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(57) ABSTRACT

The present invention is directed to improved AAV gene
therapy constructs and pharmaceutical compositions for the
expression of Kir7.1. The gene therapy constructs are par-
ticularly AAV vector comprising a promoter operably con-
nected to a polynucleotide encoding a Kir7.1 polypeptide
which is capable of being expressed in retinal pigment
epithelium cells. Methods of treating a subject having a
condition associated with insufficient expression or function
of a Kir7.1 polypeptide are also provided.
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Completely restored Kir7. 1 function by AAVE-GFP-KIr? 1 {(+AAV) transduction
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FIG. 3B-3E
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FIG. 7
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FIG. 8
From 1642 by}
PAAV-VMDZ-Kir7.1 (5880 bp)

COTGCAGLLAGLTGCECETICACTCRUTCACTEAGEUCBLCCARTAASGULCCHEELETCAOGTEALTT THEETCSCICHENT

GOACRTCCOTUNACECOURAGCCABIGAGTBATCCOLUNGGLCCHTTICS SAGLCCOCTERAKACCABEGGECORRAGTCALTCGET

TLAGTEAGCEAGUTAGCECUCAGA
TCECARRICY

AECQET T O AGATRACT T I A TALARAAG T TECAGCOO T TUAGT A FEGATINATLTATY

GCFRAGATTTTLACCAGT TGO ECOTUGGEATCI GGECAT T TATTCOUATAT TREACTECRTGECTORAAGCCABTAGCATAAAC TCCARGGCYCT T GICASICCE
COATTETAR GTEGA AGKCCCGTARATAAGEE TATASCE TCREEGAESE : G

ACCAGRCTCACCUCCUTCLACCAGCLCCOBEAGGETTETCCT TCCATCTCICTUAAGCAALT TAL YGATG‘G{}C(,L

CUAATCAD,

ATGTCACTAGCAG TCOTOUTCACCATATCCAGAATTETO TCAT TTTACTAGOOTGATGAAAT TCCCAATCAACATCATCOTT T TCAGATAAGGOEA

 TAAGACAGTASBATCATCCCATTACT T TAAGSGTY AGTETAYTOE

CTCALGCTGADAGAGGADT TGANADL T ACCUBIGETOR GOUAAGEE TORGACCADASACCADEACTET TEACTCCARLCCOOTAT TCATIETITE
AT R T T T A T TR T o0 A G TOT BT A T TG U T GO T T T T OO T TRACAS, TEACG TLEOOECA TARG T A AGAAAS
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FIGE, 8 {continuad)

GABVYMDZ-KIR T {5880 b} {(rom 643-1284 op)
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FIG. 8 {contintedy
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BIG, § (conBioued)
PARVAMD2-Kir2.1 (5880 bp) {irom 20342792 bp}

FECT 1\(,& TALCGICTOA m‘V-.TCA'IG A(.AVJ%( 'i(afi'i EG(A ] (.\,1 u».{' CCAGETTCCARAGGTCRATATCAART CAACAT ”“)1"(;*-.!\ H! t‘-.CAAC
Ty

ICTUARAC
AGAGS,

TYCT I ACARAL TGCOART TCCGAT ASTCA AL TCTEOAT TACARAA T T TG TOAAAGAT TOAC TGO TAT TOTTAAL
RAGRACATCT T TR ACCE T TAAGCE T AT TAGT TBEAGRCC T ARTGT T TTARACAC TTTCT AL TCACCATARGRAT T

P 358 SR 7.0348

TATGEITECTCeTTTt Af'.ut’.‘fﬁ\imu(«Afﬁ(G\,mCI TAATCCOTTYGTATCATGUTATTCCT TCOCETATAOOT T TCATTY, :C‘ff(1\1?(61&1?&;&;‘%”30&”
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B3, & Gontinusd)

PASYMD KT L {5880 bp) (from 27833531 b}

SCCTTUCTICCCGERBLLTICTY GCCCTUAGACCATTCORATUTCCCTIIOGG0TERCTCNE

2808

SHGCOTIECTYOAL
SUACGEAAGGAAL

CRUAT
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AT A TG T T IO AATAA A AT CAGGA AT TCCATCECAT TG LT CAB T ARSI I AT TOTATFETG GG(“ >’%TC’7{‘ GTGG@(\(' M){m{‘Au{' &%GGL“GG&\J
GOTGAGLGTRA TAAGATEK

CACCRAAGGATTAT TT TACTECT T YAREGTACCO T AR CACRIT CATCOATAG Y AREA

GATTEUGAACACAY TABEALD 1360 GCACTAACCCCTAGTEATURAGTTGUCEACY
CTARCOLTICTCT IR TCOTOInTA %LCC?CL 'J;uif,(; TOCT EGEGOATUACTATITCA G

GTOCGETATTICACACORCATACETCAMOTAACCATAT TACCUBEICTCTAGTGEUOAT TAAGDRIGGCEORNG TEE TR
A CA TR AT GGG GTAT GO ART TTOAT TGATA T ATCOGOAECACATCOUCECH TAA T TERTOUTGREUTCACCAD

G PACORRCAGCOTOACCCCTALACY
‘”Anf(”(‘:w GTCGEACTRGEGATETOA

COCETCCTTIOGETYTC I'F”v TCEITYes "”('(A{)uifff;d,(} & CEGTCAAGTICTARRT COBEEETTY
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B, § Contisusd)

AAVNMD-KICT. L (5880 bpy Ufrom 3532-4387 by
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F, § Contisusd)

PRAAVNMDZRIr7, 1 (5880 bp) {from 4386:2136 bp}

TITTCCAR CAGBCAL T T T TRSAGTTOTG T ATGIORCCCEO TAT AT
BARA ACTACTCOUCARARTTTCRAGACCATACACCELGCCATAATAG!

SUARGAGLAKCTCHG TEGCTH:
TTGAGCLAGIGGL

CATACACTA

TCTCABAATG
AL

4,504 4,57 4,54 §,550 4,582 4,500

GAGLTGRRTEAAGE

CACTTACYICS

f‘: C"S"G;‘«t ARCGA GCACAAUATCOBEEATCATY
GEFAGCCTCOTCEUT ICOYCOAT TECCUARAASACTT T TETACCOCCTAGT A

o
455

7

SN

IGACACCACOATGOCTATAGCAS TRECAACARLGT I GOUCAAAL TAT TARCTOOCRARC TACT TACTU TAGE T TCCUGOLARCART 144
TGUVACOOACATUG T TACCOTIGTIGERACGLOT TIGATAAT TSACCOU T HGATGAATGAGATUGAAGCOULGT TG TTAATY

; TTTARAAGGATETAGHTS
mum,s rm:m BTATOASA TETAACT AART T TGARGTAS BAATTABATTTICCT AGATCCAT T
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L & (_é;(mii.nuf>d}

PARVANMDZ-Er Y. 1 (SB30 bph {from S137-5380 by

AGKATCCTTTTTCRT AT TCATGACCARAA TCUTT TAACETCAGT YT TUGTTCCACTOAGUGTCAGALLUES T ACAARAGATUAARGGA T TE T TEAGATCLY 1T
TCTAGCARAAACTAT TAGAGTACTCOT T T TACCUAN T TCCACTCAASAGT AAGETCAL T COTATTCYECORIATCT T TICTAGT TTCCVAGAAGAACTUTAGGARAA

&, 288

5%

&, L0

TG TIST T T GLCOERTCARGS
Cf.ACCAAF AAACGHLS

CACCARACTCTITTICG
[OGTTEAGAAAAAL

6:

COURTARTCTGUIGET 6T AAA( EAARAMLCACCGET
AAGAUGEGCAT TAGALGAL ¥ CG

iRtats x‘Gl'C’iﬁf‘C«’iG}'ﬁ(-“if AEBETAC
AUBAGSACATCACATCOGCAT ARTCOORTOGTGSALTICTTE

(,AQQ'S SAGEGE '.1‘{'\ AC?A fsMAL 16

~ »Gmrnm.a&..w »

STTGGARTCAAGACGATAGT TACUCEAT ASGELGTA
ATCAATGCECTATTCCOE

GCOETUGOHCTUARC GGG
TCGCCABLCCOATTTGICE

FOCCAGTOGCEATAAGTCETOICT TACTOES

TACCATTGGCTGE
ATCGIOAL g

ER1 C( LAAGGHABASAGLEGEACAGEYATCE

SCACAGCEL AGTT TGOMIUGARCBATC TAC AT COAML THAGATACT TACAGEHTGAGL TATGAGR ARGUTLEL AT
TTICEOUCTRICCATARD

&
GYGTCOGG TCERATCTCECT TOCTCUAT BT CEUT TGACTUTA TGEATHICGCACTCRATACTO TP YCGLUEIGEG

5,588 5,686 SR P 8,648 5,589

CACCYCTOACTIGAREGTT
T GEAGACTRAARCT

GATTTTIGUGATGLTEG TCAGGEGEECEE, ﬂGw‘JCTA"’E’SSAMA&CSCCAG’“.XN CGECCTTYTTACGEY TCLILRECTTY IGC GEECTTTTIGUTCATAIGY
CTAARMACACTAUGAGCAGTTCOLCCRRIC k¢ 3 GALCGLARSACGATTHGRARACGAGTGTACK

%898 5818 B 55 ésc.
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KIR 7.1 GENE THERAPY VECTORS AND
METHODS OF USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/989,215 filed on Mar. 13, 2020, the
contents of which are incorporated by reference in its
entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under EY024995 awarded by the National Institutes of
Health. The government has certain rights in the invention.

SEQUENCE LISTING

[0003] The content of the ASCII text file of the sequence
listing named “960296_04122_ST25.txt” which is 62 kb in
size was created on Mar. 11, 2021 and electronically sub-
mitted via EFS-Web herewith the application is incorporated
herein by reference in its entirety.

INTRODUCTION

[0004] Leber congenital amaurosis (LCA) is an inherited
pediatric form of blindness characterized by severe loss of
vision at birth. Children with LCA may also exhibit a variety
of other abnormalities including roving eye movements
(nystagmus), deep-set eyes, sensitivity to bright light, and
central nervous system abnormalities. Typically, within an
infant’s first few months of life, parents notice a lack of
visual responsiveness and nystagmus. Although the retinas
of infants with LCA appear normal, little (if any) activity is
detected in the retina by electroretinography (ERG). By
early adolescence, however, various changes in the appear-
ance of retina may be detected including pigmentary
changes in the retinal pigment epithelium (RPE) and the
presence of constricted blood vessels.

[0005] LCA is typically passed through families in an
autosomal recessive pattern of inheritance. Mutations in at
least 21 genes that are expressed in the outer retinal photo-
receptors and retinal pigment epithelium (RPE) have been
associated with LCA. Within the last decade, autosomal
recessive mutations in the human KCNI13 gene (603203 on
chromosome locus 2q37.1) have been identified in patients
with a specific form of LCA known as LCA16. To date,
LCA16 pathogenic allelic variants include c¢.158G>A
(p-Trp53Ter), ¢.359T>C  (p.Iso120Thr), c.458C>T
(p-Thr1531Is0), ¢.496C>T (p.Argl66Ter), and c.722T>C
(p.Leu241Pro). In addition, the compound heterozygous
KCNJ113 mutations ¢314 G>T (p.Serl05Iso) and
c.655C>T (p.G219Ter) are known to cause early-onset reti-
nal dystrophy in an LCA patient’. An autosomal dominant
kenj13 mutation, ¢.484C>T (p.Argl62Trp), causes early-
onset blindness called snowflake vitreoretinal degeneration
(SVD OMIM-193230).

[0006] The human KCNIJ13 gene encodes an inward rec-
tifying potassium channel—Kir7.1. The Kir7.1 protein is
expressed in several human tissues including the cell apical
processes of RPE, in which it modulates retinal function and
health. The role of the Kir7.1 channel in other organs
remains to be elucidated.

4/11/2023 10:50:46
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[0007] Although the role of Kir7.1 is beginning to be
understood in conditions such as LCAI16, there are no
approved therapies to treat channelopathies or conditions
associated with insufficient expression or function of the
Kir7.1 protein. Accordingly, there is a need in the art for new
therapies for treating such conditions.

SUMMARY

[0008] Inone aspect of the present invention, gene therapy
vectors are provided. The gene therapy vectors are particu-
larly an AAV vector comprising a promoter operably con-
nected to a polynucleotide encoding a Kir7.1 polypeptide
that allows for specific expression in retinal pigment epi-
thelium cells.

[0009] In another aspect, the present invention relates to
therapeutic compositions. The therapeutic compositions
may include any of the gene therapy vectors described
herein and a pharmaceutically-acceptable carrier.

[0010] In a further aspect of the present invention, meth-
ods of treating a subject having a condition associated with
insufficient expression or function of a Kir7.1 polypeptide
are provided. The methods may include administering a
therapeutically effective amount of any one of the gene
therapy vectors described herein or any one of the thera-
peutic compositions described herein to the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIGS. 1A-1E shows gene augmentation of W53X
mutant expressing CHO cells had recovery of average
inwardly rectifying K+ current (FIG. 9A. IV plot in red
trace) compared to no current before (FIG. 9A. plot in black
trace). (FIG. 9B) Average higher Rb+ current (red trace) in
WS53X mutant expressing cells after gene augmentation.
(FIG. 9C) Net increase in Rb+ permeability increased (Blue)
through Kir7.1 channel after gene augmentation. (FIG. 9D)
Complete recovery of resting membrane potential (RMP)
after AAV-Kir7.1 transduction of W53X expressing cells
represented as blue box. (FIG. 9E) Western blot results
showing expression of full length protein product after gene
augmentation in lane W53X+AAV (red band).

[0012] FIG. 2 shows Kir7.1 gene-therapy in vivo. On the
left is a control mouse showing normal wave form of
electroretinogram and no change after gene augmentation.
In the middle is a conditional knock out mice showing no
c-wave in the right black trace. This wave which directly
depends on Kir7.1 expression is completely recovered 4
weeks after gene therapy. Average result is shown in box plot
with significant recovery of c-wave in experimental gene
therapy.

[0013] FIGS. 3A-3E demonstrates results of a subset of
mice that did not show c-wave recovery. (FIG. 3A) Graph
representing the subset of mice that did not show c-wave
recovery after injection of lentivirus carrying KCNJ13 gene
driven by EF1la and VMD?2 promoter. (FIG. 3B), (FIG. 3C)
Optical coherence tomography (OCT) image of cKO mice
with no c-wave during screening shows intact retina but
wanes after 8 weeks revealing the progressive nature of
retina degeneration over time due to the lack of Kir7.1
protein in RPE cell. (FIG. 3D), (FIG. 3E) OCT images
showing the retinal structure from cKO mice those having
the response from photoreceptors (a- and b-wave) but lack-
ing c-wave response from RPE. Injection of the lentivirus
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carrying the KCNIJ13 gene failed to restore c-wave, could be
due to inefliciency of the RPE transduction or mutilation due
to injection.

[0014] FIG. 4 depicts the expression of AAV27MS8 in
mature iPSC-RPE cells in culture, depicted by GFP expres-
sion.

[0015] FIG. 5 depicts that the AAV27MS8 vector can be
delivered by both intravitreal and subretinal routes to mouse
RPE cells in the retina in vivo.

[0016] FIG. 6 demonstrates the viability of gene expres-
sion in the targeted RPE cells through intravitreal injection
of AAV27MS in the mouse model.

[0017] FIG. 7 depicts the plasmid map of the AAV-
VMD2-Kir7.1 vector encoding Kir7.1 protein (i.e.
KCNIJ13). FIG. 8 depicts the sequence of the AAV-VMD2-
Kir7.1 vector depicted in FIG. 7.

[0018] FIG. 9 is a graph depicting dose-dependent
increase in expression of KCNJ13 using the AAV-VMD2-
Kir7.1 vector in retinal pigment epithelium cells for 10%,
10°, and 10*° particles per cell.

[0019] FIG. 10 is a graph depicting dose -dependent
increase in expression of AAV-ITR for 10, 10°, and 10*°
particles per cell.

DETAILED DESCRIPTION

[0020] Here, the present inventors disclose an improved
gene therapy vectors and therapeutic compositions that may
be used to treat Leber Congenital Amaurosis 16 (LCA16) or
other conditions associated with insufficient expression or
function of a Kir7.1 protein. In the non-limiting Examples,
the inventors surprisingly show that an AAV gene therapy
approach may be used to effectively restore Kir7.1 polypep-
tide function in retinal pigment epithelium (RPE) cells either
in vitro or in vivo resulting in RPE cells with rescued
electrophysiological phenotypes. The inventors thus have
discovered that gene therapy approaches may be used to
effectively deliver the membrane protein Kir7.1. These
results provide hope for potential curative therapeutics to
treat Leber Congenital Amaurosis 16 (LCA16) or other
conditions associated with insufficient expression or func-
tion of a Kir7.1 protein.

[0021] The inventors have surprisingly found an AAV
gene therapy vector that encodes Kir7.1 and can specifically
express Kir7.1 in RPE cells at sufficient levels to be used for
correcting insufficient expression or function of Kir7.1 in
conditions associated therewith. The AAV vectors described
herein have advantages over the prior lentiviral vectors,
providing RPE specific expression and high transduction
efficiency by intra-vitreal and sub-retinal injection to allow
for localized expression of the Kir7.1 protein. The specific
viral vector is described more herein and contains the
components depicted in FIG. 9, a plasmid map comprising
in part the AAV vector, described more herein.

Adeno-Associated Viral (AAV) Vectors

[0022] In one aspect of the present invention, AAV gene
therapy vectors are provided. The gene therapy vectors may
include a promoter operably connected to a polynucleotide
encoding a Kir7.1 polypeptide. The general approach in
certain aspects of the present invention is to provide a cell
with an AAV virus particles encoding and capable of
expressing a Kir7.1 polypeptide, thereby permitting the
expression of the Kir7.1 polypeptide in the cell, particularly
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retinal pigment epithelium (RPE) cells. Following delivery
of the AAV particles, the Kir7.1 polypeptide encoded by the
AAV vector is synthesized by the transcriptional and trans-
lational machinery of the cell.

2 <

[0023] As used herein, the terms “polynucleotide,” “poly-
nucleotide sequence,” “nucleic acid” and ‘“nucleic acid
sequence” refer to a nucleotide, oligonucleotide, polynucle-
otide (which terms may be used interchangeably), or any
fragment thereof. These phrases also refer to DNA or RNA
of natural or synthetic origin (which may be single-stranded
or double-stranded and may represent the sense or the
antisense strand). In some embodiments, the promoters and
Kir7.1 polynucleotides or expression constructs encoding a
Kir7.1 polypeptide described herein are encoded in double-
stranded DNA, single-stranded DNA, or RNA.

[0024] As used herein, the terms “protein” or “polypep-
tide” or “peptide” may be used interchangeably to refer to a
polymer of amino acids. A “polypeptide” as contemplated
herein typically comprises a polymer of naturally occurring
amino acids (e.g., alanine, arginine, asparagine, aspartic
acid, cysteine, glutamine, glutamic acid, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, pro-
line, serine, threonine, tryptophan, tyrosine, and valine).

[0025] As used herein, a “‘gene therapy vector” refers to
viral or non-viral vector systems that may be used to deliver
an expression construct encoding a Kir7.1 polypeptide into
a cell (i.e., eukaryotic cell). There also are two primary
approaches utilized in the delivery of an expression con-
struct for the purposes of gene therapy; either indirect, ex
vivo methods or direct, in vivo methods. Ex vivo gene
transfer comprises vector modification of (host) cells in
culture and the administration or transplantation of the
vector modified cells to a gene therapy recipient. In vivo
gene transfer comprises direct introduction of the vector
(e.g., injection) into the target source or therapeutic gene
recipient.

[0026] In certain embodiments of the invention, the
expression construct encoding the Kir7.1 polypeptide may
be stably or transiently maintained in the cell as a separate,
episomal segment of DNA. Such nucleic acid segments or
“episomes” encode sequences sufficient to permit mainte-
nance and replication independent of or in synchronization
with the host cell cycle. In some further limited embodi-
ments, the expression construct is integrated into the host
genome of the cell targeted. How the expression construct is
delivered to a cell and/or where in the cell the nucleic acid
remains is dependent on the type of vector employed. The
following gene delivery methods provide the framework for
choosing and developing the most appropriate gene delivery
system for a preferred application.

[0027] In preferred embodiments, the gene therapy vector
is a viral vector, particularly an adeno-associated virus
(AAV) vector. The viral vector may be a virus particle or
may be encoded on a DNA plasmid. The capacity of certain
viral vectors to efficiently infect or enter cells, to integrate
into a host cell genome and stably express viral genes, have
led to the development and application of a number of
different viral vector systems (Robbins et al., 1998). Viral
systems are currently being developed for use as vectors for
ex vivo and in vivo gene transfer. For example, adenovirus,
herpes-simplex virus, retrovirus and adeno-associated virus
vectors are being evaluated currently for treatment of human
diseases.
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[0028] The preferred viral vector of the present invention
is an adeno-associated viral (AAV) vectors.

[0029] Here, in the non-limiting Examples, the present
inventors demonstrate that a polynucleotide encoding a
Kir7.1 polypeptide could successfully be introduced and
expressed in retinal pigment epithelium (RPE) cells either in
vitro or in vivo using an adeno-associated viral (AAV)
vector which showed good expression and ability to target
RPE cells in vivo so as to rescue functional defects in a
kenj13 gene. Accordingly, in some embodiments, the viral
vector may be an AAV, suitably an AAV2 vector.

[0030] Adeno-associated virus (AAV), a member of the
parvovirus family, is a human non-enveloped virus that is
increasingly being used for gene delivery therapeutics. AAV
has several advantageous features not found in other viral
systems. First, AAV can infect a wide range of host cells,
including non-dividing cells. Second, AAV can infect cells
from different species. Third, AAV has not been associated
with any human or animal disease and does not appear to
alter the biological properties of the host cell upon integra-
tion. For example, it is estimated that 80-85% of the human
population has been exposed to AAV. Finally, AAV is stable
at a wide range of physical and chemical conditions which
lends itself to production, storage and transportation require-
ments.

[0031] The AAV genome is a linear, single-stranded DNA
molecule containing 4681 nucleotides. The AAV genome
generally comprises an internal non-repeating genome
flanked on each end by inverted terminal repeats (ITRs) of
approximately 145 bp in length. The ITRs have multiple
functions, including origins of DNA replication, and as
packaging signals for the viral genome. AAV ITRs may be
derived from any of several AAV serotypes, including
AAV1, AAV2, AAV3, AAV4, AAVS, AAVG, AAV7, AAVS,
AAVI9, AAV10, AAV11, avian AAVs, bovine AAVs etc. The
5'and 3' ITRs of the AAV viral vectors disclosed herein may
be derived from any of these AAV serotypes. Thus, rAAV
vector design and production allow for exchanging the
capsid proteins between different AAV serotypes. Homolo-
gous vectors comprising an expression cassette flanked by
e.g., AAV2-ITRs and packaged in an AAV?2 capsid, can be
produced as well as heterologous, hybrid vectors where the
transgene expression cassette is flanked by e.g., AAV2 ITRs,
but the capsid originates from another AAV serotype such as
AAVS for example. Suitably, in some embodiments, the
present inventors have found that AAV?2 viral vectors may be
used to effectively deliver Kir7.1 expression constructs into
cells.

[0032] The internal non-repeated portion of the AAV
genome includes two large open reading frames, known as
the AAV replication (rep) and capsid (cap) genes. The rep
and cap genes code for viral proteins that allow the virus to
replicate and package the viral genome into a virion. A
family of at least four viral proteins is expressed from the
AAV rep region, Rep 78, Rep 68, Rep 52, and Rep 40,
named according to their apparent molecular weight. The
AAV cap region encodes at least three proteins, VP1, VP2,
and VP3.

[0033] AAV is a helper-dependent virus requiring co-
infection with a helper virus (e.g., adenovirus, herpesvirus or
vaccinia) in order to form AAV virions. In the absence of
co-infection with a helper virus, AAV establishes a latent
state in which the viral genome inserts into a host cell
chromosome, but infectious virions are not produced. Sub-
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sequent infection by a helper virus “rescues” the integrated
genome, allowing it to replicate and package its genome into
infectious AAV virions. Although AAV can infect cells from
different species, the helper virus must be of the same
species as the host cell (e.g., human AAV will replicate in
canine cells co-infected with a canine adenovirus).

[0034] AAV has been engineered to deliver genes of
interest by deleting the internal non-repeating portion of the
AAV genome and inserting a heterologous gene between the
ITRs. The heterologous gene may be functionally linked to
a heterologous promoter (constitutive, cell-specific, or
inducible) capable of driving gene expression in target cells.
To produce infectious recombinant AAV (rAAV) containing
a heterologous gene, a suitable producer cell line is trans-
fected with a rAAV vector containing a heterologous gene.
The producer cell is concurrently transfected with a second
plasmid harboring the AAV rep and cap genes under the
control of their respective endogenous promoters or heter-
ologous promoters. Finally, the producer cell is infected with
a helper virus. Once these factors come together, the heter-
ologous gene is replicated and packaged as though it were a
wild-type AAV genome. When target cells are infected with
the resulting rA AV virions, the heterologous gene enters and
is expressed in the target cells. Because the target cells lack
the rep and cap genes and the adenovirus helper genes, the
rAAV cannot further replicate, package or form wild-type
AAV.

[0035] Suitable AAV vectors are known in the art. For
example, suitable AAV vectors include AAV2/5, demon-
strated in “AAV2/5-mediated gene therapy in iPSC-derived
retinal pigment epithelium of a choroideremia patient”,
incorporated by reference in its entirety. See, e.g., Cereso et.
al. Mol Ther Methods Clin Dev. 2014. Further examples of
AAV vectors that can suitably be adapted for the present
gene delivery can be found in “Comparative AAV-eGFP
Transgene Expression Using Vector Serotypes 1-9, 7m8, and
8b in Human Pluripotent Stem Cells, RPEs, and Human and
Rat Cortical Neurons.” See Duong et.al. Stem Cells Int.
2019.

[0036] In one example, the AAV gene therapy vector is an
AAVTmS8 vector (See, e.g., Dalkara et al., In vivo-directed
evolution of a new adeno-associated virus for therapeutic
outer retinal gene therapy from the vitreous, Science Trans-
lational Medicine, 12 Jun. 2013, Vol. 5, Issue 189ra76,
incorporated by reference) comprising the Kir7.0 (kenjl3)
gene and capable of expressing KCNJ13 (Kir7.1).

[0037] Specifically, in one embodiment, the AAV vector is
a polynucleotide of SEQ ID NO:22 or a polynucleotide
having at least 90% sequence identity to SEQ ID NO:22,
alternatively at least 95% sequence identity to SEQ ID
NO:22, alternatively at least 98% sequence identity to SEQ
ID NO:22, alternatively at least 99% sequence identity to
SEQ ID NO:22, alternatively 100% identity to SEQ ID
NO:22. The AAV vector suitably comprises a promoter
active in the retinal pigment epithelium (RPE) in the eye of
a subject, and in some embodiments, a promoter that is
specifically active in RPE cells as opposed to other cells. As
described in the Examples, this AAV vector may be admin-
istered intravitreally or subretinaly to the subject to express
the KCNJ13 in RPE cells.

[0038] In one embodiment, the disclosure provides a
adeno-associated viral (AAV) gene therapy vector compris-
ing: a) a 5' ITR; b) a retinal pigment epithelium (RPE)
specific promoter, ¢) a polynucleotide sequence encoding
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KCNIJ13 protein or a polynucleotide having at least 90%
sequence identity to KCNJ13; d) a posttranscriptional regu-
latory element (PRE), e) a polyadenylation signal, and 0 a
3'TTR (AAV 3' inverted terminal repeat).

[0039] In one embodiment, the adeno-associated viral
(AAV) gene therapy vector comprises: a) a 5' ITR compris-
ing SEQ ID NO:23; b) a retinal pigment epithelium (RPE)
specific promoter , c) a polynucleotide sequence of SEQ ID
NO:25 encoding KCNIJ13 protein or a polynucleotide hav-
ing at least 90% sequence identity to SEQ ID NO:25; d) a
posttranscriptional regulatory element (PRE), e) a polyade-
nylation signal, and f) a 3'ITR (AV 3' inverted terminal
repeat) of SEQ ID NO:28. In further examples, the RPE
specific promoter is VMD?2 comprising SEQ ID NO:24 or a
polynucleotide sequence having at least 90% sequence simi-
larity to SEQ ID NO:24. RPE specific promoter allows for
the targeted expression of the Kir7.1 into RPE cells over
other cells found in the retina. In additional examples, the
posttranscriptional regulatory element of d) is a woodchuck
PRE comprising SEQ ID NO:26. In further embodiments,
the AAV gene therapy vector comprises the polyadenylation
signal of (e) of SEQ ID NO:27.

[0040] A suitable example of an AAV vector of the present
invention can be found in SEQ ID NO:31 or a polynucle-
otide sequence having at least 90% sequence identity to SEQ
ID NO:31 and encoding KCNIJ13 protein that is able to be
expressed in the target cell.

[0041] In another embodiment, the disclosure provides a
construct comprising the AAV gene therapy vector described
herein. As used herein, the term “construct” or “nucleic acid
construct” refers to is an artificially designed nucleic acid
molecule. Nucleic acid constructs may be part of a vector
that is used, for example, to transform a cell. When referring
to a nucleic acid molecule alone (as opposed to a viral
particle, see below), the term “vector” or “plasmid” is used
herein to refer to a nucleic acid molecule capable of propa-
gating another nucleic acid to which it is linked. The term
includes the vector as a self-replicating nucleic acid struc-
ture that can be packaged into viral particles and can be
expressed in dividing and non-dividing cells either extrach-
romosomally or integrated into the host cell genome. Certain
vectors are capable of directing the expression of nucleic
acids to which they are operatively linked. Such vectors are
referred to as “expression vectors”.

[0042] The construct described herein may be in preferred
embodiments a plasmid capable of propagation in bacteria.
In some embodiments, the construct comprising an antibi-
otic resistance gene and an origin of replication to allow for
growth in bacteria.

[0043] In some embodiments, the AAV vector or con-
structs consists of components (a)-(f). By “consist of” we
mean that a constructs of the present invention will consist
of components (a)-(f) and possibly other regulatory elements
necessary for construct function. For example, the constructs
may include additional sequences to facilitate the addition or
removal of functional elements, such as restriction sites, or
sequences necessary for the replication of the construct itself
but do not alter the function expression of Kir7.1 from the
construct, but do not change the overall function of the
construct.

[0044] 1In one particularly suitable embodiment, the inven-
tion provides the construct as depicted in FIGS. 9 and 10 that
comprises the AAV gene vector and is capable of being used
to produce AAV virus particles for use in the present
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invention. One particular construct comprises or consists of
SEQ ID NO:22 or a polynucleotide having at least 90%
sequence identity to SEQ ID NO:22.

[0045] In another embodiment, the present disclosure pro-
vides a cell comprising the construct of described herein,
wherein the cell is capable of producing AAV virus particles
comprising the AAV vector capable of expressing Kir7.1
protein as described herein. Suitable cell types are known in
the art and include, for example, mammalian cells. The cell
may further comprise helper plasmids comprising AAV
structural and functional proteins to produce AAV virus
particles as known in the art.

[0046] In another embodiment, the present disclosure pro-
vides AAV virus particles made by the cells described
herein. The AAV virus particles comprise the AAV vector
and are capable of translocating the AAV vector into target
cells, e.g., RPE cells, either in vitro or in vivo. As used
herein, the term “virus particle” is used to refer to a virion
consisting of nucleic acid surrounded by a protective coat of
protein called a capsid. The term “viral vector” is commonly
used to describe a virus particle used to deliver genetic
material (e.g., the AAV vector and constructs of the present
invention) into cells.

[0047] In one embodiment, the disclosure provides a con-
struct comprising the AAV vector (SEQ ID NO:22) or a
polynucleotide having at least 90% sequence similarity to
SEQ ID NO:22 is provided. The construct comprising SEQ
ID NO:22 is depicted in FIG. 9-10. The construct is pref-
erably a plasmid. The construct depicted in FIGS. 9 and 10
comprises the 5'TTR (AAV 5' inverted terminal repeat),
VMD2 (RPE specific promoter), Kozak (Kozak translation
initiation sequence which facilitates translation initiation of
ATG start codon downstream of the Kozak sequence),
Kir7.1 gene, WPRE (woodchuck hepatitis virus posttran-
scriptional regulatory element), BGH pA (bovine growth
hormone polyadenylation signal), and 3'TTR (AV 3' inverted
terminal repeat). The plasmid further comprises additional
polynucleotide sequences for its growth and propagation
within bacterial cells, e.g., an antibiotic resistance (e.g.,
ampicillin) gene and an ori (plasmid origin of replication) to
allow for plasmid replication and selection in £. Coli. The
WPRE enhances virus stability in packaging cells, leading to
high titer of packaged virus, and enhances higher expression
of transgenes. The BGH pA signal allows transcription
termination and polyadenylation of mRNA transcribed by
Pol II RNA polymerase.

Promoters

2 <

[0048] As used herein, the terms “promoter,” “promoter
region,” or “promoter sequence” refer generally to transcrip-
tional regulatory regions of a gene, which may be found at
the 5' or 3' side of the polynucleotides described herein, or
within the coding region of the polynucleotides, or within
introns in the polynucleotides. Typically, a promoter is a
DNA regulatory region capable of binding RN A polymerase
in a cell and initiating transcription of a downstream (3'
direction) coding sequence. The typical 5' promoter
sequence is bounded at its 3' terminus by the transcription
initiation site and extends upstream (5' direction) to include
the minimum number of bases or elements necessary to
initiate transcription at levels detectable above background.
Within the promoter sequence is a transcription initiation
site (conveniently defined by mapping with nuclease 51), as
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well as protein binding domains (consensus sequences)
responsible for the binding of RNA polymerase.

[0049] In some embodiments, the promoter is specific to
the cell type in which Kir7.1 is to be expressed. For example,
suitable cell types including retinal pigment epithelium,
small intestinal cells, uterine cells, kidney cells, among
others. The promoters may be specific to polarized cells,
e.g., cells that have directionality and the Kir7.1 potassium
pump plays a role in maintaining the polarization of the
cells. Suitable promoters that may be used in a tissue specific
manner include the RPE promoters (e.g., EFla or VMD?2)
described and the promoters found below in Table 7. In some
embodiments, the promoter is active in the retinal pigment
epithelium (RPE) in the eye of a subject.

[0050] The “promoter” may be the endogenous promoter
for the kenjl3 gene found, for example, in a subject.
Alternatively, the promoter may be a heterologous promoter
(ie., a promoter for a non-kenjl3 gene). Heterologous
promoters useful in the practice of the present invention
include, without limitation, constitutive, inducible, tempo-
rally-regulated, developmentally regulated, chemically
regulated, tissue-preferred and tissue-specific promoters.
[0051] Suitable heterologous promoters may include,
without limitation, an EF1a promoter or a VMD?2 promoter.
An exemplary EF 1a promoter is provided as SEQ ID NO:3.
An exemplary VMD?2 promoter is provided as SEQ ID NO:4
and SEQ ID NO:24. Suitable EFla promoters may also
include variants of the EFla promoter provided as SEQ ID
NO:3 having at least 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to SEQ ID NO:3. Suitable VMD2
promoters may also include variants of the VMD2 promoter
provided as SEQ ID NO:4 or 24 having at least 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID
NO:4 or 24.

[0052] Regarding polynucleotides such the promoters and
Kir7.1 polynucleotides described herein, the phrases “%
sequence identity,” “percent identity,” or “% identity” refer
to the percentage of base matches between at least two
polynucleotide sequences aligned using a standardized algo-
rithm. Methods of polynucleotide sequence alignment are
well-known. A suite of commonly used and freely available
sequence comparison algorithms is provided by the National
Center for Biotechnology Information (NCBI) Basic Local
Alignment Search Tool (BLAST), which is available from
several sources, including the NCBI, Bethesda, Md., at its
website. The BLAST software suite includes various
sequence analysis programs including “blastn.”

[0053] In some embodiments, the disclosed polynucle-
otides encoding a Kir7.1 polypeptide are operably connected
to the promoter. As used herein, a polynucleotide is “oper-
ably connected” or “operably linked” when it is placed into
a functional relationship with a second polynucleotide
sequence. For instance, a promoter is operably linked to a
polynucleotide if the promoter is connected to the poly-
nucleotide such that it may effect transcription of the poly-
nucleotides. In various embodiments, the polynucleotides
may be operably linked to at least 1, at least 2, at least 3, at
least 4, at least 5, or at least 10 promoters.

[0054] As wused herein, a “Kir7.1 polypeptide” or
“KCNJ13 polypeptide” are used interchangeably and refer
to an inward rectifier potassium channel characterized by a
greater tendency to allow potassium to flow into the cell
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rather than out of it. A human Kir7.1 polypeptide is provided
as SEQ ID NO:1. AKir7.1 polypeptide may also be a variant
or homolog of the human Kir7.1 polypeptide provided as
SEQ ID NO:1 having at least 60%, 65%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity to SEQ ID NO:1.

[0055] Regarding Kir7.1 polypeptides, the phrases “%
sequence identity,” “percent identity,” or “% identity” refer
to the percentage of residue matches between at least two
amino acid sequences aligned using a standardized algo-
rithm. Methods of amino acid sequence alignment are well-
known. Some alignment methods take into account conser-
vative amino acid substitutions. Such conservative
substitutions, explained in more detail below, generally
preserve the charge and hydrophobicity at the site of sub-
stitution, thus preserving the structure (and therefore func-
tion) of the polypeptide. Percent identity for amino acid
sequences may be determined as understood in the art. (See,
e.g., U.S. Pat. No. 7,396,664, which is incorporated herein
by reference in its entirety). A suite of commonly used and
freely available sequence comparison algorithms is provided
by the National Center for Biotechnology Information
(NCBI) Basic Local Alignment Search Tool (BLAST),
which is available from several sources, including the NCBI,
Bethesda, Md., at its website. The BLAST software suite
includes various sequence analysis programs including
“blastp,” that is used to align a known amino acid sequence
with other amino acids sequences from a variety of data-
bases.

[0056] Polypeptide sequence identity may be measured
over the length of an entire defined polypeptide sequence,
for example, as defined by a particular SEQ ID number, or
may be measured over a shorter length, for example, over
the length of a fragment taken from a larger, defined
polypeptide sequence, for instance, a fragment of at least 15,
at least 20, at least 30, at least 40, at least 50, at least 70 or
at least 150 contiguous residues. Such lengths are exemplary
only, and it is understood that any fragment length supported
by the sequences shown herein, in the tables, figures or
Sequence Listing, may be used to describe a length over
which percentage identity may be measured.

[0057] The Kir7.1 polypeptides disclosed herein may
include “variant” polypeptides, “mutants,” and “derivatives
thereof”” As used herein the term “wild-type” is a term of the
art understood by skilled persons and means the typical form
of a polypeptide as it occurs in nature as distinguished from
variant or mutant forms. As used herein, a “variant,
“mutant,” or “derivative” refers to a polypeptide molecule
having an amino acid sequence that differs from a reference
protein or polypeptide molecule. A variant or mutant may
have one or more insertions, deletions, or substitutions of an
amino acid residue relative to a reference molecule. For
example, a Kir7.1 polypeptide mutant or variant may have
one or more insertions, deletions, or substitution of at least
one amino acid residue relative to the Kir7.1 “wild-type”
polypeptides disclosed herein. The polypeptide sequence of
a “wild-type” Kir7.1 polypeptides is provided as SEQ ID
NO:1. This sequence may be used as a reference sequence.
[0058] The Kir7.1 polypeptides provided herein may be
full-length polypeptides or may be fragments of the full-
length polypeptide. As used herein, a “fragment” is a portion
of an amino acid sequence which is identical in sequence to
but shorter in length than a reference sequence. A fragment
may comprise up to the entire length of the reference
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sequence, minus at least one amino acid residue. For
example, a fragment may comprise from 5 to 350 contiguous
amino acid residues of a reference polypeptide, respectively.
In some embodiments, a fragment may comprise at least 5,
10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 150, or 250
contiguous amino acid residues of a reference polypeptide.
Fragments may be preferentially selected from certain
regions of a molecule. The term “at least a fragment”
encompasses the full length polypeptide. A fragment of a
Kir7.1 polypeptide may comprise or consist essentially of a
contiguous portion of an amino acid sequence of a full-
length Kir7.1 polypeptide (See SEQ ID NO:1). A fragment
may include an N-terminal truncation, a C-terminal trunca-
tion, or both truncations relative to the full-length Kir7.1
polypeptide.

[0059] A “deletion” in a Kir7.1 polypeptide refers to a
change in the amino acid sequence resulting in the absence
of one or more amino acid residues. A deletion may remove
atleast 1,2, 3, 4, 5,10, 20, 50, 100, 200, or more amino acids
residues. A deletion may include an internal deletion and/or
a terminal deletion (e.g., an N-terminal truncation, a C-ter-
minal truncation or both of a reference polypeptide).
[0060] “Insertions” and “additions™ in a Kir7.1 polypep-
tide refer to changes in an amino acid sequence resulting in
the addition of one or more amino acid residues. An inser-
tion or addition may refer to 1, 2, 3, 4, 5, 10, 20, 30, 40, 50,
60, 70, 80, 90, 100, 150, 200, or more amino acid residues.
A variant of a Kir7.1 polypeptide may have N-terminal
insertions, C-terminal insertions, internal insertions, or any
combination of N-terminal insertions, C-terminal insertions,
and internal insertions.

[0061] The amino acid sequences of the Kir7.1 polypep-
tide variants, mutants, derivatives, or fragments as contem-
plated herein may include conservative amino acid substi-
tutions relative to a reference amino acid sequence. For
example, a variant, mutant, derivative, or fragment polypep-
tide may include conservative amino acid substitutions
relative to a reference molecule. “Conservative amino acid
substitutions™ are those substitutions that are a substitution
of an amino acid for a different amino acid where the
substitution is predicted to interfere least with the properties
of the reference polypeptide. In other words, conservative
amino acid substitutions substantially conserve the structure
and the function of the reference polypeptide. Conservative
amino acid substitutions generally maintain (a) the structure
of the polypeptide backbone in the area of the substitution,
for example, as a beta sheet or alpha helical conformation,
(b) the charge or hydrophobicity of the molecule at the site
of the substitution, and/or (c) the bulk of the side chain.
[0062] The disclosed variant and fragment Kir7.1 poly-
peptides described herein may have one or more functional
or biological activities exhibited by a reference polypeptide
(e.g., one or more functional or biological activities exhib-
ited by a wild-type Kir7.1 polypeptide (i.e, SEQ ID NO:1).
Suitably, the disclosed variant or fragment Kir7.1 polypep-
tide retains at least 20%, 40%, 60%, 80%, or 100% of the
potassium conductance properties of the reference polypep-
tide. As used herein, a “functional fragment” of a Kir7.1
polypeptide is a fragment of, for example, the polypeptide of
SEQ ID NO:1 that retains at least 20%, 40%, 60%, 80%, or
100% of the potassium conductance properties of the full-
length ADH polypeptide.

[0063] Furthermore, it will be readily apparent to a person
of ordinary skill in the art that additional Kir7.1 polypeptide
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variants may be created by aligning Kir7.1 polypeptide
sequences from two or more species. Based on these align-
ments, a person of ordinary skill in the art may identify
various amino acid residues that may be altered (i.e. sub-
stituted, deleted, etc.) without substantially affecting the
potassium conductance properties of the polypeptide. For
example, a person of ordinary skill in the art would appre-
ciate that substitutions in a reference Kir7.1 polypeptide
could be based on alternative amino acid residues that occur
at the corresponding position in other Kir7.1 polypeptides
from other species.

Therapeutic Compositions

[0064] In another aspect, the present invention relates to
therapeutic compositions. The therapeutic compositions
may include any of the gene therapy vectors described
herein and a pharmaceutically-acceptable carrier. The thera-
peutic compositions may include a pharmaceutically-accept-
able carrier, excipient, or diluent, which are nontoxic to the
cell or subject being exposed thereto at the dosages and
concentrations employed. Often a pharmaceutical diluent is
in an aqueous pH buffered solution. Examples of pharma-
ceutically-acceptable carriers or excipients may include,
without limitation, water, buffers such as phosphate, citrate,
and other organic acids; antioxidants including ascorbic
acid; low molecular weight (less than about 10 residues)
polypeptide; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvi-
nylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, arginine or lysine; monosaccharides, disaccha-
rides, and other carbohydrates including glucose, mannose,
or dextrins; chelating agents such as EDTA; sugar alcohols
such as mannitol or sorbitol; salt-forming counterions such
as sodium; and/or nonionic surfactants such as TWEEN™
brand surfactant, polyethylene glycol (PEG), and PLURON-
ICS™ surfactant.

Methods of Treatment

[0065] In a further aspect of the present invention, meth-
ods of treating a subject having a condition associated with
insufficient expression or function of a Kir7.1 polypeptide
are provided. The methods may include administering a
therapeutically effective amount of any one of the gene
therapy vectors described herein or any one of the thera-
peutic compositions described herein to the subject. As used
herein, the terms “subject” and “patient” are used inter-
changeably to refer to both human and nonhuman animals.
The term “nonhuman animals” of the disclosure may include
mammals and non-mammals, such as nonhuman primates,
sheep, dog, cat, horse, cow, pig, mice, rats, and the like. In
some embodiments, the subject is a human patient. The
subject may be a human patient having cells (i.e., RPE cells)
that exhibit insufficient expression or function of a Kir7.1
polypeptide.

[0066] Conditions associated with insufficient expression
or function of a Kir7.1 polypeptide may include conditions
in which a subject has reduced or eliminated Kir7.1 expres-
sion or function in or outside a cell as compared to a control.
As used herein, a “control” may include subjects having
wildtype Kir7.1 function. For example, in some embodi-
ments, a control may be a subject having a wildtype kcnjl3
gene that does not include any loss-of-function mutations in
either the non-coding regulatory sequences (i.e., promoter,
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enhancers, etc.) controlling the expression of the KCNJ13
gene or in the coding region of the kenjl3 gene (i.e., SEQ
ID NOS: 1 and 2).

[0067] Subjects may have several “cell” types that may
display insufficient expression or function of a Kir7.1 poly-
peptide. As used herein, a “cell” may refer to cells that
normally express a Kir7.1 polypeptide in a wild-type sub-
ject. Suitable cells may include, without limitation, eye cells
such as retinal cells or retinal pigment epithelium (RPE)
cells. Kir7.1 is also expressed in epithelial cells of various
organs including kidney, thyroid, CNS neurons, ependymal
cells, choroid plexus epithelium, spinal cord, myometrial
smooth muscle, small intestine, neural regions of the gastric
mucosa as well as gastric parietal cells, and also in the lung,
prostate, liver, pancreas, cochlear nucleus, testis and ovaries.
[0068] In some embodiments, the condition associated
with insufficient expression or function of a Kir7.1 poly-
peptide may be associated with at least one loss-of-function
mutation in a KCNJ13 gene. The human KCNJ13 gene is
provided as UniProt 060928. The KCNJ13 gene in other
non-human subjects may be identified by using homology
searching methods well known in the art. Suitable loss-of-
function mutations in the KCNJ13 gene may include at least
one substitution to the Kir7.1 protein provided as SEQ ID
NO:1 selected from the group consisting of W53Ter, Q116R,
1120T, T1531, R162Q, R166Ter, L241P, E276A, 51051, and
G219Ter. In some embodiments, the condition associated
with insufficient expression or function of a Kir7.1 poly-
peptide may be, without limitation, Leber Congenital Amau-
rosis 16 (LCA16), retinitis pigmentosa, or Snowflake Vit-
reoretinal Degeneration (SVD). In some embodiments, the
vectors described herein can increase expression of KCNJ13
in RPE cells, reducing RPE cell loss and cell function. In
another embodiment, the vectors described herein can be
used in the treatment of age-related macular degeneration.
[0069] Thus, in some embodiments, the present disclosure
provides methods of expressing a KCNJ13 gene in a retinal
pigment epithelium (RPE) cell. The RPE may be in vivo in
a subject. The vector may be administered intraocularly, for
example, subretinally or intravitreally. In some embodi-
ments, the vector may be targeted to the macula. In another
embodiment, the RPE may be an autologous induced
pluripotent stem cell (iPSC)-derived RPE in vitro. The
iPSC-derived RPE comprising the vector can be used for
transplantation into a subject in need thereof. In one embodi-
ment, the subject may be a subject having age-related
macular degeneration. Methods of differentiating iPSC cells
into RPE are known in the art. The vector or RPE cell
comprising the vector may be used to reduce or halt pro-
gression of age-related macular degeneration. Not to be
bound by any theory, but increase expression of KCNJ13
protein in the apical membrane of RPE may help to decrease
the risk of retinal detachment and/or reduce or halt the
progression of age-related macular degeneration.

[0070] Methods of transplanting RPE cells into a subject
are known and practiced by one skilled in the art.

[0071] ““Treating” the condition associated with insuffi-
cient expression or function of a Kir7.1 polypeptide
includes, without limitation, increasing the levels of func-
tional Kir7.1 polypeptide in or outside a cell in a subject. It
would be understood by one skilled in the art that an increase
in the amount of functional Kir7.1 may only need to be an
increase of at least about 10%, preferably at least about 20%,
alternatively about 30%, which may result in the proper
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functioning of the potassium channel within the cell in
which it is expressed, leading to alleviation of one or more
symptoms of the disease. For example, the ratio of func-
tional to non-functional Kir7.1 within the cell needs to be
sufficient to allow for proper functioning of the potassium
channel, and may vary depending of cell type and location.
[0072] A “therapeutically effective amount” or an “effec-
tive amount” as used herein means the amount of a com-
position that, when administered to a subject for treating a
state, disorder or condition is sufficient to effect a treatment
(as defined above). The therapeutically effective amount will
vary depending on the compound, formulation or composi-
tion, the disease and its severity and the age, weight,
physical condition and responsiveness of the subject to be
treated.

[0073] The compositions (i.e. gene therapy vectors and/or
therapeutic compositions) described herein may be admin-
istered by any means known to those skilled in the art,
including, without limitation, locally or systemically, includ-
ing, for example, intraocularly, intravitreal topically, intra-
nasally, intramuscularly, or subcutaneously. When adminis-
tered intraocularly, in some embodiments, the compositions
(i.e. gene therapy vectors and/or therapeutic compositions)
may be administered subretinally by, for example, injection
to at least one retina of the subject. In the retina, the targeted
region for delivery of the compositions (i.e. gene therapy
vectors and/or therapeutic compositions) may include the
central superior retina or macula.

[0074] Such intraocular administration routes are within
the skill in the art; see, e.g., and Acheampong A A et al, 2002,
supra; and Bennett et al. (1996), Hum. Gene Ther. 7:
1763-1769 and Ambati J et al., 2002, Progress in Retinal and
Eye Res. 21: 145-151, the entire disclosures of which are
herein incorporated by reference. The general method for
intravitreal injection may be illustrated by the following
brief outline. This example is merely meant to illustrate
certain features of the method, and is in no way meant to be
limiting. Procedures for intravitreal injection are known in
the art (see, e.g.,, Peyman, G. A, et al. (2009) Retina
29(7):875-912 and Fagan, X. J. and Al-Qureshi, S. (2013)
Clin. Experiment. Ophthalmol. 41(5):500-7).

[0075] Briefly, a subject for intravitreal injection may be
prepared for the procedure by pupillary dilation, sterilization
of the eye, and administration of anesthetic. Any suitable
mydriatic agent known in the art may be used for pupillary
dilation. Adequate pupillary dilation may be confirmed
before treatment. Sterilization may be achieved by applying
a sterilizing eye treatment, e.g., an iodide-containing solu-
tion such as Povidone-lodine (BETADINETM). A similar
solution may also be used to clean the eyelid, eyelashes, and
any other nearby tissues (e.g., skin). Any suitable anesthetic
may be used, such as lidocaine or proparacaine, at any
suitable concentration. Anesthetic may be administered by
any method known in the art, including without limitation
topical drops, gels or jellies, and subconjuctival application
of anesthetic.

[0076] Prior to injection, a sterilized eyelid speculum may
be used to clear the eyelashes from the area. The site of the
injection may be marked with a syringe. The site of the
injection may be chosen based on the lens of the patient. For
example, the injection site may be 3-3.5 mm from the limus
in pseudophakic or aphakic patients, and 3.5-4 mm from the
limbus in phakic patients. The patient may look in a direc-
tion opposite the injection site.
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[0077] In another embodiment, the vector is provided
subretinally. It will be appreciated that the specific dosage
administered in any given case will be adjusted in accor-
dance with the composition or compositions being admin-
istered, the disease to be treated or inhibited, the condition
of the subject, and other relevant medical factors that may
modify the activity of the compositions or the response of
the subject, as is well known by those skilled in the art. For
example, the specific dose for a particular subject depends
on age, body weight, general state of health, diet, the timing
and mode of administration, medicaments used in combi-
nation and the severity of the particular disorder to which the
therapy is applied. Dosages for a given patient can be
determined using conventional considerations, e.g., by cus-
tomary comparison of the differential activities of the com-
positions described herein and of a known agent, such as by
means of an appropriate conventional pharmacological or
prophylactic protocol. The maximal dosage for a subject is
the highest dosage that does not cause undesirable or intol-
erable side effects. The number of variables in regard to an
individual treatment regimen is large, and a considerable
range of doses is expected. The route of administration will
also impact the dosage requirements.

[0078] The effective dosage amounts described herein
refer to total amounts administered, that is, if more than one
composition is administered, the effective dosage amounts
correspond to the total amount administered. The composi-
tions can be administered as a single dose or as divided
doses. For example, the composition may be administered
two or more times separated by 4 hours, 6 hours, 8 hours, 12
hours, a day, two days, three days, four days, one week, two
weeks, or by three or more weeks.

[0079] The compositions (i.e. gene therapy vectors and/or
therapeutic compositions) described herein may be admin-
istered one or more times to the subject to effectively
increase the levels of functional Kir7.1 polypeptide in or
outside a cell in a subject. The compositions (gene therapy
vectors or therapeutic compositions) may be administered
based on the number of copies of the expression construct
encoding a Kir7 polypeptide delivered to the subject. The
subject may be administered between 10° and 10'*, or
between 10® and 102, or between 10° and 10™*, or any range
therein copies. In embodiments where the gene therapy
vector is a viral vector, the subject may be administered
between 10° and 10, or between 10® and 102, or between
10° and 10", or any range therein viral genomes.

[0080] The present disclosure is not limited to the specific
details of construction, arrangement of components, or
method steps set forth herein. The compositions and meth-
ods disclosed herein are capable of being made, practiced,
used, carried out and/or formed in various ways that will be
apparent to one of skill in the art in light of the disclosure
that follows. The phraseology and terminology used herein
is for the purpose of description only and should not be
regarded as limiting to the scope of the claims. Ordinal
indicators, such as first, second, and third, as used in the
description and the claims to refer to various structures or
method steps, are not meant to be construed to indicate any
specific structures or steps, or any particular order or con-
figuration to such structures or steps. All methods described
herein can be performed in any suitable order unless other-
wise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended
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merely to facilitate the disclosure and does not imply any
limitation on the scope of the disclosure unless otherwise
claimed. No language in the specification, and no structures
shown in the drawings, should be construed as indicating
that any non-claimed element is essential to the practice of
the disclosed subject matter. The use herein of the terms
“including,” “comprising,” or “having,” and variations
thereof, is meant to encompass the elements listed thereafter
and equivalents thereof, as well as additional elements.
Embodiments recited as “including,” “comprising,” or “hav-
ing” certain elements are also contemplated as “consisting
essentially of” and “consisting of” those certain elements.

[0081] Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. For example, if a concentration range is
stated as 1% to 50%, it is intended that values such as 2%
to 40%, 10% to 30%, or 1% to 3%, etc., are expressly
enumerated in this specification. These are only examples of
what is specifically intended, and all possible combinations
of numerical values between and including the lowest value
and the highest value enumerated are to be considered to be
expressly stated in this disclosure. Use of the word “about”
to describe a particular recited amount or range of amounts
is meant to indicate that values very near to the recited
amount are included in that amount, such as values that
could or naturally would be accounted for due to manufac-
turing tolerances, instrument and human error in forming
measurements, and the like. All percentages referring to
amounts are by weight unless indicated otherwise.

[0082] No admission is made that any reference, including
any non-patent or patent document cited in this specifica-
tion, constitutes prior art. In particular, it will be understood
that, unless otherwise stated, reference to any document
herein does not constitute an admission that any of these
documents forms part of the common general knowledge in
the art in the United States or in any other country. Any
discussion of the references states what their authors assert,
and the applicant reserves the right to challenge the accuracy
and pertinence of any of the documents cited herein. All
references cited herein are fully incorporated by reference in
their entirety, unless explicitly indicated otherwise. The
present disclosure shall control in the event there are any
disparities between any definitions and/or description found
in the cited references.

[0083] Unless otherwise specified or indicated by context,
the terms “a”, “an”, and “the” mean “one or more.” For
example, “a protein” or “an RNA” should be interpreted to
mean “one or more proteins” or “one or more RNAs,”
respectively.

[0084] The following examples are meant only to be
illustrative and are not meant as limitations on the scope of
the invention or of the appended claims.

EXAMPLES
Example 1

Kir7.10 Gene Therapy In Cell and In Vivo

[0085] Leber Congenital Amaurosis (LCA) is an inherited
pediatric blindness that is associated with at least 21 differ-
ent genes. In our previous work, we showed that the molecu-
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lar mechanisms underlying LCA16 is due to a nonsense
mutation in the KCNJ13 gene resulting in a nonfunctional
Kir7.1 ion channel. Using either read-through or gene aug-
mentation, we demonstrated rescued Kir7.1 channel func-
tion in patient-derived iPSC-RPE cells via a precision medi-
cine approach.

[0086] Mutations in at least 21 genes that are expressed in
the outer retinal photoreceptors and retinal pigment epithe-
lium (RPE) cause a form of inherited blindness known as
Leber

[0087] Congenital Amaurosis (LCA), from birth and early
childhood. Within the last decade, autosomal recessive
mutations in the KCNJ13 gene (603203 on chromosome
locus 2g37.1) have been identified in patients with an LCA
phenotype (LCA16 OMIM-614186, the 167 gene shown to
cause LCA)' . LCAIG6 pathogenic allelic variants include
c.158G>A  (p.Trp53Ter), ¢359T>C  (p.Iso120Thr),
c458C>T (p.Thr153Is0), ¢.496C>T (p.Argl66Ter), and
¢.722T>C (p.Leu241Pro)'™*. In addition, the compound
heterozygous KCNJ13 mutations ¢.314 G>T (p.Ser105Iso0)
and ¢.655C>T (p.G219Ter) are known to cause early-onset
retinal dystrophy in an LCA patient®. An autosomal domi-
nant KCNJ13 mutation, ¢.484C>T (p.Argl62Trp), causes
early-onset blindness called snowflake vitreoretinal degen-
eration (SVD OMIM-193230)°.

[0088] Inthe retina, Kir7.1 is expressed exclusively in cell
apical processes of RPE, in which it modulates retinal
function and health.

[0089] Our previous results demonstrated the efficacy of
gene therapy in a cell culture model of LCA16 by testing the
ability of AAV-Kir7.1 to rescue the physiological defects in
CHO cells harboring a W53X mutation in the KCNJ13 gene.
FIG. 1 shows gene augmentation of W53X mutant express-
ing CHO cells had recovery of average inwardly rectifying
K+ current (FIG. 1A. IV plot in red trace) compared to no
current before (FIG. 1A. plot in black trace). (FIG. 1B)
Average higher Rb+current (red trace) in W53X mutant
expressing cells after gene augmentation. (FIG. 1C) Net
increase in Rb+permeability increased (Blue) through
Kir7.1 channel after gene augmentation. (FIG. 1D) Com-
plete recovery of resting membrane potential (RMP) after
AAV-Kir7.1 transduction of W53X expressing cells repre-
sented as blue box. (FIG. 1E) Western blot results showing
expression of full length protein product after gene augmen-
tation in lane W53X +AAV (red band).To test the efficacy of
gene therapy in vivo, both wild-type and a mouse lacking the
KCNIJ13 gene were tested. In FIG. 2 left box is an example
of a wild type mouse that received 2 ul of Lenti-EF1a-
eGFPKir7.1 by sub-retinal injection. Electrophysiological
results are obtained before (black trace) and 1 (blue trace),
2 (red trace), and 4 (green trace) weeks post injection. In
FIG. 2 left box, retina responses recorded as normal a- and
b-wave are shown on the left and RPE cell response c-wave
is shown on the right. Only in the 1* week after injection
there was a reduction in retina response otherwise there was
hardly any effect of gene therapy on electrophysiological
outcome. In FIG. 2 right box we show results from mice
lacking KCNJ13 1 gene that received 2 pl of Lenti-EF1a-
eGFPKir7.1. On the right panel is the RPE response of
c-wave, that was completely abolished in these mice (black
trace) with slight reduction in a- and b-wave shown in the
left panel. Immediately post gene-therapy, we noticed
increase in c-wave response starting a week after injection
(blue trace on the right panel). Traces show continued
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increase in c-wave during the following 2 (red trace) and 4
(green) weeks post gene therapy. Average measurements in
4 wild-type and four mice lacking KCNJ13 gene is shown as
box plot with significant recovery in c-wave and no effect on
wild-type mice vision. Numbers below the figure shows
actual amplitude of a-, b- and c-wave measurements in
wild-type and mice lacking Kenjl3.

Material and Methods

Animals

[0090] To elucidate the physiological role of KCNJ13
gene in the RPE cells, in vivo, we used a strain that is lacking
this gene. Vision in these mice was measured using elec-
troretinography (ERG). The mice were housed and bred at
the University of Wisconsin Biotron (Madison, Wis.)

Electroretinography

[0091] The mice were dark adapted overnight prior to
performing ERG. The mice were anesthetized with Ket-
amine/Xylazine (80:16 mg/kg) cocktail injected intra-peri-
toneally. While maintaining the body temperature at 37° C.
with a heating pad, the pupil of the mouse was dilated with
a drop of tropicamide (Bausch+Lomb, Rochester, N.Y.).
ERGs were performed using the Espion recording system
(Diagnosys) by placing a corneal contact lens (Ocusciences
Inc., MO) on the dilated eyes along with Gonak, a 2.5%
hypromellose ophthalmic demulcent solution (GONIO-
VISC, HUB Pharmaceuticals, LLC, CA). A reference and
the ground electrode were placed in the mouth and the back
respectively. The protocol for ERG consisted of recordings
from flash intensities from 0.1 to 30 cd.s.m-2 and 60Hz line
noise was removed using the filter. For c-wave measure-
ments, we used a 5 msec flash of 25 cd.s.m-2 intensity to
acquire data during a 5 sec interval. ERG analysis was
performed on the mice before and after the sub-retinal
injection.

Sub-Retinal Injection

[0092] The KCNIJ13 knockout mice with no c-waveforms
were used for this purpose. The mice were maintained under
tightly controlled temperature (23 +£5° C.), humidity (40-
50%) and light/dark (12/12 h) cycle conditions in 200 lux
light environment. Prior to the injection, the mice were
anesthetized, and pupils were dilated as described above. 2
ul of Lentivirus or Adeno-associated virus (AAV) carrying
the functional full length KCNJ13 gene fused with eGFP and
driven by EFla or VMD?2 promoters were delivered to the
RPE cells through sub-retinal injection using a 10mm 34
gauge needle. We used a 10 pl NanoFil syringe and UMP3,
NanoFil RPE-KIT and Micro4 controller (World precision
Instruments, Inc., Sarasota, FL). ERG was performed on
these mice at 1 wk, 2 wks, 4 wks and 8 wks post injection
and data were analyzed.

Transgene Expression Detection

[0093] eGFP fluorescence was detected using confocal
microscopy after preparing a flat mount of the isolated RPE.
Eyes from the Lentivirus/AAV carrying eGFP-KCNJ13
gene injected mice were retrieved one-week post injection.
Enucleated eyes from the sacrificed mice were rinsed twice
with PBS, a puncture was made at ora serrata with a
28-gauge needle and the eyes were opened along the corneal
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incisions. The lens was then carefully removed. The eye cup
was flattened making incisions radially to the center result-
ing in a “starfish” appearance. The retina was then separated
gently from the RPE layer. The separated RPE and retina
were flat mounted on the cover-glass slide and were imaged
with NIS-Elements using a Nikon C2 confocal microscope
(Nikon Instruments Inc., Mellville, N.Y.). We used 488 nm
Diode Lasers for green excitation and images were captured
by Low Noise PMT C2 detectors in a Plan Apo VC
20X/0.75, 1 mm WD lens.

[0094] Differentiation of hiPSC-RPE. Fibroblasts from
two subjects were reprogrammed to induced pluripotent
stem cells and cultured using established methods'~>. One of
the subjects was an LCA16 patient with two copies of the
Trp53Ter autosomal recessive mutation in the KCNJ13
gene, and the second subject was heterozygous for this
mutation. The hiPSC lines were differentiated to RPE using
protocols described earlier®>. Briefly, hiPSCs were cultured
either on mouse embryonic fibroblasts (MEFs) in iPS cell
media (Dulbecco’s modified Eagle’s medium (DMEM): F12
(1:1), 20% Knockout Serum, 1% minimal essential medium
(MEM) non-essential amino acids, 1% GlutaMAX, (-mer-
captoethanol, 20 ng/ml FGF-2), or on Matrigel® with
mTeSR1 media. Cells were lifted enzymatically and grown
as embryoid bodies (EBs) in iPS medium without FGF-2,
and at day 4, changed to neural induction medium (NIM;
DMEM: F12; 1% N2 supplement, 1% MEM non-essential
amino acids, 1% L-Glutamine, 2 png/ml Heparin), or in
mTeSR1 and gradually transitioned to NIM by day 4. There
were no differences observed in RPE differentiation between
these two approaches. At day 7, free-floating Ebs were
plated on laminin-coated culture plates to continue differ-
entiation as adherent culture. At day 16, the 3D neural
structures were removed, and medium was switched to
retinal differentiation medium (DMEM/F12 (3:1), 2% B27
supplement (without retinoic acid), 1% Antibiotic-Antimy-
cotic). Remaining adhered cells were allowed to continue
differentiation for an additional 45 days, followed by micro-
dissection and passaging of pigmented RPE patches to
obtain purified monolayers of RPE as described earlier’.
MEFs, Matrigel® and FGF-2 were purchased from WiCell
(Madison, Wis.), and all other tissue culture reagents were
purchased from ThermoFisher.

[0095] RT-PCR and Restriction Fragment Length Poly-
morphism (RFLP). Total RNA was isolated from the mature
hiPSC-RPE cells from both patient and the carrier using the
Rneasy® kit according to manufacturer’s instructions (Qia-
gen). The quality and the concentration of the isolated RNA
was measured using a Nanodrop (ThermoFisher) and 200 ng
of RNA was used for cDNA synthesis using the Superscript
I1I first strand cDNA synthesis kit according to manufactur-
er’s instructions (ThermoFisher). PCR was performed with
MyTagHS master mix (Bioline) in a final volume of 25 pl
with the following conditions: 95° C. for 5 min followed by
35 cycles of denaturation at 95° C. for 15 sec, annealing at
55° C. for 30 sec, and extension at 72° C. for 30 sec. A final
extension step was done for 10 min at 72° C. and amplifi-
cation products were visualized by electrophoresis on a 2%
agarose gel containing Midori green advanced stain (Nippon
Genetics Europe). For RFLP assay PCR was performed as
described with primers specific to the full length KCNJ13
mRNA (Fwd 5-GCTTCGAAT-
TCCGACAGCAGTAATTG-3' (SEQ ID NO:7) and Rev
5'-ATCCGGTGGATCCTTATTCTGTCAGT-3' (SEQ ID
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NO:8). The PCR products were then digested by Nhel
restriction enzyme (ThermoFisher) and visualized by elec-
trophoresis on a 2% agarose gel containing Midori green
advanced stain (Nippon Genetics Europe).

[0096] Transmission Electron Microscopy. Monolayers of
hiPSC-RPE on transwell inserts (Corning, Cat#3470) were
fixed in a solution of 2.5% glutaraldehyde, 2.0% paraform-
aldehyde in 0.1 M sodium phosphate buffer (PB), pH 7.4 for
~1 hr at room temperature (RT). Samples were rinsed 5x5
minutes in 0.1 M PB. The rinsed cultures were then post-
fixed in 1% Osmium Tetroxide (0504), 1% potassium fer-
rocyanide in PB for 1 hr at RT. Following post-fixation,
samples were rinsed in PB, as before, followed by 3x5
minute rinses in distilled water to clear the phosphates. The
samples were then stained en bloc in uranyl acetate for 2 hrs
at RT and dehydrated using ethanol series. The membrane
was cut from the transwell support, placed in an aluminum
weighing dish, transitioned in propylene oxide (PO) and
allowed to polymerize in fresh PilyBed 812 (Polysciences
Inc. Warrington, Pa.). Ultrathin sections were prepared from
these polymerized samples and processed before capturing
and documenting the images with FEI CM120 transmission
electron microscope mounted with AMT BioSprintl12 (Ad-
vanced Microscopy Techniques, Corp. Woburn, Mass.) digi-
tal camera.

Example 2

AAV Viral Vector Construction

[0097] AAV vector for delivery of Kir7.1 protein is
depicted in FIG. 7 (vector map) and the sequence was
verified as depicted in FIG. 8.

AAV Viral Vector Packaging

[0098] The adeno-associated virus (AAV) vector system is
a popular and versatile tool for in vitro and in vivo gene
delivery. AAV is effective in transducing many mammalian
cell types, and, unlike adenovirus, has very low immuno-
genicity, being almost entirely nonpathogenic in vivo. This
makes AAV the ideal viral vector system for many animal
studies.

[0099] An AAV vector is first constructed as a plasmid in
E. coli. It is then transfected into packaging cells along with
helper plasmids, where the region of the vector between the
two inverted terminal repeats (ITRs) is packaged into live
virus. When the virus is added to target cells, the double-
stranded linear DNA genome is delivered into cells where it
enters the nucleus and remains as episomal DNA without
integration into the host genome. Any gene(s) placed in-
between the two ITRs are introduced into target cells along
with the rest of viral genome.

[0100] A major practical advantage of AAV is that in most
cases AAV can be handled in biosafety level 1 (BSL1)
facilities. This is due to AAV being inherently replication-
deficient, producing little or no inflammation, and causing
no known human disease.

[0101] We found that the AAV2 serotype may be used to
effectively transduce retinal pigment epithelium (RPE) cells
either in vitro or in vivo.

Example 3
AAV27M8 Transduces Both iPSC-RPE and Mouse
RPE Cells In Vivo Following Intravitreal Delivery

[0102] Prior work has shown iPSC-RPE transduced by
lentiviruses but not AAV serotypes resulted in gene delivery
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to RPE cells. This Example demonstrates successful target-
ing and expression by an AAV vector (AAV27MS8) in both
iPSC-RPE cell and in vivo.

[0103] Construction of an AAV27MS8 vector encoding
Kir7.1 was made (SEQ ID NO:21 and SEQ ID NO:22, SEQ
ID NO:21 comprising EGFP for easy detection). As dem-
onstrated in FIG. 4, the inventors have successfully
expressed KCNJ13 gene (as shown for GFP expression) in
mature human iPSC-RPE cells in culture.

[0104] AAV27MBS, as in SEQ ID NO:21 comprises EGFP
for the ability to track when injected. The description of the
different regions of SEQ ID NO:21 can be found in Table 1:

TABLE 1

Apr. 6, 2023

carried out under a surgical microscope (AmScope). A
solution (2 pl) that contained 1x10714 viral genome, was
injected. We used UMP3 ultramicropump fitted with a
NanoFil syringe and the RPE-KIT (all from World Precision
Instruments) equipped with a 34-gauge beveled needle.

[0107] The mice were euthanized and eyes were collected
8 days after injection. Enucleated eyes from these mice were
rinsed twice with PBS, a puncture was made at ora serrata
with an 18-gauge needle and the eyes were opened along the
corneal incisions. The lens was then carefully removed. The
eye cup was flattened, making incisions radially to the
center, to give the final ‘leaf-let” appearance. The retina was

description of AAV27M8 with EGFP

Size

Feature Position (bp) Type Description Application Notes

STTR 1-141 141 ITR AAV 5' inverted Allows replication of viral
terminal repeat genome and its packaging
(function equivalent into virus.
of wild-type 5' ITR)

{VMD2} 169-1144 976 Promoter None None

Kozak 1169-1174 6 Misc. Kozak translation Facilitates translation

initiation of ATG start codon
downstream of the Kozak

initiation sequence

sequence.
{EGFP/HindhKCNT13[NM_002242.4]} 1175-2983 1809 ORF None None
WPRE 3014-3611 598 Regulatory ‘Woodchuck Enhances virus stability in
Element hepatitis virus packaging cells, leading to
posttranscriptional ~ high titer of packaged virus,
regulatory element  enahcnes higher expression
of transgenes.
BGH pA 3642-3849 208 PolyA_signal Bovine growth Alls transcription termination
hormone and polyadenylation of
polyadenylation mRNA transcribed by
signal Pol II RNA polymerase.
3'ITR compliment 141 ITR AAV 3" inverted Allows replication of viral
(3857-3997) terminal repeat genome and its packaging
into virus.
Ampicillin 4914-5774 861 ORF Ampicillin Allows E. coli to be resistant
resistance gene to ampicillin.
pUC ori 5945-6533 589 Rep__origin pUC origin of Facilitates plasmid replication
replication in E coli; regulates high-copy
plasmid number (500-700).
[0105] Further, intravitreal and subretinal routes were then separated gently from the RPE layer. The separated

tested for gene delivery to local mouse RPE cells. FIG. 5
demonstrates that targeting and expression of the AAV
vector in retina structure following injections (construct
containing AAV vector of SEQ ID NO:21 was used). Spe-
cifically, the inventors demonstrate viability of gene expres-
sion in the targeted RPE cells through intravitreal injection
of AAV27MS, as shown in FIG. 6.

[0106] Materials and Methods for Example 3: C57BL6
mice were obtained from our breeding facility and were
maintained under a tightly controlled temperature (23 £5°
C.), humidity (40-50%) and light/dark (12/12 h) cycle
conditions in a 200 lux light environment. The mice were
anaesthetized by intraperitoneal injection of a ketamine (80
mg kg™h), xylazine (16 mg kg™') and acepromazine (5 mg
kg™) cocktail. Prior to the Intravitreal/subretinal injections,
the cornea was anaesthetized with a drop of 0.5% propara-
caine HCI and the pupil was dilated with 1.0% tropicamide
ophthalmic solution (Bausch & Lomb Inc.). Thermal stabil-
ity was maintained by placing mice on a temperature-
regulated heating pad during the injection procedure and for
recovery purposes. All the surgical manipulations were

4/11/2023 10:50:46

RPE layer were flat mounted on the cover-glass slide and
imaged with NIS-Elements using a Nikon C2 confocal
microscope (Nikon Instruments Inc.). A diode laser (488
nm) for green excitation was used to evaluate the gene
expression in the RPE layer and images were captured by
Low Noise PMT C2 detectors in a Plan Apo VCx20/0.75, 1
mm WD lens.

[0108] After determining the ability to target specifically
RPE cells, the construction was altered to only express
Kir7.1 and no GFP for therapeutic use. This vector is
depicted in FIG. 7 depicts a plasmid map of the entire
construct and entre sequence-verified through sequencing
from ITR to ITR of the AAV vector encoding Kir7.1 to be
used for gene therapy applications (FIG. 8).

[0109] FIGS. 9 and 10 show expression of KCNJ13 gene
in mouse RPE cells in culture after transduction of 1078,
1079, and 10710 particles. A dose-dependent increase in the
expression of both human KCNJ13 (FIG. 9) and AAV ITR
(FIG. 10) indicates gene expression specifically within RPE
cells.
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<160>

<210>
<211>
<212>
<213>

<400>

Met

1

Tyr

Gly

Met

Val

65

Met

Thr

Ser

Gly

Gly

145

Ala

Val

Tyr

His

225

Leu

Leu

Ala

Leu

Arg

305

Thr

Thr
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Asp

Arg

Ala

Asp

50

Val

Asn

Ile

Leu

Asp

130

Leu

Arg

Val

Thr

Gln

210

Leu

Thr

Gln

Met

Pro

290

Gly

Val

Asp

Ser

Arg

Gln

Met

His

Gly

Cys

Glu

115

Cys

Met

Pro

Ala

Arg

195

Glu

Asp

Tyr

His

Gln

275

ser

Ser

Pro

Leu

SEQUENCE :

Ser

Met

20

Arg

Arg

Trp

Asp

Val

100

Thr

Pro

Leu

Lys

His

180

Pro

Arg

Gly

Tyr

Glu

260

Glu

Glu

Lys

Glu

Asp
340

SEQ ID NO 1
LENGTH:
TYPE: PRT
ORGANISM: Homo sapiens

360

1

Asn

5

Val

Gly

Trp

Leu

Leu

85

Lys

Gln

Ser

Glu

Asn

165

Met

Ser

Glu

Ile

His

245

Asn

Gly

Ile

Gly

Phe

325

Ile

Cys

Thr

Leu

Arg

Val

70

Glu

Tyr

Leu

Ala

Ala

150

Arg

Asp

Pro

Asn

Ser

230

Ser

Pro

Thr

Met

Glu

310

Pro

His

NUMBER OF SEQ ID NOS:

Lys

Lys

Ala

Trp

55

Phe

Leu

Ile

Thr

Ile

135

Phe

Ala

Gly

Leu

Gly

215

Ser

Ile

Ser

Gly

Leu

295

Tyr

Thr

Ile

31

Val

Asp

Tyr

40

Met

Ala

Asp

Thr

Ile

120

Ala

Ile

Phe

Lys

Thr

200

Lys

Asp

Thr

His

Glu

280

His

Gln

Pro

Asn

SEQUENCE LISTING

Ile

Gly

25

Leu

Met

Val

His

Ser

105

Gly

Leu

Thr

Ser

Pro

185

Ser

Leu

Glu

Pro

Phe

265

Ile

His

Ile

Leu

Gly
345

Ala

10

His

Arg

Leu

Leu

Asp

90

Phe

Tyr

Leu

Gly

Ile

170

Asn

Val

Tyr

cys

Ser

250

Glu

Cys

Cys

Lys

Val

330

Gln

Pro

Ser

Asp

Val

Trp

75

Ala

Thr

Gly

Ala

Ala

155

Arg

Leu

Arg

Gln

Pro

235

Ser

Leu

Gln

Phe

Met

315

Ser

Ser

Leu

Thr

Ala

Phe

60

Tyr

Pro

Ala

Thr

Ile

140

Phe

Phe

Ile

Val

Thr

220

Phe

Pro

Val

Arg

Ala

300

Glu

Lys

Ile

Leu

Leu

Trp

Ser

Val

Pro

Ala

Met

125

Gln

Val

Thr

Phe

Ser

205

Ser

Phe

Leu

Val

Arg

285

Ser

Asn

Ser

Asp

sSer

Gln

30

Gly

Ala

Leu

Glu

Phe

110

Phe

Met

Ala

Asp

Gln

190

Ala

Val

Ile

Ala

Phe

270

Thr

Leu

Phe

Pro

Asn
350

Gln

15

Met

Ile

Ser

Ala

Asn

95

Ser

Pro

Leu

Lys

Thr

175

Val

Val

Asp

Phe

Thr

255

Leu

Ser

Leu

Asp

Asn

335

Phe

Arg

Asp

Leu

Phe

Glu

80

His

Phe

ser

Leu

Ile

160

Ala

Ala

Leu

Phe

Pro

240

Leu

Ser

Tyr

Thr

Lys

320

Arg

Gln
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Ile Ser Glu Thr Gly Leu Thr Glu
355 360

<210> SEQ ID NO 2

<211> LENGTH: 1083

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

atggacagca gtaattgcaa agttattgcet cctcetectaa gtcaaagata ccggaggatg
gtcaccaagg atggccacag cacacttcaa atggatggcg ctcaaagagg tcttgcatat
cttecgagatg cttggggaat cctaatggac atgegetgge gttggatgat gttggtettt
tctgcttett ttgttgtcca ctggettgte tttgcagtge tetggtatgt tcetggetgag
atgaatggtg atctggaact agatcatgat gccccacctg aaaaccacac tatctgtgte
aagtatatca ccagtttcac agetgcattc tccttetece tggagacaca actcacaatt
ggttatggta ccatgttccc cagtggtgac tgtccaagtg caatcgectt acttgecata
caaatgctec taggcctcat getagagget tttatcacag gtgettttgt ggegaagatt
geccggecaa aaaatcgage tttttcaatt cgetttactg acatagcagt agtagetcac
atggatggca aacctaatct tatcttccaa gtggecaaca cccgacctag cectctaace
agtgtceggg tctcagetgt actctatcag gaaagagaaa atggcaaact ctaccagace
agtgtggatt tccaccttga tggcatcagt tctgacgaat gtccattctt catcttteca
ctaacgtact atcactccat tacaccatca agtcctetgg ctactctget ccagcatgaa
aatccttete actttgaatt agttgtattc ctttecagcaa tgcaggaggg cactggagaa
atatgccaaa ggaggacatc ctacctacag tctgaaatca tgttacatca ctgttttgea
tctetgttga cccgaggtte caaatgtgaa tatcaaatca agatggagaa ttttgacaag
actgtcectg aatttccaac tcctetggtt tctaaaagece caaacaggac tgacctggat
atccacatca atggacaaag cattgacaat tttcagatct ctgaaacagg actgacagaa
taa

«<210> SEQ ID NO 3

<211> LENGTH: 1179

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

ggctceggtyg ceegtcagtyg ggcagagege acatcgecca cagtcecccga gaagttgggg
ggaggggtcg gcaattgaac cggtgectag agaaggtgge geggggtaaa ctgggaaagt
gatgtcegtgt actggctceg ccttttteee gagggtgggg gagaaccgta tataagtgea
gtagtcgeceg tgaacgttct ttttcecgcaac gggtttgceceg ccagaacaca ggtaagtgec
gtgtgtggtt cecegegggee tggectettt acgggttatg geccttgegt gecttgaatt
actteccacet ggctgcagta cgtgattett gatcccgage ttegggttgg aagtgggtgg
gagagttcga ggecttgege ttaaggagec ccttegecte gtgettgagt tgaggectgg
cctgggeget ggggecgeeg cgtgegaate tggtggeace ttegegectyg tetegetget
ttcgataagt ctctagccat ttaaaatttt tgatgacctg ctgcgacget ttttttcetgg

caagatagtc ttgtaaatge gggccaagat ctgcacactg gtattteggt ttttggggece

4/11/2023 10:50:46

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1083

60

120

180

240

300

360

420

480

540

600
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gcgggceggeg acggggceccg tgcgtceccag cgcacatgtt cggcgaggceg gggcctgcga 660
gcgcggcecac cgagaatcgg acgggggtag tctcaagetg gcecggcectge tcectggtgect 720
ggtctcgege cgecgtgtat cgcceccgece tgggcggcaa ggctggcecceccecg gteggcacca 780
gttgcgtgag cggaaagatg gccgcttcece ggccctgetg cagggagctc aaaatggagg 840
acgcggcegcet cgggagagceg ggcgggtgag tcacccacac aaaggaaaag ggcectttceeg 900
tecctcageeg tcgcttcatg tgactccacg gagtaccggg cgccgtccag gcacctcgat 960
tagttctega gettttggag tacgtegtet ttaggttggg gggaggggtt ttatgcgatg 1020
gagtttccece acactgagtg ggtggagact gaagttaggc cagcttggca cttgatgtaa 1080
ttctececttgg aatttgccct ttttgagttt ggatcttggt tcattctcaa gectcagaca 1140
gtggttcaaa gtttttttct tccatttcag gtgtcgtga 1179
<210> SEQ ID NO 4
<211> LENGTH: 626
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
aattctgtca ttttactagg gtgatgaaat tcccaagcaa caccatcctt ttcagataag 60
ggcactgagg ctgagagagg agctgaaacc tacccggggt caccacacac aggtggcaag 120
gctgggacca gaaaccagga ctgttgactg cagcccggta ttcattcttt ccatagccca 180
cagggctgtc aaagacccca gggcctagtc agaggctcct ccttcecctgga gagttectgg 240
cacagaagtt gaagctcagc acagcccect aacccccaac tctctcectgea aggectcagg 300
ggtcagaaca ctggtggagc agatccttta gcctctggat tttagggcca tggtagaggg 360
ggtgttgccc taaattccag cecctggtcte agcccaacac cctccaagaa gaaattagag 420
gggccatggce caggctgtge tagccgttge ttctgagcag attacaagaa gggactaaga 480
caaggactcc tttgtggagg tcctggectta gggagtcaag tgacggcggce tcagcactca 540
cgtgggcagt gccagcctct aagagtgggce aggggcactg gccacagagt cccagggagt 600
cccaccagcece tagtcgccag gtcgac 626
<210> SEQ ID NO 5
<211> LENGTH: 3048
«<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic - EFla-Kir7.1 DNA sequence
<400> SEQUENCE: 5
ggctccggtg cccgtcagtg ggcagagcge acatcgccca cagtccccga gaagttgggyg 60
ggaggggtcg gcaattgaac cggtgcctag agaaggtggce gcggggtaaa ctgggaaagt 120
gatgtcgtgt actggctcceg cctttttcece gagggtgggg gagaaccgta tataagtgca 180
gtagtcgeceg tgaacgttct ttttcgcaac gggtttgecg ccagaacaca ggtaagtgec 240
gtgtgtggtt cccgcgggece tggcctcecttt acgggttatg gcecttgegt gecttgaatt 300
acttccacct ggctgcagta cgtgattctt gatcccgage ttcgggttgg aagtgggtgg 360
gagagttcga ggccttgege ttaaggagcece ccttcegecte gtgecttgagt tgaggectgg 420
cctgggeget ggggecgecg cgtgcgaatc tggtggcace ttcgegectg tctegetget 480
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ttcgataagt ctctagccat ttaaaatttt tgatgacctg ctgcgacgect ttttttctgg 540
caagatagtc ttgtaaatgc gggccaagat ctgcacactg gtatttcggt ttttggggcce 600
gcgggcggeg acggggceccg tgcgtceccag cgcacatgtt cggcgaggceg gggcctgcecga 660
gcgcggcecac cgagaatcgg acgggggtag tctcaagetg gceccggcectge tcetggtgect 720
ggtctcecgege cgecgtgtat cgcceccgece tgggcggcaa ggctggcecccg gteggcacca 780
gttgcgtgag cggaaagatg gccgcttcce ggccctgetg cagggagctc aaaatggagg 840
acgcggcegcet cgggagagceg ggcgggtgag tcacccacac aaaggaaaag ggcectttceceg 900
tecctcageeg tcgcttcatg tgactccacg gagtaccggg cgccgtccag gcacctcgat 960
tagttctcga gettttggag tacgtegtcet ttaggttggg gggaggggtt ttatgcegatg 1020
gagtttccece acactgagtg ggtggagact gaagttaggc cagcttggca cttgatgtaa 1080
ttctecettgg aatttgccct ttttgagttt ggatcttggt tcattctcaa gectcagaca 1140
gtggttcaaa gtttttttct tccatttcag gtgtcgtgac aagtttgtac aaaaaagcag 1200
gctgeccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgce catcctggte 1260
gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg cgagggcgat 1320
gccacctacg gcaagctgac cctgaagttce atctgcacca ccggcaagct gccegtgecce 1380
tggcccacce tegtgaccac cctgacctac ggegtgcagt gcttcagecg ctaccccgac 1440
cacatgaagc agcacgactt cttcaagtcc gccatgcceg aaggctacgt ccaggagcgce 1500
accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa gttcgagggce 1560
gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga cggcaacatc 1620
ctggggcaca agctggagta caactacaac agccacaacg tctatatcat ggccgacaag 1680
cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga cggcagcgtg 1740
cagctcgceg accactacca gcagaacacc cccatcggeg acggccccgt getgetgecce 1800
gacaaccact acctgagcac ccagtccgec ctgagcaaag accccaacga gaagcgcgat 1860
cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctceggcat ggacgagctg 1920
tacaagtccg gactcagatc tcgagctcaa gcttcgaatt ctgacagcag taattgcaaa 1980
gttattgctc ctctecctaag tcaaagatac cggaggatgg tcaccaagga tggccacagce 2040
acacttcaaa tggatggcgc tcaaagaggt cttgcatatc ttcgagatgce ttggggaatc 2100
ctaatggaca tgcgctggcg ttggatgatg ttggtctttt ctgcttettt tgttgtccac 2160
tggcttgtcet ttgcagtgct ctggtatgtt ctggctgaga tgaatggtga tctggaacta 2220
gatcatgatg ccccacctga aaaccacact atctgtgtca agtatatcac cagtttcaca 2280
gctgcattet ccttctecceccet ggagacacaa ctcacaattg gttatggtac catgttcccce 2340
agtggtgact gtccaagtgc aatcgecctta cttgccatac aaatgctcect aggcctcatg 2400
ctagaggctt ttatcacagg tgcttttgtg gcgaagattg cccggccaaa aaatcgagcet 2460
ttttcaattc gctttactga cacagcagta gtagctcaca tggatggcaa acctaatctt 2520
atcttccaag tggccaacac ccgacctagce cctctaacca gtgtccgggt ctcagctgta 2580
ctctatcagg aaagagaaaa tggcaaactc taccagacca gtgtggattt ccaccttgat 2640
ggcatcagtt ctgacgaatg tccattcttec atctttccac taacgtacta tcactccatt 2700
acaccatcaa gtcctctgge tactctgectce cagcatgaaa atccttctca ctttgaatta 2760
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gttgtattcc tttcagcaat gcaggagggc actggagaaa tatgccaaag gaggacatcc 2820
tacctaccgt ctgaaatcat gttacatcac tgttttgcat ctctgttgac ccgaggttcce 2880
aaaggtgaat atcaaatcaa gatggagaat tttgacaaga ctgtccctga atttccaact 2940
cctectggttt ctaaaagccc aaacaggact gacctggata tccacatcaa tggacaaagce 3000
attgacaatt ttcagatctc tgaaacagga ctgacagaat aaggatcc 3048
<210> SEQ ID NO 6
«<211> LENGTH: 2495
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic - VMD2-Kir7.1l DNA sequence
<400> SEQUENCE: 6
aattctgtca ttttactagg gtgatgaaat tcccaagcaa caccatcctt ttcagataag 60
ggcactgagg ctgagagagg agctgaaacc tacccggggt caccacacac aggtggcaag 120
gctgggacca gaaaccagga ctgttgactg cagcccggta ttcattcttt ccatagecca 180
cagggctgtc aaagacccca gggcctagtc agaggctcct ccttcecctgga gagttectgg 240
cacagaagtt gaagctcagc acagcccect aacccccaac tctctcectgea aggectcagg 300
ggtcagaaca ctggtggagc agatccttta gcctctggat tttagggcca tggtagaggg 360
ggtgttgccce taaattccag cecctggtcte agcccaacac cctccaagaa gaaattagag 420
gggccatggce caggctgtge tagccgttge ttctgagcag attacaagaa gggactaaga 480
caaggactcc tttgtggagg tcctggetta gggagtcaag tgacggcggce tcagcactca 540
cgtgggcagt gccagcctct aagagtgggce aggggcactg gccacagagt cccagggagt 600
cccaccagece tagtecgccag gtcgaccaag tttgtacaaa aaagcaggcet gccaccatgg 660
tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat cctggtcgag ctggacggcg 720
acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga gggcgatgec acctacggca 780
agctgaccct gaagttcatc tgcaccaccg gcaagctgee cgtgccctgg cccacccteg 840
tgaccaccct gacctacggc gtgcagtgct tcagccgcta ccccgaccac atgaagcagce 900
acgacttctt caagtccgcc atgcccgaag gctacgtcca ggagcgcacc atcttcettca 960
aggacgacgg caactacaag acccgcgccg aggtgaagtt cgagggcgac accctggtga 1020
accgcatcga gctgaagggc atcgacttca aggaggacgg caacatcctg gggcacaagc 1080
tggagtacaa ctacaacagc cacaacgtct atatcatggc cgacaagcag aagaacggca 1140
tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg cagcgtgcag ctcgccgacc 1200
actaccagca gaacaccccce atcggcgacg gccccgtget gectgcccgac aaccactacce 1260
tgagcaccca gtccgecectg agcaaagacc ccaacgagaa gcgcgatcac atggtectge 1320
tggagttcgt gaccgccgec gggatcactce tcggcatgga cgagctgtac aagtccggac 1380
tcagatctcg agctcaagcect tcgaattcectg acagcagtaa ttgcaaagtt attgctccte 1440
tcctaagtca aagataccgg aggatggtca ccaaggatgg ccacagcaca cttcaaatgg 1500
atggcgctca aagaggtctt gcatatcttc gagatgcttg gggaatccta atggacatge 1560
gctggegttg gatgatgttg gtcettttetg cttettttgt tgtccactgg cttgtettty 1620
cagtgctctg gtatgttcectg gctgagatga atggtgatct ggaactagat catgatgccce 1680
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cacctgaaaa ccacactatc tgtgtcaagt atatcaccag tttcacagct gcattctcet 1740
tctcectgga gacacaactc acaattggtt atggtaccat gttccccagt ggtgactgtce 1800
caagtgcaat cgccttactt gccatacaaa tgctcctagg cctcatgcta gaggctttta 1860
tcacaggtgc ttttgtggcg aagattgccc ggccaaaaaa tcgagcetttt tcaattcget 1920
ttactgacac agcagtagta gctcacatgg atggcaaacc taatcttatc ttccaagtgg 1980
ccaacacccg acctagccect ctaaccagtg tccgggtcecte agctgtactce tatcaggaaa 2040
gagaaaatgg caaactctac cagaccagtg tggatttcca ccttgatggc atcagttctg 2100
acgaatgtcc attcttcatc tttccactaa cgtactatca ctccattaca ccatcaagtce 2160
ctctggctac tctgetccag catgaaaatc cttctcactt tgaattagtt gtattccttt 2220
cagcaatgca ggagggcact ggagaaatat gccaaaggag gacatcctac ctaccgtctg 2280
aaatcatgtt acatcactgt tttgcatctc tgttgaccecg aggttccaaa ggtgaatatce 2340
aaatcaagat ggagaatttt gacaagactg tccctgaatt tccaactcct ctggtttceta 2400
aaagcccaaa caggactgac ctggatatcc acatcaatgg acaaagcatt gacaatttte 2460
agatctctga aacaggactg acagaataag gatcc 2495
<210> SEQ ID NO 7
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic - primer
<400> SEQUENCE: 7
gcttcgaatt ccgacagcag taattg 26
<210> SEQ ID NO 8
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
«<220> FEATURE:
<223> OTHER INFORMATION: Synthetic - primer
<400> SEQUENCE: 8
atccggtgga tccttattct gtcagt 26
«<210> SEQ ID NO 9
<211> LENGTH: 6752
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
«220> FEATURE:
<223> OTHER INFORMATION: Synthetic - AAV Viral Vector with Kir7.1
<400> SEQUENCE: 9
cectgcaggea getgegeget cgctegetca ctgaggecge cecgggcaaag cccgggegte 60
gggcgacctt tggtcgecceg gectcagtga gcgagcgagce gcgcagagag ggagtggceca 120
actccatcac taggggttcc tatcgatcaa ctttgtatag aaaagttggg ctceggtgece 180
cgtcagtggg cagagcgcac atcgcccaca gtccccgaga agttgggggg aggggtcggce 240
aattgaaccg gtgcctagag aaggtggcgc ggggtaaact gggaaagtga tgtcgtgtac 300
tggctecegee tttttecccga gggtggggga gaaccgtata taagtgcagt agtcgecgtg 360
aacgttcttt ttcgcaacgg gtttgccgcc agaacacagg taagtgccgt gtgtggttcce 420
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cgecgggcectg gectetttac gggttatgge ccttgegtge cttgaattac ttccacctgg 480
ctgcagtacg tgattcttga tcccgagett cgggttggaa gtgggtggga gagttcgagg 540
ccttgegett aaggagccce ttegectegt gettgagttg aggcctggece tgggcecgetgg 600
ggccgecegeg tgcgaatctg gtggcacctt cgcgectgte tcegetgettt cgataagtcet 660
ctagccattt aaaatttttg atgacctgct gcgacgettt ttttcectggca agatagtcett 720
gtaaatgcgg gccaagatct gcacactggt atttcggttt ttggggccge gggcggcgac 780
ggggccegtg cgtceccageg cacatgtteg gecgaggceggg gectgcecgagce geggecacceyg 840
agaatcggac gggggtagtc tcaagctggc cggcctgcte tggtgcctgg tctegegecg 900
cecgtgtateg ceccececgecectg ggeggcaagg ctggececeggt cggcaccagt tgcgtgageg 960
gaaagatggc cgcttceccgg ccctgctgca gggagctcaa aatggaggac gcggcgctceg 1020
ggagagcggg cgggtgagtc acccacacaa aggaaaaggg cctttceegte ctcagecgte 1080
gcttcatgtg actccacgga gtaccgggceg ccgtccagge acctcgatta gttectcgage 1140
ttttggagta cgtcgtcttt aggttggggg gaggggtttt atgcgatgga gtttccccac 1200
actgagtggg tggagactga agttaggcca gcttggcact tgatgtaatt ctccttggaa 1260
tttgcecettt ttgagtttgg atcttggttc attctcaage ctcagacagt ggttcaaagt 1320
ttttttectte catttcaggt gtcgtgacaa gtttgtacaa aaaagcaggc tgccaccatg 1380
gtgagcaagg gcgaggagct gttcaccggg gtggtgccca tectggtega gctggacggce 1440
gacgtaaacg gccacaagtt cagcgtgtcc ggcgagggcg agggcgatgce cacctacggce 1500
aagctgacce tgaagttcat ctgcaccacc ggcaagctge ccgtgccctg geccacccte 1560
gtgaccaccc tgacctacgg cgtgcagtge ttcagccget accccgacca catgaagcag 1620
cacgacttct tcaagtccgc catgcccgaa ggctacgtce aggagcgcac catcttctte 1680
aaggacgacg gcaactacaa gacccgcgcc gaggtgaagt tcgagggcga caccctggtg 1740
aaccgcatcg agctgaaggg catcgacttc aaggaggacg gcaacatcct ggggcacaag 1800
ctggagtaca actacaacag ccacaacgtc tatatcatgg ccgacaagca gaagaacggc 1860
atcaaggtga acttcaagat ccgccacaac atcgaggacg gcagcgtgca gctecgcecgac 1920
cactaccagc agaacacccce catcggcgac ggccccgtge tgctgcccga caaccactac 1980
ctgagcaccc agtcecgccct gagcaaagac cccaacgaga agcgcgatca catggtcctg 2040
ctggagttcg tgaccgccge cgggatcact ctcggcatgg acgagctgta caagtccgga 2100
ctcagatctc gagctcaagc ttcgaattct gacagcagta attgcaaagt tattgctcect 2160
ctcctaagtec aaagataccg gaggatggtc accaaggatg gccacagcac acttcaaatg 2220
gatggcgctce aaagaggtct tgcatatctt cgagatgctt ggggaatcct aatggacatg 2280
cgctggegtt ggatgatgtt ggtcecttttet gettettttg ttgtceccactg gettgtettt 2340
gcagtgctct ggtatgttct ggctgagatg aatggtgatc tggaactaga tcatgatgec 2400
ccacctgaaa accacactat ctgtgtcaag tatatcacca gtttcacagc tgcattctcce 2460
ttctcectgg agacacaact cacaattggt tatggtacca tgttccccag tggtgactgt 2520
ccaagtgcaa tcgccttact tgccatacaa atgctcctag gcectcatget agaggcetttt 2580
atcacaggtg cttttgtggce gaagattgcc cggccaaaaa atcgagcettt ttcaattcge 2640
tttactgaca cagcagtagt agctcacatg gatggcaaac ctaatcttat cttccaagtg 2700
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gccaacaccce gacctagecce tctaaccagt gtccgggtet cagcectgtact ctatcaggaa 2760
agagaaaatg gcaaactcta ccagaccagt gtggatttcc accttgatgg catcagttct 2820
gacgaatgtc cattcttcat ctttccacta acgtactatc actccattac accatcaagt 2880
cctctggeta ctectgcteca gcatgaaaat ccttctcact ttgaattagt tgtattccett 2940
tcagcaatgce aggagggcac tggagaaata tgccaaagga ggacatccta cctaccgtcet 3000
gaaatcatgt tacatcactg ttttgcatct ctgttgaccc gaggttccaa aggtgaatat 3060
caaatcaaga tggagaattt tgacaagact gtccctgaat ttccaactcecce tcectggtttet 3120
aaaagcccaa acaggactga cctggatatc cacatcaatg gacaaagcat tgacaatttt 3180
cagatctcetg aaacaggact gacagaataa ggatccaccc agctttettg tacaaagtgg 3240
tgatggccgg ccgcttcgag cagacatgat aagatacatt gatgagtttg gacaaaccac 3300
aactagaatg cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta ttgctttatt 3360
tgtaaccatt ataagctgca ataaacaagt taacaacaac aattgcattc attttatgtt 3420
tcaggttcag ggggaggtgt gggaggtttt ttaaagcaag taaaacctct acaaatgtgg 3480
taatcgatag atctaggaac ccctagtgat ggagttggcce actccctcte tgcgegetceg 3540
ctecgctcact gaggecggge gaccaaaggt cgcccgacge cecgggetttg cccgggegge 3600
ctcagtgagc gagcgagcgce gcagctgecct gcaggcagcet tggcactggce cgtcegtttta 3660
caacgtcgtg actgggaaaa ccctggegtt acccaactta atcgecttgce agcacatccce 3720
cctttegeca getggegtaa tagcgaagag gcccgcaccg atcgecctte ccaacagttg 3780
cgcagcctga atggcgaatg gecgectgatg cggtatttte tecttacgca tetgtgeggt 3840
atttcacacc gcatacgtca aagcaaccat agtacgcgcce ctgtagcggce gcattaagceg 3900
cggcgggtgt ggtggttacg cgcagcgtga ccgctacact tgccagecgece ctagcgceccg 3960
ctecctttege tttetteect tecttteteg ccacgttege cggectttece cgtcaagcetce 4020
taaatcgggg gctcecttta gggttceccgat ttagtgecttt acggcacctce gaccccaaaa 4080
aacttgattt gggtgatggt tcacgtagtg ggccatcgcc ctgatagacg gtttttcgec 4140
ctttgacgtt ggagtccacg ttctttaata gtggactctt gttccaaact ggaacaacac 4200
tcaaccctat ctcgggctat tcecttttgatt tataagggat tttgccgatt tcggcctatt 4260
ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa ttttaacaaa atattaacgt 4320
ttacaatttt atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagce 4380
ceccgacaccece gccaacacce gctgacgege cctgacggge ttgtctgete ccggcatccg 4440
cttacagaca agctgtgacc gtctcecggga gctgcatgtg tcagaggttt tcaccgtcat 4500
caccgaaacg cgcgagacga aagggcctcg tgatacgcct atttttatag gttaatgtca 4560
tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccc 4620
ctatttgttt atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct 4680
gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttcecgtgtceg 4740
cccttattee cttttttgeg gecattttgec tteoctgtttt tgctcaccca gaaacgctgg 4800
tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc 4860
tcaacagcgg taagatcctt gagagttttc gceccccgaaga acgttttceca atgatgagca 4920
cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgceccggg caagagcaac 4980
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tcggtegecg catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa 5040
agcatcttac ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg 5100
ataacactgc ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgcectt 5160
ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 5220
aagccatacc aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttgce 5280
gcaaactatt aactggcgaa ctacttactc tagcttccecg gcaacaatta atagactgga 5340
tggaggcgga taaagttgca ggaccacttc tgcgctecgge ccttecgget ggcectggttta 5400
ttgctgataa atctggagcc ggtgagegtg ggtctcecgegg tatcattgca gcactggggce 5460
cagatggtaa gccctccegt atcgtagtta tctacacgac ggggagtcag gcaactatgg 5520
atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 5580
cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 5640
ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 5700
cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 5760
ttctgegegt aatctgctge ttgcaaacaa aaaaaccacc gctaccageg gtggtttgtt 5820
tgccggatca agagctacca actctttttce cgaaggtaac tggcttcagce agagcgcaga 5880
taccaaatac tgttcttcta gtgtageccgt agttaggcca ccacttcaag aactctgtag 5940
caccgcctac atacctceget ctgctaatcce tgttaccagt ggctgctgec agtggcgata 6000
agtcgtgtcet taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg 6060
gctgaacggg gggttcgtge acacagccca gettggageg aacgacctac accgaactga 6120
gatacctaca gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga aaggcggaca 6180
ggtatccggt aagcggcagg gtcggaacag gagagcgcac gagggagctt ccagggggaa 6240
acgcctggta tcectttatagt cctgtegggt ttegccacct ctgacttgag cgtcgatttt 6300
tgtgatgctc gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gcectttttac 6360
ggttcctgge cttttgetgg ccttttgete acatgttctt tecctgcecgtta tecccctgatt 6420
ctgtggataa ccgtattacc gecctttgagt gagctgatac cgctcegeccgce agccgaacga 6480
ccgagcgcag cgagtcagtg agcgaggaag cggaagagcg cccaatacgce aaaccgcectce 6540
tcececegegeg ttggecgatt cattaatgca gctggcacga caggtttceccece gactggaaag 6600
cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggctt 6660
tacactttat gctteccgget cgtatgttgt gtggaattgt gagcggataa caatttcaca 6720
caggaaacag ctatgaccat gattacgaat tg 6752
<210> SEQ ID NO 10

«<211> LENGTH: 6752

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic - Lentivirus Viral Vector with Kir7.1

<400> SEQUENCE: 10

cctgcaggcea getgegeget cgetcgetca ctgaggecge ccgggcaaag cccgggegte 60
gggegacctt tggtcegeceg gectcagtga gegagegage gegcagagag ggagtggeca 120
actccatcac taggggttcce tatcgatcaa ctttgtatag aaaagttggg ctceggtgec 180
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cgtcagtggg cagagcgcac atcgcccaca gtccccgaga agttgggggg aggggtcggce 240
aattgaaccg gtgcctagag aaggtggcgce ggggtaaact gggaaagtga tgtcgtgtac 300
tggctecgee tttttcecccga gggtggggga gaaccgtata taagtgcagt agtcecgcegtg 360
aacgttcttt ttcgcaacgg gtttgccgcc agaacacagg taagtgccgt gtgtggttcce 420
cgegggectg gectetttac gggttatgge ccttgegtge cttgaattac ttccacctgg 480
ctgcagtacg tgattcttga tcccgagett cgggttggaa gtgggtggga gagttcgagg 540
ccttgegett aaggagccce ttegectegt gettgagttg aggcectggece tgggcecgetgg 600
ggccgeegeg tgcgaatctg gtggcacctt cgcgectgte tcegetgettt cgataagtcet 660
ctagccattt aaaatttttg atgacctgct gcgacgettt ttttcectggca agatagtcett 720
gtaaatgcgg gccaagatct gcacactggt atttcggttt ttggggccge gggcggcgac 780
ggggccegtg cgtcccageg cacatgtteg gegaggeggg gectgcgage gceggccaccyg 840
agaatcggac gggggtagtc tcaagctggc cggcctgcte tggtgcctgg tctegegecg 900
cegtgtateg cccegecctg ggeggcaagg ctggcccggt cggcaccagt tgcgtgageg 960
gaaagatggc cgcttceccgg ccctgcectgca gggagctcaa aatggaggac gcggcgctceg 1020
ggagagcggg cgggtgagtc acccacacaa aggaaaaggg cctttcegte ctcagecgte 1080
gcttcatgtg actccacgga gtaccgggceg ccgtccagge acctcgatta gttectcegage 1140
ttttggagta cgtcgtcttt aggttggggg gaggggtttt atgcgatgga gtttccccac 1200
actgagtggg tggagactga agttaggcca gcttggcact tgatgtaatt ctccttggaa 1260
tttgcecettt ttgagtttgg atcttggttc attctcaage ctcagacagt ggttcaaagt 1320
ttttttectte catttcaggt gtcgtgacaa gtttgtacaa aaaagcaggc tgccaccatg 1380
gtgagcaagg gcgaggagct gttcaccggg gtggtgccca tectggtega gctggacggce 1440
gacgtaaacg gccacaagtt cagcgtgtcce ggcgagggcg agggcgatgce cacctacggce 1500
aagctgacce tgaagttcat ctgcaccacc ggcaagctge ccgtgccctg geccacccte 1560
gtgaccaccc tgacctacgg cgtgcagtge ttcagccget accccgacca catgaagcag 1620
cacgacttct tcaagtccgc catgcccgaa ggctacgtce aggagcgcac catcttctte 1680
aaggacgacg gcaactacaa gacccgcgcec gaggtgaagt tcgagggcga caccctggtg 1740
aaccgcatcg agctgaaggg catcgacttc aaggaggacg gcaacatcct ggggcacaag 1800
ctggagtaca actacaacag ccacaacgtc tatatcatgg ccgacaagca gaagaacggc 1860
atcaaggtga acttcaagat ccgccacaac atcgaggacg gcagcgtgca gctcecgccgac 1920
cactaccagc agaacacccce catcggcgac ggccccgtge tgctgcccga caaccactac 1980
ctgagcaccc agtccgccct gagcaaagac cccaacgaga agcgcgatca catggtcectg 2040
ctggagttcg tgaccgccge cgggatcact cteggcatgg acgagctgta caagtccgga 2100
ctcagatctc gagctcaagce ttcgaattct gacagcagta attgcaaagt tattgctcect 2160
ctcctaagte aaagataccg gaggatggtc accaaggatg gccacagcac acttcaaatg 2220
gatggcgctc aaagaggtct tgcatatctt cgagatgctt ggggaatcct aatggacatg 2280
cgctggegtt ggatgatgtt ggtcttttet gettecttttg ttgtceccactg gettgtettt 2340
gcagtgctcet ggtatgttcect ggctgagatg aatggtgatc tggaactaga tcatgatgec 2400
ccacctgaaa accacactat ctgtgtcaag tatatcacca gtttcacagc tgcattctcce 2460
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ttctcecectgg agacacaact cacaattggt tatggtacca tgttccccag tggtgactgt 2520
ccaagtgcaa tcgccttact tgccatacaa atgctcctag gcectcatget agaggetttt 2580
atcacaggtg cttttgtggce gaagattgcc cggccaaaaa atcgagcttt ttcaattcge 2640
tttactgaca cagcagtagt agctcacatg gatggcaaac ctaatcttat cttccaagtg 2700
gccaacaccce gacctagecce tctaaccagt gtcecgggtet cagcectgtact ctatcaggaa 2760
agagaaaatg gcaaactcta ccagaccagt gtggatttcc accttgatgg catcagttct 2820
gacgaatgtc cattcttcat ctttccacta acgtactatc actccattac accatcaagt 2880
cctectggeta ctectgcteca gcatgaaaat ccttctcact ttgaattagt tgtattccett 2940
tcagcaatgce aggagggcac tggagaaata tgccaaagga ggacatccta cctaccgtcet 3000
gaaatcatgt tacatcactg ttttgcatct ctgttgaccc gaggttccaa aggtgaatat 3060
caaatcaaga tggagaattt tgacaagact gtccctgaat ttccaactcc tctggtttet 3120
aaaagcccaa acaggactga cctggatatc cacatcaatg gacaaagcat tgacaatttt 3180
cagatctctg aaacaggact gacagaataa ggatccaccc agctttcttg tacaaagtgg 3240
tgatggccgg ccgcttcgag cagacatgat aagatacatt gatgagtttg gacaaaccac 3300
aactagaatg cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta ttgctttatt 3360
tgtaaccatt ataagctgca ataaacaagt taacaacaac aattgcattc attttatgtt 3420
tcaggttcag ggggaggtgt gggaggtttt ttaaagcaag taaaacctct acaaatgtgg 3480
taatcgatag atctaggaac ccctagtgat ggagttggcce actccctcte tgcgegetceg 3540
ctcgctcact gaggecggge gaccaaaggt cgcccgacge cecgggetttg cccgggegge 3600
ctcagtgagc gagcgagcgce gcagctgect gcaggcagcet tggcactggce cgtcegtttta 3660
caacgtcgtg actgggaaaa ccctggegtt acccaactta atcgecttgce agcacatccce 3720
cctttegeca getggegtaa tagcgaagag gcccgcaccg atcgecctte ccaacagttg 3780
cgcagcctga atggcgaatg gecgectgatg cggtatttte tecttacgca tetgtgeggt 3840
atttcacacc gcatacgtca aagcaaccat agtacgcgcc ctgtagcggce gcattaagceg 3900
cggcgggtgt ggtggttacg cgcagcgtga ccgctacact tgccagecgec ctagcgeccg 3960
ctcctttege tttettcecect tecttteteg ccacgttege cggctttceece cgtcaagcectce 4020
taaatcgggg gctcecttta gggttccgat ttagtgecttt acggcacctce gaccccaaaa 4080
aacttgattt gggtgatggt tcacgtagtg ggccatcgcc ctgatagacg gtttttcgec 4140
ctttgacgtt ggagtccacg ttctttaata gtggactctt gttccaaact ggaacaacac 4200
tcaaccctat ctcgggctat tcecttttgatt tataagggat tttgccgatt tcggectatt 4260
ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa ttttaacaaa atattaacgt 4320
ttacaatttt atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagce 4380
cccgacaccce gccaacacce gctgacgege cctgacggge ttgtctgete ccggcatccg 4440
cttacagaca agctgtgacc gtctcecggga gctgcatgtg tcagaggttt tcaccgtcat 4500
caccgaaacg cgcgagacga aagggcctcg tgatacgect atttttatag gttaatgtca 4560
tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccce 4620
ctatttgttt atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct 4680
gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttccgtgtceg 4740
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ccecttattee cttttttgeg gecattttgece tteoctgtttt tgctcaccca gaaacgcetgg 4800
tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc 4860
tcaacagcgg taagatcctt gagagttttc gccccgaaga acgttttceca atgatgagca 4920
cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac 4980
tcggtegecg catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa 5040
agcatcttac ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg 5100
ataacactgc ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgcett 5160
ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 5220
aagccatacc aaacgacgag cgtgacacca cgatgcectgt agcaatggca acaacgttgce 5280
gcaaactatt aactggcgaa ctacttactc tagcttcccg gcaacaatta atagactgga 5340
tggaggcgga taaagttgca ggaccacttc tgecgctegge ccttecegget ggcetggttta 5400
ttgctgataa atctggagcc ggtgagegtg ggtctcecgegg tatcattgca gcactggggce 5460
cagatggtaa gccctceccgt atcgtagtta tctacacgac ggggagtcag gcaactatgg 5520
atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 5580
cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 5640
ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 5700
cgttccactg agecgtcagac cccgtagaaa agatcaaagg atcttcecttga gatccecttttt 5760
ttctgecgegt aatctgctge ttgcaaacaa aaaaaccacc gctaccageg gtggtttgtt 5820
tgccggatca agagctacca actctttttce cgaaggtaac tggcttcage agagcgcaga 5880
taccaaatac tgttcttcta gtgtageccgt agttaggcca ccacttcaag aactctgtag 5940
caccgcctac atacctceget ctgctaatcc tgttaccagt ggctgctgece agtggcgata 6000
agtcgtgtcet taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg 6060
gctgaacggg gggttcgtge acacagccca gettggageg aacgacctac accgaactga 6120
gatacctaca gcgtgagcta tgagaaagcg ccacgcttecc cgaagggaga aaggcggaca 6180
ggtatccggt aagcggcagg gtcggaacag gagagcgcac gagggagctt ccagggggaa 6240
acgcctggta tcectttatagt cctgtegggt ttegeccacct ctgacttgag cgtcgatttt 6300
tgtgatgctec gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gcectttttac 6360
ggttcctgge cttttgetgg ccttttgecte acatgttctt tecctgecgtta tecccctgatt 6420
ctgtggataa ccgtattacc gcctttgagt gagctgatac cgctcecgccge agccgaacga 6480
ccgagcgcag cgagtcagtg agcgaggaag cggaagagcg cccaatacgce aaaccgcectce 6540
tcececegegeg ttggecgatt cattaatgca gctggcacga caggtttceccce gactggaaag 6600
cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggcectt 6660
tacactttat gcttccgget cgtatgttgt gtggaattgt gagcggataa caatttcaca 6720
caggaaacag ctatgaccat gattacgaat tg 6752

<210> SEQ ID NO 11
<211> LENGTH: 31

<212> TYPE

: DNA

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

<223> OTHER INFORMATION:
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<400> SEQUENCE: 11

ccgetegagt accttccaag tgetgtcaaa ¢

<210> SEQ ID NO 12
<211> LENGTH: 30
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 12

Synthetic - primer

cgacgegtea tgctgaatte cttaatttge

<210> SEQ ID NO 13
<211> LENGTH: 30
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

«<400> SEQUENCE: 13

Synthetic - primer

ctagctaget cctcccageg taacgtgage

<210> SEQ ID NO 14
<211> LENGTH: 28
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 14

Synthetic - primer

gaagatctct agtggcagec ccatggtg

<210> SEQ ID NO 15
<211> LENGTH: 32
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION :

<400> SEQUENCE: 15

Synthetic - primer

ctagctagece tgtectcetta ggcagataca ga

<210> SEQ ID NO 16
<211> LENGTH: 30
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION :

<400> SEQUENCE: 16

Synthetic - primer

gaagatctag agccttcatg ttgactgcta

<210> SEQ ID NO 17
<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 17

gaaagttggg gatgaggcga

4/11/2023 10:50:46

Synthetic - primer
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28

32

30

20
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<210> SEQ ID NO 18

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic - primer

<400> SEQUENCE: 18

caatcaaagc ttcctcagag ctgecgggeg get

<210> SEQ ID NO 19

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic - normal TGG sequence

<400> SEQUENCE: 19

gacatgcget ggegttggat g

<210> SEQ ID NO 20

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic - TAG sequence

<400> SEQUENCE: 20

gacatgcgcet agegttggat g

<210> SEQ ID NO 21

<211> LENGTH: 6594

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic- VB200106-1361jvy vector

<400> SEQUENCE: 21

cctgecaggea getgegeget cgetegetea ctgaggecge

gggcgacctt tggtegeceyg gectcagtga gegagcegage

actccatcac taggggttcce ttctagacaa ctttgtatag

atggattgat gtattaaaat ttattgaatc acatgctgag

gggatctggg catttattee catattgecac tggetggetg

cagggetgtt ctgtcaacce ccaccagact caccccecte

tccttecate tetectgaage aacttactga tgggeectge

aacgtatgat gtcaccagca gccaatcaga gctectegte

attttactag ggtgatgaaa ttcccaagca acaccatcct

gctgagagag gagctgaaac ctaccegggg tcaccacaca

agaaaccagg actgttgact gcageceggt attcattett

caaagacccce agggectagt cagaggctece tecttectgg

tgaagctcag cacagccccee taacccccaa ctetetetge

actggtggag cagatccttt agcctctgga ttttagggece

ctaaattcca geccctggtet cageccaaca ccctcecaaga

4/11/2023 10:50:46

cegggcaaag

dcgcagagag

aaaagttgga

attttcacca

gaagccagea

caccagcccce

cagccaatca

agcatatgca

tttcagataa

caggtggcaa

tccatageece

agagttecctg

aaggcctceag

atggt agagg

agaaattaga

ceegggegte
ggagtggcca
gececttgagt
gectgeeegty
gcataaactce

ggcaggette

cagccagaat

gaattctgte

gggcactgag

ggctgggacc

acagggetgt

gcacagaagt

gggtcagaac

gggtgttgcc

ggggccatgg

33

21

21

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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ccaggctgtg ctageccgttg cttectgagca gattacaaga agggactaag acaaggactc 960
ctttgtggag gtcctggett agggagtcaa gtgacggcgg ctcagcactce acgtgggcag 1020
tgccagecte taagagtggg caggggcact ggccacagag tcccagggag tcccaccagce 1080
ctagtcgcca gaccttcectgt gggatcatcg gacccacctg gaaccccacce tgtgagtaca 1140
aggtcaagtt tgtacaaaaa agcaggctgc caccaagctt atggtgagca agggcgagga 1200
gctgttcace ggggtggtge ccatcctggt cgagctggac ggcgacgtaa acggccacaa 1260
gttcagegtg tceggcgagg gcgagggcga tgccacctac ggcaagctga ccctgaagtt 1320
catctgcacc accggcaagc tgcccgtgcc ctggcccacce ctcgtgacca ccctgaccta 1380
cggegtgecag tgcttcagee gctacceccga ccacatgaag cagcacgact tcttcaagte 1440
cgccatgcec gaaggctacg tccaggagcg caccatctte ttcaaggacg acggcaacta 1500
caagacccge gccgaggtga agttcgaggg cgacaccctg gtgaaccgca tcgagctgaa 1560
gggcatcgac ttcaaggagg acggcaacat cctggggcac aagctggagt acaactacaa 1620
cagccacaac dgtctatatca tggccgacaa gcagaagaac ggcatcaagg tgaacttcaa 1680
gatccgccac aacatcgagg acggcagcgt gcagctcgec gaccactacc agcagaacac 1740
cececcategge gacggecceg tgctgctgcece cgacaaccac tacctgagca cccagtccge 1800
cctgagcaaa gaccccaacg agaagcgcga tcacatggtce ctgctggagt tcgtgaccgce 1860
cgecgggate actcteggca tggacgaget gtacaaggac agcagtaatt gcaaagttat 1920
tgctectete ctaagtcaaa gataccggag gatggtcacce aaggatggcec acagcacact 1980
tcaaatggat ggcgctcaaa gaggtcttgce atatcttcga gatgcttggg gaatcctaat 2040
ggacatgcgce tggcgttgga tgatgttggt cttttectget tettttgttg tecactgget 2100
tgtctttgca gtgctectggt atgttctgge tgagatgaat ggtgatctgg aactagatca 2160
tgatgcccca cctgaaaacc acactatctg tgtcaagtat atcaccagtt tcacagctge 2220
attctecectte tccctggaga cacaactcac aattggttat ggtaccatgt tccccagtgg 2280
tgactgtcca agtgcaatcg ccttacttgc catacaaatg ctcctaggcce tcatgctaga 2340
ggcttttatc acaggtgctt ttgtggcgaa gattgcccgg ccaaaaaatc gagettttte 2400
aattcgcttt actgacacag cagtagtagc tcacatggat ggcaaaccta atcttatctt 2460
ccaagtggcce aacacccgac ctagccctcet aaccagtgtce cgggtctcag ctgtactcta 2520
tcaggaaaga gaaaatggca aactctacca gaccagtgtg gatttccacc ttgatggcat 2580
cagttctgac gaatgtccat tcttcatctt tccactaacg tactatcact ccattacacc 2640
atcaagtcct ctggctacte tgctccagca tgaaaatcct tctcactttg aattagttgt 2700
attcctttca gcaatgcagg agggcactgg agaaatatgc caaaggagga catcctacct 2760
accgtcectgaa atcatgttac atcactgttt tgcatctcectg ttgacccgag gttccaaagg 2820
tgaatatcaa atcaagatgg agaattttga caagactgtc cctgaatttc caactcctcet 2880
ggtttctaaa agcccaaaca ggactgacct ggatatccac atcaatggac aaagcattga 2940
caattttcag atctctgaaa caggactgac agaataagga tccacccagc tttcttgtac 3000
aaagtgggaa ttccgataat caacctctgg attacaaaat ttgtgaaaga ttgactggta 3060
ttcttaacta tgttgctect tttacgectat gtggatacge tgctttaatg cctttgtatce 3120
atgctattgc ttccegtatg gectttcattt tctectectt gtataaatcce tggttgetgt 3180
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ctctttatga ggagttgtgg cccgttgtca ggcaacgtgg cgtggtgtge actgtgtttg 3240
ctgacgcaac ccccactggt tggggcattg ccaccacctg tcagctcecctt teccgggactt 3300
tcgetttece cectecectatt gecacggcegg aactcatcge cgectgectt gecegetget 3360
ggacaggggc tcggctgttg ggcactgaca attcecgtggt gttgtcgggg aagctgacgt 3420
cctttecatg getgetegee tgtgttgcca cctggattet gegecgggacg tecttcetget 3480
acgtcecectte ggccctcaat ccagcggacce ttecttececg cggectgcetg ceggetetge 3540
ggcctettec gegtettege cttcegeeccte agacgagteg gatctcecectt tgggeccgect 3600
cceccgecateg ggaattecta gagctcecgetg atcagecteg actgtgectt ctagttgceca 3660
gccatectgtt gtttgceccct ceccccgtgece ttecttgace ctggaaggtg ccactcecccac 3720
tgtcctttee taataaaatg aggaaattgc atcgcattgt ctgagtaggt gtcattctat 3780
tectggggggt ggggtgggge aggacagcaa gggggaggat tgggaagaga atagcaggca 3840
tgctggggag ggccgcagga acccctagtg atggagttgg ccactcecccte tetgegeget 3900
cgctegetea ctgaggccgg gcgaccaaag gtcgcccgac geccgggett tgceccgggeg 3960
gcctcagtga gcgagcgagce gcgcagctge ctgcagggge gectgatgceg gtattttcete 4020
cttacgcatc tgtgeggtat ttcacaccgc atacgtcaaa gcaaccatag tacgcgccect 4080
gtagcggcge attaagcgceg gcgggggdtgg tggttacgeg cagcgtgacce gctacacttg 4140
ccagcgectt agcgecccget cctttegett tetteccectte ctttetegee acgttegecy 4200
gctttecceg tcaagectcta aatcgggggce tccctttagg gttecgattt agtgetttac 4260
ggcacctecga ccccaaaaaa cttgatttgg gtgatggttce acgtagtggg ccatcgccect 4320
gatagacggt ttttcgcccet ttgacgttgg agtccacgtt ctttaatagt ggactcttgt 4380
tccaaactgg aacaacactc aactctatct cgggctattce ttttgattta taagggattt 4440
tgccgattte ggtctattgg ttaaaaaatg agctgattta acaaaaattt aacgcgaatt 4500
ttaacaaaat attaacgttt acaattttat ggtgcactct cagtacaatc tgctctgatg 4560
ccgcatagtt aagccagccc cgacacccgce caacacccgce tgacgcgecc tgacgggcett 4620
gtctgctecee ggcatcecget tacagacaag ctgtgaccgt ctccgggagce tgcatgtgte 4680
agaggttttc accgtcatca ccgaaacgcg cgagacgaaa gggcctcegtg atacgcctat 4740
ttttataggt taatgtcatg ataataatgg tttcttagac gtcaggtggce acttttcggg 4800
gaaatgtgcg cggaacccct atttgtttat ttttctaaat acattcaaat atgtatccgce 4860
tcatgagaca ataaccctga taaatgcttc aataatattg aaaaaggaag agtatgagta 4920
ttcaacattt ccgtgtcgce cttattccct tttttgecgge attttgecctt cctgtttttg 4980
ctcacccaga aacgctggtg aaagtaaaag atgctgaaga tcagttgggt gcacgagtgg 5040
gttacatcga actggatctc aacagcggta agatccttga gagttttcecgce cccgaagaac 5100
gttttccaat gatgagcact tttaaagttc tgctatgtgg cgcggtatta tcccgtattg 5160
acgccgggca agagcaactc ggtcgeccgea tacactattce tcagaatgac ttggttgagt 5220
actcaccagt cacagaaaag catcttacgg atggcatgac agtaagagaa ttatgcagtg 5280
ctgccataac catgagtgat aacactgcgg ccaacttact tctgacaacg atcggaggac 5340
cgaaggagct aaccgctttt ttgcacaaca tgggggatca tgtaactcgce cttgatcgtt 5400
gggaaccgga gctgaatgaa gccataccaa acgacgagcg tgacaccacg atgcctgtag 5460
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caatggcaac aacgttgcgce aaactattaa ctggcgaact acttactcta gcttcceccgge 5520
aacaattaat agactggatg gaggcggata aagttgcagg accacttctg cgctcggcecce 5580
ttcecggetgg ctggtttatt gectgataaat ctggagececgg tgagegtgga agccgcggta 5640
tcattgcagce actggggcca gatggtaagce cctcecccgtat cgtagttatce tacacgacgg 5700
ggagtcaggc aactatggat gaacgaaata gacagatcgc tgagataggt gcctcactga 5760
ttaagcattg gtaactgtca gaccaagttt actcatatat actttagatt gatttaaaac 5820
ttcattttta atttaaaagg atctaggtga agatcctttt tgataatctc atgaccaaaa 5880
tcecttaacg tgagtttteg ttceccactgag cgtcagacce cgtagaaaag atcaaaggat 5940
cttcttgaga tecttttttt ctgcgegtaa tctgetgett gcaaacaaaa aaaccaccgce 6000
taccagcggt ggtttgtttg ccggatcaag agctaccaac tctttttccecg aaggtaactg 6060
gcttcagcag agcgcagata ccaaatactg ttcttctagt gtagccgtag ttaggcecacce 6120
acttcaagaa ctctgtagca ccgcctacat acctcgectcet gctaatcctg ttaccagtgg 6180
ctgctgeccag tggcgataag tcgtgtctta ccgggttgga ctcaagacga tagttaccgg 6240
ataaggcgca gcggtcgggce tgaacggggg gttcegtgcac acagcccagce ttggagcgaa 6300
cgacctacac cgaactgaga tacctacagc gtgagctatg agaaagcgec acgcttccceg 6360
aagggagaaa ggcggacagg tatccggtaa gcggcagggt cggaacagga gagcgcacga 6420
gggagcttece agggggaaac gcctggtate tttatagtcecce tgtcegggttt cgccacctet 6480
gacttgagcg tcgatttttg tgatgctcecgt caggggggceg gagcectatgg aaaaacgcca 6540
gcaacgcggce ctttttacgg ttecctggect tttgetggece ttttgctcac atgt 6594
<210> SEQ ID NO 22
<211> LENGTH: 5880
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic - AAV-VMD2-Kir7.1l vector
<400> SEQUENCE: 22
cctgcaggea gctgegeget cgctcgetca ctgaggccge ccgggcaaag cccgggegte 60
gggcgacctt tggtcgeceg gectcagtga gcgagcgage gcgcagagag ggagtggceca 120
actccatcac taggggttcc ttctagacaa ctttgtatag aaaagttgga gcccttgagt 180
atggattgat gtattaaaat ttattgaatc acatgctgag attttcacca gctgcccgtg 240
gggatctggg catttattcc catattgcac tggctggctg gaagccagca gcataaactc 300
cagggctgtt ctgtcaaccc ccaccagact caccccccte caccagcccce ggcaggctte 360
teccttecate tctcectgaage aacttactga tgggccctge cagccaatca cagccagaat 420
aacgtatgat gtcaccagca gccaatcaga gctcctegte agcatatgca gaattctgte 480
attttactag ggtgatgaaa ttcccaagca acaccatcct tttcagataa gggcactgag 540
gctgagagag gagctgaaac ctacccgggg tcaccacaca caggtggcaa ggctgggacce 600
agaaaccagg actgttgact gcagccecggt attcattctt tccatagecc acagggctgt 660
caaagacccc agggcectagt cagaggctcc tcecttectgg agagttcctg gcacagaagt 720
tgaagctcag cacagcccce taacccccaa ctctctetge aaggectcag gggtcagaac 780
actggtggag cagatccttt agcctctgga ttttagggcc atggtagagg gggtgttgcec 840
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ctaaattcca gececectggtcet cagecccaaca ccctccaaga agaaattaga ggggccatgg 900
ccaggctgtg ctageccgttg cttctgagca gattacaaga agggactaag acaaggactc 960
ctttgtggag gtcctggett agggagtcaa gtgacggcegg ctcagcactce acgtgggcag 1020
tgccagccte taagagtggg caggggcact ggccacagag tcccagggag tcccaccagce 1080
ctagtcgeca gaccttcectgt gggatcatcg gacccacctg gaaccccacce tgtgagtaca 1140
aggtcaagtt tgtacaaaaa agcaggctgc caccaagctt atggacagca gtaattgcaa 1200
agttattgcet cctcectcectaa gtcaaagata ccggaggatg gtcaccaagg atggccacag 1260
cacacttcaa atggatggcg ctcaaagagg tcttgcatat cttcgagatg cttggggaat 1320
cctaatggac atgecgctgge gttggatgat gttggtettt tctgettett ttgttgtceca 1380
ctggcttgte tttgcagtgc tctggtatgt tctggctgag atgaatggtg atctggaact 1440
agatcatgat gccccacctg aaaaccacac tatctgtgte aagtatatca ccagtttcac 1500
agctgcatte tceccttcecteecce tggagacaca actcacaatt ggttatggta ccatgttcecce 1560
cagtggtgac tgtccaagtg caatcgectt acttgccata caaatgctcc taggectcat 1620
gctagaggct tttatcacag gtgcttttgt ggcgaagatt gcccggccaa aaaatcgagce 1680
tttttcaatt cgctttactg acacagcagt agtagctcac atggatggca aacctaatct 1740
tatcttccaa gtggccaaca cccgacctag ccctctaace agtgtecggg tcectcagetgt 1800
actctatcag gaaagagaaa atggcaaact ctaccagacc agtgtggatt tccaccttga 1860
tggcatcagt tctgacgaat gtccattctt catctttcca ctaacgtact atcactccat 1920
tacaccatca agtcctctgg ctactctget ccagcatgaa aatccttcecte actttgaatt 1980
agttgtattc ctttcagcaa tgcaggaggg cactggagaa atatgccaaa ggaggacatc 2040
ctacctaccg tctgaaatca tgttacatca ctgttttgca tctctgttga cccgaggtte 2100
caaaggtgaa tatcaaatca agatggagaa ttttgacaag actgtccctg aatttccaac 2160
tcectetggtt tctaaaagec caaacaggac tgacctggat atccacatca atggacaaag 2220
cattgacaat tttcagatct ctgaaacagg actgacagaa taaggatcca cccagctttc 2280
ttgtacaaag tgggaattcc gataatcaac ctctggatta caaaatttgt gaaagattga 2340
ctggtattct taactatgtt gctcecctttta cgctatgtgg atacgctgect ttaatgcectt 2400
tgtatcatgc tattgcttcc cgtatggett tcattttcecte cteccttgtat aaatcctggt 2460
tgctgtctet ttatgaggag ttgtggcceg ttgtcaggca acgtggcecgtg gtgtgcactg 2520
tgtttgctga cgcaaccccecce actggttggg gcattgccac cacctgtcag ctcectttecg 2580
ggactttcgce tttceccceccte cctattgecca cggcggaact catcgceccgec tgeccttgecce 2640
gctgctggac aggggctcecgg ctgttgggca ctgacaattce cgtggtgttg tcecggggaagce 2700
tgacgtcectt teccatggcetg ctegectgtg ttgccacctg gattcectgege gggacgtcect 2760
tctgctacgt cecctteggece ctcaatccag cggaccttee ttcececcecgegge ctgctgecegg 2820
ctectgeggee tectteegegt cttegectte gceccctcagac gagtcecggatce tecctttggg 2880
ccgectecce gecatcgggaa ttecctagage tcecgctgatca gecctcgactg tgccttcectag 2940
ttgccagcca tetgttgttt geccectecece cgtgecttee ttgaccctgg aaggtgccac 3000
tcccactgte ctttectaat aaaatgagga aattgcatcg cattgtctga gtaggtgtca 3060
ttctattcectg gggggtgggyg tggggcagga cagcaagggyg gaggattggg aagagaatag 3120
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caggcatgct ggggagggcce gcaggaaccc ctagtgatgg agttggccac tccctctcetg 3180
cgcgcteget cgctcactga ggccgggega ccaaaggtcg cccgacgecc gggctttgece 3240
cgggcggect cagtgagcga gcgagcgcegce agcetgectge aggggcgcect gatgcecggtat 3300
tttctectta cgcatctgtg cggtatttca caccgcatac gtcaaagcaa ccatagtacg 3360
cgecectgtag cggecgcatta agegeggcgg gggtggtggt tacgcecgcagce gtgaccgcta 3420
cacttgccag cgccttageg cccgctectt tegetttett cecttecttt ctegecacgt 3480
tcgecggett teccececgtcaa gcectctaaatce gggggctece tttagggttce cgatttagtg 3540
ctttacggca cctcgacccc aaaaaacttg atttgggtga tggttcacgt agtgggccat 3600
cgcectgata gacggttttt cgececctttga cgttggagtce cacgttettt aatagtggac 3660
tcttgttcca aactggaaca acactcaact ctatctcggg ctattcectttt gatttataag 3720
ggattttgcc gatttcggtce tattggttaa aaaatgagct gatttaacaa aaatttaacyg 3780
cgaattttaa caaaatatta acgtttacaa ttttatggtg cactctcagt acaatctgct 3840
ctgatgccge atagttaage cagccccgac acccgccaac acccgetgac gegecctgac 3900
gggcttgtect gcteccecggca tcecgcettaca gacaagctgt gaccgtcetece gggagctgca 3960
tgtgtcagag gttttcaccg tcatcaccga aacgcgcgag acgaaagggc ctcgtgatac 4020
gcctattttt ataggttaat gtcatgataa taatggtttc ttagacgtca ggtggcactt 4080
ttcggggaaa tgtgcgecgga acccctattt gtttattttt ctaaatacat tcaaatatgt 4140
atccgectcat gagacaataa ccctgataaa tgcttcaata atattgaaaa aggaagagta 4200
tgagtattca acatttccgt gtcgccctta ttceccttttt tgcggcattt tgccttcectg 4260
tttttgctca cccagaaacg ctggtgaaag taaaagatgc tgaagatcag ttgggtgcac 4320
gagtgggtta catcgaactg gatctcaaca gcggtaagat ccttgagagt tttecgccccg 4380
aagaacgttt tccaatgatg agcactttta aagttctgct atgtggcgeg gtattatccce 4440
gtattgacgc cgggcaagag caactcggtc gccgcataca ctattctcag aatgacttgg 4500
ttgagtactc accagtcaca gaaaagcatc ttacggatgg catgacagta agagaattat 4560
gcagtgctgce cataaccatg agtgataaca ctgcggccaa cttacttctg acaacgatcg 4620
gaggaccgaa ggagctaacc gcttttttge acaacatggg ggatcatgta actcgccttg 4680
atcgttggga accggagctg aatgaagcca taccaaacga cgagcgtgac accacgatgce 4740
ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg cgaactactt actctagctt 4800
ccecggcaaca attaatagac tggatggagg cggataaagt tgcaggacca cttctgceget 4860
cggccecttee ggetggetgg tttattgetg ataaatctgg agccggtgag cgtggaagec 4920
gcggtatcat tgcagcactg gggccagatg gtaagccctce ccgtatcgta gttatctaca 4980
cgacggggag tcaggcaact atggatgaac gaaatagaca gatcgctgag ataggtgcct 5040
cactgattaa gcattggtaa ctgtcagacc aagtttactc atatatactt tagattgatt 5100
taaaacttca tttttaattt aaaaggatct aggtgaagat cctttttgat aatctcatga 5160
ccaaaatccc ttaacgtgag ttttcgttcecc actgagcgtc agaccccgta gaaaagatca 5220
aaggatcttc ttgagatcct ttttttetge gecgtaatctg ctgcttgcaa acaaaaaaac 5280
caccgctace ageggtggtt tgtttgecgg atcaagaget accaactcett tttcecgaagg 5340
taactggctt cagcagagcg cagataccaa atactgttct tctagtgtag ccgtagttag 5400
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gccaccactt caagaactct gtagcaccgce ctacatacct cgctctgcta atcctgttac 5460
cagtggctge tgccagtggce gataagtegt gtcttaccgg gttggactca agacgatagt 5520
taccggataa ggcgecagegg tcgggctgaa cggggggtte gtgcacacag cccagettgg 5580
agcgaacgac ctacaccgaa ctgagatacc tacagcgtga gctatgagaa agcgccacgc 5640
ttcccgaagg gagaaaggceg gacaggtatc cggtaagegg cagggtcgga acaggagagce 5700
gcacgaggga gcttccaggg ggaaacgcect ggtatcttta tagtcctgtce gggtttegec 5760
acctctgact tgagecgtcga tttttgtgat gectegtcagg ggggcecggagce ctatggaaaa 5820
acgccagcaa cgcggcecttt ttacggttcce tggecttttg ctggectttt gcectcacatgt 5880
<210> SEQ ID NO 23
<211> LENGTH: 141
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic - 5'ITR
«<400> SEQUENCE: 23
cctgcaggeca gctgegeget cgctcgetca ctgaggccge ccgggcaaag cccgggcegte 60
gggcgacctt tggtcegeccg gectcagtga gcgagcgage gcegcagagag ggagtggceca 120
actccatcac taggggttcce t 141
<210> SEQ ID NO 24
<211> LENGTH: 976
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic - VMD2 promoter
<400> SEQUENCE: 24
gagcccttga gtatggattg atgtattaaa atttattgaa tcacatgctg agattttcac 60
cagctgcceg tggggatctg ggcatttatt cccatattge actggctgge tggaagccag 120
cagcataaac tccagggctg ttctgtcaac ccccaccaga ctcacccecce tccaccagcec 180
cecggcagget tctectteca tctctctgaa gcaacttact gatgggcect gccagccaat 240
cacagccaga ataacgtatg atgtcaccag cagccaatca gagctcctcg tcagcatatg 300
cagaattctg tcattttact agggtgatga aattcccaag caacaccatc cttttcagat 360
aagggcactg aggctgagag aggagctgaa acctacccgg ggtcaccaca cacaggtggce 420
aaggctggga ccagaaacca ggactgttga ctgcagcccg gtattcattc tttccatage 480
ccacagggct gtcaaagacc ccagggccta gtcagaggct cctecttect ggagagttcece 540
tggcacagaa gttgaagctc agcacagccc cctaacccce aactctctcect gcaaggecte 600
aggggtcaga acactggtgg agcagatcct ttagcctctg gattttaggg ccatggtaga 660
gggggtgttg ccctaaattc cagccctggt ctcagcccaa caccctccaa gaagaaatta 720
gaggggccat ggccaggctg tgctagecegt tgcttctgag cagattacaa gaagggacta 780
agacaaggac tcctttgtgg aggtcctgge ttagggagtc aagtgacggce ggctcagcac 840
tcacgtgggc agtgccagcc tctaagagtg ggcaggggca ctggccacag agtcccaggg 900
agtcccacca gecctagtcecge cagaccttct gtgggatcat cggacccacc tggaacccca 960
cctgtgagta caaggt 976
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 1094

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic - KCJN13

SEQUENCE: 25

ccaccaaget tatggacage agtaattgca aagttattge tcctctecta agtcaaagat

accggaggat ggtcaccaag gatggccaca gcacacttca aatggatggce gctcaaagag

gtcttgcata tcttegagat gettggggaa tcectaatgga catgegetgg cgttggatga

tgttggtett ttctgettet tttgttgtee actggettgt ctttgcagtg ctetggtatg

ttctggetga gatgaatggt gatctggaac tagatcatga tgccccacct gaaaaccaca

ctatctgtgt caagtatate accagtttca cagctgeatt ctecttetec ctggagacac

aactcacaat tggttatggt accatgttcc ccagtggtga ctgtccaagt gcaatcgect

tacttgecat acaaatgete ctaggectca tgctagagge ttttatcaca ggtgettttg

tggcgaagat tgcccggeca aaaaatcgag ctttttcaat tcegetttact gacacagcag

tagtagecteca catggatgge aaacctaatc ttatctteca agtggccaac acccgaccta

gcectetaac cagtgtcegg gtcetcagetg tactctatca ggaaagagaa aatggcaaac

tctaccagac cagtgtggat tteccaccttg atggecatcag ttctgacgaa tgtccattcet

tcatctttece actaacgtac tatcactcca ttacaccatc aagtcctctg getactctge

tccageatga aaatccttet cactttgaat tagttgtatt cctttcagea atgcaggagg

gcactggaga aatatgccaa aggaggacat cctacctacc gtctgaaatc atgttacatce

actgttttge atctctgttyg accecgaggtt ccaaaggtga atatcaaatc aagatggaga

attttgacaa gactgtcecct gaatttccaa ctectetggt ttctaaaage ccaaacagga

ctgacctgga tatccacate aatggacaaa gcattgacaa ttttcagatc tcetgaaacag

gactgacaga ataa

<210>
<211>
<212>
<213>
«<220>
<223>

<400>

SEQ ID NO 26

LENGTH: 598

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Synthetic - woodchuck post translational
regulatory element

SEQUENCE: 26

cgataatcaa cctctggatt acaaaatttg tgaaagattg actggtattc ttaactatgt

tgcteetttt acgctatgtg gatacgetge tttaatgect ttgtatcatg ctattgette

cegtatgget ttecattttet cctecttgta taaatcctgg ttgetgtete tttatgagga

gttgtggecee gttgtcagge aacgtggegt ggtgtgcact gtgtttgetg acgcaacccce

cactggttgg ggcattgcca ccacctgtca gctcctttee gggacttteg cttteccect

cecctattgece acggcggaac tcatcgecge ctgecttgece cgetgectgga caggggetceg

getgttggge actgacaatt cegtggtgtt gteggggaag ctgacgtect ttecatgget

gectegectgt gttgecacct ggattectgeg cgggacgtee ttetgctacyg teccttegge
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cctecaateca geggacctte cttecegegg cctgetgeeg getcetgegge ctettecgeg

tcttegectt cgecctcaga cgagteggat cteectttgg gecgectcece cgeatcegg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 208

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic - BGHpA

SEQUENCE: 27

ctgtgectte tagttgeccag ccatctgttg tttgcececte cccegtgect tecttgacce

tggaaggtgce cactcccact gtectttcect aataaaatga ggaaattgca tegeattgte

tgagtaggtg tcattctatt ctggggggtyg gggtggggca ggacagcaag ggggaggatt

gggaagagaa tagcaggcat gctgggga

<210>
<211>
«<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28
LENGTH: 141

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic - 3' ITR

SEQUENCE: 28

aggaacccecet agtgatggag ttggecactce cctetetgeg cgetegeteg ctcactgagg

cecgggegace aaaggtcegec cgacgcecegg getttgeceg ggeggectca gtgagcegage

gagcgegcag ctgectgcag g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29
LENGTH: 861

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic - ampicillin drug resistance gene

SEQUENCE: 29

atgagtattc aacatttceg tgtegecctt attcecetttt ttgeggcatt ttgecttect

gtttttgcete acccagaaac gctggtgaaa gtaaaagatg ctgaagatca gttgggtgea

cgagtgggtt acatcgaact ggatctcaac agcggtaaga tccttgagag ttttegecce

gaagaacgtt ttccaatgat gagcactttt aaagttctge tatgtggege ggtattatce

cgtattgacg ccgggcaaga gcaacteggt cgccgeatac actattctca gaatgacttg

gttgagtact caccagtcac agaaaagcat cttacggatg gcatgacagt aagagaatta

tgcagtgetg ccataaccat gagtgataac actgecggeca acttacttet gacaacgatce

ggaggaccga aggagctaac cgettttttg cacaacatgg gggatcatgt aactegectt

gategttggg aaccggaget gaatgaagec ataccaaacg acgagcegtga caccacgatg

cctgtagecaa tggcaacaac gttgegcaaa ctattaactg gecgaactact tactctaget

tcccggcaac aattaataga ctggatggag gcggataaag ttgcaggacc acttctgege

tcggeectte cggctggetyg gtttattget gataaatctyg gagecggtga gegtggaage

cgeggtatea ttgcagcact ggggcecagat ggtaagecct cccgtatcegt agttatctac

acgacgggga gtcaggcaac tatggatgaa cgaaatagac agatcgetga gataggtgece
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tcactgatta agcattggta a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 30

LENGTH: 589

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic - pUC ori

SEQUENCE: 30

ttgagatcet ttttttctge gegtaatctg ctgcttgcaa acaaaaaaac

agcggtggtt tgtttgecgg atcaagaget accaactctt tttecgaagg

cagcagageg cagataccaa atactgttcet tctagtgtag ccegtagttag

caagaactct gtagcaccge ctacatacct cgctctgeta atcctgttac

tgccagtgge gataagtcgt gtettaccgg gttggacteca agacgatagt

ggegeagegg tegggctgaa cggggggtte gtgecacacag cecagettgg

ctacaccgaa ctgagatacc tacagegtga gctatgagaa agegccacge

gagaaaggceg gacaggtate cggtaagegg cagggtcegga acaggagage

gettecaggg ggaaacgcect ggtatcttta tagtcctgte gggtttegece

tgagegtega tttttgtgat getegtcagg ggggcggage ctatggaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 31
LENGTH: 3283

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic - Packaged sequence

the end of the 3'ITR

SEQUENCE: 31

cctgeaggea getgegeget cgetegetca ctgaggecge ccgggcaaag

gggcgacctt tggtegeceg gectcagtga gegagegage gegcagagag

actccatcac taggggttce ttctagacaa ctttgtatag aaaagttgga

atggattgat gtattaaaat ttattgaatc acatgctgag attttcacca

gggatctggg catttattee catattgecac tggetggetyg gaagecagca

cagggetgtt ctgtcaacce ccaccagact caccccccte caccagcccc

tecttecate tetctgaage aacttactga tgggceectge cagcecaatca

aacgtatgat gtcaccagca gccaatcaga gctcctegte agcatatgea

attttactag ggtgatgaaa ttcccaagca acaccatcct tttcagataa

gctgagagag gagctgaaac ctaccegggg tcaccacaca caggtggcaa

agaaaccagg actgttgact gcagccecggt attcattctt tcecatagcecc

caaagacccce agggcectagt cagaggctcc tccttectgg agagttectg

tgaagetecag cacagcccce taacccccaa ctetetetge aaggcectcag

actggtggag cagatccttt agectctgga ttttagggee atggtagagg

ctaaattcca gecctggtet cageccaaca ccctccaaga agaaattaga

ccaggetgtg ctagecgttg cttctgagca gattacaaga agggactaag

ctttgtggag gtcectggett agggagtcaa gtgacggegg ctcagcacte
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caccgctace
taactggett
gccaccactt
cagtggetge
taccggataa
agcgaacgac
tteeccgaagy
gcacgaggga

acctctgact

from the 5

ccegggegte
ggagtggeca
gceccttgagt
getgecegty
gcataaactc
ggcaggette
cagccagaat
gaattctgte
gggcactgag
ggctgggace
acagggctgt
gcacagaagt
gggtcagaac
gggtgttgee
ggggccatgg
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tgccagecte taagagtggg caggggcact ggccacagag tcccagggag tceccaccagce 1080
ctagtcgcca gaccttcectgt gggatcatcg gacccacctg gaaccccacce tgtgagtaca 1140
aggtcaagtt tgtacaaaaa agcaggctgc caccaagctt atggacagca gtaattgcaa 1200
agttattgct cctcectcectaa gtcaaagata ccggaggatg gtcaccaagg atggccacag 1260
cacacttcaa atggatggcg ctcaaagagg tcttgcatat cttcgagatg cttggggaat 1320
cctaatggac atgcgetgge gttggatgat gttggtettt tetgettett ttgttgtceca 1380
ctggcttgte tttgcagtgce tcectggtatgt tctggctgag atgaatggtg atctggaact 1440
agatcatgat gccccacctg aaaaccacac tatctgtgtc aagtatatca ccagtttcac 1500
agctgcattec tceccttctece tggagacaca actcacaatt ggttatggta ccatgttccc 1560
cagtggtgac tgtccaagtg caatcgcctt acttgccata caaatgctcce taggcctcat 1620
gctagaggcet tttatcacag gtgcttttgt ggcgaagatt gcccggccaa aaaatcgagce 1680
tttttcaatt cgctttactg acacagcagt agtagctcac atggatggca aacctaatct 1740
tatcttccaa gtggccaaca cccgacctag ccctctaace agtgtcecggg tctcagetgt 1800
actctatcag gaaagagaaa atggcaaact ctaccagacc agtgtggatt tccaccttga 1860
tggcatcagt tctgacgaat gtccattctt catctttcca ctaacgtact atcactccat 1920
tacaccatca agtcctctgg ctactctget ccagcatgaa aatccttcecte actttgaatt 1980
agttgtattc ctttcagcaa tgcaggaggg cactggagaa atatgccaaa ggaggacatc 2040
ctacctaccg tctgaaatca tgttacatca ctgttttgca tctcectgttga cccgaggtte 2100
caaaggtgaa tatcaaatca agatggagaa ttttgacaag actgtccctg aatttccaac 2160
tcectetggtt tctaaaagec caaacaggac tgacctggat atccacatca atggacaaag 2220
cattgacaat tttcagatct ctgaaacagg actgacagaa taaggatcca cccagctttce 2280
ttgtacaaag tgggaattcc gataatcaac ctctggatta caaaatttgt gaaagattga 2340
ctggtattct taactatgtt gctcctttta cgctatgtgg atacgctget ttaatgectt 2400
tgtatcatge tattgcttce cgtatggett tcattttcte ctecttgtat aaatcctggt 2460
tgctgtectet ttatgaggag ttgtggeccg ttgtcaggca acgtggcegtg gtgtgcactg 2520
tgtttgctga cgcaacccecce actggttggg gcattgccac cacctgtcag ctectttecg 2580
ggactttcgce tttceccceccte cctattgecca cggcggaact catcgceccgec tgeccttgecce 2640
gctgctggac aggggctcecgg ctgttgggca ctgacaattce cgtggtgttg tcecggggaagce 2700
tgacgtcctt tccatggectg ctcegectgtg ttgccacctg gattctgege gggacgtcect 2760
tctgctacgt ccctteggece ctcaatccag cggaccttee ttceccecgegge ctgctgecegyg 2820
ctctgeggee tettecgegt cttegectte gececctcagac gagtcecggatce tecctttggg 2880
ccgectecce gecatcgggaa ttecctagage tcecgctgatca gecctcecgactg tgccttcectag 2940
ttgccagcca tetgttgttt geccectecce cgtgecttee ttgaccctgg aaggtgccac 3000
tceccactgte ctttectaat aaaatgagga aattgcatcg cattgtctga gtaggtgtca 3060
ttctattetg gggggtgggg tggggcagga cagcaagggg gaggattggg aagagaatag 3120
caggcatgct ggggagggcce gcaggaaccc ctagtgatgg agttggccac tccctcetetg 3180
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cgegeteget cgctecactga ggccgggega ccaaaggteg cccgacgecce gggetttgece 3240

cgggeggect cagtgagega gegagegcege agetgectge agg

3283

1. An adeno-associated viral (AAV) gene therapy vector
comprising:

a 5' inverted terminal repeat (ITR) comprising SEQ ID

NO:23,

a retinal pigment epithelium (RPE) specific promoter,

a polynucleotide that encodes a Kir7.1KCNIJ13 protein
and has at least 90% sequence identity to SEQ ID
NO:25,

a posttranscriptional regulatory element (PRE),

a polyadenylation signal, and

a 3'_ITR of SEQ ID NO:28.

2. The AAV gene therapy vector of claim 1, wherein the
RPE specific promoter is a VMD2 promoter comprising a
polynucleotide having at least 90% sequence identity to
SEQ ID NO:24.

3. The AAV gene therapy vector of claim 1, wherein the
posttranscriptional regulatory element is a woodchuck PRE
comprising SEQ ID NO:26.

4. The AAV gene therapy vector of claim 1, wherein the
polyadenylation signal comprises SEQ ID NO:27.

5. The AAV gene therapy vector of claim 1, wherein the
vector comprises a polynucleotide having at least 90%
sequence identity to SEQ ID NO:31.

6. (canceled)

7. A construct comprising the AAV gene therapy vector of
claim 1.

8. The construct of claim 7, wherein the construct is a
plasmid that comprises an antibiotic resistance gene and an
origin of replication and is capable of propagation in bac-
teria.

9. The construct of claim 7, the construct comprising a
polynucleotide having at least 90% sequence identity to
SEQ ID NO:22.

10. A cell comprising the construct of claim 7, wherein the
cell is capable of producing AAV virus particles comprising
the AAV gene therapy vector and is capable of expressing
the Kir7.1 protein.

11. The cell of claim 10, wherein the cell further com-
prises helper plasmids that encode AAV proteins required to
produce AAV virus particles.

12. (canceled)

13. An AAV virus particle made by the cell of claim 10.
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14. A therapeutic composition comprising the AAV gene
therapy vector of claim 1 and a pharmaceutically-acceptable
carrier.

15. A method of treating a subject having a condition
associated with insufficient expression or function of a
Kir7.1 protein, the method comprising administering a
therapeutically effective amount of the therapeutic compo-
sition of claim 14 to the subject.

16. The method of claim 15, wherein the condition is
associated with at least one loss-of-function mutation in a
KCNIJ13 gene that results in a substitution to SEQ ID NO:1
selected from the group consisting of W53Ter, Q116R,
1120T, T1531, R162Q, R166Ter, L241P, E276A, S1051, and
G219Ter within the subject.

17. (canceled)

18. The method of claim 15, wherein the condition is
selected from the group consisting of Leber congenital
amaurosis 16 (LCA16), retinitis pigmentosa, and snowflake
vitreoretinal degeneration (SVD).

19. The method of claim 15, wherein the therapeutic
composition is administered intraocularly, subretinally to at
least one eye of the subject, or intravitreally to at least one
eye of the subject.

20. (canceled)

21. (canceled)

22. The method of claim 15, wherein between 10° and
10"2 copies of the AAV gene therapy vector are administered
to the subject.

23. (canceled)

24. A method of expressing a Kir7.1 protein in a retinal
pigment epithelium (RPE) cell comprising contacting the
RPE cell with the adeno-associated viral vector of claim 1 in
an amount effective to express the Kir7.1 protein in the RPE
cell.

25. The method of claim 24, wherein the RPE cell is in
vivo in a subject.

26. The method of claim 24, wherein the method is used
to treat age-related macular degeneration.

27. The method of claim 24, wherein the RPE cell is ex
vivo and is transplanted into a subject in need thereof.

28. (canceled)
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