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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. 

Specification includes a Sequence Listing. 
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8v.tks after injection 
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FIG. 4 

AA\/2/2 7rn8 o n iPSC~RPE 
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tnt ra--vit real !l1jection Sub-retinal Injection 

Suh~retinal JnJ@::tfon 
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FIG.6 

lntra~vitreal 1njecfion AAV 2/2 7m8 

Sub-retinal injection AAV 2/2 7m8 

Mouse#l 
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pA.AV--VMD2-Kir7 •. 1 
588.0 hp 

US 2023/0108025 Al 
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(fmm 1°642 bp) 

r ~':•:::-;,; 

CC-.TGCiGGCA.GC'::::GcGCGCTCGC:TCG(J-CACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGA{~C.·r-::·r:sGTCG(X:.c~~cc·::::cAGTGAGCGAGCGAGCGCGCAGA 

GADGGAGT('iiC(AAClCCATCACJ,&;G{}('.rf:'flf)(TTCfA_GACAACITTGTAJf,C_AMAGTTGCP-.GCC.CTTCAGTA:n;r<ATTGATGJA'rrAMAJ"lJ.t; rTGAATGA.C:AT 
CTCCCTCA.CCGGH GAGG rAGT GATCCCCM GGAA{~A.;:Cl'Gn GAAACAT ATC rrn CAACCTCGGGAACTCM ACCT AN: rACA:r AA n n AAA rAAC"fTAGrGT A. 

GO GAGA r n "f ( ACCAGC! (;CCC GT GGGGA TC! GGGC.o:! ·i TA n ccu, ! A TT GC/;(; rGGC! GGC rGGMGCCAGCAGCA TAAACTCCAGc,GCTG"f"f CTGTCAACCCC 

CGAC TCT AAAAGTGGTCGACGGGCACCCCI AGACCCG i"AAAT M GGGTATAACG l"GACCGACCGACC JTCGGTCG TCG ! AT rTGAGGTCCCGACAAGACAGTTGGGG 

G"! GG TCTGAG rGGGGGG!\GGTl;(iTCGGGGC.CGlCCGM GAGGAAGGlAGAGAGAC TT C.G r rGAIU GACTACCCGGGACGGTCGGT "l AGlGTCGC, :'CTT Arr GCA TAC 

ATGTCACCAGCAGCCAA TCAGAC.CTCCTC<,,TO.GCA TA TGCAGAA HCTGTCA TTTT ACT AGGCTGATGAAA TTCCC./.,AGCAACAC CA TCCTTTTO.GAT M GGGCA 

l"ACAGTGGTCG"f CGGTTAGTC rCGAGGAGCAGl CGrA T ACGTCH AAGACAGT Af,...i,A H.A f U:CACT ACT H AAGGG rTCGT! G rGGT A.GGAAAAGI C rA TTCCCGr 

GACTC.CGAC:TCTCTCCTCGACrrr-GGATGGGCCCCAGTGGTGTG:T'GTCCACCGTTCCGACCCTGGTCTTTGGTCCJGACAACTGACGTCGGGCCATAAGTAAGAA.AG 
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pAAV-VM D2-f(ir7-,l ( 5880 bp) (frorn 643-1284 bp) 

('.f.. l AGCCC/\CAGGGCTGlCAMGACCCCAGCGCCl AG rCAGi',GGC rccr ccr rccr G.Q\GAGl ·r cc rGGCACAGAAGT ·r GMGC.T CAGCACAIXCCCCf MCCCCCA 
GTATCGGGTG'ICCC(,ACAGTTTCTGGGGTCCCGGATCAGTCTCCGAGG~.GC<AAGGACGCTCMGGACCG !T,TC!TCAACTTCG.AGTCGiGTCGGGGGAT TGGGGGT 

!GAC<AGAGACGTTCCGGAGTCCCCAGTCT TGTGACCACC.TCGTCTAGGAMTCGGAGACCTAAAAlCCCGGTACCAKTCCCCCACAACGGGAT•TTAAGGTCGGGAC 

GlrTCAGCCCAACACCc rcCAAGAAGMAll.AGAGGGGCCATGG( CAGGCTGrGUAGCCGTlGCl·•rCTGAGCAGATTACAAGAAGGGACTAAGA{'AAGGAfl·cuI 

CAGAGTCGGGTTGTGGGAGGTTCTTCf 'fl AATCT CCCCGGTACCGGTCCGAC!\CGA:rcGGCAACQ\AGACTCGTCTANf GTTCTTCCCTGArl c wrTCCTG/\GGAA 

ACACCTCC.AGGACCGAATCCCTCAGTTCACTGCCGCCGAGTCGTGAGTGCACCCGTCACGGTCGGAGAT1 CTCACCCGTCCCCGTGACCGGTGTCTCAGGGTCCCTC 
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pAAV-VMD2,,Kir7,l (5880 bp) (from 1285--2()33 bp) 

AAGAGGTCTtGCf<TA.TCTTCGAGAtGc rrz;c;t,r;AAtt( rAA l GGAOilGCGCTGGCGTTGGAlGAtG·r "FGGTCT ! ttcr GC! 1·<:r r TtG f r(;J( t'ACTGtc trcrcr 

"! TGCAG! GCrCTGG!ArGTTC"!(,GC TGAC,ArGM ft;{;.rGA"fC!t,GM.Cf A(:,t.. rCAI GArGCCCCACCrGAAAACCACAC:A rC-fG !GlCAAG !!il!\TCN:CAGJTlC 

MCGTCAt GAGAC(ATACAAGACCGt.C TCTAC.T TACCACJ AGACCTJG.ATCTAGTAC:lACGGGG TCGAC:'FTTTGGTGTGATAGAC ACAGTTCA TATAGTGGTCAAAG 

1.420 

: . t:· . :! 

ACAGHGCATTC TCCTTCTCCCTGGAGACACAACTCACAATTGGTTAT GGTACCATCTTCCCC AGTGGTGACTGTCCAAGTGCAA TCCCCTTACTTGCCA TACAAAT 

TG"f GGACGTAAGAGGAAGAGGGACCTCTGTU"l.GAGTG"!TM CCAAlACCATGGTACAAGGGG TCACCAC 1·cACAGG1.TCACG1·rAGCGGAATGAACGGTATGI ;· 1·A 

::=::::: :: :: :: : : :: :: : : : : : : : # %~:rn: : 

Ger c~:TAGticc rCA TGC"I AG/\GGCI ! rlXf CA(/\GGTGCT r nGTGG<:GAAG,!\"!TGCCCGG(;(AAAAM l(GNJCTHrT(M n ccc 1·1 l"AOGAU,CAGCAG!AG 

CCAGGA 1 CCGC<AGT ACGA T CTCCGAAAA.T :I.GTGTCCACGAAAA.C ACCGCTTC l AACGGGC CGGTTTT rT ACC:f.GAAAAAf,TT AA.GCGAAA TGACTG T GTCGTC ATC 

i?:::.:. 

rAGCViACAlGGAJ(;G(M ACCTAA TCTlAlC:: TCCAAGTGGt(AACACCCGACC fAGCCOCTAACCAGTGKC:GGGTCTCf.,.'GCTGlACltTAKAGGAAAGAGAA 
ATCGAGJGTACCTACCGli.TGGATlAGAATAGAAGGTTCACCGGTTGTGGGCl GGATCGGGAGATTGGif:ACAGGCCCAGAGTCGACAlGAGATAClCCTTTClCrr 

:',=,,"}.l 

AAT(/;O.AACltlACC.".i,A(C#il(, iGCk:Tl(;O.CCTJ(iA l"GGCAltAGTTCf(;ACG.o.A·rm·ccA rrcn·cATCn-1·cu,crAACGJACrATCAC JCCATTA(ACC 
"iTACCG"l "l" rGAGM GG l"CTGC"!CACACCTM AGG!GGAACf ACCG rAGTCAAGACf GCTI A.CAGGTM GAAGTAGAAAGGJGAT'f GCATGATAGl"GAGGI AATGTGG 

AlCAAGrcc1c; ·r:;cn AC!CTGUCCAGCAlGl',MA.TCCO:" lCl'CACl" i·r0AATTAGTTGl AT•l·cc1·1·r cAGCAA"lGCAGGAGGGCAUGGAGAAATA.·, GcCAAAGGA 
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p.<\1WN MD2-Kir7.1 (51380 b p) (fron\ 2034-2782 b p) 

G(W.:ATCCJN.:CTACCGrCTGAAArCAlG:·1·1;.eATCAC l"GTT"f JGCATCJCl'G l""rGAGCCGAGGi"l"CCAAAGGl"GAATA:'f:M A"f CAAGATGGAGMTT'f"f fo~CAAG 

:;:;:( :-_·::J 
: : 

AtlCftCCtt~AAff-YCtAAC:lt:CtC:i-C;(tf Ttt:ii .. AAAGCtCAAACAGC;ACl GA(t.l·GcAt-A-"f.CCA.Cr\lCAAlGGAC:AA1,et~A•-r -fCACAA-r:· fJ·ttA(~A-:(J·cTt~AAAC: 
TCACAGGGACTTAAAGGTTGAGGAGACCAA.4.GATTTTC@GTTTGTCCfG/,£TGGACCTATAGGTCTAGTTACCTGTTTCCTAACTGTTAAMGTCTAGAGACTTTG 

: . ·: 

AGGACfGACAGAA"l AAGGATCCACCCAGC i" rTCTTG" l /\CAM GTGGGAM TCCGA"f/\ATCAACCrc rGGA"f"! ACAAM,."! "FTGTGAAAGA I TGAC rGGT AJ"l{;TTAAC 

Tt CTGAC T GTC TTA TTtCT AGGTGGG l"Ci;AA>XGAACAf GT TTCAC(CTTAAGGCTATT.AGTl"GGAGACCl.MTG!TT lAAA.0.CTTTtT ~.ACTGACCl>. l"AAGAAT ri; 

"i ATGT l GC rec TT'! 'l ACGCTA,!GrGGATACGCTGCJ'l" rAATGCc1·rrGT ATCA TGClAT rGcr TCCCGrA·r GG{; r rTCA"l'TH CTCCTCCTTGTATAAATCCTGGT"f 

ATAC:AAtGt.GGAAAATGCGA!"ACACCTMGMACGAM l"fAC G\7,AAAC:ATAGT/s.CGATAACGAAGGGC~.tACCGAM.!n AAAt.GACiJ?iAGGAAO TAfffAGGAC:CAA 

GCf GTCrCT'r·r·AJGAGGAG:'rG TGGCCCGTTGOI.CAGGCAACGl'GGCGl GGTc·r GCACT:GTGT•l· rGCTGf..CGCAACf:CCCAO GfJJ TGGGGCArTGCCACCACC"J GTC 

n-;ACAGAGAAAfACTCC!CMCACC:GGGCAA!.:AGTCCG O GCACCGO.CCACACGl Ol:ACAAACf;t\Cr<:;C:GT TrX;GGGT.:)ACCAACCC<:;GlAACGGFGGTGGACAG 

2, §40. 

AGC r ec i ITCCGt,GACTrTG,C! r r ccU ;c rCCC"fAT rGCCACGGCGGAACl CATCGCCGCCT GC( rroccc(;{; rGCT G(,!\CAGGG(;(;Jcm.,cmr r Gi.,GCACrGAt 

TCCAGGA-AACf-/:.C(T<?J;AAGt(~AAAGGGG(;AG_G.GATAACt~GTGC(GCC.TlGAGlAGC(&'.iC:GCACGGAACGGC~CGAC:GA.CCTGlCC( CGAGC.CC::.A.CAACCCGl:GACTG: 

il.Al TCCC i GGTG! "! Gl "CGGGGAAGC TGACGl CCTTTCCATCGC"J"GCTCGCCTGrC"f! GCCAt'C"f GGArTO GCGCGGGAC{;lCO "fCl"GCTACG:"CCC"f"fCGGCCCf 

T·l '.AAGGCACCACAACAGCCCCr TCGACTGCAGGA,-\ft,{;GTACCGACGAGCGGA.CACAACGGTGGACC 1·AAi3.4.CG{:Gcc.cr G-tAGGAAGt\CGATGCAGGGAAGCCGGGt( 

L_, 2., 
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fl:GlAGCCCTTAAGGATCTCGAGCGACTAGlCCGAGClGACACGGAAGAlCAACGGTCGGJAGACAACAAACG.GGGAGGGGGCACGGAAGGA.ACTGGGACCTI( CAC 

CCACTCCCACTGf('cT·nu-:rAKfAA.AAt GAGGAAATlC'.CATCGCA"fTGtCJGAtTAGGTC"ilCATtCrituctGGGGGGT{lGGGf(;G(;GcAt;(:AtAGCAAGt;(;GGAt; 

GClGAGGGTGA<:AGC,i>,AAG(;AtTA1TrlACTtCTTTAA!JJTi\GCCTMCAGAC1tt\TCCACACIAMA1AAGAC@CCCACCCCACCCct;TCCTGTCGf tCCt ct;fC 

GArTGGGMGAGAAiAGCAGGCA 11:CTGGGGAGGGC(GCAGGAACCCCf AGi"GMGGAG rrGGCCAC rccc1c1·c TGCGCfJC TCGC:I.:GCTCACiX,AGGCCBGGCGA 

( fAAC-tc·rrcltllAfCGTCtGrt\tCACCCCt.CCCGGC:G:t:ccrn:";GGGAJC.AC:lACC:f(AA.C:CGi;lGAGGGAQ\GACGCGCGAGCCiAGCCAGJ(;/(ClCCGG(CCCCr 

3. 

GT GCGG rAT·r·1 CAC,~CCGC/\JACGI CMAGCMCCM AGT1\CGCGCCC rGTAGCGGCGC,\[ TAAGCG(GGCGGGGGTGGH,Gi-rACGCGCi\GCGT G/\C'.CGC"f AC ACT 
CACG{O ,i AAAGTG"iGGCGTA:lGCAGT T1 CGTTGGTAlCATGCGCGGGAO. iCGCCGCG rAA"fl CO:GCCGCCCCf...'p,_CCACCAA"f GCf;CGTCGCAC rGGCG:>.TGTGA. 
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pAAVN MD2-Kir7.l (5880 bp) (from 3532,4387 bp) 

: : 
CAl1·-rAGt ({t·•r-::·rAC(~{tA(C:TCt~A( (tCAAAAAt\CTt{~A-:r1::1:cG(~ltiA•f.CGtttAtGtA(}f(;GGt.t:Att(;(:Ctl tiA:1·A:GAt(;GYT:Ylt ( {;tc:cr·r1c;ACCT:tf;c;AG: 

: : 

TCCACG"! TcrTT M.:I AG rGGA'.crc n GfT(;CAAACTGGAACAAU1CrcMCrCTATCTCGGGC"f ATrCT n·r r,A n TA'rAAGGGA:rr rrGCCG.-I.TrTCGGTCrATT G 

AGGTGCAAGA.AATTATCACCTGAGMCAAGGTT TGACCf: Gl TGTGAGTTG.AGA: AGAGCCCG.A TAAGi>.AAACTMATATTCCCTAAAACGGC TAAAGCC AGATMC 

GTlAAAAAAlGAGCTGAl t l'AACAAAAArTTAACGCGA/s:i" l" rrAACAAAATAl"lAACG.T"f TACAAT"f J TAlGGT GC,\CTCTCAGTACMTCrGCTCIGATGCCGCAT 

CAAITfl1" rACfCGAClAAATlGTTflTAAATTGCGCHA/\AAl lGl1'f TAlAA1 fGCAAMGl lAAAAlACCACC,"lGAGAGfCAlGHAGAtGAGACfACGGCGlA 

ATG"fGrCAGAGG rTTTCACCGTCMCACCGM.1>:cGCGCGAGACGAAAGGGCUCG rGAT ACGCCTAn r rrATAGGTrAATGTCATGM AArAATGGT H CTTAGAC 

TACACi\Ct ClCtAAAAt~l(t~C:ACl{\G"l"GCC"(lJ(~CGCGCtcJ:GcrtltCt.GGAGtr\C:XA1tt<:..CGAtAAA-AArAtCCAArtACACJ"ACt A:i'.JArTAC( AAACANtt 1G: 

GTCAGG! GGCAZTf fTCGGGGAAArGTGCGCGGAACCCCTAflTGrrTAflT rTCT />AA rACAriUAAT>'dGrATCCG(; rCATGAGACAAl A/!o.CCCTGA.T/,AATGC 

tAGTCCACCGn.t-\AA}~(t.:ccc:r-:i· tACACCCCtCl lti;CGAlA~~ACAAAl k-.1-J...lfAGA:rrJ·ArClAA<~TrrAl AtATA.CG( (iAGTACTGtG:TlAJ"t{~GGAC:lArrT,(i,C(~: 

TTCAAl"AATAfi GAAAAA.GGAAGAGTArGAGTATTCAACAl"rTCCGlG•l·ccccc,·•1·A,TCCCl"rTT"fl GCGGCA"f TrrGcC-1JCCrGTl"i••1·-rnc TCl'.CCCAGAAACG 

CTGGT•GAAAGTAAAAGATGCTGAAGAT·CAGTTGGGTBCACGAGTGGGT "fACATCGAACTGGA"r•c·rcAACAGCGGTAAGAl"CCT "fGAGAG•TT·r1·ccccccGAAGAACG 

GACCACTTTCATT r TCTACDACTTCTAGTCAACCCA{'.GlGCTCACCCAMGTAGCT rGACCTAGAGf TGTCGCCAT:"C l"A{>GAACTCTCAAAAG('.GGGGCTTC! ·me 
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!TT TCO.AfG.lffGAGC/.,C TTTTA.MGTTCTGC T ATGTGGCGCGG_TATTATCCCGTATTCACGCCGGG( AAGACCMCJCGGTCGCCGCA TACACTATT CTCAGMTG 

ACT TGG! TG,\GTACi CACCAG! CACAGAAAAGCATCi TACGGA T(;GCAT GAC,\GT A.AGAGA1>:rTATGO.t>TGClGCCAf AACC ATGAGTGA TAACACTGCGGCO.AC 

T:GAACCAACt(AtGACtt~G"?tAGtt~·rcf i"Ttt t·-I·AcAAtt(:(JACCtt:·Actc-r t.A rrt tCr:·tAAtA!.\tft~1\(:CAl}:1GtAt"tc~}:\fACtGACtArT.CtGACGt1:.Gtr:·_-r-t} 

'rTACTTCT GACA-ACGAi[:GGAGG,b;CCGAA(;GAlJCTA,t.,CtGCTT~f TTTtCACAACATGGGGGATCATGTAACTCGCCTTGAJ:CGTTGGGAACCGG,A;GC T GAATGAAGC 

MTGAAGACTGTTGCTAGCCTCC l"GGC! TCCTCGA.Tl"GGCCMAAAACG'l GrrGTACCCCCTAGTACATTG/>.Gf:GGAACTAGCAACCCTT GGCfTCGACf "fACTT CG 

CAT ACCAAACGACGAGCGI GACACCACGATGCC IGTAGO.A rGGCAACAACGHGCGCAAAC L<\ TT M CTGGCGM C l"ACT"f ACTCT AGC ncctGGCAACAAT TAA 

TAGACTC',MTGGAGGCGGA TAAMlTT GCAGGACCACT l"CTGCGCJ"CGGCCCTJ"CCGGCTGGCTGGT J"TATTGCTGATM AJCT GGAGCCGGTG,I.GCGT GGM GCCGC 

ATCTGAlTl"ACCTCC:.GCCTA1"f"lCAACG"fCCrGGTGAAGACGCGACCCm,G.M GGCCGt\CCGACU\/\A TAACGACTfif "[" lci\GACCfCGGCCACiCGCACCl"l"CGGCG 

GGT Al CATTGC.!IGCACTGGGGCCAGArGGT MGCCCTC(:U; rAT(GlAG rTATCC!"!-..CACGACGGGGA.GiCAGGCAACrATGGAl"GAACGAAArA&ACAGATz:GCl GA 

CCATAGlAACCTCGTGA((;CCCCrcrACCAlr(;GGGAGG<XMAGCA1CAATACATG"TCCT(;(CCCTCA(;lCC{;TTGATMX:f/-.CTT{;crnATCltnCTAGC(,ACl 

GATAGGTGCCTCN.::TGATTMGCATTGGTAACTGTC.A.GACCAAGTTTAClC.A.TATATACTTTACAflGAT "fTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGA 

CTA"I CCACGG/>.GTGACTA!>. r rct:TA/>,CCATTGACAGT Cl GGTl"CAAA'l GAGT Al A rArz;M .i>.TCTAACT!\AATT "! "f"GAAGTA/>.AAATTA!>.AT TT TCCi"AGATCC i>.Cr 
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FIG. 8 (,;;QhtHi:-t,xn 
pAAV-VMD2-KJr7. l (5880 pp}(frwr{.5137-58 80 t:ii,) 

US 2023/0108025 Al 

AGATCC! T 1·rrGA:J AAlCTCAJ GACCAM A1'CCCf TA.I..CGTGAG1·rrTCGTi'CCAC1GAGCGTC/>,f;ACCCCGTAGAAM GATCAMWAT Cf TCTl"GAGATCCTTTT 

1·r1t fGCGCGJAAl CWX:! CCl·1·GtAAACAAMAMCCACCCCT·ActAGCGGl GClltGf l::CCCGGAK AAGAC(1"ACCAAC::Cf·1·r r, cccAAGGi AAC.TG(;(:)l 
AAAC,AC('£GCATTAGf,.,CGACGAACGTTTfil1·rTT'fTGGTGGCGATGGTCGCCACCMACAAACGGG'.TAGTTCl'CC,ATGGTrGAGAJ,.,.M AGGCTFCCATTGf,.,CCGAA 

t'At;t:AGACl~G(AtA1·AttAAA:1·Ac1c;·::·:1·c:t1c-J·Ac:tctAti((G:tA(~J·:t:f\GCCt AttAttt CAf\CkAtJ(tt·t;•rAt~tAtCGC-CJACA:1·Att·:r·cc(::-rc1t~tJ:AATt((t{~:1·· 
GtCGJCJC¼CG{CtAT:GGl TlAT:GACAACAAGAJCAC.AJ(C(;CArCAAICC.GGIDG'fGAAGTTCT:rGA<lACA:T:cGJtGCGGAXG1A:TtGAGC:C,O,(iACGA1TIAGGACA 

T:l.CCAG! GflCTGCJ GCCAGTGGCGATAAGlCGT Gf CT 1·AcCGGGT1GGAC iCMGACGArA.GT·r AC(.'GGA f AAGGCGCA0CGGTCGGGCTGA.ACGGGGGGTlCGTGC 

ArGGTCACCGACGA((;GTCAC!.::GCTAT ·n::AGCACAGA/\ TGGCCCA/\CCTGAGT rCTGCiATCAATGGCCf AI H.:CGC{,TCCCCM,CCCGAC n GCCCCCCAAGCACG 

ACACA.GCCCAIX:TTGG.1.,GCGAACGACCTAC.I..CCGMCTGAGATACCTACAGCGIGAGC·i·A•TGAGAAAGCGCCA(GCTTCCCGMGGGAGM AGGCGGACAGGTATCC 
·rGrGTCGGfl rt'GAP-.CC 1·cGc-r ·r GCl'GGA:I GrGGCf 'fGACT CTA:FGGATt}fCGCACTCGATA.Cf CFrrcGCGGTGCGMGGDCT TCCCTC TTTCCGCC Tm CCArAGG 

GAT TT TTG fGATGCTCGTCAGGGGGGCGGAGCCTATGGM AAACGCCAGCAACGCGGCCT TT'f TACGGT KCff.GCC'f THGCTGGCCTTTTGCTCACATGT 

Cl.AAM.ACACTA.CGAGCAGTCCCCCCGCC:CCGkfACCT1'TTlGCGGTCG'FlW'.GCCGGAAA.AA'if,CCAAGGA{;CGGA.AAACGACCGGAAAACGAGTGTACA 
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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 govermnent support 
under EY024995 awarded by the National Institutes of 
Health. The govermnent 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 LCAmay 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 KCNJ13 gene (603203 on 
chromosome locus 2q3 7 .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), c.359T>C (p.Iso120Thr), c.458C>T 
(p.Thr153Iso), c.496C>T (p.Arg166Ter), and c.722T>C 
(p.Leu241 Pro). In addition, the compound heterozygous 
KCNJ113 mutations c.314 G>T (p.Ser105Iso) and 
c.655C>T (p.G219Ter) are known to cause early-onset reti
nal dystrophy in an LCA patient5

• An autosomal dominant 
kcnj 13 mutation, c.484C> T (p.Argl 62Trp ), causes early
onset blindness called snowflake vitreoretinal degeneration 
(SVD OMIM-193230). 
[0006] The human KCNJ13 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 ofRPE, in which it modulates retinal function and 
health. The role of the Kir7.1 channel in other organs 
remains to be elucidated. 
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[0007] Although the role of Kir7.1 is beginning to be 
understood in conditions such as LCA16, 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] In one 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. lA-lE 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 
W53X 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 oflentivirus carrying KCNJ13 gene 
driven by EFla and VMD2 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 



�������������	���
 ����������	�

US 2023/0108025 Al 

carrying the KCNJ13 gene failed to restore c-wave, could be 
due to inefficiency of the RPE transduction or mutilation due 
to injection. 
[0014] FIG. 4 depicts the expression of AAV27M8 in 
mature iPSC-RPE cells in culture, depicted by GFP expres
sion. 
[0015] FIG. 5 depicts that the AAV27M8 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 AAV27M8 in the mouse model. 
[0017] FIG. 7 depicts the plasmid map of the AAV
VMD2-Kir7 .l vector encoding Kir7.l protein (i.e. 
KCNJ13). FIG. 8 depicts the sequence of the AAV-VMD2-
Kir7.l vector depicted in FIG. 7. 
[0018] FIG. 9 is a graph depicting dose-dependent 
increase in expression of KCNJ13 using the AAV-VMD2-
Kir7.l vector in retinal pigment epithelium cells for 108

, 

109
, and 1010 particles per cell. 

[0019] FIG. 10 is a graph depicting dose -dependent 
increase in expression of AAV-ITR for 108

, 109
, and 1010 

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 (LCAl 6) or 
other conditions associated with insufficient expression or 
function of a Kir7.l 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. I. 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.l protein. 
[0021] The inventors have surprisingly found an AAV 
gene therapy vector that encodes Kir7.l and can specifically 
express Kir7 .1 in RPE cells at sufficient levels to be used for 
correcting insufficient expression or function of Kir7.l 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. 

Adena-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.l 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.l polypeptide, thereby permitting the 
expression of the Kir7.l polypeptide in the cell, particularly 
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retinal pigment epithelium (RPE) cells. Following delivery 
oftheAAV particles, the Kir7.l polypeptide encoded by the 
AAV vector is synthesized by the transcriptional and trans
lational machinery of the cell. 

[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.l polynucleotides or expression constructs encoding a 
Kir7.l 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, pra
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 
kcnj 13 gene. Accordingly, in some embodiments, the viral 
vector may be an AAV, suitably an AAV2 vector. 
[0030] Adena-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] TheAAV 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 hp 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 
AAVl , AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS, 
AAV9, AAVl0, AAVll , avianAAVs, bovine AAVs etc. The 
5' and 3' ITRs oftheAAVviral 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 anAAV2 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 AAV2 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, VPl , 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. AlthoughAAV 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 recombinantAAV (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 rAAV 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. Mo! 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 
Sb 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 
AAV7m8 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 (kcnj13) 
gene and capable of expressing KCNJ13 (Kir7.1). 
[0037] Specifically, in one embodiment, theAAVvector 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, c) a polynucleotide sequence encoding 
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KCNJ13 protein or a polynucleotide having at least 90% 
sequence identity to KCNJ13 ; d) a posttranscriptional regu
latory element (PRE), e) a polyadenylation signal , and O a 
3'ITR (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 KCNJ13 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 VMD2 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 anAAV 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 KCNJ13 protein that is able to be 
expressed in the target cell. 
[0041] In another embodiment, the disclosure provides a 
construct comprising the AA V 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 fuuction expression of Kir7.1 from the 
construct, but do not change the overall function of the 
construct. 
[0044] In 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 AA V 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 ofproducingAAV 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 fuuctional 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'ITR (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'ITR (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 E. 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 

[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 
intrans in the polynucleotides. Typically, a promoter is a 
DNA regulatory region capable of binding RNA 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 backgrouud. 
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 VMD2) 
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 kcnj13 gene found, for example, in a subject. 
Alternatively, the promoter may be a heterologous promoter 
(i.e. , a promoter for a non-kcnj13 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 EFla promoter or a VMD2 promoter. 
An exemplary EFla promoter is provided as SEQ ID NO:3. 
An exemplary VMD2 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°/c, 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 aligmnent 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 used 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. A Kir7 .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 Aligmnent 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 
at least 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 ofN-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%, 400/o, 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 
1000/o 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 TWEEWM 
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-manunals, 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 kcnj 13 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.l poly
peptide. As used herein, a "cell" may refer to cells that 
normally express a Kir7.l 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.l 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.l 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 KCNJl 3 gene may include at least 
one substitution to the Kir7.l protein provided as SEQ ID 
NO: 1 selected from the group consisting ofW53Ter, Ql 16R, 
1120T, Tl531, Rl62Q, Rl66Ter, L241P, E276A, 51051 , and 
G219Ter. In some embodiments, the condition associated 
with insufficient expression or function of a Kir7.l poly
peptide may be, without limitation, Leber Congenital Amau
rosis 16 (LCA16), retinitis pigmentosa, or Snowflake Vit
reoretinal Degeneration (SYD). In some embodiments, the 
vectors described herein can increase expression ofKCNJl 3 
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 KCNJl 3 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 ofRPE 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.l polypeptide 
includes, without limitation, increasing the levels of func
tional Kir7 .l 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.l 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 AA et al, 2002, 
supra; and Bennett et al. (1996), Hum. Gene Tuer. 7: 
1763-1769 and Ambati Jet 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-Iodine (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.l 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 106 and 1014

, or 
between 108 and 101 2

, or between 109 and 1011
, or any range 

therein copies. In embodiments where the gene therapy 
vector is a viral vector, the subject may be administered 
between 106 and 1014

, or between 108 and 1012
, or between 

109 and 1011
, 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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Jar mechanisms underlying LCAI 6 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 2q3 7 .1) have been identified in patients with an LCA 
phenotype (LCA16 OMIM-614186, the 16th gene shown to 
cause LCA)1

-
3

. LCA16 pathogenic allelic variants include 
c.158G>A (p.Trp53Ter), c.359T>C (p.Iso120Thr), 
c.458C>T (p.Thr153Iso), c.496C>T (p.Arg166Ter), and 
c.722T>C (p.Leu241Pro)1

'
2

'
4

. In addition, the compound 
heterozygous KCNJ13 mutations c.314 G>T (p.Ser105Iso) 
and c.655C>T (p.G219Ter) are known to cause early-onset 
retinal dystrophy in an LCA patient5

• An autosomal domi
nant KCNJ13 mutation, c.484C>T (p.Arg162Trp), causes 
early-onset blindness called snowflake vitreoretinal degen
eration (SYD OMIM-193230)6. 
[0088] In the 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 LCAl 6 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 ofW53X mutant express
ing CHO cells had recovery of average inwardly rectifying 
K+ current (FIG. lA. IV plot in red trace) compared to no 
current before (FIG. lA. plot in black trace). (FIG. 1B) 
Average higher Rb+current (red trace) in W53X mutant 
expressing cells after gene augmentation. (FIG. lC) 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. lE) 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 
KCNJ13 gene were tested. In FIG. 2 left box is an example 
of a wild type mouse that received 2 µI of Lenti-EFla
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 l s t 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 I gene that received 2 µI of Lenti-EFla
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 inc-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 inc-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 Kcnj13. 

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 KCNJ13 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°/c,) 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 
µI of Lentivirus or Adena-associated virus (AAV) carrying 
the functional full length KCNJl 3 gene fused with eGFP and 
driven by EFla or VMD2 promoters were delivered to the 
RPE cells through sub-retinal injection using a 10mm 34 
gauge needle. We used a 10 µI 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 1 -

3
. One of 

the subjects was an LCAl 6 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 earlier2

-
5

. Briefly, hiPSCs were cultured 
either on mouse embryonic fibroblasts (MEFs) in iPS cell 
media (Dulbecco's modified Eagle's medium (DMEM): Fl2 
(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 
mTeSRl 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: Fl2; 1% N2 supplement, 1% MEM non-essential 
amino acids, 1 % L-Glutamine, 2 µg/ml Heparin), or in 
mTeSRl 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/Fl2 (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 earlier5. 
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 
III first strand cDNA synthesis kit according to manufactur
er's instructions (ThermoFisher). PCR was performed with 
MyTaqHS master mix (Bioline) in a final volume of 25 µl 
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 KCNJl 3 
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 NheI 
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 BioSprintl2 (Ad
vanced Microscopy Techniques, Corp. Woburn, Mass.) digi
tal camera. 

Example 2 

AAV Viral Vector Construction 

[0097] AAV vector for delivery of Kir7.l 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 (BSLl) 
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 (AAV27M8) in both 
iPSC-RPE cell and in vivo. 
[0103] Construction of an AAV27M8 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] AAV27M8, 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 
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carried out under a surgical microscope (AmScope). A 
solution (2 µl) that contained lx10A14 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 

5'ITR 1-141 141 !TR 

{VMD2} 169-1144 97 6 Promoter 
Kozak 1169-1174 6 Misc. 

{EGFP/HindhKCNJ13[NM_ 002242.4]} 1175-2983 1809 ORF 
WPRE 30 14-36 11 598 Regulatory 

Element 

BGHpA 3642-3849 208 PolyA_signal 

3' !TR compliment 141 !TR 
(3857-3997) 

Ampicillin 4914-5774 861 ORF 

pUC ori 5945-6533 589 Rep_origin 

[0105] Further, intravitreal and subretinal routes were 
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 AAV27M8, 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- 1

), xylazine (16 mg kg- 1
) and acepromazine (5 mg 

kg-1
) cocktail. Prior to the Intravitreal/subretinal injections, 

the cornea was anaesthetized with a drop of 0.5% propara
caine HCl 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 

Description A pplication Notes 

AAV 5' inverted A llows replication of viral 
terminal repeat genome and its packaging 
(function equivalent into virus. 
of wild-type 5' !TR) 
None None 
Kozak translation Facilitates translation 
initiation sequence initiation of ATG start codon 

downstream of the Kozak 
sequence. 

None None 
Woodchuck Enhances virus stability in 
hepatitis virus packaging cells, leading to 
posttranscriptional high titer of packaged virus, 
regulatory element enahcnes higher expression 

of transgenes. 
Bovine growth A lls transcription termination 
hormone and polyadenylation of 
polyadenylation mRNA transcribed by 
signal Pol II RNA polymerase. 
AAV 3' inverted A llows replication of viral 
terminal repeat genome and its packaging 

into virus. 
Ampicillin A llows E. coli to be resistant 
res istance gene to ampicillin. 
pUC origin of Facilitates plasmid replication 
replication in E coli; regulates high-copy 

plasmid number (500-700). 

then separated gently from the RPE layer. The separated 
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 ofKCNJ13 gene 
in mouse RPE cells in culture after transduction of 1 0A8, 
10' 9, and 10'10 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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SEQUENCE LISTING 

<1 60 > NUMBER OF SEQ ID NOS, 3 1 

<210> SEQ ID NO 1 

<211> LENGTH, 360 
<212> TYPE, PRT 
<213> ORGANISM, Ho mo sapiens 

<400 > SEQUENCE, 1 

Met Asp Ser Ser Asn Cy s Ly s Val Ile Ala Pro Leu Leu Ser Gln Arg 
1 5 10 15 

Tyr Arg Arg Met Val Thr Ly s Asp Gly His Ser Thr Leu Gln Met Asp 
20 2 5 3 0 

Gly Ala Gln Arg Gly Leu Ala Tyr Leu Arg Asp Ala Trp Gl y Ile Leu 
35 40 45 

Met Asp Met Arg Trp Arg Trp Met Met Leu Val Phe Ser Ala Ser Phe 
50 55 60 

Val Val His Trp Leu Val Phe Ala Val Leu Trp Tyr Val Leu Ala Glu 
65 70 75 80 

Met Asn Gl y Asp Leu Glu Leu Asp His Asp Ala Pro Pro Glu Asn His 
85 90 95 

Thr Ile Cys Val Ly s Ty r Ile Thr Ser Phe Thr Ala Ala Phe Ser Phe 
100 105 11 0 

Ser Leu Glu Thr Gln Leu Thr Ile Gly Tyr Gly Thr Met Phe Pro Ser 
115 120 125 

Gly Asp Cys Pro Ser Ala Ile Ala Leu Leu Ala Ile Gln Met Leu Leu 
130 135 140 

Gly Leu Met Leu Glu Ala Phe Ile Thr Gly Ala Phe Val Ala Ly s Ile 
145 150 155 1 6 0 

Ala Arg Pro Ly s Asn Arg Ala Phe Ser Ile Arg Phe Thr Asp Thr Ala 
1 6 5 170 175 

Val Val Ala His Met Asp Gly Lys Pro Asn Leu Ile Phe Gln Val Ala 
180 185 1 90 

Asn Thr Arg Pro Ser Pro Leu Thr Ser Val Arg Val Ser Ala Val Leu 
1 9 5 2 00 205 

Tyr Gln Glu Arg Glu Asn Gly Lys Leu Tyr Gln Thr Ser Val Asp Phe 
21 0 2 15 220 

His Leu Asp Gly Ile Ser Ser Asp Glu Cys Pro Phe Phe Ile Phe Pro 
225 23 0 235 240 

Leu Thr Ty r Tyr His Ser Ile Thr Pro Ser Ser Pro Leu Ala Thr Leu 
245 250 255 

Leu Gln His Glu Asn Pro Ser His Phe Glu Leu Val Val Phe Leu Ser 
2 60 2 65 2 70 

Ala Met Gln Glu Gly Thr Gly Glu Ile Cys Gln Arg Arg Thr Ser Tyr 
2 7 5 2 80 285 

Leu Pro Ser Glu Ile Met Leu His His Cys Phe Ala Ser Leu Leu Thr 
290 2 95 300 

Arg Gly Ser Ly s Gly Glu Ty r Gln Ile Lys Met Glu Asn Phe Asp Ly s 
305 3 10 315 3 2 0 

Thr Val Pro Glu Phe Pro Thr Pro Leu Val Ser Lys Ser Pro Asn Arg 
3 2 5 330 3 3 5 

Thr Asp Leu Asp Ile His Ile Asn Gly Gln Ser Ile Asp Asn Phe Gln 
34 0 3 45 35 0 

Apr. 6, 2023 
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-continued 

Ile Ser Glu Thr Gly Leu Thr Glu 
355 36 0 

<21 0 > SEQ ID NO 2 
<211> LENGTH, 1083 
<212> TYPE, DNA 
<213> ORGANISM, Homo s apiens 

<400 > SEQUENCE, 2 

atggacagca gtaattgcaa agttattgct cctctcc taa gtcaaagata ccggaggatg 60 

gtcaccaagg atggccacag cacacttcaa atggatggcg ctcaaagagg tcttgcatat 120 

cttcgagatg cttggggaat cctaatggac atgcgctggc gttggatgat gttggtcttt 180 

tctgcttctt ttgttgtcca ctggcttgtc tttgcagtgc tctggtatgt tctggctgag 240 

atgaatggtg atctggaact agatcatgat gccccacctg aaaaccacac tatctgtgt c 300 

aagtatatca ccagtttcac agctgcattc tccttctccc tggagac aca actcacaatt 360 

ggttatggta ccatgttccc cagtggtgac tgtccaagtg caatcgcctt acttgcc ata 420 

caaatgct c c taggcctcat gctagaggct tttatcacag gtgcttttgt ggcgaagatt 480 

gcccggcc aa aaaatcgagc tttttcaatt cgctttactg acatagc agt agtagctcac 540 

atggatggca aacctaatct tatcttcc aa gtggccaaca cccgacc tag ccc tctaac c 6 00 

agtgtc cggg tctcagctgt actctatcag gaaagagaaa atggcaaact ctaccagac c 660 

agtgtggatt tccaccttga tggcatc agt tctgacgaat gtccattctt catctttcca 720 

ctaacgtact atcactccat tacaccatca agtcctc tgg ctactctgct ccagcatgaa 780 

aatccttctc actttgaatt agttgtattc ctttcagcaa tgcaggaggg cac tggagaa 8 40 

atatgc c aaa ggaggac atc ctacctacag tctgaaatca tgttacatca ctgttttgca 900 

tctctgttga cccgaggttc caaatgtgaa tatcaaatca agatggagaa ttttgacaag 960 

actgtccc tg aatttc c aac tcctctggtt tctaaaagcc caaacaggac tgacctggat 1 0 20 

atccacatca atggacaaag cattgac aat tttcagatct ctgaaac agg actgacagaa 1 0 80 

taa 1 0 83 

<21 0 > SEQ ID NO 3 
<211> LENGTH, 117 9 
<212> TYPE, DNA 
<213> ORGANISM, Homo s apiens 

<4 00 > SEQUENCE, 3 

ggctccggtg cccgtcagtg ggcagagcgc acatcgccca cagtccccga gaagttgggg 60 

ggaggggtcg gcaattgaac cggtgcctag agaaggtggc gcggggtaaa ctgggaaagt 120 

gatgtcgtgt actggctccg cctttttccc gagggtgggg gagaaccgta tataagtgca 180 

gtagtcgccg tgaacgttct ttttcgcaac gggtttgccg ccagaac aca ggtaagtgc c 240 

gtgtgtggtt cccgcgggcc tggcctct tt acgggttatg gcccttgcgt gcc ttgaatt 300 

acttccacct ggc tgcagta cgtgattctt gatcccgagc ttcgggttgg aagtgggtgg 360 

gagagttcga ggccttgcgc ttaaggagcc ccttcgcctc gtgcttgagt tgaggcctgg 420 

cctgggcgct ggggccgccg cgtgcgaatc tggtggc acc ttcgcgc ctg tctcgctgct 480 

ttcgataagt ctc tagccat ttaaaatttt tgatgacctg ctgcgacgct ttttttc tgg 540 

caagatagtc ttgtaaatgc gggccaagat ctgcacactg gtatttcggt ttttggggc c 600 
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-continued 

gcgggcggcg acggggcc cg tgcgtccc ag cgcacatgtt cggcgaggcg gggc ctgcga 6 60 

gcgcggcc a c cgagaatcgg acgggggtag tctcaagctg gccggcctg c tctggtgcct 720 

ggtctcgcgc cgccgtgtat cgccccgccc tgggcggcaa ggctggc ccg gtcggcacca 780 

gttgcgtgag cggaaagatg gccgcttccc ggccctgctg cagggagct c aaaatggagg 840 

acgcggcgct cgggagagcg ggcgggtgag tcacccacac aaaggaaaag ggcctttccg 900 

tcctcagccg tcgctt c atg tgactcc acg gagtaccggg cgccgtccag gcacctcgat 960 

tagttctcga gcttttggag tacgtcgtct ttaggttggg gggaggggtt ttatgcgatg 1 020 

gagttt cc cc acactgagtg ggtggagact gaagttaggc cagcttggca cttgatgtaa 1 0 80 

ttctccttgg aatttgccct ttttgagttt ggatcttggt tcattctcaa gcc tcagaca 1140 

gtggtt c aaa 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 ttcattc ttt ccatagccca 180 

cagggctgtc aaagac ccca gggcctagtc agaggctcct ccttcctgga gagttcc tgg 240 

cacagaagtt gaagct c agc acagccccct aaccccc aac tctctctgca aggcctc agg 300 

ggtcagaaca ctggtggagc agatccttta gcctctggat tttagggcca tggtagaggg 360 

ggtgttgccc taaattccag ccctggtctc agcccaacac cctccaagaa gaaattagag 420 

gggccatggc caggctgtgc tagccgttgc ttctgagcag attacaagaa gggactaaga 480 

caaggac tcc tttgtggagg tcc tggc tta gggagtc aag tgacggcgg c tcagcac tca 540 

cgtgggc agt gccagcctct aagagtgggc aggggcactg gccacagagt cccagggagt 600 

cccaccagcc tagtcgcc ag gtcgac 6 26 

<210 > SEQ ID NO 5 
<211> LENGTH, 3048 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - EF1a-Kir7 . 1 DNA sequence 

<400 > SEQUENCE, 5 

ggctccggtg cccgtcagtg ggcagagcgc acatcgccca cagtccccga gaagttgggg 60 

ggaggggtcg gcaattgaac cggtgcctag agaaggtggc gcggggtaaa ctgggaaagt 120 

gatgtcgtgt actggctccg cctttttccc gagggtgggg gagaaccgta tataagtgca 180 

gtagtcgccg tgaacgttct ttttcgc aac gggtttgccg ccagaac aca ggtaagtgc c 240 

gtgtgtggtt cccgcgggcc tggcctct tt acgggttatg gcccttgcgt gcc ttgaatt 300 

acttccacct ggc tgcagta cgtgattctt gatcccgagc ttcgggttgg aagtgggtgg 360 

gagagttcga ggccttgcgc ttaaggagcc ccttcgcct c gtgcttgagt tgaggcc tgg 420 

cctgggcgct ggggccgccg cgtgcgaatc tggtggcacc ttcgcgcctg tctcgctgct 480 

Apr. 6, 2023 
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-continued 

ttcgataagt ctc tagccat ttaaaatttt tgatgacctg ctgcgacgct ttttttctgg 540 

caagatagtc ttgtaaatgc gggccaagat ctgcacactg gtatttcggt ttttggggc c 600 

gcgggcggcg acggggcccg tgcgtccc ag cgcacatgtt cggcgaggcg gggcctgcga 6 60 

gcgc ggcc a c cgagaatcgg acgggggtag tctcaagctg gccggcc tgc tctggtgcct 720 

ggtctcgcgc cgccgtgtat cgccccgccc tgggcggcaa ggctggcccg gtcggcacca 780 

gttgcgtgag cggaaagatg gccgcttccc ggccctgctg cagggagct c aaaatggagg 8 40 

acgc ggcgct cgggagagcg ggcgggtgag tcacccacac aaaggaaaag ggcctttccg 900 

tcctcagccg tcgctt c atg tgactcc acg gagtaccggg cgccgtc cag gcacctcgat 960 

tagttctcga gcttttggag tacgtcgtct ttaggttggg gggaggggtt ttatgcgatg 1 0 20 

gagttt cc c c acactgagtg ggtggagact gaagttaggc cagcttggca cttgatgtaa 1 0 80 

ttctccttgg aatttgccct ttttgagttt ggatcttggt tcattctcaa gcc tcagaca 1140 

gtggtt c aaa gtttttttct tccatttcag gtgtcgtgac aagtttgtac aaaaaagcag 1200 

gctgccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgc c catcctggt c 1260 

gagctggacg gcgacgtaaa cggccac aag ttcagcgtgt ccggcgaggg cgagggcgat 1320 

gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct gcccgtgcc c 1380 

tggcccaccc tcgtgaccac cctgacct a c ggcgtgcagt gcttcagccg ctaccccgac 1440 

cacatgaagc agcacgactt cttcaagtcc gccatgcccg aaggctacgt ccaggagcgc 1500 

accatcttct tcaaggacga cggcaac tac aagacccgcg ccgaggtgaa gttcgagggc 1560 

gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga cggcaac at c 1 6 20 

ctggggc aca agc tggagta caactac aac agccacaacg tctatatcat ggccgac aag 1 6 80 

cagaagaacg gcatcaaggt gaacttc aag atccgccaca acatcgagga cggcagcgtg 1740 

cagctcgccg accactacca gcagaac acc cccatcggcg acggccc cgt gctgctgcc c 1 8 00 

gacaac c act acc tgagcac ccagtccgc c ctgagcaaag accccaacga gaagcgcgat 1 8 60 

cacatggtcc tgc tggagtt cgtgaccgc c gccgggatca ctctcggcat ggacgagctg 1920 

tacaagtccg gac tcagatc tcgagctcaa gcttcgaatt ctgacagcag taattgc aaa 1980 

gttattgctc ctc tcctaag tcaaagatac cggaggatgg tcaccaagga tggccac agc 2040 

acactt c aaa tggatggcgc tcaaagaggt cttgcatatc ttcgagatgc ttggggaat c 21 00 

ctaatggaca tgcgctggcg ttggatgatg ttggtctttt ctgcttc ttt tgttgtcca c 21 60 

tggcttgtct ttgcagtgct ctggtatgtt ctggctgaga tgaatggtga tctggaacta 22 20 

gatcatgatg ccccac ctga aaaccac act atctgtgtca agtatatcac cagtttc aca 22 80 

gctgcattct ccttctccct ggagacacaa ctcacaattg gttatggtac catgttccc c 23 40 

agtggtgact gtccaagtgc aatcgcct ta cttgccatac aaatgctcct aggcctcatg 24 00 

ctagaggctt ttatcac agg tgcttttgtg gcgaagattg cccggcc aaa aaatcgagct 24 60 

ttttcaattc gctttac tga cacagcagta gtagctc aca tggatggcaa acc taatctt 2520 

atct tc c aag tggccaacac ccgacctagc cctctaacca gtgtccgggt ctcagctgta 25 80 

ctctat c agg aaagagaaaa tggcaaactc taccagacca gtgtggattt ccaccttgat 26 40 

ggcatcagtt ctgacgaatg tccattc ttc atctttcca c taacgtacta tcactcc att 27 00 

acaccatcaa gtcctctggc tactctgctc cagcatgaaa atccttc tca ctttgaatta 27 60 
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gttgtattcc tttcagc aat gcaggagggc actggagaaa tatgccaaag gaggacatc c 

tacc taccgt ctgaaatcat gttacatcac tgttttgcat ctctgttgac ccgaggttc c 

aaaggtgaat atcaaatcaa gatggagaat tttgacaaga ctgtccc tga atttccaact 

cctctggttt ctaaaagccc aaacaggact gacctggata tccacatcaa tggacaaagc 

attgacaatt ttcagatctc tgaaacagga ctgacagaat aaggatcc 

<210 > SEQ ID NO 6 
<211> LENGTH, 2495 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - VMD2- Kir7 . 1 DNA sequence 

< 4 00 > SEQUENCE, 

2820 

28 80 

2940 

30 00 

3048 

aattctgtca ttttactagg gtgatgaaat tcccaagcaa caccatc ctt ttcagataag 60 

ggcactgagg ctgagagagg agctgaaacc tacccggggt caccacacac aggtggc aag 120 

gctgggacca gaaaccagga ctgttgactg cagcccggta ttcattc ttt ccatagccca 180 

cagggctgtc aaagacccca gggcctagtc agaggctcct ccttcctgga gagttcctgg 240 

cacagaagtt gaagct c agc acagccccct aaccccc aac tctctctgca aggcctc agg 300 

ggtcagaaca ctggtggagc agatccttta gcctctggat tttagggcca tggtagaggg 360 

ggtgttgccc taaatt cc ag ccctggtctc agcccaacac cctccaagaa gaaattagag 420 

gggc catggc caggctgtgc tagccgttgc ttctgagcag attacaagaa gggactaaga 480 

caaggactcc tttgtggagg tcctggct ta gggagtc aag tgacggcgg c tcagcactca 540 

cgtgggc agt gccagcctct aagagtgggc aggggcactg gccacagagt cccagggagt 6 00 

cccaccagcc tagtcgccag gtcgacc aag tttgtacaaa aaagcaggct gccaccatgg 660 

tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat cctggtcgag ctggacggcg 720 

acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga gggcgatgc c acc tacggca 780 

agctgaccct gaagttcatc tgcaccaccg gcaagctgcc cgtgccc tgg cccaccctcg 840 

tgaccaccct gacctacgg c gtgcagtgct tcagccgcta ccccgacca c atgaagc ag c 900 

acgacttctt caagtc cgc c atgcccgaag gctacgtcca ggagcgc ac c atc ttcttca 960 

aggacgacgg caactac aag acccgcgccg aggtgaagtt cgagggcga c accctggtga 1 020 

accgcatcga gctgaagggc atcgacttca aggaggacgg caacatcctg gggcacaagc 1 0 80 

tggagtacaa ctacaacagc cacaacgtct atatcatggc cgacaagcag aagaacggca 1140 

tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg cagcgtgcag ctcgccgac c 1200 

actaccagca gaacac cc c c atcggcgacg gccccgtgct gctgcccga c aaccactac c 1260 

tgagcacc ca gtccgccctg agcaaagacc ccaacgagaa gcgcgatcac atggtcctgc 1320 

tggagttcgt gaccgccgcc gggatcactc tcggcatgga cgagctgtac aagtccggac 1380 

tcagat c tcg agc tcaagct tcgaattctg acagcagtaa ttgcaaagtt attgctcc t c 1440 

tcctaagtca aagataccgg aggatggtca ccaaggatgg ccacagc aca cttcaaatgg 1500 

atggcgctca aagaggtctt gcatatct t c gagatgc ttg gggaatc cta atggacatgc 1560 

gctggcgttg gatgatgttg gtc ttttctg cttcttttgt tgtccac tgg cttgtctttg 1620 

cagtgctctg gtatgttctg gctgagatga atggtgatct ggaactagat catgatgcc c 1680 
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cacc tgaaaa ccacactatc 

tctccctgga gacacaactc 

caagtgc aat cgccttactt 

tcacaggtgc ttttgtggcg 

ttactgacac agcagtagta 

ccaacacc cg acc tagccct 

gagaaaatgg caaact c tac 

acgaatgtcc attcttcatc 

ctctggct a c tctgct cc ag 

cagcaatgca ggagggcact 

aaatcatgtt acatcactgt 

aaatcaagat ggagaatttt 

aaagcc c aaa caggactgac 

agatctctga aacaggactg 

<210 > SEQ ID NO 7 
<211> LENGTH, 26 
<212> TYPE, DNA 

tgtgtcaagt 

acaattggtt 

gccatac aaa 

aagattgccc 

gctcacatgg 

ctaaccagtg 

cagaccagtg 

tttccact aa 

catgaaaatc 

ggagaaatat 

tttgcatctc 

gacaagactg 

ctggatatcc 

acagaataag 

atatcaccag 

atggtaccat 

tgctcctagg 

ggccaaaaaa 

atggcaaacc 

tccgggtctc 

tggatttcca 

cgtactatca 

cttctcactt 

gccaaaggag 

tgttgacccg 

tccctgaatt 

acatcaatgg 

gatcc 

<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - primer 

<400 > SEQUENCE, 7 

gcttcgaatt ccgacagcag taattg 

<210 > SEQ ID NO 8 
<211> LENGTH, 26 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE , 
<2 23 > OTHER INFORMATI ON, Synthetic - primer 

<400 > SEQUENCE, 8 

atccggtgga tcc ttattct gtcagt 

<21 0 > SEQ ID NO 9 
<211> LENGTH, 6 75 2 
<212> TYPE, DNA 
<213> ORGANISM, Art ificial Sequence 
<2 20 > FEATURE , 

17 

-continued 

tttcacagct gcattctcct 

gttcccc agt ggtgactgt c 

cctcatgcta gaggctttta 

tcgagctttt tcaattcgct 

taatcttat c ttccaagtgg 

agc tgtact c tatcaggaaa 

ccttgatggc atcagttctg 

ctccattaca ccatcaagt c 

tgaattagtt gtattccttt 

gacatcc tac ctaccgtctg 

aggttcc aaa ggtgaatat c 

tccaactcct ctggtttcta 

acaaagc att gacaatttt c 

<2 23 > OTHER INFORMATI ON, Synthetic - AAV Viral Vector with Kir7.1 

<4 00 > SEQUENCE, 9 

cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcaaag cccgggcgt c 

gggcgacc tt tggtcgcccg gcctcagtga gcgagcgagc gcgcagagag ggagtggcca 

actccatcac taggggttcc tatcgatcaa ctttgtatag aaaagttggg ctccggtgc c 

cgtcagtggg cagagcgcac atcgccc aca gtccccgaga agttgggggg aggggtcggc 

aattgaaccg gtgcctagag aaggtggcgc ggggtaaact gggaaagtga tgtcgtgtac 

tggctc cgc c tttttcccga gggtggggga gaaccgtata taagtgc agt agtcgccgtg 

aacgttct tt ttcgcaacgg gtttgccgc c agaacacagg taagtgccgt gtgtggttc c 

Apr. 6, 2023 
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1 8 00 

1 8 60 

1920 

1980 

2040 

21 00 

21 60 

22 20 

22 80 

23 40 

24 00 

24 60 

24 95 

26 

26 

60 

120 

180 

240 

300 

360 

420 
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cgcgggcc tg gcc tctttac gggttatggc ccttgcgtgc cttgaattac ttccacctgg 480 

ctgcagtacg tgattcttga tcccgagctt cgggttggaa gtgggtggga gagttcgagg 540 

ccttgcgctt aaggagcc c c ttcgcctcgt gcttgagttg aggcctggc c tgggcgctgg 6 00 

ggccgc cgcg tgcgaatctg gtggcacc tt cgcgcctgtc tcgctgc ttt cgataagtct 6 60 

ctagccattt aaaatttttg atgacctgct gcgacgcttt ttttctggca agatagtctt 720 

gtaaatgcgg gccaagatct gcacactggt atttcggttt ttggggccg c gggcggcga c 780 

ggggcc cgtg cgtcccagcg cacatgttcg gcgaggcggg gcctgcgagc gcggccaccg 8 40 

agaatcggac gggggtagtc tcaagctggc cggcctgctc tggtgcc tgg tctcgcgccg 900 

ccgtgtatcg ccccgc cc tg ggcggcaagg ctggcccggt cggcacc agt tgcgtgagcg 960 

gaaagatggc cgc ttcccgg ccctgctgca gggagctcaa aatggaggac gcggcgctcg 1 0 20 

ggagagcggg cgggtgagtc acccacacaa aggaaaaggg cctttccgt c ctcagccgt c 1 0 80 

gcttcatgtg actccacgga gtaccgggcg ccgtccaggc acc tcgatta gttctcgagc 1140 

ttttggagta cgtcgtcttt aggttggggg gaggggtttt atgcgatgga gtttccccac 1200 

actgagtggg tggagactga agttaggcca gcttggc act tgatgtaatt ctccttggaa 1260 

tttgcc c ttt ttgagtttgg atc ttggttc attctcaagc ctcagac agt ggttcaaagt 1320 

ttttttct t c catttcaggt gtcgtgacaa gtttgtacaa aaaagcaggc tgccaccatg 1380 

gtgagcaagg gcgaggagct gttcaccggg gtggtgccca tcc tggtcga gctggacgg c 1440 

gacgtaaacg gccacaagtt cagcgtgtcc ggcgagggcg agggcgatgc cacctacgg c 1500 

aagctgaccc tgaagttcat ctgcacc acc ggcaagc tgc ccgtgcc ctg gcccaccct c 1560 

gtgaccaccc tgacctacgg cgtgcagtgc ttcagccgct accccgacca catgaagcag 1 6 20 

cacgacttct tcaagtccgc catgcccgaa ggctacgtcc aggagcgcac catcttctt c 1680 

aaggacgacg gcaactacaa gacccgcgc c gaggtgaagt tcgagggcga caccctggtg 1740 

aaccgcatcg agc tgaaggg catcgac ttc aaggaggacg gcaacatcct ggggcac aag 1 8 00 

ctggagtaca actacaacag ccacaacgtc tatatcatgg ccgacaagca gaagaacggc 1 8 60 

atcaaggtga acttcaagat ccgccac aac atcgaggacg gcagcgtgca gctcgccga c 1920 

cactac c agc agaacacc c c catcggcga c ggccccgtgc tgctgcccga caaccac tac 1980 

ctgagcaccc agtccgccct gagcaaagac cccaacgaga agcgcgatca catggtcctg 2040 

ctggagttcg tgaccgccg c cgggatc act ctcggcatgg acgagctgta caagtccgga 21 00 

ctcagatctc gagctcaagc ttcgaattct gacagcagta attgcaaagt tattgctcct 21 60 

ctcc taagtc aaagataccg gaggatggtc accaaggatg gccacagcac acttcaaatg 22 20 

gatggcgctc aaagaggtct tgcatatctt cgagatgctt ggggaatcct aatggac atg 22 80 

cgctggcgtt ggatgatgtt ggtcttttct gcttcttttg ttgtccactg gcttgtcttt 23 40 

gcagtgctct ggtatgttct ggctgagatg aatggtgatc tggaactaga tcatgatgc c 24 00 

ccacctgaaa accacac tat ctgtgtc aag tatatcacca gtttcac agc tgcattc tc c 24 60 

ttctccctgg agacacaact cacaattggt tatggtacca tgttccccag tggtgactgt 2520 

ccaagtgcaa tcgccttact tgccatacaa atgctcc tag gcctcatgct agaggctttt 25 80 

atcacaggtg cttttgtggc gaagattgcc cggccaaaaa atcgagc ttt ttcaattcgc 26 40 

tttactgaca cagcagtagt agctcacatg gatggcaaac ctaatcttat cttccaagtg 27 00 
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gccaacaccc gacctagccc tctaacc agt gtccgggtct cagctgtact ctatcaggaa 27 60 

agagaaaatg gcaaactcta ccagacc agt gtggatttcc accttgatgg catcagttct 2820 

gacgaatgtc cattcttcat ctttccacta acgtactatc actccattac accatcaagt 28 80 

cctctggcta ctc tgctcca gcatgaaaat ccttctc act ttgaattagt tgtattcctt 2940 

tcagcaatgc aggagggcac tggagaaata tgccaaagga ggacatccta cctaccgtct 30 00 

gaaatcatgt tacatcactg ttttgcatct ctgttgaccc gaggttccaa aggtgaatat 3060 

caaatcaaga tggagaattt tgacaagact gtccctgaat ttccaac tc c tctggtttct 3120 

aaaagc cc aa acaggactga cctggatatc cacatcaatg gacaaagcat tgacaatttt 3180 

cagatctctg aaacaggact gacagaataa ggatccaccc agc tttc ttg tacaaagtgg 32 40 

tgatggccgg ccgcttcgag cagacatgat aagatacatt gatgagtttg gacaaaccac 33 00 

aactagaatg cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta ttgctttatt 33 60 

tgtaac c att ataagctgca ataaacaagt taacaac aac aattgcatt c attttatgtt 34 20 

tcaggttcag ggggaggtgt gggaggtttt ttaaagcaag taaaacc tct acaaatgtgg 34 80 

taatcgatag atc taggaac ccctagtgat ggagttggcc actccctct c tgcgcgctcg 3540 

ctcgct c act gaggccgggc gaccaaaggt cgcccgacgc ccgggctttg cccgggcgg c 36 00 

ctcagtgagc gagcgagcgc gcagctgcct gcaggcagct tggcactggc cgtcgtttta 36 60 

caacgtcgtg actgggaaaa ccctggcgtt acccaac tta atcgccttgc agcacatcc c 3720 

cctttcgcca gctggcgtaa tagcgaagag gcccgcaccg atcgccc tt c ccaacagttg 3780 

cgcagcctga atggcgaatg gcgcctgatg cggtattttc tccttacgca tctgtgcggt 3840 

atttcac acc gcatacgtca aagcaaccat agtacgcgc c ctgtagcgg c gcattaagcg 39 00 

cggcgggtgt ggtggttacg cgcagcgtga ccgctacact tgccagcgc c ctagcgcccg 3960 

ctcc tttcgc tttcttccct tcctttct cg ccacgttcgc cggctttccc cgtcaagct c 4020 

taaatcgggg gctcccttta gggttccgat ttagtgc ttt acggcacct c gaccccaaaa 4080 

aact tgattt gggtgatggt tcacgtagtg ggccatcgcc ctgatagacg gtttttcgcc 4140 

ctttgacgtt ggagtc c acg ttctttaata gtggactctt gttccaaact ggaacaacac 4200 

tcaacc c tat ctcgggc tat tcttttgatt tataagggat tttgccgatt tcggcctatt 4260 

ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa ttttaac aaa atattaacgt 4320 

ttacaatttt atggtgc act ctcagtacaa tctgctc tga tgccgcatag ttaagcc ag c 4380 

cccgacaccc gccaacaccc gctgacgcgc cctgacgggc ttgtctgct c ccggcatccg 4440 

cttacagaca agc tgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat 4500 

caccgaaacg cgcgagacga aagggcc tcg tgatacgcct atttttatag gttaatgtca 4560 

tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaacc c 4620 

ctatttgttt atttttct aa atacattcaa atatgtatcc gctcatgaga caataaccct 4680 

gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttccgtgtcg 4740 

ccct tattcc cttttttgcg gcattttgcc ttcctgtttt tgctcaccca gaaacgctgg 4800 

tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttac at c gaactggat c 4860 

tcaacagcgg taagat cc tt gagagttttc gccccgaaga acgttttcca atgatgagca 4920 

cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac 4980 
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tcggtcgccg catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa 5040 

agcatcttac ggatggcatg acagtaagag aattatgcag tgctgcc ata accatgagtg 5100 

ataacactgc ggccaact ta cttctgacaa cgatcggagg accgaaggag ctaaccgctt 5160 

ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 5220 

aagccatacc aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttgc 5280 

gcaaactatt aac tggcgaa ctacttactc tagcttcccg gcaacaatta atagactgga 5340 

tggaggcgga taaagttgca ggaccact t c tgcgctcggc ccttccggct ggc tggttta 5400 

ttgctgataa atc tggagcc ggtgagcgtg ggtctcgcgg tatcattgca gcactggggc 5460 

cagatggtaa gccctc ccgt atcgtagtta tctacacga c ggggagtcag gcaactatgg 5520 

atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 5580 

cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 5640 

ggatctaggt gaagat cc tt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 5700 

cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 5760 

ttctgcgcgt aatctgctg c ttgcaaacaa aaaaacc acc gctaccagcg gtggtttgtt 5820 

tgccggatca agagctacca actctttttc cgaaggtaac tggcttc agc agagcgc aga 5880 

taccaaatac tgttcttcta gtgtagccgt agttaggcca ccacttc aag aactctgtag 5940 

caccgcct a c atacct cgct ctgctaatcc tgttacc agt ggctgctgc c agtggcgata 60 00 

agtcgtgtct taccgggttg gac tcaagac gatagttacc ggataaggcg cagcggtcgg 60 60 

gctgaacggg gggttcgtgc acacagccca gcttggagcg aacgaccta c accgaactga 6120 

gatacctaca gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga aaggcggaca 61 80 

ggtatccggt aagcggcagg gtcggaacag gagagcgcac gagggagctt ccagggggaa 62 40 

acgcctggta tctttatagt cctgtcgggt ttcgccacct ctgacttgag cgtcgatttt 63 00 

tgtgatgctc gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gcc tttttac 63 60 

ggttcctggc cttttgctgg ccttttgctc acatgttctt tcctgcgtta tcccctgatt 64 20 

ctgtggataa ccgtattacc gcctttgagt gagctgatac cgctcgccg c agccgaacga 64 80 

ccgagcgcag cgagtcagtg agcgaggaag cggaagagcg cccaatacgc aaaccgcct c 6540 

tccc cgcgcg ttggccgatt cattaatgca gctggcacga caggtttccc gac tggaaag 66 00 

cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggctt 66 60 

tacactttat gcttccggct cgtatgttgt gtggaattgt gagcggataa caatttcaca 6720 

caggaaacag ctatgaccat gattacgaat tg 67 52 

<210 > SEQ ID NO 10 
<211> LENGTH, 6752 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE , 
<2 23 > OTHER INFORMATI ON, Synthetic - Lentiv irus Viral Vector with Kir7.1 

<400 > SEQUENCE, 10 

cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcaaag cccgggcgt c 60 

gggcgacc tt tggtcgcc cg gcc tcagtga gcgagcgagc gcgcagagag ggagtggcca 120 

actccatcac taggggttcc tatcgatcaa ctttgtatag aaaagttggg ctccggtgc c 180 

Apr. 6, 2023 
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cgtcagtggg cagagcgcac atcgccc aca gtccccgaga agttgggggg aggggtcgg c 240 

aattgaaccg gtgcctagag aaggtggcgc ggggtaaact gggaaagtga tgtcgtgtac 300 

tggctc cgcc tttttcccga gggtggggga gaaccgtata taagtgc agt agtcgccgtg 360 

aacgtt c ttt ttcgcaacgg gtttgccgc c agaacac agg taagtgccgt gtgtggttc c 420 

cgcgggcc tg gcc tctttac gggttatggc ccttgcgtgc cttgaattac ttccacctgg 480 

ctgcagtacg tgattcttga tcccgagctt cgggttggaa gtgggtggga gagttcgagg 540 

ccttgcgctt aaggagcc c c ttcgcctcgt gcttgagttg aggcctggc c tgggcgc tgg 6 00 

ggccgc cgcg tgcgaatctg gtggcacc tt cgcgcctgtc tcgctgc ttt cgataagtct 6 60 

ctagccattt aaaatttttg atgacctgct gcgacgc ttt ttttctggca agatagtctt 720 

gtaaatgcgg gccaagatct gcacactggt atttcggttt ttggggccg c gggcggcgac 780 

ggggcc cgtg cgtcccagcg cacatgttcg gcgaggcggg gcctgcgagc gcggccaccg 8 40 

agaatcggac gggggtagtc tcaagctggc cggcctgctc tggtgcc tgg tctcgcgccg 900 

ccgtgtatcg ccccgccctg ggcggcaagg ctggcccggt cggcacc agt tgcgtgagcg 960 

gaaagatggc cgc ttcccgg ccctgctgca gggagctcaa aatggaggac gcggcgctcg 1 0 20 

ggagagcggg cgggtgagtc acccacacaa aggaaaaggg cctttccgt c ctcagccgt c 1 0 80 

gcttcatgtg actccacgga gtaccgggcg ccgtccaggc acctcgatta gttctcgagc 1140 

ttttggagta cgtcgtct tt aggttggggg gaggggtttt atgcgatgga gtttcccca c 1200 

actgagtggg tggagac tga agttaggcca gcttggc act tgatgtaatt ctccttggaa 1260 

tttgccct tt ttgagtttgg atcttggttc attctcaagc ctcagac agt ggttcaaagt 1320 

ttttttct t c catttcaggt gtcgtgacaa gtttgtacaa aaaagcaggc tgccacc atg 1380 

gtgagcaagg gcgaggagct gttcaccggg gtggtgccca tcctggtcga gctggacggc 1440 

gacgtaaacg gccacaagtt cagcgtgtcc ggcgagggcg agggcgatgc cacctacggc 1500 

aagctgaccc tgaagttcat ctgcacc acc ggcaagc tgc ccgtgccctg gcccaccct c 1560 

gtgaccaccc tgacctacgg cgtgcagtgc ttcagccgct accccgacca catgaagcag 1620 

cacgacttct tcaagt ccg c catgcccgaa ggctacgtcc aggagcgcac catcttct t c 1 6 80 

aaggacgacg gcaactacaa gacccgcgc c gaggtgaagt tcgagggcga caccctggtg 1740 

aaccgcatcg agc tgaaggg catcgact t c aaggaggacg gcaacatcct ggggcacaag 1 8 00 

ctggagtaca actacaacag ccacaacgt c tatatcatgg ccgacaagca gaagaacgg c 1 8 60 

atcaaggtga acttcaagat ccgccacaac atcgaggacg gcagcgtgca gctcgccgac 1920 

cactac c agc agaacacccc catcggcga c ggccccgtgc tgctgcc cga caaccactac 1980 

ctgagcaccc agtccgccct gagcaaagac cccaacgaga agcgcgatca catggtcctg 2040 

ctggagttcg tgaccgccgc cgggatc act ctcggcatgg acgagctgta caagtccgga 21 00 

ctcagatctc gagctcaagc ttcgaattct gacagcagta attgcaaagt tattgctcct 21 60 

ctcctaagtc aaagataccg gaggatggtc accaaggatg gccacagcac acttcaaatg 22 20 

gatggcgctc aaagaggtct tgcatatctt cgagatgctt ggggaatcct aatggacatg 22 80 

cgctggcgtt ggatgatgtt ggtcttttct gcttcttttg ttgtccactg gcttgtcttt 23 40 

gcagtgc tct ggtatgttct ggc tgagatg aatggtgatc tggaactaga tcatgatgc c 24 00 

ccacctgaaa accacactat ctgtgtc aag tatatcacca gtttcac agc tgcattctc c 24 60 
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ttctccctgg agacacaact cacaattggt tatggtacca tgttccccag tggtgactgt 2520 

ccaagtgcaa tcgccttact tgccatacaa atgctcctag gcctcatgct agaggctttt 25 80 

atcacaggtg cttttgtggc gaagattgcc cggccaaaaa atcgagc ttt ttcaattcgc 26 40 

tttactgaca cagcagtagt agc tcac atg gatggcaaac ctaatcttat cttccaagtg 27 00 

gccaacaccc gacctagccc tctaacc agt gtccgggtct cagctgtact ctatcaggaa 27 60 

agagaaaatg gcaaactcta ccagacc agt gtggatttcc acc ttgatgg catcagttct 2820 

gacgaatgtc cattcttcat ctttccacta acgtactatc actccattac accatcaagt 28 80 

cctctggcta ctc tgctcca gcatgaaaat ccttctc act ttgaattagt tgtattcctt 2940 

tcagcaatgc aggagggcac tggagaaata tgccaaagga ggacatccta cctaccgtct 30 00 

gaaatcatgt tacatcactg ttttgcatct ctgttgaccc gaggttccaa aggtgaatat 3060 

caaatcaaga tggagaattt tgacaagact gtccctgaat ttccaac tc c tctggtttct 3120 

aaaagc cc aa acaggactga cctggatatc cacatcaatg gacaaagcat tgacaatttt 3180 

cagatctctg aaacaggact gacagaataa ggatccaccc agctttc ttg tacaaagtgg 32 40 

tgatggccgg ccgctt cgag cagacatgat aagatac att gatgagtttg gacaaacca c 33 00 

aactagaatg cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta ttgctttatt 33 60 

tgtaac c att ataagctgca ataaacaagt taacaacaac aattgcatt c attttatgtt 34 20 

tcaggttcag ggggaggtgt gggaggtttt ttaaagc aag taaaacc tct acaaatgtgg 34 80 

taatcgatag atc taggaac ccc tagtgat ggagttggcc actccctct c tgcgcgc tcg 3540 

ctcgct c act gaggccgggc gaccaaaggt cgcccgacgc ccgggctttg cccgggcgg c 36 00 

ctcagtgagc gagcgagcgc gcagctgcct gcaggcagct tggcactggc cgtcgtttta 36 60 

caacgtcgtg actgggaaaa ccctggcgtt acccaactta atcgccttgc agcacatcc c 3720 

cctttcgcca gctggcgtaa tagcgaagag gcccgcaccg atcgccc tt c ccaacagttg 3780 

cgcagc c tga atggcgaatg gcgcctgatg cggtattttc tccttacgca tctgtgcggt 3840 

atttcac acc gcatacgtca aagcaaccat agtacgcgcc ctgtagcgg c gcattaagcg 39 00 

cggcgggtgt ggtggttacg cgcagcgtga ccgctac act tgccagcgc c ctagcgcccg 3960 

ctcctttcgc tttcttccct tcc tttc tcg ccacgttcgc cggctttccc cgtcaagct c 4020 

taaatcgggg gctcccttta gggttccgat ttagtgc ttt acggcac ct c gaccccaaaa 4080 

aact tgattt gggtgatggt tcacgtagtg ggccatcgc c ctgatagacg gtttttcgc c 4140 

ctttgacgtt ggagtccacg ttctttaata gtggactctt gttccaaact ggaacaacac 4200 

tcaaccctat ctcgggctat tcttttgatt tataagggat tttgccgatt tcggcctatt 4260 

ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa ttttaac aaa atattaacgt 4320 

ttacaatttt atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagc 4380 

cccgacaccc gccaacaccc gctgacgcgc cctgacgggc ttgtctgct c ccggcatccg 4440 

cttacagaca agc tgtgacc gtc tccggga gctgcatgtg tcagaggttt tcaccgtcat 4500 

caccgaaacg cgcgagacga aagggcctcg tgatacgcct atttttatag gttaatgtca 4560 

tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaacc c 4620 

ctatttgttt attttt c taa atacattcaa atatgtatcc gctcatgaga caataaccct 4680 

gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttccgtgtcg 4740 
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ccct tattcc cttttttgcg gcattttgcc ttcctgtttt tgc tcaccca gaaacgctgg 

tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttac at c gaactggat c 

tcaacagcgg taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca 

cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagc aac 

tcggtcgccg catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa 

agcatcttac ggatggc atg acagtaagag aattatgcag tgc tgcc ata accatgagtg 

ataacac tgc ggccaa c tta cttctgacaa cgatcggagg accgaaggag ctaaccgctt 

ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 

aagccatacc aaacgacgag cgtgacacca cgatgcc tgt agcaatggca acaacgttgc 

gcaaactatt aac tggcgaa ctacttactc tagcttcccg gcaacaatta atagactgga 

tggaggcgga taaagttgca ggaccact t c tgcgctcggc ccttccggct ggc tggttta 

ttgctgataa atc tggagcc ggtgagcgtg ggtctcgcgg tatcattgca gcactggggc 

cagatggtaa gccctcccgt atcgtagtta tctacacgac ggggagtcag gcaactatgg 

atgaacgaaa tagacagatc gctgagatag gtgcctc act gattaagcat tggtaactgt 

cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 

ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 

cgttccactg agcgtcagac cccgtagaaa agatcaaagg atc ttcttga gatccttttt 

4800 

4860 

4920 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

5400 

5460 

5520 

5580 

5640 

5700 

5760 

ttctgcgcgt aatctgc tgc ttgcaaacaa aaaaacc acc gctaccagcg gtggtttgtt 5820 

tgccggatca agagctacca actctttttc cgaaggtaac tggcttc agc agagcgcaga 5880 

taccaaatac tgttcttcta gtgtagccgt agttaggcca ccacttc aag aac tctgtag 5940 

caccgcct a c atacctcgct ctgctaatcc tgttaccagt ggctgctgc c agtggcgata 60 00 

agtcgtgtct taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg 60 60 

gctgaacggg gggttcgtgc acacagccca gcttggagcg aacgacc tac accgaac tga 6120 

gatacctaca gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga aaggcggaca 61 80 

ggtatccggt aagcggc agg gtcggaacag gagagcgcac gagggagctt ccagggggaa 62 40 

acgcctggta tctttatagt cctgtcgggt ttcgccacct ctgacttgag cgtcgatttt 63 00 

tgtgatgctc gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gcc tttttac 63 60 

ggttcctggc cttttgctgg ccttttgctc acatgttctt tcc tgcgtta tcccctgatt 64 20 

ctgtggataa ccgtattacc gcctttgagt gagctgatac cgctcgccg c agccgaacga 64 80 

ccgagcgcag cgagtcagtg agcgaggaag cggaagagcg cccaatacgc aaaccgcct c 6540 

tccc cgcgcg ttggccgatt cattaatgca gctggcacga caggtttccc gac tggaaag 66 00 

cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggctt 66 60 

tacactttat gcttccggct cgtatgttgt gtggaattgt gagcggataa caatttcaca 6720 

caggaaacag ctatgaccat gattacgaat tg 67 52 

<210 > SEQ ID NO 11 
<211> LENGTH, 31 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - primer 

Apr. 6, 2023 
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<4 00 > SEQUENCE , 11 

ccgc tcgagt acc ttc c aag tgc tgtc aaa c 

<210 > SEQ ID NO 1 2 
<211> LENGTH, 3 0 
<212 > TYPE , DNA 
<213 > ORGANISM, Artificia l Se quence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthet ic - primer 

<4 00 > SEQUENCE , 1 2 

cgacgcg tca tgc tgaa ttc cttaatttgc 

<210 > SEQ ID NO 1 3 
<211> LENGTH, 3 0 
<212 > TYPE , DNA 
<213 > ORGANISM, Artificia l Se que nce 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthet ic - primer 

<4 00 > SEQUENCE , 1 3 

ctagct a gc t cct c cc a gcg taacgtg agc 

<210 > SEQ ID NO 14 
<211> LENGTH, 2 8 
<212 > TYPE , DNA 
<213 > ORGANISM, Artificia l Se que nce 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthet ic - primer 

<4 00 > SEQUENCE , 14 

gaagat c tc t agtg gc agcc cca tggtg 

<210 > SEQ ID NO 15 
<211> LENGTH, 32 
<212 > TYPE , DNA 
<213 > ORGANISM, Artificia l Sequence 
<2 20 > FEATURE , 
<2 23 > OTHER INFORMATI ON, Synthet ic - primer 

<4 00 > SEQUENCE , 15 

ctagct a gcc tgt c ct c tta ggc agataca ga 

<210 > SEQ ID NO 1 6 
<211> LENGTH, 3 0 
<212 > TYPE , DNA 
<213 > ORGANISM, Artificia l Se quence 
<2 20 > FEATURE , 
<2 23 > OTHER INFORMATI ON, Synthet ic - primer 

<4 00 > SEQUENCE , 1 6 

gaagat c tag agcctt c atg ttg actgcta 

<210 > SEQ ID NO 1 7 
<211> LENGTH, 2 0 
<212 > TYPE , DNA 
<213 > ORGANISM, Artificia l Se quence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthet ic - primer 

<4 00 > SEQUENCE , 1 7 

gaaagttggg gatg aggcga 

Apr. 6, 2023 
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-continued 

31 

3 0 

3 0 

2 8 

32 

30 

20 
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<210 > SEQ ID NO 18 
<211> LENGTH, 33 
<212> TYPE, DNA 
<213> ORGANISM, Art ificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - primer 

<400 > SEQUENCE, 18 

caatcaaagc ttcctcagag ctgccgggcg get 

<210 > SEQ ID NO 19 
<211> LENGTH, 21 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 

25 

-continued 

<2 23 > OTHER INFORMATI ON, Synthetic - normal TGG sequence 

<400 > SEQUENCE, 19 

gacatgcgct ggcgttggat g 

<210 > SEQ ID NO 20 
<211> LENGTH, 21 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE , 
<2 23 > OTHER INFORMATI ON, Synthetic - TAG sequence 

<400 > SEQUENCE, 20 

gacatgcgct agcgttggat g 

<21 0 > SEQ ID NO 21 
<211> LENGTH, 6 594 
<212> TYPE, DNA 
<213> ORGANISM, Art ificial 
<2 20 > FEATURE, 

Sequence 

<2 23 > OTHER INFORMATI ON, Synthetic- VB2001 06 -1361jv y vecto r 

<4 00 > SEQUENCE, 21 

cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcaaag cccgggcgt c 

gggcgacc tt tggtcgcc cg gcctcagtga gcgagcgagc gcgcagagag ggagtggcca 

actccatcac taggggttcc ttc tagacaa ctttgtatag aaaagttgga gcccttgagt 

atggattgat gtattaaaat ttattgaatc acatgctgag attttcacca gctgcccgtg 

gggatctggg catttattcc catattgcac tggctggctg gaagccagca gcataaact c 

cagggctgtt ctgtcaaccc ccaccagact cacccccctc caccagc cc c ggcaggctt c 

tcct tc c atc tctctgaagc aacttac tga tgggccc tgc cagccaatca cagccagaat 

aacgtatgat gtcaccagca gccaatc aga gctcctcgtc agcatatgca gaattctgt c 

attttactag ggtgatgaaa ttcccaagca acaccatcct tttcagataa gggcactgag 

gctgagagag gagctgaaac ctacccgggg tcaccac aca caggtggcaa ggc tgggac c 

agaaac c agg actgttgact gcagcccggt attcattctt tccatagcc c acagggc tgt 

caaagacc c c agggcctagt cagaggctcc tccttcctgg agagttc ctg gcacagaagt 

tgaagctcag cacagccccc taaccccc aa ctctctc tgc aaggcctcag gggtcagaac 

actggtggag cagatc c ttt agcctctgga ttttagggcc atggtagagg gggtgttgc c 

ctaaattcca gccctggtct cagcccaaca ccctccaaga agaaattaga ggggccatgg 

Apr. 6, 2023 
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6 00 

660 

720 

780 

840 
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ccaggctgtg ctagccgt tg ctt c tgagca gattaca aga aggga ctaag acaaggac t c 960 

ctttgtggag gtcctggct t agggagtcaa gtgacggcgg ctcagcac t c acgtgggcag 1 0 20 

tgcc agcc t c taagagtggg caggggc ac t ggccacagag tcccagggag tcccacc ag c 1 0 80 

ctagtcgcca gaccttctgt gggatcat cg gacccacctg gaacccc ac c tgtg agtaca 1140 

aggtcaagtt tgtacaa aaa agcaggctg c caccaagctt atggtgagc a aggg cgagga 1 2 00 

gctg tt c acc ggggtggtg c ccatcctggt cgagctgga c ggcgacgtaa acggccacaa 1 2 60 

gttc agcgtg tccggcg agg gcgagggcga tgccacc tac ggcaagc tga ccc tgaagtt 1 3 20 

catc tgc acc accggc a agc tgcccgtgcc ctggccc acc ctcgtgacc a ccc tgaccta 1 3 80 

cggcgtgcag tgc ttc agc c gctaccccga ccacatg aag cagcacgac t tcttcaagt c 1440 

cgccatgccc gaaggctacg tccaggagcg caccatc ttc ttcaaggacg acgg caacta 1500 

caagac ccg c gccgaggtga agttcgaggg cgacaccctg gtgaaccgc a tcgagctgaa 1560 

gggcat cga c ttcaagg agg acggcaacat cctg gggca c aagctggag t acaactacaa 1 6 20 

cagc cac aac gtc tatat ca tggccgac a a gcagaagaac ggcatca agg tgaacttcaa 1 6 80 

gatc cgcc a c aacatcg agg acggcagcg t gcagctcgc c gaccactac c agcagaaca c 1 7 40 

ccccat cgg c gacggc cc cg tgc tgctgcc cgacaacca c tacctgagc a cccagtccg c 1 8 00 

cctg ag c aaa gacccc a acg agaagcgcga tcacatggtc ctgctggag t tcgtgaccg c 1 8 60 

cgccgggatc act c tcggca tggacgagc t gtacaagga c agcagta at t gcaaagtta t 1920 

tgctcctctc ctaagt c aaa gataccggag gatggtc acc aaggatggc c acagcac act 1980 

tcaaatggat ggcgct c aaa gaggtcttgc atatcttcga gatg cttggg gaatcctaat 2040 

ggac atgcgc tggcgttgga tgatgttggt cttttctgct tcttttgttg tccactggc t 21 00 

tgtc tttgca gtgctctggt atgttctggc tgagatgaat ggtg atc tgg aac tagatca 21 60 

tga tgc cc ca cctg aaa acc acactatctg tgt c aag tat atcaccagt t tcacagctg c 22 20 

attc tc c ttc tccctgg aga cacaactcac aattggttat ggtacca tgt tccccag tgg 22 80 

tgac tgtcca agtg caat cg ccttacttgc catacaa atg ctcctaggc c tcatgctaga 23 40 

ggct tttatc acaggtgc t t ttgtggcgaa gattgcccgg ccaaaaa at c gagcttttt c 24 00 

aattcgc ttt actg ac ac ag cag tagtagc tcacatggat ggcaaacct a atc ttatctt 24 60 

ccaagtggcc aacacc cga c ctagccct c t aaccagtgtc cgggtctcag ctg tactcta 2520 

tcaggaa aga gaaaatggca aactctacca gaccagtgtg gatttcc ac c ttgatggca t 25 80 

cagt tctgac gaatgt cc a t tcttcatctt tccacta acg tactatc ac t ccattac ac c 26 40 

atcaagtcct ctggctac t c tgctccagca tgaaaatcct tctcactttg aattagttgt 27 00 

attc ctttca gcaatgc agg agggcac tgg agaaata tgc caaaggagg a cat c ctacct 27 60 

accgtctgaa atcatgttac atcactgttt tgcatctctg ttgacccga g gtt c caa agg 2820 

tgaatatcaa atcaagatgg agaattttga caagactgtc cctg aattt c caactcctc t 28 80 

ggtttctaaa agcccaa aca ggactgacct ggatatcca c atcaatggac aaagcattga 2940 

caat tttcag atc tctgaaa caggactgac agaataagg a tccaccc ag c ttt c ttgtac 30 00 

aaag tgggaa ttccgataat caacctctgg attacaa aat ttg tgaa aga ttgactggta 3060 

ttct taac ta tgttgctcct tttacgc tat gtggatacg c tgcttta atg cctttgtatc 3120 

atgc tattgc ttcccgtatg gctttcat tt tct c ctcctt gta taaa tc c tggttgctg t 3180 
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ctct ttatga ggagttgtgg cccgttgtca ggcaacgtgg cgtggtgtgc actgtgtttg 32 40 

ctgacgc aac ccccactggt tggggcattg ccaccacctg tcagctcctt tccgggactt 33 00 

tcgctttccc cctccctatt gccacggcgg aactcatcgc cgcctgc ctt gcccgctgct 33 60 

ggacaggggc tcggctgttg ggcactgaca attccgtggt gttgtcgggg aagctgacgt 34 20 

cctttc c atg gctgctcgcc tgtgttgcca cctggattct gcgcgggacg tcc ttctgct 34 80 

acgtccct t c ggccct c aat ccagcggacc ttccttcccg cggcctgctg ccggctctg c 3540 

ggcc tcttcc gcgtcttcgc cttcgccc t c agacgagtcg gatctccctt tgggccgcct 36 00 

ccccgcatcg ggaattccta gagctcgctg atcagcc tcg actgtgc ctt ctagttgcca 36 60 

gccatctgtt gtttgcccct cccccgtgcc ttccttgacc ctggaaggtg ccactccca c 3720 

tgtcctttcc taataaaatg aggaaattgc atcgcattgt ctgagtaggt gtcattctat 3780 

tctggggggt ggggtggggc aggacagcaa gggggaggat tgggaagaga atagcaggca 3840 

tgctggggag ggccgcagga acccctagtg atggagttgg ccactccct c tctgcgcgct 39 00 

cgct cgct ca ctgaggccgg gcgaccaaag gtcgcccgac gcccgggctt tgcccgggcg 3960 

gcctcagtga gcgagcgagc gcgcagctg c ctgcaggggc gcctgatgcg gtattttct c 4020 

cttacgc atc tgtgcggtat ttcacaccg c atacgtc aaa gcaaccatag tacgcgccct 4080 

gtagcggcgc attaagcgcg gcgggggtgg tggttacgcg cagcgtgac c gctacacttg 4140 

ccagcgcc tt agcgcc cgct cctttcgctt tcttccc ttc ctttctcgc c acgttcgccg 4200 

gctttccc cg tcaagctcta aatcgggggc tccctttagg gttccgattt agtgctttac 4260 

ggcacctcga ccccaaaaaa cttgatttgg gtgatggttc acgtagtggg ccatcgccct 4320 

gatagacggt ttttcgccct ttgacgttgg agtccacgtt ctttaatagt ggactcttgt 4380 

tccaaactgg aacaacactc aactctatct cgggctattc ttttgattta taagggattt 4440 

tgccgatttc ggtctattgg ttaaaaaatg agctgattta acaaaaattt aacgcgaatt 4500 

ttaacaaaat attaacgttt acaattttat ggtgcac tct cagtacaat c tgc tctgatg 4560 

ccgcatagtt aagccagccc cgacacccg c caacacccgc tgacgcgcc c tgacgggctt 4620 

gtctgctccc ggcatc cgct tacagac aag ctgtgaccgt ctccgggagc tgcatgtgt c 4680 

agaggttttc accgtcatca ccgaaacgcg cgagacgaaa gggcctcgtg atacgcc tat 4740 

ttttataggt taatgt c atg ataataatgg tttcttagac gtcaggtggc acttttcggg 4800 

gaaatgtgcg cggaac ccct atttgtttat ttttctaaat acattcaaat atgtatccg c 4860 

tcatgagaca ataaccctga taaatgcttc aataatattg aaaaaggaag agtatgagta 4920 

ttcaacattt ccgtgtcgc c cttattccct tttttgcggc attttgc ctt cctgtttttg 4980 

ctcacc c aga aacgctggtg aaagtaaaag atgctgaaga tcagttgggt gcacgagtgg 5040 

gttacatcga actggatctc aacagcggta agatccttga gagttttcgc cccgaagaac 5100 

gttttcc aat gatgagc act tttaaagttc tgctatgtgg cgcggtatta tcccgtattg 5160 

acgc cgggca agagcaactc ggtcgccgca tacactattc tcagaatgac ttggttgagt 5220 

actcac c agt cacagaaaag catcttacgg atggcatgac agtaagagaa ttatgcagtg 5280 

ctgccataac catgagtgat aacactgcgg ccaacttact tctgacaacg atcggaggac 5340 

cgaaggagct aaccgctttt ttgcacaaca tgggggatca tgtaactcgc cttgatcgtt 5400 

gggaac cgga gctgaatgaa gccataccaa acgacgagcg tgacacc acg atgcctgtag 5460 
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caatggc aac aacgttgcgc aaactattaa ctggcgaact acttactcta gcttcccgg c 5520 

aacaattaat agactggatg gaggcggata aagttgc agg accacttctg cgctcggcc c 5580 

ttccggctgg ctggtttatt gctgataaat ctggagccgg tgagcgtgga agccgcggta 5640 

tcattgc agc actggggcca gatggtaagc cctcccgtat cgtagttat c tacacgacgg 5700 

ggagtcaggc aac tatggat gaacgaaata gacagatcgc tgagataggt gcc tcactga 5760 

ttaagcattg gtaactgtca gaccaagttt actcatatat actttagatt gatttaaaac 5820 

ttcattttta atttaaaagg atc taggtga agatcctttt tgataatct c atgaccaaaa 5880 

tccc ttaacg tgagttttcg ttccactgag cgtcagaccc cgtagaaaag atcaaaggat 5940 

cttcttgaga tcc ttttttt ctgcgcgtaa tctgctgctt gcaaacaaaa aaaccaccg c 60 00 

tacc agcggt ggtttgtttg ccggatc aag agctaccaac tctttttccg aaggtaactg 60 60 

gcttcagcag agcgcagata ccaaatactg ttcttctagt gtagccgtag ttaggcc ac c 6120 

acttcaagaa ctc tgtagca ccgcctacat acctcgc tct gctaatcctg ttaccagtgg 61 80 

ctgctgcc ag tggcgataag tcgtgtct ta ccgggttgga ctcaagacga tagttaccgg 62 40 

ataaggcgca gcggtcgggc tgaacggggg gttcgtgcac acagccc agc ttggagcgaa 63 00 

cgacctacac cgaactgaga tacctac agc gtgagctatg agaaagcgc c acgcttcccg 63 60 

aagggagaaa ggcggacagg tatccggtaa gcggcagggt cggaacagga gagcgcacga 64 20 

gggagcttcc agggggaaac gcctggtatc tttatagtcc tgtcgggttt cgccacctct 64 80 

gact tgagcg tcgatttttg tgatgctcgt caggggggcg gagcctatgg aaaaacgcca 6540 

gcaacgcggc ctttttacgg ttcctggcct tttgctggcc ttttgctcac atgt 65 94 

<210 > SEQ ID NO 22 
<211> LENGTH, 5880 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - AAV-VMD2-Kir7.1 vector 

<400 > SEQUENCE, 22 

cctgcaggca gctgcgcgct cgctcgctca ctgaggccg c ccgggcaaag cccgggcgt c 60 

gggc gacc tt tggtcgcc cg gcc tcagtga gcgagcgagc gcgcagagag ggagtggcca 120 

actccatcac taggggttcc ttctagacaa ctttgtatag aaaagttgga gcccttgagt 180 

atggattgat gtattaaaat ttattgaatc acatgctgag attttcacca gctgcccgtg 240 

gggatctggg catttattcc catattgcac tggctggctg gaagccagca gcataaact c 300 

cagggctgtt ctgtcaaccc ccaccagact cacccccctc caccagc cc c ggcaggct t c 360 

tcct tc c atc tctctgaagc aac ttac tga tgggccc tgc cagccaatca cagccagaat 420 

aacgtatgat gtcaccagca gccaatc aga gctcctcgtc agcatatgca gaattctgt c 480 

attttactag ggtgatgaaa ttcccaagca acaccatcct tttcagataa gggcactgag 540 

gctgagagag gagctgaaac ctacccgggg tcaccac aca caggtggcaa ggc tgggac c 6 00 

agaaac c agg actgttgact gcagcccggt attcattctt tccatagcc c acagggctgt 660 

caaagacc cc agggcctagt cagaggct c c tccttcc tgg agagttc ctg gcacagaagt 720 

tgaagctcag cacagc cc c c taaccccc aa ctctctc tgc aaggcctcag gggtcagaac 780 

actggtggag cagatccttt agcctctgga ttttagggcc atggtagagg gggtgttgc c 840 
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ctaaattcca gccctggtct cagcccaaca ccctccaaga agaaattaga ggggccatgg 900 

ccaggctgtg ctagccgttg cttctgagca gattacaaga agggactaag acaaggact c 960 

ctttgtggag gtcctggctt agggagtcaa gtgacggcgg ctcagcact c acgtgggcag 1 0 20 

tgcc agcc t c taagagtggg caggggc act ggccacagag tcccagggag tcccacc ag c 1 0 80 

ctagtcgcca gaccttctgt gggatcatcg gacccacctg gaacccc ac c tgtgagtaca 1140 

aggtcaagtt tgtacaaaaa agcaggctg c caccaagctt atggacagca gtaattgcaa 1200 

agttattgct cctctc c taa gtcaaagata ccggaggatg gtcaccaagg atggccacag 1260 

cacacttcaa atggatggcg ctcaaagagg tcttgcatat cttcgagatg cttggggaat 1320 

cctaatggac atgcgctggc gttggatgat gttggtc ttt tctgcttctt ttgttgtcca 1380 

ctggcttgtc tttgcagtgc tctggtatgt tctggctgag atgaatggtg atc tggaact 1440 

agatcatgat gccccacctg aaaaccacac tatctgtgtc aagtatatca ccagtttcac 1500 

agctgcattc tcc ttctccc tggagac aca actcacaatt ggttatggta ccatgttcc c 1560 

cagtggtgac tgtccaagtg caatcgcctt acttgccata caaatgc tc c taggcctcat 1620 

gctagaggct tttatcacag gtgcttttgt ggcgaagatt gcccggc caa aaaatcgagc 1680 

tttttcaatt cgc tttactg acacagc agt agtagctcac atggatggca aacctaatct 1740 

tatctt cc aa gtggccaaca cccgacct ag ccctctaacc agtgtccggg tctcagctgt 1 8 00 

actctatcag gaaagagaaa atggcaaact ctaccagacc agtgtggatt tccaccttga 1 8 60 

tggcat c agt tctgacgaat gtccattctt catctttcca ctaacgtact atcactccat 1920 

tacaccatca agtcctctgg ctactctgct ccagcatgaa aatccttct c actttgaatt 1980 

agttgtattc ctttcagcaa tgcaggaggg cactggagaa atatgcc aaa ggaggac at c 2040 

ctacctaccg tctgaaatca tgttacatca ctgttttgca tctctgttga cccgaggtt c 21 00 

caaaggtgaa tatcaaatca agatggagaa ttttgac aag actgtcc ctg aatttccaac 21 60 

tcctctggtt tctaaaagcc caaacaggac tgacctggat atccacatca atggacaaag 22 20 

cattgac aat tttcagatct ctgaaacagg actgacagaa taaggatcca cccagcttt c 22 80 

ttgtacaaag tgggaattcc gataatc aac ctctggatta caaaatttgt gaaagattga 23 40 

ctggtattct taactatgtt gctcctttta cgctatgtgg atacgctgct ttaatgcctt 24 00 

tgtatcatgc tattgcttcc cgtatggctt tcattttctc ctccttgtat aaatcctggt 24 60 

tgctgtctct ttatgaggag ttgtggcc cg ttgtcaggca acgtggcgtg gtgtgcactg 2520 

tgtttgctga cgcaaccccc actggttggg gcattgccac cacctgtcag ctcctttccg 25 80 

ggactttcgc tttccccctc cctattgcca cggcggaact catcgccgc c tgccttgcc c 26 40 

gctgctggac aggggctcgg ctgttgggca ctgacaattc cgtggtgttg tcggggaagc 27 00 

tgacgt cc tt tccatggctg ctcgcctgtg ttgccacctg gattctgcgc gggacgtcct 27 60 

tctgctacgt ccc ttcggcc ctcaatcc ag cggaccttcc ttcccgcgg c ctgctgccgg 2820 

ctctgcggcc tcttccgcgt cttcgcc ttc gccctcagac gagtcggat c tccctttggg 28 80 

ccgcctcc c c gcatcgggaa ttcctagagc tcgctgatca gcctcgactg tgccttctag 2940 

ttgccagcca tctgttgttt gcccctcc c c cgtgccttcc ttgaccc tgg aaggtgccac 30 00 

tcccactgtc ctttcctaat aaaatgagga aattgcatcg cattgtc tga gtaggtgtca 3060 

ttctattctg gggggtgggg tggggcagga cagcaagggg gaggattggg aagagaatag 3120 
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caggcatgct ggggagggcc gcaggaaccc ctagtgatgg agttggcca c tccctctctg 3180 

cgcgctcgct cgctcactga ggccgggcga ccaaaggtcg cccgacgcc c gggctttgc c 32 40 

cgggcggcct cagtgagcga gcgagcgcgc agctgcc tgc aggggcgcct gatgcggtat 33 00 

tttctc c tta cgcatctgtg cggtatttca caccgcatac gtcaaagcaa ccatagtacg 33 60 

cgccctgtag cggcgcatta agcgcggcgg gggtggtggt tacgcgc agc gtgaccgcta 34 20 

cact tgcc ag cgccttagcg cccgctcc tt tcgctttctt ccc ttcc ttt ctcgccacgt 34 80 

tcgccggctt tccccgtcaa gctctaaatc gggggctccc tttagggtt c cgatttagtg 3540 

ctttacggca cctcgacccc aaaaaact tg atttgggtga tggttcacgt agtgggccat 36 00 

cgccctgata gacggttttt cgccctttga cgttggagtc cacgttc ttt aatagtggac 36 60 

tcttgttcca aactggaaca acactcaact ctatctcggg ctattctttt gatttataag 3720 

ggattttgcc gatttcggtc tattggttaa aaaatgagct gatttaacaa aaatttaacg 3780 

cgaattttaa caaaatatta acgtttacaa ttttatggtg cac tctc agt acaatctgct 3840 

ctgatgccg c atagttaagc cagccccga c acccgccaac acccgctgac gcgccctgac 39 00 

gggcttgtct gctcccggca tccgcttaca gacaagc tgt gaccgtc tc c gggagctgca 3960 

tgtgtcagag gttttcaccg tcatcaccga aacgcgcgag acgaaagggc ctcgtgatac 4020 

gcctattttt ataggttaat gtcatgataa taatggtttc ttagacgtca ggtggcactt 4080 

ttcggggaaa tgtgcgcgga acccctattt gtttattttt ctaaatacat tcaaatatgt 4140 

atccgctcat gagacaataa ccc tgataaa tgcttcaata atattgaaaa aggaagagta 4200 

tgagtattca acatttccgt gtcgccct ta ttcccttttt tgcggcattt tgccttcctg 4260 

tttttgctca cccagaaacg ctggtgaaag taaaagatgc tgaagatcag ttgggtgcac 4320 

gagtgggtta catcgaactg gatctcaaca gcggtaagat ccttgagagt tttcgccccg 4380 

aagaacgttt tccaatgatg agcactttta aagttctgct atgtggcgcg gtattatcc c 4440 

gtattgacgc cgggcaagag caactcggtc gccgcataca ctattctcag aatgacttgg 4500 

ttgagtactc accagtcaca gaaaagcatc ttacggatgg catgacagta agagaattat 4560 

gcagtgctg c cataac c atg agtgataaca ctgcggccaa cttacttctg acaacgatcg 4620 

gaggac cgaa ggagctaacc gcttttttgc acaacatggg ggatcatgta actcgcc ttg 4680 

atcgttggga accggagctg aatgaagcca taccaaacga cgagcgtgac accacgatgc 4740 

ctgtagc aat ggcaacaacg ttgcgcaaac tattaac tgg cgaactactt actctagctt 4800 

cccggcaaca attaatagac tggatggagg cggataaagt tgcaggacca cttctgcgct 4860 

cggcccttcc ggc tggctgg tttattgctg ataaatc tgg agccggtgag cgtggaagc c 4920 

gcggtatcat tgcagcactg gggccagatg gtaagccctc 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 ttttcgttcc actgagcgtc agaccccgta gaaaagatca 5220 

aaggatct tc ttgagatcct ttttttctg c gcgtaatctg ctgcttgcaa acaaaaaaac 5280 

caccgctacc agcggtggtt tgtttgccgg atcaagagct accaactctt tttccgaagg 5340 

taactggctt cagcagagcg cagataccaa atactgttct tctagtgtag ccgtagttag 5400 
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gccaccactt caagaactct gtagcaccg c ctacatacct cgc tctgcta atcctgttac 5460 

cagtggctg c tgccagtggc gataagtcgt gtcttaccgg gttggactca agacgatagt 5520 

taccggataa ggcgcagcgg tcgggctgaa cggggggttc gtgcacacag cccagcttgg 5580 

agcgaacga c ctacac cgaa ctgagatacc tacagcgtga gctatgagaa agcgccacgc 5640 

ttcc cgaagg gagaaaggcg gacaggtatc cggtaagcgg cagggtcgga acaggagagc 5700 

gcacgaggga gcttccaggg ggaaacgcct ggtatcttta tagtcctgt c gggtttcgc c 5760 

acctctgact tgagcgtcga tttttgtgat gctcgtc agg ggggcggagc ctatggaaaa 5820 

acgccagcaa cgcggcct tt ttacggttcc tggccttttg ctggcctttt gctcacatgt 5880 

<210 > SEQ ID NO 23 
<211> LENGTH, 141 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - 5'ITR 

<400 > SEQUENCE, 23 

cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcaaag cccgggcgt c 60 

gggc gacc tt tggtcgcc cg gcc tcagtga gcgagcgagc gcgcagagag ggagtggcca 120 

actccatcac taggggttcc t 141 

<210 > SEQ ID NO 24 
<211> LENGTH, 976 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - VMD2 promoter 

<400 > SEQUENCE, 24 

gagcccttga gtatggattg atgtattaaa atttattgaa tcacatgctg agattttcac 60 

cagc tgcc cg tggggatctg ggcatttatt cccatattgc actggctggc tggaagccag 120 

cagcataaac tccagggctg ttctgtc aac ccccaccaga ctcaccccc c tccaccagc c 180 

ccggcaggct tctccttcca tctctctgaa gcaacttact gatgggccct gccagcc aat 240 

cacagc c aga ataacgtatg atgtcacc ag cagccaatca gagctcc tcg tcagcatatg 300 

cagaattctg tcattttact agggtgatga aattccc aag caacacc at c cttttcagat 360 

aagggcactg aggctgagag aggagctgaa acctacccgg ggtcacc aca cacaggtggc 420 

aaggctggga ccagaaacca ggactgttga ctgcagcccg gtattcatt c tttccatagc 480 

ccacagggct gtcaaagacc ccagggcc ta gtcagaggct cctccttcct ggagagttc c 540 

tggc acagaa gttgaagctc agcacagccc cctaacccc c aactctc tct gcaaggcct c 6 00 

aggggt c aga acactggtgg agcagatcct ttagcctctg gattttaggg ccatggtaga 660 

gggggtgttg ccc taaattc cagccctggt ctcagcccaa caccctc caa gaagaaatta 720 

gaggggccat ggccaggctg tgc tagccgt tgcttctgag cagattacaa gaagggacta 780 

agacaaggac tcc tttgtgg aggtcctggc ttagggagtc aagtgacgg c ggc tcagcac 840 

tcacgtgggc agtgccagcc tctaagagtg ggcaggggca ctggccacag agtcccaggg 900 

agtcccacca gcc tagtcgc cagaccttct gtgggatcat cggaccc ac c tggaacccca 960 

cctgtgagta caaggt 976 
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<210> SEQ ID NO 25 
<211> LENGTH, 1094 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic - KCJN13 

<400> SEQUENCE, 25 

32 

-continued 

ccaccaagct tatggacagc agtaattgca aagttattgc tcctctccta agtcaaagat 60 

accggaggat ggtcaccaag gatggccaca gcacacttca aatggatggc gctcaaagag 120 

gtcttgcata tcttcgagat gcttggggaa tcctaatgga catgcgctgg cgttggatga 180 

tgttggtctt ttctgcttct tttgttgtcc actggcttgt ctttgcagtg ctctggtatg 240 

ttctggctga gatgaatggt gatctggaac tagatcatga tgccccacct gaaaaccaca 300 

ctatctgtgt caagtatatc accagtttca cagctgcatt ctccttctcc ctggagacac 360 

aactcacaat tggttatggt accatgttcc ccagtggtga ctgtccaagt gcaatcgcct 420 

tacttgccat acaaatgctc ctaggcctca tgctagaggc ttttatcaca ggtgcttttg 480 

tggcgaagat tgcccggcca aaaaatcgag ctttttcaat tcgctttact gacacagcag 540 

tagtagctca catggatggc aaacctaatc ttatcttcca agtggccaac acccgaccta 600 

gccctctaac cagtgtccgg gtctcagctg tactctatca ggaaagagaa aatggcaaac 660 

tctaccagac cagtgtggat ttccaccttg atggcatcag ttctgacgaa tgtccattct 720 

tcatctttcc actaacgtac tatcactcca ttacaccatc aagtcctctg gctactctgc 780 

tccagcatga aaatccttct cactttgaat tagttgtatt cctttcagca atgcaggagg 840 

gcactggaga aatatgccaa aggaggacat cctacctacc gtctgaaatc atgttacatc 900 

actgttttgc atctctgttg acccgaggtt ccaaaggtga atatcaaatc aagatggaga 960 

attttgacaa gactgtccct gaatttccaa ctcctctggt ttctaaaagc ccaaacagga 1020 

ctgacctgga tatccacatc aatggacaaa gcattgacaa ttttcagatc tctgaaacag 1080 

gactgacaga ataa 1094 

<210> SEQ ID NO 26 
<211> LENGTH, 598 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic - woodchuck post translational 

regulatory element 

<400> SEQUENCE, 26 

cgataatcaa cctctggatt acaaaatttg tgaaagattg actggtattc ttaactatgt 60 

tgctcctttt acgctatgtg gatacgctgc tttaatgcct ttgtatcatg ctattgcttc 120 

ccgtatggct ttcattttct cctccttgta taaatcctgg ttgctgtctc tttatgagga 180 

gttgtggccc gttgtcaggc aacgtggcgt ggtgtgcact gtgtttgctg acgcaacccc 240 

cactggttgg ggcattgcca ccacctgtca gctcctttcc gggactttcg ctttccccct 300 

ccctattgcc acggcggaac tcatcgccgc ctgccttgcc cgctgctgga caggggctcg 360 

gctgttgggc actgacaatt ccgtggtgtt gtcggggaag ctgacgtcct ttccatggct 420 

gctcgcctgt gttgccacct ggattctgcg cgggacgtcc ttctgctacg tcccttcggc 480 

Apr. 6, 2023 
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cctcaatcca gcggacct t c cttcccgcgg cctgctgccg gctctgcgg c ctc ttccgcg 540 

tcttcgcc tt cgccct c aga cgagtcggat ctccctttgg gccgcctcc c cgcatcgg 598 

<210 > SEQ ID NO 27 
<211> LENGTH, 208 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - BGHpA 

<400 > SEQUENCE, 27 

ctgtgcct t c tagttgcc ag ccatctgttg tttgcccct c ccccgtgcct tcc ttgacc c 60 

tggaaggtgc cac tcc c act gtcctttcct aataaaatga ggaaattgca tcgcattgt c 120 

tgagtaggtg tcattctatt ctggggggtg gggtggggca ggacagc aag ggggaggatt 180 

gggaagagaa tagcaggcat gctgggga 208 

<210 > SEQ ID NO 28 
<211> LENGTH, 141 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - 3' ITR 

<4 00 > SEQUENCE, 28 

aggaac ccct agtgatggag ttggccactc cctctctgcg cgctcgc tcg ctcactgagg 60 

ccgggcgacc aaaggt cgc c cgacgcccgg gctttgcccg ggcggcc tca gtgagcgagc 120 

gagcgcgcag ctgcctgcag g 141 

<210 > SEQ ID NO 29 
<211> LENGTH, 8 61 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - ampicillin drug resistance gene 

<400 > SEQUENCE, 29 

atgagtattc aacatttccg tgtcgccc tt attccctttt ttgcggc att ttgccttcct 60 

gtttttgctc acccagaaac gctggtgaaa gtaaaagatg ctgaagatca gttgggtgca 120 

cgagtgggtt acatcgaact ggatctc aac agcggtaaga tcc ttgagag ttttcgccc c 180 

gaagaacgtt ttccaatgat gagcactttt aaagttc tgc tatgtggcgc ggtattatcc 240 

cgtattgacg ccgggcaaga gcaactcggt cgccgcatac actattc tca gaatgacttg 300 

gttgagtact caccagtcac agaaaagcat cttacggatg gcatgac agt aagagaatta 360 

tgcagtgctg ccataaccat gagtgataac actgcggcca acttacttct gacaacgat c 420 

ggaggaccga aggagctaac cgc ttttttg cacaacatgg gggatcatgt aac tcgcctt 480 

gatcgttggg aaccggagct gaatgaagcc ataccaaacg acgagcgtga caccacgatg 540 

cctgtagcaa tggcaac aac gttgcgc aaa ctattaactg gcgaactact tac tctagct 6 00 

tcccggc aac aattaataga ctggatggag gcggataaag ttgcaggac c acttctgcgc 6 60 

tcggccct tc cggctggctg gtttattgct gataaatctg gagccggtga gcgtggaagc 720 

cgcggtatca ttgcagc act ggggccagat ggtaagccct cccgtatcgt agttatcta c 780 

acgacgggga gtcaggc aac tatggatgaa cgaaatagac agatcgc tga gataggtgc c 840 
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tcactgatta agcattggta a 

<210 > SEQ ID NO 30 
<211> LENGTH, 589 
<212> TYPE, DNA 
<213> ORGANISM, Art ificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - pUC ori 

<4 00 > SEQUENCE, 30 

34 

-continued 

8 61 

ttgagatcct ttttttctgc gcgtaatctg ctgcttgcaa acaaaaaaac caccgctac c 60 

agcggtggtt tgtttgccgg atcaagagct accaactctt tttccgaagg taactggctt 120 

cagc agagcg cagatacc aa atactgttct tctagtgtag ccgtagttag gccaccactt 180 

caagaactct gtagcaccgc ctacatacct cgctctgcta atcctgttac cagtggctg c 240 

tgccagtggc gataagtcgt gtcttaccgg gttggac tca agacgatagt taccggataa 300 

ggcgcagcgg tcgggctgaa cggggggttc gtgcacacag cccagcttgg agcgaacgac 360 

ctacaccgaa ctgagatacc tacagcgtga gctatgagaa agcgccacgc ttcccgaagg 420 

gagaaaggcg gacaggtatc cggtaagcgg cagggtcgga acaggagagc gcacgaggga 480 

gcttccaggg ggaaacgcct ggtatcttta tagtcctgtc gggtttcgc c acc tctgact 540 

tgagcgtcga tttttgtgat gctcgtc agg ggggcggagc ctatggaaa 589 

<210 > SEQ ID NO 31 
<211> LENGTH, 3283 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<2 20 > FEATURE, 
<2 23 > OTHER INFORMATI ON, Synthetic - Packaged sequence from the 5'ITR to 

the end of the 3 'ITR 

<400 > SEQUENCE, 31 

cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcaaag cccgggcgt c 60 

gggc gacc tt tggtcgcc cg gcc tcagtga gcgagcgagc gcgcagagag ggagtggcca 120 

actccatcac taggggttcc ttctagacaa ctttgtatag aaaagttgga gcccttgagt 180 

atggattgat gtattaaaat ttattgaatc acatgctgag attttcacca gctgcccgtg 240 

gggatctggg catttattcc catattgcac tggctggctg gaagccagca gcataaact c 300 

cagggctgtt ctgtcaaccc ccaccagact cacccccctc caccagc cc c ggcaggct t c 360 

tcct tc c atc tctctgaagc aacttactga tgggccc tgc cagccaatca cagccagaat 420 

aacgtatgat gtcaccagca gccaatc aga gctcctcgtc agcatatgca gaattctgt c 480 

attttactag ggtgatgaaa ttcccaagca acaccatcct tttcagataa gggcactgag 540 

gctgagagag gagctgaaac ctacccgggg tcaccac aca caggtggcaa ggc tgggac c 6 00 

agaaac c agg actgttgact gcagcccggt attcattctt tccatagcc c acagggctgt 660 

caaagacc cc agggcctagt cagaggct c c tccttcc tgg agagttc ctg gcacagaagt 720 

tgaagctcag cacagc cc c c taaccccc aa ctctctc tgc aaggcctcag gggtcagaac 780 

actggtggag cagatccttt agcctctgga ttttagggcc atggtagagg gggtgttgc c 840 

ctaaattcca gccctggtct cagcccaaca ccctccaaga agaaattaga ggggccatgg 900 

ccaggctgtg ctagccgttg cttctgagca gattacaaga agggactaag acaaggact c 960 

ctttgtggag gtcctggctt agggagtcaa gtgacggcgg ctcagcact c acgtgggcag 1 020 
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-continued 

tgcc agcc t c taagagtggg caggggc act ggccacagag tcccagggag tcccacc ag c 1 0 80 

ctagtcgcca gacctt c tgt gggatcatcg gacccacctg gaacccc ac c tgtgagtaca 1140 

aggtcaagtt tgtacaaaaa agcaggctg c caccaagctt atggacagca gtaattgcaa 1200 

agttattgct cctctcct aa gtcaaagata ccggaggatg gtcaccaagg atggccacag 1260 

cacacttcaa atggatggcg ctcaaagagg tcttgcatat cttcgagatg cttggggaat 1320 

cctaatggac atgcgctggc gttggatgat gttggtc ttt tctgcttctt ttgttgtcca 1380 

ctggcttgtc tttgcagtgc tctggtatgt tctggctgag atgaatggtg atc tggaact 1440 

agatcatgat gccccacc tg aaaaccacac tatctgtgtc aagtatatca ccagtttcac 1500 

agctgcattc tcc ttctccc tggagac aca actcacaatt ggttatggta ccatgttcc c 1560 

cagtggtgac tgtccaagtg caatcgcc tt acttgcc ata caaatgc tc c taggcctcat 1 6 20 

gctagaggct tttatcacag gtgcttttgt ggcgaagatt gcccggccaa aaaatcgagc 1680 

tttttcaatt cgc tttactg acacagc agt agtagctcac atggatggca aacctaatct 1740 

tatctt cc aa gtggccaaca cccgacct ag ccctctaacc agtgtccggg tctcagctgt 1 8 00 

actctatcag gaaagagaaa atggcaaact ctaccagacc agtgtggatt tccaccttga 1 8 60 

tggcat c agt tctgacgaat gtccattctt catctttcca ctaacgtact atcactccat 1920 

tacaccatca agtcctctgg ctactctgct ccagcatgaa aatccttct c actttgaatt 1980 

agttgtattc ctttcagcaa tgcaggaggg cactggagaa atatgcc aaa ggaggac at c 2040 

ctacctaccg tctgaaatca tgttacatca ctgttttgca tctctgttga cccgaggtt c 21 00 

caaaggtgaa tatcaaatca agatggagaa ttttgac aag actgtccctg aatttcc aa c 21 60 

tcctctggtt tctaaaagcc caaacaggac tgacctggat atccacatca atggacaaag 22 20 

cattgac aat tttcagatct ctgaaacagg actgacagaa taaggatcca cccagcttt c 22 80 

ttgtacaaag tgggaattcc gataatc aac ctctggatta caaaatttgt gaaagattga 23 40 

ctggtattct taactatgtt gctcctttta cgctatgtgg atacgctgct ttaatgcctt 24 00 

tgtatcatgc tattgcttcc cgtatggctt tcattttctc ctccttgtat aaatcctggt 24 60 

tgctgtctct ttatgaggag ttgtggcc cg ttgtcaggca acgtggcgtg gtgtgcactg 2520 

tgtttgc tga cgcaac cc c c actggttggg gcattgccac cacctgtcag ctcctttccg 25 80 

ggactttcgc tttccccctc cctattgcca cggcggaact catcgccgc c tgccttgcc c 26 40 

gctgctggac aggggctcgg ctgttgggca ctgacaattc cgtggtgttg tcggggaagc 27 00 

tgacgt cc tt tccatggctg ctcgcctgtg ttgccacctg gattctgcgc gggacgtcct 27 60 

tctgctacgt cccttcggcc ctcaatcc ag cggaccttcc ttcccgcgg c ctgctgccgg 2820 

ctctgcggcc tcttccgcgt cttcgcct t c gccctcagac gagtcggat c tccctttggg 28 80 

ccgcctcc c c gcatcgggaa ttcctagagc tcgctgatca gcctcgactg tgccttc tag 2940 

ttgccagcca tctgttgttt gcccctcc c c cgtgccttcc ttgaccc tgg aaggtgccac 30 00 

tcccactgtc ctttcctaat aaaatgagga aattgcatcg cattgtc tga gtaggtgtca 3060 

ttctattctg gggggtgggg tggggcagga cagcaagggg gaggattggg aagagaatag 3120 

caggcatgct ggggagggcc gcaggaaccc ctagtgatgg agttggcca c tccctctctg 3180 
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cgcgctcgct cgc tcactga ggccgggcga ccaaaggtcg cccgacgcc c gggc tttgc c 32 40 

cgggcggcct cagtgagcga gcgagcgcgc agctgcctgc agg 32 83 

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 Kir7.1KCNJ13 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 AA V 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 AA V proteins required to 
produce AAV virus particles. 

12. (canceled) 
13. An AAV virus particle made by the cell of claim 10. 

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 
KCNJ13 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, S105I, 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 (SYD). 

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 109 and 

1012 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) 

* * * * * 




