wo 2023/108129 A1 |0 0000 K000 OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
15 June 2023 (15.06.2023)

(10) International Publication Number

WO 2023/108129 Al

WIPO I PCT

(51) International Patent Classification:
CI2N 15/861 (2006.01) A61P 9/00 (2006.01)
AG61K 48/00 (2006.01) CI2N 15/86 (2006.01)

(21) International Application Number:
PCT/US2022/081282

(22) International Filing Date:
09 December 2022 (09.12.2022)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/288,255 10 December 2021 (10.12.2021) US

(71) Applicant: SPACECRAFT SEVEN, LLC [US/US]; 9
Cedar Brook Drive, Cranbury, New Jersey 08512 (US).

(72) Inventors: HERZOG, Christopher Dean; c/o Spacecraft
Seven, LLC, 9 Cedar Brook Drive, Cranbury, New Jer-
sey 08512 (US). SACRAMENTO, Chester Bittencort; c/
o Spacecraft Seven, LLC, 9 Cedar Brook Drive, Cranbury,
New Jersey 08512 (US). RICKS, David; c/o Spacecraft
Seven, LLC, 9 Cedar Brook Drive, Cranbury, New Jersey

08512 (US). PRABHAKAR, Raj; c/o Spacecraft Seven,

(74)

@81)

84

LLC, 9 Cedar Brook Drive, Cranbury, New Jersey 08512
(US).

Agent: LAHERTY, Carol et al.; Cooley LLP, 1299 Penn-
sylvania Ave., NW, Suite 700, Washington, District of Co-
lumbia 20004 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG, KH, KN, KP, KR, KW,KZ, LA, LC,LK,LR, LS, LU,
LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(54) Title: TROPONIN C (TNNC1) GENE THERAPY USING AAV VECTOR

Male Survival Plot
AAVERTAT
3 AAVE-MHCK?
5
g
£B
o " ' s
2 55 100 158 200
FIG. 104

(57) Abstract: Provided herein is a gene therapy for TNNC1 (Troponin C)-related cardiomyopathy, 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 (WTNNT2) promoter. The capsid
may be an AAV9 or AAVrh.74 capsid or a functional variant thereof. Other promoters or capsids may be used. Further provided are
methods of treatment, such as by intravenous, intracoronary, intracarotid or intracardiac administration of the rAAV vector, and other

compositions and methods.

[Continued on next page]



WO 2023/108129 A | [0 )00 00 00RO A0 0 O

LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI,
SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))
—  with sequence listing part of description (Rule 5.2(a))



WO 2023/108129 PCT/US2022/081282

TROPONIN C (TNNC1) GENE THERAPY USING AAV VECTOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of priority to U.S. Provisional Patent Application
No. 63/288,255, filed December 10, 2021, the disclosure of which is incorporated herein by

reference in its entirety for all purposes.

STATEMENT REGARDING THE SEQUENCE LISTING

[0002] The Sequence Listing associated with this application 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 026 01WO_SeqList ST26.xml. The text
file is about 152,263 bytes, created on December 7, 2022, and is being submitted electronically
via EFS-Web.

BACKGROUND

[0003] Mutations in the 7NNC/ gene are a major cause of cardiomyopathy. TNNC, located
at 3p21.1, encodes cardiac muscle troponin C, the calcium-binding subunit responsible for
sensing myofilament Ca** and regulating contraction. Troponin C neutralizes the suppression of
the contractile interaction between myosin and actin induced by troponin I-tropomyosin. 7NNC/
loss of function (LOF) mutations decrease Ca>” sensitivity and binding, leading to dilated
cardiomyopathy (DCM). TNNC/ gain of function (GOF) mutations increase Ca’* sensitivity and
binding, leading to hypercontractility and hypertrophic cardiomyopathy (HCM).

[0004] Clinical manifestations of TNNC1 DCM include heart failure (e.g., a mean ejection
fraction (EF) of less than 30%), left ventricular dilation, the need for a heart transplant, and risk
of sudden cardiac death. The average age of onset of TNNC1 DCM is about 30 years, but it can
present earlier and even in pediatric patients. Clinical manifestations of TNNC1 HCM are
dyspnea, syncope, angina, arrhythmia, left ventricular hypertrophy (LVH), and left ventricular
outflow tract obstruction (LVOTO).
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[0005] There remains an unmet need in the art for treatments for TNNC1 DCM, TNNC1
HCM, and other cardiomyopathies associated with mutations in TNNC1. 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 TNNC1 or a functional variant thereof.

[0007] Various other aspects and embodiments are disclosed in the detailed description that

follows. The invention is limited solely by the appended claims.

BRIEF DESCRIPTION OF FIGURES

[0008] 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: 57. The underlined portion is
the expression cassette (SEQ ID NO: 63).

[0009] 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: 58. The underlined portion is
the expression cassette (SEQ ID NO: 64).

[0010] 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: 59. The underlined portion is
the expression cassette (SEQ ID NO: 65).

[0011] 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: 60. The underlined portion is
the expression cassette (SEQ ID NO: 66).

[0012] FIG. 5 shows a diagram illustrating a non-limiting example of a vector genome. The
full polynucleotide sequence of the vector genome is SEQ ID NO: 61. The underlined portion is
the expression cassette (SEQ ID NO: 67).
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[0013] FIG. 6 shows a diagram illustrating a non-limiting example of a vector genome. The
full polynucleotide sequence of the vector genome is SEQ ID NO: 62. The underlined portion is
the expression cassette (SEQ ID NO: 68).

[0014] FIG. 7 shows a diagram illustrating a non-limiting example of a vector genome. The
full polynucleotide sequence of the vector genome is SEQ ID NO: 57. The MHCK?7 promoter as
described herein is labelled “Enhancer/MHCK7” in the diagram.

[0015] FIG. 8 shows a diagram illustrating a non-limiting example of a vector genome. The

full polynucleotide sequence of the vector genome is SEQ ID NO: 58.

[0016] FIG. 9 shows a western blot (WB) of human TnC protein expression in transduced
CHO-Lec2 cells. The WB shows human TnC (top panel) or loading control, GAPDH (bottom
panel). Lane 1 is AAVO-MHCK7-TNNCI (transduced with MOI of 3ES), lane 2 is AAVrh.74-
MHCK7-TNNCI1 (transduced with MOI of 3ES), lane 3 is AAV9-hTnT-TNNCI (transduced
with MOI of 3E6), lane 4 is AAVrh.74-hTnT-TNNC1 (transduced with MOI of 3E6) and lane 5

is a control of non-transduced cells.

[0017] FIG. 10A and FIG. 10B show Kaplan-Meier survival curves for D73N"" treated mice
(n="7-11 per group). FIG. 10A shows the survival of male treated mice and FIG. 10B shows
female survival. All AAV-injected animals lived considerably longer than formulation buffer
(FB) injected D73N"" controls. FB comprises Phosphate Buffered Saline (PBS) with 0.01%
Pluronic F-68 and does not include an AAV.

[0018] FIG. 11A and FIG. 11B show bar graphs illustrating that significant mitigation of the
disease-related increase of End Diastolic Diameter was observed in all male AAV-injected
groups, with the greatest effect noted in the AAV9-MHCKY7 group compared to formulation
buffer (FB)-injected D73N*"" control animals (FIG. 11A). An apparent but nonsignificant effect
was observed in female mice, most notably in the AAV9-hTnT-TNNC1 group (FIG. 11B).
Statistical analyses (One-way ANOVA) followed by Tukey’s multiple comparisons test were
performed (¥p <0.05, **p <0.01, ***p <0.001, ****p <0.0001).
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[0019] FIG. 12A and FIG. 12B show bar graphs illustrating significant mitigation of the
disease-related increase in End Systolic Diameter (FIG. 12A) in male mice treated with AAVO9-
MHCK7-TNNC1 and AAVrh.74-TNNC1 compared to FB injected D73N"" controls was
observed. An apparent but nonsignificant effect in female mice, most notably in the AAVO9-
hTnT-TNNCI injected group (FIG. 12B). Statistical analyses (One-way ANOVA) followed by

Tukey’s multiple comparisons test were performed (*p < 0.05, ****p <0.0001).

[0020] FIG. 13A and FIG. 13B show bar graphs illustrating significant mitigation of the
disease-related progression of dilated cardiomyopathy was revealed by greater Ejection Fraction
(%) in AAVO-MHCK7-TNNC1 injected animals compared to FB injected D73N"" control male
mice (FIG. 13A). Statistical analyses (One-way ANOVA) followed by Tukey’s multiple

comparisons test were performed (*p < 0.05).

[0021] FIG. 14A and FIG. 14B show bar graphs illustrating significant mitigation of the
normal progression of dilated cardiomyopathy was revealed by greater Fractional Shortening (%)
in AAV9-MHCK7-TNNC1 injected animals compared to FB injected D73N""" control male mice
(FIG. 14A). Statistical analyses (One-way ANOVA) followed by Tukey’s multiple comparisons
test were performed (*p < 0.05).

DETAILED DESCRIPTION OF THE INVENTION

[0022] The present disclosure provided gene therapy vectors for TNNC/ that deliver a
polynucleotide encoding TNNCI1 or a functional variant thereof, along with methods of use, and
other compositions and methods. In some embodiments, the promoter is an MHCK7 promoter.
In some embodiments, 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 embodiment, the
promoter is an MHCK7 promoter and the AAV vector is a AAVrh.74 vector. In some
embodiments, the promoter is a hTNNT2 promoter. In some embodiments, the AAV vector is an
AAV9 vector. In some embodiments, the promoter is an hTNNT2 promoter and the AAV vector
is an AAV9 vector. In some embodiment, the promoter is an hTNNT2 promoter and the AAV
vector is a AAVrh.74 vector.
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[0023] This disclosure further provides methods of treating a disease or disorder in a subject
by administering a gene therapy vector of the disclosure. In a preferred embodiment, the disease

or disorder is TNNC1 DCM or TNNC1 HCM.

[0024] In accordance with the present invention, a polynucleotide encoding a TNNCI1 or
functional variant thereof may be employed in generating a gene therapy vector. The resulting
vector may be employed in treating diseases or disorders, e.g. TNNC1 DCM, TNNC1 HCM or

others.
DEFINITIONS

[0025] The section headings are for organizational purposes only and are not to be construed

as limiting the subject matter described to particular aspects or embodiments.

[0026] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art 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 applications, 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.

[0027] All publications and patents mentioned herein are hereby incorporated by reference in
their entirety as if each individual publication or patent was specifically and individually
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.

[0028] 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,

5
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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.

[0029] As used throughout the disclosure, sequence “identity” may be determined by using
the stand-alone executable BLAST engine program for blasting two sequences (bl2seq), which
can be retrieved from the National Center for Biotechnology Information (NCBI) ftp site, using
the default parameters (Tatusova and Madden, FEMS Microbiol Lett., 1999, 174, 247-250;
which is incorporated herein by reference in its entirety). The terms “identical” or “identity”
when used in the context of two or more nucleic acids or polypeptide sequences, refer to the
number or percentage of residues that are the same in a sequence of interest and a reference
sequence. The percentage can be calculated by optimally aligning the sequence of interest to the
reference sequence; comparing the two sequences over the entire length of the reference
sequence; determining the number of positions at which the identical amino acid residue or
nucleic acid base occurs in both sequences to yield the number of matched positions; dividing
the number of matched positions by the total number of positions in the reference sequence
adjusted by adding the number of gap positions introduced into the reference sequence in
generating the alignment; and multiplying the result by 100 to yield the percentage of sequence
identity. When comparing DNA and RNA, thymine (T) and uracil (U) can be considered
equivalent. Identity calculation can be performed manually or by the BLAST algorithm.

[0030] As used 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
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
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packaged into infectious particles using a host cell that has been stably engineered to express rep

and cap genes.

[0031] 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.

[0032] As used herein, “promoter” refers to a polynucleotide sequence capable of promoting

initiation of RNA transcription from a polynucleotide in a eukaryotic cell.

[0033] As used herein, “vector genome” refers to the polynucleotide sequence packaged by
the vector (e.g., an rAAYV virion), including flanking sequences (e.g., in AAV, 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 comprises at least one gene encoding a gene product operable linked to an
element that drives expression (e.g., a promoter), including any regulatory elements and/or
enhancer elements. “Polynucleotide cassette” refers to the portion of the vector genome that
comprises at least one gene encoding a gene product operatively linked to an element that drives

expression (e.g., a promoter), including any regulatory elements and/or enhancer elements.

[0034] 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 a TNNC/ gene or deletion of all or a part
of the TNNC'I gene, or of gene regulatory sequences, that causes aberrant expression of the
TNNCI1 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.
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[0035] As used herein, the term “variant” or “functional variant” refer, interchangeably, to a
protein that has one or more amino-acid substitutions, insertions, or deletions compared to a

parental protein that retains one or more desired activities of the parental protein.

[0036] As used herein, “genetic disruption” refers to a partial or complete loss of function or
aberrant activity in a gene. For example, a subject may suffer from a genetic disruption in
expression or function in the 7NNC/ gene that decreases expression or results in loss or aberrant
function of the TNNCI1 protein in at least some cells (e.g., cardiac cells) of the subject. “Genetic
Disruption” also refers to changes in a gene that lead to gain of function mutations, for example,

gain of function mutations in the TNNC1 protein.

[0037] 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 7NNC /-related disease or

disorder, e.g., TNNC1 DCM and/or TNNC1 HCM.
TNNC1 PROTEIN OR POLYNUCLEOTIDE

[0038] The present disclosure contemplates compositions and methods of use related to
TNNCI protein. Various mutations in 7NNC/ are known to be associated with TNNC1 DCM or
TNNC1 HCM. Examples of mutations associated with TNNC1 DCM or TNNC1 HCM include,
without limitation: YSH, A8V, L29Q, A31S, C84Y, E134D, D132N, D145E, 1148V, G159D,
G159R, M1031, and/or any combination thereof.

[0039] The native sequence of human TNNCI is shown below. A TNNC1 isoform has a
sequence of 161 amino acid residues (GenBank NP_003271.1):

MDDIYK AAVEQLTEEQKNEFKAAFDIFVLGAEDGCISTKELGK VMRMLGQNPTPEELQE
MIDEVDEDGSGTVDFDEFLVMMVRCMKDDSKGKSEEELSDLFRMFDKNADGYIDLDE
LKIMLQATGETITEDDIEELMKDGDKNNDGRIDYDEFLEFMKGVE

(SEQ ID NO: 1),

[0040] In some embodiments, the TNNC1 protein comprises a polypeptide sequence at least
75%., 80%, 85%, 90%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical to SEQ
8
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ID NO: 1. In some embodiments, the TNNCI1 protein is encoded by a polynucleotide that
comprises a sequence at least 75%, 80%, 85%, 90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 2. In some embodiments, the TNNC1 protein has no
mutations associated with disease. In some embodiments, the TNNCI1 protein is a wild-type or

native TNNCI1 protein, e.g. human TNNC1.

[0041] In some embodiments, the disclosure provides a recombinant adeno-associated virus
(rAAV) virion, comprising a capsid and a vector genome, wherein the vector genome comprises
a polynucleotide sequence encoding an TNNC1 or a functional variant thereof, operatively
linked to a promoter. In some embodiments, the disclosure provides a recombinant adeno-
associated virus (rAAYV) virion, comprising a capsid and a vector genome, wherein the vector
genome comprises a polynucleotide sequence encoding an TNNCI, operatively linked to a
promoter. In some embodiments, the TNNC1 protein comprises a polypeptide sequence at least
75%., 80%, 85%, 90%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% identical to SEQ
ID NO: 1. The polynucleotide encoding the TNNC1 may comprise a polynucleotide sequence at
least 75%, 80%, 85%, 90%, 92%. 93%., 94%, 95%, 96%, 97%., 98%. 99%. or 100% identical to:
atggatgacatctacaaggctgcggtagageagetgacagaagageagaaaaatgagtticaaggeagecttcgacatcttcgtectggge
gctgaggatggctgcatcageaccaaggagetgggcaaggtgatgaggatgctgggccagaaccecaccectgaggagetgcaggag
atgatcgatgaggtggacgaggacggcageggeacggtggactttgatgagttcctggtcatgatggttcggtgcatgaaggacgacage
aaagggaaatctgaggaggagctgtcetgacctettcegeatgtttgacaaaaatgetgatggetacatcgacctggatgagetgaagataat
gctgcaggcetacaggegagaccatcacggaggacgacatcgaggagetcatgaaggacggagacaagaacaacgacggecgeatcg
actatgatgagttcctggagttcatgaagggtgtggag (SEQ ID NO: 2).

[0042] Optionally, the polynucleotide sequence encoding the vector genome may comprise a
Kozak sequence, including but not limited to GCCACCATGG (SEQ ID NO: 3). Kozak sequence
may overlap the polynucleotide sequence encoding an TNNCI1 protein or a functional variant
thereof. For example, the vector genome may comprise a polynucleotide sequence (with Kozak
underlined) at least 75%, 80%, 85%, 90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identical to:

GCCACCATGGatgacatctacaaggctgeggtagagcagetgacagaagagcagaaaaatgagttcaaggeagecttcgacate

ttcgtgctgggcgctgaggatggctgcatcagcaccaaggagetgggcaaggtgatgaggatgctgggccagaaccccaccectgagg
9
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agctgcaggagatgatcgatgaggtegacgaggacggcageggeacggtagactttgatgagttectggtcatgatggttcggtgcatga
aggacgacagcaaagggaaatctgaggaggagctgtctgacctettcegeatgtttgacaaaaatgetgatggctacatcgacctggatga
gctgaagataatgcetgcaggctacaggegagaccatcacggaggacgacatcgaggagetcatgaaggacggagacaagaacaacga
cggccgeatcgactatgatgagttectggagttcatgaagggtetegag (SEQ ID NO: 4).

[0043] In some embodiments, the Kozak sequence is an alternative Kozak sequence

comprising or consisting of any one of:
(gee)gecRecAUGG (SEQ ID NO: 5);
AGNNAUGN (SEQ ID NO: 6),
ANNAUGG (SEQ ID NO: 7);
ANNAUGC (SEQ ID NO: 8),
ACCAUGG (SEQ ID NO: 9); and
GACACCAUGG (SEQ ID NO: 10).

[0044] In some embodiments, the vector genome comprises no Kozak sequence. The

polynucleotide sequence may be codon-optimized.
VECTOR GENOME

[0045] The AAYV virions of the disclosure comprise a vector genome. The vector genome
may comprise an expression 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 from the same serotype as the capsid or a different
serotype (e.g., AAV2 ITRs may be used).

[0046] In some embodiments, the 5" ITR comprises an AAV ITR. 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:

10



WO 2023/108129 PCT/US2022/081282

CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGG
CGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGG
AGTGGCCAACTCCATCACTAGGGGTTCCT

(SEQ ID NO: 11).

[0047] In some embodiments, the 5" ITR comprises an AAV2 ITR. 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:

GCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCT
TTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCC
ATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGCCATGCTACTTATCTACGTA

(SEQ ID NO: 12).

[0048] In some embodiments, the 5" ITR comprises an AAV ITR. 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:

CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGAC
CTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACT
CCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGCCATGCTACTTATCTACGTA

(SEQ ID NO: 13).

[0049] In some embodiments, the 5" ITR comprises an AAV ITR. 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:

TTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCC
GGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCT

(SEQ ID NO: 14).

11
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[0050] In some embodiments, the 3’ ITR comprises an AAV ITR. 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:

AGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTG
AGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTG
AGCGAGCGAGCGCGCAGCTGCCTGCAGG

(SEQ ID NO: 15).

[0051] In some embodiments, the 3’ ITR comprises an AAV2 ITR. 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:

TACGTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTAGTGAT
GGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAA
GGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGC

(SEQ ID NO: 16).

[0052] In some embodiments, the 3’ ITR comprises an AAV2 ITR. 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:

AGGAACCCCTAGTGATGGAGACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCG
GGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAG
CGAGCGCGCAGAGAGGGAGT (SEQ ID NO: 77).

[0053] In some embodiments, the 3’ ITR comprises an AAV2 ITR. 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:

12
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AGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTG
AGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTG
AGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAA (SEQ ID NO: 17).

[0054] In some embodiments the vector genome comprises 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:

GCGGCAATTCAGTCGATAACTATAACGGTCCTAAGGTAGCGATTTAAATACGCGCTC
TCTTAAGGTAGCCCCGGGACGCGTCAATTGACTACAAACCGAGTATCTGCAGAGGG
CCCTGCGTATG (SEQ ID NO: 18);

CTTCTGAGGCGGAAAGAACCAGATCCTCTCTTAAGGTAGCATCGAGATTTAAATTAG
GGATAACAGGGTAATGGCGCGGGCCGC (SEQ ID NO: 19); or

GTTACCCAGGCTGGAGTGCAGTGGCACATTTCTGCTCACTGCAACCTCCTCCTCCCT
GGGTTC (SEQ ID NO: 20).

Promoters

[0055] In some embodiments, the polynucleotide sequence encoding an TNNC1 protein or
functional variant thereof is operably linked to a promoter. In preferred embodiments, the
promoter is an MHCK7 promoter, which includes enhancer/promoter regions of murine muscle
creatine kinase (MCK) and enhancer region of a-myosin heavy-chain genes. (Salva MZ et al .,

Mol. Ther. 15(2):320-9 (2007).)

[0056] 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
CMYV enhancer and portions of the chicken beta-actin promoter and the rabbit beta-globin gene
(CAQG). 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).

13
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[0057] In some embodiments, a polynucleotide sequence encoding an TNNCI1 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
transcriptionally 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 promoter 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 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.

[0058] 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 (cTnC), cardiac troponin T (h'TNNT2), 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 clinical conditions. In some cases, the
ubiquitous promoter is any one of CMV, CAG, UBC, PGK, EF1-alpha, GAPDH, SV40, HBV,

chicken beta-actin, and human beta-actin promoters.

[0059] 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 21-
35.
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MHCK?7

ACCCTTCAGATTAAAAATAACTGAGGTAAGGGCCTGGG
TAGGGGAGGTGGTGTGAGACGCTCCTGTCTCTCCTCTAT
CTGCCCATCGGCCCTTTGGGGAGGAGGAATGTGCCCAA
GGACTAAAAAAAGGCCATGGAGCCAGAGGGGCGAGGG
CAACAGACCTTTCATGGGCAAACCTTGGGGCCCTGCTG
TCTAGCATGCCCCACTACGGGTCTAGGCTGCCCATGTA
AGGAGGCAAGGCCTGGGGACACCCGAGATGCCTGGTTA
TAATTAACCCAGACATGTGGCTGCCCCCCCCCCCCCAA
CACCTGCTGCCTCTAAAAATAACCCTGTCCCTGGTGGAT
CCCCTGCATGCGAAGATCTTCGAACAAGGCTGTGGGGG
ACTGAGGGCAGGCTGTAACAGGCTTGGGGGCCAGGGCT
TATACGTGCCTGGGACTCCCAAAGTATTACTGTTCCATG
TTCCCGGCGAAGGGCCAGCTGTCCCCCGCCAGCTAGAC
TCAGCACTTAGTTTAGGAACCAGTGAGCAAGTCAGCCC
TTGGGGCAGCCCATACAAGGCCATGGGGCTGGGCAAGC
TGCACGCCTGGGTCCGGGGTGGGCACGGTGCCCGGGCA
ACGAGCTGAAAGCTCATCTGCTCTCAGGGGCCCCTCCC
TGGGGACAGCCCCTCCTGGCTAGTCACACCCTGTAGGC
TCCTCTATATAACCCAGGGGCACAGGGGCTGCCCTCAT
TCTACCACCACCTCCACAGCACAGACAGACACTCAGGA
GCCAGCCAG

21

Human cardiac
troponin T
promoter
(without exon

1)

hTnnT2 /
HTNNT2

CTCAGTCCATTAGGAGCCAGTAGCCTGGAAGATGTCTT
TACCCCCAGCATCAGTTCAAGTGGAGCAGCACATAACT
CTTGCCCTCTGCCTTCCAAGATTCTGGTGCTGAGACTTA
TGGAGTGTCTTGGAGGTTGCCTTCTGCCCCCCAACCCTG
CTCCCAGCTGGCCCTCCCAGGCCTGGGTTGCTGGCCTCT
GCTTTATCAGGATTCTCAAGAGGGACAGCTGGTTTATGT
TGCATGACTGTTCCCTGCATATCTGCTCTGGTTTTAAAT
AGCTTATCTGAGCAGCTGGAGGACCACATGGGCTTATA
TGGCGTGGGGTACATGTTCCTGTAGCCTTGTCCCTGGCA
CCTGCCAAAATAGCAGCCAACACCCCCCACCCCCACCG
CCATCCCCCTGCCCCACCCGTCCCCTGTCGCACATTCCT
CCCTCCGCAGGGCTGGCTCACCAGGCCCCAGCCCACAT
GCCTGCTTAAAGCCCTCTCCATCCTCTGCCTCACCCAGT

22

Human cardiac
troponin T
promoter (with

CTCAGTCCATTAGGAGCCAGTAGCCTGGAAGATGTCTT
TACCCCCAGCATCAGTTCAAGTGGAGCAGCACATAACT
CTTGCCCTCTGCCTTCCAAGATTCTGGTGCTGAGACTTA
TGGAGTGTCTTGGAGGTTGCCTTCTGCCCCCCAACCCTG
CTCCCAGCTGGCCCTCCCAGGCCTGGGTTGCTGGCCTCT

23
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exon 1,
underlined)

hTnnT2 /
HTNNT2

GCTTTATCAGGATTCTCAAGAGGGACAGCTGGTTTATGT
TGCATGACTGTTCCCTGCATATCTGCTCTGGTTTTAAAT
AGCTTATCTGAGCAGCTGGAGGACCACATGGGCTTATA
TGGCGTGGGGTACATGTTCCTGTAGCCTTGTCCCTGGCA
CCTGCCAAAATAGCAGCCAACACCCCCCACCCCCACCG
CCATCCCCCTGCCCCACCCGTCCCCTGTCGCACATTCCT
CCCTCCGCAGGGCTGGCTCACCAGGCCCCAGCCCACAT
GCCTGCTTAAAGCCCTCTCCATCCTCTGCCTCACCCAGT
CCCCGCTGAGACTGAGCAGACGCCTCCAGGATCTGTCG
GCAG

Mouse a-
cardiac myosin
heavy chain
promoter
(aMHC)

GGTACCGGATCCTGCAAGGTCACACAAGGGTCTCCACC
CACCAGGTGCCCTAGTCTCAATTTCAGTTTCCATGCCTT
GTTCTCACAATGCTGGCCTCCCCAGAGCTAATTTGGACT
TTGTTTTTATTTCAAAAGGGCCTGAATGAGGAGTAGATC
TTGTGCTACCCAGCTCTAAGGGTGCCCGTGAAGCCCTC
AGACCTGGAGCCTTTGCAACAGCCCTTTAGGTGGAAGC
AGAATAAAGCAATTTTCCTTAAAGCCAAAATCCTGCCT
CTAGACTCTTCTTCTCTGACCTCGGTCCCTGGGCTCTAG
GGTGGGGAGGTGGGGCTTGGAAGAAGAAGGTGGGGAA
GTGGCAAAAGCCGATCCCTAGGGCCCTGTGAAGTTCGG
AGCCTTCCCTGTACAGCACTGGCTCATAGATCCTCCTCC
AGCCAAACATAGCAAGAAGTGATACCTCCTTTGTGACT
TCCCCAGGCCCAGTACCTGTCAGGTTGAAACAGGATTT
AGAGAAGCCTCTGAACTCACCTGAACTCTGAAGCTCAT
CCACCAAGCAAGCACCTAGGTGCCACTGCTAGTTAGTA
TCCTACGCTGATAATATGCAGAGCTGGGCCACAGAAGT
CCTGGGGTGTAGGAACTGACCAGTGACTTTTCAGTCGG
CAAAGGTATGACCCCCTCAGCAGATGTAGTAATGTCCC
CTTAGATCCCATCCCAGGCAGGTCTCTAAGAGGACATG
GGATGAGAGATGTAGTCATGTGGCATTCCAAACACAGC
TATCCACAGTGTCCCTTGCCCCTTCCACTTAGCCAGGAG
GACAGTAACCTTAGCCTATCTTTCTTCCTCCCCATCCTC
CCAGGACACACCCCCTGGTCTGCAGTATTCATTTCTTCC
TTCACGTCCCCTCTGTGACTTCCATTTGCAAGGCTTTTG
ACCTCTGCAGCTGCTGGAAGATAGAGTTTGGCCCTAGG
TGTGGCAAGCCATCTCAAGAGAAAGCAGACAACAGGG
GGACCAGATTTTGGAAGGATCAGGAACTAAATCACTGG
CGGGCCTGGGGGTAGAAAAAAGAGTGAGTGAGTCCGC
TCCAGCTAAGCCAAGCTAGTCCCCGAGATACTCTGCCA
CAGCTGGGCTGCTCGGGGTAGCTTTAGGAATGTGGGTC
TGAAAGACAATGGGATTGGAAGACATCTCTTTGAGTCT
CCCCTCAACCCCACCTACAGACACACTCGTGTGTGGCC

24
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AGACTCCTGTTCAACAGCCCTCTGTGTTCTGACCACTGA
GCTAGGCAACCAGAGCATGGGCCCTGTGCTGAGGATGA
AGAGTTGGTTACCAATAGCAAAAACAGCAGGGGAGGG
AGAACAGAGAACGAAATAAGGAAGGAAGAAGGAAAG
GCCAGTCAATCAGATGCAGTCAGAAGAGATGGGAAGC
CAACACACAGCTTGAGCAGAGGAAACAGAAAAGGGAG
AGATTCTGGGCATAAGGAGGCCACAGAAAGAAGAGCC
CAGGCCCCCCAAGTCTCCTCTTTATACCCTCATCCCGTC
TCCCAATTAAGCCCACTCTTCTTCCTAGATCAGACCTGA
GCTGCAGCGAAGAGACCCGTAGGGAGGATCACACTGG
ATGAAGGAGATGTGTGGAGAAGTCCAGGGAACCTAAG
AGCCAGAGCCTAAAAGAGCAAGAGATAAAGGTGCTTC
AAAGGTGGCCAGGCTGTGCACACAGAGGGTCGAGGAC
TGGTGGTAGAGCCTCAAGATAAGGATGATGCTCAGAAT
GGGCGGGGGGGGGGATTCTGGGGGGGGGAGAGAGAAG
GTGAGAAGGAGCCTGGAACAGAGAATCTGGAAGCGCT
GGAAACGATACCATAAAGGGAAGAACCCAGGCTACCTT
TAGATGTAAATCATGAAAGACAGGGAGAAGGGAAGCT
GGAGAGAGTAGAAGGACCCCGGGGCAAGACATTGAAG
CAAGGACAAGCCAGGTTGAGCGCTCCGTGAAATCAGCC
TGCTGAAGGCAGAGCCCTGGTATGAGCACCAGAACAGC
AGAGGCTAGGGTTAATGTCGAGACAGGGAACAGAAGG
TAGACACAGGAACAGACAGAGACGGGGGAGCCAGGTA
ACAAAGGAATGGTCCTTCTCACCTGTGGCCAGAGCGTC
CATCTGTGTCCACATACTCTAGAATGTTCATCAGACTGC
AGGGCTGGCTTGGGAGGCAGCTGGAAAGAGTATGTGA
GAGCCAGGGGAGACAAGGGGGCCTAGGAAAGGAAGAA
GAGGGCAAACCAGGCCACACAAGAGGGCAGAGCCCAG
AACTGAGTTAACTCCTTCCTTGTTGCATCTTCCATAGGA
GGCAGTGGGAACTCTGTGACCACCATCCCCCATGAGCC
CCCACTACCCATACCAAGTTTGGCCTGAGTGGCATTCTA
GGTTCCCTGAGGACAGAGCCTGGCCTTTGTCTCTTGGAC
CTGACCCAAGCTGACCCAATGTTCTCAGTACCTTATCAT
GCCCTCAAGAGCTTGAGAACCAGGCAGTGACATATTAG
GCCATGGGCTAACCCTGGAGCTTGCACACAGGAGCCTC
AAGTGACCTCCAGGGACACAGCTGCAGACAGGTGGCCT
TTATCCCCAAAGAGCAACCATTTGGCATAGGTGGCTGC
AAATGGGAATGCAAGGTTGAATCAGGTCCCTTCAAGAA
TACTGCATGCAAGACCTAAGACCCCTGGAGAGAGGGGT
ATGCTCCTGCCCCCACCCACCATAAGGGGAGTGAACTA
TCCTAGGGGGCTGGCGACCTTGGGGAGACACCACATTA
CTGAGAGTGCTGAGCCCAGAAAAACTGACCGCCCTGTG
TCCTGCCCACCTCCACACTCTAGAGCTATATTGAGAGGT

17
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GACAGTAGATAGGGTGGGAGCTGGTAGCAGGGAGAGT
GTTCCTGGGTGTGAGGGTGTAGGGGAAAGCCAGAGCAG
GGGAGTCTGGCTTTGTCTCCTGAACACAATGTCTACTTA
GTTATAACAGGCATGACCTGCTAAAGACCCAACATCTA
CGACCTCTGAAAAGACAGCAGCCCTGGAGGACAGGGG
TTGTCTCTGAGCCTTGGGTGCTTGATGGTGCCACAAAGG
AGGGCATGAGTGTGAGTATAAGGCCCCAGGAGCGTTAG
AGAAGGGCACTTGGGAAGGGGTCAGTCTGCAGAGCCCC
TATCCATGGAATCTGGAGCCTGGGGCCAACTGGTGTAA
ATCTCTGGGCCTGCCAGGCATTCAAAGCAGCACCTGCA
TCCTCTGGCAGCCTGGGGAGGCGGAAGGGAGCAACCCC
CCACTTATACCCTTTCTCCCTCAGCCCCAGGATTAACAC
CTCTGGCCTTCCCCCTTCCCACCTCCCATCAGGAGTGGA
GGGTTGCAGAGGGAGGGTAAAAACCTACATGTCCAAAC
ATCATGGTGCACGATATATGGATCAGTATGTGTAGAGG
CAAGAAAGGAAATCTGCAGGCTTAACTGGGTTAATGTG
TAAAGTCTGTGTGCATGTGTGTGTGTCTGACTGAAAAC
GGGCATGGCTGTGCAGCTGTTCAGTTCTGTGCGTGAGG
TTACCAGACTGCAGGTTTGTGTGTAAATTGCCCAAGGC
AAAGTGGGTGAATCCCTTCCATGGTTTAAAGAGATTGG
ATGATGGCCTGCATCTCAAGGACCATGGAAAATAGAAT
GGACACTCTATATGTGTCTCTAAGCTAAGGTAGCAAGG
TCTTTGGAGGACACCTGTCTAGAGATGTGGGCAACAGA
GACTACAGACAGTATCTGTACAGAGTAAGGAGAGAGA
GGAGGGGGTGTAGAATTCTCTTACTATCAAAGGGAAAC
TGAGTCGTGCACCTGCAAAGTGGATGCTCTCCCTAGAC
ATCATGACTTTGTCTCTGGGGAGCCAGCACTGTGGAAC
TTCAGGTCTGAGAGAGTAGGAGGCTCCCCTCAGCCTGA
AGCTATGCAGATAGCCAGGGTTGAAAGGGGGAAGGGA
GAGCCTGGGATGGGAGCTTGTGTGTTGGAGGCAGGGGA
CAGATATTAAGCCTGGAAGAGAAGGTGACCCTTACCCA
GTTGTTCAACTCACCCTTCAGATTAAAAATAACTGAGGT
AAGGGCCTGGGTAGGGGAGGTGGTGTGAGACGCTCCTG
TCTCTCCTCTATCTGCCCATCGGCCCTTTGGGGAGGAGG
AATGTGCCCAAGGACTAAAAAAAGGCCATGGAGCCAG
AGGGGCGAGGGCAACAGACCTTTCATGGGCAAACCTTG
GGGCCCTGCTGTCCTCCTGTCACCTCCAGAGCCAAGGG
ATCAAAGGAGGAGGAGCCAGGACAGGAGGGAAGTGGG
AGGGAGGGTCCCAGCAGAGGACTCCAAATTTAGGCAGC
AGGCATATGGGATGGGATATAAAGGGGCTGGAGCACT
GAGAGCTGTCAGAGATTTCTCCAACCCAGGTAAGAGGG
AGTTTCGGGTGGGGGCTCTTCACCCACACCAGACCTCTC
CCCACCTAGAAGGAAACTGCCTTTCCTGGAAGTGGGGT

18
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TCAGGCCGGTCAGAGATCTGACAGGGTGGCCTTCCACC
AGCCTGGGAAGTTCTCAGTGGCAGGAGGTTTCCACAAG
AAACACTGGATGCCCCTTCCCTTACGCTGTCTTCTCCAT
CTTCCTCCTGGGGATGCTCCTCCCCGTCTTGGTTTATCTT
GGCTCTTCGTCTTCAGCAAGATTTGCCCTGTGCTGTCCA
CTCCATCTTTCTCTACTGTCTCCGTGCCTTGCCTTGCCTT
CTTGCGTGTCCTTCCTTTCCACCCATTTCTCACTTCACCT
TTTCTCCCCTTCTCATTTGTATTCATCCTTCCTTCCTTCCT
TCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTTCTCCCTT
CCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTGT
GTCAGAGTGCTGAGAATCACACCTGGGGTTCCCACCCT
TATGTAAACAATCTTCCAGTGAGCCACAGCTTCAGTGCT
GCTGGGTGCTCTCTTACCTTCCTCACCCCCTGGCTTGTC
CTGTTCCATCCTGGTCAGGATCTCTAGATTGGTCTCCCA
GCCTCTGCTACTCCTCTTCCTGCCTGTTCCTCTCTCTGTC
CAGCTGCGCCACTGTGGTGCCTCGTTCCAGCTGTGGTCC
ACATTCTTCAGGATTCTCTGAAAAGTTAACCAGGTGAG
AATGTTTCCCCTGTAGACAGCAGATCACGATTCTCCCGG
AAGTCAGGCTTCCAGCCCTCTCTTTCTCTGCCCAGCTGC
CCGGCACTCTTAGCAAACCTCAGGCACCCTTACCCCAC
ATAGACCTCTGACAGAGAAGCAGGCACTTTACATGGAG
TCCTGGTGGGAGAGCCATAGGCTACGGTGTAAAAGAGG
CAGGGAAGTGGTGGTGTAGGAAAGTCAGGACTTCACAT
AGAAGCCTAGCCCACACCAGAAATGACAGACAGATCCC
TCCTATCTCCCCCATAAGAGTTTGAGTCGACCCGCGGCC
CCGAATTG

Chicken
cardiac
troponin T

promoter
(cTnT)

GGGATAAAAGCAGTCTGGGCTTTCACATGACAGCATCT
GGGGCTGCGGCAGAGGGTCGGGTCCGAAGCGCTGCCTT
ATCAGCGTCCCCAGCCCTGGGAGGTGACAGCTGGCTGG
CTTGTGTCAGCCCCTCGGGCACTCACGTATCTCCGTCCG
ACGGGTTTAAAATAGCAAAACTCTGAGGCCACACAATA
GCTTGGGCTTATATGGGCTCCTGTGGGGGAAGGGGGAG
CACGGAGGGGGCCGGGGCCGCTGCTGCCAAAATAGCA
GCTCACAAGTGTTGCATTCCTCTCTGGGCGCCGGGCAC
ATTCCTGCTGGCTCTGCCCGCCCCGGGGTGGGCGCCGG
GGGGACCTTAAAGCCTCTGCCCCCCAAGGAGCCCTTCC
CAGACAGCCGCCGGCACCCACCGCTCCGTGGGA

25

Human
Creatine
Kinase M
(hCKM)

CTCTCAGCCCTGGAAGTCCTTGCTCACAGCCGAGGCGC
CGAGAGCGCTTGCTCTGCCCAGATCTGCGCGAGTCTGG
CGCCCGCGCTCTGAACGGCGTCGCTGCCCAGCCCCCTTC
CCCGGGAGGTGGGAGCGGCCACCCAGGGCCCCGTGGCT

26
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GCCCTTGTAAGGAGGCGAGGCCCGAGGACACCCGAGA
CGCCCGGTTATAATTAACCAGGACACGTGGCGAACCCC
CCTCCAACACCTGCCCCCGAACCCCCCCATACCCAGCG
CCTCGGGTCTCGGCCTTTGCGGCAGAGGAGACAGCAAA
GCGCCCTCTAAAAATAACTCCTTTCCCGGCGACCGAGA
CCCTCCCTGTCCCCCGCACAGCGGAAATCTCCCAGTGG
CACCGAGGGGGCGAGGGTTAAGTGGGGGGGAGGGTGA
CCACCGCCTCCCACCCTTGCCCTGAGTTTGAATCTCTCC
AACTCAGCCAGCCTCAGTTTCCCCTCCACTCAGTCCCTA
GGAGGAAGGGGCGCCCAAGCGCGGGTTTCTGGGGTTAG
ACTGCCCTCCATTGCAATTGGTCCTTCTCCCGGCCTCTG
CTTCCTCCAGCTCACAGGGTATCTGCTCCTCCTGGAGCC
ACACCTTGGTTCCCCGAGGTGCCGCTGGGACTCGGGTA
GGGGTGAGGGCCCAGGGGGCACAGGGGGAGCCGAGGG
CCACAGGAAGGGCTGGTGGCTGAAGGAGACTCAGGGG
CCAGGGGACGGTGGCTTCTACGTGCTTGGGACGTTCCC
AGCCACCGTCCCATGTTCCCGGCGGGGGGCCAGCTGTC
CCCACCGCCAGCCCAACTCAGCACTTGGTCAGGGTATC
AGCTTGGTGGGGGGGCGTGAGCCCAGCCCCTGGGGCGG
CTCAGCCCATACAAGGCCATGGGGCTGGGCGCAAAGCA
TGCCTGGGTTCAGGGTGGGTATGGTGCGGGAGCAGGGA
GGTGAGAGGCTCAGCTGCCCTCCAGAACTCCTCCCTGG
GGACAACCCCTCCCAGCCAATAGCACAGCCTAGGTCCC
CCTATATAAGGCCACGGCTGCTGGCCCTTCCTTTGGGTC
AGTGTCACCTCCAGGATACAGACA

Human beta-
actin (HuBa)

GCCCAGCACCCCAAGGCGGCCAACGCCAAAACTCTCCC
TCCTCCTCTTCCTCAATCTCGCTCTCGCTCTTTTTTTTTTT
CGCAAAAGGAGGGGAGAGGGGGTAAAAAAATGCTGCA
CTGTGCGGCGAAGCCGGTGAGTGAGCGGCGCGGGGCC
AATCAGCGTGCGCCGTTCCGAAAGTTGCCTTTTATGGCT
CGAGCGGCCGCGGCGGCGCCCTATAAAACCCAGCGGCG
CGACGCGCCACCACCGCCGAGTC

27

Chicken beta-
actin (CBA)

GGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCAT
CTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATT
TTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGG
GGGGGCGCGCGCCAGGCGGGEGECEEEGCEGGGCGAGGG
GCGGGGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCC
AATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGC
GAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAGC
GCGCGGCGGGCGGGA

28
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Cytomegalovir
us (CMV)

TGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGA
TAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCC
ATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCA
ACGGGACTTTCCAAAATGTCGTAATAACCCCGCCCCGT
TGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTC
TATATAAGCAGAGCTCGTTTAGTGAACCG

29

Cytomegalovir
us (CMV)
(second
version)

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCA
TAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGT
AAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCC
CATTGACGTCAATAATGACGTATGTTCCCATAGTAACG
CCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTA
TTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT
ATCATATGCCAAGTACGCCCCCTATTGACGTCAATGAC
GGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGAC
CTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATT
AGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTA
CATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGAT
TTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGT
TTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGT
AACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCG
TGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAG
TGAACCGT

30

Cytomegalovir
us (CMV)
(third version)

CGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGAC
CGCCCAACGACCCCCGCCCATTGACGTCAATAATGACG
TATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGA
CGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC
CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCAT
TATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGG
CAGTACATCTACGTATTAGTCATCGCTATTACCATGGTG
ATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCG
GTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGG
ACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGC
AAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATA
AGCAGAGCT

31

CAG promoter
(first version)

ACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACG
ACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCA
TAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGG

32
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GTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCT
ACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGC
CCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCC
CACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTG
TGCAGCGATGGGGGCGGGGGGEGEGEEGEGGEGECECGCGECC
AGGCGGGGCOGGGGCGGGGECGAGGGGCEEEGECEGGGCG
AGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCG
CGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGG
CGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGG

CAG promoter
(second
version)

CGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGAC
CGCCCAACGACCCCCGCCCATTGACGTCAATAATGACG
TATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGA
CGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC
CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCAT
TATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGG
CAGTACATCTACGTATTAGTCATCGCTATTACCATGTCG
AGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCC
CCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTA
ATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGE
CGCGCGCCAGGCGGGGCGGGGCGGGGECGAGGGGCGGG
GCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCA
GAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGC
GGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGCG
GCGGGCG

33

Human EF1-
alpha (EF1-a)

CAACCTTTGGAGCTAAGCCAGCAATGGTAGAGGGAAGA
TTCTGCACGTCCCTTCCAGGCGGCCTCCCCGTCACCACC
CCCCCCAACCCGCCCCGACCGGAGCTGAGAGTAATTCA
TACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGG
ACCGTCGTTAAACTCCCACTAACGTAGAACCCAGAGAT
CGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCGTCAT
CACTGAGGTGGAGAATAGCATGCGTGAGGCTCCGGTGC
CCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCG
AGAAGTTGGGGGGAGGGGTCGGCAATTGAACGGGTGC
CTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGAT
GTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGA
GAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTT

34
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PROMOTER | SEQUENCE SEQ ID

NO:
Human ACTTGTGGACAAAGTTTGCTCTATTCCACCTCCTCCAGG | 35
CamKIIa CCCTCCTTGGGTCCATCACCCCAGGGGTGCTGGGTCCAT

(CaMKIIa) CCCACCCCCAGGCCCACACAGGCTTGCAGTATTGTGTG
CGGTATGGTCAGGGCGTCCGAGAGCAGGTTTCGCAGTG
GAAGGCAGGCAGGTGTTGGGGAGGCAGTTACCGGGGC
AACGGGAACAGGGCGTTTTGGAGGTGGTTGCCATGGGG
ACCTGGATGCTGACGAAGGCTCGCGAGGCTGTGAGCAG
CCACAGTGCCCTGC

[0060] Further illustrative examples of promoters are the SV40 late promoter from simian
virus 40, the Baculovirus polyhedron enhancer/promoter element, Herpes Simplex Virus
thymidine kinase (HSV tk), the immediate early promoter from cytomegalovirus (CMV) and
various retroviral promoters including LTR 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.
Other Regulatory Elements

[0061] 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 regulatory element).

[0062] In some embodiments, the vector comprises a CMV enhancer.

[0063] 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 EF1-a enhancer sequence. Sequences of the foregoing are known

in the art. For example, the sequence of the CMV immediate early (IE) enhancer is:

ACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTC
AATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATG
GGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCC
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AAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCA
GTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCT
ATTACCA

(SEQ ID NO: 36).

[0064] In certain embodiments, the vector comprises an enhancer that is linked to a
promoter. For example, the vector may comprise an MHCK?7 promoter and enhancer. In certain
embodiments, the MHCK?7 promoter and enhancer is at least 75%, 80%, 85%, 90%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the following sequence:
ACCCTTCAGATTAAAAATAACTGAGGTAAGGGCCTGGGTAGGGGAGGTGGTGTGAG
ACGCTCCTGTCTCTCCTCTATCTGCCCATCGGCCCTTTGGGGAGGAGGAATGTGCCC
AAGGACTAAAAAAAGGCCATGGAGCCAGAGGGGCGAGGGCAACAGACCTTTCATG
GGCAAACCTTGGGGCCCTGCTGTCTAGCATGCCCCACTACGGGTCTAGGCTGCCCAT
GTAAGGAGGCAAGGCCTGGGGACACCCGAGATGCCTGGTTATAATTAACCCAGACA
TGTGGCTGCCCCCCCCCCCCCAACACCTGCTGCCTCTAAAAATAACCCTGTCCCTGG
TGGATCCCCTGCATGCGAAGATCTTCGAACAAGGCTGTGGGGGACTGAGGGCAGGC
TGTAACAGGCTTGGGGGCCAGGGCTTATACGTGCCTGGGACTCCCAAAGTATTACTG
TTCCATGTTCCCGGCGAAGGGCCAGCTGTCCCCCGCCAGCTAGACTCAGCACTTAGT
TTAGGAACCAGTGAGCAAGTCAGCCCTTGGGGCAGCCCATACAAGGCCATGGGGCT
GGGCAAGCTGCACGCCTGGGTCCGGGGTGGGCACGGTGCCCGGGCAACGAGCTGAA
AGCTCATCTGCTCTCAGGGGCCCCTCCCTGGGGACAGCCCCTCCTGGCTAGTCACAC
CCTGTAGGCTCCTCTATATAACCCAGGGGCACAGGGGCTGCCCTCATTCTACCACCA
CCTCCACAGCACAGACAGACACTCAGGAGCCAGCCAG

(SEQ ID NO: 21).

[0065] In certain embodiments, the vectors comprise one or more introns. In particular
embodiments, the intron is a rabbit globin intron sequence, a chicken B-actin intron sequence, a

synthetic intron sequence, an SV40 intron, or an EF1-a intron sequence.

[0066] 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
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polyA sequence, a bovine growth hormone polyA 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).

[0067] In certain embodiments, the vectors comprise one or more transcript stabilizing
element. In particular embodiments, the transcript stabilizing element is a WPRE sequence, a
HPRE sequence, a scaffold-attachment region, a 3’ UTR, or a 5" UTR. In particular
embodiments, the vectors comprise both a 5' UTR and a 3" UTR.

[0068] In some embodiments, the vector comprises a 5’ untranslated region (UTR) selected

from Table 4. In some embodiments, 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

any one of SEQ ID NOS 38-48.

Table 4
5 SEQUENCE SEQ
UNTRANSLATED D
REGION
NO:

Human beta-actin CGCGTCCGCCCGCGAGCACAGAGCCTCGCCTTTGCCG | 38
exon/intron ATCCGCCGCCCGTCCACACCCGCCGCCAGGTAAGCCC
GGCCAGCCGACCGGGGCATGCGGCCGCGGCCCTTCG
CCCGTGCAGAGCCGCCOGTCTGGGCCGCAGCGGGGGG
CGCATGGGGCGGAACCGGACCGCCGTGGGGGGCGCG
GGAGAAGCCCCTGGGCCTCCGGAGATGGGGGACACC
CCACGCCAGTTCGCAGGCGCGAGGCCGCGCTCGGGC
GGGCGCGCTCCGGGGGTGCCGCTCTCGGGGCGGGGG
CAACCGGCGGGGTCTTTGTCTGAGCCGGGCTCTTGCC
AATGGGGATCGCACGGTGGGCGCGGCGTAGCCCCCG
TCAGGCCCGGTGGGGGCTGGGGCGCCATGCGCGTGC
GCGCTGGTCCTTTGGGCGCTAACTGCGTGCGCGCTGG
GAATTGGCGCTAATTGCGCGTGCGCGCTGGGACTCA
ATGGCGCTAATCGCGCGTGCGTTCTGGGGCCCGGGC
GCTTGCGCCACTTCCTGCCCGAGCCGCTGGCGCCCGA
GGGTGTGGCCGCTGCGTGCGCGCGCGCGACCCGGTC
GCTGTTTGAACCGGGCGGAGGCGGGGCTGGCGCCCG
GTTGGGAGGGGGTTGGGGCCTGGCTTCCTGCCGCGC
GCCGCGGGGACGCCTCCGACCAGTGTTTGCCTTTTAT
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GGTAATAACGCGGCCGGCCCGGCTTCCTTTGTCCCCA
ATCTGGGCGCGCGCCGGCGCCCCCTGGCGGCCTAAG
GACTCGGCGCGCCGGAAGTGGCCAGGGCGGCAGCGG
CTGCTCTTGGCGGCCCCGAGGTGACTATAGCCTTCTT
TTGTGTCTTGATAGTTCGCCAGCCTCTGCTAACCATG
TTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAAC
GTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAG
AATTC

Chicken beta-actin | GTCGCTGCGCGCTGCCTTCGCCCCGTGCCCCGCTCCG | 39
exon/intron + rabbit | CCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGAC
globin intron CGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCC
TTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGA

CGGCTTGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTG

AGGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGAGCG
GCTCGGGGGGTGCGTGCGTGTGTGTGTGCGTGGGGA

GCGCCGCGTGCGGCTCCGCGCTGCCCGGCGGCTGTG

AGCGCTGCGGGCGCGGCGCGGGEECTTTGTGCGCTCC

GCAGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTG
CCCCGCGGETGCGGGGGGGGCTGCGAGGGGAACAAAG
GCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAG
GGGGTGTGGGCGCGTCGGTCGGGCTGCAACCCCCCC

TGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGC
TTCGGGTGCGGGGCTCCGTACGGGGCGTGGCGCGGG
GCTCGCCGTGCCGGGCGGGEGETGGCGGCAGGTGGG
GGTGCCGGGCGGGGCGGEGEECCGCCTCGGGCCGGGGA
GGGCTCGGGGGAGGGGCGCGGCGGCCCCCGGAGCGC
CGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTG
CCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTT
CCTTTGTCCCAAATCTGTGCGGAGCCGAAATCTGGGA
GGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGGCGA
AGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGG

GAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTC
TCCCTCTCCAGCCTCGGGGCTGTCCGCGGGGGGACGG
CTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGG
CTTCTGGCGTGTGACCGGCGGCTCTAGAGCCTCTGCT
AACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCT
GGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTT

GGCAAAGAATTC
Chimeric intron GGTAAGTTTAGTCTTTTTGTCTTTTATTTCAGGTCCCG | 40
sequence GATCCGGTGGTGGTGCAAATCAAAGAACTGCTCCTC

AGTGGATGTTGCCTTTACTTCTAGGCCTGTACGGAAG
TGTTACTTCTGCTCTAAAAGCTGCGGAATTGTACCCG
C
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5" UTR-Synl Hs

AGTCTGCGGTGGGCAGCGGAGGAGTCGTGTCGTGCC
TGAGAGCGCAGCTGTGCTCCTGGGCACCGCGCAGTC
CGCCCCCGCGGCTCCTGGCCAGACCACCCCTAGGACC
CCCTGCCCCAAGTCGCA

41

CMV IE exon TCAGATCGCCTGGAGAGGCCATCCACGCTGTTTTGAC | 42
CTCCATAGTGGACACCGGGACCGATCCAGCCTCCGC
GGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGT
GCCAAGAGTGAC

TPL-ePKP2 CTCACTCTCTTCCGCATCGCTGTCTGCGAGGGCCAGC | 43

(adenovirus derived
enhancer element)

TGTTGGGCTCGCGGTTGAGGACAAACTCTTCGCGGTC
TTTCCAGTACTCTTGGATCGGAAACCCGTCGGCCTCC
GAACGGTACTCCGCCACCGAGGGACCTGAGCGAGTC
CGCATCGACCGGATCGGAAAACCTCTCGAGAAAGGC
GTCTAACCAGTCACAGTCGCAAGGTAGGCTGAGCAC
CGTGGCGGGCGGCAGCGGGTGGCGGTCGGGGTTGTT
TCTGGCGGAGGTGCTGCTGATGATGTAATTAAAGTAG
GCGGTCTTGAGACGGCGGATGGTCGAGGTGAGGTGT
GGCAGGCTTGAGATCCAGCTGTTGGGGTGAGTACTCC
CTCTCAAAAGCGGGCATTACTTCTGCGCTAAGATTGT
CAGTTTCCAAAAACGAGGAGGATTTGATATTCACCTG
GCCCGATCTGGCCATACACTTGAGTGACAATGACATC
CACTTTGCCTTTCTCTCCACAGGTGTCCACTCCCAG

Human EF1-a
intron/exon

CTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAA
GTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTAC
GGGTTATGGCCCTTGCGTGCCTTGAATTACTTCCACC
TGGCTCCAGTACGTGATTCTTGATCCCGAGCTGGAGC
CAGGGGCGGGCCTTGCGCTTTAGGAGCCCCTTCGCCT
CGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCC
GCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTGTCT
CGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTT
GATGACGTGCTGCGACGCTTTTTTTCTGGCAAGATAG
TCTTGTAAATGCGGGCCAGGATCTGCACACTGGTATT
TCGGTTTTTGGGCCCGCGGCCGGCGACGGGGCCCGTG
CGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGC
GAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTC
AAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCC
GCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGC
CCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCC
GCTTCCCGGCCCTGCTCCAGGGGGCTCAAAATGGAG
GACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACC
CACACAAAGGAAAAGGGCCTTTCCGTCCTCAGCCGT
CGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCC

44
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AGGCACCTCGATTAGTTCTGGAGCTTTTGGAGTACGT
CGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGA
GTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAG
GCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATTT
GGCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCC
TCAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAG

Human EF1-q, GTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCT | 45
intron A TTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTC
CACCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTT
CGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGC
GCTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGG
CCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCT
GGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAA
GTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGCG
ACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGG
GCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGC
CGCGGGCGGCGACGGGGCCCGTGCGTCCCAGCGCAC
ATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACC
GAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCC
TGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCC
CCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCA
GTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCT
GCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCTCG
GGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAA
AAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGAC
TCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATT
AGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTG
GGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACT
GAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCAC
TTGATGTAATTCTCCTTGGAATTTGCCCTTTTTGAGTT
TGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTT
CAAAGTTTTTTTCTTCCATTTCAG

5 UTR human TCAGAAGCCCCGGGCTCGTCAGTCAAACCGGTTCTCT | 46

CamKIla GTTTGCACTCGGCAGCACGGGCAGGCAAGTGGTCCC
TAGGTTCGGG

B-globin intron GTGAGTCTATGGGACCCTTGATGTTTTCTTTCCCCTTC | 47

TTTTCTATGGTTAAGTTCATGTCATAGGAAGGGGAGA
AGTAACAGGGTACACATATTGACCAAATCAGGGTAA
TTTTGCATTTGTAATTTTAAAAAATGCTTTCTTCTTTT
AATATACTTTTTTGTTTATCTTATTTCTAATACTTTCC
CTAATCTCTTTCTTTCAGGGCAATAATGATACAATGT
ATCATGCCTCTTTGCACCATTCTAAAGAATAACAGTG
ATAATTTCTGGGTTAAGGCAATAGCAATATTTCTGCA
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TATAAATATTTCTGCATATAAATTGTAACTGATGTAA
GAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCT
ACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTG
GATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATC
ATGTTCATACCTCTTATCTTCCTCCCACAG

SV40 intron

TCTAGAGGATCCGGTACTCGAGGAACTGAAAAACCA
GAAAGTTAACTGGTAAGTTTAGTCTTTTTGTCTTTTAT
TTCAGGTCCCGGATCCGGTGGTGGTGCAAATCAAAG
AACTGCTCCTCAGTGGATGTTGCCTTTACTTCTAGGC
CTGTACGGAAGTGTTACTTCTGCTCTAAAAGCTGCGG
AATTGTACCCGC

48

[0069]

In some embodiments, the vector comprises a 3’ untranslated region selected from

Table 5. In some embodiments, 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 any
one of SEQ ID NOS 49-57.

Table 5
3 SEQUENCE SEQ
UNTRANSLATED 1D
REGION NO:
WPRE(x) (mutated AATCAACCTCTGGATTACAAAATTTGTGAAAGATTG | 49

woodchuck hepatitis
regulatory element —
version 1)

ACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTAT
GTGGATACGCTGCTTTAATGCCTTTGTATCATGCTAT
TGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATA
AATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCC
CGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTT
TGCTGACGCAACCCCCACTGGTTGGGGCATTGCCAC
CACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCC
CTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGC
CTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGC
ACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCG
TCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGA
TTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGC
CCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTG
CCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCC
CTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCC
CGC

WPRE(x) (mutated
woodchuck hepatitis

TCAACCTCTGGATTACAAAATTTGTGAAAGATTGAC
TGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGT

50
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regulatory element — | GGATACGCTGCTTTAATGCCTTTGTATCATGCTATTG
version 2) CTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAA
ATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCC
GTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTT
GCTGACGCAACCCCCACTGGTTGGGGCATTGCCACC
ACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCC
TCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCC
TTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCA
CTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGT
CCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGAT
TCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCC
CTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGC
CGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCC
TCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCC
GCA

WPRE(x) (mutated TTCCTGTTAATCAACCTCTGGATTACAAAATTTGTGA | 51
woodchuck hepatitis | AAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTT
regulatory element — | ACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATC
version 3) ATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCC
TTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGT
TGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCA
CTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCA
TTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGC
TTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCC
GCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTG
TTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAG
CTGACGTCCTTTCCGCGGCTGCTCGCCTGTGTTGCCA
CCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCC
TTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGC
CTGCTGCCGGCTCTGCGGCCTCTTCCGCCTCTTCGCC
TTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCG
CCTCCCCGCCCATGTATCTTTTTCACCTGTGCCTTGT
TTTTGCCTGTGTTCCGCGTCCTACTTTTCAAGCCTCC
AAGCTGTGCCTTGGGCGGCTTTGGGGCATGGACATA
GATCCCTATAAAGAATTTGGTTCATCTTATCAGTTGT

TGAATTTTCTTCCTTTGGAC
CAAX TGTGTGATAATG 52
CTGTTCTCATCACATCATATCAAGGTTATATACCATC
EES AATATTGCCACAGATGTTACTTAGCCTTTTAATATTT | 53

CTCTAATTTAGTGTATATGCAATGATAGTTCTCTGAT
TTCTGAGATTGAGTTTCTCATGTGTAATGATTATTTA
GAGTTTCTCTTTCATCTGTTCAAATTTTTGTCTAGTTT
TATTTTTTACTGATTTGTAAGACTTCTTTTTATAATCT
GCATATTACAATTCTCTTTACTGGGGTGTTGCAAATA
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TTTTCTGTCATTCTATGGCCTGACTTTTCTTAATGGTT
TTTTAATTTTAAAAATAAGTCTTAATATTCATGCAAT
CTAATTAACAATCTTTTCTTTGTGGTTAGGACTTTGA
GTCATAAGAAATTTTTCTCTACACTGAAGTCATGAT
GGCATGCTTCTATATTATTTTCTAAAAGATTTAAAGT
TTTGCCTTCTCCATTTAGACTTATAATTCACTGGAAT
TTTTTTGTGTGTATGGTATGACATATGGGTTCCCTTT
TATTTTTTACATATAAATATATTTCCCTGTTTTTCTAA
AAAAGAAAAAGATCATCATTTTCCCATTGTAAAATG
CCATATTTTTTTCATAGGTCACTTACATATATCAATG
GGTCTGTTTCTGAGCTCTACTCTATTTTATCAGCCTC
ACTGTCTATCCCCACACATCTCATGCTTTGCTCTAAA
TCTTGATATTTAGTGGAACATTCTTTCCCATTTTGTT
CTACAAGAATATTTTTGTTATTGTCTTTGGGCTTTCT
ATATACATTTTGAAATGAGGTTGACAAGTTA

ATAACAGGCCTATTGATTGGAAAGTTTGTCAACGAA
HPRE TTGTGGGTCTTTTGGGGTTTGCTGCCCCTTTTACGCA | 54
ATGTGGATATCCTGCTTTAATGCCTTTATATGCATGT
ATACAAGCAAAACAGGCTTTTACTTTCTCGCCAACT
TACAAGGCCTTTCTCAGTAAACAGTATATGACCCTTT
ACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAG
TGTTTGCTGACGCAACCCCCACTGGTTGGGGCTTGG
CCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGT
CTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCG
CTTGTTTTGCTCGCAGCAGGTCTGGAGCAAACCTCA
TCGGGACCGACAATTCTGTCGTACTCTCCCGCAAGT
ATACATCGTTTCCATGGCTGCTAGGCTGTGCTGCCA
ACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCC
GTCGGCGCTGAATCCCGCGGACGACCCCTCCCGGGG
CCGCTTGGGGCTCTACCGCCCGCTTCTCCGTCTGCCG
TACCGTCCGACCACGGGGCGCACCTCTCTTTACGCG
GACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTG
TGCACTTCGCTTCACCTCTGCACGTCGCATGGAGGC
CACCGTGAACGCCCACCGGAACCTGCCCAAGGTCTT
GCATAAGAGGACTCTTGGACTTTCAGCAATGTCATC

R2V17 (HepB TTCCTGTAAACAGGCCTATTGATTGGAAAGTTTGTC 55
derived enhancer AACGAATTGTGGGTCTTTTGGGGTTTGCTGCCCCTTT
element) TACGCAATGTGGATATCCTGCTTTAATGCCTTTATAT

GCATGTATACAAGCAAAACAGGCTTTTACTTTCTCG
CCAACTTACAAGGCCTTTCTCAGTAAACAGTATATG
ACCCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGT
GCCAAGTGTTTGCTGACGCAACCCCCACTGGTTGGG
GCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCT
TTGTGTCTCCTCTGCCGATCCATACTGCGGAACTCCT
AGCCGCTTGTTTTGCTCGCAGCTGGACTGGAGCAAA
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CCTCATCGGGACCGACAATTCTGTCGTACTCTCCCGC
AAGCACTCACCGTTTCCGCGGCTGCTCGCCTGTGTTG
CCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGT
CCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGC
GGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCCTCTTC
GCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGG
CCGCCTCCCCGCCCATGTATCTTTTTCACCTGTGCCT
TGTTTTTGCCTGTGTTCCGCGTCCTACTTTTCAAGCC
TCCAAGCTGTGCCTTGGGCGGCTTTGGGGCATGGAC
ATAGATCCCTATAAAGAATTTGGTTCATCTTATCAGT
TGTTGAATTTTCTTCCTTTGGAC

3’UTR(globin) GCTGGAGCCTCGGTAGCCGTTCCTCCTGCCCGCTGG | 56
GCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCGGC
CCTTCCTGGTCTTTGAATAAA

WPRE(r) ATTCGAGCATCTTACCGCCATTTATTCCCATATTTGT | 81
TCTGTTTTTCTTGATTTGGGTATACATTTAAATGTTA
ATAAAACAAAATGGTGGGGCAATCATTTACATTTTT
AGGGATATGTAATTACTAGTTCAGGTGTATTGCCAC
AAGACAAACATGTTAAGAAACTTTCCCGTTATTTAC
GCTCTGTTCCTGTTAATCAACCTCTGGATTACAAAAT
TTGTGAAAGATTGACTGATATTCTTAACTATGTTGCT
CCTTTTACGCTGTGTGGATATGCTGCTTTAATGCCTC
TGTATCATGCTATTGCTTCCCGTACGGCTTTCGTTTT
CTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTAT
GAGGAGTTGTGGCCCGTTGTCCGTCAACGTGGCGTG
GTGTGCTCTGTGTTTGCTGACGCAACCCCCACTGGCT
GGGGCATTGCCACCACCTGTCAACTCCTTTCTGGGA
CTTTCGCTTTCCCCCTCCCGATCGCCACGGCAGAACT
CATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGC
TAGGTTGCTGGGCACTGATAATTCCGTGGTGTTGTC
GGGGAAGGGCC

[0070] In some embodiments, the vector comprises a polyadenylation (polyA) signal
selected from Table 6. In some embodiments, the polyA signal 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 52-56.
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POLY- SEQUENCE SEQ
ADENYLATION ID
SITE NO:
Rabbit globin TGGCTAATAAAGGAAATTTATTTTCATTGCAATAGT | 82

(pAGlobin-Oc)

GTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGAAC
ATATGGGAGGGCAAATCATTTAAAACATCAGAATG
AGTATTTGGTTTAGAGTTTGGCAACATATGCCCATA
TGCTGGCTGCCATGAACAAAGGTTGGCTATAAAGA
GGTCATCAGTATATGAAACAGCCCCCTGCTGTCCAT
TCCTTATTCCATAGAAAAGCCTTGACTTGAGGTTAG
ATTTTTTTTATATTTTGTTTTGTGTTATTTTTTTCTTT
AACATCCCTAAAATTTTCCTTACATGTTTTACTAGC
CAGATTTTTCCTCCTCTCCTGACTACTCCCAGTCATA
GCTGTCCCTCTTCTCTTATGGAGATC

Bovine growth
hormone (pAGH-Bt
— version 1)

TTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTT
TCCTAATAAAATGAGGAAATTGCATCGCATTGTCTG
AGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGG
GCAGGACAGCAAGGGGGAGGATTGGGAATACAAT
AGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGG
TACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTG
GG

83

Bovine growth
hormone (pAGH-Bt
— version 2)

TTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTT
TCCTAATAAAATGAGGAAATTGCATCGCATTGTCTG
AGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGG
GCAGGACAGCAAGGGGGAGGATTGGGAAGACAAT
AGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGG
TACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTG
GG

84

Bovine growth
hormone (pAGH-Bt
— version 3)

CTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCC
CTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCAC
TCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGC
ATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGG
GGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGAT
TGGGAAGACAATAGCAGGCATGCTGGGGATGCGGT
GGGCTCTATGG

85

Human growth
hormone (pAGH-Hs)

CTGCCCGGGTGGCATCCCTGTGACCCCTCCCCAGTG
CCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCC

86
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ACCAGCCTTGTCCTAATAAAATTAAGTTGCATCATT
TTGTCTGACTAGGTGTCCTTCTATAATATTATGGGG

TGGAGGGGGGTGGTATGGAGCAAGGGGCCCAAGTT
GGGAAGAAACCTGTAGGGCCTGC

[0071] Mlustrative vector genomes are depicted in FIGs. 1-6 and provided as SEQ ID NOs:
57-62. The expression cassette of each sequence, shown underlined in FIGs. 1-6, are SEQ ID
NOs: 63-68. 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: 57-62, optionally with or without
the ITR sequences. 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: 57-62. The disclosure also
contemplates expression cassettes of the illustrative vector genomes depicted in FIGs 1-6 and
sequences comprising these, e.g., the sequences set forth in SEQ ID NOs: 57-62, but lacking the
5’ and 3’ ITRs, and variants thereof sharing 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identity to any of the foregoing.

[0072] In a preferred 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: 57. In a preferred 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: 58. In a preferred 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: 59. In some embodiments, 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: 60. In a preferred 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: 61. In some embodiments, 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: 62.
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[0073] In a preferred embodiment, the expression cassette 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: 63. In a preferred embodiment, the expression cassette 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: 64. In a preferred embodiment, the expression cassette
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: 65. In some embodiments, the expression
cassette 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: 66. In a preferred embodiment,
the expression cassette 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: 67. In some
embodiments, the expression cassette 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: 68.
ADENO-ASSOCIATED VIRUS VECTOR AND USES THEREOF

[0074] 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-nucleotide
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. Patent 9,434,928,
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incorporated herein by reference. Cis-acting sequences directing viral DNA replication (rep),
encapsidation/packaging and host cell chromosome integration are contained within the AAV
ITRs. Three AAV promoters (named p5, p19, and p40 for their relative map locations) drive the
expression of the two AAYV internal open reading frames encoding rep and cap genes. The two
rep promoters (p5S and p19), 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 polyadenylation site is located at map position 95 of the
AAYV genome. The life cycle and genetics of AAV are reviewed in Muzyczka, Current Topics in

Microbiology and Immunology, 158: 97-129 (1992).

[0075] AAYV possesses unique features that make it attractive 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 transcriptionally active nuclear episome
(extrachromosomal element). The AAYV proviral genome is inserted as cloned DNA in plasmids,
which makes construction of recombinant genomes feasible. Furthermore, because the signals
directing AAV replication and genome encapsidation are contained 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.
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[0076] Gene delivery viral vectors useful in the practice of the present invention can be
constructed utilizing methodologies well known in the art of molecular biology. Typically, 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 transfection with helper plasmids or viruses. Typical
examples of virus packaging cells include but are not limited to HeLa 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 W095/14785,
W096/22378, U.S. Pat. No. 5,882,877, U.S. Pat. No. 6,013,516, U.S. Pat. No. 4,861,719, U.S.
Pat. No. 5,278,056 and W094/19478, the complete contents of each of which is hereby

incorporated by reference.

[0077] AAYV vectors useful in the practice of the present invention can be packaged into
AAYV 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 DR,
Russell DW. 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 US 6,004,797; US 7,588,772; and US 7,094,604;

[0078] AAYV DNA in the rAAYV 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 rAAYV variants, 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.

37



WO 2023/108129 PCT/US2022/081282

[0079] In some cases, the rAAV comprises a self-complementary 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 double-stranded DNA template, as described in McCarty et al. Self-
complementary recombinant adeno-associated virus (sSCAAYV) vectors promote efficient
transduction independently of DNA synthesis. Gene Therapy. 8 (16): 1248-54 (2001). The
present disclosure contemplates the use, in some cases, of an rAAYV 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 (4.7-6kb), rAAV comprising a self-complementary genome can only
hold about half of that amount (=2 .4kb).

[0080] 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 understanding that other genetic modifications
of the rAAYV vector may be beneficial to obtain optimal gene transcription in target cells. In
some cases, the present disclosure relates to single-stranded rAAYV 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).

[0081] In some cases, the rAAV vector is of the serotype AAV1, AAV2, AAV4, AAVS,
AAV6, AAV7, AAVS, AAV9, AAVI0, AAVI11, AAV12, AAVI13, AAVrh10, or AAVrh.74.
Production of pseudotyped rAAV is disclosed in, for example, WO 01/83692. Other types of
rAAYV variants, for example rAAV with capsid mutations, are also contemplated. See, for

example, Marsic et al., Molecular Therapy, 22(11): 1900-1909 (2014). In some cases, the rAAV
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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 rAAYV vector is of serotype
AAV9 and comprises a self-complementary genome. In some embodiments, a rAAYV 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.

[0082] Full-length sequences and sequences for capsid genes for most known AAVs are

provided in US Patent No. 8,524,446, which is incorporated herein in its entirety.

[0083] AAYV vectors 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 modifications, e.g., substitutions, deletions, or insertions,
within a capsid protein, e.g., VP1, VP2 and/or VP3. In particular embodiments, the modification

provides for reduced immunogenicity when the AAV vector is provided to a subject.

[0084] 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
cells. In some embodiments, the rAAYV is directly injected into the intracerebroventricular space

of the subject.

[0085] In some embodiments, the rAAV virion is an AAV2 rAAYV 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 AAV2 capsid, e.g.,

MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNG
LDKGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLG
RAVFQAKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFG
QTGDADSVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCD
STWMGDRVITTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHC
HFSPRDWQRLINNNWGFRPKRLNFKLFNIQVKEVTQNDGTTTIANNLTSTVQVFTDSEY
QLPYVLGSAHQGCLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTG

NNFTFSYTFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAG
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ASDIRDQSRNWLPGPCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAM
ASHKDDEEKFFPQSGVLIFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNL
QRGNRQAATADVNTQGVLPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLK
HPPPQILIKNTPVPANPSTTFSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTS
NYNKSVNVDFTVDTNGVYSEPRPIGTRYLTRNL

(SEQ ID NO: 69).

[0086] In some embodiments, the rAAV virion is an AAV9 rAAYV virion. The capsid many
be an AAVO capsid or functional variant thereof. In some embodiments, the AAV9 capsid shares

at least 98%, 99%, or 100% identity to a reference AAVO capsid, e.g.,

MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHQDNARGLVLPGYKYLGPG
NGLDKGEPVNAADAAALEHDKAYDQQLKAGDNPYLKYNHADAEFQERLKEDTSFGG
NLGRAVFQAKKRLLEPLGLVEEAAKTAPGKKRPVEQSPQEPDSSAGIGKSGAQPAKKRL
NFGQTGDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGVGSSSGNWH
CDSQWLGDRVITTSTRTWALPTYNNHL YKQISNSTSGGSSNDNAYFGYSTPWGYFDFN
RFHCHFSPRDWQRLINNNWGFRPKRLNFKLFNIQVKEVTDNNGVKTIANNLTSTVQVFT
DSDYQLPYVLGSAHEGCLPPFPADVFMIPQYGYLTLNDGSQAVGRSSFYCLEYFPSQML
RTGNNFQFSYEFENVPFHSSYAHSQSLDRLMNPLIDQYLYYLSKTINGSGQNQQTLKFSV
AGPSNMA VQGRNYIPGPSYRQQRVSTTVTQNNNSEFAWPGASSWALNGRNSLMNPGP
AMASHKEGEDRFFPLSGSLIFGKQGTGRDNVDADK VMITNEEEIKTTNPVATESYGQVA
TNHQSAQAQAQTGW VQNQGILPGMVWQDRDVYLQGPIWAKIPHTDGNFHPSPLMGGF
GMKHPPPQILIKNTPVPADPPTAFNKDKLNSFITQYSTGQVSVEIEWELQKENSKRWNPE
IQYTSNYYKSNNVEFAVNTEGVYSEPRPIGTRYLTRNL

(SEQ ID NO: 70).

[0087] In some embodiments, the rAAV virion is an AAV6 rAAYV virion. The capsid many
be an AAVO 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.,
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MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQQKQDDGRGLVLPGYK YLGPF
NGLDKGEPVNAADAAALEHDKAYDQQLKAGDNPYLRYNHADAEFQERLQEDTSFGGN
LGRAVFQAKKRVLEPFGLVEEGAK TAPGKKRPVEQSPQEPDSSSGIGKTGQQPAKKRLN
FGQTGDSESVPDPQPLGEPPATPAAVGPTTMASGGGAPMADNNEGADGVGNASGNWH
CDSTWLGDRVITTSTRTWALPTYNNHL YKQISSASTGASNDNHYFGYSTPWGYFDFNRF
HCHFSPRDWQRLINNNWGFRPKRLNFKLFNIQVKEVTTNDGVTTIANNLTSTVQVFSDS
EYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRT
GNNFTFSYTFEDVPFHSSY AHSQSLDRLMNPLIDQYLY YLNRTQNQSGSAQNKDLLFSR
GSPAGMSVQPKNWLPGPCYRQQRVSKTK TDNNNSNFTWTGASKYNLNGRESIINPGTA
MASHKDDKDKFFPMSGVMIFGKESAGASNTALDNVMITDEEEIKATNPVATERFGTVA
VNLQSSSTDPATGDVHVMGALPGMVWQDRDV YLQGPIWAKIPHTDGHFHPSPLMGGF
GLKHPPPQILIKNTPVPANPPAEFSATKFASFITQYSTGQVSVEIEWELQKENSKRWNPEV
QYTSNYAKSANVDFTVDNNGLYTEPRPIGTRYLTRPL

(SEQ ID NO: 71).

[0088] In some embodiments, the rAAV virion is an AAVrh.10 rAAYV 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.,

MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQQKQDDGRGLVLPGYK YLGPF
NGLDKGEPVNAADAAALEHDKAYDQQLKAGDNPYLRYNHADAEFQERLQEDTSFGGN
LGRAVFQAKKRVLEPLGLVEEGAKTAPGKKRPVEPSPQRSPDSSTGIGKKGQQPAKKRL
NFGQTGDSESVPDPQPIGEPPAGPSGLGSGTMAAGGGAPMADNNEGADGVGSSSGNWH
CDSTWLGDRVITTSTRTWALPTYNNHL YKQISNGTSGGSTNDNTYFGYSTPWGYFDFN
RFHCHFSPRDW QRLINNNWGFRPKRLNFKLFNIQVKEVTQNEGTKTIANNLTSTIQVFTD
SEYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLR
TGNNFEFSYQFEDVPFHSSY AHSQSLDRLMNPLIDQYLY YLSRTQSTGGTAGTQQLLFSQ
AGPNNMSAQAKNWLPGPCYRQQRVSTTLSQNNNSNFAWTGATK YHLNGRDSLVNPG
VAMATHKDDEERFFPSSGVLMFGKQGAGKDNVDYSSVMLTSEEEIKTTNPVATEQYGV
VADNLQQQNAAPIVGAVNSQGALPGMVWQNRDVYLQGPIWAKIPHTDGNFHPSPLMG
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GFGLKHPPPQILIKNTPVPADPPTTFSQAKLASFITQYSTGQVSVEIEWELQKENSKRWNP
EIQYTSNYYKSTNVDFAVNTDGTYSEPRPIGTRYLTRNL

(SEQ ID NO: 72).

[0089] 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 AAVrh.74

cap is as follows:

AAVrh.74 capsid coding sequence:

[0090] ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAACCTCTCTGA
GGGCATTCGCGAGTGGTGGGACCTGAAACCTGGAGCCCCGAAACCCAAAGCCAACC
AGCAAAAGCAGGACAACGGCCGGGGTCTGGTGCTTCCTGGCTACAAGTACCTCGGA
CCCTTCAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGGACGCAGCGGCCCT
CGAGCACGACAAGGCCTACGACCAGCAGCTCCAAGCGGGTGACAATCCGTACCTGC
GGTATAATCACGCCGACGCCGAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTTTTG
GGGGCAACCTCGGGCGCGCAGTCTTCCAGGCCAAAAAGCGGGTTCTCGAACCTCTG
GGCCTGGTTGAATCGCCGGTTAAGACGGCTCCTGGAAAGAAGAGACCGGTAGAGCC
ATCACCCCAGCGCTCTCCAGACTCCTCTACGGGCATCGGCAAGAAAGGCCAGCAGC
CCGCAAAAAAGAGACTCAATTTTGGGCAGACTGGCGACTCAGAGTCAGTCCCCGAC
CCTCAACCAATCGGAGAACCACCAGCAGGCCCCTCTGGTCTGGGATCTGGTACAAT
GGCTGCAGGCGGTGGCGCTCCAATGGCAGACAATAACGAAGGCGCCGACGGAGTG
GGTAGTTCCTCAGGAAATTGGCATTGCGATTCCACATGGCTGGGCGACAGAGTCATC
ACCACCAGCACCCGCACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAGCA
AATCTCCAACGGGACCTCGGGAGGAAGCACCAACGACAACACCTACTTCGGCTACA
GCACCCCCTGGGGGTATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTG
ACTGGCAGCGACTCATCAACAACAACTGGGGATTCCGGCCCAAGAGGCTCAACTTC
AAGCTCTTCAACATCCAAGTCAAGGAGGTCACGCAGAATGAAGGCACCAAGACCAT
CGCCAATAACCTTACCAGCACGATTCAGGTCTTTACGGACTCGGAATACCAGCTCCC
GTACGTGCTCGGCTCGGCGCACCAGGGCTGCCTGCCTCCGTTCCCGGCGGACGTCTT
CATGATTCCTCAGTACGGGTACCTGACTCTGAACAATGGCAGTCAGGCTGTGGGCCG
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GTCGTCCTTCTACTGCCTGGAGTACTTTCCTTCTCAAATGCTGAGAACGGGCAACAA
CTTTGAATTCAGCTACAACTTCGAGGACGTGCCCTTCCACAGCAGCTACGCGCACAG
CCAGAGCCTGGACCGGCTGATGAACCCTCTCATCGACCAGTACTTGTACTACCTGTC
CCGGACTCAAAGCACGGGCGGTACTGCAGGAACTCAGCAGTTGCTATTTTCTCAGGC
CGGGCCTAACAACATGTCGGCTCAGGCCAAGAACTGGCTACCCGGTCCCTGCTACC

GGCAGCAACGCGTCTCCACGACACTGTCGCAGAACAACAACAGCAACTTTGCCTGG
ACGGGTGCCACCAAGTATCATCTGAATGGCAGAGACTCTCTGGTGAATCCTGGCGTT
GCCATGGCTACCCACAAGGACGACGAAGAGCGATTTTTTCCATCCAGCGGAGTCTTA
ATGTTTGGGAAACAGGGAGCTGGAAAAGACAACGTGGACTATAGCAGCGTGATGCT
AACCAGCGAGGAAGAAATAAAGACCACCAACCCAGTGGCCACAGAACAGTACGGC
GTGGTGGCCGATAACCTGCAACAGCAAAACGCCGCTCCTATTGTAGGGGCCGTCAA
TAGTCAAGGAGCCTTACCTGGCATGGTGTGGCAGAACCGGGACGTGTACCTGCAGG
GTCCCATCTGGGCCAAGATTCCTCATACGGACGGCAACTTTCATCCCTCGCCGCTGA
TGGGAGGCTTTGGACTGAAGCATCCGCCTCCTCAGATCCTGATTAAAAACACACCTG
TTCCCGCGGATCCTCCGACCACCTTCAATCAGGCCAAGCTGGCTTCTTTCATCACGC

AGTACAGTACCGGCCAGGTCAGCGTGGAGATCGAGTGGGAGCTGCAGAAGGAGAA

CAGCAAACGCTGGAACCCAGAGATTCAGTACACTTCCAACTACTACAAATCTACAA

ATGTGGACTTTGCTGTCAATACTGAGGGTACTTATTCCGAGCCTCGCCCCATTGGCA
CCCGTTACCTCACCCGTAATCTGTAA (SEQ ID NO: 73).

[0091] The disclosure further provides protein sequences for AAVrh.74 VP1, VP2, and
VP3, including SEQ ID NOs: 74-76, respectively, and homologs or functional variants thereof.

AAVrh.74 VP1:

[0092] MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQQKQDNGRGLVLPGY
KYLGPFNGLDKGEPVNAADAAALEHDKAYDQQLQAGDNPYLRYNHADAEFQERLQED
TSFGGNLGRAVFQAKKRVLEPLGLVESPVKTAPGKKRPVEPSPQRSPDSSTGIGKK GQQP
AKKRLNFGQTGDSESVPDPQPIGEPPAGPSGLGSGTMAAGGGAPMADNNEGADGVGSS
SGNWHCDSTWLGDRVITTSTRTWALPTYNNHL YKQISNGTSGGSTNDNTYFGYSTPWG
YFDFNRFHCHFSPRDWQRLINNNWGFRPKRLNFKLFNIQVKEVTQNEGTKTIANNLTSTI
QVFTDSEYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNNGSQAVGRSSFYCLEYFP
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SQMLRTGNNFEFSYNFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTQSTGGTAGTQ
QLLFSQAGPNNMSAQAKNWLPGPCYRQQRVSTTLSQNNNSNFAWTGATKYHLNGRDS
LVNPGVAMATHKDDEERFFPSSGVLMFGKQGAGKDNVDY SSVMLTSEEEIKTTNPVAT
EQYGVVADNLQQQNAAPIVGAVNSQGALPGMVWQNRDVYLQGPIWAKIPHTDGNFHP
SPLMGGFGLKHPPPQILIKNTPVPADPPTTFNQAKLASFITQYSTGQVSVEIEWELQKENS
KRWNPEIQYTSNYYKSTNVDFAVNTEGTYSEPRPIGTRYLTRNL (SEQ ID NO: 74).

AAVrh.74 VP2:

[0093] TAPGKKRPVEPSPQRSPDSSTGIGKKGQQPAKKRLNFGQTGDSESVPDPQPIG
EPPAGPSGLGSGTMAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDRVITTSTRT
WALPTYNNHLYKQISNGTSGGSTNDNTYFGYSTPWGYFDFNRFHCHFSPRDWQRLINN
NWGFRPKRLNFKLFNIQVKEVTQNEGTK TIANNLTSTIQVFTDSEYQLPYVLGSAHQGC
LPPFPADVFMIPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFEFSYNFEDVPFH
SSYAHSQSLDRLMNPLIDQYLYYLSRTQSTGGTAGTQQLLFSQAGPNNMSAQAKNWLP
GPCYRQQRVSTTLSQNNNSNFAWTGATK YHLNGRDSL VNPGVAMATHKDDEERFFPSS
GVLMFGKQGAGKDNVDYSSVMLTSEEEIKTTNPVATEQYGVVADNLQQQNAAPIVGA
VNSQGALPGMVWQNRDVYLQGPIWAKIPHTDGNFHPSPLMGGFGLKHPPPQILIKNTPV
PADPPTTFNQAKLASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYYKSTNVDFA
VNTEGTYSEPRPIGTRYLTRNL (SEQ ID NO: 75).

AAVrh.74 VP3:

[0094) MAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDRVITTSTRTWALPTY
NNHL YKQISNGTSGGSTNDNTYFGYSTPWGYFDFNRFHCHFSPRDWQRLINNNWGFRP
KRLNFKLFNIQVKEVTQNEGTK TIANNLTSTIQVFTDSEYQLPYVLGSAHQGCLPPFPAD
VFMIPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFEFSYNFEDVPFHSSYAHS
QSLDRLMNPLIDQYLYYLSRTQSTGGTAGTQQLLFSQAGPNNMSAQAKNWLPGPCYRQ
QRVSTTLSQNNNSNFAWTGATK YHLNGRDSLVNPGVAMATHKDDEERFFPSSGVLMF
GKQGAGKDNVDYSSVMLTSEEEIKTTNPVATEQYGVVADNLQQQNAAPIVGAVNSQG
ALPGMVWQNRDVYLQGPIWAKIPHTDGNFHPSPLMGGFGLKHPPPQILIKNTPVPADPP
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TTFNQAKLASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYYKSTNVDFAVNTE
GTYSEPRPIGTRYLTRNL (SEQ ID NO: 76).

[0095] In certain cases, the AAVrh.74 capsid comprises the amino acid sequence set forth in
SEQ ID NO: 74. 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 AAVrh.74 VP1 which is set forth in SEQ ID NO: 74. In some
embodiments, the rAAYV 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 AAVrh.74
VP2 which is set forth in SEQ ID NO: 75. 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 AAVrh.74 VP3 which is set forth in SEQ ID NO: 76.

[0096] In some embodiments, the rAAV virion is an AAV-PHP B rAAYV virion or a
neutrotrophic variant thereof, such as, without limitation, those disclosed in Int’l Pat. Pub. Nos.
WO 2015/038958 A1 and WO 2017/100671 Al. For example, the AAV capsid may comprise at
least 4 contiguous amino acids from the sequence TLAVPFK (SEQ ID NO: 78) or KFPVALT
(SEQ ID NO: 79), e.g., inserted between a sequence encoding for amino acids 588 and 589 of
AAV9.

[0097] 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.,

MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHQDNARGLVLPGYKYLGPG
NGLDKGEPVNAADAAALEHDKAYDQQLKAGDNPYLKYNHADAEFQERLKEDTSFGG
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NLGRAVFQAKKRLLEPLGLVEEAAKTAPGKKRPVEQSPQEPDSSAGIGKSGAQPAKKRL
NFGQTGDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGVGSSSGNWH
CDSQWLGDRVITTSTRTWALPTYNNHLYKQISNSTSGGSSNDNAYFGYSTPWGYFDFN
RFHCHFSPRDWQRLINNNWGFRPKRLNFKLFNIQVKEVTDNNGVKTIANNLTSTVQVFT
DSDYQLPYVLGSAHEGCLPPFPADVFMIPQYGYLTLNDGSQAVGRSSFYCLEYFPSQML
RTGNNFQFSYEFENVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTINGSGQNQQTLKFSV
AGPSNMAVQGRNYIPGPSYRQQRVSTTVTQNNNSEFAWPGASSWALNGRNSLMNPGP
AMASHKEGEDRFFPLSGSLIFGKQGTGRDNVDADKVMITNEEEIKTTNPVATESYGQVA
TNHQSAQTLAVPFKAQAQTGWVQNQGILPGMVWQDRDVYLQGPIWAKIPHTDGNFHP
SPLMGGFGMKHPPPQILIKNTPVPADPPTAFNKDKLNSFITQYSTGQVSVEIEWELQKEN
SKRWNPEIQYTSNYYKSNNVEFAVNTEGVYSEPRPIGTRYLTRNL (SEQ ID NO: 80).

[0098] 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.

[0099] Without being bound by theory, the present inventors 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.

PHARMACEUTICAL COMPOSITIONS AND KITS

[0100] In an aspect, the disclosure provides pharmaceutical compositions comprising the
rAAYV virion of the disclosure and one or more pharmaceutically acceptable carriers, diluents, or

excipients.

[0101] For purposes of administration, e.g., by injection, 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 rAAYV 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
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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.

[0102] 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 preserved 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 polyethylene 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.

[0103] Sterile injectable solutions may be prepared by incorporating rAAYV in the required
amount in the appropriate solvent with various other ingredients enumerated above, as required,
followed by filter sterilization. Generally, dispersions are prepared by incorporating the sterilized
active ingredient into a sterile vehicle which contains the basic dispersion medium and the
required other ingredients from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred 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.

[0104] In another aspect, the disclosure comprises a kit comprising an rAAYV virion of the

disclosure and instructions for use.
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METHODS OF USE

[0105] In an aspect, the disclosure provides a method of increasing wildtype TNNCI1
expression and/or activity in a cell, comprising contacting the cell with an rAAYV of the
disclosure. In another aspect, the disclosure provides a method of increasing wildtype TNNC1
expression and/or activity in a subject, comprising administering to an rAAYV of the disclosure.
In some embodiments, the cell and/or subject is deficient in 7NNC/ messenger RNA or TNNC1
protein expression levels and/or activity and/or comprises a loss-of-function mutation in 7TNNC/.
In certain embodiments, the cell and/or the subject has a gain of function mutation in 7NNC/{. In
certain embodiments, the cell and/or the subject has a mutation selected from the group
consisting of YSH, A8V, L29Q, A318S, C84Y, E134D, D132N, D145E, 1148V, G159D, G159R,
or any combination thereof, relative to a human wildtype 7NNC/ gene. The cell may be a cardiac

cell, e.g. a cardiomyocyte cell.

[0106] In some embodiments, the method promotes survival 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.

[0107] In certain embodiments, treatment with the rAAV virion results in at least two-fold, at
least five-fold, at least ten-fold, or more TNNC1 protein levels detectable in cardiac fibroblasts
(CFs) in the subject’s heart. In certain embodiments, treatment with the rAAYV virion results in at
least two-fold, at least five-fold, at least ten-fold, or more TNNC1 protein levels detectable in
cardiomyocytes in the subject’s heart. In certain embodiments, treatment with the rAAV virion
results in at least two-fold, at least five-fold, at least ten-fold, or more TNNC1 protein levels
detectable in smooth muscle cells (SMCs) in the subject’s heart. In certain embodiments,
treatment with the rAAYV virion results in at least two-fold, at least five-fold, at least ten-fold, or
more TNNC1 protein levels detectable in endothelial cells (ECs) in the subject’s heart. In certain
embodiments, treatment with the rAAYV virion results in at least two-fold, at least five-fold, at
least ten-fold, or more TNNC1 protein levels detectable in the epicardium in the subject’s heart.
In certain embodiments, treatment with the rAAYV virion results in at least two-fold, at least five-
fold, at least ten-fold, or more TNNC1 protein levels detectable in the myocardium in the
subject’s heart. In certain embodiments, treatment with the rAAYV virion results in at least two-
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fold, at least five-fold, at least ten-fold, or more TNNC1 protein levels detectable in the

endocardium in the subject’s heart
METHODS OF TREATMENT

[0108] 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
rAAYV virion of the disclosure. In some embodiments, the disease or disorder is a cardiac disease
or disorder. Illustrative cardiac disorders include heart failure, TNNC1 DCM, TNNC1 HCM,
arrhythmogenic right ventricular cardiomyopathy (ARVC), Brugada syndrome (BrS) and
idiopathic ventricular fibrillation, left ventricular non-compaction cardiomyopathy, or restrictive
cardiomyopathy, hypertrophic cardiomyopathy. In preferred embodiments, the subject suffers
from or is at risk for a TNNCl1-related cardiomyopathy (e.g., TNNC1 DCM or TNNC1 HCM).

[0109] The AAV-mediated delivery of TNNC1 protein to the heart may increase life span,
prevent or attenuate cardiac cell degeneration, heart failure, scarring or fibrosis, reduced ejection
fraction, arrythmia, exercise intolerance, angina (chest pain), dyspnea (shortness of breath),
edema, left ventricular hypertrophy, left ventricular noncompaction, ventricular dilation,
syncope, sudden cardiac death, exertional myalgias and cramps. The AAV-mediated delivery of
TNNCI protein to the heart may show improvement from, or prevent normal disease course
detected by use of pathological electrocardiogram, echocardiogram, cardiac CT, cardiac MRI,
heart biopsy, decrease in paroxysmal ventricular arrhythmias, decrease in sudden cardiac death,
and/or decrease in or lack of further development of fibrosis and/or myofibrillar disarray in
myocardium. The methods of the disclosure may prevent a decrease in, restore, and/or increase
left ventricular ejection fraction (LVEF) and or ejection fraction, percent factional shortening,
left ventricular end-systolic dimension (LVESD), and left ventricular end-diastolic dimension

(LVEDD), left ventricular outflow tract velocity time integral (LVOT VTI).

[0110] In certain embodiments, the methods of disclosure result in an increase (e.g., an
increase of about 5% to about 10%, about 10% to about 20%, about 20% to about 30%, about
30% to about 40%, about 40% to about 50%, about 50% to about 70%, or about 70% to about

100%) in wildtype TNNC1 protein expression in the subject. In certain embodiments, the
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methods of the disclosure result in an increase (e.g., an increase of about 5% to about 25%, about
25% to about 50%, about 50% to about 100%, or about 100% to about 200%) in the ratio of
wildtype to mutant TNNC1 protein in the subject.

[0111] The methods disclosed herein may provide efficient biodistribution in the heart. They
may result in sustained 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

TNNCI1 protein throughout the life of the subject following AAV vector administration.

[0112] 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 contemplated, 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.

[0113] In some embodiments, the AAV vector is administered 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 at a dose of
between about 1x10'* and 5x10'* vg/kg. In some embodiments, the AAV vector is administered
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 3x10'2
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.

[0114] In some embodiments, the AAV vector is administered at a dose of about 1x10'2
vg/kg, about 3x101? vg/kg, about 5x10'? vg/kg, about 7x10'2 vg/kg, about 1x105 vg/kg, about
3x101 vg/kg, about 5x10'° vg/kg, about 7x 10 vg/kg, about 1x10' vg/kg, about 3x10'* vg/kg,
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about 5x10™ vg/kg, about 7x10' vg/kg, about 1x10'° vg/kg, about 3x10%° vg/kg, about 5x101°
vg/kg, or about 7x10%° vg/kg.

[0115] In some embodiments, the AAV vector is administered at a dose of 1x10'2 vg/kg,
3x10" vg/kg, 5x10'% vg/kg, 71012 vg/kg, 110" vg/kg, 310" vg/kg, 510 vg/kg, 7x10"
vg/kg, 1310 vg/kg 3x10M vg/kg, 5x10' vg/kg, 7x101 vg/kg, 1x10%° vg/kg, 3x101° ve/kg,
5x10"° vg/kg, or 710" vg/kg.

[0116] In some embodiments, the AAV vector is administered systemically 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
systemically at a dose of between about 1x10'% and 5x10* vg/kg. In some embodiments, the
AAV vector is administered systemically at a dose of between about 5x10'* and 3x10' vg/kg. In
some embodiments, the AAV vector is administered 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 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 3x101 vg/kg,
less than about 5x10'% vg/kg, less than about 7x 10" 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.

[0117] In some embodiments, the AAV vector is administered 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.

[0118] In some embodiments, the AAV vector is administered systemically at a dose of
131012 vg/kg, 3x10'2 vg/kg, 5x10'% vg/kg, 71012 vg/kg, 1x10% vg/kg, 3x101 vg/kg, 5x10%
vglkg, 7x101 vg/kg, 1x10M vg/kg, 3x10 vg/kg, 5x10' vg/kg, 7x10M vg/kg, 1x10'° vg/kg,
3x10% vg/kg, 5x10'° vg/kg, or 7x10'° vg/kg.
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[0119] In some embodiments, the AAV vector is administered 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 intravenously at a dose of between about 5x10'% and 3x10* vg/kg.
In some embodiments, the AAV vector is administered 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'? 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 7x 10" 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.

[0120] In some embodiments, the AAV vector is administered intravenously 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 3x101 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.

[0121] In some embodiments, the AAV vector is administered intravenously at a dose of
1102 vg/kg, 3x10' vg/kg, 5x10' vg/kg, 7x10' vg/kg, 1x10" vg/kg 3x10" vg/kg, 5x10"
vglkg, 7x101 vg/kg, 1x10M vg/kg, 3x10 vg/kg, 5x10' vg/kg, 7x10M vg/kg, 1x10'° vg/kg,
3x101 vg/kg, 5x10% vg/kg, or 7105 vg/kg.

[0122] Evidence of functional improvement, clinical benefit or efficacy in patients may be
revealed by change in New York Heart Association functional classification (NYHA Class),
pathological electrocardiogram, echocardiogram, cardiac CT, cardiac MRI, heart biopsy,
decrease in paroxysmal ventricular arrhythmias, decrease in sudden cardiac death, and/or
decrease in or lack of further development of fibrosis in myocardium. Benefit may be observed
in electrocardiographic features normally associated with dilated, hypertrophic, left ventricular
non-compaction, or restrictive cardiomyopathy.
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ADMINISTRATION OF COMPOSITIONS

[0123] Administration of an effective dose of the compositions 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.

[0124] In some embodiments, the disclosure provides for local administration and systemic
administration of an effective 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 administration for the compositions disclosed herein include
intravenous (“IV”’) administration, intraperitoneal (“IP”) administration, intramuscular (“IM”)
administration, intralesional administration, or subcutaneous (“SC”’) administration, 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 pharmaceutical composition thereof by intravenous, intramuscular, intraarterial,
intrarenal, intraurethral, intracardiac, intracoronary, intramyocardial, intradermal, epidural,

subcutaneous, intraperitoneal, intraventricular, ionophoretic or intracranial administration.

[0125] In particular, administration of an rAAYV 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.

[0126] In some embodiments, the methods of the disclosure comprise intracardiac delivery.
Infusion may be performed using specialized cannula, catheter, syringe/needle using an infusion
pump. Administration may comprise delivery of an effective amount of the rAAYV virion, or a
pharmaceutical composition comprising the rAAYV virion, to the heart. These may be achieved,
e.g., via intravenous, intramuscular, intraarterial, intrarenal, intraurethral, intracardiac,

intracoronary, intramyocardial, intradermal, epidural, subcutaneous, intraperitoneal,
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intraventricular, ionophoretic or intracranial administration. The compositions of the disclosure

may further be administered intravenously.

[0127] The method of treatment disclosed herein may reduce and/or prevent one or more
symptoms including but not limited to ventricular hypertrophy, syncope, chest pain, left
ventricular outflow tract obstruction, left ventricular dilation, reduced ejection fraction, systolic
dysfunction, NYHA Class III-1V heart failure, ventricular tachycardia, exercise intolerance,

angina.
EFFECTS OF RAAV ADMINISTRATION

[0128] In some embodiments, administration of rAAV of the present disclosure may have
beneficial effects for the subject. For example, administration of rAAYV of the present disclosure
may increase survivability of the subject compared to a subject that is not administered the

rAAV of the present disclosure.

[0129] In some embodiments, administration of rAAYV of the present disclosure increases
survivability by at least about 1%, at least about 2%, at least about 3%, at least about 4%, at least
about 5%, at least about 6%, at least about 7%, at least about 8%, at least about 9%, at least
about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%,
at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, at least about 100%, at least
about 200%, at least about 300%, at least about 400%, or at least about 500% compared to a

subject that is not administered the rAAV of the present disclosure.

[0130] In some embodiments, administration of rAAYV of the present disclosure increases
survivability by between 1% and 90%, between 20% and 80%, between 30% and 80%, between
40% and 80%, between 50% and 80%, between 1% to 2% , between 2% to 3%, between 3% to
4%, between 4% to 5%, between 5% to 6%, between 6% to 7%, between 7% to 8%, between 8%
to 9%, between 9% to 10%, between 10% to 15%, between 15% to 20%, between 20% to 35%,
between 25% to 30%, between 30% to 35%, between 35% to 40%, between 40% to 45%,

between 45% to 50%, between 50% to 55%, between 55% to 60%, between 60% to 65%,
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between 65% to 70%, between 70% to 75%, between 75% to 80%, between 80% to 85%,
between 85% to 90%, between 90% to 95%, between 95% to 100%, between 100% to 200%,
between 200% to 300%, between 300% to 400%, or between 400% to 500% compared to a

subject that is not administered the rAAV of the present disclosure.

[0131] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in the ejection fraction in a subject compared to a subject that is not administered the
rAAV of the present disclosure. In some embodiments, administration of rAAV of the present
disclosure prevents a decrease in the ejection fraction by at least about 1% , at least about 2%, at
least about 3%, at least about 4%, at least about 5%, at least about 6%, at least about 7%, at least
about 8%, at least about 9%, at least about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%,
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
95%, or at least about 100% compared to a subject that is not administered the rAAYV of the

present disclosure.

[0132] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in the ejection fraction by between 1% and 90%, between 20% and 80%, between 30%
and 80%, between 40% and 80%, between 50% and 80%, between 1% to 2% , between 2% to
3%, between 3% to 4%, between 4% to 5%, between 5% to 6%, between 6% to 7%, between 7%
to 8%, between 8% to 9%, between 9% to 10%, between 10% to 15%, between 15% to 20%,
between 20% to 35%, between 25% to 30%, between 30% to 35%, between 35% to 40%,
between 40% to 45%, between 45% to 50%, between 50% to 55%, between 55% to 60%,
between 60% to 65%, between 65% to 70%, between 70% to 75%, between 75% to 80%,
between 80% to 85%, between 85% to 90%, between 90% to 95%, or between 95% to 100%

compared to a subject that is not administered the rAAYV of the present disclosure.

[0133] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in, restore, and/or increase left ventricular ejection fraction (LVEF) in a subject
compared to a subject that is not administered the rAAV of the present disclosure. In some
embodiments, administration of rAAYV of the present disclosure prevents a decrease in the
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ejection fraction by at least about 1% , at least about 2%, at least about 3%, at least about 4%, at
least about 5%, at least about 6%, at least about 7%, at least about 8%, at least about 9%, at least
about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%,
at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, or at least about 100%

compared to a subject that is not administered the rAAYV of the present disclosure.

[0134] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in, restore, and/or increase left ventricular ejection fraction (LVEF) by between 1% and
90%, between 20% and 80%, between 30% and 80%, between 40% and 80%, between 50% and
80%, between 1% to 2% , between 2% to 3%, between 3% to 4%, between 4% to 5%, between
5% to 6%, between 6% to 7%, between 7% to 8%, between 8% to 9%, between 9% to 10%,
between 10% to 15%, between 15% to 20%, between 20% to 35%, between 25% to 30%,
between 30% to 35%, between 35% to 40%, between 40% to 45%, between 45% to 50%,
between 50% to 55%, between 55% to 60%, between 60% to 65%, between 65% to 70%,
between 70% to 75%, between 75% to 80%, between 80% to 85%, between 85% to 90%,
between 90% to 95%, or between 95% to 100% compared to a subject that is not administered

the rAAYV of the present disclosure.

[0135] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in, restore, and/or increase in left ventricular end-systolic dimension (LVESD) in a
subject compared to a subject that is not administered the rAAYV of the present disclosure. In
some embodiments, administration of rAAYV of the present disclosure prevents an increase in
end-diastolic diameter (EDD) in a subject by at least about 1% , at least about 2%, at least about
3%, at least about 4%, at least about 5%, at least about 6%, at least about 7%, at least about 8%,
at least about 9%, at least about 10%, at least about 15%, at least about 20%, at least about 25%,
at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about
50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at
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least about 100%, at least about 200%, at least about 300%, at least about 400%, or at least about

500% compared to a subject that is not administered the rAAV of the present disclosure.

[0136] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in, restore, and/or increase in left ventricular end-systolic dimension (LVESD) in a
subject by between 1% and 90%, between 20% and 80%, between 30% and 80%, between 40%
and 80%, between 50% and 80%, between 1% to 2% , between 2% to 3%, between 3% to 4%,
between 4% to 5%, between 5% to 6%, between 6% to 7%, between 7% to 8%, between 8% to
9%, between 9% to 10%, between 10% to 15%, between 15% to 20%, between 20% to 35%,
between 25% to 30%, between 30% to 35%, between 35% to 40%, between 40% to 45%,
between 45% to 50%, between 50% to 55%, between 55% to 60%, between 60% to 65%,
between 65% to 70%, between 70% to 75%, between 75% to 80%, between 80% to 85%,
between 85% to 90%, between 90% to 95%, between 95% to 100%, between 100% to 200%,
between 200% to 300%, between 300% to 400%, or between 400% to 500% compared to a

subject that is not administered the rAAV of the present disclosure.

[0137] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in, restore, and/or increase in left ventricular end-diastolic dimension (LVEDD) in a
subject compared to a subject that is not administered the rAAYV of the present disclosure. In
some embodiments, administration of rAAYV of the present disclosure prevents an increase in
LVPW in a subject by at least about 1% , at least about 2%, at least about 3%, at least about 4%,
at least about 5%, at least about 6%, at least about 7%, at least about 8%, at least about 9%, at
least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%,
at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 100%, at
least about 200%, at least about 300%, at least about 400%, or at least about 500% compared to a

subject that is not administered the rAAV of the present disclosure.

[0138] In some embodiments, administration of rAAYV of the present disclosure prevents a

decrease in, restore, and/or increase in left ventricular end-diastolic dimension (LVEDD) in a

subject by between 1% and 90%, between 20% and 80%, between 30% and 80%, between 40%
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and 80%, between 50% and 80%, between 1% to 2% , between 2% to 3%, between 3% to 4%,
between 4% to 5%, between 5% to 6%, between 6% to 7%, between 7% to 8%, between 8% to
9%, between 9% to 10%, between 10% to 15%, between 15% to 20%, between 20% to 35%,
between 25% to 30%, between 30% to 35%, between 35% to 40%, between 40% to 45%,
between 45% to 50%, between 50% to 55%, between 55% to 60%, between 60% to 65%,
between 65% to 70%, between 70% to 75%, between 75% to 80%, between 80% to 85%,
between 85% to 90%, between 90% to 95%, between 95% to 100%, between 100% to 200%,
between 200% to 300%, between 300% to 400%, or between 400% to 500% compared to a

subject that is not administered the rAAV of the present disclosure.

[0139] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in, restore, and/or increase in left ventricular outflow tract velocity time integral (LVOT
VTI) in a subject compared to a subject that is not administered the rAAYV of the present
disclosure. In some embodiments, administration of rAAV of the present disclosure prevents an
increase in LVPW in a subject by at least about 1% , at least about 2%, at least about 3%, at least
about 4%, at least about 5%, at least about 6%, at least about 7%, at least about 8%, at least
about 9%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at
least about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
100%, at least about 200%, at least about 300%, at least about 400%, or at least about 500%

compared to a subject that is not administered the rAAYV of the present disclosure.

[0140] In some embodiments, administration of rAAYV of the present disclosure prevents a
decrease in, restore, and/or increase in left ventricular outflow tract velocity time integral (LVOT
VTI) in a subject by between 1% and 90%, between 20% and 80%, between 30% and 80%,
between 40% and 80%, between 50% and 80%, between 1% to 2% , between 2% to 3%,
between 3% to 4%, between 4% to 5%, between 5% to 6%, between 6% to 7%, between 7% to
8%, between 8% to 9%, between 9% to 10%, between 10% to 15%, between 15% to 20%,
between 20% to 35%, between 25% to 30%, between 30% to 35%, between 35% to 40%,
between 40% to 45%, between 45% to 50%, between 50% to 55%, between 55% to 60%,
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between 60% to 65%, between 65% to 70%, between 70% to 75%, between 75% to 80%,
between 80% to 85%, between 85% to 90%, between 90% to 95%, between 95% to 100%,
between 100% to 200%, between 200% to 300%, between 300% to 400%, or between 400% to

500% compared to a subject that is not administered the rAAV of the present disclosure.

EXAMPLES
EXAMPLE 1: PRE-CLINICAL BIOACTIVITY AND EFFICACY

[0141] Vectors illustrated in FIGs. 1-6 are tested. AAV vectors or respective expression
cassettes are tested in vifro using cultured cardiomyocytes (e.g., induced pluripotent stem cell
cardiomyocytes (iPSC-CMs) from patients or primary cardiomyocytes collected from animal
models) or other cells amenable to transfection or transduction with these constructs. Expression
of TNNCI is assessed by ELISA, immunofluorescence, immunohistochemistry, and Western
blot. Vector DNA is detected by PCR and TNNCI transgene mRNA is detected by qRT-PCR.
Cell-based studies employing mutated cardiomyocytes reveal the benefit of overexpression of
TNNCI transgene (either following AAV vector transduction and/or transfection with vector
plasmids) by normalizing Ca®" binding sensitivity/dissociation kinetics and consequent

normalization of contractile properties under stimulation.

[0142] Selected vectors are tested in vivo using mutant mouse models of cardiomyopathy. A
D73N*" knock-in mouse model exhibits severe DCM phenotype. This mouse model exhibits one
or more DCM elements of human disease. The D73N"" knock-in mouse (described in, e.g.,
McConnell et al. Front. Physiol. 2015; 6:242) has a mutation in the regulatory N-domain of
cardiac troponin C (cTnC) which increases the rate of Ca®* dissociation and reduces Ca**
sensitivity. The mechanism of this phenotype is caused by the substitution of an acidic Asp (D)
with neutral Asn (N) in the X position of the second Ca* binding loop. The D73N"™" knock-in
mouse recapitulates the DCM phenotype starting at 4 weeks with increased left ventricular (LV)
size with thinner walls and fibrosis observed at 12 weeks. Further DCM phenotypes observed

include left ventricular ejection fraction (LVEF) reduced to ~28% at 4 weeks, reduced fractional
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shortening (FS), impaired LV systolic function, and prolonged QRS and QT intervals. The
mouse model exhibits a reduction in survival by 6 weeks with a median survival of ~12 weeks

and 100% mortality by 19 weeks.

[0143] An illustrative experimental design is shown in Table 7.

Table 7
1 o7IN™Y RCKTI -8
2 o7INT RCKT2 62
3 gran® RCKT3 &3
& g7an’ RCKTS £2
5 o7an™ FB {Negative CON} 58
] WT CON FB {Healthy CON} &3
F& = Fogrmuiation buffer WT = Wy Tyoe; TGM = Sontrod
KEY:

RCKT1 (Capsid 1, Promoter 1)
RCKT2 (Capsid 1, Promoter 2)
RCKT3 (Capsid 2, Promoter 1)
RCKT4 (Capsid 2, Promoter 2

[0144] An inducible 161Q™" knock-in mouse model exhibits moderately severe DCM
phenotype. This mouse model exhibits one or more DCM elements of human disease. The
161Q*" knock-in mouse (described in, e.g., Davis et al., Cell, 2016; 165(5):1147-1159) has a
doxycycline inducible cardiac single amino acid variant of cTnC. The 161Q*" knock-in mouse
recapitulates the DCM phenotypes including reduced cardiac function, reduced Ca** binding and
tension causing eccentric hypertrophy and LV dilation, increased diastolic LV chamber
dimension, decreased septal wall thickness, increased cardiac mass, increased myocyte length-to-
width ratios, and heart failure observed at ~ 6 weeks. The mouse model exhibits 50% survival at

~3 months, 25 -30% survival at 4 months, and 100% mortality by 8 months.
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[0145] Benefit of AAV-mediated TNNC1 expression is evidenced by increase in survival,
mitigate decrease in body weight, mitigation of the normal progression of cardiomyopathy (e.g.,
TNNC1 DCM or TNNC1 HCM) observed on echocardiograms from left and/or right ventricle
(e.g., LVESD, LVEDD), mitigation of enlarged size of right and/or left ventricle and/or
mitigation of typical decrease in left ventricular ejection fraction and/or fractional shortening in
the mouse models. Electrophysiological evidence of functional benefit of AAV-mediated
delivery of TNNCI1 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., TNNC1-deficient) cardiomyocytes such as time to peak
amplitude and relaxation time constants. For example, aberrant Ca’" sensitivity in force

generation of the myocytes may become more similar to that observed in a healthy control.

[0146] Histological analyses reveals the benefit by diminished appearance of disease-related
myofiber disarray and/or fibrosis, hypertrophy, apoptotic cells, reduction in the yH2AX marker
of DNA damage and reduction in disease-related change in atrial size and absolute size of heart.
Additionally, benefit may also be revealed by diminished or normalized B-myosin heavy chain
levels, B-type natriuretic peptide (BNP), atrial natriuretic peptide (ANP), and MYH?7 levels in
the myocardium relative to non AAV-TNNCI treated, diseased controls. Benefit may also be

revealed through cardiac histopathology analysis.

EXAMPLE 2: PRE-CLINICAL TRANSGENE EXPRESSION

[0147] Expression cassettes illustrated in FIG. 7 and FIG. 8 were tested. AAV vectors or

respective plasmid expression cassettes were tested in vifro using cultured CHO-Lec2 (mutant
cells that have a 70-90% deficiency of sialic acid in their glycoproteins and gangliosides that

make this cell more susceptible to AAVO transduction). Subsequent expression of human

Cardiac Troponin C transgene protein (TnC) in transduced CHO-Lec2 cells was assessed by

Western blot (FIG. 9).

[0148] The vectors were also tested in vivo using a mutant mouse model of cardiomyopathy.

The D73N"™" knock-in mouse model exhibits a severe dilated cardiomyopathy (DCM) phenotype.
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This mouse model exhibits one or more DCM elements of human disease. The D73N*" knock-in
mouse (described in, e.g., McConnell ef al. Front. Physiol. 2015; 6:242) has a mutation in the
regulatory N-domain of ZNNC1 which increases the rate of Ca?* dissociation and reduces Ca**
sensitivity. The mechanism of this phenotype is caused by the substitution of an acidic Asp (D)
with neutral Asn (N) in the X position of the second Ca?” binding loop. The D73N"" knock-in
mouse recapitulates the DCM phenotype starting at 4 weeks of age with increased left ventricular
(LV) size, thinner ventricular walls, and subsequent fibrosis observed at 12 weeks of age.
Additional markers of a DCM phenotype observed in this mouse model include reduced left
ventricular ejection fraction (LVEF) by ~28% at 4 weeks, reduced fractional shortening (FS),
impaired LV systolic function, and prolonged QRS and QT intervals. This mouse model also
exhibits a reduction in survival that may emerge as early as 6 weeks of life with a median
survival of ~12 weeks and 100% mortality by 21-22 weeks (a variable which may be influenced

experimentally by level of stress caused by frequency of handling the animal).

[0149] The experimental design is shown in Table 8.

Table 8
ID Group AAV Vector N
Male | Female
1| D73N +/- AAV9-MHCK7-TNNC1 9 8
2 | D73N +/- AAV9-hTNT-TNNC1 11 3
3 | D73N +/- AAVrh.74-MHCK7-TNNC1 10 5
4 | D73N +/- AAVrh.74-hTNT-TNNC1 9 6
5 | D73N +/- FB (Negative CON) 16 18
6 | WT FB (Healthy CON) 19 19

FB= Formulation Buffer; WT= Wild Type; CON=Control

[0150] The benefit of AAV-mediated human TnC protein expression was evidenced by
increase in survival. All AAV-injected animals lived considerably longer than FB injected
D73N"" controls (FIG. 10A and FIG. 10B). Echocardiography revealed significant benefit of
AAV-mediated overexpression of human TnC on cardiac function, evidenced by reduced end
diastolic diameter (EDd) in all AAV injected male groups compared to FB injected D73N"""
controls (FIG. 11A) and reduced end systolic diameter (ESd) in AAV9-MHCK7-TNNC1 and

AAVrh.74-MHCK7-TNNC]1 treated males compared to FB injected D73N"" controls (FIG.
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12A). Mitigation of the normal progression of dilated cardiomyopathy was also revealed by
significantly greater ejection fraction (FIG. 13A) and greater fractional shortening (FIG. 14A) in
AAV9-MHCK7-TNNC1 injected animals relative to FB injected D73N""" controls. No gross

alterations in heart weight or heart rate were observed, as expected.

[0151] All of the above U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications referred to
in this specification and/or listed in the Application Data Sheet, are incorporated herein by

reference, in their entirety.

[0152] From the foregoing it will be appreciated that, although specific embodiments of the
invention have been described herein for purposes of illustration, various modifications may be
made without deviating from the spirit and scope of the invention. Accordingly, the invention is

not limited except as by the appended claims.
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CLAIMS
What is claimed is:

1. A polynucleotide, comprising an expression cassette and optionally flanking adeno-
associated virus (AAV) inverted terminal repeats (ITRs), wherein the polynucleotide comprises a
polynucleotide sequence encoding troponin C1, cardiac type (TNNC1), or a functional variant

thereof, operatively linked to a promoter.

2. The polynucleotide of claim 1, wherein the promoter is a cardiac-specific promoter.
3. The polynucleotide of claim 1 or 2, wherein the promoter is a muscle-specific promoter.
4. The polynucleotide of any one of claims 1 to 3, wherein the promoter is a cardiomyocyte-

specific promoter.

5. The polynucleotide of any one of claims 1 to 4, wherein the promoter is a MHCK?7

promoter.

6. The polynucleotide of claim 5, wherein the MHCK7 promoter shares at least 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 21.

7. The polynucleotide of any one of claims 1 to 6, wherein the promoter is a cardiac

troponin T (W\TNNT2) promoter.

8. The polynucleotide of claim 7, wherein the hTNNT2 promoter shares at least 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 22.

0. The polynucleotide of any one of claims 1 to 8, wherein the expression cassette
comprises exon 1 of the cardiac troponin T (WTNNC1) 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: 23.

10.  The polynucleotide of claim 1, wherein the promoter is a ubiquitous promoter, optionally

a CMV promoter or a CAG promoter.

64



WO 2023/108129 PCT/US2022/081282

11.  The polynucleotide of any one of claims 1 to 10, wherein the expression cassette

comprises a polyA signal.

12. The polynucleotide of claim 11, wherein the polyA signal is a human growth hormone
(hGH) polyA.
13.  The polynucleotide of any one of claims 1 to 12, wherein the expression cassette

comprises a Woodchuck Hepatitis Virus Posttranscriptional Regulatory Element (WPRE),
optionally a WPRE(x).

14.  The polynucleotide of any one of claims 1 to 13, wherein the expression cassette

comprises a Kozak sequence.

15.  The polynucleotide of any one of claims 1 to 14, wherein the expression cassette

comprises an SV40 intron.

16.  The polynucleotide of any one of claims 1 to 15, wherein the TNNCI1 or functional
variant thereof is TNNC1.

17.  The polynucleotide of claim 16, wherein the TNNC1 is a functional TNNCI.
18.  The polynucleotide of claim 16 or 17, wherein the TNNC1 is a human TNNC1.

19.  The polynucleotide of any one of claims 16-18, wherein the polynucleotide comprises a

TNNCI1 polynucleotide sequence as set forth in SEQ ID NO: 2.

20.  The polynucleotide of any one of claims 16-19, wherein the TNNC1 shares at least 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 1.

21.  The polynucleotide of any one of claims 1 to 20, wherein the polynucleotide sequence

encoding TNNCI is a human 7NNC/ polynucleotide.
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22.  The polynucleotide of any one of claims 1 to 21, wherein the polynucleotide sequence
encoding TNNC1 shares at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%
identity with SEQ ID NO: 2.

23.  The polynucleotide of any one of claims 1 to 22, wherein the polynucleotide comprises at
least about 2.4 kb, at least about 2.5 kb, at least about 2.6 kb, at least about 2.7 kb, at least about
2.8 kb, at least about 3 kb, at least about 3.2 kb, at least about 3.4 kb, or at least about 3.6 kb.

24.  The polynucleotide of any one of claims 1 to 23, wherein the polynucleotide comprises at
most about 2.6 kb, at most about 2.7 kb, at most about 2.8 kb, at most about 3 kb, at most about
3.2 kb, at most about 3.4 kb, at most about 3.6 kb, at most about 3.8 kb, or at most about 4 kb.

25.  The polynucleotide of any one of claims 1 to 24, wherein the polynucleotide comprises

about 4.0 kb to 4.6 kb, about 4.0 kb to 4.5 kb, or about 4.0 kb to 4.4 kb.

26.  The polynucleotide of any one of claims 1 to 25, wherein the polynucleotide comprises
about 2.4 kb to 3.6 kb, about 2.5 kb to 3.5 kb, about 2.6 kb to 3.4 kb, about 2.7 kb to 3.3 kb,
about 2.8 kb to 3.2 kb, or about 2.9 kb to 3.1 kb.

27.  The polynucleotide of any one of claims 1 to 26, wherein the polynucleotide comprises

about 2.4 kb, about 2.5 kb, about 2.8 kb, about 2.9 kb, about 3.5 kb, or about 3.6 kb.

28.  The polynucleotide of any one of claim 1 to 27, wherein the polynucleotide shares at least
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identity with any one of SEQ ID
NOs: 57-62.

29.  The polynucleotide of any one of claims 1 to 28, wherein the expression cassette is

flanked by 5’ and 3' inverted terminal repeats (ITRs).

30. The polynucleotide of claim 29, wherein 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 ID NO: 11-17.

31. A gene therapy vector, comprising the polynucleotide of any one of claims 1 to 30.
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32. The vector of claim 31, wherein the gene therapy vector is a recombinant adeno-

associated virus (rAAV) vector.

33. The vector of claim 32, wherein the rAAYV vector is an AAV9 or a functional variant
thereof.
34. The vector of claim 33, wherein the rAAYV 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: 70.

35. The vector of claim 34, wherein the rAAYV vector is an AAVrh.74 or a functional variant
thereof.
36. The vector of claim 35, wherein the rAAYV 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: 73.

37. 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 claims 31 to 36 to the subject.
38. The method of claim 37, wherein the disease or disorder is a cardiac disorder.
39. The method of claim 37 or 38, wherein the disease or disorder is cardiomyopathy.

40. The method of claim 39, wherein the disorder is dilated cardiomyopathy.

41. The method of claim 39, wherein the disorder is left ventricular non-compaction
cardiomyopathy.

42. The method of claim 39, wherein the disorder is restrictive cardiomyopathy.

43.  The method of any one of claims 37 to 42, wherein the disease or disorder is heart failure.
44, The method of claim 43, wherein the disease is characterized by a low ejection fraction.
45. The method of claim 44, wherein the ejection fraction is 30% or less.
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46. The method of claim 39, wherein the disorder is hypertrophic cardiomyopathy.

47. The method of claim 46, wherein the disorder is characterized by syncope, angina, and/or

mild left ventricular hypertrophy.

48.  The method of any one of claims 37 to 47, wherein the disease or disorder is

characterized by altered calcium binding.

49.  The method of any one of claims 37 to 48, wherein the disease or disorder is a

cardiomyopathy associated with disfunction in 7NNC/.

50.  The method of any one of claims 37 to 49, wherein the disease or disorder is caused by

mutation in TNNC1.

51. The method of claim 50, wherein the mutation is a gain of function mutation.
52. The method of claim 50, wherein the mutation is a loss of function mutation.
53. The method of claim 50, wherein the mutation is selected from the group consisting of

Y5H, A8V, 1L29Q, A318S, C84Y, E134D, D132N, D145E, 1148V, G159D, G159R, relative to a
human 7NNC1 gene.

54.  The method of any one of claims 37 to 53, wherein the subject is a mammal.
55. The method of claim 54, wherein the subject is a primate.

56. The method of claim 55, wherein the subject is a human.

57.  The method of any one of claim 37 to 56, wherein the vector is administered by

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

58. The method of any one of claims 37 to 57, wherein the administration increases wildtype

TNNCI expression by about 5% to about 10%.

59. The method of any one of claims 37 to 57, wherein the administration increases wildtype

TNNCI expression by about 10% to about 20%
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60. The method of any one of claims 37 to 57, wherein the administration increases wildtype

TNNCI expression by about 20% to about 30%.

61. The method of any one of claims 37 to 57, wherein the administration increases wildtype

TNNCI expression by about 30% to about 40%.

62. The method of any one of claims 37 to 57, wherein the administration increases wildtype

TNNCI expression by about 40% to about 50%.

63. The method of any one of claims 37 to 57, wherein the administration increases wildtype

TNNCI expression by about 50% to about 70%.

64. The method of any one of claims 37 to 57, wherein the administration increases wildtype

TNNCI expression by about 70% to about 100%.

65.  The method of anyone of claims 37 to 57, wherein the administration increases the ratio

of wildtype to mutant TNNC1 by about 5% to about 25%.

66.  The method of anyone of claims 37 to 57, wherein the administration increases the ratio

of wildtype to mutant TNNC1 by about 25% to about 50%.

67.  The method of anyone of claims 37 to 57, wherein the administration increases the ratio

of wildtype to mutant TNNC1 by about 50% to about 100%.

68.  The method of anyone of claims 37 to 57, wherein the administration increases the ratio

of wildtype to mutant TNNC1 by about 100% to about 200%.

69.  The method of any one of claims 37 to 68, wherein the method treats and/or prevents the

disease or disorder.

70.  The method of any one of claims 37 to 69, wherein the method comprises administering

an effective amount of the vector.

71. The method of any one of claims 37 to 70, wherein the method comprises administering a

pharmaceutical composition comprising an effective amount of the vector.
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72.  The method of any one of claims 37 to 71, wherein the method comprises administering
between about 1x10!! vector genomes and about 1x10* vector genomes of the vector or about

1x10'"! vector genomes and about 1x10'° vector genomes of the vector to the subject.
73. A pharmaceutical composition comprising the vector of any one of claims 31 to 36.

74. A kit comprising the vector of any one of claims 31 to 36 or the pharmaceutical

composition of claim 71 and optionally instructions for use.

75.  Use of the vector of any one of claims 31 to 36 in treating a disease or disorder,

optionally according to the method of any one of claims 37 to 72.

76. A vector according to any one of claims 31 to 36 for use in treating a disease or disorder,

optionally according to the method of any one of claims 37 to 72.
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AAV-MHCK7-TNNC1- 2,512 bp
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Ttggccactcectctetgegegetegetegetcactgaggecgeccgggraaageccgggegtegggegacctttggtegeccggectcagtgagegag
cgagcgcgcagagagggagtggccaactccatcactaggggttcctectgaggacgcgtacecttcagattaaaaataactgaggtaagggectggst
aggggaggtegtgtgagacgctectgtctctectctatctgeccatcggecctttggggaggaggaatgtgcccaaggactaaaaaaaggecatggagce
cagaggggcgagggcaacagacctttcatgggcaaaccttggggecctgetgtctagecatgecccactacgggtctaggctgeccatgtaaggaggcea
aggcctggggacacccgagatgectggttataattaacccagacatgtggetgecceccccecccccaacacctgetgectctaaaaataaccctgtecct
ggtggatcecctgcatgegaagatcticgaacaaggctgtgggggactgagggcaggctgtaacaggettgggggccagggcttatacgtgectggga
ctcccaaagtattactgttccatgttcccggegaagggccagetgtcccecgecagetagactcageacttagtttaggaaccagtgagcaagtcagecc
ttggggcagcccatacaaggccatggggctgggcaagetgcacgectgggtccggggtgggcacggtgeccgggcaacgagetgaaagetcatetget
ctcaggggcccctecctggggacageccctectggcetagtcacaccctgtaggcetectctatataacccaggggcacaggggcetgecctecatictaccac
cacctccacagcacagacagacactcaggagccagccagggtaagtttagtctttttgtcttttatttcaggtcccggatecggtggtggtgcaaatcaa
agaactgctcctcagtggatgttgectttactictaggectgtacggaagtgttactictgctctaaaagetgeggaattgtacccgegecaccATGGat
gacatctacaaggctgcggtagagcagetgacagaagagcagaaaaatgagticaaggcagecttcgacatettcgtgetgggegetgaggatggctg
catcagcaccaaggagctgggcaaggtgatgaggatgctgggccagaaccccacccctgaggagetgcaggagatgatcgatgaggtggacgagga
cggcageggcacggtggactttgatgagttcctggtcatgatggticggtgcatgaaggacgacagcaaagggaaatctgaggaggagetgtetgacce
tcttccgecatgtttgacaaaaatgcetgatggctacatcgacctggatgagetgaagataatgetgcaggctacaggegagaccatcacggaggacgac
atcgaggagctcatgaaggacggagacaagaacaacgacggecgcatcgactatgatgagttcctggagttcatgaagggtgtggagTAGtcaace
tctggattacaaaatttgtgaaagatigactggtattcttaactatgtigctecttttacgctatgtggatacgctgetttaatgectttgtatcatgetattge
ttcccgtatggctttcattttctectecttgtataaatcctggtigetgtetctitatgaggagtigtggeccgtigtcaggcaacgtggegtggtgtacactgt
gtttgctgacgcaacccccactggttggaacattgecaccacctgtcagetectttccgggactttcgetttccccctecctattgeccacggeggaactcat
cgecgectgecttgeccgetgetggacaggggeteggetgttggocactgacaattcegtggtgttgtcggggaaatcategtectttecttggetgetege
ctgtgttgccacctggattctgcgegagacgtecttctgctacgteccticggecctcaatccageggaccttecttcccgeggectgetgecggetetgeg
gectettecgegtettegecttcgecctcagacgagteggatctecctttgggecgectecccgeactgecegggtgacatcectgtgaccectecccagtg
cctetectggecctggaagttgecactccagtgeccaccagectigtcctaataaaattaagttgcatcattttgtctgactaggtgtectictataatatta
aggaacccctagtgatggagtiggeca
ctcectetetgegegetegetegetcactgaggecgggegaccaaaggtegeccgacgeccgggcetttgecegggeggectcagtgagegagegagege
gcagagagggagtggccaa

FIG. 1
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AAV-hTnT-TNNC1 - 2,136 bp
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Ttggccactcectetetgegegetegetegetcactgaggecgeccgggcaaageccgggcegtcgggocgacetitggtecgeceggectcagtegageg
agcgagcgegeagagagggagtgoccaactccatcactaggggttectectgagoacgegtctcagtecattaggagecagtagectggaagatotett
taccccecagcatcagttcaagtegagcageacataactcttgccetetgccticcaagattctggtoctgagacttatggastotettggagottocctictec
cccecaaccctgcteccagetggcecteccaggectgoottoctgocctetgctitatcaggattctcaagaggoacagcteetttatottocatgactette
cctgcatatctgctetgottttaaatagettatctgagcagetogagoaccacatggocttatatoocetgoootacatgttecctgtagecttgtecctggecac
ctgccaaaatagcagcecaacaccccccacccecaccgecateecectgecceacccgteccctgtegcacattectecctecgcagggctggctecacca
ggccccageccacatgectgcttaaagecctetecatectetgectcacccagtccccgetgagactgagcagacgectccaggatetgtegocaggce
accATGGatgacatctacaagoctocgetagagcagetgacagaagagcagaaaaatgagticaagocagcecttcgacatettegtectogocect
gagoatooctocatcagcaccaaggagctogocaaggatoatgaggatectoggoccagaaccecaccectgagoagctocaggagateatcgateags
gtogacgaggacggcagegocacggtooacttteatgasticctggtcatgatgoticootocatgaaggacgacagcaaaggoaaatetgagosagoa
gctgtctgacctettccgeatgtttgacaaaaatocteatooctacatcgacctggatgagctgaagataatgctgcagoctacaggcpagaccatcacgg
aggacgacatcgagoagctcatgaagoacggasacaagaacaacgacegccocatcgactatgatoasticctoggaoticatoaagoototogagT
AGtcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctectittacgctatgtggatacgctoctttaatgcctttgtateatgct
attocttcccgtatgoctttcattttctectectigtataaatectgottoctotetetttatgaggagttotooccegttotcagocaacgtggcotoototocact
gtotttgcteacgcaacceccactggttogooocattgccaccaccetgteagetecttteccggpactttcgctttecceccteectattgccacggcggaactca
tcgccgcctgecttgcecgctoctggacaggoooctcgoctottooocactgacaattccgtogtottotcogooaaatcatcgtectttectigoctocteg
cctatgttoccacctggatictecgcgooacgtectictgctacgteccticggcccteaatccageggaccticcttcecgegoccetgctgccgoctetoc
gocctettecgegtettegecttcgcectcagacgagtcggateteectttggoccgecteecccgcactgecegootoocateectgtgaccectececag
tocctetectgocectggaagtteccactccagtecccaccagecttgtectaataaaattaagttocateatittgtctgactagototectictataatattatg
geotooasoooootootatooaocaagooocccaagttoooaagaaacctgtagoocctgcectaagoagoaaccectagtgatggagttgoccac
tcectetetgegegetegetegetcactgaggeecgggcgaccaaaggtegeccgacgeccgggcetttgecegggcggecteagtgagegagegageg
cgcagagagggagtaoccaa

FIG. 2
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SCAAV-hTnT-TNNC1 - 2,124 bp
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Ttggccactcectetetgegegetegetegetcactgaggecgeccgggcaaageccgggegtegggcgacctttggtegeccggectcagtgageg
agcgagcgegeagagagggagtooccaactccatcactaggggttcctectgagoacgegtctcagtecattaggagccagtagectggaagatotett
taccccecagceatcagttcaagtgoaocagceacataactcttgcccteteccticcaagattetggtoctgagacttatggastotcttggasottocctictge
cccecaaccctgetcecagetgececteccaggectgoottoctgocctetgctttatcaggattctcaagaggoacagetogtttatottocatgactgttc
cctgcatatctgctctogttitaaatagettatctgagcagetggaggoaccacatgggocttatatggcgtosootacatgttcctgtagectigtecctggcac
ctgccaaaatagcagcecaacaccecccacccccaccgecatececctgecccacccgteccctotecgeacattectecctecgeaggoctogoctcaccea
ggccccageccacatgectgcettanagecctetccatectetgectcaccecagtceccgetgagactgageagacgectecaggatetgteggcaggce
accATGGatgacatctacaaggctocgotagagcageteacagaagagcagaaaaatgagttcaaggcagecticgacatcttcgtoctgoecoct
gagoatooctocatcagcaccaaggagcteggocaaggotoateagoatoctegoccagaaccecaccectgageagctocaggagateatcgatoag
gtooacgagoacgocagcggcacggtooacttteatgagttcctggtcatgatgottcgotocatgaaggoacgacagecaaaggeaaatetgaggagsoa
getgteteacctetteccgcatgtttgacaaaaatgctgatgoctacatcgacctggatoagctgaagataatgctegcaggctacaggcgagaccatcacgg
aggacgacatcgaggagctcatgaagoacggagacaagaacaacgacggccgcatceactatoatoagttectggagttcatgaaggoototocasT
AGtcaacctctegattacaaaatttgtgaaagattgactggtattcttaactatgttoctecttttacgctatgtogatacgetactttaatgcctitotatcatgct
attgcttcccgtatggctttcatttictectecttgtataaatcctggttoctotetctttatsagoagttotoocccgttatcaggcaacgtoocgtoototecact
gtotttoctoacgcaacccccactggttoooocatteccaccacctgtcageteetttcecgggactttcgctttcccectecctattgccacggcggaactea
tcgcegectocettgcccgctgctggacaggooctecgoctattogocactgacaatticcgtootottotcggooaaatcatcgtectttecttgoctocteg
cctotattoccacctggatictecgcgogacgtectictoctacgteccticggcectcaatecageggacceticcticecgeggcctgctgecggoctetoc
goccteticcgegtettegecticgecctcagacgagteggateteectttgggccgccteccegeactgeccgpoatoocatecctgtgaceecteeccag
tgcctetectggcectggaagttoccactcecagtgcceaccagecttgtectaataaaattaagttgcatcattttgtctgactaggtotecttctataatattatg
gootogaooooootootatopaoccaagooocccaagttoooaagaaacctgtagoocctocectaaggagoaaccectagtgatggagacteectet
ctgegegcetegetegetecactgaggecgggcgaccaaaggtecgeecgacgecegggcetttgececgggcggectcagtgagegagegagegegeag
agagggagt

FIG. 3
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AAV-MHCK7-TNNC1-GFP - 3,146 bp
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ttggccactecctctetgegegetegetegetcactgaggecgeecgggcaaageccgggegtegggcgacctttggtegeccggcectcagtgagega
gegagegegeagagagggagtggccaactccatcactaggggottcctectgagoacgcgtaccecttcagattaaaaataactgagotaa cct
taggooagotoototoacacgctcctgtetetectetatctgeccatcggcccetttogooasoagoaatotocccaaggactaanaaaaggccategag
ccagaggoocgagoocaacagacctttcatggocaaaccttggooccctgctgtctagecatgccecactacgggtetaggctegcccatgtaaggagoc
aaggcctggooacacccgagatgcctogttataattaacccagacatgtgoctoccececceccecccaacacctgetgectctaaaaataaccetgtece
tegtosatccectgcatgcgaagatcttcgaacaaggctotoooooactoageoscaggoctotaacaggcttgoogoccaggocttatacgtecctggs
actcccaaagtattactottccatgttcccggcgaagooccagetateccccgccagetagactecageacttagtitagsaaccagtoagcaagtecagcce
ttgooocagccecatacaaggecatgggoctooocaagetegcacgectggoteccggostosocacgotocccggocaacgagcetgaaagcteatety
ctctcaggooccectecctggooacageccctectggctagtcacaccetgtaggoctectetatataacccagggocacaggogctoccceteattctace
accacctccacagcacagacagacactcaggagcecagecaggccaccatggateacatetacaaggctecgotagagcagctys
aaaatgagttcaaggcagcecttcgacatettcgtectggococteagoatogctecatcagcaccaaggagctooocaaggotoatsagoatoctogoc
cagaaccccaccectgaggaoctgcaggagateatcgatgagotocacgagoacgocagegocacggtosactttgatoasttectggteatgatoot

gagctgaagataatoctgcaggoctacaggcgagaccatcacggagoacgacatcgaggagctcatgaaggacggagacaagaacaacgacgeceg
catcgactatgatgagttcctggagttcatgaaggototooagooatccggeagtgoagaggocagagoaagtctgctaacatgecgotoacgtcgago

cgtgagagocgagoocoagoocgacgccaccaacggcaagetgaccctgaagttcatetgecaccaccggeaagetgeccgtgecctggeccaccect

ggtoaccaccetgacctacggcgtoctatocticagecagataccecgaccacatgaagagacacgacticttcaagagegecatgcccgaggoctacgt
gcaggagagaaccatcagcettcaaggacgacggcacctacaagaccagagecgaggtoaagticgagoocgacacectggtoaacagaatcgagct
gaaggocatcgacticaaggagoacggcaacatcctggoccacaagetggagtacaacttcaacagecacaacgtgtacatcaccgecgacaageag
aagaacggcatcaaggcctacttcaagatcagacacaacgtogaggacggcagegtocagetggccgaccactaccageagaacaceeccatcgoc
gacggccccgtoctgctgeccgacaaccactacetgageaccecagagegtoctgagcaaggaccccaacgagaagagagaccacatggtoctoctg
gaggoacgtogaccgecgecggeatcacccacggcatggacgagetotacaagtgatcaacctctgoattacaaaatttgtgaaagattgactggotattctta
actatgttoctecttttacgctatgtooatacgctoctttaatgectttgtatcatgctattocticccgtatggctttcattttctectecttgtataaatectggttoct
gtctetttatoageaotiotgocecgttotcagocaacgtogcotoototocactgtotttoctoacocaacecccactggottoosoocattoccaccacetot
cagctcctttccoggactttcoctticcecctecctatiogccacggcogaactcatcgecocetgccttocccgctoctogacaggooctcogctotiogoc
actgacaattccgtootottotcogooaaatcatcotectitecttooctoctcocctotottoccacctggattctococgooacgtecttctoctacotecct
tcgoccctcaatccageggaccticcttceccgegocctgctoccggctctgcgocctettccgcgtettcgecttcgecctcagacgagtecggatcteccttt
ggoccgcectecececcgeactocccgggtoocatccctgtgaccectecceccagtocctetectggccctggaagttoccacteccagtocccaccagectigtc
ctaataaaattaagttgcatcattttotctoactagototcctictataatattatosootoocasoooootootatooascaagggocccaagttoosaaoaa

acctgtaggocctgecctaaggaggaacccectagtgatggagttggccactecctetetgegegetecgetegeteactgaggecgggegaccaaaggtc
gceegacgeccgggctttgecccgggeggectcagtgagecgagegagegegeagagagggagtgeccaa

FIG. 4
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ttggccactcectetetgegegcetegetegetcactgaggeegeccgggcaaageccgggcegtegggcgacctttggtegeccggectcagtgagega
gcgagcgegceagagagggagtggccaactccatcactaggggttectectgageacgcgtctcagtecattaggagccagtagectggaagatotettt
acccccagcatcagttcaagtogagcageacataactettgccctetgecticcaagattctggtacteagacttatggagtatcttegagottoccettctace

gccaaaatagcagecaacacceeccacceeccaccgccatccecctgececcaccegtccectgtcgcacaticcteccteccgcaggoctggctcaccag

gceccageccacatgectgcettaaagecctetecatectetgcctcacccagtececgetgagactgagcagacgcectecaggatctgtcgocaggecca

ccatggatoacatctacaaggctocgotagagcagetgacagaagagcagaaaaatgagttcaaggcagecttcgacatcttegtoctogococtgagy
atgoctgcatcagcaccaaggagctegoocaaggtoatogaggoatgctggoccagaaccecaccectgaggagetocaggagatgatcgateagotos

acgaggacggcagecggcacggtooactttgateagttcctgotcatgatgottcgotocatgaaggacgacagcaaagggaaatctgagoaggaocty
tetgacctettccgeatgtttoacaaaaatgctgatgectacatcgacctggatgagetgaagataatgctgcaggoctacaggcgagaccatcacggagea
cgacatcgagoagctcatgaaggacgeagacaagaacaacgacggccgcatcgactatgatgagticctogagticatgaaggegtotocagosatec

gocagtooacagoocagagoaagtictoctaacatgceotoacetcoaggagaatcctegocccaatgagcaageocoagoaoctottcaccggecoete
gtocccatectggtoogaoctooacgeceacgtgaacggccacaagttcagegtoagagocgagoocgagoocgacgecaccaacggcaageteac
cctgaagttcatetgcaccaccggcaagetgcccgteccetggcccaccetggtoaccacecetgacctacggcgtoctotocttcagecagataccecga

ccacatgaagagacacgacttcttcaagagcgccatgcccgaggoctacgtgcaggeagagaaccatcagettcaaggacgacggcacctacaagace
agagccgaggotoaagttcgagoocgacaccctoggtoaacagaatcgagetgaaggocatcgacticaaggaggacggcaacatectggoccacaag
ctgoagtacaacttcaacagccacaacgtatacatcaccgecgacaageagaagaacggcatcaaggcctacttcaagatcagacacaacgtggagoa
cggcagegtocagetgoccgaccactaccageagaacacceccatcggcgacggeccegtoctoctgcccgacaaccactacctgageacccagag
cgtoctoagcaaggacccecaacgagaagagagaccacatggtoctogctggaggacgtoaccgecgecggceatcacecacggcatgogacgagctata
caagtoatcaacctctggattacaaaatttgtgaaagattoactoatattcttaactatgttoctecttttacgctatatogatacgctoctttaatgcctttatatca
tgctattocttcccgtatggoctttcatttictcctectigtataaatcctggttoctotetetttatgagoagttotooccegttgtcaggcaacgtogcgtootote
cactgototttgctgacgcaacccecactggttggoocattgccaccaccetgtcagetectttccggoactttcoctttccecctcectattgecacggcggaa
ctecatcgccgcectgecttocecgctgctgpacaggooctcgoctottogocactgacaattccgtgotottotcgpogaaatcatcgtectttecttogcty

ctecgectgtottoccacctggattctgcgcggoacgtecttetoctacgtecettcggecctcaatecageggaccettecticcecgegocctectoccooct
ctgcggcctcttecgegtettcgccttcgcectecagacgagtcggateteectitggoccoccteeccgeactgeccggotoocateectgtoaccectee
ccagtocctetecteggcectgoaagttoccacteccagtocceaccagectigtectaataaaattaagttocateattttotctgactagototectictataata
ttatggootooagoooootootatooaogcaaggoocccaagticgoaagaaacctagtagoocctgcectaagoaggaaceectagtgatggagttes
ccactcectetetgegegetegetegeteactgaggcecgggcgaccaaaggtegeeccgacgecegggcetttgececgggeggcectecagtgagegageg

agcgcgeagagagggagtooccaa

FIG. 5
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ttggccactecctctetgegegetegetegetcactgaggecgeecgggcaaageccgggegtegggcgacctttggtecgeccggcectcagtgagega
gegagegcegeagagagggagtooccaactccatcactaggggottcctectgagoacgcgttacataacttacggtaaatggcccgectggctgaccge
ccaacgacccccgeccattgacgtcaataatgacgtatgttcccatagtaacgecaatagggactttccattgacgtcaatggotooagotatttacggtaaa
ctocccacttggocagtacatcaagtetatcatatgccaagtacgecccctattgacgtcaatgacggotaaatggcccgcectgocattatogcccagtacatga
ccttatgooactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtcgagotoagccccacgttctgcttcactetececateteccecce
ctccccacccccaattttotatttatttattttttaattattttotocagcgatggooocoooooooooo0000COCICICCAZICIOTOICIOOOCOOOT
CgagoooCcoooocoooocoaoocooacasotocoocoocagecaatcagagcgecocectccgaaagtticcttttatggcgagocoocgoceg
cgocgoccctataaaaagegaa ocgocgoocoooaotcoctocagcoctoccticgeccegtoccccgctecgccgecgcctegcy
gccccggctctgactgaccgcgttactcccacaggtgagcgggcgggacggcccttctcctccgggctgtaattagcgcttggtttaatgacggcttgtttc
ttttctotooctacotoaaagecttgagogoctccgggagooccctitotocgagosoaocooctcogooootocatocotototototocotocooa

LCCEOoooCcootocCeeocootacaoooooooctocoagosoaacaaagoctocotocoosatototocotosoonootoaccagsooototo

gococgtcooicgooctgcaacceccectgcacceccctecccgagttoctoagcacggcccgocticgagotocgooocteccgtacgogocotooc

ggcgcggcggcccccggagcgccggcggctgtcgaggcgcggcgagccgcagccattgccttttatggtaatcgtgcgagagggcgcagggacttc

ctitgtcccaaatctgtgcgoagecgaaatctgoogagococcgecgeacceectictagegoococgggocgaagcoptocogococcgocaggaags
gaaatgpocgoooasooccticgtogcgtecogccgegccgecgteccecticteccctctecagecteggooctoteccgcggooosacgoctegccttcgoys
ggooacgooocagpocgoooticggctictgocatotoaccgocggctctagagectctgctaaccatgticatgecttcttctttttcctacagetectgg

agttcaaggcagcecttcgacatcticgty Ct,QQ;,Q Cg ctga,q,qat,qgctgcatcagcaccaagga,qct,qgg caaggtoatoaggatogctgogccagaac

ccecaccectgagoaoctogcaggagatoatcgatgagotocacgaggacggcagegocacggtogactttgatgagttcctgotcatgatogottcegots

aagataatgctgcaggctacaggcgagaccatcacggagoacgacatcgaggagctcatgaagoacggagacaagaacaacgacgoccgecatcga

ctatgatgagticctgoagsttcatgaagoototogagooatccgocagtogasacoocagagoaagtctogctaacatecgotoacgtcgaggagaate

aggcgagoocgagoocoacgccaccaacggcaagetgaccctogaagticatctgcaccaccggcaagetocccgtoccetggeccaccctgotoac
caccctgacctacggcgtoctotocticagcagataccccgaccacatgaagagacacgacttcticaagagcoccatgcccgagooctacogtocagy

geatcgacttcaaggaggacggcaacatcctggoccacaagetggagtacaacttcaacagecacaacgtgtacatcaccgecgacaageagaagaa
cggcatcaaggcctacticaagatcagacacaacgtggagoacgocagegtogcagetggccgaccactaccagecagaacacceccatcggocgacgg
cececgtoctoctgccecgacaaccactacctgagcaccecagagcgtoctgagcaaggaccccaacgagaagagagaccacatgotoctoctogagoa
cgtgaccgccgecggcatcacccacggcatggacgagcetgtacaagtogatcaacctctgoattacaaaatttgtgaaagattoactgotattcttaactat,

t

atgaggagttotogcccegttgtcaggcaacgtogcgtogtotocactgtotttoctgacgcaacceecactggttgooocattgccaccacctgtcagete

gggcctgccctaaggaggaacccctagtgatggagttggccactccctctctgcgcgctcgctcgctcactgaggccgggcgaccaaaggtcgcccg
acgeccgggctttogcccgggcggocctecagtgagegagegagegegeagagagggagtggccaa

FIG. 6
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