggegaccttt

cgcagagagg gagtggccaa ctecatcact

ccatgctact tatctacgta

virus

ctcactgagg ccgeccggge aaageccggg

gtgagcgagc gagcgcgcag agagggagtg

10

60

120

141

60

120

168

60

120

170

60

120

145



US 2022/0168447 Al

53

-continued

Jun. 2, 2022

<211> LENGTH: 141

<212> TYPE: DNA

<213> ORGANISM: Adeno-associated
<400> SEQUENCE: 24

aggaacccct agtgatggag ttggecacte
cegggegace aaaggtegece cgacgecegy
gagcgegeayg ctgectgeag g

<210> SEQ ID NO 25

<211> LENGTH: 168

<212> TYPE: DNA

<213> ORGANISM: Adeno-associated
<400> SEQUENCE: 25

tacgtagata agtagcatgg cgggttaatce
ttggccacte cctetetgeg cgectegetey
cgacgecegg getttgeceg ggeggectea
<210> SEQ ID NO 26

<211> LENGTH: 133

<212> TYPE: DNA

<213> ORGANISM: Adeno-associated
<400> SEQUENCE: 26

aggaaccccet agtgatggag actccctete
gaccaaaggt cgecccgacge cegggetttg
gcagagaggg agt

<210> SEQ ID NO 27

<211> LENGTH: 124
<212> TYPE: DNA

viurs

cctetetgeg cgetegeteg ctecactgagg

getttgeceyg ggeggectcea gtgagegage

virus 2

attaactaca aggaacccct agtgatggag

ctcactgagyg ccgggcgacce aaaggtegec

gtgagcgagc gagcgegce

virus 2

tgcgegeteg ctegetcact gaggecggge

cecegggegge ctcagtgage gagegagege

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Made in

<400> SEQUENCE: 27

geggcaatte agtcgataac tataacggtce

taaggtagce ccgggacgeg tcaattgact

tatg

<210> SEQ ID NO 28

<211> LENGTH: 84
<212> TYPE: DNA

Lab - vector filler sequence

ctaaggtagce gatttaaata cgegetctet

acaaaccgag tatctgcaga gggcectgeg

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Made in

<400> SEQUENCE: 28

cttetgagge ggaaagaacce agatcctcete

taacagggta atggcgeggg ccgc

<210> SEQ ID NO 29
<211> LENGTH: 63
<212> TYPE: DNA

Lab - vector filler sequence

ttaaggtagce atcgagattt aaattaggga

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

60

120

141

60

120

168

60

120

133

60

120

124

60

84
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<223> OTHER INFORMATION: Made in Lab - vector filler sequence
<400> SEQUENCE: 29
gttacccagg ctggagtgca gtggcacatt tctgctcact geaacctect ccteectggg 60

tte 63

<210> SEQ ID NO 30

<211> LENGTH: 573

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in lab - CAG promoter in part Human
betaherpesvirus 5

<400> SEQUENCE: 30

acttacggta aatggccege ctggectgace geccaacgac cecegeccat tgacgtcaat 60
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgte aatgggtgga 120
gtatttacgg taaactgccc acttggcagt acatcaagtg tatcatatge caagtacgec 180
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 240
atgggacttt cctacttgge agtacatcta cgtattagtce atcgctatta ccatggtcga 300
ggtgagcccee acgttctget tcactcetcce catctceccee cectecccac ccccaatttt 360

gtatttattt attttttaat tattttgtgc agcgatgggyg gcgggggyyy ggggggcgcey 420
cgccaggegg ggcggggegy ggcgaggggce ggggcggggce gaggcggaga ggtgcggcgy 480
cagccaatca gagceggegeg ctccgaaagt ttecttttat ggegaggegyg cggeggegge 540
ggccctataa aaagcgaagce gcgcggeggg <gg 573
<210> SEQ ID NO 31

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - MHCK7 promoter

<400> SEQUENCE: 31

acccttcaga ttaaaaataa ctgaggtaag ggectgggta ggggaggtgg tgtgagacge 60
tcctgtetet cctetatetg cecateggee ctttggggag gaggaatgtyg cccaaggact 120
aaaaaaaggc catggagcca gaggggcgag ggcaacagac ctttcatggg caaaccttgg 180
ggcectgetyg tctagecatge ceccactacgg gtctaggetyg cccatgtaag gaggcaaggce 240
ctggggacac ccgagatgece tggttataat taacccagac atgtggetge cccccccccce 300
ccaacacctyg ctgcctctaa aaataaccct gtecetggtg gatccectge atgcgaagat 360

cttegaacaa ggctgtgggg gactgaggge aggctgtaac aggettgggg gecagggett 420

atacgtgcct gggactccca aagtattact gttccatgtt cecggegaag ggccagetgt 480

ccececgecag ctagactcag cacttagttt aggaaccagt gagcaagtca geccttgggg 540

cagcccatac aaggccatgg ggctgggeaa getgeacgece tgggtecggg gtgggcacgg 600

tgccegggeca acgagetgaa agetcatetg ctetecagggg cecctecetyg gggacagecce 660

ctcetggeta gtcacaccct gtaggetect ctatataacce caggggcaca ggggcetgecce 720

tcattctace accaccteca cagcacagac agacactcag gagccageca g 771
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<210> SEQ ID NO 32

<211> LENGTH: 544

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

ctcagtccat taggagccag tagcctggaa gatgtcttta cccccagcat cagttcaagt
ggagcagcac ataactcttg ccctetgect tccaagatte tggtgctgag acttatggag
tgtcttggag gttgecttet gecccccaac cetgctceeca getggeccte ccaggectgyg
gttgctggee tctgetttat caggattctce aagagggaca getggtttat gttgcatgac
tgtteccctge atatctgete tggttttaaa tagcettatet gagcagetgyg aggaccacat
gggcttatat ggegtggggt acatgttcct gtagecttgt cectggcacce tgccaaaata
gcagccaaca ccccccaccee ccaccgecat ccccectgece cacccegtece ctgtegcaca
ttecteccte cgcagggetyg getcaccagg ceccagecca catgectget taaageccte
tccatectet gectcaccca gtcccegetg agactgagea gacgectceca ggatctgteg
gcag

<210> SEQ ID NO 33

<211> LENGTH: 502

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

ctcagtccat taggagccag tagcctggaa gatgtcttta cccccagcat cagttcaagt
ggagcagcac ataactcttg ccctetgect tccaagatte tggtgctgag acttatggag
tgtcttggag gttgecttet gecccccaac cetgctceeca getggeccte ccaggectgyg
gttgctggee tctgetttat caggattctce aagagggaca getggtttat gttgcatgac
tgtteccctge atatctgete tggttttaaa tagcettatet gagcagetgyg aggaccacat
gggcttatat ggegtggggt acatgttcct gtagecttgt cectggcacce tgccaaaata
gcagccaaca ccccccaccee ccaccgecat ccccectgece cacccegtece ctgtegcaca
ttecteccte cgcagggetyg getcaccagg ceccagecca catgectget taaageccte
tccatectet gectcaccca gt

<210> SEQ ID NO 34

<211> LENGTH: 5464

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 34

ggtaccggat cctgcaaggt cacacaaggg tctccaccca ccaggtgecc tagtctcaat
ttcagtttee atgecttgtt ctcacaatge tggectcceee agagctaatt tggactttgt
ttttatttca aaagggcctg aatgaggagt agatcttgtyg ctacccaget ctaagggtge

cegtgaagece ctcagacctg gagectttge aacageectt taggtggaag cagaataaag
caattttcct taaagccaaa atcctgecte tagactette ttetcetgace teggtcecectg
ggctctaggg tggggaggtg gggcttggaa gaagaaggtg gggaagtggce aaaagccgat
cectagggee ctgtgaagtt cggagectte cctgtacage actggetcat agatcctect

ccagccaaac atagcaagaa gtgataccte ctttgtgact tececcaggece cagtacctgt

60

120

180

240

300

360

420

480

540

544

60

120

180

240

300

360

420

480

502

60

120

180

240

300

360

420

480
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caggttgaaa caggatttag agaagcctct gaactcacct gaactctgaa gctcatccac 540
caagcaagca cctaggtgcce actgctagtt agtatcctac gctgataata tgcagagcetg 600
ggccacagaa gtcctggggt gtaggaactg accagtgact tttcagtcgg caaaggtatg 660
acccectcag cagatgtagt aatgtcccct tagatcccat cccaggcagg tctctaagag 720
gacatgggat gagagatgta gtcatgtggc attccaaaca cagctatcca cagtgtccct 780
tgccecttec acttagccag gaggacagta accttagect atctttettce ctcecccatcce 840
tcccaggaca caccccctgg tctgcagtat tcatttectte cttcacgtcce cctetgtgac 900
ttccatttge aaggcttttg acctctgcag ctgctggaag atagagtttg gccctaggtg 960

tggcaagcca tctcaagaga aagcagacaa cagggggacce agattttgga aggatcagga 1020
actaaatcac tggcgggcct gggggtagaa aaaagagtga gtgagtccgce tccagctaag 1080
ccaagctagt ccccgagata ctectgccaca gctgggetge tcggggtage tttaggaatg 1140
tgggtctgaa agacaatggg attggaagac atctctttga gtctccccte aaccccacct 1200
acagacacac tcgtgtgtgg ccagactcct gttcaacage cctcetgtgtt ctgaccactg 1260
agctaggcaa ccagagcatg ggccctgtge tgaggatgaa gagttggtta ccaatagcaa 1320
aaacagcagg ggagggagaa cagagaacga aataaggaag gaagaaggaa aggccagtca 1380
atcagatgca gtcagaagag atgggaagcc aacacacagce ttgagcagag gaaacagaaa 1440
agggagagat tctgggcata aggaggccac agaaagaaga gcccaggcecce cccaagtcte 1500
ctctttatac cctcatceceg tetcecccaatt aageccactce ttcecttectag atcagacctg 1560
agctgcageg aagagacccg tagggaggat cacactggat gaaggagatyg tgtggagaag 1620
tccagggaac ctaagagcca gagcctaaaa gagcaagaga taaaggtgcet tcaaaggtgg 1680
ccaggctgtg cacacagagg gtcgaggact ggtggtagag cctcaagata aggatgatgc 1740
tecagaatggg cggggggggyg gattctgggg gggggagaga gaaggtgaga aggagcectgg 1800
aacagagaat ctggaagcgc tggaaacgat accataaagg gaagaaccca ggctaccttt 1860
agatgtaaat catgaaagac agggagaagg gaagctggag agagtagaag gaccccgggg 1920
caagacattg aagcaaggac aagccaggtt gagcgctceeg tgaaatcage ctgctgaagg 1980
cagagccctyg gtatgagcac cagaacagca gaggctaggyg ttaatgtcga gacagggaac 2040
agaaggtaga cacaggaaca gacagagacg ggggagccag dgtaacaaagyg aatggtcctt 2100
ctcacctgtg geccagagegt ccatctgtgt ccacatactc tagaatgttce atcagactgce 2160
agggctgget tgggaggcag ctggaaagag tatgtgagag ccaggggaga caagggggcce 2220
taggaaagga agaagagggc aaaccaggcc acacaagagg gcagagccca gaactgagtt 2280
aactccttee ttgttgcate ttccatagga ggcagtggga actctgtgac caccatcccce 2340
catgagcccce cactacccat accaagtttg gcctgagtgg cattctaggt tecctgagga 2400
cagagcctgg cctttgtete ttggacctga cccaagctga cccaatgtte tcagtacctt 2460
atcatgccct caagagcttg agaaccaggc agtgacatat taggccatgg gctaaccctg 2520
gagettgcac acaggagcct caagtgacct ccagggacac agctgcagac aggtggectt 2580
tatccccaaa gagcaaccat ttggcatagg tggctgcaaa tgggaatgca aggttgaatc 2640
aggtcccttc aagaatactg catgcaagac ctaagacccce tggagagagg ggtatgctcce 2700

tgcccccace caccataagg ggagtgaact atectagggg getggegace ttggggagac 2760
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accacattac tgagagtgct gagcccagaa aaactgaccg ccctgtgtee tgcccaccte 2820
cacactctag agctatattg agaggtgaca gtagataggg tgggagctgg tagcagggag 2880
agtgttcectg ggtgtgaggg tgtaggggaa agccagagca ggggagtctg getttgtcete 2940
ctgaacacaa tgtctactta gttataacag gcatgacctg ctaaagaccc aacatctacg 3000
acctctgaaa agacagcagc cctggaggac aggggttgtce tctgagectt gggtgcttga 3060
tggtgccaca aaggagggca tgagtgtgag tataaggccce caggagcegtt agagaagggce 3120
acttgggaag gggtcagtct gcagagccce tatccatgga atctggagcce tggggccaac 3180
tggtgtaaat ctctgggcct gccaggcatt caaagcagca cctgcatcct ctggcagect 3240
ggggaggcgyg aagggagcaa ccccccactt atacccttte tecctcagece ccaggattaa 3300
cacctetgge cttcececcceett cccacctece atcaggagtg gagggttgca gagggagggt 3360
aaaaacctac atgtccaaac atcatggtgc acgatatatg gatcagtatg tgtagaggca 3420
agaaaggaaa tctgcaggct taactgggtt aatgtgtaaa gtctgtgtgce atgtgtgtgt 3480
gtctgactga aaacgggcat ggctgtgcag ctgttcagtt ctgtgcgtga ggttaccaga 3540
ctgcaggttt gtgtgtaaat tgcccaaggc aaagtgggtg aatcccttece atggtttaaa 3600
gagattggat gatggcctgc atctcaagga ccatggaaaa tagaatggac actctatatg 3660
tgtctctaag ctaaggtagce aaggtctttg gaggacacct gtctagagat gtgggcaaca 3720
gagactacag acagtatctg tacagagtaa ggagagagag gagggggtgt agaattctct 3780
tactatcaaa gggaaactga gtcgtgcacc tgcaaagtgg atgctctccce tagacatcat 3840
gactttgtet ctggggagcce agcactgtgg aacttcaggt ctgagagagt aggaggctcce 3900
cctecagectyg aagctatgca gatagcecagg gttgaaaggg ggaagggaga gcctgggatg 3960
ggagcttgtyg tgttggaggc aggggacaga tattaagcct ggaagagaag gtgaccctta 4020
cccagttgtt caactcaccce ttcagattaa aaataactga ggtaagggcce tgggtagggg 4080
aggtggtgtg agacgctcct gtctctecte tatctgecca teggcecttt ggggaggagg 4140
aatgtgccca aggactaaaa aaaggccatg gagccagagyg ggcgagggca acagaccttt 4200
catgggcaaa ccttggggcc ctgctgtcect cctgtcacct ccagagccaa gggatcaaag 4260
gaggaggagce caggacagga gggaagtggg agggagggtce ccagcagagg actccaaatt 4320
taggcagcag gcatatggga tgggatataa aggggctgga gcactgagag ctgtcagaga 4380
tttctecaac ccaggtaaga gggagtttcg ggtgggggct cttcacccac accagacctce 4440
tcecccaccta gaaggaaact gectttectg gaagtggggt tcaggccggt cagagatctg 4500
acagggtggce cttccaccag cctgggaagt tctcagtggce aggaggtttce cacaagaaac 4560
actggatgcce ccttecctta cgetgtette tcecatcttece tectggggat getectecce 4620
gtcttggttt atcttggcte ttegtcttca gcaagatttyg ccctgtgetg tcecactcecat 4680
ctttctetac tgtctcegtyg ccecttgecttg ccttettgeg tgtcecttect ttecacccat 4740
ttctcactte accttttete ceccttcetcat ttgtattcat ccttecttee ttecttectt 4800
ccttecttec ttecttectt ccttecttte tececttectt ccttecttec ttecttectt 4860
ccttecttee ttectgtgte agagtgctga gaatcacacc tggggttccce acccttatgt 4920
aaacaatctt ccagtgagcc acagcttcag tgctgctggg tgctctctta ccttectcac 4980

ccectggett gtectgttee atcctggtca ggatctetag attggtctee cagectetge 5040
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tactcctett cectgectgtt ccectetetetg tcecagectgeg ccactgtggt gectegttcece 5100
agctgtggtce cacattcttec aggattctct gaaaagttaa ccaggtgaga atgtttcccce 5160
tgtagacagc agatcacgat tctcccggaa gtcaggcettce cagcecctcte tttetetgece 5220
cagctgcececg gcactcttag caaacctcag gcacccttac cccacataga cctctgacag 5280
agaagcaggc actttacatg gagtcctggt gggagagcca taggctacgg tgtaaaagag 5340
gcagggaagt ggtggtgtag gaaagtcagg acttcacata gaagcctagc ccacaccaga 5400
aatgacagac agatccctcecc tatctcececcce ataagagttt gagtcgacce geggcecccga 5460
attg 5464
<210> SEQ ID NO 35

<211> LENGTH: 413

<212> TYPE: DNA

<213> ORGANISM: Gallus gallus

<400> SEQUENCE: 35

gggataaaag cagtctggge tttcacatga cagcatctgg ggctgeggca gagggteggg 60
tccgaagege tgecttatca gegtecccag cectgggagg tgacagetgg ctggettgtg 120
tcagccecte gggcactcac gtatcteegt ccgacgggtt taaaatagca aaactctgag 180

gccacacaat agettggget tatatggget cctgtggggg aagggggage acggaggggyg 240

ceggggecge tgctgecaaa atagcagete acaagtgttg cattcetete tgggegecegg 300
gecacattecct getggetetg cecgeccegyg ggtgggegee ggggggacct taaagectet 360
gecceccaag gageccttee cagacagecg ccggcaccca ccgeteegtyg gga 413

<210> SEQ ID NO 36

<211> LENGTH: 1090

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

ctctecagece tggaagtect tgctcacage cgaggegeeg agagegettg ctetgeccag 60

atctgegega gtetggegee cgegetctga acggegtege tgcccagece cctteccegg 120

gaggtgggag cggccaccca gggceccegtyg getgeccttg taaggaggeyg aggcccgagg 180

acacccgaga cgcccggtta taattaacca ggacacgtgg cgaacccece tccaacacct 240
geccccgaac ccccccatac ccagegecte gggtetegge ctttgeggca gaggagacag 300
caaagcgecce tctaaaaata actectttee cggegaccga gacectcect gtecccegea 360

cagcggaaat cteccagtgg caccgagggg gegagggtta agtggggggyg agggtgacca 420

ccgectecca cecttgecct gagtttgaat ctetecaact cagecagect cagtttecce 480
tccactcagt ccctaggagg aaggggegece caagegeggg tttetggggt tagactgecce 540
tccattgcaa ttggtectte teceggecte tgettectece agetcacagg gtatctgete 600
ctecectggage cacaccttgg tteccegagg tgecgetggg actegggtag gggtgaggge 660

ccagggggca cagggggage cgagggcecac aggaaggget ggtggetgaa ggagactcag 720
gggccagggg acggtggett ctacgtgett gggacgttee cagccaccgt cccatgttec 780

cggegggggy ccagetgtece ccaccgecag cccaactcag cacttggtca gggtatcage 840

ttggtggggy ggcgtgagece cagecectgg ggeggctcag cecatacaag gecatgggge 900
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tgggcgcaaa gcatgectgg gttcagggtg ggtatggtge gggagcaggg aggtgagagg
ctcagetgece ctecagaact ccteectggg gacaacccect cecagecaat agcacagect
aggtcccect atataaggece acggetgetg geecttectt tgggtcagtyg tcacctcecag

gatacagaca

<210> SEQ ID NO 37

<211> LENGTH: 253

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

geccagcace ccaaggcegge caacgccaaa actctceecte ctectettec tcaatctege

tctegetett ttttttttee

gcaaaaggag gggagagggg dtaaaaaaat gctgcactgt

geggcgaage cggtgagtga geggegeggyg gccaatcage gtgegeegtt ccgaaagttg

ccttttatgg ctegagegge cgeggeggeg ccectataaaa cecageggeg cgacgegeca

ccaccgecga gte

<210> SEQ ID NO 38

<211> LENGTH: 281
<212> TYPE: DNA
<213> ORGANISM: Gallus gallus

<400> SEQUENCE: 38

tctgettecac tetecccate tecccccect ccecacceec

ggtcgaggty agccccacgt

aattttgtat ttatttattt tttaattatt ttgtgcageg atgggggedy g99999gggy

ggegegegee aggeggggcg 9ggcggggcy aggggcegggy cggggcgagg cggagaggtg

cggeggcage caatcagage ggcgegetee gaaagtttece ttttatggeg aggeggegge

ggcggeggee ctataaaaag cgaagcegcege ggcegggceggg a

<210> SEQ ID NO 39
<211> LENGTH: 220
<212> TYPE: DNA

<213> ORGANISM: Human
<400> SEQUENCE: 39

tggtgatgeyg gttttggecag
ttccaagtct ccaccccatt
actttccaaa

atgtcgtaat

ggtgggaggt ctatataagc

<210> SEQ ID NO 40

<211> LENGTH: 583
<212> TYPE: DNA

<213> ORGANISM: Human
<400> SEQUENCE: 40
tagttattaa tagtaatcaa
cgttacataa cttacggtaa

gacgtcaata atgacgtatg

atgggtggag tatttacggt

betaherpesvirus 5

tacaccaatyg ggcgtggata
gacgtcaatyg ggagtttgtt
aacccegece

cgttgacgca

agagctecgtt tagtgaaccyg

betaherpesvirus 5
ttacggggte attagttcat
atggcccgee tggctgaceg
ttcccatagt

aacgccaata

aaactgccca cttggcagta

geggtttgac tcacggggat

ttggcaccaa aatcaacggg

aatgggcggt aggcgtgtac

agcccatata tggagtteceg
cccaacgace cccgeccatt
gggactttce attgacgtca

catcaagtgt atcatatgce

960

1020

1080

1090

60

120

180

240

253

60

120

180

240

281

60

120

180

220

60

120

180

240



US 2022/0168447 Al Jun. 2, 2022
60

-continued
aagtacgcce cctattgacg tcaatgacgg taaatggccce gectggcatt atgeccagta 300
catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac 360
catggtgatg cggttttggce agtacatcaa tgggcgtgga tageggtttyg actcacgggg 420
atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacce aaaatcaacyg 480
ggactttcca aaatgtcgta acaactccge cccattgacyg caaatgggceg gtaggcegtgt 540
acggtgggag gtctatataa gcagagctgg tttagtgaac cgt 583
<210> SEQ ID NO 41
<211> LENGTH: 508
<212> TYPE: DNA
<213> ORGANISM: Human betaherpesvirus 5
<400> SEQUENCE: 41
cgttacataa cttacggtaa atggccegece tggetgaceg cccaacgacce cccgeccatt 60
gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 120
atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcce 180
aagtacgcce cctattgacg tcaatgacgg taaatggccce gectggcatt atgeccagta 240
catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac 300
catggtgatg cggttttggce agtacatcaa tgggcgtgga tageggtttyg actcacgggg 360
atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacce aaaatcaacyg 420
ggactttcca aaatgtcgta acaactccge cccattgacyg caaatgggceg gtaggcegtgt 480
acggtgggag gtctatataa gcagagct 508

<210> SEQ ID NO 42

<211> LENGTH: 573

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in lab - CAG promoter in part Human
betaherpesvirus 5

<400> SEQUENCE: 42

acttacggta aatggccege ctggectgace geccaacgac cecegeccat tgacgtcaat 60
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgte aatgggtgga 120
gtatttacgg taaactgccc acttggcagt acatcaagtg tatcatatge caagtacgec 180
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 240
atgggacttt cctacttgge agtacatcta cgtattagtce atcgctatta ccatggtcga 300
ggtgagcccee acgttctget tcactcetcce catctceccee cectecccac ccccaatttt 360

gtatttattt attttttaat tattttgtgc agcgatgggyg gcgggggyyy ggggggcgcey 420
cgccaggegg ggcggggegy ggcgaggggce ggggcggggce gaggcggaga ggtgcggcgy 480
cagccaatca gagceggegeg ctccgaaagt ttecttttat ggegaggegyg cggeggegge 540
ggccctataa aaagcgaagce gcgcggeggg <gg 573
<210> SEQ ID NO 43

<211> LENGTH: 580

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Made in lab - CAG promoter in part Human
betaherpesvirus 5

<400> SEQUENCE: 43

cgttacataa cttacggtaa atggccegece tggetgaceg cccaacgacce cccgeccatt 60
gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 120
atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcce 180
aagtacgcce cctattgacg tcaatgacgg taaatggccce gectggcatt atgeccagta 240
catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac 300
catgtcgagg tgagccccac gttctgette actctcececa teteccceee cteeccacce 360
ccaattttgt atttatttat tttttaatta ttttgtgcag cgatgggggc gg9g99999gggy 420

ggggegegeg ccaggcegggg ©ggggegyggy ¢gaggggcegy ggceggggcega ggeggagagyg 480
tgcggeggca gccaatcaga goeggegeget ccgaaagttt cettttatgg cgaggeggeg 540
geggeggegyg ccctataaaa agcgaagcege geggcegggeg 580
<210> SEQ ID NO 44

<211> LENGTH: 455

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 44

caacctttgg agctaagcca gcaatggtag agggaagatt ctgcacgtce cttcecaggeg 60
gecteecegt caccacccee cccaaccege cccgaccegga gctgagagta attcatacaa 120
aaggactcge ccctgecttyg gggaatceca gggaccgteg ttaaactece actaacgtag 180
aacccagaga tcgetgegtt ceegeccect caccegeceg ctcetegteat cactgaggtg 240
gagaatagca tgcgtgagge tccggtgcce gtcagtggge agagcgcaca tcgeccacag 300

tcecccgagaa gttgggggga ggggteggea attgaacggg tgcctagaga aggtggegeg 360

gggtaaactyg ggaaagtgat gtcgtgtact ggctccgect tttteccgayg ggtgggggag 420

aaccgtatat aagtgcagta gtcgccgtga acgtt 455

<210> SEQ ID NO 45
<400> SEQUENCE: 45

000

<210> SEQ ID NO 46
<400> SEQUENCE: 46

000

<210> SEQ ID NO 47
<400> SEQUENCE: 47
000

<210> SEQ ID NO 48
<211> LENGTH: 281

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 48
acttgtggac aaagtttgct ctattccacc tcctccagge cctecttggg tccatcaccce 60
caggggtgct gggtccatce cacccccagg cccacacagg cttgcagtat tgtgtgeggt 120

atggtcaggyg cgtccgagag caggtttege agtggaagge aggcaggtgt tggggaggca 180
gttaccgggyg caacgggaac agggcegtttt ggaggtggtt gecatgggga cctggatget 240

gacgaaggct cgcgaggctg tgagcagcca cagtgecctg ¢ 281

<210> SEQ ID NO 49
<400> SEQUENCE: 49
000

<210> SEQ ID NO 50
<211> LENGTH: 293
<212> TYPE: DNA

<213> ORGANISM: Human betaherpesvirus 5

<400> SEQUENCE: 50

acttacggta aatggcccge ctggctgacce geccaacgac ccccgeccat tgacgtcaat 60
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgtce aatgggtgga 120
gtatttacgg taaactgcce acttggcagt acatcaagtg tatcatatgc caagtacgec 180
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 240
atgggacttt cctacttggc agtacatcta cgtattagtc atcgctatta cca 293

<210> SEQ ID NO 51

<211> LENGTH: 953

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 51

cgegtecgee cgcgagcaca gagectegee tttgecgate cgeegecegt ccacacccege 60
cgccaggtaa geccggecag ccgaccgggg catgeggeeg cggecctteg ccegtgcaga 120
geegecgtet gggecgcage ggggggegca tggggeggaa ccggaccgec gtggggggcyg 180
cgggagaage ccctgggect ccggagatgg gggacaccece acgecagtte gcaggegega 240
ggecgegete gggegggege getceggggg tgccgetete ggggceggggg caaccggegyg 300
ggtctttgte tgagecggge tettgeccaat ggggatcegeca cggtgggege ggegtagecc 360
cegtecaggee cggtggggge tggggegeca tgegegtgeg cgetggtect ttgggegeta 420
actgegtgeg cgctgggaat tggegcetaat tgegegtgeg cgetgggact caatggeget 480
aatcgegegt gegttetggg gecegggege ttgegecact tectgecega gecgetggeg 540

ccegagggty tggeegetge gtgegegege gegacceggt cgetgtttga accgggegga 600

ggeggggetg gcegeceggtt gggagggggt tggggcectgg cttectgeeg cgegecgegyg 660

ggacgcctee gaccagtgtt tgccttttat ggtaataacyg cggccggecc ggettccttt 720
gtecccaate tgggecgcegeg cceggegecce ctggeggect aaggactegg cgegecggaa 780
gtggccaggyg cggcagcgge tgctettgge ggcccegagg tgactatage cttettttgt 840
gtcttgatag ttcgccagce tctgctaacce atgttcatge cttettettt ttectacage 900

tcetgggcaa cgtgetggtt attgtgetgt ctcecatcattt tggcaaagaa ttce 953
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<210> SEQ ID NO 52

<211> LENGTH: 1068

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - Chicken beta-actin exon/intron

plus rabbit globin intron
<400> SEQUENCE: 52
gtegetgege getgectteg cecegtgece cgetecgeeg cegectegeyg cagecagecc
cggetetgac tgaccgegtt actceccacag gtgageggge gggacggece ttetecteeg
ggctgtaatt agegettggt ttaatgacgg cttgtttett ttetgtgget gegtgaaage
cttgaggggce tccgggaggg ccctttgtge ggggggageg getegggggg tgcgtgegtg
tgtgtgtgeg tggggagege cgegtgegge tcegegetge ceggeggetyg tgagegetge
gggegeggeg cggggetttg tgcgetecge agtgtgegeg aggggagegce ggccgggggce
ggtgeccege ggtgceggggg gggctgcgag gggaacaaag getgcgtgeg gggtgtgtge
gtgggggggt gagcaggggyg tgtgggegeyg teggteggge tgcaaccccce cctgeaccec
cctecccgag ttgctgagea cggecegget tegggtgegg ggetcegtac ggggegtgge
geggggeteg ccgtgecggg c€ggggggtgg cggcaggtgg gggtgccggg cggggcgggy
cecgecteggg ccggggaggg ctegggggag gggcgcggeg geccecggag cgecggegge
tgtcgaggeg cggcgagecog cagcecattge cttttatggt aategtgega gagggcegcag
ggacttcctt tgtcccaaat ctgtgeggag ccgaaatctg ggaggegecg ccgcaccaed
tetageggge geggggcgaa gceggtgegge gcecggcagga aggaaatggg cggggagggce
cttegtgegt cgecgegeog cegtecccett ctecctetee agectegggg ctgteegegg
ggggacgget gecttegggg gggacgggge agggeggggt tceggettcetg gegtgtgace
ggcggeteta gagectetge taaccatgtt catgecttet tetttttect acagetectg
ggcaacgtge tggttattgt getgtctcat cattttggeca aagaattce
<210> SEQ ID NO 53
<211> LENGTH: 149
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Made in Lab - chimeric intron sequence
<400> SEQUENCE: 53
ggtaagttta gtctttttgt cttttattte aggtcccegga teecggtggtyg gtgcaaatca

aagaactgct cctcagtgga tgttgecttt acttetagge ctgtacggaa gtgttactte

tgctctaaaa gctgceggaat tgtaccege

<210> SEQ ID NO 54

<211> LENGTH: 126

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 54

agtctgeggt gggcagegga ggagtoegtgt cgtgectgag agegcagetg tgcetectggg

caccgegeag tcegeccceg cggetoctgg ccagaccace cctaggacce cctgecccaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1068

60

120

149

60

120
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gtcgcea

<210> SEQ ID NO 55

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Human betaherpesvirus 5

<400> SEQUENCE: 55

tcagatcgee tggagaggcce atccacgetg ttttgaccte catagtggac accgggaccyg

atccagecte cgcggecggg aacggtgeat tggaacgegg attccccegtyg ccaagagtga

c

<210> SEQ ID NO 56

<211> LENGTH: 512

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - adenovirus derived enhancer
element

<400> SEQUENCE: 56

ctcactctet tccgeatege tgtctgegag ggecagetgt tgggetcegeyg gttgaggaca

aactcttcege ggtcettteca gtactettgg atcggaaacce cgteggecte cgaacggtac

tcegecaceg agggacctga gecgagtecge atcgaccgga tceggaaaacce tctcgagaaa

ggcgtctaac cagtcacagt cgcaaggtag gctgagcacce gtggcegggeg gcagegggtyg

geggteggygy ttgtttetgg cggaggtgct getgatgatg taattaaagt aggeggtett

gagacggcegyg atggtcgagg tgaggtgtgg caggcttgag atccagetgt tggggtgagt

actcectete aaaagegggce attacttetg cgctaagatt gtcagtttec aaaaacgagg

aggatttgat attcacctgg cccgatctgg ccatacactt gagtgacaat gacatccact

ttgcetttet ctccacaggt gtccactecee ag

<210> SEQ ID NO 57

<211> LENGTH: 956

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 57

ctttttegea acgggtttge cgccagaaca caggtaagtyg cegtgtgtgyg ttceecgeggg

cctggectet ttacgggtta tggcccttge gtgecttgaa ttacttccac ctggetccag

tacgtgattc ttgatcccga getggageca ggggcegggece ttgegettta ggageccctt

cgectegtge ttgagttgag gectggectyg ggegetgggyg cegecgegtyg cgaatctggt

ggcacctteg cgectgtcete getgettteg ataagtetet agccatttaa aatttttgat

gacgtgctge gacgettttt ttctggcaag atagtcecttgt aaatgeggge caggatctge

acactggtat ttcggttttt gggccegegg ceggcegacgyg ggceccgtgeyg tcccagegca

catgttcegge gaggegggge ctgcgagege ggccaccgag aatcggacgyg gggtagtcete

aagctggeeg gectgetetyg gtgcctggece tegegecgee gtgtatcegee ccegecctggyg

cggcaaggcet ggcceggteg gecaccagttg cgtgagegga aagatggecyg ctteccggece

ctgctecagg gggctcaaaa tggaggacge ggcgeteggyg agagegggeyg ggtgagtcac

ccacacaaag gaaaagggcece ttteegtect cageegtege ttcatgtgac tccacggagt

126

60

120

121

60

120

180

240

300

360

420

480

512

60

120

180

240

300

360

420

480

540

600

660

720
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accgggegee gtccaggcac ctcgattagt tetggagett ttggagtacyg tcegtetttag 780
gttgggggga ggggttttat gcgatggagt ttccccacac tgagtgggtyg gagactgaag 840
ttaggccagce ttggcacttg atgtaattct ccttggaatt tggccttttt gagtttggat 900
cttggttcat tctcaagecct cagacagtgg ttcaaagttt ttttecttceca tttcag 956
<210> SEQ ID NO 58

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 58

gtaagtgceg tgtgtggtte cegegggect ggectcettta cgggttatgg ccettgegtyg 60
ccttgaatta cttecacctg getgecagtac gtgattettg atcecgaget tegggttgga 120
agtgggtggyg agagttcgag gecttgeget taaggagece cttegecteg tgettgagtt 180

gaggcctgge ctgggcegetg gggecgecege gtgcgaatct ggtggeacct tegegectgt 240
ctcegetgett tcgataagte tctagecatt taaaattttt gatgacctge tgcgacgett 300

tttttetgge aagatagtcet tgtaaatgeg ggecaagatce tgcacactgg tattteggtt 360

tttggggceg cgggceggega cggggecegt gegteccage geacatgtte ggegaggegg 420

ggcctgegag cgeggccace gagaatcgga cgggggtagt ctcaagetgg ccggectget 480
ctggtgectyg gectegegee gecgtgtate geccegecet gggeggcaag getggecegg 540
tcggcaccag ttgcegtgage ggaaagatgg ccgctteceg gecctgetge agggagetca 600

aaatggagga cgcggegete gggagagegg gegggtgagt cacccacaca aaggaaaagg 660

gecttteegt cctcagcecegt cgcttcatgt gactccacgg agtacceggge gecgtccagyg 720
cacctecgatt agttctcgag cttttggagt acgtegtett taggttgggyg ggaggggttt 780
tatgcgatgg agtttcccca cactgagtgg gtggagactyg aagttaggec agcttggcac 840
ttgatgtaat tctccttgga atttgccctt tttgagtttg gatcttggtt cattctcaag 900
cctcagacag tggttcaaag tttttttctt ccatttcag 939

<210> SEQ ID NO 59

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 59

tcagaagcce cgggctegte agtcaaaccg gttetetgtt tgcactcegge agcacgggca 60
ggcaagtggt ccctaggttc ggg 83
<210> SEQ ID NO 60

<211> LENGTH: 476

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 60

gtgagtctat gggacccttg atgttttett tccccttett ttetatggtt aagttcatgt 60
cataggaagg ggagaagtaa cagggtacac atattgacca aatcagggta attttgcatt 120
tgtaatttta aaaaatgctt tcecttctttta atatactttt ttgtttatct tatttctaat 180

actttcecta atctectttet ttcagggcaa taatgataca atgtatcatg cctctttgcea 240
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ccattctaaa gaataacagt gataatttct gggttaagge aatagcaata tttctgcata

taaatatttc tgcatataaa ttgtaactga tgtaagaggt ttcatattgce taatagcage

tacaatccag ctaccattct gettttattt tatggttggg ataaggctgg attattctga

gteccaageta ggeccttttyg ctaatcatgt tcatacctcet tatcttecte ccacag

<210> SEQ ID NO 61

<211> LENGTH: 196

<212> TYPE: DNA

<213> ORGANISM: simian virus 40

<400> SEQUENCE: 61

tctagaggat ccggtactcg aggaactgaa aaaccagaaa gttaactggt aagtttagte

tttttgtett ttatttcagg tcccggatce ggtggtggtyg caaatcaaag aactgctcect

cagtggatgt tgcctttact tctaggectg tacggaagtyg ttacttctge tctaaaaget

gcggaattgt acccge

<210> SEQ ID NO 62

<211> LENGTH: 589

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - mutated woodchuck hepatitis
regulatory element

<400> SEQUENCE: 62

aatcaacctc tggattacaa aatttgtgaa agattgactg gtattcttaa ctatgttget

ccttttacge tatgtggata cgctgettta atgectttgt atcatgctat tgcttccegt

atggctttca ttttetecte cttgtataaa tectggttge tgtctettta tgaggagttyg

tggceegttyg tcaggcaacg tggcgtggtyg tgcactgtgt ttgctgacge aacccccact

ggttggggca ttgccaccac ctgtcagete cttteeggga ctttegettt cececteect

attgccacgg cggaactcat cgccgectge cttgcccget getggacagyg ggcteggetg

ttgggcactyg acaattccgt ggtgttgtceg gggaaatcat cgtectttece ttggetgete

geetgtgttyg ccacctggat tcetgegeggg acgtecttet getacgtece tteggeccte

aatccagegg accttectte cecgeggectyg ctgecggete tgeggectet tccgegtett

cgecttegee ctcagacgag tcggatctee ctttgggecyg cctecccege

<210> SEQ ID NO 63

<211> LENGTH: 588

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - mutated woodchuck hepatitis
regulatory element

<400> SEQUENCE: 63

tcaacctcetyg gattacaaaa tttgtgaaag attgactggt attcttaact atgttgctce

ttttacgcta tgtggatacg ctgctttaat gectttgtat catgctattg ctteccgtat

ggctttcatt ttctectect tgtataaatc ctggttgetg tetetttatg aggagttgtg

gecegttgte aggcaacgtg gegtggtgtyg cactgtgttt getgacgcaa cceccactgg

ttggggcatt gccaccacct gtcagetect ttecgggact ttegetttee ccectecctat

300

360

420

476

60

120

180

196

60

120

180

240

300

360

420

480

540

589

60

120

180

240

300
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tgccacggeg gaactcatcg ccgectgect tgcccegetge tggacagggg cteggetgtt 360
gggcactgac aattccgtgg tgttgtcggg gaaatcatcg tectttectt ggetgetege 420
ctgtgttgec acctggattce tgcgcgggac gtecttetge tacgtccctt cggecctcaa 480
tccageggac cttecttece geggectget geeggetetg cggectette cgegtetteg 540
ccttegeect cagacgagtce ggatctccct ttgggecgece tccccgca 588

<210> SEQ ID NO 64

<211> LENGTH: 755

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - mutated woodchuck hepatitis
regulatory element

<400> SEQUENCE: 64

ttecctgttaa tcaacctetyg gattacaaaa tttgtgaaag attgactggt attcttaact 60
atgttgctcce ttttacgcta tgtggatacg ctgctttaat gectttgtat catgctattg 120
cttcecegtat ggcetttcatt ttectectect tgtataaatc ctggttgctg tetctttatg 180
aggagttgtg gccegttgte aggcaacgtg gegtggtgtyg cactgtgttt gctgacgcaa 240
cceccactgg ttggggeatt gecaccacct gtcagcetect ttecgggact ttegetttee 300
ccctecctat tgccacggceg gaactcateg cegectgect tgceccgetge tggacagggg 360
cteggetgtt gggcactgac aattcegtgg tgttgteggyg gaagetgacyg tectttecge 420
ggctgetege ctgtgttgee acctggatte tgcgegggac gtecttetge tacgtcccett 480
cggcectcaa tccageggac cttecttece geggectget gecggetetyg cggectette 540
cgectetteg ccttegecct cagacgagte ggatctcect ttgggecgee tccecgecca 600
tgtatctttt tcacctgtge cttgtttttg cctgtgttece gegtectact tttcaagect 660
ccaagetgtyg ccttgggegg ctttggggea tggacataga tcecctataaa gaatttggtt 720
catcttatca gttgttgaat tttcttectt tggac 755

<210> SEQ ID NO 65

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: CAAX motif

<400> SEQUENCE: 65

tgtgtgataa tg 12
<210> SEQ ID NO 66

<211> LENGTH: 810

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 66

ctgttetcat cacatcatat caaggttata taccatcaat attgccacag atgttactta 60
gccttttaat atttctctaa tttagtgtat atgcaatgat agttctctga tttectgagat 120
tgagtttctc atgtgtaatg attatttaga gtttctcettt catctgttca aatttttgte 180

tagttttatt ttttactgat ttgtaagact tctttttata atctgcatat tacaattctc 240
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tttactgggg tgttgcaaat attttctgtc attctatggce ctgactttte ttaatggttt 300
tttaatttta aaaataagtc ttaatattca tgcaatctaa ttaacaatct tttctttgtg 360
gttaggactt tgagtcataa gaaatttttc tctacactga agtcatgatg gcatgcttet 420
atattatttt ctaaaagatt taaagttttg ccttctccat ttagacttat aattcactgg 480
aatttttttg tgtgtatggt atgacatatg ggttcccttt tattttttac atataaatat 540
atttccctgt ttttctaaaa aagaaaaaga tcatcatttt cccattgtaa aatgccatat 600
ttttttcata ggtcacttac atatatcaat gggtctgttt ctgagctcta ctctatttta 660
tcagectcac tgtctatcce cacacatcte atgetttget ctaaatcttyg atatttagtg 720
gaacattctt tcccattttg ttctacaaga atatttttgt tattgtecttt gggctttceta 780
tatacatttt gaaatgaggt tgacaagtta 810
<210> SEQ ID NO 67
<211> LENGTH: 726
<212> TYPE: DNA
<213> ORGANISM: Hepatitis B virus
<400> SEQUENCE: 67
ataacaggcce tattgattgg aaagtttgtc aacgaattgt gggtettttyg gggtttgetg 60
ccecttttac gcaatgtgga tatcctgett taatgcecttt atatgcatgt atacaagcaa 120
aacaggcttt tactttctcg ccaacttaca aggectttet cagtaaacag tatatgacce 180
tttacccegt tgcteggcaa cggcctggte tgtgccaagt gtttgctgac gcaaccccca 240
ctggttgggg cttggecata ggccatcage geatgegtgyg aacctttgtyg tctectetge 300
cgatccatac tgcggaactc ctagccgett gttttgeteg cagcaggtet ggagcaaacce 360
tcatcgggac cgacaattct gtcgtactcet cececgcaagta tacatcgttt ccatggetge 420
taggctgtge tgccaactgg atcctgegeg ggacgtectt tgtttacgte cegteggege 480
tgaatccege ggacgaccce tccceggggece gettgggget ctaccgeceyg ctteteegte 540
tgcegtaceg tccgaccacg gggcgcacct ctetttacge ggactcceeg tetgtgectt 600
ctcatectgee ggacegtgtg cacttegett cacctcetgea cgtegcatgyg aggcecaccgt 660
gaacgcccac cggaacctge ccaaggtcett gecataagagg actcttggac tttcagcaat 720
gtcatc 726

<210> SEQ ID NO 68

<211> LENGTH: 755

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - HepB derived enhancer element

<400> SEQUENCE: 68

ttecctgtaaa caggectatt gattggaaag tttgtcaacyg aattgtgggt cttttggggt 60
ttgctgeccce ttttacgcaa tgtggatatc ctgctttaat gectttatat gcatgtatac 120
aagcaaaaca ggcttttact ttctcgecaa cttacaagge ctttctcagt aaacagtata 180
tgacccttta cccegttget cggcaacgge ctggtcetgtyg ccaagtgttt gctgacgcaa 240
cceccactgg ttggggettyg gecataggece atcagcegeat gegtggaace tttgtgtcete 300

ctctgecgat ccatactgeg gaactectag cegettgttt tgectcegcage tggactggag 360
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caaacctcat cgggaccgac aattctgtcg tactctceeyg caagcactca ccgtttecge 420
ggctgetege ctgtgttgee acctggatte tgcgegggac gtecttetge tacgtcccett 480
cggcectcaa tccageggac cttecttece geggectget gecggetetyg cggectette 540
cgectetteg ccttegecct cagacgagte ggatctcect ttgggecgee tccecgecca 600
tgtatctttt tcacctgtge cttgtttttg cctgtgttece gegtectact tttcaagect 660
ccaagetgtyg ccttgggegg ctttggggea tggacataga tcecctataaa gaatttggtt 720
catcttatca gttgttgaat tttcttectt tggac 755
<210> SEQ ID NO 69
<211> LENGTH: 94
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 69
gectggagect cggtagccegt tcoctectgece cgetgggect cecaacggge cctectcecce 60
tcettgecace ggcececttect ggtcectttgaa taaa 94
<210> SEQ ID NO 70
<211> LENGTH: 596
<212> TYPE: DNA
<213> ORGANISM: Woodchuck hepatitis virus
<400> SEQUENCE: 70
attcgagcat cttaccgcca tttattccca tatttgttet gtttttettg atttgggtat 60
acatttaaat gttaataaaa caaaatggtg gggcaatcat ttacattttt agggatatgt 120
aattactagt tcaggtgtat tgccacaaga caaacatgtt aagaaacttt cccgttattt 180
acgctetgtt cctgttaatc aacctctgga ttacaaaatt tgtgaaagat tgactgatat 240
tcttaactat gttgctccectt ttacgcetgtg tggatatget getttaatge ctcectgtatca 300
tgctattget tecccgtacgg ctttegtttt ctectecttg tataaatcct ggttgctgte 360
tctttatgag gagttgtgge ccgttgteeg tcaacgtgge gtggtgtget ctgtgtttge 420
tgacgcaacce cccactggct ggggcattge caccacctgt caactccttt ctgggacttt 480
cgetttecee cteecgateg ccacggecaga actcatcgece gectgecttyg cccegetgetg 540
gacaggggct aggttgctgg gcactgataa ttcegtggtyg ttgtcgggga agggec 596
<210> SEQ ID NO 71
<211> LENGTH: 387
<212> TYPE: DNA
<213> ORGANISM: Oryctolagus cuniculus
<400> SEQUENCE: 71
tggctaataa aggaaattta ttttcattgc aatagtgtgt tggaattttt tgtgtctcte 60
actcggaaga acatatggga gggcaaatca tttaaaacat cagaatgagt atttggttta 120
gagtttggca acatatgcce atatgcetgge tgccatgaac aaaggttggce tataaagagg 180
tcatcagtat atgaaacagc cccctgetgt ccattcectta ttecatagaa aagecttgac 240
ttgaggttag atttttttta tattttgttt tgtgttattt ttttctttaa catccctaaa 300
attttcctta catgttttac tagccagatt tttectecte tecctgactac tceccagtcat 360

agctgtecct cttcectcecttat ggagatce 387
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<210> SEQ ID NO 72

<211> LENGTH: 251

<212> TYPE: DNA

<213> ORGANISM: Bos taurus

<400> SEQUENCE: 72

ttgccagcca tctgttgttt gecccctecce
tcccactgte ctttectaat aaaatgagga
ttectattetg gggggtygggg tggggcagga
caggcatgct ggggatgcgg tgggctctat
ttcctectgg g

<210> SEQ ID NO 73

<211> LENGTH: 251

<212> TYPE: DNA

<213> ORGANISM: Bos taurus

<400> SEQUENCE: 73

ttgccagcca tctgttgttt gecccctecce
tcccactgte ctttectaat aaaatgagga

ttctattctg gggggtgggg tggggcagga

caggcatgcet ggggatgegg tgggetctat

ttcctectgyg g

<210> SEQ ID NO 74

<211> LENGTH: 225

<212> TYPE: DNA

<213> ORGANISM: Bos taurus

<400> SEQUENCE: 74

ctgtgectte tagttgccag ccatctgttg
tggaaggtgc cactcccact gtcctttect

tgagtaggtyg tcattctatt ctggggggtyg

gggaagacaa tagcaggcat gctggggatg

<210> SEQ ID NO 75

<211> LENGTH: 202

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 75

ctgccegggt ggcatcectyg tgaccectece
actccagtge ccaccagect tgtcctaata
gtgtccttet ataatattat ggggtggagyg
ggaagaaacc tgtagggcct ge

<210> SEQ ID NO 76

<211> LENGTH: 735

<212> TYPE: PRT

<213> ORGANISM: Adeno-associated

<400> SEQUENCE: 76

cgtgecttee ttgaccctgg aaggtgecac

aattgcatcg cattgtctga gtaggtgtca

cagcaagggyg gaggattggg aatacaatag

gggtacccag gtgctgaaga attgacccgg

cgtgecttee ttgaccctgg aaggtgecac

aattgcatcg cattgtctga gtaggtgtca

cagcaagggyg gaggattggyg aagacaatag

gggtacccag gtgctgaaga attgacccgg

tttgcceccte ccecegtgect tecttgacee

aataaaatga ggaaattgca tcgcattgtce

gggtggggea ggacagcaag ggggaggatt

cggtgggete tatgg

ccagtgecte teectggecct ggaagttgec

aaattaagtt gcatcatttt gtctgactag

ggggtggtat ggagcaaggyg gcccaagttg

virus 2

60

120

180

240

251

60

120

180

240

251

60

120

180

225

60

120

180

202
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Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Thr Leu Ser
1 5 10 15

Glu Gly Ile Arg Gln Trp Trp Lys Leu Lys Pro Gly Pro Pro Pro Pro
20 25 30

Lys Pro Ala Glu Arg His Lys Asp Asp Ser Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Phe Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Glu Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Arg Gln Leu Asp Ser Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Val Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Pro Val Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu His Ser Pro Val Glu Pro Asp Ser Ser Ser Gly Thr Gly
145 150 155 160

Lys Ala Gly Gln Gln Pro Ala Arg Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Ala Asp Ser Val Pro Asp Pro Gln Pro Leu Gly Gln Pro Pro
180 185 190

Ala Ala Pro Ser Gly Leu Gly Thr Asn Thr Met Ala Thr Gly Ser Gly
195 200 205

Ala Pro Met Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Asn Ser
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Thr Trp Met Gly Asp Arg Val Ile
225 230 235 240

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu
245 250 255

Tyr Lys Gln Ile Ser Ser Gln Ser Gly Ala Ser Asn Asp Asn His Tyr
260 265 270

Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg Phe His
275 280 285

Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn Asn Asn Trp
290 295 300

Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile Gln Val
305 310 315 320

Lys Glu Val Thr Gln Asn Asp Gly Thr Thr Thr Ile Ala Asn Asn Leu
325 330 335

Thr Ser Thr Val Gln Val Phe Thr Asp Ser Glu Tyr Gln Leu Pro Tyr
340 345 350

Val Leu Gly Ser Ala His Gln Gly Cys Leu Pro Pro Phe Pro Ala Asp
355 360 365

Val Phe Met Val Pro Gln Tyr Gly Tyr Leu Thr Leu Asn Asn Gly Ser
370 375 380

Gln Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe Pro Ser
385 390 395 400

Gln Met Leu Arg Thr Gly Asn Asn Phe Thr Phe Ser Tyr Thr Phe Glu
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405 410 415

Asp Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu Asp Arg
420 425 430

Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser Arg Thr
435 440 445

Asn Thr Pro Ser Gly Thr Thr Thr Gln Ser Arg Leu Gln Phe Ser Gln
450 455 460

Ala Gly Ala Ser Asp Ile Arg Asp Gln Ser Arg Asn Trp Leu Pro Gly
465 470 475 480

Pro Cys Tyr Arg Gln Gln Arg Val Ser Lys Thr Ser Ala Asp Asn Asn
485 490 495

Asn Ser Glu Tyr Ser Trp Thr Gly Ala Thr Lys Tyr His Leu Asn Gly
500 505 510

Arg Asp Ser Leu Val Asn Pro Gly Pro Ala Met Ala Ser His Lys Asp
515 520 525

Asp Glu Glu Lys Phe Phe Pro Gln Ser Gly Val Leu Ile Phe Gly Lys
530 535 540

Gln Gly Ser Glu Lys Thr Asn Val Asp Ile Glu Lys Val Met Ile Thr
545 550 555 560

Asp Glu Glu Glu Ile Arg Thr Thr Asn Pro Val Ala Thr Glu Gln Tyr
565 570 575

Gly Ser Val Ser Thr Asn Leu Gln Arg Gly Asn Arg Gln Ala Ala Thr
580 585 590

Ala Asp Val Asn Thr Gln Gly Val Leu Pro Gly Met Val Trp Gln Asp
595 600 605

Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His Thr
610 615 620

Asp Gly His Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Leu Lys
625 630 635 640

His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala Asn
645 650 655

Pro Ser Thr Thr Phe Ser Ala Ala Lys Phe Ala Ser Phe Ile Thr Gln
660 665 670

Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln Lys
675 680 685

Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn Tyr
690 695 700

Asn Lys Ser Val Asn Val Asp Phe Thr Val Asp Thr Asn Gly Val Tyr
705 710 715 720

Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 77

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Adeno-associated virus 9

<400> SEQUENCE: 77

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30
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Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160

Lys Ser Gly Ala Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro
180 185 190

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly
195 200 205

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Gln Trp Leu Gly Asp Arg Val Ile
225 230 235 240

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu
245 250 255

Tyr Lys Gln Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn
260 265 270

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg
275 280 285

Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn Asn
290 295 300

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile
305 310 315 320

Gln Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn
325 330 335

Asn Leu Thr Ser Thr Val Gln Val Phe Thr Asp Ser Asp Tyr Gln Leu
340 345 350

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro
355 360 365

Ala Asp Val Phe Met Ile Pro Gln Tyr Gly Tyr Leu Thr Leu Asn Asp
370 375 380

Gly Ser Gln Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe
385 390 395 400

Pro Ser Gln Met Leu Arg Thr Gly Asn Asn Phe Gln Phe Ser Tyr Glu
405 410 415

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu
420 425 430

Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser
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435 440 445

Lys Thr Ile Asn Gly Ser Gly Gln Asn Gln Gln Thr Leu Lys Phe Ser
450 455 460

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Arg Asn Tyr Ile Pro
465 470 475 480

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gln Asn
485 490 495

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn
500 505 510

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys
515 520 525

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 78

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Adeno-associated virus 6

<400> SEQUENCE: 78

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Asp Leu Lys Pro Gly Ala Pro Lys Pro
20 25 30

Lys Ala Asn Gln Gln Lys Gln Asp Asp Gly Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Phe Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60
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Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Arg Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Gln Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Val Leu Glu Pro
115 120 125

Phe Gly Leu Val Glu Glu Gly Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ser Gly Ile Gly
145 150 155 160

Lys Thr Gly Gln Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Ser Glu Ser Val Pro Asp Pro Gln Pro Leu Gly Glu Pro Pro
180 185 190

Ala Thr Pro Ala Ala Val Gly Pro Thr Thr Met Ala Ser Gly Gly Gly
195 200 205

Ala Pro Met Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Asn Ala
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Thr Trp Leu Gly Asp Arg Val Ile
225 230 235 240

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu
245 250 255

Tyr Lys Gln Ile Ser Ser Ala Ser Thr Gly Ala Ser Asn Asp Asn His
260 265 270

Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg Phe
275 280 285

His Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn Asn Asn
290 295 300

Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile Gln
305 310 315 320

Val Lys Glu Val Thr Thr Asn Asp Gly Val Thr Thr Ile Ala Asn Asn
325 330 335

Leu Thr Ser Thr Val Gln Val Phe Ser Asp Ser Glu Tyr Gln Leu Pro
340 345 350

Tyr Val Leu Gly Ser Ala His Gln Gly Cys Leu Pro Pro Phe Pro Ala
355 360 365

Asp Val Phe Met Ile Pro Gln Tyr Gly Tyr Leu Thr Leu Asn Asn Gly
370 375 380

Ser Gln Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe Pro
385 390 395 400

Ser Gln Met Leu Arg Thr Gly Asn Asn Phe Thr Phe Ser Tyr Thr Phe
405 410 415

Glu Asp Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu Asp
420 425 430

Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Asn Arg
435 440 445

Thr Gln Asn Gln Ser Gly Ser Ala Gln Asn Lys Asp Leu Leu Phe Ser
450 455 460

Arg Gly Ser Pro Ala Gly Met Ser Val Gln Pro Lys Asn Trp Leu Pro
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465 470 475 480

Gly Pro Cys Tyr Arg Gln Gln Arg Val Ser Lys Thr Lys Thr Asp Asn
485 490 495

Asn Asn Ser Asn Phe Thr Trp Thr Gly Ala Ser Lys Tyr Asn Leu Asn
500 505 510

Gly Arg Glu Ser Ile Ile Asn Pro Gly Thr Ala Met Ala Ser His Lys
515 520 525

Asp Asp Lys Asp Lys Phe Phe Pro Met Ser Gly Val Met Ile Phe Gly
530 535 540

Lys Glu Ser Ala Gly Ala Ser Asn Thr Ala Leu Asp Asn Val Met Ile
545 550 555 560

Thr Asp Glu Glu Glu Ile Lys Ala Thr Asn Pro Val Ala Thr Glu Arg
565 570 575

Phe Gly Thr Val Ala Val Asn Leu Gln Ser Ser Ser Thr Asp Pro Ala
580 585 590

Thr Gly Asp Val His Val Met Gly Ala Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly His Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Leu
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asn Pro Pro Ala Glu Phe Ser Ala Thr Lys Phe Ala Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Val Gln Tyr Thr Ser Asn
690 695 700

Tyr Ala Lys Ser Ala Asn Val Asp Phe Thr Val Asp Asn Asn Gly Leu
705 710 715 720

Tyr Thr Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Pro Leu
725 730 735

<210> SEQ ID NO 79

<211> LENGTH: 738

<212> TYPE: PRT

<213> ORGANISM: Non-human primate Adeno-associated virus

<400> SEQUENCE: 79

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Asp Leu Lys Pro Gly Ala Pro Lys Pro
20 25 30

Lys Ala Asn Gln Gln Lys Gln Asp Asp Gly Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Phe Asn Gly Leu Asp Lys Gly Glu Pro
Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Arg Tyr Asn His Ala
85 90 95
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Asp Ala Glu Phe Gln Glu Arg Leu Gln Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Val Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Gly Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Pro Ser Pro Gln Arg Ser Pro Asp Ser Ser Thr Gly Ile
145 150 155 160

Gly Lys Lys Gly Gln Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln
165 170 175

Thr Gly Asp Ser Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro
180 185 190

Pro Ala Gly Pro Ser Gly Leu Gly Ser Gly Thr Met Ala Ala Gly Gly
195 200 205

Gly Ala Pro Met Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser
210 215 220

Ser Ser Gly Asn Trp His Cys Asp Ser Thr Trp Leu Gly Asp Arg Val
225 230 235 240

Ile Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His
245 250 255

Leu Tyr Lys Gln Ile Ser Asn Gly Thr Ser Gly Gly Ser Thr Asn Asp
260 265 270

Asn Thr Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn
275 280 285

Arg Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn
290 295 300

Asn Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn
305 310 315 320

Ile Gln Val Lys Glu Val Thr Gln Asn Glu Gly Thr Lys Thr Ile Ala
325 330 335

Asn Asn Leu Thr Ser Thr Ile Gln Val Phe Thr Asp Ser Glu Tyr Gln
340 345 350

Leu Pro Tyr Val Leu Gly Ser Ala His Gln Gly Cys Leu Pro Pro Phe
355 360 365

Pro Ala Asp Val Phe Met Ile Pro Gln Tyr Gly Tyr Leu Thr Leu Asn
370 375 380

Asn Gly Ser Gln Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr
385 390 395 400

Phe Pro Ser Gln Met Leu Arg Thr Gly Asn Asn Phe Glu Phe Ser Tyr
405 410 415

Gln Phe Glu Asp Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser
420 425 430

Leu Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu
435 440 445

Ser Arg Thr Gln Ser Thr Gly Gly Thr Ala Gly Thr Gln Gln Leu Leu
450 455 460

Phe Ser Gln Ala Gly Pro Asn Asn Met Ser Ala Gln Ala Lys Asn Trp
465 470 475 480

Leu Pro Gly Pro Cys Tyr Arg Gln Gln Arg Val Ser Thr Thr Leu Ser
485 490 495

Gln Asn Asn Asn Ser Asn Phe Ala Trp Thr Gly Ala Thr Lys Tyr His
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500 505 510

Leu Asn Gly Arg Asp Ser Leu Val Asn Pro Gly Val Ala Met Ala Thr
515 520 525

His Lys Asp Asp Glu Glu Arg Phe Phe Pro Ser Ser Gly Val Leu Met
530 535 540

Phe Gly Lys Gln Gly Ala Gly Lys Asp Asn Val Asp Tyr Ser Ser Val
545 550 555 560

Met Leu Thr Ser Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr
565 570 575

Glu Gln Tyr Gly Val Val Ala Asp Asn Leu Gln Gln Gln Asn Ala Ala
580 585 590

Pro Ile Val Gly Ala Val Asn Ser Gln Gly Ala Leu Pro Gly Met Val
595 600 605

Trp Gln Asn Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile
610 615 620

Pro His Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe
625 630 635 640

Gly Leu Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val
645 650 655

Pro Ala Asp Pro Pro Thr Thr Phe Ser Gln Ala Lys Leu Ala Ser Phe
660 665 670

Ile Thr Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu
675 680 685

Leu Gln Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr
690 695 700

Ser Asn Tyr Tyr Lys Ser Thr Asn Val Asp Phe Ala Val Asn Thr Asp
705 710 715 720

Gly Thr Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg
725 730 735

Asn Leu

<210> SEQ ID NO 80
<211> LENGTH: 2217
<212> TYPE: DNA

<213> ORGANISM: Non-human primate adeno-associated virus

<400> SEQUENCE: 80

atggctgeceg atggttatct tccagattgg ctegaggaca acctctcetga gggcattege 60
gagtggtggg acctgaaacc tggagccccg aaacccaaag ccaaccagca aaagcaggac 120
aacggceggyg gtetggtget tectggetac aagtaccteg gacecttcaa cggactcgac 180
aagggggagce ccgtcaacge ggcggacgca geggeccteg agcacgacaa ggcectacgac 240
cagcagctee aagcgggtga caatccegtac ctgeggtata atcacgecga cgecgagttt 300
caggagcgte tgcaagaaga tacgtctttt gggggcaacce tegggegege agtcttcecag 360
gccaaaaagce gggttctcga acctetggge ctggttgaat cgeccggttaa gacggetect 420
ggaaagaaga gaccggtaga gccatcacce cagegcetcete cagactecte tacgggeatc 480
ggcaagaaag gccagcagcec cgcaaaaaag agactcaatt ttgggcagac tggcgactca 540
gagtcagtce ccgaccctca accaatcgga gaaccaccag caggccccte tggtetggga 600

tctggtacaa tggctgeagg cggtggeget ccaatggeag acaataacga aggcgcecgac 660
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ggagtgggta gttcctcagg aaattggcat tgcgattcca catggctggg cgacagagtc 720
atcaccacca gcacccgcac ctgggccctg cccacctaca acaaccacct ctacaagcaa 780
atctccaacg ggacctcggg aggaagcacc aacgacaaca cctacttcegg ctacagcacce 840
cecctgggggt attttgactt caacagattc cactgccact tttcaccacyg tgactggcag 900
cgactcatca acaacaactg gggattccgg cccaagaggce tcaacttcaa gctcttcaac 960
atccaagtca aggaggtcac gcagaatgaa ggcaccaaga ccatcgccaa taaccttacc 1020

agcacgattc aggtctttac ggactcggaa taccagctcce cgtacgtget cggctceggeg 1080
caccagggct gectgectece gttecceceggeg gacgtcttceca tgattcctca gtacgggtac 1140
ctgactctga acaatggcag tcaggctgtg ggccggtegt ccttcectactg cctggagtac 1200
tttcecttete aaatgctgag aacgggcaac aactttgaat tcagctacaa cttcgaggac 1260
gtgcccttee acagcagcta cgcgcacage cagagectgg accggctgat gaaccctete 1320
atcgaccagt acttgtacta cctgtcccgg actcaaagca cgggcggtac tgcaggaact 1380
cagcagttgce tattttctca ggccgggcect aacaacatgt cggctcaggce caagaactgg 1440
ctacceggte cctgctaccg gcagcaacge gtetccacga cactgtcegca gaacaacaac 1500
agcaactttg cctggacggg tgccaccaag tatcatctga atggcagaga ctctctggtg 1560
aatcctggeg ttgccatgge tacccacaag gacgacgaag agcgattttt tceccatccagce 1620
ggagtcttaa tgtttgggaa acagggagct ggaaaagaca acgtggacta tagcagcgtg 1680
atgctaacca gcgaggaaga aataaagacc accaacccag tggccacaga acagtacgge 1740
gtggtggceceg ataacctgca acagcaaaac gccgctcecta ttgtaggggce cgtcaatagt 1800
caaggagcct tacctggcat ggtgtggcag aaccgggacg tgtacctgca gggtcccatce 1860
tgggccaaga ttcctcatac ggacggcaac tttcatcect cgccgectgat gggaggcttt 1920
ggactgaagc atccgcctcee tcagatcctg attaaaaaca cacctgttcece cgcggatcect 1980
ccgaccacct tcaatcaggc caagctggct tctttcatca cgcagtacag taccggccag 2040
gtecagegtygyg agatcgagtyg ggagetgcag aaggagaaca gcaaacgctg gaacccagag 2100
attcagtaca cttccaacta ctacaaatct acaaatgtgg actttgctgt caatactgag 2160
ggtacttatt ccgagcctceg ccccattgge acccgttacce tcacccgtaa tctgtaa 2217
<210> SEQ ID NO 81

<211> LENGTH: 535

<212> TYPE: PRT

<213> ORGANISM: Non-human primate adeno-associated virus

<400> SEQUENCE: 81

Met Ala Ala Gly Gly Gly Ala Pro Met Ala Asp Asn Asn Glu Gly Ala
1 5 10 15

Asp Gly Val Gly Ser Ser Ser Gly Asn Trp His Cys Asp Ser Thr Trp
20 25 30

Leu Gly Asp Arg Val Ile Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro

Thr Tyr Asn Asn His Leu Tyr Lys Gln Ile Ser Asn Gly Thr Ser Gly
50 55 60

Gly Ser Thr Asn Asp Asn Thr Tyr Phe Gly Tyr Ser Thr Pro Trp Gly
65 70 75 80

Tyr Phe Asp Phe Asn Arg Phe His Cys His Phe Ser Pro Arg Asp Trp
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85 90 95

Gln Arg Leu Ile Asn Asn Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn
100 105 110

Phe Lys Leu Phe Asn Ile Gln Val Lys Glu Val Thr Gln Asn Glu Gly
115 120 125

Thr Lys Thr Ile Ala Asn Asn Leu Thr Ser Thr Ile Gln Val Phe Thr
130 135 140

Asp Ser Glu Tyr Gln Leu Pro Tyr Val Leu Gly Ser Ala His Gln Gly
145 150 155 160

Cys Leu Pro Pro Phe Pro Ala Asp Val Phe Met Ile Pro Gln Tyr Gly
165 170 175

Tyr Leu Thr Leu Asn Asn Gly Ser Gln Ala Val Gly Arg Ser Ser Phe
180 185 190

Tyr Cys Leu Glu Tyr Phe Pro Ser Gln Met Leu Arg Thr Gly Asn Asn
195 200 205

Phe Glu Phe Ser Tyr Asn Phe Glu Asp Val Pro Phe His Ser Ser Tyr
210 215 220

Ala His Ser Gln Ser Leu Asp Arg Leu Met Asn Pro Leu Ile Asp Gln
225 230 235 240

Tyr Leu Tyr Tyr Leu Ser Arg Thr Gln Ser Thr Gly Gly Thr Ala Gly
245 250 255

Thr Gln Gln Leu Leu Phe Ser Gln Ala Gly Pro Asn Asn Met Ser Ala
260 265 270

Gln Ala Lys Asn Trp Leu Pro Gly Pro Cys Tyr Arg Gln Gln Arg Val
275 280 285

Ser Thr Thr Leu Ser Gln Asn Asn Asn Ser Asn Phe Ala Trp Thr Gly
290 295 300

Ala Thr Lys Tyr His Leu Asn Gly Arg Asp Ser Leu Val Asn Pro Gly
305 310 315 320

Val Ala Met Ala Thr His Lys Asp Asp Glu Glu Arg Phe Phe Pro Ser
325 330 335

Ser Gly Val Leu Met Phe Gly Lys Gln Gly Ala Gly Lys Asp Asn Val
340 345 350

Asp Tyr Ser Ser Val Met Leu Thr Ser Glu Glu Glu Ile Lys Thr Thr
355 360 365

Asn Pro Val Ala Thr Glu Gln Tyr Gly Val Val Ala Asp Asn Leu Gln
370 375 380

Gln Gln Asn Ala Ala Pro Ile Val Gly Ala Val Asn Ser Gln Gly Ala
385 390 395 400

Leu Pro Gly Met Val Trp Gln Asn Arg Asp Val Tyr Leu Gln Gly Pro
405 410 415

Ile Trp Ala Lys Ile Pro His Thr Asp Gly Asn Phe His Pro Ser Pro
420 425 430

Leu Met Gly Gly Phe Gly Leu Lys His Pro Pro Pro Gln Ile Leu Ile
435 440 445

Lys Asn Thr Pro Val Pro Ala Asp Pro Pro Thr Thr Phe Asn Gln Ala
450 455 460

Lys Leu Ala Ser Phe Ile Thr Gln Tyr Ser Thr Gly Gln Val Ser Val
465 470 475 480

Glu Ile Glu Trp Glu Leu Gln Lys Glu Asn Ser Lys Arg Trp Asn Pro
485 490 495
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Glu Ile Gln Tyr Thr Ser Asn Tyr Tyr Lys Ser Thr Asn Val Asp Phe
500 505 510

Ala Val Asn Thr Glu Gly Thr Tyr Ser Glu Pro Arg Pro Ile Gly Thr
515 520 525

Arg Tyr Leu Thr Arg Asn Leu
530 535

<210> SEQ ID NO 82

<211> LENGTH: 398

<212> TYPE: PRT

<213> ORGANISM: Non-human primate adeno-associated virus

<400> SEQUENCE: 82

Ser Thr Ile Gln Val Phe Thr Asp Ser Glu Tyr Gln Leu Pro Tyr Val
1 5 10 15

Leu Gly Ser Ala His Gln Gly Cys Leu Pro Pro Phe Pro Ala Asp Val
Phe Met Ile Pro Gln Tyr Gly Tyr Leu Thr Leu Asn Asn Gly Ser Gln
35 40 45

Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe Pro Ser Gln
50 55 60

Met Leu Arg Thr Gly Asn Asn Phe Glu Phe Ser Tyr Asn Phe Glu Asp
65 70 75 80

Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu Asp Arg Leu
85 90 95

Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser Arg Thr Gln
100 105 110

Ser Thr Gly Gly Thr Ala Gly Thr Gln Gln Leu Leu Phe Ser Gln Ala
115 120 125

Gly Pro Asn Asn Met Ser Ala Gln Ala Lys Asn Trp Leu Pro Gly Pro
130 135 140

Cys Tyr Arg Gln Gln Arg Val Ser Thr Thr Leu Ser Gln Asn Asn Asn
145 150 155 160

Ser Asn Phe Ala Trp Thr Gly Ala Thr Lys Tyr His Leu Asn Gly Arg
165 170 175

Asp Ser Leu Val Asn Pro Gly Val Ala Met Ala Thr His Lys Asp Asp
180 185 190

Glu Glu Arg Phe Phe Pro Ser Ser Gly Val Leu Met Phe Gly Lys Gln
195 200 205

Gly Ala Gly Lys Asp Asn Val Asp Tyr Ser Ser Val Met Leu Thr Ser
210 215 220

Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Gln Tyr Gly
225 230 235 240

Val Val Ala Asp Asn Leu Gln Gln Gln Asn Ala Ala Pro Ile Val Gly
245 250 255

Ala Val Asn Ser Gln Gly Ala Leu Pro Gly Met Val Trp Gln Asn Arg
260 265 270

Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His Thr Asp
275 280 285

Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Leu Lys His
290 295 300

Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala Asp Pro
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305 310 315 320

Pro Thr Thr Phe Asn Gln Ala Lys Leu Ala Ser Phe Ile Thr Gln Tyr
325 330 335

Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln Lys Glu
340 345 350

Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn Tyr Tyr
355 360 365

Lys Ser Thr Asn Val Asp Phe Ala Val Asn Thr Glu Gly Thr Tyr Ser
370 375 380

Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
385 390 395

<210> SEQ ID NO 83

<211> LENGTH: 332

<212> TYPE: PRT

<213> ORGANISM: Non-human primate adeno-associated virus

<400> SEQUENCE: 83

Arg Thr Gly Asn Asn Phe Glu Phe Ser Tyr Asn Phe Glu Asp Val Pro
1 5 10 15

Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu Asp Arg Leu Met Asn
20 25 30

Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser Arg Thr Gln Ser Thr
Gly Gly Thr Ala Gly Thr Gln Gln Leu Leu Phe Ser Gln Ala Gly Pro
50 55 60

Asn Asn Met Ser Ala Gln Ala Lys Asn Trp Leu Pro Gly Pro Cys Tyr
65 70 75 80

Arg Gln Gln Arg Val Ser Thr Thr Leu Ser Gln Asn Asn Asn Ser Asn
85 90 95

Phe Ala Trp Thr Gly Ala Thr Lys Tyr His Leu Asn Gly Arg Asp Ser
100 105 110

Leu Val Asn Pro Gly Val Ala Met Ala Thr His Lys Asp Asp Glu Glu
115 120 125

Arg Phe Phe Pro Ser Ser Gly Val Leu Met Phe Gly Lys Gln Gly Ala
130 135 140

Gly Lys Asp Asn Val Asp Tyr Ser Ser Val Met Leu Thr Ser Glu Glu
145 150 155 160

Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Gln Tyr Gly Val Val
165 170 175

Ala Asp Asn Leu Gln Gln Gln Asn Ala Ala Pro Ile Val Gly Ala Val
180 185 190

Asn Ser Gln Gly Ala Leu Pro Gly Met Val Trp Gln Asn Arg Asp Val
195 200 205

Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His Thr Asp Gly Asn
210 215 220

Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Leu Lys His Pro Pro
225 230 235 240

Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala Asp Pro Pro Thr
245 250 255

Thr Phe Asn Gln Ala Lys Leu Ala Ser Phe Ile Thr Gln Tyr Ser Thr
260 265 270
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Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln Lys Glu Asn Ser
275 280 285

Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn Tyr Tyr Lys Ser
290 295 300

Thr Asn Val Asp Phe Ala Val Asn Thr Glu Gly Thr Tyr Ser Glu Pro
305 310 315 320

Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
325 330

<210> SEQ ID NO 84

<211> LENGTH: 743

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct - AAV9 variant

<400> SEQUENCE: 84

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160

Lys Ser Gly Ala Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro
180 185 190

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly
195 200 205

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Gln Trp Leu Gly Asp Arg Val Ile
225 230 235 240

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu
245 250 255

Tyr Lys Gln Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn
260 265 270

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg
275 280 285



US 2022/0168447 Al Jun. 2, 2022
&4

-continued

Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn Asn
290 295 300

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile
305 310 315 320

Gln Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn
325 330 335

Asn Leu Thr Ser Thr Val Gln Val Phe Thr Asp Ser Asp Tyr Gln Leu
340 345 350

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro
355 360 365

Ala Asp Val Phe Met Ile Pro Gln Tyr Gly Tyr Leu Thr Leu Asn Asp
370 375 380

Gly Ser Gln Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe
385 390 395 400

Pro Ser Gln Met Leu Arg Thr Gly Asn Asn Phe Gln Phe Ser Tyr Glu
405 410 415

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu
420 425 430

Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser
435 440 445

Arg Thr Ile Asn Gly Ser Gly Gln Asn Gln Gln Thr Leu Lys Phe Ser
450 455 460

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Arg Asn Tyr Ile Pro
465 470 475 480

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gln Asn
485 490 495

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn
500 505 510

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys
515 520 525

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Thr Leu Ala Val
580 585 590

Pro Phe Lys Ala Gln Ala Gln Thr Gly Trp Val Gln Asn Gln Gly Ile
595 600 605

Leu Pro Gly Met Val Trp Gln Asp Arg Asp Val Tyr Leu Gln Gly Pro
610 615 620

Ile Trp Ala Lys Ile Pro His Thr Asp Gly Asn Phe His Pro Ser Pro
625 630 635 640

Leu Met Gly Gly Phe Gly Met Lys His Pro Pro Pro Gln Ile Leu Ile
645 650 655

Lys Asn Thr Pro Val Pro Ala Asp Pro Pro Thr Ala Phe Asn Lys Asp
660 665 670

Lys Leu Asn Ser Phe Ile Thr Gln Tyr Ser Thr Gly Gln Val Ser Val
675 680 685

Glu Ile Glu Trp Glu Leu Gln Lys Glu Asn Ser Lys Arg Trp Asn Pro
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690 695 700

Glu Ile Gln Tyr Thr Ser Asn Tyr Tyr Lys Ser Asn Asn Val Glu Phe
705 710 715 720

Ala Val Asn Thr Glu Gly Val Tyr Ser Glu Pro Arg Pro Ile Gly Thr
725 730 735

Arg Tyr Leu Thr Arg Asn Leu
740

<210> SEQ ID NO 85

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Peptide insert
<400> SEQUENCE: 85

Thr Leu Ala Val Pro Phe Lys

1 5

<210> SEQ ID NO 86

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Peptide insert
<400> SEQUENCE: 86

Lys Phe Pro Val Ala Leu Thr

1 5

<210> SEQ ID NO 87

<211> LENGTH: 2514

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - codon optimized PKP2a
polynucleotide

<400> SEQUENCE: 87

atggctgcac ctggtgegece tgccgaatat ggttatataa ggacagtttt gggtcaacag

atacttggac aacttgattc ctettetttg gegetcectt cagaagcaaa gttgaaattg

gcaggttcat caggtagagg aggacaaact gtgaaatcte tgcggattca ggaacaagta

caacagactt tggctagaaa gggaagatct tcegttggea atggaaattt gcatagaacg

agcagcgtac ctgaatacgt atacaatcte catcttgttg aaaacgattt tgtaggaggt

cggtctecag ttecgaaaac atatgatatg cttaaagcag gtactacage tacatacgaa

ggtagatggyg gaagaggaac tgcacaatat tcatctcaaa aatctgttga agaaaggtca

ttgcgacate ctctcagaag getcgaaatt tccceggatt catcacctga aagggctcat

tatacacaca gtgattatca atatagccaa cgatctcaag caggtcatac acttcatcat

caggaaagta ggcgggegge attgettgta ccccctegat atgecaggte agaaattgta

ggagtttcca gagcaggtac tactagtcga caaagacact ttgacacata tcataggcaa

tatcaacacg gtagtgtcte agacactgtt tttgattcaa taccagcaaa tccggcattg

ctgacgtate ctegacctgg tacgtcaagg agcatgggaa atcttetgga gaaagaaaat

tatttgactyg ctgggcttac agttggacag gtacggecat tggttectcet tcaaccagtt

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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actcagaatc gagcttccag aagctcttgg catcaatcaa gctttcattc cacaaggaca 900
ctgagagaag caggaccttc tgttgccegtt gattccagtg ggcggagagce ccaccttaca 960

gtaggtcaag cagctgccgg aggatcaggt aatttgctta cagaaaggag tacttttaca 1020
gatagccaac tcgggaatgc ggatatggaa atgacattgg agagagctgt atcaatgcetg 1080
gaagcggatc atatgcttce ttctagaatt tccgectgcgg caacttttat acagcacgaa 1140
tgttttcaaa aatccgaagc gcgaaagcgg gttaatcage tgagaggtat tcectgaaactg 1200
ttgcaacttt tgaaagtgca aaatgaagat gttcaaagag ctgtttgtgg agctcttaga 1260
aatcttgttt ttgaagataa tgataataaa ttggaagttg ctgaacttaa tggtgtacct 1320
agattgcttc aagttttgaa acaaacaaga gatttggaaa caaaaaaaca aataacagga 1380
cttttgtgga atctttcttc taatgataaa cttaaaaatt tgatgataac agaagctttg 1440
ttgacactta cagaaaatat tattatacct ttttctggat ggcctgaagg ggattatcca 1500
aaagctaatg ggttgctgga ttttgatatt ttttataatg tgacaggatg tttgaggaat 1560
atgtcctcag ctggtgctga cggtcggaaa gcaatgaggce gatgtgacgg tttgatcgat 1620
tcecttgtte attacgttag gggaacaata gctgattatc aaccagatga taaagcaaca 1680
gaaaattgtg tttgtattct tcataatctg tcttatcaat tggaagccga acttcctgaa 1740
aaatactctc aaaatatcta tattcagaat cggaacatac aaactgataa taacaaatct 1800
ataggatgtt ttggatcaag aagcagaaaa gttaaggaac aatatcaaga cgttcctatg 1860
cccgaagaaa aatcaaatcc aaagggtgta gaatggetgt ggcattctat tgttattaga 1920
atgtatttgt cactcatagc aaaatctgta cgaaattata cacaagaagc ttctttggga 1980
gcccttcaga atcttacage aggaagtggt cctatgcecta caagtgtagce gcaaacagtt 2040
gtacagaaag aatctggatt gcaacatact agaaagatgc tgcatgtagg agatccttcect 2100
gttaaaaaga cagctataag cctecctgagg aacttgagtc gcaacttgtc tctceccagaat 2160
gagattgcta aggaaacgct tcctgacctt gtatctatta tacctgacac ggtgecttcece 2220
acagatcttt tgattgaaac aactgcatct gcttgttata cattgaataa tatcattcaa 2280
aatagttatc agaacgcaag agatcttctg aatacaggag gtattcaaaa aataatggct 2340
atttcagcag gtgatgcata tgcttctaat aaagcgtcta aagctgcatc tgttcttttg 2400
tattctettt gggcacatac agaacttcac catgcctaca agaaagctca attcaagaaa 2460
acagattttg ttaatagtcg cactgcaaaa gcgtatcatt cccttaagga ttaa 2514
<210> SEQ ID NO 88

<211> LENGTH: 2646

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - codon optimized PKP2b

polynucleotide

<400> SEQUENCE: 88

atggccgeac ctggagctcece agetgaatat ggatatatca ggactgtett gggtcagecag 60
attctgggece aactggatte ttcaagtetg geectcecga gtgaggcaaa actgaaacte 120
gcaggatcta gtggaagggg cggacagaca gtgaagtcac tcaggattca ggagcaggtc 180
caacagacac tggcaagaaa agggaggtcce agegtcggea atggtaactt gcatagaacce 240

tcttcagtge ctgagtacgt gtacaacctg cacctggtgg aaaacgattt tgtgggegge 300
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agatcccecgg tccctaaaac ttatgacatg ctgaaagctg gcacgacagce tacatatgaa 360
ggtagatggg gccggggcac cgcacaatat agttctcaga agtccgtgga agaaagatct 420
cttaggcacc cacttcggeg actggagata agtccagaca gcagccccga aagggcgcat 480
tatacacatt ctgactacca atacagccaa agatctcagg ctggccacac tctgcatcat 540
caggaaagta gaagggccgce ccttctegte cccccaagat acgcacggtc agaaatcgtg 600
ggagtgagca gagcaggtac cacctctcga cagaggcatt tcgacacata ccaccgacaa 660
taccaacatg gatcagtgtc agatactgtt tttgactcca taccagcaaa tccagcactc 720
ctgacatatc ctagaccggg gactagtcge tccatgggga atctgctcga aaaagaaaac 780
tatctcaccg caggtctgac tgtggggcag gtaaggcegt tggtgcccct tcagectgta 840
acgcagaata gggcttccag gtcatcctgg caccagagta gcttccactc cacaaggact 900
ctgagagagg caggccctag tgttgcagtt gatagttceg gtcgcagggce ccatcttaca 960

gttggtcaag ccgctgcagg gggtageggt aatctgctga ccgaaagaag cacattcacyg 1020
gattcccage tcggaaatgce agacatggag atgacacttg aacgagccgt gagcatgcetg 1080
gaagctgacc atatgctcce ttctagaatc tccgectgcgg ccactttcat ccagcacgag 1140
tgctttcaga aatccgaagce taggaaacgc gtgaaccagce tgaggggcat cctgaagcetg 1200
ctgcagctgce ttaaggtgca gaatgaggat gtccaacgcg cagtgtgcgg tgctctgagg 1260
aacctcgtgt ttgaagataa cgataataag ttggaagtcg cagaacttaa cggggtacct 1320
cgactgctee aggtgttgaa acagacacgg gacctggaaa cgaaaaaaca aattaccgac 1380
cacactgtga atctcagaag tcggaatggg tggcctgggg cagtagctca tgcctgtaac 1440
ccttctacat tgggtggcca aggcgggagg attaccagat caggggtacg ggatcaacct 1500
gatcagcacg ggctcctgtg gaacttgtcce tctaatgaca aactgaaaaa cctgatgata 1560
accgaggctce tgctgacccect gacagaaaac attatcatcc ccttectceccgg atggccagaa 1620
ggagactatc ctaaagctaa cggcttgctg gacttcgata tcecttttataa tgtcacaggg 1680
tgccttagaa atatgagtag cgccggtgce gatggaagga aggcaatgcg ccggtgtgat 1740
ggtcttateg attccctggt acattacgtg aggggcacca ttgccgacta ccaaccagac 1800
gataaagcaa ccgagaattg cgtgtgcatc ctgcacaatt tgagctacca actcgaagct 1860
gaactgcctg agaaatattc ccaaaatatt tatatccaga atcggaatat ccagaccgat 1920
aataacaaga gcataggatg ctttggttct agaagccgca aggtcaagga acagtaccag 1980
gatgtaccta tgccagagga aaaatcaaac cccaaaggag tggaatggct gtggcattcce 2040
atcgtgatca ggatgtacct gagtctgatt gctaagagcg tgaggaacta tacacaggag 2100
gctteccttyg gegecactgca aaatctgacce geccggatctyg ggccaatgcec aacaagegtt 2160
gctcaaacag tagtgcaaaa ggaatctggce cttcagcaca ctaggaaaat gcttcatgtg 2220
ggagatcctt ctgtgaagaa gacggctatt agcctgctec gcaacttgag cagaaacctt 2280
tctttgcaga atgagattgc gaaagagacg ctccctgacce tggtgtccat tataccagac 2340
acggtcectt ccacagatct tcectgattgaa acgaccgcett ccgcatgtta caccctgaat 2400
aatattattc aaaactcata ccaaaatgct agagacctgc tgaacactgg ggggatccag 2460
aagattatgg caatttcagc cggcgatgcce tatgctagta ataaagcctce caaggccgcece 2520

agtgtattgc tgtatagtct gtgggcacat acagaactgc accacgcata taagaaggcc 2580
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cagtttaaaa aaaccgattt cgtaaactct cggactgcaa aagcctacca ttcactgaaa 2640

gattga 2646

<210> SEQ ID NO 89

<211> LENGTH: 4650

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - polynucleotide sequence of vector
genome

<400> SEQUENCE: 89

gegegetege tegetcactg aggecgeceyg ggcaaageoe gggegteggyg cgacctttgg 60
tcgeceggee tcagtgageg agcgagegeg cagagaggga gtggccaact ccatcactag 120
gggtteccttyg tagttaatga ttaacccgece atgctactta tctacgtact ctggagacge 180
gtacccttca gattaaaaat aactgaggta agggcctggg taggggaggt ggtgtgagac 240
getectgtet ctectctate tgcccategyg cectttgggg aggaggaatyg tgeccaagga 300
ctaaaaaaag gccatggage cagaggggceg agggcaacag acctttcatg ggcaaacctt 360
ggggcectge tgtctagecat gecccactac gggtctagge tgcccatgta aggaggcaag 420
gectggggac acccgagatg cctggttata attaacccag acatgtgget geccecccec 480
ccccaacace tgctgectet aaaaataace ctgtecetgg tggatccect gecatgcegaag 540

atcttcgaac aaggctgtgg gggactgagg gcaggctgta acaggettgg gggccaggge 600
ttatacgtge ctgggactcce caaagtatta ctgttccatg ttcecggega agggcecaget 660

gtceceegee agcetagacte agcacttagt ttaggaacca gtgagcaagt cageecttgg 720

ggcagcccat acaaggccat ggggcetggge aagctgcacg cctgggtecyg gggtgggeac 780

ggtgcceggyg caacgagcetg aaagctcate tgctcetcagg ggeccctece tggggacage 840
cecctectgge tagtcacace ctgtaggete ctetatataa cecaggggea caggggetge 900
cctecatteta ccaccaccte cacagcacag acagacactce aggagecage cagggtaagt 960

ttagtctttt tgtcttttat ttcaggtcce ggatccggtg gtggtgcaaa tcaaagaact 1020
gctectcagt ggatgttgce tttacttcecta ggcctgtacyg gaagtgttac ttctgctceta 1080
aaagctgcegg aattgtaccce gecgccaccat ggcagccceee ggegecccag ctgagtacgg 1140
ctacatccgg accgtectgg gecagcagat cctgggacaa ctggacaget ccagectgge 1200
getgecctee gaggccaage tgaagetgge ggggagcage ggccgeggeg gecagacagt 1260
caagagcctg cggatccagg agcaggtgca geagacccte geccggaagyg gccgceagcete 1320
cgtgggcaac ggaaatcttc accgaaccag cagtgttcect gagtatgtct acaacctaca 1380
cttggttgaa aatgattttg ttggaggccg ttcccctgtt cctaaaacct atgacatget 1440
aaaggctgge acaactgcca cttatgaagg tcegetgggga agaggaacag cacagtacag 1500
ctcccagaag tccgtggaag aaaggtcecctt gaggcatcect ctgaggagac tggagattte 1560
tcctgacage agcccggaga gggctcacta cacgcacage gattaccagt acagcecagag 1620
aagccaggcet gggcacaccce tgcaccacca agaaagcagyg cgggccgece tcctagtgee 1680
accgagatat gctcgtteeg agatcgtggg ggtcagecegt gectggcacca caagcaggca 1740

gcgecacttt gacacatacc acagacagta ccagcatggce tcectgttagceg acaccgtttt 1800
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tgacagcatc cctgccaacce cggccctget cacgtaccee aggccaggga ccagecgcag 1860
catgggcaac ctcttggaga aggagaacta cctgacggca gggctcactg tcgggcaggt 1920
caggccgetg gtgcccctge agecccgtcac tcagaacagg gcttceccaggt ccectectggcea 1980
tcagagctee ttccacagca cccgcacget gagggaaget gggeccagtyg tcegecgtgga 2040
tteccageggg aggagagege acttgactgt cggecaggeyg gecgcagggyg gaagtgggaa 2100
tctgctcact gagagaagca ctttcactga ctecccagetg gggaatgcag acatggagat 2160
gactctggag cgagcagtga gtatgctcga ggcagaccac atgctgccat ccaggatttce 2220
tgctgcagcet actttcatac agcacgagtg cttceccagaaa tctgaagctce ggaagagggt 2280
taaccagctt cgtggcatcc tcaagcttct gcagctecta aaagttcaga atgaagacgt 2340
tcagcgagct gtgtgtgggg ccttgagaaa cttagtattt gaagacaatg acaacaaatt 2400
ggaggtggct gaactaaatg gggtacctcg gectgctccag gtgctgaagce aaaccagaga 2460
cttggagact aaaaaacaaa taacaggttt gctgtggaat ttgtcatcta atgacaaact 2520
caagaatctc atgataacag aagcattgct tacgctgacg gagaatatca tcatcccctt 2580
ttectgggtgg cctgaaggag actacccaaa agcaaatggt ttgctcgatt ttgacatatt 2640
ctacaacgtc actggatgcc taagaaacat gagttctgect ggcgctgatg ggagaaaagc 2700
gatgagaaga tgtgacggac tcattgactc actggtccat tatgtcagag gaaccattgce 2760
agattaccag ccagatgaca aggccacgga gaattgtgtg tgcattcttce ataacctctce 2820
ctaccagctg gaggcagagc tcccagagaa atattcccag aatatctata ttcaaaaccg 2880
gaatatccag actgacaaca acaaaagtat tggatgtttt ggcagtcgaa gcaggaaagt 2940
aaaagagcaa taccaggacg tgccgatgec ggaggaaaag agcaacccca agggegtgga 3000
gtggctgtgg cattccattg ttataaggat gtatctgtecc ttgatcgecca aaagtgtecyg 3060
caactacaca caagaagcat ccttaggagce tctgcagaac ctcacggecyg gaagtggace 3120
aatgccgaca tcagtggctc agacagttgt ccagaaggaa agtggcctge agcacacccg 3180
aaagatgctg catgttggtg acccaagtgt gaaaaagaca gccatctcge tgctgaggaa 3240
tctgtececcgg aatctttete tgcagaatga aattgccaaa gaaactctcece ctgatttggt 3300
ttccatcatt cctgacacag tcccgagtac tgaccttetce attgaaacta cagcectcetgce 3360
ctgttacaca ttgaacaaca taatccaaaa cagttaccag aatgcacgcg accttctaaa 3420
caccgggggce atccagaaaa ttatggccat tagtgcaggce gatgcctatg cctccaacaa 3480
agcaagtaaa gctgctteceg tecttetgta ttetectgtgg gcacacacgg aactgcatca 3540
tgcctacaag aaggctcagt ttaagaagac agattttgtc aacagccgga ctgccaaagc 3600
ctaccactcc cttaaagact gatcaacctc tggattacaa aatttgtgaa agattgactg 3660
gtattcttaa ctatgttgct ccttttacgce tatgtggata cgctgcttta atgecctttgt 3720
atcatgctat tgcttccegt atggctttca ttttcectecte cttgtataaa tectggttgce 3780
tgtctettta tgaggagttyg tggcccegttg tcaggcaacg tggcgtggtg tgcactgtgt 3840
ttgctgacgce aacccccact ggttggggca ttgccaccac ctgtcagcte ctttecggga 3900
ctttecgettt cecccecteect attgccacgg cggaactcat cgccgectge cttgeccget 3960
gctggacagg ggctcecggcetg ttgggcactg acaattccecgt ggtgttgtcg gggaaatcat 4020

cgtecctttee ttggectgete gectgtgttg ccacctggat tectgecgeggg acgtecttcet 4080
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gctacgtecee tteggcecte aatccagegg accttectte ccgeggectg ctgccggcetce 4140
tgcggectet teccgegtett cgecttegee ctcagacgag tcggatctece ctttgggecg 4200
ccteceecegea tecattgecetg ceccgggtgge atcectgtga cecccteccca gtgectetee 4260
tggceccetgga agttgccact ccagtgccca ccagecttgt cctaataaaa ttaagttgca 4320
tcattttgtc tgactaggtg tceccttctata atattatggg gtggaggggg gtggtatgga 4380
gcaaggggcece caagttggga agaaacctgt agggcectgeg ttacccaggce tggagtgcag 4440
tggcacattt ctgctcactg caacctccte ctecectgggt tctacgtaga taagtagcat 4500
ggcgggttaa tcattaacta caaggaaccc ctagtgatgg agttggccac tcecctctetg 4560
cgegeteget cgctcactga ggccgggega ccaaaggteg ccecgacgece gggetttgee 4620
cgggcggect cagtgagcga gcgagcgcgce 4650
<210> SEQ ID NO 90

<211> LENGTH: 4274

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - polynucleotide sequence of vector

genome

<400> SEQUENCE: 90

gegegetege tegetcactg aggecgeceyg ggcaaageoe gggegteggyg cgacctttgg 60
tcgeceggee tcagtgageg agcgagegeg cagagaggga gtggccaact ccatcactag 120
gggtteccttyg tagttaatga ttaacccgece atgctactta tctacgtact ctggagacge 180
gtctcagtcee attaggagcec agtagectgg aagatgtcett tacccccage atcagttcaa 240
gtggagcagce acataactct tgccctcetge cttccaagat tetggtgetyg agacttatgg 300
agtgtcttgg aggttgectt ctgeccccca accctgetece cagetggece tceccaggect 360
gggttgctgg cctetgettt atcaggattce tcaagaggga cagctggttt atgttgeatg 420
actgttcect geatatctge tetggtttta aatagettat ctgagecaget ggaggaccac 480
atgggcttat atggegtggg gtacatgtte ctgtagectt gtcectggea cctgccaaaa 540
tagcagccaa caccecccac ceccaccgee atccccectge cecacecegte ccecetgtegea 600
cattcetece tcegecaggge tggetcacca ggecccagece cacatgectg cttaaagecce 660
tctecatect ctgectcace cagtcccege tgagactgag cagacgecte caggatctgt 720
cggcaggeca ccatggeage ceccggegee ccagetgagt acggctacat ccggaccegte 780
ctgggccage agatcctggg acaactggac agetccagec tggegetgee ctecgaggece 840

aagctgaage tggeggggag cagcggecge ggcggccaga cagtcaagag cctgeggate 900
caggagcagg tgcagcagac cctcgeccgg aagggccgea gceteegtggyg caacggaaat 960
cttcaccgaa ccagcagtgt tcctgagtat gtctacaacc tacacttggt tgaaaatgat 1020
tttgttggag gccgttcecee tgttcectaaa acctatgaca tgctaaaggce tggcacaact 1080
gecacttatyg aaggtcgcetyg gggaagagga acagcacagt acagctccca gaagtccegtg 1140
gaagaaaggt ccttgaggca tcctctgagg agactggaga tttctcectga cagcageccyg 1200
gagagggcte actacacgca cagcgattac cagtacagcc agagaagcca ggcetgggeac 1260
accctgcace accaagaaag caggcgggece gecctcectag tgccaccgag atatgetcegt 1320

tcegagateg tgggggtcag cegtgetgge accacaagea ggcagegeca ctttgacaca 1380
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taccacagac agtaccagca tggctctgtt agcgacaccg tttttgacag catccctgece 1440
aacceggece tgctcacgta ccccaggeca gggaccagece gcagcatggyg caacctettg 1500
gagaaggaga actacctgac ggcagggctc actgteggge aggtcaggec getggtgecce 1560
ctgcagccceg tcactcagaa cagggcttce aggtcecctect ggcatcagag ctecttecac 1620
agcacccgca cgctgaggga agctgggecce agtgtcegecg tggattccag cgggaggaga 1680
gegeacttga ctgtecggeca ggcggecgca gggggaagtg ggaatctget cactgagaga 1740
agcactttca ctgactccca getggggaat gcagacatgg agatgactct ggagcgagca 1800
gtgagtatgc tcgaggcaga ccacatgctg ccatccagga tttcectgctge agctacttte 1860
atacagcacg agtgcttcca gaaatctgaa gctcggaaga gggttaacca gcecttcegtggce 1920
atcctcaage ttctgcaget cctaaaagtt cagaatgaag acgttcagceg agetgtgtgt 1980
ggggccttga gaaacttagt atttgaagac aatgacaaca aattggaggt ggctgaacta 2040
aatggggtac ctcggctgcect ccaggtgctg aagcaaacca gagacttgga gactaaaaaa 2100
caaataacag gtttgctgtg gaatttgtca tctaatgaca aactcaagaa tctcatgata 2160
acagaagcat tgcttacgct gacggagaat atcatcatcc ccttttctgg gtggectgaa 2220
ggagactacc caaaagcaaa tggtttgctc gattttgaca tattctacaa cgtcactgga 2280
tgcctaagaa acatgagttce tgctggcgct gatgggagaa aagcgatgag aagatgtgac 2340
ggactcattg actcactggt ccattatgtc agaggaacca ttgcagatta ccagccagat 2400
gacaaggcca cggagaattg tgtgtgcatt cttcataacc tcectcecctacca gctggaggca 2460
gagctcccag agaaatattc ccagaatatc tatattcaaa accggaatat ccagactgac 2520
aacaacaaaa gtattggatg ttttggcagt cgaagcagga aagtaaaaga gcaataccag 2580
gacgtgccga tgccggagga aaagagcaac cccaagggceyg tggagtgget gtggcattec 2640
attgttataa ggatgtatct gtccttgatc gccaaaagtg tccgcaacta cacacaagaa 2700
gcatccttag gagctcectgca gaacctcacg gccggaagtyg gaccaatgcec gacatcagtg 2760
gctcagacag ttgtccagaa ggaaagtggce ctgcagcaca cccgaaagat gctgcatgtt 2820
ggtgacccaa gtgtgaaaaa gacagccatc tcgctgctga ggaatctgtc ccggaatcett 2880
tctctgcaga atgaaattgc caaagaaact ctceccecctgatt tggtttccat cattcctgac 2940
acagtcccga gtactgacct tcectcattgaa actacagect ctgcctgtta cacattgaac 3000
aacataatcc aaaacagtta ccagaatgca cgcgacctte taaacaccgyg gggcatccag 3060
aaaattatgg ccattagtgc aggcgatgcce tatgcctceca acaaagcaag taaagctgcet 3120
tcegtectte tgtattctet gtgggcacac acggaactgce atcatgccta caagaaggct 3180
cagtttaaga agacagattt tgtcaacagc cggactgcca aagcctacca ctcccttaaa 3240
gactgatcaa cctctggatt acaaaatttg tgaaagattg actggtattc ttaactatgt 3300
tgctectttt acgctatgtyg gatacgctge tttaatgect ttgtatcatg ctattgette 3360
ccgtatgget ttcattttet cctecttgta taaatcctgg ttgctgtcte tttatgagga 3420
gttgtggcece gttgtcagge aacgtggcegt ggtgtgcact gtgtttgetg acgcaacccce 3480
cactggttgg ggcattgcca ccacctgtca gctectttee gggacttteg cttteccect 3540
ccetattgee acggcggaac tcatcgecge ctgecttgece cgcectgetgga caggggctceg 3600

gctgttggge actgacaatt ccgtggtgtt gtcggggaaa tcatcgtect ttecttgget 3660
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gctegectgt gttgcecacct ggattcectgeg cgggacgtec ttetgctacg tcecttegge 3720
cctcaatcca gecggacctte cttececegegg cctgctgecg getcetgegge ctettecgeg 3780
tcttegectt cgccectcaga cgagtceggat ctecectttgg gecgectceece cgcatcattg 3840
cctgeceggg tggcatcect gtgaccecte cccagtgect ctectggece tggaagttgce 3900
cactccagtg cccaccagcec ttgtcecctaat aaaattaagt tgcatcattt tgtctgacta 3960
ggtgtcctte tataatatta tggggtggag gggggtggta tggagcaagg ggcccaagtt 4020
gggaagaaac ctgtagggcce tgcgttaccce aggctggagt gcagtggcac atttctgcetce 4080
actgcaacct cctcectceect gggttctacg tagataagta gcatggcggg ttaatcatta 4140
actacaagga acccctagtg atggagttgg ccactcecte tectgecgeget cgctcegetca 4200
ctgaggccegg gcgaccaaag gtcgcccgac geccgggett tgeccgggeyg gcectcagtga 4260
gcgagcgage gcgce 4274
<210> SEQ ID NO 91

<211> LENGTH: 4782

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - polynucleotide sequence of vector

genome

<400> SEQUENCE: 91

gegegetege tegetcactg aggecgeceyg ggcaaageoe gggegteggyg cgacctttgg 60
tcgeceggee tcagtgageg agcgagegeg cagagaggga gtggccaact ccatcactag 120
gggtteccttyg tagttaatga ttaacccgece atgctactta tctacgtact ctggagacge 180
gtacccttca gattaaaaat aactgaggta agggcctggg taggggaggt ggtgtgagac 240
getectgtet ctectctate tgcccategyg cectttgggg aggaggaatyg tgeccaagga 300
ctaaaaaaag gccatggage cagaggggceg agggcaacag acctttcatg ggcaaacctt 360
ggggcectge tgtctagecat gecccactac gggtctagge tgcccatgta aggaggcaag 420
gectggggac acccgagatg cctggttata attaacccag acatgtgget geccecccec 480
ccccaacace tgctgectet aaaaataace ctgtecetgg tggatccect gecatgcegaag 540

atcttcgaac aaggctgtgg gggactgagg gcaggctgta acaggettgg gggccaggge 600
ttatacgtge ctgggactcce caaagtatta ctgttccatg ttcecggega agggcecaget 660

gtceceegee agcetagacte agcacttagt ttaggaacca gtgagcaagt cageecttgg 720

ggcagcccat acaaggccat ggggcetggge aagctgcacg cctgggtecyg gggtgggeac 780

ggtgcceggyg caacgagcetg aaagctcate tgctcetcagg ggeccctece tggggacage 840
cecctectgge tagtcacace ctgtaggete ctetatataa cecaggggea caggggetge 900
cctecatteta ccaccaccte cacagcacag acagacactce aggagecage cagggtaagt 960

ttagtctttt tgtcttttat ttcaggtcce ggatccggtg gtggtgcaaa tcaaagaact 1020

gctectcagt ggatgttgce tttacttcecta ggcctgtacyg gaagtgttac ttctgctceta 1080

aaagctgegyg aattgtacce gegecaccat ggecageccee ggegecccag ctgagtacgg 1140

ctacatcegg accgtectgg gecagcagat cctgggacaa ctggacaget ccagectgge 1200

getgeectee gaggecaage tgaagcetgge ggggagcage ggccgeggeyg gecagacagt 1260
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caagagcctg cggatccagg agcaggtgca geagacccte geccggaagyg gccgceagcete 1320
cgtgggcaac ggaaatcttc accgaaccag cagtgttcect gagtatgtct acaacctaca 1380
cttggttgaa aatgattttg ttggaggccg ttcccctgtt cctaaaacct atgacatget 1440
aaaggctgge acaactgcca cttatgaagg tcegetgggga agaggaacag cacagtacag 1500
ctcccagaag tccgtggaag aaaggtcecctt gaggcatcect ctgaggagac tggagattte 1560
tcctgacage agcccggaga gggctcacta cacgcacage gattaccagt acagcecagag 1620
aagccaggcet gggcacaccce tgcaccacca agaaagcagyg cgggccgece tcctagtgee 1680
accgagatat gctcgtteeg agatcgtggg ggtcagecegt gectggcacca caagcaggca 1740
gcgecacttt gacacatacc acagacagta ccagcatggce tcectgttagceg acaccgtttt 1800
tgacagcatc cctgccaacce cggccctget cacgtaccee aggccaggga ccagecgcag 1860
catgggcaac ctcttggaga aggagaacta cctgacggca gggctcactg tcgggcaggt 1920
caggccgetg gtgcccctge agecccgtcac tcagaacagg gcttceccaggt ccectectggcea 1980
tcagagctee ttccacagca cccgcacget gagggaaget gggeccagtyg tcegecgtgga 2040
tteccageggg aggagagege acttgactgt cggecaggeyg gecgcagggyg gaagtgggaa 2100
tctgctcact gagagaagca ctttcactga ctecccagetg gggaatgcag acatggagat 2160
gactctggag cgagcagtga gtatgctcga ggcagaccac atgctgccat ccaggatttce 2220
tgctgcagcet actttcatac agcacgagtg cttceccagaaa tctgaagctce ggaagagggt 2280
taaccagctt cgtggcatcc tcaagcttct gcagctecta aaagttcaga atgaagacgt 2340
tcagcgagct gtgtgtgggg ccttgagaaa cttagtattt gaagacaatg acaacaaatt 2400
ggaggtggct gaactaaatg gggtacctcg gectgctccag gtgctgaagce aaaccagaga 2460
cttggagact aaaaaacaaa taacagacca tacagtcaat ttaagaagta ggaatggctg 2520
geegggegeyg gtggetcacyg cctgtaatce cagcactttyg ggaggccaag gegggcggat 2580
cacgaggtca ggagttcgag accagcctga ccaacatggt ttgctgtgga atttgtcatce 2640
taatgacaaa ctcaagaatc tcatgataac agaagcattg cttacgctga cggagaatat 2700
catcatcccce ttttetgggt ggcctgaagg agactaccca aaagcaaatg gtttgctcega 2760
ttttgacata ttctacaacg tcactggatg cctaagaaac atgagttctg ctggcgctga 2820
tgggagaaaa gcgatgagaa gatgtgacgg actcattgac tcactggtcc attatgtcag 2880
aggaaccatt gcagattacc agccagatga caaggccacg gagaattgtg tgtgcattct 2940
tcataacctc tcctaccage tggaggcaga gctcccagag aaatattccce agaatatcta 3000
tattcaaaac cggaatatcc agactgacaa caacaaaagt attggatgtt ttggcagtcg 3060
aagcaggaaa gtaaaagagc aataccagga cgtgccgatyg ccggaggaaa agagcaacce 3120
caagggcgtg gagtggctgt ggcattccat tgttataagg atgtatctgt ccttgatcgce 3180
caaaagtgtc cgcaactaca cacaagaagc atccttagga gctctgcaga acctcacgge 3240
cggaagtgga ccaatgccga catcagtggc tcagacagtt gtccagaagg aaagtggcect 3300
gcagcacacc cgaaagatgc tgcatgttgg tgacccaagt gtgaaaaaga cagccatctce 3360
gctgectgagg aatctgtcce ggaatcttte tcectgcagaat gaaattgcca aagaaactcet 3420
ccetgatttg gttteccatca ttectgacac agtcccgagt actgacctte tcattgaaac 3480

tacagcctct gectgttaca cattgaacaa cataatccaa aacagttacc agaatgcacg 3540
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cgaccttcta aacaccgggg gcatccagaa aattatggcce attagtgcag gcegatgecta 3600
tgcctecaac aaagcaagta aagctgctte cgtecttetg tattctcectgt gggcacacac 3660
ggaactgcat catgcctaca agaaggctca gtttaagaag acagattttg tcaacagccyg 3720
gactgccaaa gcctaccact cccttaaaga ctgatcaacc tcectggattac aaaatttgtg 3780
aaagattgac tggtattctt aactatgttg cteccttttac gectatgtgga tacgctgett 3840
taatgccecttt gtatcatgect attgcttcce gtatggettt cattttctece tecttgtata 3900
aatcctggtt getgtctett tatgaggagt tgtggccegt tgtcaggcaa cgtggcegtgg 3960
tgtgcactgt gtttgctgac gcaaccccca ctggttgggg cattgccacce acctgtcagce 4020
tcetttecgg gacttteget tteccectcee ctattgecac ggcggaacte atcgecgect 4080
gccttgeeeg ctgectggaca ggggctegge tgttgggcac tgacaattcce gtggtgttgt 4140
cggggaaatc atcgtccttt ccecttggectge tcegectgtgt tgccacctgg attcectgegeg 4200
ggacgtcett ctgctacgte cctteggeccce tcaatccage ggaccttect tceececgeggece 4260
tgctgeegge tectgeggect ctteccgegte ttegectteg cectcagacg agtcggatcet 4320
ccetttggge cgectcecceeg catcattgcee tgcccgggtg gecatcecctgt gacccectece 4380
cagtgcctet cctggccetg gaagttgcecca cteccagtgece caccagectt gtcectaataa 4440
aattaagttg catcattttg tctgactagg tgtccttcecta taatattatg gggtggaggg 4500
gggtggtatyg gagcaagggg cccaagttgg gaagaaacct gtagggcctg cgttacccag 4560
gctggagtge agtggcacat ttctgctcac tgcaacctec tectcecectgg gttcectacgta 4620
gataagtagc atggcgggtt aatcattaac tacaaggaac ccctagtgat ggagttggece 4680
actcectete tgcgegeteg ctegctcact gaggeceggge gaccaaaggt cgcccgacge 4740
ccgggetttg ceccgggegge ctcagtgage gagcgagege gco 4782
<210> SEQ ID NO 92

<211> LENGTH: 4406

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - polynucleotide sequence of vector

genome

<400> SEQUENCE: 92

gegegetege tegetcactg aggecgeceyg ggcaaageoe gggegteggyg cgacctttgg 60
tcgeceggee tcagtgageg agcgagegeg cagagaggga gtggccaact ccatcactag 120
gggtteccttyg tagttaatga ttaacccgece atgctactta tctacgtact ctggagacge 180
gtctcagtcee attaggagcec agtagectgg aagatgtcett tacccccage atcagttcaa 240
gtggagcagce acataactct tgccctcetge cttccaagat tetggtgetyg agacttatgg 300
agtgtcttgg aggttgectt ctgeccccca accctgetece cagetggece tceccaggect 360
gggttgctgg cctetgettt atcaggattce tcaagaggga cagctggttt atgttgeatg 420
actgttcect geatatctge tetggtttta aatagettat ctgagecaget ggaggaccac 480
atgggcttat atggegtggg gtacatgtte ctgtagectt gtcectggea cctgccaaaa 540
tagcagccaa caccecccac ceccaccgee atccccectge cecacecegte ccecetgtegea 600
cattcetece tcegecaggge tggetcacca ggecccagece cacatgectg cttaaagecce 660

tctecatect ctgectcace cagtcccege tgagactgag cagacgecte caggatctgt 720
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cggcaggcca ccatggcage cccceggegec ccagctgagt acggctacat ccggaccgtce 780
ctgggccagce agatcctggg acaactggac agctccagec tggegctgece ctceegaggec 840

aagctgaage tggeggggag cagcggecge ggcggccaga cagtcaagag cctgeggate 900
caggagcagg tgcagcagac cctcgeccgg aagggccgea gceteegtggyg caacggaaat 960
cttcaccgaa ccagcagtgt tcctgagtat gtctacaacc tacacttggt tgaaaatgat 1020
tttgttggag gccgttcecee tgttcectaaa acctatgaca tgctaaaggce tggcacaact 1080
gecacttatyg aaggtcgcetyg gggaagagga acagcacagt acagctccca gaagtccegtg 1140
gaagaaaggt ccttgaggca tcctctgagg agactggaga tttctcectga cagcageccyg 1200
gagagggcte actacacgca cagcgattac cagtacagcc agagaagcca ggcetgggeac 1260
accctgcace accaagaaag caggcgggece gecctcectag tgccaccgag atatgetcegt 1320
tcecgagateg tgggggtcag ccgtgetgge accacaagea ggcagcegeca ctttgacaca 1380
taccacagac agtaccagca tggctctgtt agcgacaccg tttttgacag catccctgece 1440
aacceggece tgctcacgta ccccaggeca gggaccagece gcagcatggyg caacctettg 1500
gagaaggaga actacctgac ggcagggctc actgteggge aggtcaggec getggtgecce 1560
ctgcagccceg tcactcagaa cagggcttce aggtcecctect ggcatcagag ctecttecac 1620
agcacccgca cgctgaggga agctgggecce agtgtcegecg tggattccag cgggaggaga 1680
gegeacttga ctgtecggeca ggcggecgca gggggaagtg ggaatctget cactgagaga 1740
agcactttca ctgactccca getggggaat gcagacatgg agatgactct ggagcgagca 1800
gtgagtatgc tcgaggcaga ccacatgctg ccatccagga tttcectgctge agctacttte 1860
atacagcacg agtgcttcca gaaatctgaa gctcggaaga gggttaacca gcecttcegtggce 1920
atcctcaage ttctgcaget cctaaaagtt cagaatgaag acgttcagceg agetgtgtgt 1980
ggggccttga gaaacttagt atttgaagac aatgacaaca aattggaggt ggctgaacta 2040
aatggggtac ctcggctgcect ccaggtgctg aagcaaacca gagacttgga gactaaaaaa 2100
caaataacag accatacagt caatttaaga agtaggaatg gctggccggg cgcggtggcet 2160
cacgcctgta atcccagcac tttgggaggce caaggcgggce ggatcacgag gtcaggagtt 2220
cgagaccagc ctgaccaaca tggtttgctg tggaatttgt catctaatga caaactcaag 2280
aatctcatga taacagaagc attgcttacg ctgacggaga atatcatcat ccccttttet 2340
gggtggccetyg aaggagacta cccaaaagca aatggtttgce tcgattttga catattctac 2400
aacgtcactg gatgcctaag aaacatgagt tctgctggceg ctgatgggag aaaagcgatg 2460
agaagatgtg acggactcat tgactcactg gtccattatg tcagaggaac cattgcagat 2520
taccagccag atgacaaggc cacggagaat tgtgtgtgca ttcttcataa cctctectac 2580
cagctggagg cagagctccc agagaaatat tcccagaata tctatattca aaaccggaat 2640
atccagactg acaacaacaa aagtattgga tgttttggca gtcgaagcag gaaagtaaaa 2700
gagcaatacc aggacgtgcce gatgccggag gaaaagagca accccaaggg cgtggagtgg 2760
ctgtggcatt ccattgttat aaggatgtat ctgtccttga tcgccaaaag tgtccgcaac 2820
tacacacaag aagcatcctt aggagctctg cagaacctca cggccggaag tggaccaatg 2880
ccgacatcag tggctcagac agttgtecag aaggaaagtyg gectgcagca cacccgaaag 2940

atgctgcatg ttggtgaccc aagtgtgaaa aagacagcca tctcgectget gaggaatctg 3000
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tceccggaate tttctcectgca gaatgaaatt gccaaagaaa ctctceccecctga tttggtttece 3060
atcattcctg acacagtccc gagtactgac cttcectcattg aaactacagce ctcectgcctgt 3120
tacacattga acaacataat ccaaaacagt taccagaatg cacgcgacct tctaaacacc 3180
gggggcatcc agaaaattat ggccattagt gcaggcgatg cctatgcctce caacaaagca 3240
agtaaagctg cttcecgtect tetgtattcet ctgtgggcac acacggaact gcatcatgcece 3300
tacaagaagg ctcagtttaa gaagacagat tttgtcaaca gccggactgce caaagcctac 3360
cactccctta aagactgatc aacctctgga ttacaaaatt tgtgaaagat tgactggtat 3420
tcttaactat gttgctccectt ttacgctatg tggatacgct getttaatge ctttgtatca 3480
tgctattget tecccecgtatgg ctttcatttt ctectecttg tataaatcct ggttgctgte 3540
tctttatgag gagttgtgge ccgttgtcag gcaacgtggce gtggtgtgca ctgtgtttgce 3600
tgacgcaacc cccactggtt ggggcattgce caccacctgt cagctceccttt ccgggacttt 3660
cgctttecece ctcecectattg ccacggegga actcatcegece gectgecttg cecgetgetg 3720
gacaggggct cggctgttgg gcactgacaa ttccegtggtg ttgtcgggga aatcatcgte 3780
cttteettgg ctgctcecgect gtgttgccac ctggattetg cgcgggacgt ccttetgeta 3840
cgtcectteg gecctcaate cagcggacct tcectteeege ggectgcectge cggcectetgeg 3900
gcctetteeg cgtettegee ttegecctca gacgagtcgg atctcecttt gggeccgecte 3960
ccegecatcecat tgcectgceeg ggtggcatce ctgtgaccce tccccagtge ctetectgge 4020
cctggaagtt geccactccag tgcccaccag ccttgtecta ataaaattaa gttgcatcat 4080
tttgtctgac taggtgtcct tcectataatat tatggggtgg aggggggtgg tatggagcaa 4140
ggggcccaag ttgggaagaa acctgtaggg cctgcgttac ccaggctgga gtgcagtgge 4200
acatttctgce tcactgcaac ctcctectcee ctgggtteta cgtagataag tagcatggeg 4260
ggttaatcat taactacaag gaacccctag tgatggagtt ggccactccce tctetgegeg 4320
ctegeteget cactgaggcce gggcgaccaa aggtegeceg acgeccggge tttgecceggg 4380
cggcctcagt gagcgagcga gcgcegce 4406
<210> SEQ ID NO 93

<211> LENGTH: 4237

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - expression cassette

polynucleotide

<400> SEQUENCE: 93

acccttcaga ttaaaaataa ctgaggtaag ggectgggta ggggaggtgg tgtgagacge 60
tcctgtetet cctetatetg cecateggee ctttggggag gaggaatgtyg cccaaggact 120
aaaaaaaggc catggagcca gaggggcgag ggcaacagac ctttcatggg caaaccttgg 180
ggcectgetyg tctagecatge ceccactacgg gtctaggetyg cccatgtaag gaggcaaggce 240
ctggggacac ccgagatgece tggttataat taacccagac atgtggetge cccccccccce 300
ccaacacctyg ctgcctctaa aaataaccct gtecetggtg gatccectge atgcgaagat 360

cttegaacaa ggctgtgggg gactgaggge aggctgtaac aggettgggg gecagggett 420

atacgtgcct gggactccca aagtattact gttccatgtt cecggegaag ggccagetgt 480
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ccececgecag ctagactcag cacttagttt aggaaccagt gagcaagtca geccttgggg 540

cagcccatac aaggccatgg ggctgggeaa getgeacgece tgggtecggg gtgggcacgg 600

tgccegggeca acgagetgaa agetcatetg ctetecagggg cecctecetyg gggacagecce 660
ctcetggeta gtcacaccct gtaggetect ctatataacce caggggcaca ggggcetgecce 720
tcattctace accaccteca cagcacagac agacactcag gagccageca gggtaagttt 780
agtctttttg tcttttattt caggtccegg atccggtggt ggtgcaaatce aaagaactge 840
tcctcagtgg atgttgectt tacttctagg cctgtacgga agtgttactt ctgctctaaa 900
agctgceggaa ttgtaccege gecaccatgg cagecceegg cgccccaget gagtacgget 960

acatccggac cgtcectggge cagcagatcce tgggacaact ggacagctcece agectggege 1020
tgccctecga ggccaagetyg aagctggegg ggagcagegyg ccegeggcegge cagacagtca 1080
agagcctgeg gatccaggag caggtgcage agaccctege ceggaaggge cgcagetccg 1140
tgggcaacgg aaatcttcac cgaaccagca gtgttcctga gtatgtctac aacctacact 1200
tggttgaaaa tgattttgtt ggaggccgtt cccctgttece taaaacctat gacatgctaa 1260
aggctggcac aactgccact tatgaaggtce getggggaag aggaacagca cagtacagcet 1320
cccagaagtc cgtggaagaa aggtccttga ggcatcctcet gaggagactg gagatttcte 1380
ctgacagcag cccggagagg gctcactaca cgcacagega ttaccagtac agccagagaa 1440
gecaggetygyg gcacaccctg caccaccaag aaagcaggceg ggccgecctce ctagtgccac 1500
cgagatatgce tcgttccgag atcgtggggg tcagccgtge tggcaccaca agcaggcagc 1560
gccactttga cacataccac agacagtacc agcatggctc tgttagcgac accgtttttg 1620
acagcatcce tgccaacccg gecctgetca cgtaccccag gcecagggacce agcecgcagca 1680
tgggcaacct cttggagaag gagaactacc tgacggcagg gctcactgtce gggcaggtca 1740
ggcegctggt geccectgcag ccegtcacte agaacagggce ttccaggtcece tcectggeatce 1800
agagctcectt ccacagcacc cgcacgctga gggaagctgg gecccagtgte gecgtggatt 1860
ccagegggag gagagcegcac ttgactgteg gecaggegge cgcaggggga agtgggaatce 1920
tgctcactga gagaagcact ttcactgact cccagctggg gaatgcagac atggagatga 1980
ctctggageg agcagtgagt atgctcgagg cagaccacat gectgccatce aggatttcetg 2040
ctgcagctac tttcatacag cacgagtgct tccagaaatc tgaagctcgg aagagggtta 2100
accagctteg tggcatccte aagcttcectge agctcecctaaa agttcagaat gaagacgttce 2160
agcgagcetgt gtgtggggcec ttgagaaact tagtatttga agacaatgac aacaaattgg 2220
aggtggctga actaaatggg gtacctcggce tgctccaggt gctgaagcaa accagagact 2280
tggagactaa aaaacaaata acaggtttgc tgtggaattt gtcatctaat gacaaactca 2340
agaatctcat gataacagaa gcattgctta cgctgacgga gaatatcatc atcccctttt 2400
ctgggtggcce tgaaggagac tacccaaaag caaatggttt gectcgatttt gacatattcet 2460
acaacgtcac tggatgccta agaaacatga gttcectgcetgg cgctgatggg agaaaagcga 2520
tgagaagatg tgacggactc attgactcac tggtccatta tgtcagagga accattgcag 2580
attaccagcce agatgacaag gccacggaga attgtgtgtg cattcttcat aacctctcect 2640
accagctgga ggcagagctce ccagagaaat attcccagaa tatctatatt caaaaccgga 2700

atatccagac tgacaacaac aaaagtattg gatgttttgg cagtcgaagc aggaaagtaa 2760
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aagagcaata ccaggacgtg ccgatgecgg aggaaaagag caaccccaag ggcgtggagt 2820
ggctgtggca ttccattgtt ataaggatgt atctgtcctt gatcgccaaa agtgtccgca 2880
actacacaca agaagcatcc ttaggagcetce tgcagaacct cacggccgga agtggaccaa 2940
tgccgacate agtggctcag acagttgtcc agaaggaaag tggcctgcag cacacccgaa 3000
agatgctgca tgttggtgac ccaagtgtga aaaagacagc catctcgctg ctgaggaatc 3060
tgtccecggaa tetttcectetyg cagaatgaaa ttgccaaaga aactctccect gatttggttt 3120
ccatcattcce tgacacagtc ccgagtactg accttctcecat tgaaactaca gcectctgect 3180
gttacacatt gaacaacata atccaaaaca gttaccagaa tgcacgcgac cttctaaaca 3240
ccgggggcat ccagaaaatt atggccatta gtgcaggcga tgcctatgcce tccaacaaag 3300
caagtaaagc tgcttccgte cttectgtatt ctetgtggge acacacggaa ctgcatcatg 3360
cctacaagaa ggctcagttt aagaagacag attttgtcaa cagccggact gccaaagcect 3420
accactccct taaagactga tcaacctctg gattacaaaa tttgtgaaag attgactggt 3480
attcttaact atgttgctcc ttttacgcta tgtggatacg ctgctttaat gectttgtat 3540
catgctattg cttceccgtat ggctttcatt ttctectect tgtataaatce ctggttgetg 3600
tctetttatg aggagttgtyg geccgttgte aggcaacgtg gegtggtgtg cactgtgttt 3660
gctgacgcaa cccccactgg ttggggcatt geccaccacct gtcagctect ttecgggact 3720
ttegetttee cectecctat tgccacggcg gaactcateg cecgcectgect tgcceccgetge 3780
tggacagggg ctcggctgtt gggcactgac aattccgtgg tgttgtcggg gaaatcatcg 3840
tcetttectt ggctgctege ctgtgttgce acctggatte tgcgcgggac gtecttetge 3900
tacgtcectt cggcecctcaa tcecagceggac cttecttece geggectget gecggcetetg 3960
cggcctette cgegtectteg ccettegecct cagacgagtce ggatctccect ttgggcecgece 4020
tcecegeate attgectgece cgggtggcat ccctgtgacce cctcecccagt gectctectg 4080
gccetggaag ttgccactcee agtgcccacce agecttgtec taataaaatt aagttgcatce 4140
attttgtctg actaggtgtc cttctataat attatggggt ggaggggggt ggtatggagce 4200
aaggggccca agttgggaag aaacctgtag ggcctgce 4237
<210> SEQ ID NO 94

<211> LENGTH: 3861

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - expression cassette

polynucleotide

<400> SEQUENCE: 94

ctcagtccat taggagccag tagectggaa gatgtcttta ceccccageat cagttcaagt 60
ggagcagcac ataactcttg cectcetgect tccaagatte tggtgetgag acttatggag 120
tgtcttggag gttgecttet gecccccaac cctgetecca getggeccte ccaggectgg 180
gttgctggee tctgetttat caggattcte aagagggaca gectggtttat gttgeatgac 240
tgttccctge atatctgete tggttttaaa tagettatet gagecagetgg aggaccacat 300
gggcttatat ggegtggggt acatgttect gtagecttgt cectggcacce tgccaaaata 360
gecagccaaca ccccccacce ccaccgecat ccccctgece caccegtece ctgtegeaca 420

ttcecteccte cgcagggetyg getcaccagg ccccagecca catgectget taaagcccte 480
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tccatcctet gectcaccca gtcccegetg agactgagca gacgcctcca ggatctgtceg 540
gcaggccace atggcagccce ceggegceccc agcetgagtac ggctacatcce ggaccgtect 600
gggccagcag atcctgggac aactggacag ctccagcctg gegetgccct ccgaggccaa 660

getgaagetyg geggggagcea geggcecegegyg cggccagaca gtcaagageco tgeggatcca 720

ggagcaggtyg cagcagaccce tegeccggaa gggccgcage tcegtgggca acggaaatcet 780
tcaccgaacce agcagtgtte ctgagtatgt ctacaaccta cacttggttg aaaatgattt 840
tgttggagge cgttecectyg ttectaaaac ctatgacatg ctaaaggetyg gcacaactge 900
cacttatgaa ggtcgetggg gaagaggaac agcacagtac agctcccaga agtcegtgga 960

agaaaggtcc ttgaggcatc ctctgaggag actggagatt tctcectgaca gcagcccgga 1020
gagggctcac tacacgcaca gcgattacca gtacagccag agaagccagg ctgggcacac 1080
cctgcaccac caagaaagca ggcgggecge cctectagtyg ccaccgagat atgctegtte 1140
cgagatcgtyg ggggtcagcee gtgctggcac cacaagcagg cagcgccact ttgacacata 1200
ccacagacag taccagcatg gctctgttag cgacaccgtt tttgacagca tccctgccaa 1260
cceggecctyg ctcacgtace ccaggccagg gaccagcecge agcatgggea acctettgga 1320
gaaggagaac tacctgacgg cagggctcac tgtcgggcag gtcaggecge tggtgccect 1380
gcagecccgte actcagaaca gggcttcecag gtcecctectgg catcagaget ccttcecacag 1440
caccegcacyg ctgagggaag ctgggeccag tgtegecegtyg gattecageyg ggaggagage 1500
gcacttgact gtecggccagg cggecgcagg gggaagtggg aatctgetca ctgagagaag 1560
cactttcact gactcccage tggggaatgc agacatggag atgactctgg agcgagcagt 1620
gagtatgctc gaggcagacc acatgctgecc atccaggatt tcectgctgcag ctactttceat 1680
acagcacgag tgcttccaga aatctgaagc tcggaagagg gttaaccagce ttecgtggcat 1740
cctcaagett ctgcagctcecc taaaagttca gaatgaagac gttcagcgag ctgtgtgtgg 1800
ggccttgaga aacttagtat ttgaagacaa tgacaacaaa ttggaggtgg ctgaactaaa 1860
tggggtacct cggctgctec aggtgctgaa gcaaaccaga gacttggaga ctaaaaaaca 1920
aataacaggt ttgctgtgga atttgtcatc taatgacaaa ctcaagaatc tcatgataac 1980
agaagcattg cttacgctga cggagaatat catcatcccce ttttectgggt ggcctgaagg 2040
agactaccca aaagcaaatg gtttgctcga ttttgacata ttctacaacg tcactggatg 2100
cctaagaaac atgagttctg ctggcgctga tgggagaaaa gcgatgagaa gatgtgacgg 2160
actcattgac tcactggtcc attatgtcag aggaaccatt gcagattacc agccagatga 2220
caaggccacg gagaattgtg tgtgcattct tcataacctc tecctaccage tggaggcaga 2280
gctecccagag aaatattcce agaatatcta tattcaaaac cggaatatcc agactgacaa 2340
caacaaaagt attggatgtt ttggcagtcg aagcaggaaa gtaaaagagc aataccagga 2400
cgtgecgatyg ccggaggaaa agagcaaccce caagggcegtyg gagtggetgt ggcattccat 2460
tgttataagg atgtatctgt ccttgatcgc caaaagtgtc cgcaactaca cacaagaagc 2520
atccttagga gectctgcaga acctcacggce cggaagtgga ccaatgccga catcagtggce 2580
tcagacagtt gtccagaagg aaagtggcct gcagcacacc cgaaagatgce tgcatgttgg 2640
tgacccaagt gtgaaaaaga cagccatctc gctgctgagg aatctgtccce ggaatcttte 2700

tctgcagaat gaaattgcca aagaaactct ccctgatttg gtttceccatca ttectgacac 2760
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agtcccgagt actgaccttce tcattgaaac tacagcctcect gectgttaca cattgaacaa 2820
cataatccaa aacagttacc agaatgcacg cgaccttcta aacaccgggyg gcatccagaa 2880
aattatggcce attagtgcag gcgatgccta tgcctccaac aaagcaagta aagctgcttce 2940
cgtccttetg tattctcectgt gggcacacac ggaactgcat catgcctaca agaaggctca 3000
gtttaagaag acagattttg tcaacagccg gactgccaaa gcctaccact cccttaaaga 3060
ctgatcaacc tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg 3120
cteccttttac gectatgtgga tacgctgcett taatgecttt gtatcatget attgettcece 3180
gtatggcttt cattttctce tcecttgtata aatcctggtt getgtctett tatgaggagt 3240
tgtggcceecgt tgtcaggcaa cgtggcegtgg tgtgcactgt gtttgctgac gcaaccccca 3300
ctggttgggg cattgccacc acctgtcage tceecttteegg gactttceget tteccectece 3360
ctattgccac ggcggaactc atcgccgect gecttgeccg ctgctggaca ggggcteggce 3420
tgttgggcac tgacaattcc gtggtgttgt cggggaaatc atcgtceccttt cecttggctgce 3480
tcgectgtgt tgccacctgg attctgegeg ggacgtectt ctgctacgte ccetteggecce 3540
tcaatccage ggaccttect teccgeggcee tgctgcecegge tcectgeggect cttecgegte 3600
ttecgectteg cectcagacyg agtcggatct cceetttggge cgcectceccceceg catcattgece 3660
tgccegggtyg gecatccctgt gaccectcece cagtgcectet cectggecctg gaagttgeca 3720
ctccagtgece caccagcctt gtcecctaataa aattaagttg catcattttg tetgactagg 3780
tgtcctteta taatattatg gggtggaggg gggtggtatg gagcaagggg cccaagttgg 3840
gaagaaacct gtagggcctg ¢ 3861
<210> SEQ ID NO 95

<211> LENGTH: 4369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Made in Lab - expression cassette

polynucleotide

<400> SEQUENCE: 95

acccttcaga ttaaaaataa ctgaggtaag ggectgggta ggggaggtgg tgtgagacge 60
tcctgtetet cctetatetg cecateggee ctttggggag gaggaatgtyg cccaaggact 120
aaaaaaaggc catggagcca gaggggcgag ggcaacagac ctttcatggg caaaccttgg 180
ggcectgetyg tctagecatge ceccactacgg gtctaggetyg cccatgtaag gaggcaaggce 240
ctggggacac ccgagatgece tggttataat taacccagac atgtggetge cccccccccce 300
ccaacacctyg ctgcctctaa aaataaccct gtecetggtg gatccectge atgcgaagat 360

cttegaacaa ggctgtgggg gactgaggge aggctgtaac aggettgggg gecagggett 420

atacgtgcct gggactccca aagtattact gttccatgtt cecggegaag ggccagetgt 480

ccececgecag ctagactcag cacttagttt aggaaccagt gagcaagtca geccttgggg 540

cagcccatac aaggccatgg ggctgggeaa getgeacgece tgggtecggg gtgggcacgg 600

tgccegggeca acgagetgaa agetcatetg ctetecagggg cecctecetyg gggacagecce 660

ctcetggeta gtcacaccct gtaggetect ctatataacce caggggcaca ggggcetgecce 720

tcattctace accaccteca cagcacagac agacactcag gagccageca gggtaagttt 780
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agtctttttg tcttttattt caggtcccgg atcecggtggt ggtgcaaatc aaagaactgce 840
tcctcagtgg atgttgectt tacttctagg cctgtacgga agtgttactt ctgctctaaa 900
agctgeggaa ttgtacccge gccaccatgg cagccccegg cgccccagcet gagtacgget 960

acatccggac cgtcectggge cagcagatcce tgggacaact ggacagctcece agectggege 1020
tgccctecga ggccaagetyg aagctggegg ggagcagegyg ccegeggcegge cagacagtca 1080
agagcctgeg gatccaggag caggtgcage agaccctege ceggaaggge cgcagetccg 1140
tgggcaacgg aaatcttcac cgaaccagca gtgttcctga gtatgtctac aacctacact 1200
tggttgaaaa tgattttgtt ggaggccgtt cccctgttece taaaacctat gacatgctaa 1260
aggctggcac aactgccact tatgaaggtce getggggaag aggaacagca cagtacagcet 1320
cccagaagtc cgtggaagaa aggtccttga ggcatcctcet gaggagactg gagatttcte 1380
ctgacagcag cccggagagg gctcactaca cgcacagega ttaccagtac agccagagaa 1440
gecaggetygyg gcacaccctg caccaccaag aaagcaggceg ggccgecctce ctagtgccac 1500
cgagatatgce tcgttccgag atcgtggggg tcagccgtge tggcaccaca agcaggcagc 1560
gccactttga cacataccac agacagtacc agcatggctc tgttagcgac accgtttttg 1620
acagcatcce tgccaacccg gecctgetca cgtaccccag gcecagggacce agcecgcagca 1680
tgggcaacct cttggagaag gagaactacc tgacggcagg gctcactgtce gggcaggtca 1740
ggcegctggt geccectgcag ccegtcacte agaacagggce ttccaggtcece tcectggeatce 1800
agagctcectt ccacagcacc cgcacgctga gggaagctgg gecccagtgte gecgtggatt 1860
ccagegggag gagagcegcac ttgactgteg gecaggegge cgcaggggga agtgggaatce 1920
tgctcactga gagaagcact ttcactgact cccagctggg gaatgcagac atggagatga 1980
ctctggageg agcagtgagt atgctcgagg cagaccacat gectgccatce aggatttcetg 2040
ctgcagctac tttcatacag cacgagtgct tccagaaatc tgaagctcgg aagagggtta 2100
accagctteg tggcatccte aagcttcectge agctcecctaaa agttcagaat gaagacgttce 2160
agcgagcetgt gtgtggggcec ttgagaaact tagtatttga agacaatgac aacaaattgg 2220
aggtggctga actaaatggg gtacctcggce tgctccaggt gctgaagcaa accagagact 2280
tggagactaa aaaacaaata acagaccata cagtcaattt aagaagtagg aatggctggc 2340
cgggegeggt ggctcacgcece tgtaatccca geactttggyg aggccaaggce gggcggatca 2400
cgaggtcagg agttcgagac cagcctgacc aacatggttt gectgtggaat ttgtcatcta 2460
atgacaaact caagaatctc atgataacag aagcattgct tacgctgacg gagaatatca 2520
tcatccectt ttcectgggtgg cctgaaggag actacccaaa agcaaatggt ttgctcgatt 2580
ttgacatatt ctacaacgtc actggatgcc taagaaacat gagttctgct ggcgctgatg 2640
ggagaaaagc gatgagaaga tgtgacggac tcattgactc actggtccat tatgtcagag 2700
gaaccattgc agattaccag ccagatgaca aggccacgga gaattgtgtg tgcattctte 2760
ataacctctce ctaccagctg gaggcagagce tcccagagaa atattcccag aatatctata 2820
ttcaaaaccg gaatatccag actgacaaca acaaaagtat tggatgtttt ggcagtcgaa 2880
gcaggaaagt aaaagagcaa taccaggacg tgccgatgcc ggaggaaaag agcaacccca 2940
agggcgtgga gtggctgtgg cattccattg ttataaggat gtatctgtcece ttgatcgeca 3000

aaagtgtccg caactacaca caagaagcat ccttaggage tcetgcagaac ctcacggecg 3060
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gaagtggacc aatgccgaca tcagtggctc agacagttgt ccagaaggaa agtggcctge 3120
agcacacccg aaagatgctg catgttggtg acccaagtgt gaaaaagaca gccatctcegce 3180
tgctgaggaa tctgtccegg aatctttcte tgcagaatga aattgccaaa gaaactctcece 3240
ctgatttggt ttccatcatt cctgacacag tcccgagtac tgaccttcte attgaaacta 3300
cagcctetge ctgttacaca ttgaacaaca taatccaaaa cagttaccag aatgcacgcg 3360
accttctaaa caccgggggc atccagaaaa ttatggccat tagtgcaggce gatgcectatg 3420
cctccaacaa agcaagtaaa gcectgcttcecceg tcecttetgta ttcectetgtgg gecacacacgg 3480
aactgcatca tgcctacaag aaggctcagt ttaagaagac agattttgtc aacagccgga 3540
ctgccaaagce ctaccactcc cttaaagact gatcaacctc tggattacaa aatttgtgaa 3600
agattgactg gtattcttaa ctatgttgct ccttttacgc tatgtggata cgctgcttta 3660
atgcctttgt atcatgctat tgcttcccgt atggctttca ttttcectcecte cttgtataaa 3720
tcetggttge tgtctcecttta tgaggagttg tggcccgttg tcaggcaacg tggcgtggtg 3780
tgcactgtgt ttgctgacgc aacccccact ggttggggca ttgccaccac ctgtcagcetce 3840
ctttcecggga ctttegettt ccccectecct attgccacgg cggaactcat cgccgcectgce 3900
cttgceceget getggacagg ggctceggcetg ttgggcactg acaattccecgt ggtgttgteg 3960
gggaaatcat cgtcctttce ttggctgecte gectgtgttg ccacctggat tcectgegeggyg 4020
acgtccttet gectacgteee tteggceccte aatccagegg accttectte cegeggectg 4080
ctgcecggete tgcggcectet tecgegtett cgecttegece ctcagacgag teggatctcece 4140
ctttgggceg cctceeccecgeca tcecattgectg ccecgggtgge atccectgtga ceccteccca 4200
gtgcctctee tggccctgga agttgccact ccagtgccca ccagecttgt cctaataaaa 4260
ttaagttgca tcattttgtc tgactaggtg tccttctata atattatggg gtggaggggg 4320
gtggtatgga gcaaggggcce caagttggga agaaacctgt agggcectge 4369
<210> SEQ ID NO 96
<211> LENGTH: 3993
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Made in Lab - expression cassette
polynucleotide

<400> SEQUENCE: 96

ctcagtccat taggagccag tagectggaa gatgtcttta ceccccageat cagttcaagt 60
ggagcagcac ataactcttg cectcetgect tccaagatte tggtgetgag acttatggag 120
tgtcttggag gttgecttet gecccccaac cctgetecca getggeccte ccaggectgg 180
gttgctggee tctgetttat caggattcte aagagggaca gectggtttat gttgeatgac 240
tgttccctge atatctgete tggttttaaa tagettatet gagecagetgg aggaccacat 300
gggcttatat ggegtggggt acatgttect gtagecttgt cectggcacce tgccaaaata 360
gecagccaaca ccccccacce ccaccgecat ccccctgece caccegtece ctgtegeaca 420
ttcecteccte cgcagggetyg getcaccagg ccccagecca catgectget taaagcccte 480
tccatectet gectcaccca gteccegetyg agactgagea gacgecteca ggatcetgteg 540
gecaggccace atggcagcce ceggcegecce agctgagtac ggctacatcce ggacegtect 600

gggccagcag atcctgggac aactggacag ctccagectg gegetgecct ccgaggecaa 660
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getgaagetyg geggggagcea geggcecegegyg cggccagaca gtcaagageco tgeggatcca 720

ggagcaggtyg cagcagaccce tegeccggaa gggccgcage tcegtgggca acggaaatcet 780
tcaccgaacce agcagtgtte ctgagtatgt ctacaaccta cacttggttg aaaatgattt 840
tgttggagge cgttecectyg ttectaaaac ctatgacatg ctaaaggetyg gcacaactge 900
cacttatgaa ggtcgetggg gaagaggaac agcacagtac agctcccaga agtcegtgga 960

agaaaggtcc ttgaggcatc ctctgaggag actggagatt tctcectgaca gcagcccgga 1020
gagggctcac tacacgcaca gcgattacca gtacagccag agaagccagg ctgggcacac 1080
cctgcaccac caagaaagca ggcgggecge cctectagtyg ccaccgagat atgctegtte 1140
cgagatcgtyg ggggtcagcee gtgctggcac cacaagcagg cagcgccact ttgacacata 1200
ccacagacag taccagcatg gctctgttag cgacaccgtt tttgacagca tccctgccaa 1260
cceggecctyg ctcacgtace ccaggccagg gaccagcecge agcatgggea acctettgga 1320
gaaggagaac tacctgacgg cagggctcac tgtcgggcag gtcaggecge tggtgccect 1380
gcagecccgte actcagaaca gggcttcecag gtcecctectgg catcagaget ccttcecacag 1440
caccegcacyg ctgagggaag ctgggeccag tgtegecegtyg gattecageyg ggaggagage 1500
gcacttgact gtecggccagg cggecgcagg gggaagtggg aatctgetca ctgagagaag 1560
cactttcact gactcccage tggggaatgc agacatggag atgactctgg agcgagcagt 1620
gagtatgctc gaggcagacc acatgctgecc atccaggatt tcectgctgcag ctactttceat 1680
acagcacgag tgcttccaga aatctgaagc tcggaagagg gttaaccagce ttecgtggcat 1740
cctcaagett ctgcagctcecc taaaagttca gaatgaagac gttcagcgag ctgtgtgtgg 1800
ggccttgaga aacttagtat ttgaagacaa tgacaacaaa ttggaggtgg ctgaactaaa 1860
tggggtacct cggctgctec aggtgctgaa gcaaaccaga gacttggaga ctaaaaaaca 1920
aataacagac catacagtca atttaagaag taggaatggc tggccgggcg cggtggctca 1980
cgecctgtaat cccagcactt tgggaggcca aggcgggcegg atcacgaggt caggagttcg 2040
agaccagcct gaccaacatg gtttgctgtg gaatttgtca tctaatgaca aactcaagaa 2100
tctcatgata acagaagcat tgcttacgct gacggagaat atcatcatcc ccttttetgg 2160
gtggcctgaa ggagactacc caaaagcaaa tggtttgctc gattttgaca tattctacaa 2220
cgtcactgga tgcctaagaa acatgagttc tgctggceget gatgggagaa aagcgatgag 2280
aagatgtgac ggactcattg actcactggt ccattatgtc agaggaacca ttgcagatta 2340
ccagccagat gacaaggcca cggagaattg tgtgtgcatt cttcataacc tcectectacca 2400
gctggaggca gagctcccag agaaatattc ccagaatatc tatattcaaa accggaatat 2460
ccagactgac aacaacaaaa dtattggatg ttttggcagt cgaagcagga aagtaaaaga 2520
gcaataccag gacgtgccga tgccggagga aaagagcaac cccaagggcg tggagtgget 2580
gtggcattcc attgttataa ggatgtatct gtccttgatc gccaaaagtg tccgcaacta 2640
cacacaagaa gcatccttag gagctctgca gaacctcacyg gccggaagtyg gaccaatgece 2700
gacatcagtyg gctcagacag ttgtccagaa ggaaagtggce ctgcagcaca cccgaaagat 2760
gctgcatgtt ggtgacccaa gtgtgaaaaa gacagccatc tcgctgctga ggaatctgte 2820
ccggaatcett tectctgcaga atgaaattgce caaagaaact ctccctgatt tggtttecat 2880

cattcctgac acagtcccga gtactgacct tctcattgaa actacagcct ctgectgtta 2940
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cacattgaac aacataatcc aaaacagtta ccagaatgca cgcgacctte

gggcatccag aaaattatgg ccattagtge aggcgatgee tatgectcca

taaagctget tcegtectte tgtattetet gtgggcacac acggaactge

caagaaggct cagtttaaga agacagattt tgtcaacagc cggactgcca

ctcccttaaa gactgatcaa cctetggatt acaaaatttg tgaaagattg

ttaactatgt tgctectttt acgctatgtg gatacgetge tttaatgect

ctattgctte ccgtatgget ttecattttet cctecttgta taaatcctgg

tttatgagga gttgtggecce gttgtcagge aacgtggegt ggtgtgcact

acgcaaccce cactggttgg ggecattgeca ccacctgteca getcectttece

ctttececcect cectattgee acggeggaac tcatcgeege ctgecttgece

caggggcteg getgttggge actgacaatt cegtggtgtt gteggggaaa

ttcecttgget getegectgt gttgecacct ggattetgeg cgggacgtece

tceettegge cctcaateca geggacctte cttecegegg cctgetgecg

ctctteegeg tettegectt cgecctecaga cgagteggat cteccetttgg

cgcatcattg cctgeceggg tggcatecect gtgaccecte cccagtgect

tggaagttge cactccagtg cccaccagec ttgtcectaat aaaattaagt

tgtctgacta ggtgtectte tataatatta tggggtggag gggggtggta

ggcccaagtt gggaagaaac ctgtagggece tge

taaacaccgg 3000
acaaagcaag 3060
atcatgccta 3120
aagcctacca 3180
actggtattc 3240
ttgtatcatyg 3300
ttgctgtcete 3360
gtgtttgctg 3420
gggactttecg 3480
cgctgctgga 3540
tcatcgtect 3600
ttectgctacy 3660
gctcetgegge 3720
gccgectecece 3780
ctecetggecce 3840
tgcatcattt 3900
tggagcaagyg 3960

3993

1.-91. (canceled)

92. A method of treating arrhythmogenic right ventricular
cardiomyopathy (ARVC) in a subject having a mutation in
a PKP2 gene, comprising:

administering to the subject a recombinant adeno-associ-

ated virus (rAAV) vector comprising a vector genome,

wherein the vector genome comprises an expression cas-
sette and flanking AAV inverted terminal repeats

(ITRs), the expression cassette comprising a polynucle-

otide comprising:

a polynucleotide sequence encoding a Plakophilin-2
(PKP2),

a promoter sequence, wherein the promoter sequence is
operatively linked to the polynucleotide sequence
encoding the PKP2; and

a polyA sequence,

wherein the rAAV vector is an AAV9 vector, and

wherein the method treats one or more symptoms of

ARVC.

93. The method of claim 92, wherein the rAAV vector
comprises a capsid protein that shares at least 95% poly-
peptide sequence identity to SEQ ID NO: 77.

94. The method of claim 92, wherein the rAAV vector
comprises a capsid protein that shares 99% polypeptide
sequence identity to SEQ ID NO: 77.

95. The method of claim 92, wherein the rAAV vector
comprises a capsid protein that shares 100% polypeptide
sequence identity to SEQ ID NO: 77.

96. The method of claim 92, wherein the promoter is a
cardiac-specific promoter.

97. The method of claim 92, wherein the promoter is a
muscle-specific promoter.

98. The method of claim 92, wherein the promoter is a
cardiomyocyte-specific promoter.

99. The method of claim 98, wherein the promoter is a
Myosin Heavy-chain Creatine Kinase 7 (MHCK7) pro-
moter.

100. The method of claim 99, wherein the MHCK?7
promoter shares at least 90% polynucleotide sequence iden-
tity with SEQ ID NO: 31.

101. The method of claim 99, wherein the MHCK?7
promoter shares at least 95% polynucleotide sequence iden-
tity with SEQ ID NO: 31.

102. The method of claim 98, wherein the promoter is a
cardiac troponin T (hTNNT2) promoter.

103. The method of claim 102, wherein the hTNNT2
promoter shares at least 90% polynucleotide sequence iden-
tity with SEQ ID NO: 33.

104. The method of claim 102, wherein the hTNNT2
promoter shares at least 95% polynucleotide sequence iden-
tity with SEQ ID NO: 33.

105. The method of claim 102, wherein the expression
cassette comprises exon 1 of the cardiac troponin T
(h'TNNT2) gene.

106. The method of claim 105, where the hTNNT2
promoter and exon 1 together share at least 90% polynucle-
otide sequence identity with SEQ ID NO: 32.

107. The method of claim 102, wherein the polyA signal
is a human growth hormone (hGH) polyA.
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108. The method of claim 107, wherein the expression
cassette comprises a Woodchuck Hepatitis Virus Posttran-
scriptional Regulatory Element (WPRE).

109. The method of claim 102, wherein the PKP2 is PKP2
isoform A.

110. The method of claim 109, wherein the PKP2 isoform
A shares at least 90% polypeptide sequence identity with
SEQ ID NO: 1.

111. The method of claim 102, wherein the PKP2 is PKP2
isoform B.

112. The method of claim 111, wherein the PKP2 isoform
B shares at least 90% polypeptide sequence identity with
SEQ ID NO: 2.

113. The method of claim 92, wherein the rAAV vector is
administered by intravenous injection, intracardiac injec-
tion, intracardiac infusion, or cardiac catheterization.

114. The method of claim 92, wherein the rAAV vector is
administered at a dose of between about 1x10'* and 5x10**
vg/kg.

115. The method of claim 92, wherein the rAAV vector is
administered at a dose of between about 5x10'* and 3x10**
vg/kg.

116. The method of claim 92, wherein the rAAV vector is
administered at a dose of about 2x10™* vg/kg.

117. The method of claim 92, wherein the method reduces
a decrease in left ventricle ejection fraction percentage
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(LVEF %) compared to the decrease observed in an
untreated subject identified as having a mutation in the
PKP2 gene.

118. The method of claim 92, wherein the method reduces
a decrease in left ventricle fractional shortening percentage
(FS %) compared to the decrease observed in an untreated
subject identified as having a mutation in the PKP2 gene.

119. The method of claim 92, wherein the method pre-
vents an increase in right ventricle area in millimeters
squared (RV Area (mm?)).

120. The method of claim 92, wherein the method
increases survival compared to survival of untreated subjects
identified as having a mutation in the PKP2 gene.

121. A recombinant adeno-associated virus (rAAV) vector
comprising a vector genome,

wherein the vector genome comprises an expression cas-

sette and flanking AAV inverted terminal repeats

(ITRs), the expression cassette comprising a polynucle-

otide comprising:

a polynucleotide sequence encoding a Plakophilin-2
(PKP2);

a promoter sequence, wherein the promoter sequence is
operatively linked to the polynucleotide sequence
encoding the PKP2; and

a polyA sequence, and

wherein the rAAV vector is an AAV9 vector.
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