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Human CCK Promoter: GenBank Reference No. AC018358.20 Gene ID: 885
TTCTAACCGAAAGAAGAAAAATAAAACCCCACGAGATTAAAAATAGTGTGAAAAAAATATCCTAAAGGGAAGACTCC
GTGGCGAGAAATGAGAACCCTGGGGAAAGCACTTTTICCAGATAGCTAACAAGCTTTCAATATGGAAATACAGTAAATG
ATGAAAAAGAGAAGCACAGTTTAAAATGTAGGAGCAATAAATAAAGCCGTATTTATAAAGCTTTTTCTCAAAGTGTAC
GTGGCGAAATGGCAATAAGCCACTACGCAGAACATAGGCAGGTTTTAAAATCAGAAATATGTGCCCAGCGCTCAGGCT
TCGAAAGCCCCGTGCATTTTAGATCGCTAGTGGATAAAACACCCTCAAGTTTCTATCCGTARAGCCTCGAAATTTTIC
TGCAGTATTTAGAAAATGAATTTARATCTTAAAACCCTCTAATATTTTATTAGARAAGATTCGCAAAGTCCCCCGCAC
CGCTGTGTAACAGCTAGCAAACTCAATCTGCATGCGAATCTTAGCGAATGGGTAGTTCATCCCTTAATGATGCTGGC
GTATGAAAGGCTCTAAAGCAGCTCTACCCACCCAGACCTCACTTTTAGACCCAGAGCCGTTATTITCTGACTTCAAGA
AATGTCTTTCGAGCTCTCGGAGGGAAGACACAGAAAATAGAAMAGCATAATGGAAATGGGCACAAAGCTGAAGACAG
CATCCTTCAAAGACACACGACACTTGGATCCCCCGCTGACGAACCGAGGGACCTACCTTTTGGATTAGGACGCAGCT
GGCTTGGCGTTTCCAACCGGAGCAGCCCGGCAGCTCGAGCCAAGTTCAGGGAGGACCAGCGGGCGGCTGTCTCTTAAA
TAGCCCCACCCGGECGGECETCGECCAGTCATGTATTTACCCAACGCTCACGCAGACTCGGCAGTAACACGTGCTCAGAG
GGCGGCCACTGGGGCGACAACCGGTTGAACGTGGCTCCTGGGAGAGAGGGGGAGGTGGTCTAGTGGGGTGGAGTTAAT
CCCTCCCACGCGCGUTGCCGGEETGTCCGCCCCCTCTGEGETCCGAGAAGCTTCCGCCCAACCCTTTCCAGGTGCCGLT
CCCCTGCGCATTCCAGAGCAGTACTCTCCAAGGTGGCGAARACCTAGCGAGTTTGGAGTCTCCTCCGGGATGGAGAAGCT
GCCGCTAGCTTAGTTCGCTTTGGGGACCGGAGGGGCTAGARAGCGARACTGGEGGRGCGGGCETGGEGEEETGGACACTGE
GCAGGACTGAGCATCAGCAAGGCGTGATTCTGAAAGGGAGGGGGCETCGGCCCCCTACCCCGGAGCGTCCGAGGLGL
TGGTCTTCATACCTGTGTCGGCTCTTTCGAAGGAGAGAGGAGGAGTCGGGGTCTTCACTTTCTTCTCAGCCGCATTA
AARAGCCCTCGCAGTTCTCCAGGTTTCCGAGGGCCAGTGTTCTGGGTCAGTGARAGGGCTCTGGCCACAGCTGGCTCT
TGGTGTCCTGGGCCTCTCTTGACGCAGCTGTAAAATGCGGATGACACCATCTGGTITTGCTCAGAGGAATCCGGTTT
GGGAAAGGGATGTGTTTTCTTCCCGGGCCAAGTTACCACCACCCGCGGCGECCCACTGTTCCCCGTTGTICGACAAGEG
GCGCCAGCGAGGGTCCTGGGGAACTTGACCACCGCACCCCCGCAAGCTCGGGTAGACCACGGCATCCGCCCCTCGCA
CCTTTCCTGAGGGCCCACACACTCACACCCCCAGGACAGTACCTTCCAGAACTCAGCTGCGCAGCCTGGAGGTGAGG
ACCTCACCCCTAGTCAGTCACCCGTCCGGTGCAGCGGAAGGGAGGCACCGAGGCTGCCGTGCGCCTTTICCCTGCACGTC
GGTTACTCTCCCGEGCTCCGGAGCGGGCCEACCTGGAGCCCCTCAGTGCGCTCTGGTCGICTACACCCTGAAACCCTT
TCAGTTCGAGTCCGCTTGCTCGTIGCTTGAGTTICGCCGCGTCCCTGCAAAGGCACTGCCAACCCCATTTCACAGACCG
CAAACCGAGGCGCGAGGAAGAGCAGCGCCTTGCCAAGGCTCCACAACACGCCCCTCGCCCTCTCCGTGCACCGAGGL
CGCCCAGCCTGGGACCTGGAGATCACCAGGCCTTGAACCTTGGGACCTCAACTCCTCTCCCTTICTTTCCCCCACCC
GTCTTAGATGCAAGGAGAAAGATTITAGAAGCGCTTATTTTAAAATCGGAATCCGTATTCCGCTCTGGAATTCCCTICT
GGAATGGAGGGACTGTGGCAACGCCAGTGTGAGGGTGGAGTGGGCGAGGCGGGGTGGGEGEGEEETTGGGGGGGCGGCCT
AGAGACGCCTCCGGTTGCTGCTCCACTTTCTAATCCTGAGAGGCAGCTGCGTTTCTGCAACCTATGGGCAACATCTT
TGAAAGAGCTGAAGCTGATTAAATGCTTTCCAGTGGTTTCGCCACGAGCCTGCTAAGGTTTGTGTAGTTCAGTTGCG
AAAAAGAGTCTTATTITGTGATTGTGGCAAGACATGTCTGGAAACATAAACTTGTTATCGAAATACCCCCAGAGCTTC
TAATTCAGTAGGTCTIGAGGAAGGGCCCAAGAATCCGAATTCCTTCCTTCCTTCCTICCTTCCTTCCTTCCTTICCTTIC
CTTCCTTITCTTCCTCCTTCCCTCCTTCCCTCCCTCCCTCCCTTCCTTCCTCCCTICCCTCCCTCCCTTICCTICCCTCCT
TCCCTCCCTCTCTCCCCTTCCCTICTTTICCCTICTCTCCCTTICCTTCCTTCCTTCCTTICCTTCCTTCCTTCCTTICCTTIC
CCTCCCTICCTTCCTTCCTTCCTTICCCCCCTCCCTCCCTCCGTCTCTCCTTCTCCCTCTTTCCCICTTICICTCTCTC
TTTCTTTCTTTCTTICTTTATTTICTTICTTICTTTCTTCATTTCCTTCCTTCCTTCCTTCCTTICCTTCCTTCCTTICCT
TCCTTCCTTCCTTCCTITTCCTTGCCTTTCCTICTTTCGAGACAGAGTCTCACTCTGTCGCCCAGGCTGGAGTACA
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Human Tacl Promoter GenBank Reference No. AC004140.2 Gene 1ID: 6863
AAACATAGGTCATAAATATTTAGAAAAAAATGCATCCGTGCTAAACACATACAGACTTTTTCCCTTTGTGTTATTCC
CCACATAATACAGTATAACAACTATTTACACTGCCTTTATATTATATTAAGTATCATAAGTAATCTAGAGATTATTT
AAAATATATGAGACGATGTGCATAGCTTATATTCAAATACCACACCATTTTGCATCAGGGACTTGAGCATCCACAGSG
TTTTGATACCTACAGGAGGTCCTACAGCCAATCCCCTATGCATACTGAGTGATGACTGTATGTCAAATGTGTTTAAA
TCCAGGAAGTCATAATAATCCTAATTTTTTAAAGTGGGTCTTATTAAAAGGTGTTAATTTACCAATTCATTATTTTIC
ARALTTGGTAGAGAGACATAATCAAGCATTTATCCCATCTTTCCTATATTAATAATGCTTTAGAATAACTAGTTGCT
GAGAAACATCAAAGAAACAAGTCTGCCTACCAGACAAATAATGAATGATAAAATCAACATAGCACTGTTTITGAAAAT
ACTAATGAATTAATAGATCTAGAAAATGATAGTCAATGGCTGCTAACAACTCAAAAGGAGAAACAMCCACATATCAT
GTGCTTCCTACCAGAACAACACAACACATGTGAAGTACGTCTCATCAAARAAAAAAADARAAGAAAAAGAAAAGGANAA
AGAAAAAAATGTACAGAGGATCAAACTTCTAGATACAARCTACCAATTAACAGGAAATAATCGAAACAGAGAAACAAG
TTAAAAGGCAATCAGCAAAGTCCAGAATGCGGTACACTCTICCTGACCTGTCTTATCAATAAACTACAATAGAGAGAG
AMAGAGAGAGCGAATTACAGATTCAGGGAGATTTAAGAAACATGCAGTACGAAGGAATGTTCGTGTICCCTCCAAAATG
CATGTGTTGAAATCGTAACCCCTAAGGTTATGGTATTAGGAAGTGGGGTCTTTGGAAGATAATTAGATCATGATGGT
GCAGCTCTTATGAATGAGATCAGTGCCCCGATARAAGGGACTTTGAAGAGCTCTCTCATTCTTICCTGCCATGTGAG
GATATAACAAGGAGACAATATGACAGTCTGTAACCTGGAAGAGGGCCTTAAACACAACCAGACCATGCTGACACCAC
GATCTCAGACTTCCAACCTTCGAAACTGTGAGAAATAAATTTCTGTTIGTTTACGTCACCCAGACCATGGTACTTTICT
TACAGCAGCCTGAACTAACAAAACCAATTGTAATGTATGGACTTCATTATAATTCTGATTTCAAGTAGTAAACTGTIG
TGGGCCGCAATTAGGAAGCAATGAGAAATATTTGAATCGCTAACTGCGATATTTAATCTAAGGAATTATTTTATGCTTICT
TTTAGGTGGGATAATGGCGTGGATATGTITTTTATTTTTTITTAATTCCTACCTTITATACAGACATGCTGAAATATTTA
CAGTTGAAATCGATTAACTGTCTIGGGATTTTTTTCAAAATAATCTCAGTGCAGAGGAAACTGGAAGGGTTGTAGATGA
AACTTGGAAGTGGATGTTTICTICTCTACTTTTGGATATGCTTATAATTTTCCATATAAAAGTTCTGAARACGGAAAAT
AAAATGCTCACATTGTGAGGCTAAGGCCAARAAGAAATCACGAGATGCATGAGAATTTCCAAATTCAGGATTATTTAAG
AACAACATAGAGAAAAADATACTTCTGGTTTGAGTTGCARARAATTTATTTCTTTTATGCAATATACTAARRAATCAT
AATTAATTGAAAAATATAATACTTICATATGTAAAGGGGAGAAAACTACTCCACCARAAGATGTCACATCTTTTIAATTC
ATTTGGAGATCAAAGARATGTGTCTGCCAGGCAACCAAGGGCTCATGGAAAGGTGTGGTTTCTGTACAAATGCTATT
TCGTCTAATATTTTGTGCTGTTAATGACTGTCCCATTAGCATCTTCACTACACTTACTTTCATAGARAGGAGAAACAT
GATTTATAGAGCCCTTTAGTGACAAGGGTGAGGATCCTACACACTATGTTGCTGGTTTCCTAGTCTTCAGCAAGAAA
GTGTAGGAGAGAAGCAAAAAACGTCCTGTTCAACCCCTGCTCCTGGATGTGGCAAGGAAGAGGAGTTACCCGGLTTG
ARACAAAAGAAATCCTAAGTCTGACACACAATGTCATGTTTAAATTCCCCTTTCTCCAARAATGTAAAATARAATCTGC
TTCCATCTTCTAAAATACTATGGGACTAAACATCCTTTTIGTTATGCTAAGGAAAAGCCAGTATTICGCGEGTTIGATTTAG
AAGAGGGATCTTICTGGTTATAGAACGATGCTIGTGTCTCAGAAACACTTAAATACTATTAAGCTAGAAATAGAAGGGA
AAATAATGCTTCCCCGCATCTICCCCTCAAGTGTAGTCCTCTTTTTTTAGCCTGATTTCCGACGAAATGTCTGAATGC
CTACAGTTATTTGGCCATCCTCGAAAAGTGCAACTTATCCTCGACGTCTCGAGGGACGCGAAAAGTTACCGAAGTCCAAG
GAATGAGTCACTTTGCTCAAATTTGATGAGTAATATCAGGTGTCATGAAACCCAGTTTCGAAGGAGAGGGGAGGGGS
CGTCAGATCTGCAGACGGAAGCAGGCCGCTCCGGATTGGATGGCGAGACCTCGATTITTCCTAAAATTGCGTCATTITA
GAACCCAATTGGGTCCAGATGTTATGGGCATCGACGAGTTACCGTCTCGGAAACTCTCAATCACGCAAGCGAAAGGA
GAGGAGGCGGCTAATTAAATATTGAGCAGAAAGTCGCGTGGGGAGAATGTCACGTGGETCTGGAGGCTCAAGGAGGC
TGGGATAAATACCGCAAGGCACTGAGCAGGCGAAAGAGCGCGCTCGCACCTCCTTCCCGGCGGCAGCTACCGAGAGT
GCGGAGCGACCAGCGTGCGCTCGGAGGAACCAGAGAACTCAGCACCCCGCGGGACTGTCCGTCGCAGTAAGTGC
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Human Nts Promoter GenBank Reference No. NG_047010.1 Gene ID: 4922
GATTATTTTCAGCAATTACCTAATAAAGGTCTGACATAAGTAACAGTACAAGCTTAGARATCTACCTACTTTAGAGA
TGTTGTAATCAACAGGTACCTAACAGGTAACATCCACTTAAGAAGGCCAACACAGGAATATTATTAAAGGACAATGC
TTAAAATCTTTATCAGATATTTTAAGAACTAGGTAACCCTTAGAAGGATCTAAGGTATGCCGGGTCATGGTGGCTCAC
GCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGEGECGGATCATGAGGTCAAGAGATCGAGACCATCCTGGCCAACA
TCGTGAAACCCCGTCTCTACTAAAAATACAAGAATTAGCTGGGCCTGGTGGTGTIGCCTGTAGTCCCAGCTACTCGGE
GGGCTGAGGCAGCGAGAGTTGCTTGAACCCAGGAGGTGGAGACTGCAGTGAGCCGAGATCACACCACTGCACTCCAGC
CTGGTGACAGAGAGAAGCTCCATCTCAAAAAAAAAAAAAAAGAAAAAAGCAAAAAGGATCTGEGGTAAAAAGCCTTTA
AAATAAAAACAGTTCACCCATCTCCATAGCAAGGTGTCTACAATCCTGCATTAAAGGCATCATTTAGGAAGTTCGTA
GGGTACTTTTTAAGTGGAAAAATACATACTTAACCTTTATCCCTACAACAAATTIGTTTTATTGGTTITATGTGTAGCT
TGAAGGCATTAGATTAGAGCAAGAAACAAAAAGCCTAACACATTARAAGAAAATACCAATTAGAGGTCAAAGTTTATC
TACATCATAATTTTACCAAAGTTATACATCTTITTITTICCCCAAAAGAAAAGTAGCATATAGCATCTATTTGAATTTGA
ATTATTTGACATAACTTAATGTTICCCCTATTCTTGAATATTITATCACATATCTCAATTTTCACATTAACAACTAAT
ATCCATGTTATATATTTAAAATGAATTTCCATTAATTCTTCTCCCCCTTITTITTICTAATTAATTAGGGATCAATTTTG
TCAACATATTGAAGAAATCATCTGAGGAAAATAAGAATCACATTTICCTITTTTACTATTAGACTGCTATCACACATTT
TAAAAGATCATTCTTTIGTATTITGCAATTCAAAAGCAGAGAAAACAACTAATTTAATTATCATGCAAAGTATATATAA
TTTTCCCGATTTGTTAATCAAAGTGGCTTTAAGAGCGATTCTGTCACAAAGATGCTCTGATAGTAACAGGAAAGTAAG
CACAAATCCTCACTCGAGACTCTGTTAAGTGAAAACCAAGTCGTTTCAAGCTTCCATTGCTCCCCCTAATGETAGGAAA
GCAGAAAACATCTAGACGTATGTATTTCACATTTGTCAACTAAATACTTTACAGAAACCTTCCTICCATGTICGAGTATG
TTCAATATTCTIGTTTITATGTAAGTTCAGAAAACAAACTAAAAGTAATARAATATATCACTTATTATTAAATTITCTGET
ATTATATGAAAGACTCCTTGCTATTCTAAGTAATTATTAAATGTTTGGATTTAATCGCTTTGCTTAAGTTTTGGGTA
AAGGTGAAAAAGTTAAACTCATAGATTGTATAATATAAATCAATTATCTATAGGAACCAATCCTATTTTTTCTCAAC
TCGTTACTACATGATTGATTITATTITAAAAATTAAACAAGACTCAGACAACTTTACATTCAAATATTCACATCTCTAAC
AGCACTGACTTGTCAAATTACCCCATGTATCTTGAAATGCTTACTACAAGAAGAAAGTTTTACTCTAAAAGGCATTT
TGAACAATTTTCTTTTGAGAACTCAGACAAAGAATGGGTATCAGTGTAACTCATGAAATACATGAAGACTATCATAG
AARAAGTGACTTTGGTGAATGGETGETTATTTAGGATTGTCTICCTTTCCAAAAGTACAATCTCTTTTTTTATGGTGAAA
AGAGTATTATAACAGGGAAAGAAAGCCGATGCAATAGTAAAAACTGTTGAGAAGGGAATTATACAAAGAGTGAGACA
TCGCATCAAGAATGAATTCAAAAAGAGCAGAAAAATATAGGCATAAAAAGAGATAATGTACAGAAARAANAGTCAGTG
ATACAACAACACAAATTTTTACCTGCTAGAATGTAAGTAATTTAGAGCTGGATTTTATAAACATGAAATTIGTTITTIC
TAATACATTCAACCAAAAGTCAGCACACATAGTTCAGTCATCTCTCATTACTTACAATAAAATATTITICTATTTGTT
AGGAAATAATATCTTATTCCCTGGATCTATTATTTICTTTTTATTIGATTTTCTTTICTATTICTCTAARACTTAATTCGCTT
AATTTTTATAACTGATTCTICIGTCTCTATTCCATCTTATTCCAGCATGGATTATTTAAAACCTGTATTAGTTTTGGA
ACCACTAAACATTTGCTCAGAAGTTTGAATTACCAGAGAAGCACCCTAACTCTTCAAGAACTTCCAAGCCTAAGGAA
TCACTGATTTCATGCATTCATCCTGGAGATTTTCCTTAAAAATTAGAAATAACAGATCTCATGTTTCACAAAATCARA
AATGACAACTTTTGGAGTGGGGGAATGAGAAGTGGGAAAAGCGATGATACTGGGGGTTICTTTGTCAGTATGCTIGTATG
TATGCTGTATGTCAGTGCAGTTGAATGACTCCTTCTGTGCGTCAGAAATCCAAAGCAGCAGCAGCAGCAATTAGGGA
AGATCGTCACTTTCACTCAAGGTTCAGAAATGGGGGAGGAGAGCAGGGGGGACARAGGAAAAGGGGAGGAGAAAGCA
GGGCAAAGAGGGGAGGGATGGAGGTGAAGATAGGGCACATCCTGCAAAGATAATGTCTGTACAATCAATGACATCAT
CCTCCTGCTTATATATATAGGGGAATGGCCAGAGCACCTCTCATAGTTCACTCACTTTCAAAGCCAGCTGAAGGAAA
GAGGAAGTGCTAGAGAGAGCCCCCTTCAGTGIGCTTICTGACTTTTACGGACTTGGCTTGTTAGAAGGCTGAAAG

Fig. 1C



Patent Application Publication  Oct. 12,2023 Sheet 4 of 29 US 2023/0323402 A1

Human Nmu Promoter: GenBank Reference No. AC024243.8 Gene ID: 10874
GCGATGCTATTAGCTGGTGTCCTGGAAGAGGCTGCTTCCTGAACGTTTCCAATCAAGGAAATAAAGCAAAGTATAGAGA
TGGAAAGAGGGAGTCAGGTCACGGTAGAAATCAGGATGCAATAGCAGCAGAAATGCATAGAAAAAGGAGTTICCTITA
GGCTTGGAAATCCGTAGGATAACCAGCGCTCCAGACCAGTTAGAAATGTGTGTGTGTGGTCAAGCCCCAGCAGTCCT
TTCTTCTITTGTCCTTTATTAACAGGCAACTGCATTTCCCTAAGGGGTCTGTGATTTTGCAGGAATTTGGGGGAGGGET
CGATAGCATCAACATCACAGTTGAACCAACACTGCCCTGATATGCACCAGGECATTGCGCTTGCGAACTGGGGATARAC
CGGGGAACAAAACAGAGGTGCTTICCACAGAGGTGCGTACTAGTGACTGCCGGAGCTCTGGAAGAGGTGAAGGAGAAA
GGGTGTCCCACGTAGACCCAGGACACCAGAGAGCGTCGCCACTACCAAGTTTAAARAACTCAGACGGCCTGGTTTIGCC
ATCCACACCCTGTTCCCAGTCCAGTCCTTCCAAAGCTGGGAATGGTGCATTATTTAAATTCCATTICTICTTTATCCCA
GAGCGAAAATGCGTGGTACTCGGGTCAGAAACTCAGGCTAGGGGGCTCGGGETCCTGCTGCAGGGTGGGGECGCGGGCA
GGCAGCGGGGCGEGGRGEGETGAGGCGAGGTAGGCCGGGGGCEGCAGGLCGGECGAGGTGACGCGCGGCGGGGACCGCGCAGCL
CAGCCCACTTGTGCGCGAGATTTAARAGTTGGCGGCTCGCCGGGCGCTCAGTCCTGTGTCCGGGCCCCGAGGCACAG
CCAGGGCACCAGGTGGAGCACCAGCTACGCGTGGCGCAGCGCAGCGETCCCTAGCACCGAGCCTCCCGCAGCCGCCGA
GATGCTGCGAACAGAGAGCT

Human Calbl Promoter: GenBank Reference No. ACL23779.5 Gene ID: 793
ACAAATTGAAGCAAATAATTTGCGAAATGTGTATTAAAATCTAAALATATGCATTCTATTAACTAAAAATACTGCTTTT
GGGACTCTGCCCTIGTTGTATTCAGAAACATGTATAGCTAATATAAATGTATAAAGGTGTTTATTIGCAGCATTGTGTG
TCACAGTCTACTACTAGARAATAGATCCCTATATCTGTAATTATAGTTAATTAATAAAATATTAAACTGTAAAAACTA
TACATTAGATGTTCGATGTTAATACTGGAGGGATGCCCTTGAATTAATAATAGAAAGTTGAAGCGATAATATACAAAAC
ATAGTCCCTTTTCTGTAAAACCAGATAACAACAACAAALAAAADADANCCTTTAGATATGGATTTGTATATTTCCATAAG
CATGGCTICTTTTACGTGTTGATTACCTCATCGGTAGGGGCAGCACTAAACTGCTTTAGAGCTCCATAATCTACATTAGT
TCCCTCAAAAGCCACTTCATATAAACATARARAGAACACACAARAAARARARACTATGTCCARAACTTIGCTGTTTGGACATA
GTTCCAAGGAAGTCTCCCATTTATTTCTCACTCTCTCTCAAGTCACAGCACCTATACATTTCTAAATGGAAATTTGG
AAGTTGCCATAGCTTCAGGAAAGTGAATAAGAAALAAAGATTACTTTCATATAAATATTTTTAACTTTTACAAATTGT
CTTGTAATACTTTTGGAAGTTAAGATAAAATTCTAARAAACCAACAAACAGATTATGGTGAAALATGTTTAGGAATTT
TTACCACAGTIGTGTGGTCTCTTTTTAGGAAGAAAATTAATTTTAATTACTTTTTAAAATAGTAGARATGTTGCTCTT
TTTTCATCAGTTTGTTCAGTCCATATTCCTACATACTTTTTCTAGCATTITTICTTITGTCTCAGAACTGTATCCARMAG
TCTAGACATIGTTAGCTCTGTCAAGACTAGCAAGGGTCAGAGTGATTCTTCAAGTCATTCCTTAGTCACTGCATTCT
CACTCTCTICTTCAAAGTTTATTCTCTAGCGCTIGGTCTCCAAGTTCACACACTATATTTTITCACACAGCGACCCTGGL
CACTAACATAGGACCAATAGCACCATCAGTGAGAATCAGATGAGGTATCATAAGTAAAAATAATCTATGAACTGGAA
AGTACTATGGAAGTGAGGATTCCATTAAGAAGATTATTGAAATAGGCTAGCTTCAAATTGATGGGETCTCTGAAAAGG
ATACTTACAAAAAAACTCCACARATATAATAATGGATAGAGCCCTAATCTCARAAACATAAATTTGAGGGGTCCCAA
ACTCAATTACACAAGGTTAAGAATATAGAGCTTGGTAAATTCTCTICTICTCTCTTTTTTITTTTTGGAGACAGAGTCTT
GCTCTGTCACCAGGCTGGAGTGCAGTGGCGTGATCTTGGCTCACTGCARCCTCCGCCTCCCAGGTTCARGCCATTCT
CCTGCCTCAGCCTCCCAAGTAGTTICAGATTACAGGTGCCCACCCCCATGCCCAGCTAATTTTIGTATTTTTAGTAGA
GACGGGATTTCACCATGTTGGCCAGGATGGTCTCGATCTCGTGACCTTGTGATCTGCCTGCCTCGGCCTTCCAAAGT
GCTGGGATTACAGGCGTGAGCCACCGCGCCCGGLCGGTAAATTCATTTITAATTCACTTTAAGCTTATATIGGCTATG
TETAGATTTTCTCTTIGTTCCTTCATTTTGTTTTAGTACAATTGTAATTAGACTTTTGGCGATACATTTTTAGTGGACT
TCAAGGTCCAAAAGACTCAAAGCCAAATACTCCAGAAGTACTTATGTAAATAAGAAATAATCCAAGTATATAATTAA
TTATATTAAAATACATAACACATATACATATGTATATATAGTACAGAACATATATACATATGTIGTGTATACATACAT
ATATATTACATATATATATATATATATATATATATACATAACATAGCATACATTITAGTTAGATAGCTTTTCCAACTC
TGATGGTGACTTCCAATTTCTGAAAAATTCTCCAGTAGGGCTTIGCTTGAAACAGARAAGAAGGAGACGTGTGTIGCTTAA
GGCGACTGAATGGGGCTGCTGCETGGETAGCACTAACGTACCTACTTATGAACCTGGTCAGATCCTTICCTTICICTTTGT
TTTAGTTTACTCACTCCTTCTAAACTGAAAGGCAGTARACTCTAGTATCTGTAAGATGACTTICCTTATCTAAGATTT
TAAGGTTTTATAATTTAACTGTATTACTTTCCAATTATAATTCTACTTCATGCTGAAAAGAAATCCATAATCTAGCT
TTTTTCGTCTTGGCAAGGTTAGTTCATAGAAACCATCTTAAGARACATTGACATGATGCGCCACAAAATAGAGTGATTA
TTGATAGCAATCAACTCATTGTATACATTAATCAAATTATTCTAATGCGTGCCAAGGTTTCACATGCTTTTITTTTTT
TCAAACAAATACTGAAAAGTCTTGGAGAAATCACACAAGAATATAATAATCTTITTATGTGATTTTACCCGTCATCAG
CTTTCCCCTTCTATCTGAACATTITAAACCTCTCTAGATAACAAGAGTTTTACTATAATATTCAGGAATAAGATTCTT
CCTGGACTAGGAGGATGTAGGGGGAAATGAGCCTCTGTTTTCAGCATCCAATCTCTGAGCAAAGGATCTCCCACCAC
CTGCTGCTTCCAACAAGCCCAAACTCCGCTCCAGCTAGCTTTCCTGGGAACAGAGCAGAAANCTGGAAGGGAGGGGA
AGAAGGCTGGTGAGAGCAAGAGGCGGGGETGAGGAATGGGAGGCTGGAGGAGGCGTGGCCCGGCTTEGGGLCETCGE
GAAAATACTCGAGAACTGGGTGCGGGGCTGTAGGGAGAGAACTCTGGAGGAACGCTAGCTGAGCAGCACCGAGGACAGC
GCCCGGCAGCGCCCGCGCCCAGGTCTCCTCCGCAGCCCTGACTCGCGCACACGCTGAGCTTTTGCTCACT
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Human Parvalbumin Promoter: GenBank Reference No. Z82185.2 Gene ID: 5816
CCAAAGGACTTGGACCTGAAAGTTTGTAGCATTGCAGGCGACAGCCATCTTGCCACCCTCAGGGGTCAACCAGTTTGA
GAGAGTGCCACAAGGTATTGCTGAGAAGTAAGAGAAACAGCATCTTCCTGACAGCATTTGAGTTCTGGATCAAACCA
TGCTTGAACCTTCETGGACTTTTCAGTTGCACCAGTTAGCARAATCCCCCACTGTCTTAAGCCAGCCCAAGTCAGACT
TTCTCATCACTTACAGGCAAAAACAGACCTGACTGATAAACCCATTTTCTGGCATCAAGGCCCTTGTATAATTAACC
AAATTAATAAAATGAAGCCTGCTTCAATCAGCACAGATTCAGAGCAAAAAAACAAACAAACAAAARARRAARALLACT
AGATCATGTTTCCAGATATATGACTCGGGTTTTAGGACATCTCTACCCTACTTTAAGTATTGTAGGGGGAAAGATCC
TCCAGAATCAGAAGTGCTCAGTTTAAATCCTAGCTCTCCCACCTACTTCCTACCTETGTGACCTTAGGTAAGTCACT
ARACCTCTICTGAGATTCTATTTCTTICGAACGTCTGAGATAAAGCACATAAAGCACTAGGTACGCAGTAGGTGCTCAA
TAAATGCACCCCCCCCCCAACACACACACACACACACGATATGGTTICAGCCCATTCAGATTTIGCTTAATTAGAGGTA
CATGAAGAAGACCTATGGGGACAARAGAGGAAGGCCATCTIGGGECTCCTGAGAATTCACCCACAGTAGGTGCTIGCTCCC
GTCTTCCGETCTTATTCTGGAAGCAGCGATAGTGTGGETAGCGAAAGGAGCAAGTGCTTTGCAGTCAGAGAACCGGGEGEUTIG
AAATCCTACCTCCATICTGTIGATCTTAGCCAAGTTGCCCAATCTCTCTGAGCCTIGTTCTTCCATCATTAGTAAAAA
AGAGAGGGTTTTGCCTACCTCTTAAGGGGATACAAGAATCAAAGTGCGATGCTGTGCACACAGAACCCAGCACACTG
TTCAACAAACAACTGTAATTATTTTCCCAGGCCCCAGCCAGCGATCTTICCTCAAGGGTTCATCCTCAAGGTTCTCCT
GCATCCCGGCTCCCTGAGCTCAGCCATGCCCACGACTTGACGAGATCAACTCCTTGACTTCTCTGATGACARAAGCCC
CCAGGGTCCAGCCCTGACCTCACTCCAGAGTTCAGACACATCTCCGCCAGGGTGTCCTTCAGGTCCCCTAAACCCAG
CATCAGCTICTTGGCTCTTCCACTACTCTCTGGGGGATTTGGGTAAGTCACCCTGGCCTTIGGTTTCTTCATCTATAAC
ATGATGTCATTTGTAGAAGTTTGTAGCCGATCACCACGGAGGCTGTCCCAGCCCTAACATCCTAGGATTCAACACCA
CTTACTCTATCATCCCTTCGACTGAGCACTACCTCCTCCCTACACTCCCTGCCTTCAAAGTCAACACCTICCTTCTIT
CAGCAAACCCCACCTTGAATATTTAGGGTCAGCTTGGATTTGTCCCTICTITGTITCATGCCACAGCCCCAATTCTGGAA
GCTTCTCTCCAAGAGGTGCTCCCCTATCTGCACACTCCTTCCTGTTGCCACCACCAGCAACCTAGCTCAGGCCCCAG
CACCACACCTCAAGGAGGCCCCAGTCCCAGCTTCCCCCATGCAGCCTGCCCTCEGGCCCTITICTATCCATGGAGCTTIC
CAAACAGCCTTTGCATCGAGCCTGGGATTCCTICGTGTCACTGTGAAGAACTAGACCCCACCATTICGACAATCTTCGTG
CCCTGGAGATTCTTTTCAGGTTAGGGATGAGGAGAGGAACATTTCATGGTGGTCAGATTAGATATTCACTACGTATT
TATTGAATTCATTTGGTCATTCATGCTTCTCAAAACACATCCCTCAGCTGGTCCTCTCCAATCCARAACAGACAATG
TCAGAGATCTCTTTIGCARATCATGAAGGGCTTGGEGECCTTTGTGCCTCAATGTCACACGCATACAATTTCAGGGGGTIC
CATCTTCCCCTCGCCCTAGACCATCTATAGGGCACAGTTTACCTCTGATTGAGCTCATGTTACAGGTGGAAAGACTG
AGAAAGAGAGAGGAAGGGACTTGICTGAGAATATGCGGAACATTTICCTTCTACCAGGCACTAGATCCTCGCACARRA
GTGCTGAGTCCGCTCCCAACCCCAGGCCCGTGGCTTTGAGCAGCAGGTCACTTAACATCTAACGTCTTITATGCTGTT
TCCTCATCTGTGCGAGAGCAGCTATGTICTACCTGGCAAGGCTGTAGTGAGAGATCATATCAGCATAGGAATGGGEGECT
CAGCCCCATGCACAGAGGACAGTTCTTGTTTCATTICTTTTCCTTIGCIGTITTICICTTCCTTTCCTGGECAGAATATGGA
GCAAGGAAGCATCGCTCCCATCTACAGTGETCACGCAAGGCTTCATGGAAGAGGCGAGCCCTGCCTGGEGCCTCAATT
TTGGGETGCTCCAGGGAAGCAGGGGUCAAGAGTTATTAATAGTCTTGGCCTGATGGECCCAGGGAGGCTGAATGTGAT
ACAGACACCCAGCACCACGGTTGGGGAGTACCTGACACCGGAAGGGGAGGGGGLCCEGGGECTACGGGGAGTGCCACCT
CCCAAAATAGCCAGAGCAGAAGCCTATATAGGTGGCCATCCCACCTCCAGGCTCACTTCCCGACAGGACTTCCCALCC
AGCCCAGCCTTTCAGTGCAGGCTCCAGCCCTCCACCCCCACCCGAGGTGAGTGGCAGCTACCGAGGTTGGAGGATAG
AGGGATGCAGCAGGATGAGCCAGCTGGAAGGGAGAGCTACATCTCCCCTGTCCGTAGTGACCCGGGGAGGGGGETGC
GGTGGGGGTGCTGGAGGCAGGGCAGCTGTGGAATGTAGGGCTGAGAGCATGCATTCCTGCTTCTCCACCCAGACTCC
TGGTGTGGCCTGGGGCAAACTCCCCCCACCCACCGCCCCCCETGGCTGGGCCTCAGATTCCCCAGCCTTAGAAC
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CTTGGCCTCCCAAAGTGCTGGGATTACAGGCATGAGCCACCGCACCCGGCCTGAAATTTATTTTTCTTTITITITICCTT
TCTCTTTCCTCACTTITCCTTCCTITCTCTTTICTITCTTCTCCTTCTCCTICCTCGTCCTCCTCCTICTTICTTICTTCTIT
CTTCTTCTTICCCTICTCTICTCTCTCTCTCTCTICTICTCCCTCCCTCCCTCCTICTTTCTTTCTTGACAGAGACTTGCT
CTGTTGCCTATGCTGGAGTGCAGGCTIGATCGTGGCTCACTCTAGCCTCAACCTCCTGGGCTCAGGTGATCCTCCCA
CCTCAGCCTCCTGAGCTGAGTAGCTGGGACTACAGGCACGTGCCATCATGCTTGGCTGATTTTTAARAAATATTTAT
TTATTTATTITTTAGTAGAGATGAGGCCTIGCTATGTTGCCCCAGCTGGTCTTGGACTCCAGGGCTCAAGTGATCTAT
CTACTCACCTCAGCCTCCCAAAATGCTGGCGATTACAAGCGTGAGCCACTGCGCCCAGTCTGAAGTTICTTTGAAAGC
AAAAAAGGAAACAAAAAGAGTACATAGGCCCAAATGAAGACAGCTGAAAGTTTAATGTACCTCAAATTCCAGCCCAT
GACTAAGGGATGGACTTTGAGTICTCTTTTCGAATCCATCTCAAGGATITAGGTTTAGAGTTTGTIGCTCCTTTAAACA
GACTAAGAGCCICTGTGACAAAGTAAATAGAGAAAATAAGTGTAGTCAAGCTCTGGCAGCGATTTGGAAGGGGGCCTA
ACGTGGAAGAAAGGAGAAGGCTGGAATTGACTAAGATGTGCTATGCACTGGGCTGGATTTGTTCTCAGCAGAARAGCA
AGAAAGAGCTCTGGGATGGTAGCAGGGCTCCCACTACCACCGGGGGCCAAAGGTTGCAGTATTTCTCAGGTAGCCAA
GAGGCACCCATGAGCCCAGCCCCTGCCCACTCCCTGATGTCATCTAGACACAAGGACATGGGGCATGAGAGGACATC
ATTGTCACTTCTCTGCAGAGTCACAGGAACGTGCCCTCTGCTCCTCCGCCTCTCGGCTGTCCTTCTGCCCACGGCTG
GCCCAGACTCTCATGGCGACTCACTGTICTICCCACGCCCCCACTCCCGGCAGGAAACCACTTCAGGGTTTACTGTGGEG
CTCCGAAATCAGCCTGTGAGTCCTAGTTAGGGTCCCCTGTGCCTGACTCTICCTCTCCCCAGGCTGCAAGAAATAGGG
ATGACCAGAAGTCAAACTGTGCCCTIGGGAACACCCCACCCCTICACCACTGTCGTIGCCAGGAGTCTGTTCCTAAGAC
CCCTCCCCAAGTCCTGTCTCCTCCTCTTCCTCCCATAAACCACAGCAGACACTCAGCCACCAGGCTGCAGCCCTGCA
CCTTCICCAGCAGCCGCTGGCCTTCCGCCAGAGTTCTTGAAAGCCCAGTTGTCCTTCCCCAGCCACGTGGAGGCAGAC
GGATCTCTCCTGGGGGCAGCCTGTAGCTGTCTIGTGCARAGGTTCCCAAGACTARAGTGTAGAGGACAGGTAAGATGA
CACTGTCATGATCATCATTCGTCCIGIGCCCTGTGGACATCAACCCACAGATGTGACATCAACCCATCTGATATTGA
GCCCAGTGGGTGGGGAGATCCTAACCCAGCTGCTGCTGTTGAGGACTIGGGTGGTIGTCTGGCCAGTGGGAGGGGAGE
TCAGGCGAGTTTTCAGCAGATGACCCCGTGCTCTTCGGAAGCCCGGAGGTGCCACACTGTACAAGTGTIGATGCCTGG
GATCCTGTGCTCCCCTGATGCCTGGCAATGGGGTGAAGGAACAGCCTAGGCTTGGGTTCTCTCCIGGGTIGTTITCGE
GACTTGGCCCCAGCTCAGGAAGGGTTTIGTGGAGGAGCCAAGGAGGGCCTTGTTCCTGTGGCGATGTCTTTGCCTTGGE
CACAAGGACAGCCTCTTGCTGCTGCTCTGCCCACCGCCCACCCCTTGGLCGECCTCTGGCAGTCTGGGCTGCTCTCCC
TCTGGACCTAACCAGTTGCCCAATGGCTGGACCTGCTTAAGCTCCCTCTTACAACTGGACCAGGCAGCCAGGGGAGG
CACTGAGAGGCCGAGCTTCTGAGCTGGTGCCTGTGGATGCTCCACGGTCCCGCAGCTCCCACAATGGGATGGCCAAG
CAGACCCTGAGATCCACAGCCCCCCTTTAGTGAAACAGGAGGGAGGTCGCTGGGCACAGGGAGCCGGGAACGCCTGC
CCTCCCCGCCATCGACGGCTCCCGAGGCCTGAACCTTCGCTCCAGCCCCAGCACAAGCCGGCCAGGLCGCAGGGTCA
AGTGTTGCCCGCCATICCCCGGGTACCCCATGACCTCCCAGCTGGGGCTGGCTICGGACTGAGGAGTCGTCCCTGCCC
GTCACCCTCTIGGGGTCTCCAGTGCTGCGGAGCTCAGCTGGCTTTTGCAGCGGTAGGGGCTGGGAGGAGAAGCTGCAG
GGAGACCGCAGGCGTGGGACGTTGTCGGGGGICAGGCTTGCTCTGGGGCTGGGACCCCGGGGGGAGCAGTGGGGTTG
ACGCCACAGCGATGACTTGGGCCACGGGTCTGGEGGCTCTICCCGCGGGGCCATTGGGCTCTIGTCTTTCGGGATTAGG
GICTCTCCCACAGGGTTITGGGGTTCTCTICTGCAGATTTGGGGCAGTCTCTCCCGCGGGATGAGGGGGGGCTCTCCGL
CGCACCCGCCTATGATGGCCCAGAGGACCCGAGCTCGGGTCACTCCCGTCGLCCTCGGGECTCGGCGAGGGTGCAGG
AGGCGGGCGCTGAGCCGGTGACGCGACTCCGGEGCGGCTCCCGGGTGCGCCGCATATATAGCAGCGGCGGECGGTGGLG
GCGGCCACACCGGGCGGUGGACACGTGGAGGGACCCGGCCCECGCCTTICTIGCCCCTGCTGCCGGCCGCGLCATGLGE
TGAGCGCCCCAGGCCGCCAGAGCCCACCLCGACCLGGCCCGACGCCCGGACCTGCCGCCCAGACCCGCCACCGLA
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AGGTATAAGGTGCAAAATACACTGGATAGGATTGGCAGTAATCAGATATTACAGAAGARAACATTAGTGAACTCACA
GACATAGCAATAGAGACTATCCAAAATAAAATATGAAGCGAAADAAATCAGCAAAACAGAAGCAAAAACAGATCACCARA
CAAACTGTGGGCCAATATACACTCACCGTCTGACTCAGCCATTCTGGTTTTAAGTATTTTCCAACGAGAATTAAAGGC
TTTATGTCCATACAAAGACTTGCATATGAATGTCAAGCCAGCTTTATTCGTAAAAGCTTTCAAGTGARAATAACCARAA
AATTCATGAGCAGTAGAATTGATTAAAAATTTTGAAGTATATCATATAATGCGAAATACTGCCCAGCAATARRAAAGAA
TAAACTATTGCTACATTTAACAATGTGAGTGGATTCAAAAATAATGATGCTAAGTCGAAAGAAGTCAGACAAAGAGTA
CCTACCGTGGAACTATATTTATGTGCAATTCTAGAAAACGCAAACAAATCTCTAGTGATAGCAGATCAATGGAGGAG
GGGGTGAGGAAGAGGCAAAAGGAAGGAATTACAAAGGTACATCGTGGAAATTTGGGGAAGTGATGTATAATCTTCATT
TTCTTGGTTTCAGTGATGGECTTICCTGAGCATATAACACACATGCATATGTGTAAGAATATATCCAATTGAATATTTT
ACACATTTIGTAGCTTITGTATATATTICAGCAGTATCTATTCATTCCTTCTGCTTCTTTACCTTAGGTTTAGTCATGAA
ACCACTGGGTTTICATGTGGTCCAGGTTCTATCTGAATCAAGCTATGAACCTGCTATCAGTAAGACCTCCTAATTGCA
AACCACATGGACCTTTACCGGTTATTTGACTTICTICTCGGTCATTACCTTCTICTAGTCTCCACTGATTCACCTCCTTT
TGAATCTCAACAAGCTCAACAGTATCTCAATGTTATCTTAACAAAGCTGTTAGAAATAAACAACTTGACTTTGAAAC
AAAGGAGAGAAATGGCTCAGCAGCTAGGAGAAGATGCAGGGTTGAGTTGCCAACAGTTGGTTITTIGITIGTATTTTGG
CCAGGGGATGCTGGCTITGGACTCEGAGAGAAAGGAGATAAGGATGTAAGCACATGTAGCGCATATCACCCCCTATTTITT
TATTCTCTGAATCCTTAACCCTCAGAATAAGTTICTTATTICTTGAGAATCAATGACATTATCTTAAGCTARATTAATC
AAGCCTCCACAGTGTTCTTCTCTCAATAGTGGTGTGGGCCTTCCTAGAAGTAATTTTTCCCARATTCAGTGATACAT
TTTAAGTTCAGATTTTAATTGATATGAATCTGTGATACACTC TAAAATAAGATTATTTTATTGAAAAGTGGACTGTA
ACTTTCCCTTTATCTAGGAAGAGCTCTAAGTTAGAAGATCTTITTGCACTTTTACCGAAGGCTGTGTCTTGTAAGCAC
CCCCGAGCAACTCTGAGAGCCTTGATTTTTGIGTCCTCAGCATATGTITGTGTAATACAGAAAGAGAAGCAGTTGCC
AAGTGAAAGGGATGTTGGTCTCCAAAATTATAGTTTGATCCCACAAACACACAAACACATACATGCAAAGGATTGTT
TGCTTCACGCTTTTTIGATATTTAATTCAATGCTGTTGCGAACAGCACAAAAACTAAGTGCTCAGTTTAACAGAATCACT
TGTCCTTTTAGCATTAARATAACATGGAACTTAATGCTTTAATTTCCCAACATGCCTTTITTATTTAGAAAGATTCAG
ACTTATATTTCATTTAGAAATAAAATGCCATTTTATTITAGAAAGATACAGGAGCATTCATTCACGGAACTTTCAGAT
CTCAGTCCACTGCATAAAATCTTIGATCCTGTAATAATAGTTTCTGTATCTTIGCATATTCATTCAACAGGTTTAACGC
GATGAGCAAATTAATGTTCATCGTTTITTAACATGTTTCATCTTAATCAGAACCCACATTICTCAACGTTAATTGAACG
TACATAGGACTATACAAGGGTTAGTAAATAACACAGAAACTGTTGETTCATTTAACCACCGTCACTTTGGACCAAAAA
AGAAAAAATATATATTTTTAAAATTGAGCTTARAAGAGTCTCTAGAAGCTGGEAAGCGTGGCITCTTTTTCAGCARAACT
GGGGGAATAGGTTTACCGTGTTCCCCCTCTGGGGAATTTTGAGTCGCCACACTCATGTCTCGACCGAGCCTGGCTCG
CTGCGTCTGAGCGAGTACTTGAGGAAGGCTGATCTAGAARAACCAGCTGAGAGAAGGGGCAGAAGCCCCTGAAACCA
CGGGCGGGGCTGEEGETGGGGAGCGCAGCTTTGGGACCCTCTAGCCGGAGACTTCCGGCAGCTGCCTCCGACTTGTTC
TAAGTACAGGAAAAATCTGTGCGCCCAGTTGCCTCACTCCAACAGCGCGCAGTTGTGCCCGGCGAGGATGLCGLGELT
AGTCGTGGAGATGCCCCACCACAAAGAGGATTICAGGTGCTTCCTACTCCGGCACCCAGCTGGGTTIGGTAGTCCTGTTG
GCAGCGAGACAAGAATCGTCTGGGCTGCTCCTATCTCTGGCAGGACTAGACGCEGGCGTGAAGCGAAAGAAGGAAAGAAG
GAAAGCAGGGATCGGGCACTGCCCCGAGGGCAGATACTTGGGCTTTGGTGTTGTCCAGCGCGCTCGGAGTGCGCTGLC
TCGCTCACGCGGTCCCAGGCCCCGCTTCTTCAGGCAGTGCCTGGGEECGEGAGGGTTGGEGETETGEGTGEGCTCCCTAA
GTCGACACTCGTGCGGCTGCGGTTCCAGCCCCCTCCCCCCGCCACTCAGGGGCGGGAAGTGGCGGEETGGGAGTCACC
CAAGCGTGACTGCCCGAGGCCCCTCCTGCCGCGGCGAGGAAGCTCCATAARAGCCCTGTCGCGACCCGCTCTCTGCA
CCCCATCCGCTGGCTCTCACCCCTCGGAGACGCTCGCCCGACAGCATAGTACTTGCCGCCCAGCCACGCCCGCGLG
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CCTGCCTGTGTGCCCTCTTGTAAGGCACTGAAGGTCTCAGGACCTCAGTTTCCTCCTCTGTGAGGTGGGAATAGCAT
GCCCTGAAGTGTTGGATGAGAAAGTGTTTTGTGAGCAACAGAGCGACTGGGETAAGGATTCCTAGTGAGTTTGGTTGGT
CTGGGCAATAGCGTCCCCAATACAACCACAAANACACTTTACCCTTCCAGCTTTGAGACTTGGGAGAGATGCCCTGGE
GGTTGATTACAGAAGGCTCAGCGTTCGGAAAGTTTGAAGTGCTTCATGCTAAACCAACCTTTAAGCTATAACTGGCCA
TCGAGGGCTTAAGGGACAATTTATGTCCCTTITTIGTCCTIGGCTTICTCTCGATAAGTGGTTCTCAGACTCATAACTCTC
CAGGAGTTATAAAACAACAAAAGCAAAACCCTTAAGTCATCTCATTTACAGCTTCAGCTICTICAGCAGGGTATGAGG
GAAGCAACTGTTTACTATTCATAAGTAGATACTTAAACAGATAGACATCATCGAGGTTTTTTGTITGTITIGTITTTTGG
TGAGAAGCAGTTGAGGAGGGAAGAAGAAAGARAAGAGCAGAGAAAAGAGAGGGAGACGATCTCTTGAGGCAGAGACTG
GGATAGGCACTGGCTAAGCAGGGTGAGAAGGCAGGGAAAGAGCCGGGCTGACCCAAACCAAAGTCAGAAAATGATTG
AGAAGAGCAAGAARAAACAAAGGAATGAGGATACAGAGTCAAGAGAGGAGACAAAAGAAGGATTGAGTGAGGAAAATT
CTGAAACATAAATTTGCAGAAAGGTTAAGGAAAAGGAGGAATAAGAAGGAGGAGAAAGTGTAGAGGGAGAGCACAAG
GATGTGGAAGGAGGGGAGCAAGCGTCTGGGGAAGCGAGACAGAAGAGATCCTAGAGCACAGGGGAAGATGGGGAGCTG
CTATTTGTTICTTCGGCTGGCTCCTGCTTTGGAAARATCCTCGTTTCCTACTCAGTGGGTATGCCAAAGACCACATCC
TCGGTACAGGAGATATCGAGATCATTTGGAGGTACCTAGAGACAGTCACAGTGATAGAACTAAACTCTGAGTCCTTAG
AGGCCAGAGACAGTTGCAAGATTTAGCGAGAATATAACATGTATTTCCTAGGACTGGGTTCCACAGCTCCAGATTICATT
GATCTCTTAGACTACTCCAACACATGTGAATGACTTTTTAATGCCCCACTTITGIGCTTAGTCTTGGCTGGCCTTGTC
AAGACCTGGAAACTTTAACACTTCTTIGCTIGTGCATTTCCGCTTTGCCTTGGATTACAAGCACAARAAGAAATACTGA
CAATTATTCAAGCCATTCAGGATACTTCCCAAACCCTTICTGCCTCTCAACACTGTGGTTCGEGTCTAAGTACTGAGA
ATATTTTAATACCTAATATGAGCTTCGCATGGTTTCCAGAGATGCAGCATATCTTTTTAGCTAATATTGGCTTTTTT
GAAGCTCATAAGATAACAGCTCTITAAAGATCCTGTAGGGATCATCTCGTCCATGCTAGGAAATTAGCTGGTCCTTCC
TCAGTAAGGAACTATTTAGATAAAAGCAGTCAGAACTCTGGCCTGAACAGTAAACATTTAACCAGAGTTCAATCAGA
ATTCAAGGACAGGTTTTCTTAAACTTTCTTTGTTTCTAGGAGATCAGGCAGAGCTGAATTTAACCAAGAATCTTTTG
ATCCTTTCCACATATAGATATACAATAGTGGTCACATATCGTTICTGGGAGTTCCTAGACCTTATATGTCTAAACTGGG
GCTTCCTGACATAAAACTATGCTTACCGGCCAGGAATCTGTTAGAAAACTCAGAGCTCAGTAGAAGGAACACTGGCT
TTGGAATGTGGAGGTCTGGTTTTGCTCAAAGTGTGCAGTATGTGAAGGAGAACAATTTACTGACCATTACTCTGCCT
TACTGATTCAAATTCTGAGGTTTATTGAATAATTTCTTAGATTGCCTTICCAGCTCTAAATTTCTCAGCACCAARARATG
AAGTCCATTTCAATCTCTICICICTCTCTTTCCCTCCCGTACATATACACACACTCATACATATATATGGTCACAATA
GAAAGGCAGGTAGATCAGAAGTCTCAGTTGCTGAGARAAGAGGCAGGGAGGGTGAGCCAGAGGTACCTTCTCCCCCAT
TCGTACGAGAARAAGTGAAGTTICTTTTAGAGCCCCGTTACATCTTCAAGGCTTTTTATGAGATAATGCAGCGAAATAAAGA
GGGCTCAGTICCTTCTACTGTCCATATTTCATTCTCAAATCTGTTATTAGAGGAATGATTICTGATCTCCACCTACCAT
ACACATGCCCTGTTGCTTGCTIGGGCCTTCCTAARAATGTTAGAGTATGATGACAGATGGAGTTGTCTGGGTACATTTG
TGTGCATTTAAGGGTGATAGTGTATTTGCTCTTTAAGAGCTGAGTGTTTGAGCCTCTIGTITTGTGTGTAATTGAGTGT
GCATGTGTGGGAGTGAAATTGTGGAATGTGTATGCTCATAGCACTGAGTGAAAATAAAAGATTIGTATAAATCGTGGS
GCATGTGGAATTGTGTGCTGCCTGTGCGTGTGCAGTATTITTITTTTTITTITTAAGTAAGCCACTTTAGATCTTIGTCACCT
CCCCTGICTTCTGTIGATTGATTTTGCGAGGCTAATGGTGCGTAAAAGGGCTGETGAGATCTGGGGGECGCCTCCTAGC
CTGACGTCAGAGAGAGAGTTTAAAACAGAGGGAGACGGTTGAGAGCACACAAGCCGCTTTAGGAGCGAGGTTCGGAG
CCATCGCTGCTGCCTGCTGATCCGCGCCTACGAGTTTGACCAGCCACTCTCCAGCTCGGCTTTCGCGGCGCCGAGATG
CTGTCCTGCCGCCTCCAGCTGCGCGCTGGCTGCGCTGTCCATCEGTCCTGGCCCTGGGCTEGTGTCACCGGCGLTCCCTC
GGACCCCAGACTCCGTCAGTTTCTGCAGAAGTCCCTGGCTGCTGCCGCEGGGAAGCAGGTAAGGAGACTCCCTIC

Fig. 1H



Patent Application Publication  Oct. 12,2023 Sheet 9 of 29 US 2023/0323402 A1

Human GRPR Promoter: GenBank Reference No. NG _012512.1 Gene ID: 2925
GCCTGARAGCCAAATTCAGCCTTTCCCTCCAGAAGCTTICCCTTTTGACCTTGCTCATAGCCAGTGGGAAGAGGCTTTG
TCTCCACACTCTGTGGTCCCATTGAATCTACCTGTTCTCCTAAATTCTATCAAGTCACTGTTGCCCACCTCATGTTA
GAGCCCCACAGAAAATCCAGTCTITTTGGAAAGATGAAAAAGGTGACTCTATTGACTGAAATAGAAACAGAAGTGACA
ACCCTGTCCCAACACATAAGAAAAGATGCTGAGTCATACTCCAATTCTATTCAGAAATTGCGACTCCCTGGGEGACAGA
GATTTTATATTACATITGTITCCATGTCATCGTICACATGTCAGAGGCATCTCATGTTCACCAGTAAATAAAAAGCTAA
GCAAATGTCTGAATACGTTTGETGTTTGCTIGTTCCGGCTCTGCCGGAAGGTGACACATAATGGTAGGGATGGAAAGA
GTCATTATAGTTAATTAGTTGAAATGACATAGAARATTATGGAATTAGCTTTITTTITTTTTTTTITITTTTTITGAGAG
GGAGTCTTIGCTCTGTCGCACAGGCTGCAGTGCAGTGGCACGATCTCGGCTCACTGCAAGCTCTGCCTCCTGGGTTICA
CGCCATTCTCCTGCCTCAGCCTCCCAAGTAGCTGGGACTACAGGTGCCCATCACCACGCTTGGTTAATTTTTITGTAT
TTTTAGTACAGACGGGGTTTCACTGTGTTAGCCAGGATGGTCTCGATCTCCTGACCTCATGATCCACCCGLCTCGGL
CTCCCAAAGTGCTGGGATTACATGCGTGAGCCACCGCACCTGGCCCGAATTAGCTTTTTAAAGCATCCTTGATCCCC
GAAAATATTAGATGTCAAACCTCAACGCACCTITTACTCCTAAAATACCATTAGAAGAATCTATACGTGCTGTGGAACA
CATAATGCTAACACCAGCTATGAGAAATCAATATCTATCAGCATCCCCTTAACTTACATTGGAAGAAACACTAACCA
CCCAATTAGATTTAAGTAGTCAGGCTGACTCAGCACACAGGGGTGTCTAAACGAAATAAAGGCGAAACAACATCCAGAA
GTTCTCTTTGTGAACCAAAAATATGCCTTTTAGACCAAACTTCTTAGCAAGAATACAAGATCCATCACAATCTCACC
CAAACCTIGCTTCTAGCTIGCATTTICACGCTCTICTTTTTICCACCCCTGICTICCAATCTGGGTGACCCTCTIGGATTTA
TAGATGTCCCTCTGCTCAATGTCATGCTCTITCCTTTATGCCTTCGATCCTAGGCACATATGATTTTCTTCATTCAAA
AGACCTTIGTCAACACTTAACCTTITAAAGATATCCGTCTTTTCTGGAGAAAAGGTAGTTGCTTCACTCCAGAGAGGGET
TGGGGTCTAAAGAGCTGTGAGAGTACACATCTTCATGCTATTTITTCTCAGCCTCTIGCTCAGTGCCTGGCAACTGGT
AGATGTTTGATAAATTTITTTTCAAGTAAATAAAGGAGTTGCTAATTCACTCGTATGAGTGCTTGCCTATTGATCTGA
GCTCAATCACTCTITCTGAACTCATTGGGCTTTTCCAAAGTAAGCCTTTCCCCCTCAATCTAATAATGATAATAATAA
TAAGTGCTAATATTAATTGAGCACTTACTATGTGCCAAATACTATGCAATCTTAACATGAATCATTTCATCTAACTT
CATAAGTTCTCCTCACCCTGCAGATGAGGAACCTGAAGCTTAAGACACTAAGTAACTTGCCATAATTATAAATGAGG
GAGCCAGGATTGAAGCAGAGCCTGTGTACTGTATCATTAAGCTATATTGCTGGCAACTAATCAACACCACTGGGCTC
ATGGCTATTGGCTGGTTACTGGTGCTACTGATCTCTGCCGAGAAGCTCTTCCACCTCTAGCCATGCAGCATCAGTCT
CCCTCCTGCTGGCAGAGAGGGGCGCTGAGCCTTTCATATTTACATAGAAAGCATGGCAGCAGCCTCAGTGTTGGAAC
CTGCCACTGGAAATGTCCATAACAACACAGTTGGGGGCTTTCTTTGTGGGCCCTGGCATGGTAAGTGCAAGTTTTGT
TATTCCTTATGGGTICTGAAAAATGAGACTTICACCTGTTACGTGACTGGCTTCACGTCATGTACCTGGAGGAGCTGGC
TTCACATACGTCATAAAGATGCACTCTAATAATGTATTTAGAAGTTGTTGGCTAAAGGTCTAAGCCTGATTCTAATA
GCACTTCCTICAATTAAGCTTTTTCTAGCACTCCTTCAACGATAACTTACTTCTTTTACCACCCACTCAATTCCTCAG
TATTGTATCTATCACGCTTTTATAGTTCTTTATTITTCCACACAGGGCTATAAAGAGGATATTTGCTATAAAACATGG
CAARACATTCAATTAAAAATGCAAATAGCTGCATCAAAATGCCGATTCATAAAATTTTTAGATCAGATGAGARAAAGAC
CCATTTTTCTGGAAAAGACTATTGATCATTGAGAGTTAAGAATACAGCTGETTCCCAATTTAATTTCTCCCTGGTAA
ACAGAATAGGAATGGCTTGGCAAATCTACAGCAAAGAACATGTGTGCATTGCTGCTTCTGGCTTTTCCAGATGTCAGT
TGCTGAAGGTTTAAGGTGTGAGTCTGCTGCATGTGTTTCTGAGGATCAGTCCCTGTTCAAAGAGGCAGTGGEGAAGACT
GAGTGGGATAACTCACACATGCGACACCCTGTGCATCAGTGTGCGTTTAATTCAAAGACAGACCTCATTTGATAGCAA
TATTGACATGTCATICTAATGAATTAGAAAARATGAGAAAATGCCGATGTAAATCCCCATCTGGATTCATGGGGATAG
TATCAGAAAGATTTTCAGTGCCTITTGCAGAATGCTAGCAACATTTATTIAAATACCTACCCTAGGTGCTATGTGCTTA
CATGAGAAGCCAAAGGTATCTGTTAAGCTAGGTAGGAACTGCAGTCGGCTGGTTGCTTCTCATCTGGAGAAAGCCTA
CACATGCTGCTGCCAGCGGCCAGCTGATCTCTAGGTGTTTAGGCCTAGAAGACCAACCAGCTCCAAATCACTTARAG
CCTAAACGTTCCCTGTCTCTACTAAAAATACAAACATTAGCCACGCATGGTGGCGGGCGCCTGTAATCCCAGCTACT
TGGGAGGCTGAGGGAGGAGAATCGCTTGAACCTGGGAGGTGCAGGTTGCAGTGAGCAGAGATTGCCCCATTGCACTC
TAGTCTGGGCGACAGAGTGAGACACACAGACACACACACACACACACACACACACACACACACACACACACACACAC
ACACACACGCCTAAACATTCAAGGCCAGGATGCTTGACAGATCTTGATTCATAAAAATGACAAAAAGCACAARATCC
AAAATCTCGTATAAGCUTCAGTGGCTGTGGCAGCGAGGTTGAAGAGCAAAGGCAGGCCGGGCACCTGGCTGATGATGT
GTGGACCCGTTGCACAGCAGGGCCCCGCAGTGCGETGTGEGTETGGETGEGECCAGTCTCTGCCGCTCACCCTATTICC
AGGGACACAGTCTGCTIGGCTCTTCTGGACTGAGCCATCCTCATCACCGAGATCCTCCCTGAATTCAGCCCACGACA
GCCACCCCGCECCETTTTCCTTGTTICTGTGTCGGGAGGGAGGCAGCGCGGETGETTATCAACCTCACCCTGCAGAGGAG
GCACCTGAGGCCCAGAGACGAGGAGGGATGGETCTAACCCAGAACCACAGATGGCTCTGAGCCGGGGGCCTGTCCAC
CCTCCCAGGCCGACGTCAGTGGCCGCAGGACTGCCTGGGCCCTGCTAGGCCTGCTCACCTCTGAGGCCTCTGGGGTG
AGAGGTTCAGTCCTGGAAACACTTCAGTTCTAGGGGGCTGGGEGEGCAGCAGCAAGTTGGAGTTTTIGGGGTACCCTGCT
TCACAGGGCCCTTGGCAAGGAGGCCAGGTGGGGTCTAAGGACAAGCAGTCCTTACTITTGGGAGTCAACCCCGGLGTG
GTGGCTGCTGCAGGTTIGCACACTGGGCCACAGAGGATCCAGCAAGG
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CCCGCCCAGCCTCGCGGGGCACGCCGGGAGGCGGAGTTCTICGETCGTGTCCCGAGAGTGGCTGGTCCGCAGGCTCGG
ACTACCAGTCCCAGAATGCACTGCGCCCGCAGCCCEGGEGECGGECCETGETTGCCCCTGGCARCAGAGAGGGCTCCCG
GGAGCGGGGACTGGGAAGCGCTCCCGAGCCGEGGAGGUGCAGAGCCCGACCAGAGAGAGGCGGGGACGCGGETAGAG
CGACCAAGACGTGTGGAGGCCGGAAGAGACTGACCGCGCCGGLECCTTGGAGAGACCCCTTTICCTGAGAGGGGGCGCA
CAGAGAGGATGCCGAAGCCAGCCAGATCTAGAGAGAGGCGAGACAGGGATTGAATCACAGAGACACTTAGAGGGAGGG
AGAGACCTCAAAGACAGAGAGATTCACAGGGCCAGAGAGACACGTAGAGTGGGTCAGAGAAGAGGACAGAGGACAGA
GACATAGAARAAGACAGGCAGGGAGAGAGACTGAATCACAGAGACACAGGCAGAGAGGGAGAGACCTCAGAGATGGAGA
GAGACTCACAGGGCCAGATAGACACATGGAGTGGGETCAGAGAAGGGGACAGAGAGAGAGACACAGAARAAGGGAAGAG
GGAGAGAGACTGAATCACAGAGACACAGAGAGGGAAGTCTCTATCTAGAGACCCTCGACAGAGATTCCTAGAGCCAG
AGACAGAGATTCAGAGAGCCAGAGACACAGAGAGATTCATAGAGACATATAGAGAGATTCAGAGAGCCTGAATCACA
GAGATTCACAGAGCCAACGAGACAAACAGAGAGATTCATAGAGCCAGAGACACAGATTCGGAGAGTCAGAGAGACAT
AGAAAGATTCATAGAGCCAGAGACACAGAGATTCAGAGAGTCAGAGAGACATAGAGAGACATTCATAGAGCCAGAGA
CACAGAGAGATTCATAGACATATAGAGAGATTCAGAGAGCCTGAATCACAGAGATTCACAGAGCCARAGAGACARAC
AGAGAGATTCATAGAGCCAGAGACACAGAGGGATTCGGAGAGTCAGAGAGACATAGAAAGAGATTCATAGAGCCAGA
GACACAGAGATTCATAGAGACATACGAGATTICATAGAGCCAGCGAGACACAGAGATTCACGAGAGTCAGAGAGACATAGAA
AGACATTCATAGAGCCAGAGACACAGAGAGATTCAGAGTCAGAGAAACATAGAGATTCATAGAGCCAGAGACACAGA
GAGATTCAGAGTCAGAGAGACATAGAGAGACATTCATAGAGCCGGACGACACAGAGACGATTCACGAGTCAGAGAGACAT
AGATTTATAGAGCCAGAGACACAGATTCAGGGAGTCAGAGAGACATAGAGAGACATTCATAGAGCCGGAGACACAGA
TTCAGAGTCAGAGAGACATAGACATTCATAGAGCCAGAGACACAGATTCAGAGAGTCAGAGAGATGAATAGATTCAG
AGAGCCAGAGACACAGGGAGAGTGAATCACAGACACAGAGGGACGGGGAGATCCCCAGAAACAGAAAGAGATTCATA
GAGCCAGAGAGACAAATAGAGATTGGCTCAGAGAGAAAGGGACAGAGACAGAGACAGAGAAGAGAAGAGGGAGAGAG
ATTGGGTCAGAGAGAAAGGGACAGAGACAGAGAAGAGAAGAGGGAGAGAGAGACTGAGTCATAGACAGGAGAGAGAL
CCCCCTAGCATCAGAGAGAGAGAGAGAGATCAACAGAGCCAGAGAGGGACAAGTACAGAGAAACAGATGGAACCAGA
GAGATATAGCGAAGAGACAAACAAAAACAGAGACGGAGTTGCAGAACCGGAGGAAGGGAGAGAGACAGAGACAAAGGC
ATTTATAAAGACGGGTGGAGGTGAGGAGAGAGAGGGAGAGACAGGGGCAAGCATTTAGAGAGTGACTCCCAGAGAGSG
AAGACAGAGACGGACTCCCAAAGAGATCAAGTTGCAGAGGGAGGGGGAGACAGAGTCACAGCCTGAGAGAGAATAGA
GATTCACAGAGCCAGAGAGACAAAGACAGGGAAAGAAACAAACTCAGGCAGACACAGGCGGAAGAATTTATCAGACG
TAGAGGGAGAGACAGAGGGAGACTGATTCACAGTGAGGCAGACCAAGACCCCGAGAAGAACCACGACACCAAGALCC
AGAGATGGCGACAGATACAGATGGAGACACACAGCAGAGGAAATAGAGANATAGAAAGAAATAGANACAGCATTTCT
CGGAGACAGGGAAAAGAAAACAGATCCACTGAGAGGCAGAARACAGAGACACATCGAGCGAAAGCTCGCTCCAGGAATAG
AGGGAGAGGGACAGAGGTCACAAGAAAGACACACGCAGGCAGAGAGCTACACAAATAATGGAGAGGCCAGGGGAGGA
AATAAAGACTCAGCCGGCATCGGAGAAAGTGAGAACCTTAGCGCCCTGCCTGTCCACTGCTGGACCCCTAGCGTGGA
GCATAAAGTTTGTTGAAGGAAGGAGAGGGGCAGGGTCAGACACAGGGACCCCAGGGCGCCCACAGGACACACGAGEL
ACCCTAGTGGGGGAGGARCGCGGGGCAGGATGACAGATTGCAGGGTGGTGGGGGGGAGCCAGGCTCAGAGGATGELCC
CTCCCTCCAGCCAGCCCCCGGAGTGGGTGTGTGCACGTGTGGEGGGLGGERAGGGAGGACATTTGTCCCGTIGTCTCC
GGGAGGGGAGCGCCTTTAAGCCGAAACCCCGUCCTCTCGGTCGTCCTGGCAACGCCTCCCCCAACCCGGGGELTCCCA
CATTTCAGCAGGTGCCGGAGCTGGAGCTCCCACCGCCGCCGCCCGETGCCTCCGECTGCCGGCGLCCCTGCCTITTIGGL
TCTTCCTCCCCACTCGCCCGCTCCCCCTGGCEGACCCGGCGECECCCEGEGETECCGCTCCCTGCCTEGLELCGLTCCGL
ACCTGGAGGTGCCTTGCCCCTCTCCTGCCCACCTCGGAATTTCCCTGTGGCTCCTTTIGATCCTTCGAGTCTCC
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Human Calb2 Promoter GenBank Reference No. AC106736.4 Gene ID: 794
CCCTCATGAGATCACTGTCGAGATACTTCCCTITCATTTICCTTCTCTGTCGACCTTICGAAGGGTCTGGGCTACATCATCT
CCATGTCTCCATCCCATTCCGATATTCTTGAAGATCAAGACCCTGGGTGGCCCATTAAAGGGGAATGGAAGGGAGET
GGGTAGATTTTGATACGTCTTTGCAAAGAGGTTGACATTICCTGTTCTIGCAGGCTTGGCGGAAGTACGACACAGACA
GGAGTGGCTACATCGAAGCCAATGAGCTCAAGGTAGGATGGGCCTTGGGGAGGGTGTGAGGCCAGAGTGGCGETGGE
CTTAAGGTGCCTGAGGAGGGAGGAGATGTTGGATGAGGGGCATGAGTITGCGGGCTGCTTAGGAATACTCAGACCTG
GCACTGAATTGTTGGACTTGTTTAGAGAAGTCAGGGGAAATCAGTAACATAGAGCTGCCAGGCTGTAGATTICAACG
AMACCCAGCTCTTCTGCACCTCCATGCTCGGGACAGGAGTCCTCCAGGCAATTCCAGAAGATTIGGECCTCTGGCTCCT
AGGTCCACCTCCAAATTCCTCTGGCTATCACCCAGTGATICCCCAGGCACTGCTTAGCTCCGTATACTGGTCTCCCA
GGAGGCAGAGCCAATCTCTAGCGCCTATTICTGTGAGGCAGCGGTTGCACCACCAGCTAGTACAGCCTTAAAAGTCACT
CCCCAAGAGTTAGGAATTATCAGGGCCCTGAGTCATAGAACTGGTAGACCTCAAAAACACACACACACACATTGAGA
GACTGTCTGAATCGAGCAAGTAAGGAAATGCAATGAGGGACCCAATGCACGAGTCAGGAGTACTAAAGAGGCCTTTIGCT
GTTGCAGGGATTCCTGTCAGACCTGCTGAAGAAGGCCGAACCGGCCETACGATGAGCCCAAGCTCCAGGAATACACCC
AAACCATAGTCGAGTGAACAGAAGTGTCCCTCTCCCCCAGGGTGCAGGACTTGTGCCCCAAGCCACTTGGGCTCTGGT
GTGCAGGGTCCCTTGTTTGCTGATTCTTCAGGCCCAAGGGAAGTGATICACAGTGGCAGCTGGCAAAAAGGGATGCT
ACTTCGTGGCTTCACATACCCTTTGAGGTCCTGGGTGTGAGCTGACTCGTGGGCCAATGTGATTGTCTGTCTICCATG
GCAACCTCTGCAGCTCTAGGAGAGGATGATCTTGGAGAGAGTGGGCCTTTAGTGCCGGCCTGCTGTGCCTCAGC TG
CCCTGTCCCTGAGGAGGGGAGAGAGGAGCAGTGAACGAGTCCCTGTGGTCCACCCAGGGGACCCCCGTGACTGATTT
AGCCCATGTTGGTTCTTGGCCCCTACCGGACCTCAGAGGAAGCATGAGCACGTGTCACCCGTCCTCCTTCCCATCCTC
TCCAGTAAAAGGGGATGTCAGGTCAGAGAAATTCACAGCAAATAACCCAGGCACCTTTCTGTCCCCAACAGCTACGG
ATGTTTGACTTGAACGGGGATGGCAAATTGGGCCTCTCAGAGATGTCCCGGTAAGCACCTCACCCCCGGGGETCACTG
ATACTGGCTCCCACAGGTCATTICCTGTGTTATCCEGTCTICTGAGATCCATTGGTGGGAAAGTGACAGGTGCGGETGETC
AAGAAGCTCAAGACAAAGCAAGATAGAATTGTGACCGTCAACACCTCACCTTGICTGTICTCCCTCGTTTTITGAACTT
CCCACTGATTCATTATGTGTCGAAGTGCTCAGAAATCATTTCTGTAACTGCAGGCACCGCCTCTGCCTTICCCCTCTCC
CGCTTGCCCTTGCCIGTGCAGTCICCTCATCTCTGCTCTAACATTTTICTCCCCAGACTCCTGCCTGTCCAGGAAAAC
TTCCTGCTTAAATTTCAGGTAAAACTTTGCTITCCTTCCTTCCCCCTICCCTCATCCCTCTGAGCCTGGCCCTGCAC
CCTCCTTCCCCCAACGCACCACACACAACACACTACACACACCCACACACACCACACACACACAAAACACACCACAC
ACACAACACACACAGATCACACACACAAAACACACACAGACCACACACACCACATACACAACACACGCAGACCACAC
ACACTACATATCACACGCACACACCCCACATACACAGAGACATCACACACACCACACAGACCACACACCACACACAC
AACACACACATCACACATGCACACACCACACACATAAACACACACACACAAACGCACACCCACACACACACCACTGC
GCTTCTGCTTICTGTICTTTAATACCCTGGTTCTTGCAGGGCATGAAGCTGACCTCAGAGGAGTTTAACGCGATCTTCA
CATTTTACGACAAGGTAAGAGAGGGAGTTGGCATGGCAGGGAAAATCAGAAGCCCATCAGCCCGTCCAGAAGGGCTC
AGCTTCATCCCTGGGAAGAGACAGCTTTCCAGGGGETGGCCTGGGECCETGTGGTTTICTTCCTGCCGCATCTTICTGCTG
TATGAGAAGGCCAAATGTCATTCTCCACCGGTGGCCTATGGAGCCCAAGGGGTTGGTTTCTGCAGAGTGCAGCCGAGA
ATCCTTGGGGGAGGACTATGCTTAGAACTAGGEGTGTGACCACGCTGTCGGGAGCCAAAGGGAAGAGACACTCAGAAC
TGCCCTGGTGCCAGATCACAATTCTGCCCAGGGCCAAGTCTTICTCTIGGGAAGTTGCAAGTTAGATGATCTCCATAC
CCACCCCTCCCTGGGCTGTCCCCTGCCCACATGACTCCGGTGEGTTTTCTTCATAACCAGTGTTGCAGGTAAACTTTA
AATAGCCCCCGGACTCAGGGAGTTAACCAAATGCTTCTTGAATCTCACTTAAATTTITCAACGCACATGAAAAGCACC
ACAATGAAAGGCTACCCAAAGCTTGCACCCACTGCCACCTTCCTGCCATGACTGGTTAAGGCAGAAGGGACACATTA
TTTTGTCATTACACGATCTGAACACCCCCTTTTGCACAGAGTAATGGAGAGGCTAGACTCTTAGACATCCCIGEG
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Mouse CCK Promoter (2441 bp) (GenBank Reference No. ACL131660.4 Gene ID: 12424
GAATTCCCAGGGCAAGATCCCAGGGAAGATGAAGAARACCATGGCTACAATATTTTATTAAATAAAGAGTCCATTGTGC
CACCTTCTTICCAGCTTCTAACTGTCCTTGACACCTTTGGCTTCTCCTGETGGCTTTTCTACTCTGGCCTTTGACCCT
GCCTGTGGTCAGGTGCTGGACCCTTCTCCCGTTCCTTCCTCTGGCTGTCACACCTGGGAATCTGGGCAGAGATGCCT
TTTCTCTTCCCTCGCTTCCCACCTTTTGAGTCTCTTCCTACAGCTTCCAGGTGGGAAGCCACCATCTACAGAAAGAG
TCTTGGGTTGTACCTCCAGTGTCCCTICTGTCCAGGACTTGAGATCACAACCTTCTCTAGCTGTCCACCCATAACCTG
GATTCATCCCCCACGCCCCGCCAGACACACACCAGTTGGTGTGTTTTCTTICTGAACTCCCCCTGTGGCCAATACACT
CCCACCCACCCTTGTICTCTCAGCCCAGAACTTCACAGTCAGCCCCAGACACGGAGTACCTTTGGGETTTCTTGAAGAG
CAAGATGCTGCTTCCATGCCTGGAAGTTTCTGCTTATGTCTACTGTTCTAGCTATTCGGATGTTCTATTGTAGGCAC
TTAGCACTCGTATAGTGTCTGCTACATTTCATCGATAGTGAATAAATTTCACAAAAGCATATTAGGCTTCCTATAAAT
CTGTCCTCATTCCTCAATGGCCCTCCCATCTCCTGTCTTCCTAACCTGTCCTGGTCTCCCGTGTCTGCCCTAGGGAC
ACCTCCATGTCACCACCAGACTCAGTGGAAATCCTTACTCCGCCCTTGGCTATTAGTGCAGATCTGAACTCAGTTICC
TTGTACTTGCAGGCAAGCACTTCACTGGCTGAGCCGCCTCCCAGTTCCAGCTCCAGGCCCCCGGCTCCCAAAGGTGT
TTATTTGTGTGGGTATTTATTTTIGTCCAGTCTTGGTCACACCGCATCCTCAGGGGCTGGGCACAGTTICATAAATCTT
GAGGCAAGCGATGGAGGGAAGGAGGCAGCTAAGCGTCCATATCTCAGCCACCGACCCAGGGAAGTCAGCGCCTIGTGG
ATTCTGACCATATCGAACAGCCTITGTGCCCAGCTGCTTTATCCACAATTCCGGACATGCTCGATCTGTCACAGATAC
ATTCCCACAACCTGAGCTGTCTTGTGCCGGGAAATCACCCCACAGCATTTAATCTGTTGCTGTTTAAAACATGTTIGCC
TCTAGGTTGCAGACACCGCTAGAGCCACAACCATGAACCTAAACTCTTGGCATCACTTGCTGTTTCTICATAGTCCCC
CTCAGCCGGAAGTCCCCAAACTGTGTGCCTTTTCTATTTAGAAAGAGTTTCTAACCCTTTCTCCATTCACCCTAGCT
TGACAGGGTTGAGGGCATGGTTGCCCTGEGCTGETGETGACCCCAAGTTACAAGCTAGCAGCAAGGAGETTGCTGTGEG
GGCTTCCTCAGTATGTGTTCTGTGGAATGGGGTTACGAGGGATTCAGCAAATTCTAGCACCCTGGGCATAGATAATCA
CTTTGTTATGTCAGAACTGGGGGTTGCAGGATTGTGCGCACTACAGCAGAGAGAGCCCCCTCTCTCCTTICTIGCTTIG
GTAAGAGTCTTTTTCTCAGCCAAGATCCTCATCACCCAGCGAAATCCCATAACTTTAGAGGGACTAGACTGGAAAGG
GTGATCTGAGCTICTTGGGAAGGTGCGAGCCCCAGCCCGCATGGCTCAGCCAGCCAGAGCTTGGEAGTGCCTGAGACAC
TCTICTGGCGCCACTTCACGACCAARAAGCATCAGTAGATCGATAGGCCCCTGGGAAGTCGTCGEGTGGAAAGAAATTACAA
ATCTTTTTCCCAGAGGCTTTTCGCAGARAAGGCAGGAGCTGCACCCCGATCTTACAATTGTGTAAGAATAGAATCCAGG
ATGCCAACTGCAATTGAGTTCTGAAAAATTGGGAGCCCGATTTCCCTCTCTTACTTGTGAGAGCCCACTCAGGTCTG
AGGTGGTCCCAGAGAACACACCAGGATTACATCTGCTGACACCCAGCCTGTGAGGGTCCCCCAGTTTCCTTGAAGGA
TTTGATCCCCARAGCTCACTGAACTTGGTCAGCTTICTCCATTGCAGATAAACTCCTIGTTTTTCACCGAGAGTGGAGG
TGGCACCCTCCCTGAGGTGCGACTCTGCACAGGCGCCGAACAGCTGGGAAGGAAGCTCTTTAGATAAACGAGTAAGACC
CATGCAAAGTGCCCCCCTGGGAGGGGCTATCCTCATTCACTGGCACGCTTCCCTTICTCTCCGGAGGGCCACATCAAT
CGGTGGTCCCTCCAGTGGCTGCCTCTGAGCACGTGTCCTGCTGGACTGCGTCAGCACTGGGTAAACAGATGACTGGEC
TGCGAACCGGGAGGAGCTATTTAAGAGCAGTCACCCTCCCGCCTGCCCTCALCCT

Mouse CalbZ Promoter Regicn: Genbank Accession No. U34818.1 Gene ID: 12308
CCATGGCGATGGAAAGCTGACCAGTGCTCCCTICTGATCAAGGAATCCTTTCCAAGCTCACCAGAGAGCACAAGCATA
AAGGACAGGAACACAGACTCATGTAATCCCCAGAACAATCCAAGATCTCAATACCCACACACCCATTTTACAGACTC
GGAAAGCCAAGGCACAGACAGGCTGTGTAAGCCAAACAACGTTGTGGAGCGTITTITGTITGTIGTTITGITTAGGAACTAG
ACCCGAGGAGTTTGATTCTATTGCAACTGTTCTTTAGGACTGAGCCTTCTITGCCTTCTCGAAGGCAAGACTCAGGCT
GGGGGACTCTAGCTTAGTAATTTCTCAGCCCTGGCAGCAAGGAATGCTGGGTTACAGAAGCCCCAACAGTTAGCCTA
TTTTGCTGCGICTTTCCCAGTICTGTTCTTGTAAACARCCTCAAACTGTGTGCCTGGGCAACACACCAGCAGTTTTIGA
AACTTGGGCTCCATGTTGCCCTTTGAGGTTAGCTCCGAGCTACCTCAACCTGACCCCAGGAAACAGCCTGCTCTTICT
CCGCTCCCCCCCCTCCCCCCCACCCCACCCCGGGTTICTCCTICTICCCCTAGCGACCTGCTTTAGATTCTCACCTCCTT
CTCTTTTGCTCICCCTTCGAAGGCAGCTCAGCTAACACTCATTAGCACATGTTAATGAGCAGCAATTCAAGTICTCIG
TCCTICTITTTTAGGGGCAGGGTIGCTTGCTGTTGCTCTGAAGGTAAGGTCTCCAAGAAGCAAGCACACACTGCAGACC
TTTAGAGTAGGGAGCGATATGGGACGGAGGCTCGGCTCTCTGATTCGAGGAGACCCCACGGTGTIGCTGTGCTTGCTGTICT
GTTTTCITTAACAGAAGTTICAGCACATCTTTGGGTCAGAGTTTACCGCCATCTACCTACGGGACTACGGGAGGCTCC
AGTCTGCTACTACCTGGATAAAGGTCTAAAAGTCTGCAGGATGTGACAGATACCGGAGGCGAACTGGGTTACTGAACA
GTGGAGTAGTTCCTCCATTCCCATCTGAATCCTCATTIGCACCTTGTCGATTCCAGTTGTCCACCTACGCGTARAACCT
TGAGAACCCTGCTTTCCTGCAATCCTGGTACCCCTCGAGGGAGTCACAGGACAGGAAGAGTTCTGGGCTCAAATCTT
AGCTTTGCTACTTGTTAATAATGCTATTGCTGCGACTAGAAACTGGGTGIGCTCAAGATCGGACAGAGGGAAGGGAAG
GCAGGAGCTGCCTCTCCCCATTTCCAGCTAAATACCTGCGGIGTCCCCGGAGGGCACCCAGAAGTCTCATTIGAACAC
TCTCTCCCGGTCCCCAGGAACCCTGGCAGAGAAGAGCCCCCGCCCGTGCAGCECCGCGCCLTGCGCGATTCCCTGAG
TGTGCGCGCCCCCTTCCGGLGGCCCGACGCGGCGCAGCTCCGGGCTGCATATAAAGGCAGCGTGGCGCGCAGCCCCA
GCGCGAGAACCAGAGCCAAGCGGCACCGAGTCGACAGCGCGCTGAGAGAGAGGCTTAAGATCTCCGGAGCGGCTCGCL
ATGG
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Mouse PRKCG Promoter Region: Genbank Accession No. AC245272.Z, Gene ID: 18752
GGACTAGATCCTGGATCCCTGGGTATGAGGAAGGAGGGCGAGTTGTGCCTAGATTCCTAGATCCTGAGAGACAAGGGA
CCTGGAGGAGTTCCAAAGGATAGAATCAGAGGCATCCATGTGTIGTAAGAAGTTGTATCCAGAAGCTGGCTCCTIGIGT
ACTTCGGGAGCTGTTCTGGGACAGTGTCAGCTTCCAGAGGTTARAGCAAGCCCTTCTIGTCTITTCCGIGGGCTTGACC
TTAGCACGACTITTCTITCGGGGGAAAGTTATGAATARATTCTGTGTTCATCACAGAACACAGGATGATGGGCTGCCGL
GCGGTGGTGGCTACACCTTTAATTACAGCACTCCAAAGACAGAGGCAGGCAGATCTCTTTGAGTTCGAGGCCAGCCA
GCCTGATCTGCATAGTGAGTTICCAGTACAGCCACAACAGAACAAACAAACAAACAANGATGCAAGGTCAAAGAGACC
AAAGTTAACCCAAGTGCACTGGGETGAGCCAGTGAGTGGACTGGAAATACTTGCAGGGGCATAGAGAAGCCCACCCCA
ACATGGAAGACTCATGGAAGACGCATTTCTGGGGTACACTGCTCAACTTGTAGTCAGCTGGGCAGAAGAGTCTTCCT
GTCCTCTCTTAATTGTITITGCTGCTCATATATTACTTCAGCTITGGGAGGGGCCTCATAGCACAGCCCTGTAACTTITC
TGAGCCTTIGGGGGTTCTATGGTTTGTCTTTCTAACATGTAATTATTGTGTGTGTGCATGTATGTGTACACCCCATAG
CCAGTGTATGGAGCTCAGAGGACAATTTGCAGAATTCCACATGCGICTATCCACCATGTGGCTCTTGGGGACAGAACT
CAGCTTATCATGCTCTGTTIGTAAGTICTCTTITCTTITICTTTCTTTCTTTCTTICTTTICTTTCTTTCAATTTATTTATTT
ATTTTCCATATATGAGTACATTGTAGCTATACAGATGGTTGTGAGCCATCATGTGGTIGCTGGGAATTGAACTCAGG
ACCTCTGCTTGCTCCAGCCCTGCTTGCTCCAGCCCAAAGATTTATTTATTATTATATGTACGCTGTACATATAATAA
TAAATACATACATAAGTAATATTATTATTATAATAATAAATAAGTACACTGTAGCTGTTTTCGGACCCACCAGAAGA
GGGTGTCAGATCICATTACGGATGGTTGTIGAGCCACCATGTGGTTIGCTGGGATTTGAACTCAGGACCTTCAGAAGAG
CAATCAGTGCICTTACCTGCTGAGTCATCTCAACAGCCCATGTTGTAAGTATCTTITACCCACTGAGCCATTTAGTTG
GCCCTTAGTCTICTATAGCTTTTGAGTTATTTGAGTCCCTCCCCTCCCTCTATCAGCTGATGTTCAATTCAGAAGAAA
TAACTACAGAACTGACAATAGTAATAAGAAAATTGCACCTGGAAACCACCTTCTCATATCTTTAGTGGCATCAGCCG
AGAGGTCAGACAGTTAACATCCTGAGAAGGGCTCTGGCATTTGGTICCTAGTTCTGAGCCTCTAGGACAAGGAGACAG
AAGCTGTGGTTTGCAGTGTAAAARAAGAGATGTGGCTCGGCAGTGGTGGCACATGCCTTTAATCCCAGCACATGGAA
GGCAGAGGCAGGTGGATCTCTGAGTTCAAGGCCAGCCTGGTCTACAGAGTGAGTTCCAGGCCAGCCATGGCTACACA
GAGAAACCCCGTCTCGAAAAAACAAAACAAACAAARAGATGTTAGTCCTTICCACTCACTTCCCATGTCAGGGTTACA
TGGTACACTAGAAGGCCGAGAGGCCTGTCCTGAGGTCTAGCCCTGCATGACTGATCTCGAAAACTAGAGATTTCAGT
GCGACTGCTCAATCGAGAATGGAGGGAGTTGAATTTICCTGTACTTGAGGTACCTGTTAGCTGAGTCCCTGGAGGAAGT
GATAAGCTCAGAGATAAGAAAGCAGAAACTGAGCAGTCTTCAATTCTCCAGGTCTGAGGTAGGATTGGGGGTGGGET
GGGTGAAGCTTGAAAGGAGGGGAGAAAGAAAGCATAATGTTCCTIGGTCAGAGATCTCTGGAAGAGGAGTGAGAAGGA
TGCAGGTCCAGTACTCTGGTITAGATGTGGGAGGTGCGAATAGAAGATGGAATTTTGAGTGGGTAGGGGCTGCTAAGGET
CTATGTTGCTCTTATGTACACGAAATCTTTTICACAGGGCATAAAGTATGAGGAAGTTAGAGTCTTGGCTATGGAGAA
GTTAGAGATGACTGAGTCGCTCTGCGATAAAAGAGGGAACTTTGTACACAGGGCCTGGGGTAAAAAARAAAACCCTAGS
TCACACACAGGAGGAAGTGAAGTACAGGCTAGATCTTAGACCATATCTTTCATTGCTGGETGGGTGGTTTTGTITIGTT
TGTTATAAARACAGGGTTIGTTTIGTITGTTTGTTTIGTTTGTAATAAAACAGAGTAGCCTTGACCATTICTGGAACTCAC
TCTGTAGACCAGGTTGGCTTTGTTTGTTITTARAAGGCAGAACCACATTCTIGTAGCCCAAGCTAGCTTGGACTTTATTA
CAGAGCCGAGGCTGGTCTICCATCTCACAGTAGCCTTICCCACTTTAGCCTCCCAATTTCTAAGATCATGGGTGTGCCC
TTCTTGACTTIGGTTTGCGTAGTGCAGGCGTTCAGATCCAAGGCTTCCTGAATGATATAGACAAGCGTGTTACCAGCTA
AGCCACATCCCCACGGTCAAAGTTGTAGGTGTATGTITGGGGTGAGTCTGTATGTGTITCGCATGGAGGTCAGAAGTT
GGTTTITTTCCTTCCAGGAGTTATGTCCCAGTAAGCCAGCTCTAGTTTTCCAGCATGGCAGCACACACTCCCGTGGAT
AGGATGCTGACTCCCTGGGAAAGGGAAGCAAGAAGTATAGCTTTIGAGTGTITTGGATTTTIGGGTTTICTTATGGGTAG
GGCTAGGATGAGCCTAGAACCTAGATGACCAATTCATTTTTATAGTTTATAGACAAGTTCCATATATTAAGACACAT
CCTTTTCAGAA
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Mouse Calbl Promoter: GenBank Reference No. L42901.1 Gene ID: 12307
GATCTTTCAGGAAACACTAGTAGGTAACAGCATGAGTCTCTCCCCAAGAAGGCTTGACTAATCTATTAGAAATCCTA
TCTIGTGGACATGTTCATAAGAGAGCATGATGGAATCCTTCATGTGCTTGAACCCATAGTAAAATATCTGAGCATTTT
CTTTTCCCCTTGAAGGCTAAGAAAGCATTCATTCAACCTGARAGGTTCTGGTTCTCCCATATGCATAGTGATTITGAA
CTGCCATGTCTTAGTCAGGGTGTTTATTCCTGGACARACATCATGACCAAGAAGCAAGTTGGGGAGGAAAGGGETTTA
TTTGGCTTACACTTCCAGACTGCTGTTATCACCAAGGAAGTCAGGACTGGAACTCAAGCAGGTCAGGAAGCAGGAGC
TGATGCAGAGGCCATGCAGGGATGTTCCTTACTGGCTTGCCTCCCCTGGCTTGCTTAGCCTGCTCTCTTATAGAACC
AAGATTACCAGCCCAGAGATGGTCCCACCCACAAGGGGCCTTTCCCCCTTGATCACTAATTGAGAAAATGCCTTACA
GCTGGATCTCATGGAGGCATTTICCCCAACTGAAGCTCCTTITICTCTETGATAACTCCAGCTGTGTCAAGTTGACACAA
ACTAGCCAGTACATGCCAGTAGGGCCTAAGTCTAAATACAGATGCAATAATTCAGTAACATGAAATGGGAAAGAGTT
TAATTGTGCTGGAGATTITTTTTTCTCCTCTTATGACACGTGGGATCETGAACCTGTTCACCTGAATGCTGTGTAATG
AGGCCTAAGAGGCAACTCATAAGAGTGCTTTGCAATGCTTTTGGAAAGTTTAATCTTATGGAACAATCACAGTATTC
AAAGGGTGTGTACTTICTTCCAGAATCCTAGAAGGTGAGAGAGGTTCCTGAATATTTGAARAAATAACACCCTCCCAAT
CTTGGTTAATGAACTGARARAAATTCGGCAGGCAAAAGGCAGAAATAGTTCTITAAGTTACTTCAGAGCTGTAGAACTGA
AACACACACTIGTTTAGTGTCCTTAAACTCAATTTAATTTTGAAGTGACACCAAAAATGTCTAAARAGAGATGTTIGA
TTTTAAATGAGAGTCTAAGACTAATAGTTATTTAAGAGAAAAATCTATTTTATGAAGTTACATTTCTTCTGCTAARL
AAAATTATCCAGGAAAAAATATTACCTTAGAAAATCARAATGARRAAAAAAAGAARATCAAAATGTARATTGAAGAA
ATTGAAGACTATAACATTICAAAGATGTTGAGGATGCCATGTTTACAGCTTIGTTAATCTGAGTTGATACAAACTAALA
GAACTAATCTAGAAATGTTCTTTAAATTTTAAATTATATATGCTTTITGTACTAACAATAGTACCCCTATGACCAGGA
AAARAATGTATATCTAAAATAAATATCTGAAGATATTTGTTGCAGCCTGTTTGTCACAGTAGAACACTAAAAAAGATGG
AATCTCTACAATTAGCGATGGAAAACTATGTTATCTAAACATGGGCTAATGGAGGAAGTGTCTACCGAGGAACAAACT
TTTGTATCGAGGATGTGACTTGGGTACGCCTGAGATTCAGTTTTCCCTGGAAATTAAGAGGTATATGAACAAAACTAAC
TCACGTGTATTGGETCAAATGCCCCTTTACCTTTGTAAGCCACAGAAGGTAAGGTTAATACGTTTTATTGCACTACT
TGCAGGACCTAGCAAAGTACCTGACCCAAAAGCTGTTCGATAAGTGTTCACTGAATCCATGAAAATATAAACAACTGG
GCATGCACATAATCTTTTTAAGTAAAAACAATATCCTTGTTATCCTCTCAGAGTTTGGCTTGCTTTIGTGTATAATAT
CAGTCTGAGATTTGTGTGAGAATCAGATAAGGTGATGAAAGTCARAAACTTACATCCATGAAAACTTTAGAGTATCAT
GGCTGCAGGACTTGTCTGGAGAAGACAATTGGTTGCCTCACAATCCCACTATTGGAGGAAACACAAATGTGGTGAAT
TCCATATTCTATGACACACGTGAAACCTGTGGCGCTTCATGAGCTCGTTTTGAAAGTTTATACCACACTGGETTIGCT
TTTGTTTACTGTAACCAGACACATAGGGTTCATTITTCAGCAGACCATAAGGTCTCAAAAGATGGACAATTAGATAAC
TTAGAAATACTTACGTAAAAGAAAACCTAAATACAGTATTIGTCATATTAAAATACCAATTGTAACATCTAGCCGGA
TATTTTTCCCACCTCTAATGATTTCCAGCTTTCTGGARAAALDATCCCTCACCTAGAGATAGAAGCAGCGCAGCTCETAA
AATCAGCTGAGTGGGEGECTGCTACGGAGTCACTGGTTAGCCTIGGTGACATTTICTTTICAGTTICTACTTITGTAAGATGCA
AGTAACTAATGGCATCGATAAAATCACTTCCTTCCTAACATCTTAAATTCTTATAAGTTAATTCTACTACATTICCAA
TAATTCTGCTTCAAGCTCAAMAAGTAACAACAGCAAGAGCAGCAGACTCCTGCATICTGCTGTCTCTAAGCATAGCT
CACATCTTAAACAGCCACGTGATGGICTCCATTAGCGCAATATGAAGCATTGTTACAATTAACCACAGCAACGTATG
CATTAATCAAATTAAACTAACACTTGACATCTGATTTTGTTCAAATACTCAACTGCCTCGATAAATACTAAGTAGAC
AAAATCTCCACTGACGTGGTTTATCAGTCAGCTTTCCCTTCCATCTGAAAAAAAATCAAACAATTCTAGGTATGTITG
CTTTACTCTAACATTCAGGAGTGAAAGCCTCCCTGAACCTGGGCEGATGTGAGGAGAAATCAGTCTGAGCAAGGGATC
CCCACCACCTGCTGCTTCCTAGACTCCAAAACTCCAGCTCCAGCTATTTCCTGGGAAGAGAGAAATCCGGAGGGGAGS
GGAAGAAGGTTGCTGAGAGCAAGAGGCGGGAGCTAGGAAAAGGAGGCAGGAGGAGGCGTCGCCCGGECCTEGEGEGCCGG
CGGGATAAATACAGAGAACTCGGTGCGGGETGCGGAGAACTCCGGAGGACGCCCGAACGGAGCAGCACCGCGGACAG
CGCCCCGCCGCGECCGCGCCCAGCTCAGCCTGCGCAGCCCTCTCCECCCGAGGTTCGCGCTCCGCGCACTCTCAAACTA
GCCGCTGCACCACG
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Mouse Nmu Promoter Region: GenBank Reference No. ACL33184.3 Gene ID: 56183
TAARAATAGTAATGGTATTICTTTTAATTGATCTTCAGGGTTTCATTCCTACTACTCTCTGTATTTCCAGTAGCAGCC
CATTCTCCCTAGAACTGCGCAGCTCTTGGGTATGATTTGGCAGTACCTTACCTTTAGTTCCCTAAAGGAAATGCTCC
TCCTACTAARACTGTGATTCCCTCAAAGTACCTGTCTTIGCTTATGTTATAGTGGGTCACACATTCATGCCAGATGCCA
GGAAACCGAGGCCGAGGAAGAAACCTATGTCCGTIGCTCCTTICCCAGGCTAGGTTGTCTGAAGAAAGATAGCAACAGTG
CACTCATATACATAAAATAAATAAATAAATCTAAAAAAGAGAAAAGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAG
GAAGGAAGGAAGGAAGGAAGGAAGAAANAGATGGAAGGAAGGGAAGCGARAGARAGAGAGARAAGGTTGCTAGGAATTGA
ACTCAGGACCTCAGGAAGAGCACTGACTGCTCTTAGCCGCTGAGCATCATTCCAGCCCCCTICTTICITICTITTICTTT
CTTTCTTTICTTITCTTICTTTICTTTICTTICTTITCTTTCTTARRAAGAACTTTACACTGCAGATATGTCATGAATATTA
AATGAAATTGCACGAGAAAGTCCGTGGCTACATGACCCCAAGATGCCCCGTTCAAAAACAGCAATGTGCTTCCGTCC
TGCCCTTTCCTCCGAGCTCCTCGCCTTTCAAAAGGAGGTTAAACAAGATCAGATGCCCTTTTTTTCTGCAGAAGGAA
ATTAGAATTGTATTTCTCAGTGTCCTGTTAAGAGGTTGGTTCCTGGAGTGTGGGAATAGCGGAAGTGAGGTTCCAAA
GTAAATTAGAGAGAAGAGCATCCTTCGGGCAGAATCGCCACCTGAGCCTTGGGETGCCCCACCTICTAACCTCTGCAA
CTGCACCCAATCCCAAGCCCTCCCCATTCCTCAGCACCATTITTACTIGCGTCTCTAGGAATCCGATTCGGACTTITGCAG
GCATTTGGAGGTTTAGATGGTATCATCTTCACCCACATTIGTGGTGGAAGTAGCATCACTCTGATGCCCTGGGCATTG
GGCGTTGTGTTITCCCAGGGAAAGAAGAGAAGTGTGCCTAGACAGCAGGGGGACAAATGGGCCGGCTGGGTATACTGT
GGCATCTCAGGCGACACAAGGGAGAGTGTGGCCACCTICTTCCARCTTGACCACCCTGATCTCAGGCTCTGGGAGGCT
GCTACCCCCTCCGGCTICCCACCCAAGTCCITCCACAGGTGGGAGTGGACCGCCATGGTTITAATTICCATTCTCCAGCT
CAGAGCCAACTGCGTGGTGTICCTGAGTCAGACACTCGGCCAGGGAGCGCGIGTCCTGCGGGGGCGGCAGCAGGTCCG
GGTGACGCCAGGGAGCCAGGGGCGGCGAGGTCACGCGTGAAGACCACGCCAGCCCAGCCCACGTIGTGCGCCAGATTT
AAAAGTTGGTGGCGCGCGCGAGATGGTCACTTITGGTCTCTGAGCTCAGCAAGAGGAGGCGCACAGGACACGCTGAGGG
ACAGCTAAAACACCCGCACAACACAGGGE
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MRCSPGGVWLALAASLLHVSLOGEFQRKLYKELVKNYNPLERPVANDSQP
LTVYFSLSLLOIMDVDEKNQVLTTNIWLOMSWTIDHYLOWNVSEYPGVKTV
RFPDGQIWKPDILLYNSADERFDATFHTNVLVNSSGHCQYLPPGIFKSSC
YIDVRWEPFDVQHCKLKFGSWSYGGWSLDLOMQEADISGY IPNGEWDLVG
IPGKRSERFYECCKEPYPDVTFTV (SEQ ID NO: 18)

MRCSPGGVWLALAASLLHVSLOGEFQRKLYKELVKNYNPLERPVANDSQP
LTVYFSLSLLOIMDVDERNQVLTTNIWLOMSWTIDHYLOWNVSEYPGVKTV
REPDGOIWKPDILLYNSADEREFDATFHTNVLVNSSGHCQYLPPGIFKSSC
YIDVRWEPEFDVQOQHCKLKEFGSWSYGGWSLDLOMOQEADISGY IPNGEWDLVG
ITPGKRSERFYECCKEPYPDVTEFTVTMRRR (SEQ ID NO: 19)

MRCSPGGVWLALAASLLEVSLOGEFQORRKLYKELVKNYNPLERPVANDSQP
LIVYFSLSLLOIMDVDERNQVLTTNIWLOMSWIDHYLOWNVSEYPGVKTV
REPDGQIWKPDILLYNSADERFDATFHTINVLVNSSGHCQYLPPGIFKSSC
YIDVRWFPFDVOHCKLEFGSWSYGGWSLDLOMOEADISGY IPNGEWDLVG
IPGKRSERFYECCKEPYPDVTFTVIMRRRTLYY (SEQ ID NO: 20)

Fig 2.
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MRCSPGGVWLALAASLLHVSLOGEFQRKLYKELVKNYNPLERPVANDSQPLTVYFSLSLL
QIMDVDEKNQVLTTNIWLOMSWTDHYLOWNVSEYPGVKTIVREPDGOIWKPDILLYNSADE
REFDATFHTNVLVNSSGHCOYLPPGIFKSSCYIDVRWEPFDVOHCKLKFGSWSYGGWSLDL
OMOEADISGYIPNGEWDLVGIPGKRSERFYECCKEPYPDVTFTVIIRRRPLEYAVSLLLP
SIFLMVVDIVGFCLPPDSGERVSFKITLLLGYSVFLIIVSDTLPATIGTPLIGVYEFVVCM
ALLVISLAETIFIVRLVHKQODLORPVPDWLRHLVLDRIAWILCLGEQPMAHRPPATEQAN
RTDDCSGSDLLPAMGNHCSHVGGPODLEKTPRGRGSPLPPPREASLAVRGLLOELSSIRHE
FLEKRDEMREVARDWLRVGYVLDRLLFRIYLLAVLAYSITLVTLWSIWHYS

Fig. 3A

MRCSPGGVWLALAASLLHVSLOGEFQRKLYKELVENYNPLERPVANDSQPLTVYESLSLL
QIMDVDERKNQVLTTNIWLOMSWIDHYLOWNVSEYPGVRKTREFPDGQIWKPDILLYNSADER
FDATFHTINVLVNSSGHCOYLPPGIFKSSCYIDVRWEPFDVOHCKLKEFGSWSYGGWSLDLO
MOEADISGYIPNGEWDLVGIPGKRSERFYECCKEPYPDVTFTVTMRRRMGYYLIOMYIPS
LLIVILSWISEFWINMDAAPARVGLGITIVLTMITOSSGSRASLPKVSYVKAIDIWMAVCL
LEVESALLEYAAVNEFVSRQHKELLRFRRKRRHEHKEDEAGEGRENEF SAYGMGPACLQAKDG
ISVKGANNSNTTNPPPAPSKSPEEMRKLFIQRAKKIDKISRIGEPMAFLIFNMEYWIIYK

IVRREDVHNQ
Fig. 3B

MRCSPGGVWLALAASLLHVSLOGEFQRKLYKELVKNYNPLERPVANDSQPLTVYEFSLSLL
QIMDVDEKNQVLTTNIWLOMSWIDHYLOWNVSEYPGVKTVREPDGOIWKPDILLYNSADE
REDATFHTNVLVNSSGHCQYLPPGIFKSSCYIDVRWEPFDVOHCKLKEFGSWSYGGWSLDL
OMOEADISGYIPNGEWDLVGIPGKRSERFYECCKEPYPDVTFTVIIRRRPLEYVVSLLLP
SIFLMVMDIVGFYLPPNSGERVSFKITLLLGYSVEFLIIVSDTLPATAIGTPLIGVYEFVVC
MALLVISLAETIFIVRLVHKQODLQOPVPAWLRHLVLERIAWLLCLREQSTSORPPATSOA
TKTDDCSAMGNHCSHMGGPODFEKSPRDRCSPPPPPREASLAVCGLLOELSSIRQFLEKR
DEIREVARDWLRVGSVLDKLLFHIYLLAVLAYSITLVMLWSIWQYA

Fig. 3C

MRCSPGGVWLALAASLLHVSLOGEFOQRKLYKELVKNYNPLERPVANDSQPLTVYESLSLL
QIMDVDEKNOQVLTTNIWLOMSWIDHYLOWNVSEYPGVKTVRFPDGQIWKPDILLYNSADE
REDATFHTNVLVNSSGHCOYLPPGIFKSSCYIDVRWEPEFDVOHCKLKEGSWSYGGWSLDL
OMOEADISGYIPNGEWDLVGIPGKRSERFYECCKEPYPDVTFTVIMRRRTLYYLLOTYFEP
ATLMVMLSWVSEWIDRRAVPARVPLGITTVLTMSTIITGVNASMPRVSYIKAVDIYLWVS
FVEVEFLSVLEYAAVNYLTTVQERKEQKLREKLPCTSGLPPPRTAMLDGNY SDGEVNDLDN
YMPENGEKPDRMMVQLTLASERSSPORKSQRSSYVSMRIDTHATIDKYSRITIFPAAYTILEN

LIYWSIES
Fig. 3D

MGGGRGGIWLALAAALLHVSLOGEFQRRLYKELVEKNYNPLERPVANDSQPLTVYEFSLSLL
QIMDVDERNQVLTTINIWLOMSWIDHYLOWNMSEYPGVRENVRFPDGQIWKPDILLYNSADE
RFEDATFHTNVLVNASGHCQYLPPGIFKSSCYIDVRWFPEDVQQCKLKFGSWSYGGWSLDL
QMQEADISSYIPNGEWDLMGIPGKRNERKFYECCKEPYPDVTIYTVIMRRRTLYYGLNLLIP
CVLISALALLVFLLPADSGERISLGITVLLSLTVFMLLVAEIMPATSDSVPLIAQYFAST
MITIVGLSVVVIVIVLRYHHHDPDGGKMPKWTRIILLNWCAWFLRMKRPGEDKVRPACQHK
PRRCSLASVELSAGAGPPTSNGNLLYIGFRGLEGMHCAPTPDSGVVCGRLACSPTHDEHL
MHGAHPSDGDPDLAKILEEVRY IANRNRCOQDESEVICSEWKFAACVVDPLCLMAFSVETT
ICTIGILMSAPNFVEAVSKDFA
Fig. 3E
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TARGETED GENE THERAPIES FOR PAIN
AND OTHER NEURO-RELATED DISORDERS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
patent application Ser. No. 16/493,387, filed Mar. 20, 2018,
which is the United States national phase of International
Application No. PCT/US2018/023364 filed Mar. 20, 2018,
and claims the benefit of U.S. Provisional Patent Application
No. 62/473,630 filed Mar. 20, 2017, each of which is
incorporated herein by reference in its entirety.

SEQUENCE LISTING

[0002] The Sequence Listing associated with this applica-
tion is filed in electronic format via Patent Center and is
hereby incorporated by reference into the specification in its
entirety. The name of the file containing the Sequence
Listing is 2304751 .xml. The size of the file is 73,585 bytes,
and the file was created on Jun. 1, 2023.

[0003] Provided herein are compositions and related
methods useful for treatment of pain, especially chronic
pain.

[0004] Over 100 million people in the U.S. suffer from

debilitating pain caused by disease and trauma. Current
therapies are focused on opioids and NSAIDs, but these
treatments lose efficacy or produce serious side effects.
Addiction to opioid-based prescription painkillers has led to
an epidemic level rise in opioid-related overdose deaths.
Because of the lack of adequate treatment options, pain
continues to be a major clinical problem. Therapeutic solu-
tions to the lack of adequate pain treatment, especially for
chronic pain, are needed.

SUMMARY

[0005] Provided herein are nucleic acids for tissue-specific
delivery of modified ligand-gated ion channels (LGICs) that
can be selectively activated with tailored compound ligands.
Such LGICs, once delivered to the neurons of interest by
gene therapy methods, would render those neurons sensitive
to a ligand selective for such novel LGICs and would
obviate the need for local delivery of the ligand, since the
tailored ligand would have no effect on native LGICs.
Furthermore, selective activation of those tissue-targeted
LGICs would eliminate the non-specific effects arising from
activation of neighboring populations of neurons that inevi-
tably occur due to the ubiquitous expression of native
LGICs. This provides specificity for control of neuron
activity that can be used therapeutically to treat neurological
diseases and conditions, such as chronic pain or itch. There-
fore, development of novel tissue-targeted LGICs with
unique pharmacology has therapeutic utility. Related meth-
ods also are provided.

[0006] According to a first aspect of the invention, a
nucleic acid is provided, comprising a gene for expressing a
modified ligand-gated ion channel. The gene comprises an
open reading frame encoding a modified ligand-gated ion
channel under transcriptional control of transcriptional con-
trol elements governing cell-specific expression in CNS
neurons, such as dorsal horn neurons, spinal cord cells, or
brain cells, or in inhibitory neurons or nerve cells. Examples
of transcription control elements include: a CCK promoter,
a Tacl promoter, an NTS promoter, an NMU promoter, a
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Calbl promoter, an SST promoter, a GRPR promoter, a
parvalbumin promoter, a Gal promoter, an NPY promoter, a
PKCy promoter, or a Calb2 promoter. The modified ligand-
gated ion channel comprises a modified ligand binding
domain activatable by an exogenous ligand, and optionally
selective to the exogenous ligand, and an ion pore domain.
[0007] In another aspect of the invention, a method is
provided of modulating (increasing or decreasing) the mem-
brane potential of an excitable cell or a secretory cell. The
method comprises expressing in the cell a genetic construct
comprising a gene for expressing a modified ligand-gated
ion channel, comprising an open reading frame encoding a
modified ligand-gated ion channel under transcriptional con-
trol of transcriptional control elements governing cell-spe-
cific expression in CNS neurons, such as dorsal horn neu-
rons, spinal cord cells, or brain cells, or in inhibitory neurons
or nerve cells, such as a CCK promoter, a Tacl promoter, an
NTS promoter, an NMU promoter, a Calbl promoter, an
SST promoter, a GRPR promoter, a parvalbumin promoter,
a Gal promoter, an NPY promoter, a PKCy promoter, or
Calb2 promoter and a modified ligand-gated ion channel
comprising a modified ligand binding domain activatable by
an exogenous ligand, and optionally selective to the exog-
enous ligand, and an ion pore domain, and contacting the
cell with an amount of the exogenous ligand effective to
activate the modified ligand gated ion channel thereby
modulating the membrane potential of the cell.

[0008] In a further aspect of the invention, a method is
provided of treating a disease or disorder associated with the
nervous system in a patient. The method comprises deliv-
ering a nucleic acid as described below, and administering
the exogenous ligand to the patient in an amount effective to
activate a modified ligand gated ion channel in a patient
thereby treating the disease or disorder associated with the
nervous system in the patient. The nucleic acid comprises a
gene for expressing the modified ligand-gated ion channel.
The gene comprises an open reading frame encoding the
modified ligand-gated ion channel under transcriptional con-
trol of transcriptional control elements governing cell-spe-
cific expression in CNS neurons, such as dorsal horn neu-
rons, spinal cord cells, or brain cells, or in inhibitory neurons
or nerve cells. Examples of transcription control elements
include: a CCK promoter, a Tacl promoter, an NTS pro-
moter, an NMU promoter, a Calbl promoter, an SST pro-
moter, a GRPR promoter, a parvalbumin promoter, a Gal
promoter, an NPY promoter, a PKCy promoter, or a Calb2
promoter. The modified ligand-gated ion channel comprises
a modified ligand binding domain activatable by an exog-
enous ligand, and optionally selective to the exogenous
ligand, and an ion pore domain.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGS. 1A-1 depict exemplary nucleic acid
sequences, continuous over FIGS. 1A-10, comprising pro-
moter sequences useful in the genetic constructs described
herein, as follows: Human CCK Promoter (SEQ ID NO: 1),
Human Tacl Promoter (SEQ ID NO: 2), Human Nts Pro-
moter (SEQ ID NO: 3), Human Nmu Promoter (SEQ ID
NO: 4), Human Calbl Promoter (SEQ ID NO: 5), Human
Parvalbumin Promoter (SEQ ID NO: 6), Human Gal Pro-
moter (SEQ ID NO: 7), Human NPY Promoter (SEQ ID
NO: 8), Human SST Promoter (SEQ ID NO: 9), Human
GRPR Promoter (SEQ ID NO: 10), Human PRKCG Pro-
moter (SEQ ID NO: 11), Human Calb2 Promoter (SEQ ID



US 2023/0323402 Al

NO: 12), Mouse CCK Promoter (SEQ ID NO: 13), Mouse
Calb2 Promoter (SEQ ID NO: 14), Mouse PRKCG Pro-
moter (SEQ ID NO: 15), Mouse Calbl Promoter (SEQ ID
NO: 16), and Mouse Nmu Promoter (SEQ ID NO: 17).
[0010] FIG. 2 provides amino acid sequences of exem-
plary a7-nicotinic acetylcholine receptor ligand binding
domains (SEQ ID NOs: 18-20 as indicated in the figure).
[0011] FIGS. 3A-3E provide exemplary amino acid
sequences for chimeric LGICs. FIG. 3A provides an exem-
plary amino acid sequence of an a7-5SHT3 chimeric receptor
(SEQ ID NO: 21), including a human o7 nAChR LBD and
a murine SHT3 IPD components. FIG. 3B provides an
exemplary amino acid sequence of a7-GIyR chimeric recep-
tor (SEQ ID NO: 22) including a human o7 nAChR LBD)
and a human GIyR IPD components. FIG. 3C provides an
exemplary amino acid sequence of «7-SHT3 chimeric
receptor (SEQ ID NO: 23, including human a7 nAChR
LBD and a human SHT3 IPD components. FIG. 3D provides
an exemplary amino acid sequence of a7-GABAC chimeric
receptor (SEQ ID NO: 24), including a human o7 nAChR
LBD and a human GABAC IPD components. FIG. 3E
provides an exemplary amino acid sequence of rat nAChR
sequence (SEQ ID NO: 25).

[0012] FIG. 4 provides exemplary exogenous ligands
(U.S. 2018/0009862 Al).

[0013] FIG. 5. (a) Cre-dependent construct for expressing
PSAM-GIyR in neurons using AAV delivery. PSEM®®
activates the PSAM-GIyR channel, preventing action poten-
tial firing of the cells expressing PSAM-GIyR. (b) Dorsal
horns of CCK“™ and Calr“™ mice injected intraspinally with
AAVS8-Flex-PSAM-GIyR virus shows binding of alpha-
bungarotoxin-Alexa647 ((a-BTX-Alexa647) to PSAM-
GIyR in patterns consistent with the distribution of these two
genes.

[0014] FIGS. 6A and 6B. Positive and negative controls
for PSAM-GIyR and PSEM®*®*, (a) Schematic of PSAM-
GIyR construct with GFP reporter used to make AAVS-
hSyn-Flex-PSAM-GIyR. Virus was injected into TIx3<™
mice for electrophysiological slice recordings. (b) Electrode
impaling a GFP+ cell (also shown as DI, image) in a
transverse slice of the dorsal horn from a TIx3“"® mouse
injected with AAV8-hSyn-Flex-PSAMGIyR virus. (¢) Bath
application of 30 uM PSEM®**® induces a sustained hyper-
polarization specifically in GFP-expressing cells. (d) Cur-
rent injected into GFP+ cell produces action potentials (Pre)
that are completely blocked after application of PSEM®**®
(30 uM) to the slice. (e) Control for the specificity of
a-BTX-Alexa647. Contralateral dorsal horn lacks staining
for a-BTX-Alexa647. Calretinin; PKCy. Scale bar=50 pm.
Box indicates area of inset. (f) In mice lacking PSAM-GIyR,
mechanical allodynia and heat hypersensitivity induced by
the carrageenan pain model are not altered by injection of
PSEM®** (30 mg/kg, i.p.) (p>0.999, n=4) (g) Punctate and
dynamic allodynia induced by CFA are also not altered by
injection of PSEM®*** (p>0.999, n=6). (h) In the mice lack-
ing PSAM-GIyR, punctate and dynamic allodynia induced
by the sural-SNI model are not altered by injection of
PSEM®** (30 mg/kg, ip.) (n>0.999, n=6). Data are
meansstandard error of the mean (SEM). ***P<0.001;
ns=not significant (i.e. p>0.05)

[0015] FIG. 7. CCK* excitatory neurons in the dorsal horn
primarily lamina III-IV are not required for baseline soma-
tosensory behavior or motor behavior on rotarod. (a) Injec-
tion of PSEM®**® into CCK “" mice expressing PSAM-GIyR
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ipsilaterally in the dorsal horn has no effect on baseline von
Frey threshold (p=0.2192, n=8), response to cotton swab
(p=0.7293, n=8), pressure with calibrated calipers (p=0.
7450, n=8) or pinprick (p=0.5983, n=8). Hargreaves laten-
cies are unchanged (p=0.9746, n=8). (b) Performance on the
rotarod is also not altered by injection of PSEM®®%, Data are
mean+SEM. None are significantly different.

[0016] FIG. 8. CCK+ excitatory dorsal horn neurons are
required for the transmission of persistent forms of pain.
Mice expressing PSAM-GIyR in CCK+ dorsal horn neurons
were tested in persistent pain behaviors. (a) In the carra-
geenan pain model, injection of PSEM®®® (30 mg/kg, i.p.)
reversed punctate (p=0.0017, n=8) and dynamic allodynia
(p=0.0001, n=8) as well as heat hypersensitivity (p=0.0002,
n=8). (b) In the CFA model, PSEM®** injection also mark-
edly reversed punctate (p=0.0034, n=5) and dynamic allo-
dynia (p=0.0016, n=5) as well as heat hypersensitivity
(p=0.0368, n=5). (c,d) Inhibiting the CCK population
reversed punctate allodynia in the sural-SNI (p=0.0003,
n=12) and tibial-SNI (p=0.0054, n=5) models. Dynamic
allodynia in sural-SNI is also reversed (p=0.0001, n=12).
(e,f) PSEM®*® also reversed heat hypersensitivity induced
by MG (p=0.0272, n=4) or multi-dose STZ (p=0.010, n=9).
Data are mean+SEM. *p<0.05, **p<0.01, ***P<0.001.
[0017] FIG. 9. Calretinin™ excitatory neurons in the dorsal
horn lamina II are not required for baseline somatosensory
behavior or motor behavior on the rotarod. (a) Injection of
PSEM®** (30 mg/kg, i.p.) into Calr“" mice expressing
PSAM-GIyR ipsilaterally in the dorsal horn has no effect on
ipsilateral von Frey threshold (p=0.3988, n=8), response to
cotton swab (p=0.7963, n=8), pressure with calibrated cali-
pers (p=0.8350, n=8) sticky tape (p=0.9346, n=8) or pin-
prick (p=0.7689, n=8). Hargreaves latencies are also
unchanged (p=0.6125, n=8). (b) Motor behavior measured
by rotarod is not altered by inhibition of dorsal horn calre-
tinin neurons with PSEM®**. Data are mean+SEM. None are
significantly different.

[0018] FIG. 10. Calretinin* excitatory neurons in lamina II
of the dorsal horn convey mechanical allodynia induced by
inflammatory, but not neuropathic pain models. Inhibition of
PSAM-GIyR expressing calretinin neurons in the dorsal
horn lamina II by injection of PSEM®*® (30 mg/kg, i.p.)
reverses mechanical allodynia induced by models of inflam-
matory pain including (a) carrageenan (p=0.0074, n=8), (b)
CFA (p=0.0026, n=8), (c) incision (punctate, p=0.0028, n=7;
dynamic p=0.0001, n=7) Data are mean+SEM. **p<0.01,
*#¥P<0.001.

[0019] FIG. 11: AAV-mCCK-PSAM4-WPRE construct. A
2.5 kb fragment of the mouse CCK promoter was sub-cloned
upstream of the PSAM (L131G QI139L Y217F)-GlyR
(PSAM4) gene with a chimeric intron (135 bp) located in
between the promoter and the PSAM4 gene.

[0020] FIG. 12. Expression of PSAM4 in the dorsal horn
of an adult wildtype C57BI/6 mouse. a-bungarotoxin-Al-
exa647 (o-BTXAlexa-647) staining of the lumbar dorsal
horn of a mouse unilaterally injected with the AAV8 mCCK-
PSAM4-WPRE virus in the dorsal horn (1'® vg/ml, custom
packaged).

[0021] FIG. 13. Varenicline has no effect on baseline
mechanical and heat sensitivity or CFA or sural SNI induced
hypersensitivity in mice lacking PSAM4. PWT, frequency
of response and PWL were tested in adult wildtype C57Bl/6
mice (not expressing PSAM4) before and after injection of
varenicline (0.1 mpk, i.p) at baseline and 3 and 7 days after
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injection of CFA or sural-SNI surgery, respectively. Data are
mean+SEM. N=5 mice. *p<0.05, **p<0.01, ***P<0.001;
ns=not significant (i.e. p>0.05).

[0022] FIG. 14. Control showing effect of varenicline on
mechanical and heat sensitivity at baseline in mice injected
with mCCK-PSAM4 virus. The effect of varenicline (0.3
mpk, i.p) on baseline mechanical and heat hypersensitivity
was tested 2 weeks after injection of AAV8 mCCK-PSAM4
unilaterally into the dorsal horn. Injection of varenicline had
no effect on baseline PWT, percentage response or PWL
(measured 30-60 minutes following injection of the drug) in
mice expressing PSAM4 in dorsal horn CCK+ neurons. Data
are mean+=SEM. N=5-6 mice. **p<0.05, **p<0.01, ***P<0.
001; ns=not significant (i.e. p>0.05).

[0023] FIG. 15. Varenicline reverses mechanical allodynia
induced by CFA in mice expressing mCCK-PSAM4 in the
dorsal horn. Adult wildtype C57Bl/6 mice injected with
AAVE mCCK-PSAM4-WPRE virus unilaterally in the dor-
sal horn. PWT to von Frey filaments and percentage of
response to cotton swab were measured before and 3 days
after CFA injection in plantar hindpaw and after injection of
varenicline (0.3 mpk, i.p). Injection of varenicline reversed
both PWT and response frequency to cotton swab after CFA.
Data are mean+SEM. N=5 mice. *p<0.05, **p<0.01,
*#¥p<0.001.

[0024] FIG. 16. Varenicline reverses mechanical allodynia
induced by the sural model of SNI in mice expressing
mCCK-PSAM4 in the dorsal horn. Adult wildtype C57B1/6
mice injected with mCCK-PSAM4 unilaterally in the dorsal
horn. Three weeks later, PWT to von Frey filaments was
measured before and 7 days after sural-SNI surgery on the
ipsilateral side and then again after injection of varenicline
(0.3 mpk, i.p). Injection of varenicline reversed PWT after
SNI. Data are mean+SEM. N=5 mice. **p<0.01, ***p<0.
001.

DETAILED DESCRIPTION

[0025] The use of numerical values in the various ranges
specified in this application, unless expressly indicated
otherwise, are stated as approximations as though the mini-
mum and maximum values within the stated ranges are both
preceded by the word “about”. In this manner, slight varia-
tions above and below the stated ranges can be used to
achieve substantially the same results as values within the
ranges. Also, unless indicated otherwise, the disclosure of
ranges is intended as a continuous range including every
value between the minimum and maximum values. As used
herein “a” and “an” refer to one or more.

[0026] As used herein, the term “comprising” is open-
ended and may be synonymous with “including”, “contain-
ing”, or “characterized by”. The term “consisting essentially
of” limits the scope of a claim to the specified materials or
steps and those that do not materially affect the basic and
novel characteristic(s) of the claimed invention. The term
“consisting of” excludes any element, step, or ingredient not
specified in the claim. As used herein, embodiments “com-
prising” one or more stated elements or steps also include,
but are not limited to embodiments “consisting essentially
of” and “consisting of” these stated elements or steps.
[0027] A “patient” is a human or animal, e.g., vertebrates
or mammals, including rat, mouse, rabbit, pig, monkey,
chimpanzee, cat, dog, horse, goat, guinea pig, and birds, and
does not imply or require a doctor-patient or veterinarian-
patient relationship.
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[0028] The terms “transfect”, “transfection”, “trans-
fected”, and like terms refer to the introduction of a gene into
a eukaryotic cell, such as a keratinocyte, and includes
“transduction,” which is viral-mediated gene transfer, for
example, by use of recombinant AAV, adenovirus (Ad),
retrovirus (e.g., lentivirus), or any other applicable viral-
mediated gene transfer platform.

[0029] By “expression” or “gene expression,” it is meant
the overall flow of information from a gene. A “gene” is a
functional genetic unit for producing a gene product, such as
RNA or a protein in a cell, or other expression system
encoded on a nucleic acid and generally comprising: a
transcriptional control sequence, such as a promoter and
other cis-acting elements, such as transcriptional response
elements (TREs) and/or enhancers; an expressed sequence
that typically encodes a protein (referred to as an open-
reading frame or ORF) or functional/structural RNA; and a
polyadenylation sequence). A gene produces a gene product
(typically a protein, optionally post-translationally modified
or a functional/structural RNA) when transcribed. By
“expression of genes under transcriptional control of,” or
alternately “subject to control by,” a designated sequence
such as a promotor, it is meant gene expression from a gene
containing the designated sequence operably linked (func-
tionally attached, typically in cis) to the gene. A gene that is
“under transcriptional control” of a promotor or transcrip-
tion control element, is a gene that is transcribed at detect-
ably different levels in the presence of a transcription factor,
e.g., in specific cells, as further described below, and in the
context of the present disclosure, produces a difference in
transcription levels when expressed in a specific cell type
(e.g., where the promoter is a CCK promoter, the gene is
preferentially expressed in cells that express CCK natively.
A “gene for expression of” a stated gene product is a gene
capable of expressing that stated gene product when placed
in a suitable environment, that is, for example, when trans-
formed, transfected, transduced, etc. into a cell, and sub-
jected to suitable conditions for expression. In the case of a
constitutive promoter “suitable conditions” means that the
gene typically need only be introduced into a host cell. In the
case of an inducible promoter, such as the tissue specific
promoters described herein, “suitable conditions” means
when factors that regulate transcription, such as DNA-
binding proteins, are present or absent, for example, an
amount of the respective inducer is available to the expres-
sion system (e.g., cell), or factors causing suppression of a
gene are unavailable or displaced—effective to cause
expression of the gene.

[0030] Transcriptional control elements include promot-
ers, enhancers, transcription factor-responsive elements
(TREs, e.g., transcription factor binding sequences), sup-
pressors, introns, etc., as are broadly-known. Additional
transcription control elements, such as a WPRE (woodchuck
hepatitis virus post-transcriptional regulatory element), or an
intron, e.g., as shown below, which can increase expression
from certain viral vectors, can be included in the gene.

[0031] Exemplary tissue specific promoters, specific to
excitable cells or secretory cells, e.g. of the central nervous
system (CNS), such as, without limitation, neurons, sensory
neurons, dorsal horn cells, spinal cord cells, brain cells, and
inhibitory neurons, include, for example and without limi-
tation, those promoter sequences depicted in FIGS. 1A-1L,,
and described in Table 1.
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TABLE 1

Location for Inhibitory or Physiological

Promoter Expression  excitatory LGIC  Effect

Cholecystokinin Dorsal horn  inhibitory Blocks persistent

(CCK) neuron pain

Tachykinin (Tacl)  Dorsal horn  inhibitory Blocks persistent
neuron pain

PKCy (PRKCG) Dorsal horn  inhibitory Blocks persistent
neuron pain

Neurotensin (NTS) Dorsal horn  inhibitory Blocks persistent
neuron pain

Neuromedin U Dorsal horn  inhibitory Blocks persistent

(NMU) neuron pain

Calbindin 1 (Calbl) Dorsal horn inhibitory Blocks persistent
neuron pain

Calbindin 2 (Calb2) Dorsal horn inhibitory Blocks persistent
neuron pain

Somatostatin (SST) Dorsal horn  inhibitory Blocks persistent

neuron pain
Dorsal horn  inhibitory Blocks itch
neuron

Gastrin related
peptide receptor

(GRPR)

Galanin (GAL) Dorsal horn  Excitatory Blocks persistent
neuron pain or itch

Neuropeptide Y Dorsal horn  Excitatory Blocks persistent

(NPY) neuron pain or itch

Parvalbumin (PV)  Dorsal horn  Excitatory Blocks persistent
neuron pain or itch

[0032] A promoter is “specific” to specified excitable cells
or secretory cells if it causes gene expression in those cells
of a gene to a sufficient extent for production of useful or
therapeutically effective amounts of the described modified
LGICs described herein in the specified excitable cells or
secretory cells, and insignificant expression elsewhere in the
context of the use, e.g. therapeutic use.

[0033] Although these are human sequences and consen-
sus sequences, there is conservation among species and
many promoter sequences that function in human cells will
also be expected to do so in mice, or any mammal or
vertebrate, and many promoter sequences that function in
mice, or any mammal or vertebrate will also be expected to
do so in human cells. The sequences also may be modified,
e.g., shortened, for virion packaging purposes and optimal
expression, so long as tissue-specificity of the construct
remains.

[0034] One of the advantages of using highly circum-
scribed cell-type specific promoters described herein, for
example, Calb2 or CCK to drive expression of PSAM4 or
another LGIC (e.g., an inhibitory LGIC in Calb2 or CCK
expressing dorsal horn neurons), is that baseline mechanical
or heat sensitivity are not affected (see, Examples 1 and 2,
below) with exogenous ligand-mediated activation of the
LGIC. These promoters provide an important advantage
over pan neuronal or pan excitatory neuron or pan inhibitory
neuron promoters, or also primary afferent promoters such
as TRPV1 (those neurons fibers are required for all heat
sensation), which will negatively impact acute pain or touch
in the area innervated by the targeted neurons with exog-
enous ligand-mediated activation of the LGIC. The ability to
feel acute pain is important to protect the patient from bodily
harm.

[0035] Production of useful nucleic acid constructs, such
as recombinant viral vectors for production of nucleic acids,
such as the genetic constructs and recombinant viral
genomes described herein, is routine, in that molecular
cloning and gene assembly methods are routine. Further, a
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number of companies can custom-synthesize and verify
multi-kilobase genes, making the production of genes or
genomes as described herein, such as rAAV or scAAV
genomes, routine (See, e.g., Gene Synthesis Handbook, 2d
Edition, 2014, GenScript USA, Inc.).

[0036] AAV (adeno-associated virus), is a virus belonging
to the genus Dependoparvovirus, and family Parvoviridae.
The virus is a small replication-defective, non-enveloped
virus. AAV is not currently known to cause any disease by
itself. AAV requires a helper virus, such as adenovirus or
herpes simplex virus, to facilitate productive infection and
replication. In the absence of helper virus, AAVs establish a
latent infection within the cell, either by site-specific inte-
gration into the host genome or by persisting in episomal
forms. Gene therapy vectors using AAV can infect both
dividing and quiescent cells. Furthermore, AAV serotypes
have different tropism and can infect cells of multiple
diverse tissue types. While eleven serotypes of AAV have
been identified to date, AAV2 was among the first to be
identified and has been consistently used for the generation
of recombinant AAV vectors. Further certain natural or
modified AAVs transduce specific organs or cell popula-
tions. In one example, AAV-PHPeB and AAV-PHPS,
capsids efficiently transduce the central and peripheral ner-
vous systems, respectively, when administered intrave-
nously (Chan, K. Y., et al. Engineered AAVs for efficient
noninvasive gene delivery to the central and peripheral
nervous systems (2017) Nat. Neurosci 20(8):1172-1179).
For example, compared to AAV9, AAV-PHPB delivers
genes to the brain and spinal cord at least 40 times more
efficiently. See also, Tervo, D G, et al. A Designer AAV
Variant Permits Efficient Retrograde Access to Projection
Neurons (2016) Neuron 92, 372-382, describing engineered
AAV variants, e.g., rAAV2-retro, which permit robust ret-
rograde access to projection neurons with efficiency com-
parable to classical synthetic retrograde tracers, and enable
sufficient sensor/effector expression for functional circuit
interrogation and in vivo genome editing in targeted neu-
ronal populations.

[0037] The AAV virion shell is approximately 25 nm in
diameter and encapsulates a single-stranded DNA genome
that consists of two large open reading frames (ORFs)
flanked by inverted terminal repeats (ITR). The ITRs are the
only cis-acting elements required for genome replication and
packaging. In wild-type AAV, the left ORF encodes four
replication proteins responsible for site-specific integration,
nicking, and helicase activity, as well as regulation of
promoters within the AAV genome. AAV possesses a 4.7 kb
genome, and as such, efficient packaging of recombinant
AAV (rAAV) vectors can be performed with constructs
ranging from 4.1 kb to 4.9 kb in size (see, e.g., Samulski, R
J, et al., AAV-Mediated Gene Therapy for Research and
Therapeutic Purposes, Annu. Rev. Virol. 2014. 1:427-51).

[0038] Helper-free production of the rAAV requires trans-
fection of the following components into host cells, typically
293 cells (HEK293 cells), which are broadly available, or
similar cell lines: (1) an rAAV vector containing the trans-
gene expression cassette flanked by the two ITRs; (2)
expression of Rep and Cap proteins, typically provided by a
helper plasmid in trans; and (3) adenovirus genes encoding
E1l, E2A, E4, and virus-associated RNA, also provided, at
least in part by another helper plasmid in trans (293 cells
produce the Ad E1 gene in trans). Rep and Cap proteins,
which are necessary for viral packaging, are replication
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proteins and capsid proteins, respectively. Rep proteins
consist of rep 78, 68, 52 and 40. They specifically are
involved with the replication of AAV. Cap proteins are
comprised of three proteins, VP1, VP2 and VP3, with
molecular weight of 87, 72 and 62 kDa, respectively. These
capsid proteins assemble into a near-spherical protein shell
of 60 subunits. Helper-free AAV packaging systems are
broadly available, for example, from Clontech of Mountain
View, California, from Cell Biolabs, Inc. of San Diego, CA,
and see, e.g., U.S. Pat. Nos. 6,093,570, 6,458,587, 6,951,
758, and 7,439,065. In scAAV (self-complementary AAV),
the right ITR contains a deletion of D-sequence (the pack-
aging signal) and a terminal resolution site mutation (Atrs),
which prevent Rep-mediated nicking and force packaging of
dimer or self-complementary genomes (see FI1G. 8). Making
dsAAV from scAAV vector renders much improved trans-
duction both in vitro and in vivo (see, e.g., pscAAV-MCS
Expression vector, Product Data Sheet, Cell Biolabs, Inc.,
San Diego, California (2012-2016)).

[0039] Preparation of rAAV transducing particles, such as
scAAV transducing particles is routine. Since the transfec-
tion method is often considered unsuitable for large-scale
production, the infection of cell lines stably expressing Rep
and Cap with adenovirus carrying a vector genome has
afforded the ability to scale-up. Another option includes
infection of proviral cell lines with adenovirus or herpes
simplex virus vector carrying an AAV Rep and Cap expres-
sion cassette. These methods still require the complete
elimination of adenovirus (or herpesvirus) during the pro-
duction process. However, in baculovirus expression vector
systems for rAAV vector production in insect SF9 cells, the
components of AAV production, including Rep and Cap
proteins, as well as vector genomes are provided by separate
recombinant baculoviruses. Ayuso, E., “Manufacturing of
recombinant adeno-associated viral vectors: new technolo-
gies are welcome”, Molecular Therapy—Methods & Clini-
cal Development (2016) 3, 15049; doi:10.1038/mtm.2015.
49, and Merten, O-W, et al., describe numerous robust
current rAAV production methods, though commercial
scale-up and validation needs improvement. High viral titers
(~10"~10"* vp/mL) may be required for certain uses
described herein. Protocols are available in the literature for
concentration and purification of AAV vectors, allowing
production of virus at these high concentrations (see, e.g.,
Gray S J, et al. (2011) Production of recombinant adeno-
associated viral vectors and use in in vitro and in vivo
administration. Curr Protoc Neurosci. doi:10.1002/
0471142301.150417s57 and Guo P, et al. (2012) Rapid and
simplified purification of recombinant adeno-associated
virus. J Virol Methods 183(2):139-146).

[0040] Once the virus has been produced in the, e.g., 293
cells, the cells are collected, lysed, and the resultant virus is
purified. Density gradient ultracentrifugation, e.g., in cesium
chloride or nonionic iodixanol (VISIPAQ™) gradients and
column chromatography, such as ion-exchange, heparin-
affinity, or mucin-affinity column chromatography, depend-
ing on the AAV serotype. Once the rAAV has been purified
and concentrated to a suitable concentration, the virus can be
used for in vitro cell transduction or for in vivo animal
injection at an appropriate MOI (Multiplicity of Infection).

[0041] Numerous rAAV vectors have been made contain-
ing genes for expressing fluorescent proteins, and are com-
mercially available. A “gene” is a genetic element for
production of a gene product such as a protein or RNA. A
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gene for production of a protein product includes, from 5' to
3'according to convention: one or more regulatory elements
(transcription control elements) such as promoters, tran-
scription response elements (TREs), repressors, enhancers;
an open-reading frame (ORF) encoding a protein or a
sequence encoding a functional RNA; and a polyadenylation
(pA) site. Due to size limitations, genes for use in rAAV
vectors typically do not include introns. rAAV vectors also
include the 5' ITR and 3' ITR flanking the gene, which is
referred to as a transgene. Thus a typical rAAV genome has
the following structure, in order from 5' to 3' on the sense
strand: ITR—promoter—transgene ORF—pA—ITR, and in
one aspect of the present invention, the promoter includes a
TRE and the transgene ORF is that of a colorimetric, e.g.,
fluorescent protein. Methods of molecular cloning of rAAV
transgene constructs, preparation of rAAV particles, and
storage and use thereof are broadly-known and further
technical details are unnecessary for one of ordinary skill in
the art to be able to construct useful rAAV vectors, and
produce and use rAAV particles as described herein. As
indicated above, so long as the gene sequence is less than the
packaging limit of rAAV or scAAV, it is useful for produc-
tion of a transduction particle as described herein.

[0042] AAV is but one of many robust and well-charac-
terized viral vectors suited for gene therapy, which also
includes, without limitation, gammaretroviruses, lentivi-
ruses, adenovirus, and herpes simplex virus. While AAV is
likely preferred in many instances, other safe and effective
viral transducing particles can be developed based on the
genes described herein for use in the devices, systems and
methods described herein.

[0043] Likewise, DNA, such as plasmid or other forms of
DNA, optionally combined with suitable transfection
reagents, such as liposomes.

[0044] In aspects, compositions and methods are provided
for delivery of a gene to excitable cells or secretory cells,
such as nerve cells or neurons, e.g., to sensory neurons, or
inhibitory neurons or nerve cells, that encodes a protein
comprising a ligand binding domain fused to a functional or
effector domain (transmembrane ion channel or ion pore
domain). As described in further detail below, the protein
may be a mutated native (non-chimeric) protein, such as a
mutated GIyR or a7-nicotinic acetylcholine receptor, or a
chimeric protein, such as a protein comprising a mutated
a7-nicotinic acetylcholine receptor ligand binding domain
(LBD) and a GIyR transmembrane ion channel domain.

[0045] In all instances, ligand-gated ion channels and their
respective LBDs and transmembrane domains, are broadly-
known, and their nucleotide and amino acid sequences,
including a large number of mutated sequences that selec-
tively bind exogenous ligands, and transcription control
elements, such as promoters, are broadly-available in the
literature and free databases and sources, such as GenBank,
UniProt, Addgene, EPD (eukaryotic promoter database),
see, U.S. Pat. No. 8,435,762 and U.S. Patent Application
Publication No. 2018/0009862, etc., among many other
literature and on-line sources, and do not need to be recited
herein. Likewise, methods of preparing genes encoding such
proteins and for expressing such proteins in a tissue-specific
manner is routine and need not be described beyond what is
provided herein. Nevertheless, exemplary nucleic acid con-
structs, nucleic acid and amino acid sequences, recombinant
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virus particles, and related methods and reagents are pro-
vided herein for illustrative purposes, and as proof of
concept.

[0046] Excitable cells or secretory cells include, for
example and without limitation, sensory nerves and neurons
including, without limitation, CNS neurons, such as spinal
cord cells, such as dorsal horn cells and/or brain cells,
including and without limitation a brainstem, hindbrain,
midbrain or forebrain excitatory or inhibitory cell popula-
tion.

[0047] The functional domain of the modified LGICs
described herein is a transmembrane ion channel that can be
cationic-selective or anion-selective. Cationic-selective
(e.g., Na*—Ca®*-, and K*-selective) channels, such as that
of the SHT3 receptor (also, 5-HT3 receptor, or 5-hy-
droxytryptamine type 3 receptor), and the a7-nicotinic ace-
tylcholine receptor, have an excitatory, depolarizing effect
on a neuron, while anion-selective (e.g., Cl™-selective) chan-
nels, such as that of the glycine receptor (e.g., GIyR) or
GABA A receptor, have an inhibitory, hyperpolarizing effect
on the neuron. In one aspect, for pain management, the ion
channel is hyperpolarizing, that is, when active, that is, when
bound to the agonist ligand, the ion channel decreases a
neuron’s membrane potential to values more negative (e.g.,
-90 millivolts (mV)) than resting potential (e.g., =70 mV).
In aspects, a hyperpolarizing ion channel is permeable to C1~
or K* ions, and thereby decreases neuron membrane poten-
tial when active. GIyR is permeable to CI7, and therefore,
when active, transfers C1™ ions into the neuron. Suitable ion
channels include transmembrane domains of members of the
Cys-loop family of receptors. Non-limiting examples of
suitable hyperpolarizing ion channels include: Glycine
receptors; GABA receptors, such as GABA ;, and GABA .
receptors; Glutamate-gated chloride receptors.

[0048] In another aspect, for pain management, the ion
channel is depolarizing, and the cell is an inhibitory neuron.
For example, as indicated in Table 1, NPPY, Gal, or PV
promoters can be used to effectively target inhibitory neu-
rons in the dorsal horn.

[0049] In one aspect, the protein is a mutated ligand-gated
ion channel, such as GIyR, GABA ,, a7-nicotinic acetyl-
choline receptor, or SHT?3 receptor, having mutations in the
protein causing enhanced selectivity of binding to exog-
enous ligands (ligands not naturally found in the cell in
which the protein is expressed). In reference to binding of a
ligand, by “selective t0” it is meant either exclusive to or
substantially or sufficiently exclusive binding to a ligand,
such that the effect of the other ligand is insignificant or
below a suitable or acceptable threshold level to achieve a
desired purpose. For example, an LGIC having a mutated
a7-nicotinic acetylcholine LBD can be selective to an
exogenous small molecule compound, such as varenicline,
such that the LGIC is activated by the exogenous small
molecule compound, and not to any clinically-relevant or
physiologically-relevant extent by acetylcholine. Selective
binding to an exogenous ligand is, compared to binding to
an endogenous ligand, at least about 4-fold to at least about
200-fold enhanced potency as an agonist to the LGIC,
including increments there between (see, e.g., U.S. 2018/
0009862). Optionally, though preferably in many instances,
the LGIC exhibits reduced binding to endogenous ligands
(native ligands), such as in the case of the a7-nicotinic
acetylcholine ligand binding domain, reduced, negligible, or
no binding to acetylcholine, but enhanced binding to exog-
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enous ligands, such as, for example and without limitation,
varenicline (e.g., CHANTIX®).

[0050] Methods of modification or mutation of ligand-
gated ion channel proteins, including production of chimeric
proteins, able to bind selectively to exogenous ligands, and
examples of such proteins are broadly-known, and well
within the skill of an ordinary artisan (see, e.g., U.S. Pat. No.
8,435,762; U.S. Patent Application Publication No. 2018/
0009862; U.S. Pat. No. 8,957,036, incorporated herein by
reference in its entirety; International Patent Publication No.
2017/049252, incorporated herein by reference for its
description of additional modified LGICs; Weir et al., Using
an engineered glutamate-gated chloride channel to silence
sensory neurons and treat neuropathic pain at the source
(2017) Brain 140; 2570-2585; Kynagh, T., et al., An
Improved Ivermectin-activated Chloride Channel Receptor
for Inhibiting Electrical Activity in Defined Neuronal Popu-
lations (2010) J. Biol. Chem. 285(20):14890-14897; and
Sternson, S. M, et al. Chemogenetic Tools to Interrogate
Brain Functions (2014) 37:387-407).

[0051] Chimeric ligand-gated ion channel proteins have
ligand-binding domains and transmembrane ion channel
domains from different proteins, either from the same or
different species. In aspects, the protein is a chimeric protein
comprising a LBD of a nicotinic acetylcholine receptor, such
as a mutated ligand binding domain from the a7 nicotinic
acetylcholine receptor. In one aspect, the chimeric protein is
a chimeric protein described in one of U.S. Pat. No. 8,435,
762, or U.S. Patent Application Publication No. 2018/
0009862, or International Patent Publication No. 2017/
049252, each of which is incorporated herein by reference in
its entirety for its technical disclosure of suitable chimeric
proteins (modified LGICs) e.g., comprising a mutated o7
nicotinic acetylcholine receptor binding domain (ligand
binding domain, LBD) fused to an ion pore domain (IPD),
e.g., from a SHT3, a GIyR, or a GABA . receptor, as well as
for disclosure of other modified LGICs. Non-limiting
examples of LGICs include, without limitation, Cys-loop
receptors, e.g., AChR such as a nAChR, e.g., a muscle-type
nAChR or a neuronal-type nAChR, gamma-aminobutyric
acid (GABA; such as GABA , and GABA, , (also referred
to as GABA ) receptors, GIyR, GluCl receptors, and SHT3
receptors), ionotropic glutamate receptors (iGluR; such as
AMPA receptors, kainate receptors, NMDA receptors, and
delta receptors), ATP-gated channels (e.g., P2X), and phos-
phatidylinositol 4,5-bisphosphate (PIP2)-gated channels,
and the modified LGIC can comprise sequences of any
appropriate combination of LBD and ion channel of the
preceding, modified be selective for an exogenous ligand.
LBD sequences and transmembrane ion channel sequences
may be obtained from any species, such as human, mouse,
rat, sheep, cow, pig, or simian species, so long as it is
functional for the intended use, for example, in humans,
when used to produce a modified LGIC. The LGIC may be
homomeric, or multimeric, comprising one or more LGIC
subunits that can be the same or different.

[0052] In some aspects, a modified LGIC subunit
described herein can include a LBD from a a7 nAChR.
Exemplary amino acid sequences for a7-nicotinic acetylcho-
line receptor LBDs are provided in FIG. 2 (obtained from
U.S. Patent Application Publication No. 2018/0009862). In
various aspects, an a.7-nicotinic acetylcholine receptor LBD
is a homolog, orthologue, or paralog of the human an
a7-nicotinic acetylcholine receptor LBD set forth in SEQ ID
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NO: 18, SEQ ID NO: 19, or SEQ ID NO: 20. In various
aspects, an a.7-nicotinic acetylcholine receptor LBD has at
least 75 percent sequence identity (e.g., at least 80%, at least
82%, at least 85%, at least 88%, at least 90%, at least 93%,
at least 95%, at least 97% or at least 99% sequence identity)
to SEQ ID NO: 18, SEQ ID NO: 19, or SEQ ID NO: 20.
Exemplary amino acid sequences for chimeric LGICs are
provided in FIGS. 3A-3E (obtained from U.S. Patent Appli-
cation Publication No. 2018/0009862). In various aspects, a
modified LGIC has a sequence set forth in SEQ ID NO: 21,
SEQ ID NO: 22, SEQ ID NO: 23, or SEQ ID NO: 24. In
aspects, a modified LGIC has an amino acid sequence
having at least 75 percent sequence identity (e.g., at least
80%, at least 82%, at least 85%, at least 88%, at least 90%,
at least 93%, at least 95%, at least 97% or at least 99%
sequence identity) to SEQ ID NO: 21, SEQ ID NO: 22, SEQ
ID NO: 23, or SEQ ID NO: 24.

[0053] For purposes of generating a genetic construct for
expressing these, or any amino acids, the nucleotide
sequence of the ORF used can have any suitable sequence
that can be translated to the desired amino acid sequence.
Due to codon degeneracy, the nucleotide sequence can vary
greatly, but codon usage may be the same or different from
the natural gene, and can be optimized for increased, or
optimal, expression.

[0054] In calculating percent sequence identity, two
sequences are aligned and the number of identical matches
of amino acid residues between the two sequences is deter-
mined. The number of identical matches is divided by the
length of the aligned region (i.e., the number of aligned
amino acid residues) and multiplied by 100 to arrive at a
percent sequence identity value. The length of the aligned
region can be a portion of one or both sequences up to the
full-length size of the shortest sequence. Alignment of two
or more sequences to determine percent sequence identity
can be performed using the computer program ClustalW2
(EMBL-EBI) and default parameters, which calculates the
best match between a query and one or more subject
sequences, and aligns them.

[0055] FIGS. 3A-3E (excerpted from U.S. Patent Appli-
cation Publication No. 2018/0009862) show exemplary
amino acid sequences of chimeric LGICs. Mutation of
amino acid residue 77 (e.g., W77F or W77Y) resulted in
sensitivity to granisetron and tropisetron. Mutation of amino
acid residue 79 (e.g., Q79G) was most effective for several
agonists. Mutations of amino acid residue 131 (e.g., L131G,
L131A, L131M, or L131N) altered sensitivity to vareni-
cline, tropisetron, granisetron, and ACh. Potency was con-
siderably enhanced when LBD mutations were combined
with mutation at amino acid residue 298 in the GlyR or
GABA IPD. Potency was also enhanced when a7nAChR
LBD mutations were combined with mutation at amino acid
residue G175 and P216.

[0056] Specific, and non-limiting examples of modified
LBDs of LGICs (relative to SEQ ID NOs: 18, 19, and 20)
that change ligand binding specificity include, amino acid
substitution at one or more of amino acid residues 77, 79,
115, 131, 139, 141, 175, 210, 216, 217, and 219, including,
without limitation: W77F, W77Y, W77M, Q79A, Q79G,
Q79C, Q79D, Q79E, Q79H, Q79L, Q79P, Q79R, Q79S,
Q79T, Q79W, Y1 15F, Q1 39A, Q139C, Q139D, Q139F,
Q139G, Q139H, Q1391, Q139K, Q139L, Q139M, Q139N,
Q139R, Q1398, Q139V, Q139W, Q139Y, L141A, L141F,
L141P, L141G, L141H, L1411, L141 M, L141 N, L141Q,
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L1418, 1141 V, L141W, G175K, G175A, G175F, G175H,
G175M, G175R, G1758, G175V, P2161, and Y217F. In one
aspect, the modified LBDs has the following combinations
of point mutations: [.131G and Q139L; L.131G, Q139L, and
Y217F; Q79G and L131G; L131G and Y217F; Q79S and
L131G; or Q79S, L131G, and QI139L.

[0057] Point mutations that reduce binding to acetylcho-
line include Y1 15F, Q79R, Q139G, QI39V, Q1 39W,
Q139Y, L141A, 1141 Q, L1418, can be combined with any
of the selectivity-inducing mutations as described herein,
such as Q79G and [L.141 F. These modifications can be
combined with amino acid substitutions to the ion channel
domain that can alter conductance (See, U.S. Pat. No.
8,435,762 and U.S. Patent Application Publication No.
2018/0009862).

[0058] Various synthetic ligands, and the modified LGICs
they bind to and activate, e.g., LGICs including modified
a7nAChR LBDs are provided in, see, U.S. Pat. No. 8,435,
762 and U.S. Patent Application Publication No. 2018/
0009862 A1, as well in the priority application to the present
application, U.S. Provisional Patent Application No. 62/473,
630 filed Mar. 20, 2017, which is incorporated herein by
reference in its entirety.

[0059] The exogenous LGIC ligand can be a synthetic
exogenous LGIC ligand selected from the group consisting
of a quinuclidine, a tropane, a 9-azabicyclo[3.3.1]nonane, a
6,7,8,9-tetrahydro-6,10-methano-6H-pyrazino(2,3-h)ben-
zazepine, and a 1,4-diazabicyclo[3.2.2]nonane. When the
synthetic exogenous LGIC ligand is a tropane, the tropane
can be tropisetron, pseudo-tropisetron, nortropisetron, com-
pound 723, compound 725, compound 737, or compound
745. When the synthetic exogenous LGIC ligand is a qui-
nuclidine, the quinuclidine can be PNU-282987, PHA-
543613, compound 0456, compound 0434, compound 0436,
compound 0354, compound 0353, compound 0295, com-
pound 0296, compound 0536, compound 0676, or com-
pound 702. When the synthetic exogenous LGIC ligand is a
6,7,8,9-tetrahydro-6,10-methano-6H-pyrazino(2,3-h)ben-
zazepine, the ligand can be compound 765 or compound
770. When the synthetic exogenous LGIC ligand is a 1,4-
diazabicyclo[3.2.2]nonane, the ligand can be compound 773
or compound 774 (U.S. Patent Application Publication No.
2018/0009862 Al).

[0060] Certain LGIC agonists associate increased potency
with specific LBD substitutions in modified LGICs. FIG. 4A
(from U.S. Patent Application Publication No. 2018/
0009862 Al) shows LGIC agonists that exhibit enhanced
potency with substituted a7nAChR LBD having a Q79G
amino acid substitution. Additional LGIC agonists are
shown in FIG. 4B (also excerpted from U.S. Patent Appli-
cation Publication No. 2018/0009862 Al). For example,
a797°°-GlyR****“ can be controlled by tropisetron, and
Q73 GROLY2ITE_GIyR can be controlled by varenicline.
Further examples of modified LGICs include the ivermectin-
responsive glutamate-gated chloride channels described in
Weir et al., which were administered in AAV9 transducing
particles intrathecally to mouse spinal cords (Weir et al.,
(2017) Brain 140; 2570-2585, see, also, Kynagh, T., et al.,
(2010) J. Biol. Chem. 285(20):14890-14897), and the iver-
mectin-responsive GIyR LGIC described in U.S. Pat. No.
8,957,036. Additional examples of the large number of
known, specific modified LGICs and their specific agonists
is beyond the scope of this disclosure, and is unnecessary.
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[0061] According to one aspect of the invention, a method
of modulating activity of excitable cells or secretory cells,
such as nerve cells or neurons, e.g., to sensory neurons, €.g,
depolarization or hyperpolarization of a neuron, in a patient
is provided, comprising administering to an excitable cell or
a secretory cell, such as a nerve cell or neuron of the patient
a nucleic acid comprising a gene for expressing a modified
LGIC that selectively binds, and is gated by an exogenous
ligand to the cell, and where expression of the gene is under
transcriptional control of a promoter specific to an excitable
cell or a secretory cell, e.g., a sensory nerve cell or neuron,
thereby expressing the modified LGIC in the cell, and
administering the exogenous ligand to the patient, thereby
activating the LGIC. The LGIC comprises an LBD and a
transmembrane ion channel domain, for example and with-
out limitation, according to any aspect described herein.
Where hyperpolarization is desired, the modified LGIC
comprises a transmembrane ion channel domain that is
selective for Cl- or K+ ions, such as a GIyR or GABA , or
GABA, ion channel domain. Where depolarization is
desired, the modified LGIC comprises a transmembrane ion
channel domain that is selective for Na* or Ca** ions. In
aspects, the LBD is an a7-nicotinic acetylcholine receptor
LBD according to any aspect provided herein.

[0062] According to another aspect of the invention, a
method of treating a disease or disorder associated with the
nervous system in a patient. In one aspect, the disease or
disorder associated with the nervous system is pain, such as
chronic pain. In another aspect, the disease or disorder
associated with the nervous system is itch. The method
comprises administering to an excitable cell or a secretory
cell of the patient, such as a nerve cell or neuron, e.g., to
CNS cells, such as spinal cord cells or brain cells, such as a
dorsal horn cell or a supraspinal cell, a nucleic acid com-
prising a gene for expressing a modified LGIC that selec-
tively binds, and is gated by an exogenous ligand to the cell,
and where expression of the gene is under transcriptional
control of a promoter specific to a sensory neuron, thereby
expressing the modified LGIC in the sensory neuron, and
administering the exogenous ligand to the patent, thereby
activating the LGIC. The LGIC comprises an LBD and a
hyperpolarizing transmembrane ion channel domain intro-
duced into an excitatory cell, or a depolarizing, excitatory
transmembrane ion channel domain that is administered to
inhibitory neurons. For example and without limitation,
inhibitory ion channel domains according to any aspect
described herein, include a transmembrane ion channel
domain that is selective for C1~ or K* ions, such as a GlyR
or GABA , or GABA - ion channel domain. For example and
without limitation, excitatory ion channel domains accord-
ing to any aspect described herein, include a transmembrane
ion channel domain that is selective for Na* or Ca*? ions,
such as a SHT3 ion channel domain. In aspects, the LBD is
an o7-nicotinic acetylcholine receptor LBD according to
any aspect provided herein. In aspects, the pain is localized
chronic pain in a patient, such as from osteoarthritic condi-
tions, surgical implants, wounds, scarring, fibrotic condi-
tions, nerve damage, or disease, visceral pain, muscle or
deep tissue damage, spinal cord injury, post herpetic neu-
ralgia, metabolic disease such as diabetes, chemotherapeutic
neuropathy, idiopathic peripheral neuropathy.

[0063] In methods of delivering nucleic acids encoding
modified LGICs, according to any aspect described herein to
a cell or to a patient, the nucleic acid may be delivered by
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any useful method, in any useful form, as is recognized by
those of ordinary skill in the field of genetic therapies. The
nucleic acid may be naked nucleic acid, such as a plasmid,
deposited, for example and without limitation, by a colloidal
drug delivery method, such as liposomes, e.g., cationic
liposomes, or nanoparticles, or as part of a recombinant viral
genome, as are broadly-known. In aspects, liposomes or
nanoparticles comprising the nucleic acid are injected at a
desired site, such as in or adjacent to specific neuronal tissue.
In other aspects, a recombinant viral particle (transducing
particle), is delivered, for example, injected, at a desired site,
such as in or adjacent to, or otherwise targeting specific
neuronal tissue. In one aspect, the nucleic acid comprising a
gene for expressing the modified LGIC is an AAV (Adeno-
Associated Virus) genome. In another aspect, the nucleic
acid is injected into or adjacent to a tissue containing the
target excitable or secretory cell, such as a CNS cell, e.g, a
dorsal horn cell, a spinal cord cell, a brain cell, or a
supraspinal cell. In another aspect, the nucleic acid is
administered systemically, e.g., intravenously, and option-
ally in a delivery vehicle, such as an AAV particle that has
atropism to excitable or secretory cells, such as, for example
and without limitation, AAV9, AAV-PHP.eB, AAV-PHP.S, or
rAAV2-retro particles mentioned above, selective to brain,
peripheral and/or spinal cord tissue. The nucleic acid may be
injected once or more than once in order to establish
sufficient expression of the modified LGIC in the target
neuron cells. Suitable carriers or excipients for use in
delivery of the nucleic acid, as are known in the related arts,
may be included in the dosage form for delivery of the
nucleic acid, such as in a liposomal or a recombinant viral
transducing particle.

[0064] An “excipient” is an inactive substance used as a
carrier for the active ingredients of a medication. Although
“inactive,” excipients may facilitate and aid in increasing the
delivery, stability or bioavailability of an active ingredient in
a drug product. Non-limiting examples of useful excipients
include: antiadherents, binders, rheology modifiers, coat-
ings, disintegrants, emulsifiers, oils, buffers, salts, acids,
bases, fillers, diluents, solvents, flavors, colorants, glidants,
lubricants, preservatives, antioxidants, sorbents, vitamins,
sweeteners, etc., as are available in the pharmaceutical/
compounding arts. For example, for delivery to a nerve cell
by injection, a drug product might comprise the nucleic acid
in the form of a viral particle, nanoparticle, or liposome, in
a suitable solvent, such as saline or phosphate-buffered
saline, and including a rheology modifier or thixotropic
agent.

[0065] Suitable dosage forms for delivery of exogenous
ligands as described herein, include, without limitation, oral,
percutaneous, or inhaled dosage forms, the formulation of
which is within the skill of an ordinary artisan (see, gener-
ally, Troy, DB, Editor, Remington: The Science and Practice
of Pharmacy, 21st Ed., Lippincott Williams & Wilkins
(2005), pp. 745-849, for descriptions of various composi-
tions, solutions, and dosage forms useful for administration
of the described compounds, as well as methods of making
such compositions, solutions, and dosage forms). The exog-
enous ligand is delivered in an amount, and dosage regimen,
effective to achieve a desired therapeutic end-point, such as
lessening pain. Determination of safe and effective amounts
of the exogenous ligand is routine, and within the skill of an
ordinary artisan. Further, certain suitable exogenous ligands
are approved for use for other indications, such as vareni-
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cline, or tropisetron, and as such suitable safe dosage ranges
are already established in humans.

Example 1—Calretinin® and CCK™* Neurons in the
Dorsal Horn are Required for Persistent Pain

[0066] Methods. Animals: All animals were kept on a
standard 12:12 light/dark cycle in micro-isolator caging
racks (Allentown Caging) with food and water provided ad
libitum. Mouse strains obtained from Jackson Laboratories
include C57BI/6] (JAX #000664), Calr“™ (JAX #010774)
and CCK™ (JAX #012706). Adeno-associated viruses
(AAV2/8) used in these experiments: hSyn-Flex-rev-
PSAM*'**_GIyR-IRES-eGFP (7'? vg/ml) and hSyn-Flex-
rev-PSAM”141E Y 115F-GyR-IRES-eGFP  (1.7"*  vg/ml)
were custom made by UNC Vector core based on plasmid
material developed by Scott Sternson and provided by
Addgene. The hSyn-Flex-rev-PSAM*141F-GlyR-IRES-
eGFP (7' vg/ml) was used in all experiments except FIG. 8
(ef). For these experiments, hSyn-Flex-rev-PSAMZ141F,
Y115F-GyR-IRES-eGFP (1.7'% vg/ml) was used. Methods
including: intra-spinal virus injections, paw withdrawal
threshold to von Frey filaments, to cotton swab, Hargreaves,
pinprick and acute pain behaviors licking, guarding, flicking
are all as previously described (Peirs, C. et al. Dorsal Horn
Circuits for Persistent Mechanical Pain. Neuron 87, 797-812
(2015); Seal, R. P. et al. Injury-induced mechanical hyper-
sensitivity requires C-low threshold mechanoreceptors.
Nature 462, 651-655, (2009)); For paw withdrawal threshold
to pressure: mice were lightly restrained by hand such that
their rear legs were allowed to freely hang. Using a Pressure
Application Measurement device (Ugo Basile) the hind paw
was grasped between the experimenter’s forefinger and
thumb (with pressure transducer on the thumb), and force
was slowly applied to the paw until the mouse struggled or
flicked its limb (paw withdrawal threshold, PWT). The final
force in grams was recorded. Each mouse was tested on the
left and right paw for three trials with a ten-minute inter-trial
interval between applications, and the three results averaged
for each paw. Injury Models including incision, complete
Freund’s adjuvant, spared nerve injury tibial and sural
models, carrageenan, methylglyoxal and multi-dose strep-
tozotocin are as previously described (Peirs, C. et al. Dorsal
Horn Circuits for Persistent Mechanical Pain. Neuron 87,
797-812 (2015); Seal, R. P. et al. Injury-induced mechanical
hypersensitivity requires C-low threshold mechanorecep-
tors. Nature 462, 651-655, (2009); Decosterd, 1. and Woolf,
C. J. Spared nerve injury: an animal model of persistent
peripheral neuropathic pain. Pain 87, 149-158 (2000); Bier-
haus, A. et al. Methylglyoxal modification of Nav1.8 facili-
tates nociceptive neuron firing and causes hyperalgesia in
diabetic neuropathy. Nat Med 18, 926-933 (2012);
Cavanaugh, D. J. et al. Distinct subsets of unmyelinated
primary sensory fibers mediate behavioral responses to
noxious thermal and mechanical stimuli. Proc Natl Acad Sci
U S A 106, 9075-9080, (2009)). Chemogenetic Activation of
PSAM-GIyR Receptor: Behavior thresholds were per-
formed as described above in AAVS8-hSyn-DIO-PSAM-
GIyR-IRES-GFP injected mice. PSEM®*®* at 30 mg/kg was
injected intraperitoneally 15 minutes prior to testing. Immu-
nohistochemistry was performed as previously described
(Peirs, C. et al. Dorsal Horn Circuits for Persistent Mechani-
cal Pain. Neuron 87, 797-812 (2015); Seal, R. P. et al.
Injury-induced mechanical hypersensitivity requires C-low
threshold mechanoreceptors. Nature 462, 651-655 (2009)).
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a-bungarotoxin conjugated to Alexa-647 (1:1000; Ther-
moFisher B35450), a-bungarotoxin conjugated to Alexa-
488 (1:1000; ThermoFisher B13422). Imaging: Spinal cord
sections were imaged with a confocal laser-scanning micro-
scope (Nikon A1R) and Nikon Elements software using
405-, 488-, 561- and 640 nm excitation laser light. In order
to suppress emission crosstalk, the microscope was config-
ured to perform all scanning in sequential mode. Z-series
were scanned at 20x magnification with an oil immersion
lens and a z-step of 5.0 um. Quantification and Statistical
Analysis: all data are reported as meantSEM. For acute
behaviors, a two-tailed Student’s t-test was used. The effect
of chemogenetic activation on persistent pain behavior was
analyzed by one-way repeated measures ANOVA with Bon-
ferroni’s Post hoc test. Significance was considered p<0.05.
(*p<0.05, **p<0.01, ***p<0.001.) All quantitative analysis,
graphs and statistical tests were performed on GraphPad
Prism 7.0 (GraphPad).

[0067] Results. To determine the role of calretinin and
cholecystokinin (CCK) excitatory dorsal horn neurons in
persistent pain and baseline somatosensory behavior, we
used the designer ligand-gated anion channel, PSAM-GIyR
(FIGS. 5, 8, and 10), which allowed us to acutely and
reversibly inhibit these specific populations of neurons.
Somatosensory behavior was tested under chemogenetic
control at baseline and after the induction of inflammatory
and neuropathic pain models (FIGS. 8 and 10). The inhibi-
tory designer receptor, PSAM-GIyR'®, is engineered such
that a mutated ligand-binding domain of the human -7
nicotinic receptor is fused to the anion channel domain of'the
human glycine receptor (FIG. 5(a), that is, FIG. 1, panel (a))
(Magnus, C. J. et al. Chemical and genetic engineering of
selective ion channel-ligand interactions. Science 333,
1292-1296, (2011)). This mutated receptor binding domain
no longer recognizes physiological levels of acetylcholine,
but instead binds the synthetic ligand PSEM®*® with high
affinity. To selectively target the CCK and Calretinin neu-
rons in the dorsal horn, a Cre-dependent adeno-associated
virus (AAV) encoding PSAM-GIyR (AAV8-hSyn FLEX.
PSAM-GIyR.IRES.EGFP) was injected unilaterally into the
dorsal horn of P21 CCK“"® or Calretinin“" mice (FIG. 5(b)).
Four weeks later, receptor expression was examined by
staining spinal cord slices with a-bungarotoxin conjugated
to Alexa Fluor-647 (a-BTX-Alexa647), which specifically
recognizes the ligand binding domain of «-7 nicotinic
acetylcholine receptors, including the ligand binding domain
of PSAM-GIyR (FIG. 5(b)). Expression of PSAM-GIyR
was largely limited to laminae III-IV (FIG. 5(b)) and did not
overlap with PKCy (PKCy staining not shown). Specificity
of a-BTX-Alexa647 staining for the exogenously expressed
PSAM-GIyR was demonstrated by the lack of staining
observed in the contralateral dorsal horn (FIG. 6¢).

[0068] In Vitro and In Vivo Controls for the Specific
Actions of PSEM89S on PSAM-GIyR

[0069] Prior to assessing the role of the neurons in soma-
tosensory behavior, the ability of PSAM-GIyR to inhibit
excitatory interneurons in the dorsal horn was tested using
electrophysiological recordings in spinal cord slices. AAVS-
Flex-PSAM-GIyR was injected intraspinally into the dorsal
horn of P16 TIx3<" mice. In this mouse line, the recombi-
nase is strictly expressed by excitatory neurons located
throughout laminae 1-I11. Three weeks later, neuronal excit-
ability was measured using patch clamp electrophysiology
in spinal cord slices in the presence and absence of PSEM**®



US 2023/0323402 Al

(FIG. 6(a-d)). To identify PSAM-GlyR" neurons, we iden-
tified cells expressing green fluorescent protein (GFP),
which is also encoded by the PSAM-GIyR viral construct
(FIG. 6(a,b)). Application of PSEM®*® (30 uM) to spinal
cord slices significantly decreased the membrane potential
(-7.3£3.4 mV, n=3 cells from 2 mice) and blocked action
potentials generated by current injection in GFP+(FIG.
6(c,d)), but not GFP™ neurons (data not shown). We also
tested the effect of the ligand PSEM®*®* on pain behavior in
mice lacking the receptor (FIG. 6(f;%)). PSEM®®* injection
had no effect on mechanical allodynia or heat hypersensi-
tivity in the carrageenan, complete Freund’s adjuvant or SNI
pain model, suggesting the drug alone has no unintended
behavioral effects.

[0070] CCK+ Dorsal Horn Neurons are Required for
Conveying Persistent Pain, but not Baseline Somatosensory
Behavior.

[0071] Three weeks after unilateral injection of AAVS-
hSyn-Flex-PSAM-GIlyR in the dorsal horn of CCK“" mice,
we tested the effect of inhibiting the dorsal horn CCK
neurons on baseline somatosensory behavior using von Frey
threshold, cotton swab assay, pinprick assay, pressure test
and Hargreaves assay (FIG. 7). We also tested motor behav-
ior using rotarod (FIG. 7). All behaviors were normal and
similar to the contralateral hindpaw (FIG. 7). We next tested
the effect of inhibiting the dorsal horn CCK neurons on
persistent pain in the carrageenan model of inflammatory
pain. PSEM®**injection significantly reversed punctate and
dynamic mechanical allodynia as well as heat hypersensi-
tivity (FIG. 8(a)). Similarly, using the more chronic inflam-
matory model, complete Freund’s adjuvant (CFA),
PSEM®** injection again significantly reversed both punc-
tate and dynamic allodynia (FIG. 8(b)) as well as heat
hypersensitivity. Injection of PSEM®®® (30 mg/kg, i.p.) into
mice lacking the receptor showed no effect on CFA-induced
persistent pain (FIG. 6(g)). In the sural-SNI model of
neuropathic pain, PSEM***injection significantly reversed
both punctate and dynamic allodynia (FIG. 8(c)). Similarly,
in the tibial-SNI model of neuropathic pain, PSEM®°® injec-
tion markedly reversed punctate allodynia (FIG. 8(d)).
[0072] We have shown here that the CCK population is
essential for the transmission of carrageenan and CFA-
induced heat hypersensitivity, but is dispensable for normal
heat sensibility. Because heat hypersensitivity also develops
in diabetic neuropathic pain models, we tested whether the
CCK neurons are also required in this type of pain. Indeed,
acute inhibition of the CCK population markedly reversed
the heat hypersensitivity induced by methylglyoxal (MG)
treatment as well as the heat hypersensitivity induced by the
multi-dose STZ model of diabetic neuropathy (FIG. 8(ef)).
These data reveal for the first time an essential role for CCK
excitatory dorsal horn neurons in conveying punctate and
dynamic mechanical allodynia induced by inflammatory and
neuropathic pain models. This population also has an impor-
tant role in conveying heat hypersensitivity induced by
inflammatory and polyneuropathic pain models.

[0073] Calretinin neurons in lamina II of the dorsal horn
are required for conveying mechanical allodynia induced by
inflammatory injuries. Here we show that calretinin express-
ing neurons in inner lamina I of the dorsal horn are required
for conveying mechanical allodynia induced by inflamma-
tory injury. We unilaterally injected Cre-dependent AAVS
PSAM-GIyR into the dorsal horn of Calr“"® mice at P21
(FIGS. 5 and 10). Similar to what was observed when
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expressing the excitatory designer receptor in this popula-
tion, neurons expressing PSAM-GIyR were restricted to
inner lamina II (FIG. 5(54)) and co-localized with calretinin,
but not PKCy (not shown). Baseline measures of mechanical
and heat sensitivity showed no change after injection of
PSEM®s at either the ipsilateral or contralateral hindpaw.
Motor behavior was also normal after PSEM®** injection
(FIGS. 9(a,b)). We next tested whether the calretinin neu-
rons are required for conveying mechanical allodynia or heat
hypersensitivity in the carrageenan model of inflammatory
pain. Injection of PSEM®* 24 hours after carrageenan
injection significantly reversed punctate mechanical allody-
nia (FIG. 10(a)). We also tested whether the neurons are
required for mechanical allodynia in the CFA model. Mea-
sured 5 days after injection of the inflammatory agent,
injection of PSEM®**“resulted in a complete reversal of
punctate mechanical allodynia at the ipsilateral hindpaw
(FIG. 10(%)). To determine how generalizable the require-
ment for calretinin neurons is in conveying mechanical
allodynia induced by inflammatory pain models, we tested
the incision model of post-operative pain (FIG. 10(c)).
Inhibition of the calretinin neurons also significantly
reversed mechanical allodynia in this model. The data
collected from a number of inflammatory pain models show
that dorsal horn neurons expressing calretinin are required
for conveying mechanical allodynia induced by inflamma-
tory injuries.

[0074] Discussion Work shown here demonstrates that
targeting of a designer ligand-gated anion channel (in this
case PSAM-GIyR) to neurons that express CCK* or calre-
tinin* in the dorsal horn markedly attenuates mechanical
allodynia and/or heat hypersensitivity caused by models of
inflammatory and neuropathic pain when the receptor is
activated by the designer ligand (in this case PSEM®°®). The
data also demonstrate that PSEM®*** and PSAM-GIyR medi-
ated inhibition of the neurons does not affect baseline
mechanical or thermal sensitivity. Finally, the data demon-
strate that the ligand alone (i.e. in the absence of the
receptor) does not affect mechanical or thermal sensitivity
either before or after inflammatory or neuropathic injury.
Therefore, the data suggest that inhibition of these neurons
is sufficient to block persistent mechanical and heat pain.

Example 2—Mechanical Allodynia Induced by
Inflammatory and Neuropathic Pain Models is
Attenuated by Injection of Varenicline in Mice with
mCCK-PSAM4 Delivered to the Dorsal Horn

[0075] As further proof of concept, a varenicline-respon-
sive PSAM-GIyR receptor mutant that was directly under
the transcriptional control of a CCK promoter and delivered
to the dorsal horn was shown to markedly attenuate
mechanical allodynia in persistent pain models. The mouse
cholecystokinin (CCK) promoter with an added chimeric
intron to drive expression of a7-'31% €139L, F217F GIyR
(PSAM4) was packaged into AAV2/8 and injected into the
dorsal horn of 3-week-old wildtype C57BI/6 male and
female mice. Injection of AAV into the dorsal horn was
performed as described previously (Peirs, C. et al. Dorsal
Horn Circuits for Persistent Mechanical Pain. Neuron 87,
797-812 (2015)). See FIG. 11 for a schematic of the plasmid
used to produce these rAAV particles. Briefly, a 2.5 kb
fragment of the mouse CCK promoter was subcloned
upstream of the PSAM4 gene with the chimeric intron (135
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bp) located in between. This construct expressed in AAVS is
sufficient to drive expression in neurons in the deep dorsal
horn.

[0076] Expression of the PSAM4 in the dorsal horn was
examined by immunostaining for a-BTX-Alexa647 (FIG.
12). a-BTX-Alexa647 staining was observed in cells in the
deep dorsal horn below the PKCy layer (PKCy staining not
shown). This expression pattern is similar to the pattern for
CCK mRNA in the dorsal horn detected by in situ hybrid-
ization (Allen Spinal Cord Atlas) and by injecting AAV8
hSyn-Flex-PSAM-GIyR virus in the dorsal horn of CCK“™
mice (see FIG. 5(a)).

[0077] Varenicline has no effect on mechanical or heat
sensitivity at baseline or after CFA or sural-SNI in the
absence of PSAM4. Mechanical and heat hypersensitivity
was tested in adult wildtype male and female C57Bl/6 mice
(not injected with mCCK-PSAM4 virus) before and after
intraperitoneal injection of (i.p) varenicline (0.1 milligram
per kilogram (mpk) (FIG. 13). We also tested these param-
eters before and 2-5 days after induction of the complete
Freund’s adjuvant (CFA)-model of inflammatory pain and 7
days after induction of the sural version of the spared nerve
injury (SNI) model of neuropathic pain (FIG. 13). Sensitiv-
ity to mechanical stimuli was tested by measuring the paw
withdrawal threshold to von Frey filaments (PWT) and the
paw withdrawal response to a cotton swab (percentage of
response) as described previously (Peirs, C. et al. Dorsal
Horn Circuits for Persistent Mechanical Pain. Neuron 87,
797-812 (2015)). Heat sensitivity was tested by measuring
the withdrawal latency to a radiant heat source using the
Hargreaves apparatus (PWL) as described previously (Peirs,
C. et al. Dorsal Horn Circuits for Persistent Mechanical
Pain. Neuron 87, 797-812 (2015)). As shown in FIG. 13,
injection of varenicline (0.1 mpk, i.p) had no effect on
baseline PWT, response frequency or PWL in uninjured
mice (measured 30-60 minutes after injection). Injection of
varenicline also had no effect on mechanical or heat hyper-
sensitivity 3 and 2 days, respectively, after induction of CFA
or 7 days after induction of sural-SNI models. PSAM4
ligands have no effect on baseline mechanical or heat
sensitivity, but reverse mechanical allodynia induced by
CFA and SNI in mice with targeted expression of PSAM4 in
CCK+ neurons of the dorsal horn.

[0078] Mice were injected unilaterally in the dorsal horn
with AAV8 mCCK-PSAM4 virus and tested two weeks later.
As shown in FIG. 14, varenicline (0.3 mpk, i.p.) did not alter
baseline PWTs, response frequencies or PWLs. Thus, inhi-
bition of the dorsal horn CCK+ neurons does not alter
mechanical or heat sensitivity. The ipsilateral plantar hind-
paw of the mice was injected with CFA and PWTs and
response frequencies tested 3 days later in the absence and
presence of varenicline (0.3 mpk, i.p.). As shown in FIG. 15,
varenicline (0.3 mpk, i.p.) markedly reversed both PWT and
response frequency after CFA. As shown in FIG. 16, vareni-
cline (0.3 mpk, i.p.) markedly reversed the PWT when
measured 7 days following sural spared nerve injury. These
results are similar to what we observed with PSEM®*®* and
PSAM-GIyR in FIGS. 7 and 8.

[0079] The following numbered clauses provide illustra-
tive examples of aspects of the invention:

[0080] 1. A nucleic acid comprising a gene for express-
ing a modified ligand-gated ion channel, comprising an
open reading frame encoding a modified ligand-gated
ion channel under transcriptional control of transcrip-
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tional control elements governing cell-specific expres-
sion in CNS neurons, such as dorsal horn neurons,
spinal cord cells, or brain cells, or in inhibitory neurons
or nerve cells, such as a CCK promoter, a Tacl pro-
moter, an NTS promoter, an NMU promoter, a Calbl
promoter, an SST promoter, a GRPR promoter, a par-
valbumin promoter, a Gal promoter, an NPY promoter,

a PKCy promoter or Calb2 promoter, wherein the

modified ligand-gated ion channel comprises a modi-

fied ligand binding domain activatable by an exog-
enous ligand, and optionally selective to the exogenous
ligand, and an ion pore domain.

[0081] 2. The nucleic acid of clause 1, wherein tran-
scription of the modified ligand-gated ion channel is
controlled at least in part by a CCK promoter, an SST
promoter, a GRPR promoter, a Tacl promoter, an NTS
promoter, an NMU promoter, a Calbl promoter, a
parvalbumin promoter, a Gal promoter, an NPY pro-
moter, a Calb2 promoter or a PKCy promoter.

[0082] 3. The nucleic acid of clause 1, wherein tran-
scription of the modified ligand-gated ion channel is
controlled at least in part by a CCK promoter, a Calb2
promoter, or a PKCy promoter.

[0083] 4. The nucleic acid of clause 1, wherein tran-
scription of the modified ligand-gated ion channel is
controlled at least in part by a CCK promoter.

[0084] 5. The nucleic acid of any one of clauses 1-3,
wherein the transcription control element comprises a
human promoter sequence.

[0085] 6. The nucleic acid of clause 5, wherein the
transcription control element is a promoter having at
least 75 percent sequence identity to a sequence set
forth in SEQ ID NOs: 1-17.

[0086] 7. The nucleic acid of any one of clauses 1-6,
wherein the modified ligand binding domain is a modi-
fied a7 nicotinic acetylcholine ligand binding domain.
8. The nucleic acid of clause 7, wherein the modified
a7 nicotinic acetylcholine ligand binding domain com-
prises a sequence having at least 75 percent sequence
identity to a sequence set forth in SEQ ID NO: 18, SEQ
ID NO: 19, or SEQ ID NO: 20.

[0087] 9. The nucleic acid of clause 7, wherein the
modified a7 nicotinic acetylcholine ligand binding
domain comprises an amino acid substitution at one or
more of amino acid residues 77, 79, 115, 131, 139, 141,
175, 210, 216, 217, and 219.

[0088] 10. The nucleic acid of clause 7, wherein the
modified a7 nicotinic acetylcholine ligand binding
domain comprises an amino acid substitution at one or
more of amino acid residues 77, 79, 115, 139, and 141,
such as Q79A, Q79G, L141A, L141 F, L141 P, W77F,
W77Y, and W77M. 11. The nucleic acid of clause 7,
wherein the modified a7 nicotinic acetylcholine ligand
binding domain comprises:

[0089] a L.131G amino acid substitution, a Q1391
amino acid substitution, and a Y217F amino acid
substitution;

[0090] a W77F amino acid substitution, a Q79G
amino acid substitution, and a G175K amino acid
substitution;

[0091] a Q79G amino acid substitution, a Y1.15F
amino acid substitution, and a G175K amino acid
substitution;
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[0092] aY115F amino acid substitution and a G175K
amino acid substitution;

[0093] a Q79G amino acid substitution and a P2161
amino acid substitution; or

[0094] a R27D amino acid substitution and/or a
E41R amino acid substitution.

[0095] 12. The nucleic acid of clause 7, wherein the
modified a7 nicotinic acetylcholine ligand binding
domain comprises a [.131 G amino acid substitution, a
Q139L, amino acid substitution, and a Y217F amino
acid substitution.

[0096] 13. The nucleic acid of clause 7, wherein the
modified a7 nicotinic acetylcholine ligand binding
domain has reduced binding with endogenous acetyl-
choline (ACh) as compared to unmodified ae7-nAChR
LBD.

[0097] 14. The nucleic acid of clause one of clauses
1-13, wherein the ion pore domain is anion-selective, or
cation-selective, and optionally is an ion pore domain
of an ionotropic nicotinic acetylcholine receptor, an
ionotropic serotonin receptor, an ionotropic glycine
receptor, or an ionotropic GABA receptor.

[0098] 15. The nucleic acid of any one of clauses 1-13,
wherein the ion pore domain is an ion pore domain
from a serotonin 3 receptor (SHT3) ion pore domain, a
glycine receptor (GIyR) ion pore domain, a gamma-
aminobutyric acid (GABA) receptor ion pore domain,
or an o7 nicotinic acetylcholine receptor ion pore
domain.

[0099] 16. The nucleic acid of clause 15, wherein the
ion pore domain is a GIyR ion pore domain comprising
an amino acid substitution at residue 298.

[0100] 17. The nucleic acid of clause 16, wherein the
GIyR ion pore domain comprising an A298G amino
acid substitution.

[0101] 18. The nucleic acid of clause 1, wherein the
exogenous ligand is selected from the group consisting
of a quinuclidine, a tropane, a 9-azabicyclo[3.3.1]
nonane, a 6,7,8,9-tetrahydro-6,10-methano-6H-
pyrazino(2,3-h)benzazepine, and a 1,4-diazabicyclo[3.
2.2]nonane.

[0102] 19. The nucleic acid of any one of clauses 1-18,
comprising a sequence of a packageable viral genome
comprising the gene for expressing a modified ligand-
gated ion channel.

[0103] 20. The nucleic acid of clause 19, comprising
Adeno-associated virus ITR sequences flanking the
gene for expressing a modified ligand-gated ion chan-
nel, producing a sequence of a packageable recombi-
nant AAV genome or a self-complementary AAV
genome comprising the gene for expressing a modified
ligand-gated ion channel.

[0104] 21. A method of modulating (increasing or
decreasing) the membrane potential of an excitable cell
or a secretory cell, comprising expressing in the cell a
genetic construct comprising a gene for expressing a
modified ligand-gated ion channel, comprising an open
reading frame encoding a modified ligand-gated ion
channel under transcriptional control of transcriptional
control elements governing cell-specific expression in
CNS neurons, such as dorsal horn neurons, spinal cord
cells, or brain cells, or in inhibitory neurons or nerve
cells, such as a CCK promoter, a Tacl promoter, an
NTS promoter, an NMU promoter, a Calbl promoter,
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an SST promoter, a GRPR promoter, a parvalbumin
promoter, a Gal promoter, an NPY promoter, a PKCy
promoter, or Calb2 promoter and a modified ligand-
gated ion channel comprising a modified ligand bind-
ing domain activatable by an exogenous ligand, and
optionally selective to the exogenous ligand, and an ion
pore domain, and contacting the cell with an amount of
the exogenous ligand effective to activate the modified
ligand gated ion channel thereby modulating the mem-
brane potential of the cell.

22. The method of clause 21, wherein transcrip-

tion of the modified ligand-gated ion channel is con-

trolled at least in part by a CCK promoter, an SST
promoter, a GRPR promoter, a Tacl promoter, an NTS

promoter, an NMU promoter, a Calbl promoter, a

parvalbumin promoter, a Gal promoter, an NPY pro-

moter, Calb2 promoter or a PKCy promoter.

23. The method of clause 21, wherein transcrip-

tion of the modified ligand-gated ion channel is con-

trolled at least in part by a CCK promoter, a Calb2
promoter, or a PKCy promoter.

24. The method of clause 21, wherein transcrip-

tion of the modified ligand-gated ion channel is con-

trolled at least in part by a CCK promoter.

25. The method of any one of clauses 21-24,

wherein the transcription control element comprises a

human promoter sequence.

26. The method of clause 25, wherein the tran-

scription control element is a promoter having at least

75 percent sequence identity to a sequence set forth in

SEQ ID NOs: 1-17.

27. The method of any one of clauses 21-26,

wherein the modified ligand binding domain is a modi-

fied a7 nicotinic acetylcholine ligand binding domain.

28. The method of clause 27, wherein the modi-

fied a7 nicotinic acetylcholine ligand binding domain

comprises a sequence having at least 75 percent

sequence identity to a sequence set forth in SEQ ID

NO: 18, SEQ ID NO: 19, or SEQ ID NO: 20.

29. The method of clause 27, wherein the modi-

fied a7 nicotinic acetylcholine ligand binding domain

comprises an amino acid substitution at one or more of

amino acid residues 77, 79, 115, 131, 139, 141, 175,

210, 216, 217, and 219.

30. The method of clause 27, wherein the modi-

fied a7 nicotinic acetylcholine ligand binding domain

comprises an amino acid substitution at one or more of
amino acid residues 77, 79, 115, 139, and 141, such as

Q79A, Q79G, L141A, 141 F, L141 P, W77F, W77Y,

and W77M.

31. The method of clause 27, wherein the modi-

fied a7 nicotinic acetylcholine ligand binding domain

comprises:

[0115] a L131G amino acid substitution, a Q1391
amino acid substitution, and a Y217F amino acid
substitution;

[0116] a W77F amino acid substitution, a Q79G
amino acid substitution, and a G175K amino acid
substitution;

[0117] a Q79G amino acid substitution, a Y1.15F
amino acid substitution, and a G1.75K amino acid
substitution;

[0118] a Y115F amino acid substitution and a G175K
amino acid substitution;
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[0119] a Q79G amino acid substitution and a P2161
amino acid substitution; or
[0120] a R27D amino acid substitution and/or a
E41R amino acid substitution.
[0121] 32. The method of clause 27, wherein the modi-
fied a7 nicotinic acetylcholine ligand binding domain
comprises a L131 G amino acid substitution, a Q139L.
amino acid substitution, and a Y217F amino acid
substitution, and, optionally, the exogenous ligand is
varenicline.
[0122] 33. The method of clause 27, wherein the modi-
fied a7 nicotinic acetylcholine ligand binding domain
has reduced binding with endogenous acetylcholine
(ACh) as compared to unmodified a’7-nAChR LBD.
[0123] 34. The method of clause one of clauses 21-33,
wherein the ion pore domain is an ion pore domain of
an ionotropic nicotinic acetylcholine receptor, an iono-
tropic serotonin receptor, an ionotropic glycine recep-
tor, or an ionotropic GABA receptor.
[0124] 35. The method of any one of clauses 21-33,
wherein the ion pore domain is anion-selective, or
cation-selective, and optionally is an ion pore domain
from a serotonin 3 receptor (SHT3) ion pore domain, a
glycine receptor (GlyR) ion pore domain, a gamma-
aminobutyric acid (GABA) receptor ion pore domain,
or an o7 nicotinic acetylcholine receptor ion pore
domain.
[0125] 36. The method of clause 35, wherein the ion
pore domain is a GIyR ion pore domain comprising an
amino acid substitution at residue 298.
[0126] 37. The method of clause 36, wherein the GIyR
ion pore domain comprising an A298G amino acid
substitution.
[0127] 38. The method of clause 37, wherein the exog-
enous ligand-gated ion channel ligand is selected from
the group consisting of a quinuclidine, a tropane, a
9-azabicyclo[3.3.1]nonane, a 6,7,8,9-tetrahydro-6,10-
methano-6H-pyrazino(2,3-h)benzazepine, and a 1,4-
diazabicyclo[3.2.2]nonane.
[0128] 39. The method of any one of clauses 21-38,
comprising a sequence of a packageable viral genome
comprising the gene for expressing a modified ligand-
gated ion channel.
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[0129] 40. A method of treating a disease or disorder
associated with the nervous system in a patient com-
prising: delivering a nucleic acid according to any one
of clauses 1-20 to the patient, and administering the
exogenous ligand to the patient in an amount effective
to activate the modified ligand gated ion channel in a
patient thereby treating the disease or disorder associ-
ated with the nervous system in the patient.

[0130] 41. The method of clause 40, wherein the disease
or disorder associated with the nervous system is itch.

[0131] 42. The method of clause 40, wherein the disease
or disorder associated with the nervous system is
chronic pain, and transcription of the modified ligand-
gated ion channel is controlled at least in part by a CCK
promoter, an SST promoter, a GRPR promoter, a Tacl
promoter, an NTS promoter, an NMU promoter, a
Calbl promoter, a parvalbumin promoter, a Gal pro-
moter, an NPY promoter, a Calb2 promoter or a PKCy
promoter.

[0132] 43. The method of clause 25, wherein transcrip-
tion of the modified ligand-gated ion channel is con-
trolled at least in part by a CCK promoter, a calb2
promoter, or a PKCy promoter.

[0133] 44. The method of any one of clauses 40-43,
wherein the nucleic acid comprising the gene for
expressing a modified ligand-gated ion channel is
delivered to the patient as a recombinant AAV trans-
ducing particle.

[0134] 45. The method of any one of clauses 40-44,
wherein the exogenous ligand is selected from the
group consisting of a quinuclidine, a tropane, a 9-azabi-
cyclo[3.3.1]nonane, a 6,7,8,9-tetrahydro-6,10-
methano-6H-pyrazino(2,3-h)benzazepine, and a 1,4-
diazabicyclo[3.2.2]nonane.

[0135] While the present invention is described with ref-
erence to several distinct aspects or embodiments, those
skilled in the art may make modifications and alterations
without departing from the scope and spirit. Accordingly, the
above detailed description is intended to be illustrative
rather than restrictive.

SEQUENCE LISTING

Sequence total quantity: 25

SEQ ID NO: 1 moltype = DNA length = 3000
FEATURE Location/Qualifiers
source 1..3000

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 1
ttctaaccga aagaagaaaa ataaaacccce acgagattaa aaatagtgtg aaaaaaatat 60
cctaaaggga agactcegtg ggagaaatga gaaccctggyg gaaagcactt ttccagatag 120
ctaacaagct ttcaatatgg aaatacagta aatgatgaaa aagagaagca cagtttaaaa 180
tgtaggagca ataaataaag ccgtatttat aaagtttttce tcaaagtgta cgtgggaaat 240
ggcaataagc cactacgcag aacataggca ggttttaaaa tcagaaatat gtgcccageg 300
ctcaggette gaaagccccg tgcattttag atcgectagtyg gataaaacac cctcaagttt 360
ctatcecgtaa agcctcgaaa ttttectgcag tatttagaaa atgaatttaa atcttaaaac 420
cctctaatat tttattagaa aagattgcaa agtcccccege accgetgtgt aacagctage 480
aaactcaatc tgcatgcgaa tcttagcgaa tgggtagttce atcccttaat gatgetggeg 540
tatgaaaggc tctaaagcag ctctacccac ccagacctca cttttagacce cagagecgtt 600
atttctgact tcaagaaatg tctttcgage tcteggaggyg aagacacaga aaatagaaaa 660
gcataatgga aatgggcaca aagctgaaga cagcatcctt caaagacaca cgacacttgg 720
atccceeget gacgaaccga gggacctace ttttggatta ggacgcagcet ggcttggegt 780
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-continued

ttccaaccgg agcageccgg cagctgagec aagttcaggyg aggaccageyg ggcggetgte 840

tcttaaatag ccccaccegg cggcgtegge cagtcatgta tttacccaac gctgacgcag 900

actggcagta acacgtgctc agagggegge cactggggeyg acaaccggtt gaagtggcete 960

ctgggagaga gggggaggtg gtctagtggg gtggagttaa tccctecccac gegceggtgee 1020
gggtgtcege ccecctetggg tccgagaage ttceccgeccaa cectttecag gtgecgetee 1080
cctgcgeatt ccagagcagt actctceccaag gtgggaaacce taggagtttg gagtctceccte 1140
cgggatggag aagctgccgce tagcttagtt cgctttgggg accggagggg ctagaaagga 1200
aactgggggce gggggtygggyg ggtggacact gggcaggact gagcatcage aaggcegtgat 1260
tctgaaaggg agggggcgtc ggccccectac cccggagegt ccgaggcegcet ggtcttcata 1320
cctgtgtegg ctetttcecgaa ggagagagga ggagtcgggg tcecttcacttt cttctcagee 1380
gcattaaaag ccctcegcagt tctecaggtt teccgagggec agtgttectgg gtcagtgaaa 1440
gggctctgge cacagctgge tcttggtgtce ctgggectet cttgacgcag ctgtaaaatg 1500
cggatgacac catctggttt tgctcagagg aatccggttt gggaaaggga tgtgttttet 1560
tcececgggeca agttaccace acccgeggeg cecactgtte ceegttgteg acaageggeg 1620
ccagegaggg tcctggggaa cttgaccacce geaccccege aagcetcegggt agaccacgge 1680
atccgeccect cgcaccttte ctgagggccce acacactcac acccccagga cagtacctte 1740
cagaactcag ctgcgcagcece tggaggtgag gacctcacce ctagtcagte accegtceccgg 1800
tggagggaag ggaggcaccg aggctgccgt gcgectttcee ctgcacgcegg ttactctceccece 1860
ggcteccggag cgggccgace tggagcccct cagtgegcte tggtcecgtcecta caccctgaaa 1920
ccetttgagt tecgagtcege ttgctggtge ttgagttege cgegtceccctg caaaggcact 1980
gccaaccceca tttcacagac cgcaaaccga ggcgcgagga agagcagegce cttgccaagg 2040
ctccacaaca cgccectege ccteteegtyg caccgaggece geccagectyg ggacctggag 2100
atcaccaggc cttgaacctt gggacctcaa ctcecctctece tttetttece ccaccegtet 2160
tagatgcaag gagaaagatt tagaagcgct tattttaaaa tcggaatccg tattcecgcte 2220
tggaattccce tectggaatgg agggactgtg gcaacgccag tgtgagggtg gagtgggcga 2280
ggcggggtgyg gggggttggg ggggcggccce agagacgcct ccggttgetg ctecacttte 2340
taatcctgag aggcagctgce gtttctgcaa cctatgggca acatgtttga aagagctgaa 2400
gctgattaaa tgctttccag tggtttcecgec acgagectgce taaggtttgt gtagttcagt 2460
tgcgaaaaag agtcttattt gtgattgtgg caagacatgt ctggaaacat aaacttgtta 2520
tcgaaatacc cccagagcectt ctaattcagt aggtctgagg aagggcccaa gaatccgaat 2580
tcetteette cttectteet tecttectte cttecttect tectttette ctecttecet 2640
ccttecetee cteectecet tecttectece cteectecet cecttectece ctecttecet 2700
ccctetetece cecttecctet ttecctetet cecttectte cttecttect tecttectte 2760
cttecttect tecctceccecte cttecttect tectteccecce cteecteect cegtetetee 2820
ttctecetet ttecctettt ctetetetet ttetttettt cttetttatt tetttettte 2880
tttettecatt tecctteette cttecttect tecttectte cttecttect tecttectte 2940
cttteettge ctttecttet ttgagacaga gtctcactct gtcecgecccagg ctggagtaca 3000

SEQ ID NO: 2 moltype = DNA length = 3000
FEATURE Location/Qualifiers
source 1..3000

mol type = genomic DNA
organism = Homo sapiens

SEQUENCE: 2

aaacataggt cataaatatt tagaaaaaaa tgcatccgtyg ctaaacacat acagactttt 60
tcectttgtg ttattccecca cataatacag tataacaact atttacactg cctttatatt 120
atattaagta tcataagtaa tctagagatt atttaaaata tatgagacga tgtgcatagg 180
ttatattcaa ataccacacc attttgcatc agggacttga gcatccacag gttttgatac 240
ctacaggagg tcctacagcc aatccectat geatactgag tgatgactgt atgtcaaatg 300
tgtttaaatc caggaagtca taataatcct aattttttaa agtgggtctt attaaaaggt 360
gttaatttac caattcatta ttttcaaaat tggtagagag acataatcaa gcatttatcc 420
catctttccet atattaataa tgctttagaa taactagttyg ctgagaaaca tgaaagaaac 480
aagtctgcct accagacaaa taatgaatga taaaatcaac atagcactgt tttgaaaata 540
ctaatgaatt aatagatcta gaaaatgata gtcaatggct gctaacaact caaaaggaga 600
aacaaccaca tatcatgtgc ttcctaccag aacaacacaa cacatgtgaa gtagtctcat 660
caaaaaaaaa aaaaaagaaa aagaaaagga aaaagaaaaa aatgtacaga ggatcaaact 720
tctagataca actaccaatt aacaggaaat aatcgaaaca gagaaacaag ttaaaaggca 780
atcagcaaag tccagaatgc ggtacactct cctgacctgt cttatcaata aactacaata 840
gagagagaaa gagagagcga attacagatt cagggagatt taagaaacat gcagtagaag 900
gaatgttegt gtcectccaa aatgcatgtg ttgaaatcgt aacccctaag gttatggtat 960
taggaagtgg ggtctttgga agataattag atcatgatgg tgcagctctt atgaatgaga 1020
tcagtgccce gataaaaggg actttgaaga gctctctcat tetttectge catgtgagga 1080
tataacaagg agacaatatg acagtctgta acctggaaga gggccttaaa cacaaccaga 1140
ccatgctgac accacgatct cagacttcca accttcgaaa ctgtgagaaa taaatttctg 1200
ttgtttacgt cacccagacc atggtacttt cttacagcag cctgaactaa caaaaccaat 1260
tgtaatgtat ggacttcatt ataattctga tttcaagtag taaactgtgt gggccggaat 1320
taggaagcaa tgagaaatat ttgaatgcta actggatatt taatgtaagg aattatttta 1380
tgttgtttta ggtgggataa tggcgtggat atgtttttat tttttttaat tcctaccttt 1440
atacagacat gctgaaatat ttacagttga aatgattaac tgtctgggat ttttttcaaa 1500
ataatctcag tgcagaggaa actggaaggg ttgtagatga aacttggaag tggatgtttce 1560
tctctacttt tggatatgct tataattttc catataaaag ttctgaaaac ggaaaataaa 1620
atgctcacat tgtgaggcta aggccaaaag aaatcagaga tgcatgagaa tttccaaatt 1680
caggattatt taagaacaac atagagaaaa aaatacttct ggtttgagtt gcaaaaattt 1740
atttctttta tgcaatatac taaaaaatca taattaattg aaaaatataa tacttcatat 1800
gtaaagggga gaaaactact ccaccaaaga tgtcacatct tttaattcat ttggagatca 1860
aagaaatgtg tctgccaggc aaccaagggc tcatggaaag gtgtggtttc tgtacaaatg 1920
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-continued

ctatttgtct aatattttgt gctgttaatg actgtcccat tagcatcttc actacactta 1980
ctttcataga aaggagaaac atgatttata gagcccttta gtgacaaggg tgaggatcct 2040
acacactatg ttgctggttt cctagtcttc agcaagaaag tgtaggagag aagcaaaaaa 2100
cgtectgtte aaccecctget cctggatgtg gcaaggaaga ggagttacce ggcttgaaac 2160
aaaagaaatc ctaagtctga cacacaatgt catgtttaaa ttcceccttte tccaaaatgt 2220
aaaataaatc tgcttccatc ttctaaaata ctatgggact aaacatcctt ttgttatget 2280
aaggaaaagc cagtattcgc gttgatttag aagagggatg ttctggttat agaacgatgce 2340
tgtgtctcag aaacacttaa atactattaa gctagaaata gaagggaaaa taatgcttcc 2400
ccgcatcectee cctcaagtgt agtcecctettt ttttagectg atttccgacg aaatgtctga 2460
atgcctacag ttatttggcc atcctgaaaa gtgcaactta tcctgacgtce tcgagggacg 2520
gaaaagttac cgaagtccaa ggaatgagtc actttgctca aatttgatga gtaatatcag 2580
gtgtcatgaa acccagtttc gaaggagagg ggagggggcg tcagatctgce agacggaage 2640
aggccgcectcee ggattggatg gcgagacctce gatttteocta aaattgcegte atttagaacce 2700
caattgggtc cagatgttat gggcatcgac gagttaccgt ctcggaaact ctcaatcacg 2760
caagcgaaag gagaggaggc ggctaattaa atattgagca gaaagtcgeyg tggggagaat 2820
gtcacgtggyg tctggaggct caaggaggct gggataaata ccgcaaggca ctgagcagge 2880
gaaagagcge gctecggacct ccttecegge ggcagetace gagagtgegg agcgaccage 2940
gtgcgetegy aggaaccaga gaactcagca ccccgeggga ctgtceegteg cagtaagtge 3000
SEQ ID NO: 3 moltype = DNA length = 3000
FEATURE Location/Qualifiers
source 1..3000

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE :
gattattttc agcaattacc taataaaggt ctgacataag taacagtaca agcttagaaa 60
tctacctact ttagagatgt tgtaatcaac aggtacctaa caggtaacat ccacttaaga 120
aggccaacac aggaatatta ttaaaggaca atgcttaaaa tctttatcag atattttaag 180
aactaggtaa cccttagaag gatctaaggt atgccgggea tggtggctca cgcectgtaat 240
cccageactt tgggaggccg aggtgggegg atcatgaggt caagagatcyg agaccatcct 300
ggccaacatyg gtgaaaccce gtctctacta aaaatacaag aattagetgg gectggtggt 360
gtgectgtag tcccagctac tcggggggct gaggcaggag agttgcttga acccaggagg 420
tggagactgce agtgagccga gatcacacca ctgcactcca gectggtgac agagagaagce 480
tccatctcaa aaaaaaaaaa aaagaaaaaa gaaaaaggat ctggggtaaa aagcctttaa 540
aataaaaaca gttcacccat ctccatagca aggtgtctac aatcctgcat taaaggcatc 600
atttaggaag ttcgtagggt actttttaag tggaaaaata catacttaac ctttatccct 660
acaacaaatt gttttattgg tttatgtgta gecttgaagge attagattag agcaagaaac 720
aaaaagccta acacattaaa gaaaatacca attagaggtc aaagtttatc tacatcataa 780
ttttaccaaa gttatacatc tttttteccce aaaagaaaag tagcatatag catctatttg 840
aatttgaatt atttgacata acttaatgtt tccecctattc ttgaatattt atcacatatc 900
tcaattttca cattaacaac taatatccat gttatatatt taaaatgaat ttccattaat 960
tcttectecece ctttttteta attaattagg gatcaatttt gtcaacatat tgaagaaatc 1020
atctgaggaa aataagaatc acatttcctt tttactatta gactgctatc acacatttta 1080
aaagatcatt ctttgtattt gcaattcaaa agcagagaaa acaactaatt taattatcat 1140
gcaaagtata tataattttc ccgatttgtt aatcaaagtg gctttaagag gattctgtca 1200
caaagatgct ctgatagtaa caggaaagta agcacaaatc ctcactgaga ctctgttaag 1260
tgaaaaccaa gtgtttcaag cttccattgc tccccctaat ggtaggaaag cagaaaacat 1320
ctagacgtat gtatttcaca tttgtcaact aaatacttta cagaaacctt cctccatgtg 1380
agtatgttca atattgtgtt ttatgtaagt tcagaaaaca aactaaaagt aataaatata 1440
tcagttatta ttaaatttct ggtattatat gaaagactcc ttgctattct aagtaattat 1500
taaatgtttg gatttaatcg ctttgcttaa gttttgggta aaggtgaaaa agttaaactc 1560
atagattgta taatataaat caattatcta taggaaccaa tcctattttt tctcaactgt 1620
tactacatga ttgatttatt taaaaattaa acaagactca gacaacttta cattcaaata 1680
ttcacatctc taacagcact gacttgtcaa attaccccat gtatcttgaa atgcttacta 1740
caagaagaaa gttttactct aaaaggcatt ttgaacaatt ttcttttgag aactcagaca 1800
aagaatgggt atcagtgtaa ctcatgaaat acatgaagac tatcatagaa aagtgacttt 1860
ggtgaatggt ggttatttag gattgtctcc tttccaaaag tacaatctct ttttttatgg 1920
tgaaaagagt attataacag ggaaagaaag ccgatgcaat agtaaaaact gttgagaagg 1980
gaattataca aagagtgaga catggcatca agaatgaatt caaaaagagc agaaaaatat 2040
aggcataaaa agagataatg tacagaaaaa aagtcagtga tacaacaaca caaattttta 2100
cctgctagaa tgtaagtaat ttagagctgg attttataaa catgaaattg tttttctaat 2160
acattcaacc aaaagtcagc acacatagtt cagtcatctce tcattactta caataaaata 2220
ttttctattt gttaggaaat aatatcttat tccctggatce tattatttect ttttattgat 2280
tttcttteta ttctctaaac ttaattgett aatttttata actgattcte tgtctcectatt 2340
ccatcttatt ccagcatgga ttatttaaaa cctgtattag ttttggaacc actaaacatt 2400
tgctcagaag tttgaattac cagagaagca ccctaactct tcaagaactt ccaagcctaa 2460
ggaatcactg atttcatgca ttcatcctgg agattttcect taaaaattag aaataacaga 2520
tctcatgttt cacaaaatca aaatgacaac ttttggagtg ggggaatgag aagtgggaaa 2580
aggatgatac tgggggttct ttgtcagtat gctgtatgta tgctgtatgt cagtgcagtt 2640
gaatgactcc ttectgtgcegt cagaaatcca aagcagcagc agcagcaatt agggaagatc 2700
gtcactttca ctcaaggttc agaaatgggg gaggagagca ggggggacaa aggaaaaggg 2760
gaggagaaag cagggcaaag aggggaggga tggaggtgaa gatagggcac atcctgcaaa 2820
gataatgtct gtacaatcaa tgacatcatc ctcctgctta tatatatagg ggaatggcca 2880
gagcacctcect catagttcac tcactttcaa agccagctga aggaaagagg aagtgctaga 2940
gagagcceec ttcagtgtge ttetgacttt tacggacttg gettgttaga aggctgaaag 3000
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-continued
SEQ ID NO: 4 moltype = DNA length = 944
FEATURE Location/Qualifiers
source 1..944

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 4
ggatgtatta gctggtgtce tggaagagge tgcttcctga acgtttccaa tcaaggaaat 60
aaaggaaagt atagagatgg aaagagggag tcaggtcacg gtagaaatca ggatgcaata 120
gcagcagaaa tgcatagaaa aaggagtttce cttaggettg gaaatcecgta ggataaccag 180
cgctecagac cagttagaaa tgtgtgtgtg tggtcaagec ccagcagtcee tttettettt 240
gtcectttatt aacaggcaac tgcatttcce taaggggtet gtgattttge aggaatttgg 300
gggagggtcg atagcatcaa catcacagtt gaaccaacac tgccctgata tgcaccagge 360
attgcgettyg gaactgggga taaaccgggg aacaaaacag aggtgcttce acagaggtge 420
gtactagtga ctgccggage tctggaagag gtgaaggaga aagggtgtece cacgtagace 480
caggacacca gagagcgtceg ccactaccaa gtttaaaaac tcagacggcec tggtttgcca 540
tccacaccct gttcccagte cagtecttec aaaggtggga atggtgcatt atttaaattce 600
cattctecttt atcccagage gaaaatgegt ggtacteggg tcagaaactce aggctagggg 660
gctegggtee tgetgcaggg tggggegegg geaggcageg gggeggggtg aggegaggta 720
ggceggggge ggcaggegge gaggtgacge geggoegggga ccgegeageco cageccactt 780
gtgcgegaga tttaaaagtt ggcggetege cgggegetca gtectgtgte cgggeccega 840
ggcacagcca gggcaccagg tggagcacca gctacgegtg gegcagegea gegtcectag 900

caccgagcct ccecgcagecg ccgagatgcet gcgaacagag agcet 944
SEQ ID NO: 5 moltype = DNA length = 2996

FEATURE Location/Qualifiers

source 1..2996

mol type = genomic DNA
organism = Homo sapiens

SEQUENCE: 5

acaaattgaa gcaaataatt tggaaatgtg tattaaaatc taaaatatgc attctattaa 60
ctaaaaatac tgcttttggg actctgecct gttgtattca gaaacatgta tagctaatat 120
aaatgtataa aggtgtttat tgcagcattg tgtgtcacag tgtactacta gaaatagatc 180
cgtatatctg taattatagt taattaataa aatattaaac tgtaaaaagt atacattaga 240
tgttgatgtt aatactggag ggatgccctt gaattaataa tagaaagttyg aaggataata 300
tacaaaacat agtccctttt ctgtaaaacc agataacaac aacaaaaaaa aaacctttag 360
atatggattt gtatatttcc ataagcatgg ctcecttttagt gttgattacc tcatggtagg 420
ggcagcacta aactgcttta gagctccata atctacatta gttccctcaa aagccacttce 480
atataaacat aaaaagaaca cacaaaaaaa actatgtcca aacttgctgt ttggacatag 540
ttccaaggaa gtcteccatt tatttctcac tetcectcetcaa gtcacagcac ctatacattt 600
ctaaatggaa atttggaagt tgccatagcet tcaggaaagt gaataagaaa aaagattact 660
ttcatataaa tatttttaac ttttacaaat tgtcttgtaa tacttttgga agttaagata 720
aaattctaaa aaaccaacaa acagattatg gtgaaaatgt ttaggaattt ttaccacagt 780
gtgtggtcte tttttaggaa gaaaattaat tttaattact ttttaaaata gtagaaatgt 840
tgctcttttt tcatcagttt gttcagtcca tattcctaca tactttttet agcattttte 900
tttgtctcag aactgtatcc aaagtctaga cattgttage tctgtcaaga ctagcaaggg 960
tcagagtgat tcttcaagtc attccttagt cactgcattce tcactctcte ttcaaagttt 1020
attctctage gectggtctec aagttcacac actatatttt tcacacagcg accctggcecca 1080
ctaacatagg accaatagga ccatcagtga gaatcagatg aggtatcata agtaaaaata 1140
atgtatgaac tggaaagtac tatggaagtg aggattccat taagaagatt attgaaatag 1200
gctagcttceca aattgatggg tctcetgaaaa ggatacttac aaaaaaactc cacaaatata 1260
ataatggata gagccctaat ctcaaaaaca taaatttgag gggtcccaaa ctcaattaca 1320
caaggttaag aatatagagc ttggtaaatt ctctctectcet cttttttttt ttggagacag 1380
agtcttgetce tgtcaccagg ctggagtgca gtggcgtgat cttggctcac tgcaacctcece 1440
gccteccagg ttcaageccat tctectgect cagcectceccca agtagttcag attacaggtg 1500
cccaccecca tgcccagecta atttttgtat ttttagtaga gacgggattt caccatgttg 1560
gccaggatgg tcectecgatcte gtgaccttgt gatctgectg ccteggectt ccaaagtget 1620
gggattacag gcgtgagcca ccgcgceccecgg ccggtaaatt cattttaatt cactttaage 1680
ttatattggc tatgtgtaga ttttctecttg tteccttcecatt ttgttttagt acaattgtaa 1740
ttagactttt gggatacatt tttagtggac ttcaaggtcc aaaagactca aagccaaata 1800
ctccagaagt acttatgtaa ataagaaata atccaagtat ataattaatt atattaaaat 1860
acataacaca tatacatatg tatatatagt acagaacata tatacatatg tgtgtataca 1920
tacatatata ttacatatat atatatatat atatatatat acataacata gcatacattt 1980
agttagatag cttttccaac tctgatggtg acttccaatt tctgaaaaat tctccagtag 2040
gggttgcttyg aaacagaaag aaggagacgt gtgtgttaag gcgactgaat ggggctgtgg 2100
tggtagcact aacgtaccta cttatgaacc tggtcagatc cttcectttet ctttgtttta 2160
gtttactcac tccttctaaa ctgaaaggca gtaaactcta gtatctgtaa gatgacttce 2220
ttatctaaga ttttaaggtt ttataattta actgtattac tttccaatta taattctact 2280
tcatgctgaa aagaaatcca taatctagct tttttcecgtgt tggcaaggtt agttcataga 2340
aaccatctta agaaacattg acatgatggc acaaaataga gtgattattg atagcaatca 2400
actcattgta tacattaatc aaattattct aatgcgtgce aaggtttcac atgctttttt 2460
tttttcaaac aaatactgaa aagtcttgga gaaatcacac aagaatataa taatctttta 2520
tgtgatttta cccgtcatca gecttteccect tctatctgaa catttaaacc tctctagata 2580
acaagagttt tactataata ttcaggaata agattcttcce tggactagga ggatgtaggg 2640
ggaaatgagc ctctgtttte agcatccaat ctctgagcaa aggatctccc accacctget 2700
gctteccaaca agcccaaact ccgcectccage tagcttteet gggaacagag cagaaaactg 2760

gaagggaggg gaagaaggct ggtgagagca agaggcgggg gtgaggaatg ggaggctgga 2820
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ggaggcgtgg cccggettgg ggecegteggg aaaatactga gaactgggtg cggggtgtag 2880
ggagagaact ctggaggaac gctagctgag cagcaccgag gacagcgecce ggcagcgece 2940

gcgeccaggt ctectecegca gcectgacte gecgcacacge tgagcettttg ctcecact 2996
SEQ ID NO: 6 moltype = DNA length = 3000

FEATURE Location/Qualifiers

source 1..3000

mol type = genomic DNA
organism = Homo sapiens

SEQUENCE: 6

ccaaaggact tggacctgaa agtttgtage attgcaggga cagccatctt gccaccctca 60
ggggtcaacce agtttgagag agtggcacaa ggtattgctg agaagtaaga gaaacagcat 120
cttectgaca gcatttgagt tctggatcaa accatgettyg aaccttegtyg gacttttcag 180
ttgcacgagt tagcaaatcc cccactgtcet taagccagec caagtcagac tttctcatca 240
cttacaggca aaaacagacc tgactgataa acccatttte tggcatcaag gcccttgtat 300
aattaaccaa attaataaaa tgaagcctgce ttcaatcage acagattcag agcaaaaaaa 360
caaacaaaca aaaaaaaaaa aaactagatc atgtttccag atatatgact cgggttttag 420
gacatctcta ccctacttta agtattgtag ggggaaagat cctccagaat cagaagtget 480
cagtttaaat cctagctctc ccacctactt cctacctgtyg tgaccttagyg taagtcacta 540
aacctctetg agattctatt tcttcgaacg tctgagataa agcacataaa gcactaggta 600
cgcagtaggt gctcaataaa tgcacccccece ceccaacaca cacacacaca cacgatatgg 660
ttcagcccat tcagatttgce ttaattagag gtacatgaag aagacctatyg gggacaaaga 720
ggaaggccat ctgggctcect gagaattcac ccacagtagg tgctgctecce gtettceceggt 780
cttattctgg aagcaggata gtgtggtaga aaggagcaag tgctttggag tcagagaacc 840
ggggctgaaa tcctacctece attctgtgat cttaggcaag ttgcccaatce tctcectgagee 900
ttgttecttee atcattagta aaaaagagag ggttttgect acctcecttaag gggatacaag 960
aatcaaagtg cgatgctgtg cacacagaac ccagcacact gttcaacaaa caagtgtaat 1020
tattttccca ggccccagee agcgatctte ctcaagggtt catcctcaag gttctectge 1080
atccecggete cctgagctca gecatgcecca cgacttgacg agatcaactce cttgacttet 1140
ctgatgacaa agcccccagg gtccagecect gacctcacte cagagttcag acacatctcece 1200
gccagggtgt ccttcaggte ccctaaaccce agcatcaget cttggctcett ccactactet 1260
ctgggggatt tgggtaagtc accctggcect tggtttectte atctataaca tgatgtcatt 1320
tgtagaagtt tgtagccgat caccacggag gctgtcccag ccctaacatc ctaggattca 1380
acaccactta ctctatcatc ccttcgactg agcactacct cctcececctaca ctcececetgect 1440
tcaaagtcaa caccttcctt cttcagcaaa ccccaccttg aatatttagg gtcagettgg 1500
atttgtccct cttgttcatg ccacagccce aattctggaa gcecttcectcectece aagaggtget 1560
ccectatetg cacactcecectt ccectgttgceca ccaccagcaa cctagcectcag gecccagcac 1620
cacacctcaa ggaggcccca gtcccagett cccceccatgca gectgeccte ggccectttet 1680
atccatggag cttccaaaca gecctttgcat ggagcecctggg attcectcegtg tcactgtgaa 1740
gaactagacc ccaccattga caatcttcgt gccctggaga ttecttttcag gttagggatg 1800
aggagaggaa catttcatgg tggtcagatt agatattcac tacgtattta ttgaattcat 1860
ttggtcattc atgcttctca aaacacatcc ctcagctggt cctcectccaat ccaaaacaga 1920
caatgtcaga gatctctttg caaatcatga agggcttggg cctttgtgcce tcaatgtcac 1980
acgcatacaa tttcaggggg tccatcttcce cctecgceccta gaccatctat agggcacagt 2040
ttacctcectga ttgagctcat gttacaggtg gaaagactga gaaagagaga ggaagggact 2100
tgtctgagaa tatgcggaac atttceccttcet accaggcact agatcctcege acaaaagtge 2160
tgagtceget cccaacccecca ggccegtgge tttgagcage aggtcactta acatctaacg 2220
tctttatget gtttectecat ctgtgcgaga gcagctatgt ctacctggca aggctgtagt 2280
gagagatcat atcagcatag gaatggggct cagccccatg cacagaggac agttcecttgtt 2340
tcattctttt ccttgctgtt tetcttectt tectggcaga atatggagga aggaagcatce 2400
gctgeccatet acagtggtca cggaaggctt catggaagag gcgagccctg cctgggecte 2460
aattttgggt gctggaggga agcaggggcce aagagttatt aatagtcttg gecctgatggg 2520
cccagggagg ctgaatgtga tacagacacc cagcaccacyg gttggggagt acctgacacce 2580
ggaaggggay ggggccgggg ctacggggag tgccacctcee caaaatagcc agagcagaag 2640
cctatatagg tggccatccecc acctccaggce tcacttceccg acaggacttce ccaccagceccece 2700
agcctttcag tgcaggctce agccctecac ceccaccega ggtgagtgge agctaccgag 2760
gttggaggat agagggatgc agcaggatga gccagectgga agggagagcet acatctccce 2820
tgtcegtagt gaccegggga ggggggtgeg gtgggggtge tggaggeagg gcagetgtgg 2880
aatgtagggc tgagagcatg cattcctgct tctceccaccca gactcecctggt gtggectggg 2940
gcaaactcee cccacccace gceccceegtg getgggecte agattceccca gecttagaac 3000

SEQ ID NO: 7 moltype = DNA length = 3000
FEATURE Location/Qualifiers
source 1..3000

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 7
cttggectee caaagtgctg ggattacagg catgagccac cgcacccgge ctgaaattta 60
tttttetttt tttectttet ctttectcac tttecttect tetcettttet tettcectectt 120
ctecctecteg tectectect tettettett ctttettett ctteeccttet ctetcetetet 180
ctctetetet cecteccctec ctecttettt ctttettgac agagacttge tetgttgect 240
atgctggagt gcaggcttga tcgtggetca ctgtagecte aacctectgyg gctcaggtga 300
tccteccace tcagectect gagctgagta getgggacta caggcacgtyg ccatcatget 360
tggctgattt ttaaaaaata tttatttatt tatttttagt agagatgagg ccttgctatg 420
ttgcecccage tggtecttgga ctccaggget caagtgatet atctactcac ctcagectce 480
caaaatgctg ggattacaag cgtgagccac tgecgeccagt ctgaagttte tttgaaagca 540
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aaaaaggaaa caaaaagagt acataggccc aaatgaagac agctgaaagt ttaatgtace 600
tcaaattcca gcccatgact aagggatgga ctttgagtet cttttcgaat ccatctcaag 660
gatttaggtt tagagtttgt gctcctttaa acagactaag agcctctgtg acaaagtaaa 720
tagagaaaat aagtgtagtc aagctctgge aggatttgga agggggccta acgtggaaga 780
aaggagaagg ctggaattga ctaagatgtg ctatgcactg ggctggattt gttctcagca 840
gaaagcaaga aagagctctg ggatggtagce agggctccca ctaccaccgg gggccaaagg 900
ttgcagtatt tctcaggtag ccaagaggca cccatgagece cageccctge ccactcecctg 960
atgtcatcta gacacaagga catggggcat gagaggacat cattgtcact tctctgcaga 1020
gtcacaggaa cgtgccctct gctectecge ctcecteggetg tecttetgece cacggctgge 1080
ccagactctce atggcgactc actgtcectccece acgcccccac tcceccggcagg aaaccactte 1140
agggtttact gtgggctccg aaatcagcct gtgagtccta gttagggtce cctgtgectg 1200
actctectet cecccaggetyg caagaaatag ggatgaccag aagtcaaact gtgcecttgg 1260
gaacaccecca cccectcacca ctgtegtgec aggagtctgt tectaagacce cctecccaag 1320
tcetgtetee tectettect cccataaacce acagcagaca ctcagccacc aggctgcage 1380
cctgcacctt ctccagcagce cgctggectt cgccagagtt cttgaaagcc cagttgtceccet 1440
tcecccageca cgtggaggca gacggatcte tcectggggge agectgtage tgtctgtgeca 1500
aaggttccca agactaaagt gtagaggaca ggtaagatga cactgtcatg atcatcattce 1560
gtcetgtgee ctgtggacat caacccacag atgtgacatc aacccatctg atattgagece 1620
cagtgggtgg ggagatccta acccagctgce tgctgttgag gacttgggtg gtgtcectggece 1680
agtgggaggg gaggtcaggc gagttttcag cagatgaccce cgtgctctte ggaagecccgg 1740
aggtgccaca ctgtacaagt gtgatgcctg ggatcctgtg cteccctgat gectgggaat 1800
ggggtgaagg aacagcctag gcttgggttce tctcecectgggt tgtttcecggga cttggcccecca 1860
gctcaggaag ggtttgtgga ggagccaagg agggccttgt tectgtggga tgtetttgee 1920
ttgggcacaa ggacagcctce ttgctgectge tctgcccace gcecccaccect tggcecggecte 1980
tgggagtctg ggctgctcete cctcectggace taaccagttg cccaatggct ggacctgett 2040
aagctcccte ttacaactgg accaggcage caggggagge actgagagge cgagettcetg 2100
agctggtgece tgtggatgcet cgacggtccce gcagctccca caatgggatg gccaagcaga 2160
ccctgagate cacageccce ctttagtgaa acaggaggga ggtegetggyg cacagggage 2220
cgggaacgee tgccectecce gecatcgacg getcccgagyg cctgaacctt cgctecagee 2280
ccagcacaag ccggecaggg cgcagggeca agtgttgece gecattcccee gggtacccca 2340
tgaccteccca getggggetyg getcecggactg aggagtegte cctgecccegte accctetggg 2400
gtcteccagtyg ctgcggagct cagcetggett ttgcageggt aggggctggg aggagaagct 2460
gcagggagac cgcaggcgtg ggacgttgtg gggggtcagg cttgctctgg ggcectgggace 2520
ceggggggag cagtggggtt gacgccacag cgatgacttyg ggecacgggt ctgggggcete 2580
tceegegggg cgattggget ctgtettteg ggattagggt ctetecccaca gggtttgggg 2640
ttectectetge agatttgggg gagtctcectee cgcgggatga gggggggcte teccgecgcac 2700
ccgectatga tggeccagag gacccgaget cgggtcacte cegtegeccet cggggetegg 2760
cgagggtgca ggaggceggge getgagecgyg tgacgcegact cegggegget cccegggtgeg 2820
ccgecatatat agcageggceg geggtggegyg cggcecacace gggeggcegga cacgtggagg 2880
gacccggecee gegecttetg ccectgetge cggecgegee atgeggtgag cgecccagge 2940
cgccagagece cacccgacce ggcccgacge ceggacctge cgeccagacce cgccaccgca 3000
SEQ ID NO: 8 moltype = DNA length = 3002
FEATURE Location/Qualifiers
source 1..3002

mol_ type genomic DNA

organism = Homo sapiens
SEQUENCE :
aggtataagg tgcaaaatac actggatagg attggcagta atcagatatt acagaagaaa 60
acattagtga actcacagac atagcaatag agactatcca aaataaaata tgaaggaaaa 120
aatgagcaaa acagaagcaa aaacagatca ccaacaaact gtgggccaat atacactcac 180
cgtctgacte agccattetg gttttaagta ttttccaaga gaattaaagyg ctttatgtce 240
atacaaagac ttgcatatga atgtcaaggc agctttatte gtaaaagttt caagtgaaaa 300
taaccaaaaa ttcatgagca gtagaattga ttaaaaattt tgaagtatat catataatga 360
aatactgcce agcaataaaa aagaataaac tattgctaca tttaacaatg tgagtggatt 420
caaaaataat gatgctaagt gaaagaagtc agacaaagag tacctaccgt ggaactatat 480
ttatgtgcaa ttctagaaaa cgcaaacaaa tctctagtga tagcagatca atggaggagg 540
gggtgaggaa gaggcaaaag gaaggaatta caaaggtaca tgtggaaatt tggggaagtg 600
atgtataatc ttcattttect tggtttcagt gatggcttcce tgagcatata acacacatgc 660
atatgtgtaa gaatatatcc aattgaatat tttacacatt tgtagctttg tatatattca 720
gcagtatcta ttcattcctt ctgcecttettt accttaggtt tagtcatgaa accactgggt 780
ttcatgtggt ccaggttcta tctgaatcaa gectatgaacce tgctatcagt aagacctcct 840
aattgcaaac cacatggacc tttaccggtt atttgactte tcteggtcat taccttctcet 900
agtctccact gattcaccte cttttgaatc tcaacaaget caacagtatc tcaatgttat 960
cttaacaaag ctgttagaaa taaacaactt gactttgaaa caaaggagag aaatggctca 1020
gcagctagga gaagatgcag ggttgagttg ccaacagttg gttttgtttg tattttggece 1080
aggggatgtg gcttggactg gagagaaagg agataaggat gtaagcacat gtagggcata 1140
tcacccecta ttttttatte tcectgaatcct taaccctcag aataagttcect tattettgag 1200
aatcaatgac attatcttaa gctaaattaa tcaagcctcce acagtgttct tcectctcaata 1260
gtggtgtggg ccttcectaga agtaattttt cccaaattca gtgatacatt ttaagttcag 1320
attttaattg atatgaatct gtgatacact ctaaaataag attattttat tgaaaagtgg 1380
actgtaactt tccctttatc taggaagagc tctaagttag aagatgtttt gcacttttac 1440
cgaaggctgt gtcttgtaag cacccccgag caactctgag agecttgatt tttgtgtcect 1500
cagcatatgt ttgtgtaata cagaaagaga agcagttgcc aagtgaaagg gatgttggte 1560
tccaaaatta tagtttgatc ccacaaacac acaaacacat acatgcaaag gattgtttge 1620
ttcacggttt ttgatattta attcaatgct gttggaacag cacaaaaact aagtgtcagt 1680



US 2023/0323402 Al Oct. 12, 2023
19

-continued

ttaacagaat cacttgtcct tttagcatta aaataacatg gaacttaatg ctttaatttce 1740
ccaacatgcce tttttattta gaaagattca gacttatatt tcatttagaa ataaaatgcc 1800
attttattta gaaagataca ggagcattca ttcacggaac tttcagatct cagtccactg 1860
cataaaatct tgatcctgta ataatagttt ctgtatcttg catattcatt caacaggttt 1920
aacgcgatga gcaaattaat gttcatcgtt tttaacatgt ttcatcttaa tcagaaccca 1980
cattctcaac gttaattgaa cgtacatagg actatacaag ggttagtaaa taagacagaa 2040
actgttgttc atttaaccac cgtcactttg gaccaaaaaa gaaaaaatat atatttttaa 2100
aattgagctt aaaagagtct ctagaagctg gaagcgtgge tcetttttcag caaactgggg 2160
gaataggttt accgtgttce ccctetgggg aattttgagt cgccacactc atgtctcgac 2220
cgagccetgge tecgctgcegte tgagcgagta cttgaggaag gctgatctag aaaaaccage 2280
tgagagaagg ggcagaagcc cctgaaacca cgggceggggy tggggtgggyg agcegcagett 2340
tgggacccte tagccggaga cttceccggcag ctgceccteccga cttgttctaa gtacaggaaa 2400
aatctgtgeg cccagttgec tcactceccaac agcgcgcagt tgtgcccgge gaggatgceg 2460
cgctagtegt ggagatgccc caccacaaag aggattcagg tgcttecctac tccggcacce 2520
agtgggttgg tagtcctgtt ggcaggagac aagaatcgtce tgggctgctce ctatctctgg 2580
caggactaga cggggcgtga aggaaagaag gaaagaagga aagcagggat cgggcactgce 2640
ccgagggcag atacttgggce tttggtgttg tccagcgege tcggagtgceg ctgceccteget 2700
cacgcggtcecce caggcccege ttecttcagge agtgcctggg gcgggagggt tggggtgtgg 2760
gtggctcect aagtcgacac tcgtgcgget geggttceccag cccectececce ccgecactca 2820
ggggcgggaa gtggcegggtyg ggagtcacce aagcgtgact geccgaggec cctectgecg 2880
cggcgaggaa gctccataaa agccctgteg cgacccegete tetgcaccee atcegetgge 2940
tctcaccect cggagacgct cgcccgacag catagtactt gecgeccage cacgeccgeg 3000

cg 3002
SEQ ID NO: 9 moltype = DNA length = 3000

FEATURE Location/Qualifiers

source 1..3000

mol type = genomic DNA
organism = Homo sapiens

SEQUENCE: 9

cctgectgtyg tgcectettyg taaggcactg aaggtctcag gacctcagtt tcectectetg 60
tgaggtggga atagcatgcc ctgaagtgtt ggatgagaaa gtgttttgtyg agcaacagag 120
gactgggtaa ggattcctag tgagtttggt tggtctggge aatagegtcc ccaatacaac 180
cacaaaacac tttacccttc cagctttgag acttgggaga gatgccctgyg gggttgatta 240
cagaaggctce aggttgggaa agtttgaagt gettcatget aaaccaacct ttaagctata 300
actggecatg gagggcttaa gggagaattt atgtcccttt ttgtectgge ttctectgata 360
agtggttcte agactcataa ctctccagga gttataaaac aacaaaagca aaacccttaa 420
gtcatctcat ttacagctte agctcttcag cagggtatga gggaagcaac tgtttactat 480
tcataagtag atacttaaac agatagacat catgaggttt tttgtttgtt tgtttttggt 540
gagaagcagt tgaggaggga agaagaaaga aaagaggaga gaaaagagag ggagagatgt 600
cttgaggcag agactgggat aggcactgge taagcagggt gagaaggcag ggaaagagcc 660
gggctgaccee aaaccaaagt cagaaaatga ttgagaagag caagaaaaac aaaggaatga 720
ggatacagag tcaagagagg agacaaaaga aggattgagt gaggaaaatt ctgaaacata 780
aatttgcaga aaggttaagg aaaaggagga ataagaagga ggagaaagtyg tagagggaga 840
gcacaaggat gtggaaggag gggagcaagc gtctggggaa ggagacagaa gagatcctag 900
agcacagggg aagatgggga gctgctattt gttettegge tggctectge tttggaaaaa 960
tcetegttte ctactcagtyg ggtatgccaa agaccacatce ctgggtacag gagatatgag 1020
atcatttgga ggtacctaga gacagtcaca gtgatagaac taaactctga gtccttagag 1080
gccagagaga gttgcaagat ttagagaata taacatgtat ttcctaggac tgggttccac 1140
agctccagat tcattgatct cttagactac tccaacacat gtgaatgact ttttaatgcece 1200
ccactttgtg cttagtcttg gectggecttg tcaagacctg gaaactttaa cacttcecttge 1260
tgtgcatttc cgctttgect tggattacaa gcacaaaaag aaatagtgac aattattcaa 1320
gccattcagg atacttccca aacccttetg cctctcaaca ctgtggttcg ggtctaagta 1380
ctgagaatat tttaatacct aatatgagct tcgcatggtt tccagagatg cagcatatct 1440
ttttagctaa tattggcttt tttgaagctc ataagataac agctcttaaa gatcctgtag 1500
ggatcatctec gtccatgcta ggaaattage tggtceccttec tcagtaagga actatttaga 1560
taaaagcagt cagaactctg gcctgaacag taaacattta accagagttc aatcagaatt 1620
caaggacagg ttttcttaaa ctttctttgt ttctaggaga tcaggcagag ctgaatttaa 1680
ccaagaatct tttgatcctt tccacatata gatatacaat agtggtcaca tatgttctgg 1740
gagttcctag accttatatg tctaaactgg ggcttectga cataaaacta tgcttaccgg 1800
ccaggaatct gttagaaaac tcagagctca gtagaaggaa cactggcttt ggaatgtgga 1860
ggtctggttt tgctcaaagt gtgcagtatg tgaaggagaa caatttactg accattactc 1920
tgccttactg attcaaattc tgaggtttat tgaataattt cttagattge cttccagecte 1980
taaatttctc agcaccaaaa tgaagtccat ttcaatctct ctctetctet ttcecectecceg 2040
tacatataca cacactcata catatatatg gtcacaatag aaaggcaggt agatcagaag 2100
tctcagttge tgagaaagag ggagggaggg tgagccagag gtaccttcte ccccattgta 2160
gagaaaagtg aagttctttt agagccccgt tacatcttca aggcttttta tgagataatg 2220
gaggaaataa agagggctca gtceccttctac tgtccatatt tcattctcaa atctgttatt 2280
agaggaatga ttctgatctc cacctaccat acacatgcce tgttgettgt tgggecttee 2340
taaaatgtta gagtatgatg acagatggag ttgtctgggt acatttgtgt gcatttaagg 2400
gtgatagtgt atttgctctt taagagctga gtgtttgage ctcectgtttgt gtgtaattga 2460
gtgtgcatgt gtgggagtga aattgtggaa tgtgtatgct catagcactg agtgaaaata 2520
aaagattgta taaatcgtgg ggcatgtgga attgtgtgtg cctgtgcegtg tgcagtattt 2580
tttttttttt aagtaagcca ctttagatct tgtcacctce cctgtecttet gtgattgatt 2640
ttgcgaggct aatggtgcgt aaaagggctg gtgagatctg ggggcgcectce ctagectgac 2700
gtcagagaga gagtttaaaa cagagggaga cggttgagag cacacaagcc gctttaggag 2760
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cgaggttecgg agccatcget getgectget gatccgegee tagagtttga ccagccacte 2820
tcecagetegg ctttegegge gecgagatge tgtcecctgecg cctecagtge gegctggetg 2880
cgectgtecat cgtcectggece ctgggetgtg tcaccggege tccecteggac cccagactcee 2940
gtcagtttcet gcagaagtce ctggctgctg ccgcggggaa gcaggtaagg agactcccte 3000

SEQ ID NO: 10 moltype = DNA length = 4050
FEATURE Location/Qualifiers
source 1..4050

mol type = genomic DNA
organism = Homo sapiens

SEQUENCE: 10

gectgaagece aaattcagece tttecctcca gaagettcece ttttgacctt getcatagee 60
agtgggaaga ggctttgtct ccacactctg tggtcccatt gaatctacct gttctectaa 120
attctatcaa gtcactgttg cccacctcat gttagagcce cacagaaaat ccagtctttt 180
ggaaagatga aaaaggtgac tctattgact gaaatagaaa cagaagtgac aaccctgtcce 240
caacacataa gaaaagatgc tgagtcatac tccaattcta ttcagaaatt ggactccctg 300
gggacagaga ttttatatta catttgttcc atgtcatgtt cacatgtcag aggcatctca 360
tgttcaccag taaataaaaa gctaagcaaa tgtctgaata cgtttggtgt ttggtgttce 420
ggctetgeeyg gaaggtgaca cataatggta gggatggaaa gagtcattat agttaattag 480
ttgaaatgac atagaaatta tggaattagc tttttttttt tttttttttt ttttgagagg 540
gagtcttget ctgtegcaca ggctggagtg cagtggcacg atctceggetce actgcaaget 600
ctgcectectyg ggttcacgee attctectge ctecagectece caagtagetyg ggactacagg 660
tgcccatcac cacgcttggt taattttttg tatttttagt acagacgggg tttcactgtg 720
ttagccagga tggtctcgat ctecctgacct catgatccac cegectcegge ctcecccaaagt 780
gctgggatta catgecgtgag ccaccgcacce tggcccgaat tagettttta aagcatcctt 840
gatccccgaa aatattagat gtcaaacctc aacgcacctt tactcctaaa ataccattag 900
aagaatctat agtgctgtgg aacacataat gctaacacca gctatgagaa atcaatatct 960
atcagcatcc ccttaactta cattggaaga aacactaacc acccaattag atttaagtag 1020
tgaggctgac tcagcacaca ggggtgtcta aagaaataaa gggaaacaac atccagaagt 1080
tctetttgtyg aaccaaaaat atgcctttta gaccaaactt cttagcaaga atacaagatc 1140
catcacaatc tcacccaaac ctgcttctag ctgcatttca cgetgttett tttceccacccece 1200
tgtcttecaa tectgggtgac cctctggatt tatagatgte cctetgctca atgtcatget 1260
ctttcettta tgccttgatc ctaggcacat atgattttct tcattcaaaa gaccttgtca 1320
acacttaacc tttaaagata tcgtcttttec tggagaaaag gtagttgctt cactccagag 1380
aggggttggg gtctaaagag ctgtgagagt acacatcttce atgctatttt tctcagecte 1440
ttgctcagtg cctggcaact ggtagatgtt tgataaattt ttttcaagta aataaaggag 1500
ttgctaattc actcgtatga gtgcttgcect attgatctga ggtcaatcac tcecttectgaac 1560
tcattgggct tttccaaagt aagcctttcece ccctcaatct aataatgata ataataataa 1620
gtgctaatat taattgagca cttactatgt gccaaatact atgcaatctt aacatgaatc 1680
atttcatcta acttcataag ttctecctcac cctgcagatg aggaacctga agcttaagac 1740
actaagtaac ttgccataat tataaatgag ggagccagga ttgaagcaga gcctgtgtac 1800
tgtatcatta agctatattg ctggcaacta atcaacacca ctgggctcat ggctattgge 1860
tggttactgg tgctactgat ctctgccgag aagctcttcece acctcectagec atgcagcatce 1920
agtctcecte ctgctggcag agaggggcgce tgagcecttte atatttacat agaaagcatg 1980
gcagcagect cagtgttgga acctgccact ggaaatgtcec ataacaacac agttggggge 2040
tttectttgtyg ggcectggca tggtaagtge aagttttgtt attcecttatg ggttcectgaaa 2100
aatgagactt cacctgttag tgactggctt cacgtcatgt acctggagga gctggcttca 2160
catacgtcat aaagatgcac tctaataatg tatttagaag ttgttggcta aaggtctaag 2220
cctgattcta atagcacttc ctcaattaag ctttttctag cactccttca acgataactt 2280
acttctttta ccacccactc aattcctcag tattgtatct atcacgettt tatagttctt 2340
tattttccac acagggctat aaagaggata tttgctataa aacatggcaa acattcaatt 2400
aaaaatgcaa atagctgcat caaaatgccg attcataaaa tttttagatc agatgagaaa 2460
agacccattt ttctggaaaa gactattgat cattgagagt taagaataca gctggttcce 2520
aatttaattt ctccctggta aacagaatag gaatggcttg gcaaatctac aggaaagaac 2580
atgtgtgcat tgtgcttctg getttteccag atgtcagttg ctgaaggttt aaggtgtgag 2640
tctgtgcatg tgtttctgag gatcagtccece tgttcaaaga ggcagtggga agactgagtg 2700
ggataactca cacatggaca ccctgtgcat cagtgtgcgt ttaattcaaa gacagacctc 2760
atttgatagc aatattgaca tgtcattcta atgaattaga aaaaatgaga aaatgggatg 2820
taaatcccca tcectggattca tggggatagt atcagaaaga ttttcagtge ctttgcagaa 2880
tgctagcaac atttattaaa tacctaccct aggtgctatg tgcttacatg agaagccaaa 2940
ggtatctgtt aagctaggta ggaactgcag tcggctggtt gcecttctcatc tggagaaage 3000
ctacacatgc tgctgccagce ggccagctga tctcectaggtg tttaggccta gaagaccaac 3060
cagctccaaa tcacttaaag cctaaacgtt ccctgtctct actaaaaata caaacattag 3120
ccacgcatgg tggcgggcgce ctgtaatccce agctacttgg gaggctgagg gaggagaatc 3180
gcttgaacct gggaggtgga ggttgcagtg agcagagatt gccccattgce actctagtet 3240
gggcgacaga gtgagacaca cagacacaca cacacacaca cacacacaca cacacacaca 3300
cacacacaca cacacacacg cctaaacatt caaggccagg atgcttgaca gatgttgatt 3360
cataaaaatg acaaaaagca caaaatccaa aatctcgtat aagctcagtg gctgtggcag 3420
cgaggttgaa gagcaaaggc aggccgggca cctggctgat gatgtgtgga cccgttgcac 3480
agcagggccce cgcagtgcegg tgtgggtgtg ggtgggccag tctcetgceccege tcaccctatt 3540
ccagggacac agtctgcttg gectcttetgg actgagccat cctcatcacc gagatcctee 3600
ctgaattcag cccacgacag ccacccecggce cgttttectt gttetgtgtg gggagggagg 3660
cagcgeggtyg gttatcaacce tcaccctgeca gaggaggcac ctgaggccca gagacgagga 3720
gggatgggte taacccagaa ccacagatgg ctctgagcceg ggggcectgtce caccctcecca 3780
ggccgacgte agtggccgca ggactgectg ggccctgcta ggcctgctca cctetgagge 3840
ctetggggtyg agaggttcag tcctggaaac acttcagtte tagggggctg ggggcagcag 3900
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caagttggag ttttggggta ccctgcttca cagggccctt ggcaaggagg gcaggtgggg 3960
tctaaggaca agcagtcctt actttgggag tcaaccccgg cgtggtggct gectgcaggtt 4020
gcacactggg ccacagagga tccagcaagg 4050
SEQ ID NO: 11 moltype = DNA length = 2999
FEATURE Location/Qualifiers
source 1..2999

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 11
ccegeccage ctegegggge acgccgggag geggagttet cggtegtgte ccgagagtgg 60
ctggteccegea ggcteggact accagtecca gaatgcactyg cgeccgcage cceggggeggg 120
cegtggttge ccctggcaac agagaggget cecgggageg gggactggga agegetccceg 180
agccggggag gcgcagagcece cgaccagaga gaggcgggga cgcgggtaga gcgaccaaga 240
ggtgtggagyg ccggaagaga ctgaccgege cggcccttgg agagaccect ttectgagag 300
ggggcgcaca gagaggatgce cgaagccagce gagatctaga gagagggaga cagggattga 360
atcacagaga cacttagagg gagggagaga cctcaaagac agagagattc acagggccag 420
agagacacgt agagtgggtc agagaagagg acagaggaca gagacataga aaagacagga 480
gggagagaga ctgaatcaca gagacacagg gagagaggga gagacctcag agatggagag 540
agactcacag ggccagatag acacatggag tgggtcagag aaggggacag agagagagac 600
acagaaaagg gaagagggag agagactgaa tcacagagac acagagaggyg aagtctctat 660
ctagagacce tcgacagaga ttcctagage cagagacaga gattcagaga gccagagaca 720
cagagagatt catagagaca tatagagaga ttcagagagc ctgaatcaca gagattcaca 780
gagccaacga gacaaacaga gagattcata gagccagaga cacagattcg gagagtcaga 840
gagacataga aagattcata gagccagaga cacagagatt cagagagtca gagagacata 900
gagagacatt catagagcca gagacacaga gagattcata gacatataga gagattcaga 960
gagcctgaat cacagagatt cacagagcca aagagacaaa cagagagatt catagagcca 1020
gagacacaga gggattcgga gagtcagaga gacatagaaa gagattcata gagccagaga 1080
cacagagatt catagagaca tagagattca tagagccaga gacacagaga ttcagagagt 1140
cagagagaca tagaaagaca ttcatagagc cagagacaca gagagattca gagtcagaga 1200
aacatagaga ttcatagagc cagagacaca gagagattca gagtcagaga gacatagaga 1260
gacattcata gagccggaga cacagagaga ttcagagtca gagagacata gatttataga 1320
gccagagaca cagattcagg gagtcagaga gacatagaga gacattcata gagccggaga 1380
cacagattca gagtcagaga gacatagaca ttcatagagce cagagacaca gattcagaga 1440
gtcagagaga tgaatagatt cagagagcca gagacacagg gagagtgaat cacagacaca 1500
gagggacggyg gagatcccca gaaacagaaa gagattcata gagccagaga gacaaataga 1560
gattgggtca gagagaaagg gacagagaca gagacagaga agagaagagg gagagagatt 1620
gggtcagaga gaaagggaca gagacagaga agagaagagg gagagagaga ctgagtcata 1680
gacaggagag agacccccct agcatcagag agagagagag agatcaacag agccagagag 1740
ggacaagtac agagaaacag atggaaccag agagatatag gaagagacaa acaaaaacag 1800
agacggagtt gcagaaccgg aggaagggag agagacagag acaaaggcat ttataaagac 1860
gggtggaggt gaggagagag agggagagac aggggcaagc atttagagag tgactcccag 1920
agaggaagac agagacggac tcccaaagag atcaagttge agagggaggyg ggagacagag 1980
tcacagcctyg agagagaata gagattcaca gagccagaga gacaaagaca gggaaagaaa 2040
caaactcagg gagacagagg cggaagaatt tatcagacgt agagggagag acagagggag 2100
actgattcac agtgaggcag accaagaccce cgagaagaac cacgacacca agacccagag 2160
atggcgacag atacagatgg agacacacag cagaggaaat agagaaatag aaagaaatag 2220
aaacagcatt tctcggagac agggaaaaga aaacagatcce actgagaggc agaaacagag 2280
acacatcgag aaagctcgct ccaggaatag agggagaggg acagaggtca caagaaagac 2340
acacgcaggce agagagctac acaaataatg gagaggccag gggaggaaat aaagactcag 2400
ccggcatcgg agaaagtgag aaccttagcg ccctgcctgt ccactgcetgg acccecctageg 2460
tggagcataa agtttgttga aggaaggaga ggggcagggt cagacacagyg gaccccaggg 2520
cgcccacagg acacacgagg caccctagtg ggggaggaac gcggggcagyg atgacagatt 2580
gcagggtggt gggggggage caggctcaga ggatgceccect cectccagec ageccccgga 2640
gtgggtgtgt gcacgtgtgg ggggcgggga gggaggacat ttgtccecgtg tctecgggag 2700
gggagcgect ttaagccgaa accccgecct cteggtegte ctggcaacge cteccccaac 2760
ceggggetee cacatttcag caggtgecgg agetggaget cccaccgecyg ccegeccgtge 2820
cteceggetge cggcgecect gectttgget cttectecce actegeccege teccectgge 2880
ggagccggeyg cgececggggt gcecgetceect gectggegeg ctecgcacct ggaggtgect 2940
tgccectete ctgcccacct cggaatttcee ctgtggetece tttgatcctt cgagtcetcece 2999
SEQ ID NO: 12 moltype = DNA length = 3000
FEATURE Location/Qualifiers
source 1..3000

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 12
cgctcatgag atcactgtcg agatacttcce cttcatttee ttetetgtga ccttgaaggg 60
tctgggetac atcatctcca tgtctccate ccattcecgat attcttgaag atcaagacce 120
tgggtggccee attaaagggg aatggaaggg aggtgggtag attttgatac gtctttgcaa 180
agaggttgac attcctgttg ttgcaggett ggcggaagta cgacacagac aggagtgget 240
acatcgaagce caatgagctc aaggtaggat gggecttggg gagggtgtga ggccagagtg 300
geggtggget taaggtgcct gaggagggag gagatgttgg atgaggggca tgagtttgeg 360
ggctgettag gaatactcag acctggcact gaattgttgg acttgtttag agaagtcagg 420
ggaaatcagt aacatagagc tgccaggctg tagatttcaa cgaaacccag ctcttctgea 480
cctecatget cgggacagga gtcctccagg caattccaga agattggect ctggetccta 540
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ggtccaccte caaattccte tggctatcac ccagtgattce ceccaggcact gettagetce 600
gtatactggt ctcccaggag gcagagccaa tctctagege ctattcetgtg aggcagggtt 660
gcaccaccag ctagtacagce cttaaaagtc actccccaag agttaggaat tatgagggec 720
ctgagtcata gaactggtag acctgaaaaa cacacacaca cacattgaga gactgtctga 780
atgagcaagt aaggaaatga atgagggacc gaatgcacga gtcaggagta ctaaagaggc 840
cttttgtgtt gcagggattc ctgtcagacc tgctgaagaa ggcgaaccgyg ccgtacgatg 900
agcccaagcet ccaggaatac acccaaacca tagtgagtga acagaagtgt ccctctccce 960
cagggtgcag gacttgtgcc ccaagccact tgggctctgg tgtgcagggt cccttgtttg 1020
ctgattcecttc aggcccaagg gaagtgattc acagtggcag ctggcaaaaa gggatgctac 1080
ttegtggett cacataccct ttgaggtcecct gggtgtgage tgactcgtgg gccaatgtga 1140
ttgtctgtect ccatggcaac ctctgcagcet ctaggagagg atgatcttgg agagagtggg 1200
cctttagtge cggcctgetg tgcctcaget gcecectgtee ctgaggaggg gagagaggag 1260
cagtgaacga gtccctgtgg tceccacccagg ggaccceegt gactgattta geccatgttg 1320
gttettggee cctacggace tcagaggaag catgagcacg tgtcaccegt cctecttece 1380
atcctectecca gtaaaagggg atgtcaggtc agagaaattc acagcaaata acccaggcac 1440
ctttctgtee ccaacagcta cggatgtttg acttgaacgg ggatggcaaa ttgggcctcet 1500
cagagatgtc ccggtaagca cctcaccccee ggggtcactg atactggctce ccacaggtca 1560
ttectgtgtt atccegtctet gagatccatt ggtgggaaag tgacaggtgce gggtgtcaag 1620
aagctcaaga caaagcaaga tagaattgtg accgtcaaca cctcaccttg tcectgtctceccece 1680
tcgtttttga acttcccact gattcattat gtgtgaagtg ctcagaaatc atttctgtaa 1740
ctgcaggcac cgcctctgece tteccectete ccegettgece ttgectgtge agtctectca 1800
tctetgetet aacattttet ccccagacte ctgectgtcece aggaaaactt cctgcttaaa 1860
tttcaggtaa aactttgctt tecttectte ccecctteect catcecctetg agectggece 1920
tgcaccctee ttcccccaac gcaccacaca caacacacta cacacaccca cacacaccac 1980
acacacacaa aacacaccac acacacaaca cacacagatc acacacacaa aacacacaca 2040
gaccacacac accacataca caacacacgc agaccacaca cactacatat cacacgcaca 2100
cacceccacat acacagagac atcacacaca ccacacagac cacacaccac acacacaaca 2160
cacacatcac acatgcacac accacacaca taaacacaca cacacaaacyg cacacccaca 2220
cacacaccac tgcgcttetg cttcectgtett taataccctg gttcettgcag ggcatgaage 2280
tgacctcaga ggagtttaac gcgatcttca cattttacga caaggtaaga gagggagttg 2340
gcatggcagyg gaaaatcaga agcccatcag cccgtecaga agggctcage ttcatccctg 2400
ggaagagaca gctttccagg ggtggcctgg gecgtgtggt ttecttectge cgcatcttet 2460
gctgtatgag aaggcaaatg tcattctcca cecggtggecet atggagccca aggggttggt 2520
ttectgcagag tgcagccgag aatcgttggg ggaggactat gcttagaact agggtgtgac 2580
cacgctgteg ggagccaaag ggaagagaca ctcagaactyg ccectggtgec agatcacaat 2640
tctgcecagg gccaagtett tetctgggaa gttggaagtt agatgatctce catacccacce 2700
cctecectggg ctgteccceetyg cccacatgac tceccggtggtt ttettcataa ccagtgttgg 2760
aggtaaactt taaatagccc ccggactcag ggagttaacc aaatgcttcect tgaatctcac 2820
ttaaattttc aacgcacatg aaaagcacca caatgaaagg ctacccaaag cttgcaccca 2880
ctgccacctt cctgccatga ctggttaagg cagaagggac acattatttt gtcattacac 2940
gatctgaaca ccccecttttg cacagagtaa tggagaggct agactcttag acatccctgg 3000

SEQ ID NO: 13 moltype = DNA length = 2441
FEATURE Location/Qualifiers
source 1..2441

mol type = genomic DNA
organism = Mus musculus

SEQUENCE: 13

gaattcccag ggaagatcce agggaagatg aagaaaccat ggctacaata ttttattaaa 60
taaagagtce attgtgccac cttcttecag cttctaactyg tecttgacac ctttggette 120
tcetggtgge ttttetacte tggcectttga cectgectgt ggtcaggtge tggaccctte 180
tcecegttect teoctetgget gtcacacctg ggaatctggyg cagagatgece ttttetette 240
cctegettee caccttttga gtectcettect acagetteca ggtgggaage caccatctac 300
agaaagagtc ttgggttgta cctccagtgt cectetgtec aggacttgag atcacaacct 360
tctectagetyg tccacccata acctggatte atcccccacyg cceccgecaga cacacaccag 420
ttggtgtgtt ttcttctgaa ctcccectgt ggccaataca cteccaccca cccttgtcete 480
tcagcccaga acttcacagt cagccccaga cacggagtac ctttgggttt cttgaagage 540
aagatgctgce ttccatgect ggaagtttct gcttatgtet actgttctag ctattcecggat 600
gttectattgt aggcacttag gactcgtata gtgtctgcta catttcatga tagtgaataa 660
atttcacaaa agcatattag gcttcctata aatctgtect cattectcaa tggecctcce 720
atctectgte ttectaacct gtecctggtet ceegtgtetyg cectagggac acctecatgt 780
caccaccaga ctcagtggaa atccttactc cgeccttgge tattagtgca gatctgaact 840
cagtteccttyg tacttgcagg caagcacttc actggctgag ccegectccca gttecagete 900
caggccceccg gctceccaaag gtgtttattt gtgtgggtat ttattttgte cagtcttggt 960
cacaccgcat cctcaggggc tgggcacagt tcataaatct tgaggcaagce gatggaggga 1020
aggaggcagce taagcegtcca tatctcagece accgacccag ggaagtcage gcectgtggat 1080
tctgaccata tcgaacagcc ttgtgcccag ctgctttate cacaattccg gacatgctceg 1140
atctgtcaca gatacattcc cacaacctga gctgtcttgt gcgggaaatc accccacage 1200
atttaatctg ttgctgttta aaacatgttg cctctaggtt gcagacaccg ctagagccac 1260
aaccatgaac ctaaactctt ggcatcactt gctgtttcte atagtcccce tcageccggaa 1320
gtcececcaaac tgtgtgectt ttcectatttag aaagagtttce taaccctttce tceccattcacce 1380
ctagcttgac agggttgagg gcatggttgc cctggctggt ggtgacccca agttacaage 1440
tagcagcaag gaggttgctg tggggcttcce tcagtatgtg ttctgtggaa tggggttaga 1500
gggattcagc aaattctagc accctgggca tagataatca ctttgttatg tgagaactgg 1560
gggttgcagg attgtgcgca ctacagcaga gagagcccece tctcetcectte ttgettggta 1620
agagtctttt tctcagccaa gatcctcatc acccagcgaa atcccataac tttagaggga 1680
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ctagactgga aagggtgatc tgagctcttg ggaaggtgcg agcccagccce gcatggctca 1740
gecagecaga gettgggagt gectgagaca ctcetetggeg ccacttcacg accaaaagca 1800
tcagtagatg ataggcccct gggaagtcgt cgtggaaaga aattacaaat ctttttccca 1860
gaggctttte gcagaaaggc aggagctgca cccgatctta caattgtgta agaatagaat 1920
ccaggatgcce aactgcaatt gagttctgaa aaattgggag cccgatttcece ctctettact 1980
tgtgagagcce cactcaggtc tgaggtggtc ccagagaaca caccaggatt acatctgectg 2040
acacccagcce tgtgagggtc ccccagttte cttgaaggat ttgatcccca aagctcactg 2100
aacttggtca gcttctccat tgcagataaa ctecctgtttt tcaccgagag tggaggtgge 2160
acccteectg aggtggacte tgcacaggcg ccgaacaggt gggaaggaag ctctttagat 2220
aaagagtaag acccatgcaa agtgccccce tgggaggggce tatcctcatt cactgggacg 2280
cttcecttet cteccecggaggg ccacatcaat cggtggtcece tccagtggect gectetgage 2340
acgtgtectg ctggactgeg tcagcactgg gtaaacagat gactggctgce gaaccgggag 2400
gagctattta agagcagtca ccctccegece tgccectcace t 2441
SEQ ID NO: 14 moltype = DNA length = 1544
FEATURE Location/Qualifiers
source 1..1544

mol type = genomic DNA

organism = Mus musculus
SEQUENCE: 14
ccatggcgat ggaaagctga ccagtgcetcece ctetgatcaa ggaatccttt ccaagctcac 60
cagagagcac aagcataaag gacaggaaca cagactcatg taatccccag aacaatccaa 120
gatgtcaata cccacacacc cattttacag actcggaaag ccaaggcaca gacaggctgt 180
gtaagccaaa caacgttgtg gaggttttgt tgttgtttgt ttaggaacta gacccgagga 240
gtttgattct attgcaactg ttctttagga ctgagectte ttgccttcectce gaaggcaaga 300
ctcaggetgg gggactctag cttagtaatt tcetcageect ggcagcaagyg aatgetgggt 360
tacagaagce ccaacagtta gectattttg ctgegtettt cccagtcetgt tcttgtaaac 420
aacctcaaac tgtgtgectg ggcaacacac cagcagtttt gaaacttggyg ctccatgttyg 480
cecetttgagg ttagetccga getacctcaa cctgaccceca ggaaacagece tgctettcete 540
cgctecccee ccteccecce accccaccee gggttetect ctecectage gacctgettt 600
agattctcac ctccttetet tttgctetee cttegaagge agctcagceta acactcatta 660
gcacatgtta atgagcagca attcaagtct ctgtccttet ttttaggggce agggtgettg 720
ctgttgctet gaaggtaagg tgtccaagaa gcaagcacac actgcagacce tttagagtag 780
ggaggatatyg ggacggaggce tggctctetg attgaggaga ccccacggtg tgetgtgett 840
getgtetgtt ttetttaaca gaagttcage acatctttgg gtcagagttt accgccatet 900
acctacggga ctacgggagg ctccagtctg ctactacctyg gataaaggtce taaaagtctg 960
caggatgtga cagataccgg agggaagtgg gttactgaac agtggagtag ttcctceccatt 1020
cccatctgaa tectcattge accttgtcga ttccagttgt ccacctacgg taaaaccttg 1080
agaaccctge tttcectgcaa tectggtacce cctcgaggga gtcacaggac aggaagagtt 1140
ctgggctcaa atcttagctt tgctacttgt taataatgct attgctgcga ctagaaactg 1200
ggtgtgctca agatggacag agggaaggga aggcaggagc tgcctctceccce catttccage 1260
taaatacctg cggtgtccecce ggagggcacce cagaagtcte attgaacact ctcteeccggt 1320
cceccaggaac cctggcagag aagagccccece geccgtgeag cgecgegece tgcgegatte 1380
cctgagtgtyg cgcgeccect teecggeggece cgacgceggeyg cagetcceggyg ctgcatataa 1440
aggcagcegtg gcgegcagece ccagcgegag aaccagagec aageggcacce gagtgacage 1500
gcgetgagag agaggcttaa gatctccegga geggctcegece atgg 1544
SEQ ID NO: 15 moltype = DNA length = 3014
FEATURE Location/Qualifiers
source 1..3014

mol_ type genomic DNA

organism = Mus musculus
SEQUENCE: 15
ggactagatc ctggatccct gggtatgagg aaggagggga gttgtgecta gattcctaga 60
tcctgagaga caagggacct ggaggagttc caaaggatag aatcagaggce atccatgtgt 120
gtaagaagtt gtatccagaa gctggctect gtgtactteg ggagetgttce tgggacagtg 180
tgagcttcca gaggttaaag caagccctte tgtettteeg tgggettgac cttagcacga 240
cttttetteg ggggaaagtt atgaataatt ctgtgttcat cacagaacac aggatgatgg 300
getgecegege ggtggtgget acacctttaa ttacagcact ccaaagacag aggcaggcag 360
atctectttga gttcgaggce agccagectg atctgcatag tgagttccag tacagccaca 420
acagaacaaa caaacaaaca aagatgcaag gtcaaagaga ccaaagttaa cccaagtgca 480
ctgggtgage cagtgagtgg actggaaata cttgcagggyg catagagaag cccaccccaa 540
catggaagac tcatggaaga cgcatttctg gggtacactyg ctcaacttgt agtcagetgg 600
gcagaagagt cttcctgtce tctcecttaatt gtttgectget catatattac ttcagectttg 660
ggaggggcect catagcacag ccctgtaact ttctgagect tgggggttet atggtttgte 720
tttctaacat gtaattattg tgtgtgtgca tgtatgtgta caccccatag ccagtgtatg 780
gaggtcagag gacaatttgc agaattccac atggtctatc caccatgtgg gtecttgggga 840
cagaactcag cttatcatgc tcectgttgtaa gtctcectttet ttcetttcettt ctttetttet 900
ttctttettt caatttattt atttattttc catatatgag tacattgtag ctatacagat 960
ggttgtgagc catcatgtgg ttgctgggaa ttgaactcag gacctctgcet tgctccagece 1020
ctgcttgecte cagcccaaag atttatttat tattatatgt acgctgtaca tataataata 1080
aatacataca taagtaatat tattattata ataataaata agtacactgt agctgttttce 1140
ggacccacca gaagagggtg tcagatctca ttacggatgg ttgtgagcca ccatgtggtt 1200
gctgggattt gaactcagga ccttcagaag agcaatcagt gctcttacct gctgagtcat 1260
ctcaacagcce catgttgtaa gtatctttac ccactgagce atttagttgg cccttagtet 1320
ctatagcttt tgagttattt gagtccctce ccteccctecta tcagetgatg ttcaattcag 1380
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aagaaataac tacagaactg acaatagtaa taagaaaatt ggacctggaa accaccttct 1440
catatcttta gtggcatcag ccgagaggtc agacagttaa catcctgaga agggctctgg 1500
catttggtcce tagttctgag cctctaggac aaggagacag aagctgtggt ttgcagtgta 1560
aaaaaagaga tgtggctggg cagtggtggc acatgccttt aatcccagca catggaaggce 1620
agaggcaggt ggatctctga gttcaaggcc agcctggtct acagagtgag ttccaggcca 1680
gecatggceta cacagagaaa ccccgtctceg aaaaaacaaa acaaacaaaa agatgttagt 1740
ccttecacte acttecccatg tcagggttac atggtacact agaaggccga gaggcctgte 1800
ctgaggtcta gccctgcatg actgatctcg aaaactagag atttcagtgg actgctcaat 1860
gagaatggag ggagttgaat tttcctgtac ttgaggtacc tgttagctga gtccectggag 1920
gaagtgataa gctcagagat aagaaagcag aaactgagca gtcttcaatt ctccaggtct 1980
gaggtaggat tgggggtggg gtgggtgaag cttgaaagga ggggagaaag aaagcataat 2040
gttecectggte agagatctct ggaagaggag tgagaaggat gcaggtccag tactctggtt 2100
agatgtggga ggtggaatag aagatggaat tttgagtggg taggggctgc taaggtctat 2160
gttgctctta tgtacacgaa atcttttcac agggcataaa gtatgaggaa gttagagtct 2220
tggctatgga gaagttagag atgactgagt cgctgtggat aaaagaggga actttgtaca 2280
cagggectgg ggtaaaaaaa aaaccctagg tcacacacag gaggaagtga agtacaggct 2340
agatcttaga ccatatcttt cattgctggg tgggtggttt tgttgtttgt tataaaacag 2400
ggtttgtttyg tttgtttgtt tgtttgtaat aaaacagagt agccttgacc attctggaac 2460
tcactctgta gaccaggttg gectttgtttg ttttaaaggce agaaccacat tctgtagcce 2520
aagctagctt ggactttatt acagagccga ggctggtcecte catctcacag tagccttceccece 2580
actttagcct cccaatttet aagatcatgg gtgtgccctt cttgacttgg tttgecgtagt 2640
gcagggttca gatccaaggce ttectgaatg atatagacaa gcgtgttacc agctaagcca 2700
catccccacg gtcaaagttg taggtgtatg tttggggtga gtctgtatgt gttcgcatgg 2760
aggtcagaag ttggtttttt ccttccagga gttatgtcce agtaagccag ctctagtttt 2820
ccagcatgge agcacacact cccgtggata ggatgctgac tcecctgggaa agggaagcaa 2880
gaagtatagc tttgagtgtt tggattttgg gttttcttat gggtagggct aggatgagcc 2940
tagaacctag atgaccaatt catttttata gtttatagac aagttccata tattaagaca 3000

catcctttte agaa 3014
SEQ ID NO: 16 moltype = DNA length = 3171

FEATURE Location/Qualifiers

source 1..3171

mol type = genomic DNA
organism = Mus musculus

SEQUENCE: 16

gatctttcag gaaacactag taggtaacag catgagtctce tccccaagaa ggcttgacta 60
atctattaga aatcctatgt gtggacatgt tcataagaga gcatgatgga atccttcatg 120
tgcttgaacce catagtaaaa tatctgagca ttttetttte cecttgaagyg ctaagaaage 180
attcattcaa cctgaaaggt tctggttctce ccatatgcat agtgatttga actgccatgt 240
cttagtcagg gtgtttattc ctggacaaac atcatgacca agaagcaagt tggggaggaa 300
agggtttatt tggcttacac ttccagactg ctgttatcac caaggaagtc aggactggaa 360
ctcaagcagg tcaggaagca ggagctgatg cagaggccat ggagggatgt tccttactgg 420
cttgectecee ctggettget tagcctgete tettatagaa ccaagattac cagcccagag 480
atggtcccac ccacaagggg ccttteccee ttgatcacta attgagaaaa tgccttacag 540
ctggatctca tggaggcatt tccccaactg aagctcecttt ctetgtgata actccagetg 600
tgtcaagttyg acacaaacta gccagtacat geccagtaggg cctaagtcta aatacagatg 660
caataattca gtaacatgaa atgggaaaga gtttaattgt gctggagatt ttttttctce 720
tcttatgaca cgtgggatcg tgaacctgtt cacctgaatg ctgtgtaatg aggcctaaga 780
ggcaagtcat aagagtgctt tgcaatgctt ttggaaagtt taatcttatg gaacaatcac 840
agtattcaaa gggtgtgtac ttcttccaga atcctagaag gtgagagagyg ttcctgaata 900
tttgaaaaat aacaccctcc caatcttggt taatgaactyg aaaaattcgyg caggcaaaag 960
gcagaaatag ttcttaagtt acttcagagc tgtagaactg aaacacacac ttgtttagtg 1020
tcecttaaact caatttaatt ttgaagtgac accaaaaatg tctaaaaaga gatgttgatt 1080
ttaaatgaga gtctaagact aatagttatt taagagaaaa atgtatttta tgaagttaca 1140
tttcttetge taaaaaaaat tatccaggaa aaaatattac cttagaaaat caaaatgaaa 1200
aaaaaaagaa aatcaaaatg taaattgaag aaattgaaga ctataacatt caaagatgtt 1260
gaggatgcca tgtttacagce ttgttaatct gagttgatac aaactaaaag aactaatcta 1320
gaaatgttct ttaaatttta aattatatat gecttttgtac taacaatagt acccctatga 1380
ccaggaaaaa atgtatatct aaaataaata tctgaagata tttgttgcag ctgtttgtca 1440
cagtagaaca ctaaaaaaga tggaatgtct acaattagga tggaaaacta tgttatgtaa 1500
acatgggcta atggaggaag tgtctaccga ggaacaaact tttgtatgag gatgtgactt 1560
gggtaggctyg agattcagtt ttccctggaa attaagaggt atatgaacaa aagtaactga 1620
cgtgtattgg gtcaaatgcc cctttacctt tgtaagccac agaaggtaag gttaatacgt 1680
tttattgcac tacttgcagg acctagcaaa gtacctgacc caaaagctgt tgataagtgt 1740
tcactgaatg gatgaaaata taaacaactg ggcatgcaca taatcttttt aagtaaaaac 1800
aatatccttg ttatcctecte agagtttgge ttgctttgtg tataatatca gtctgagatt 1860
tgtgtgagaa tcagataagg tgatgaaagt caaaacttac atccatgaaa actttagagt 1920
atcatggctg caggacttgt ctggagaaga caattggttg cctcacaatc ccactattgg 1980
aggaaacaca aatgtggtga attccatatt ctatgacaca cgtgaaacct gtggcgctte 2040
atgagctecgt tttgaaagtt tataccacac tggtttgcectt ttgtttactg taaccagaca 2100
catagggttc attttcagca gaccataagg tctcaaaaga tggacaatta gataacttag 2160
aaatacttac gtaaaagaaa acctaaatac agtatttgtc atattaaaat accaattgta 2220
acatgtagcc ggatattttt cccacctcta atgatttcca gtttctggaa aaaaatccct 2280
cacctagaga tagaagcagc gcagctgtaa aatcagtgag tggggctgct acggagtcac 2340
tggttagcct ggtgacattt ctttcagttt ctactttgta agatgcaagt aactaatggce 2400
atcgataaaa tcacttcctt cctaacatct taaattctta taagttaatt ctactacatt 2460
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ccaataattc tgcttcaagc tcaaaaagta acaacagcaa gagcagcaga ctcctgcatt 2520
ctgctgtete taagcatagce tcacatctta aacagccacg tgatggtctce cattagcgca 2580
atatgaagca ttgttacaat taaccacagc aacgtatgca ttaatcaaat taaactaaca 2640
cttgacatct gattttgttc aaatactcaa ctgcctcgat aaatactaag tagacaaaat 2700
ctccactgac gtggtttatc agtcagecttt cccttccate tgaaaaaaaa tcaaacaatt 2760
ctaggtatgt tgctttactc taacattcag gagtgaaagc ctccctgaac ctgggggatg 2820
tgaggagaaa tgagtctgag caagggatcc ccaccacctg ctgcttceccta gactccaaaa 2880
ctccagetece agctatttec tgggaagaga gaaatcggag gggaggggaa gaaggttggt 2940
gagagcaaga ggcgggagct aggaaaagga ggcaggagga ggcgtggecc ggectgggge 3000
cggcgggata aatacagaga actgggtgceg gggtgcggag aactccggag gacgcccgaa 3060
cggagcagca ccgceggacag cgccccegecg cgecgegece agcetcagect gegecagecct 3120

ctegececgag gttegegete cgcgcactcet caaactagce gctgcaccac g 3171
SEQ ID NO: 17 moltype = DNA length = 1568

FEATURE Location/Qualifiers

source 1..1568

mol type = genomic DNA
organism = Mus musculus

SEQUENCE: 17

taaaaatagt aatggtattc ttttaattga tcttcagggt ttcattccta ctactctctg 60
tatttccagt agcagcccat tctccctaga actgcegcage tcettgggtat gatttggcag 120
taccttacct ttagttccct aaaggaaatg ctectectac taaactgtga ttccctcaaa 180
gtacctgtet tgcttatgtt atagtgggtc acacattcat gecagatgcc aggaaaccga 240
ggcgaggaag aaacctatgt ccgtgctect tceccaggcta ggttgtectga agaaagatag 300
caacagtgca ctcatataca taaaataaat aaataaatct aaaaaagaga aaagaaggaa 360
ggaaggaagyg aaggaaggaa ggaaggaagg aaggaaggaa ggaaggaaga aaaagatgga 420
aggaagggaa gaaagaaaga gagaaaggtt gctaggaatt gaactcagga cctcaggaag 480
agcactgact gctcttagcce getgageatce attccagece cctetttett tetttettte 540
tttctttett tetttcecttte tttetttett tetttcecttaa aaagaacttt acactgcaga 600
tatgtcatga atattaaatg aaattgcacg agaaagtccg tggctacatg accccaagat 660
geecegttea aaaacagcaa tgtgettceg tectgecctt tectcecgage tectegectt 720
tcaaaaggag gttaaacaag atcagatgcc ctttttttet gcagaaggaa attagaattg 780
tatttctcag tgtcctgtta agaggttggt tectggagtyg tgggaatage ggaagtgagg 840
ttccaaagta aattagagag aagagcatcc ttecgggcaga atggccacct gagecttggg 900
tgccecacct tctaacctcet gcaactgcac ccaatcccaa gecctcccca ttcectcagca 960
ccattttact gcgtctctag gaatggattc ggactttgca ggcatttgga ggtttagatg 1020
gtatcatctt cacccacatt gtggtggaag tagcatcact ctgatgccct gggcattggg 1080
cgttgtgttt cccagggaaa gaagagaagt gtgcctagac agcaggggga caaatgggcece 1140
ggctgggtat actgtggcat ctcaggcgac acaagggaga gtgtggccac ctcttccaac 1200
ttgaccaccce tgatctcagg ctcectgggagg ctgctaccce ctecggctee cacccaagte 1260
cttccacagg tgggagtgga ccgccatggt ttaattccat tctcecagctce agagccaact 1320
gegtggtgte ctgagtcaga cactcggeca gggagegegt gtectgeggg ggeggcagea 1380
ggtcegggty acgccaggga gccaggggceg gcgaggtcac gegtgaagac cacgccagece 1440
cagcccacgt gtgcgccaga tttaaaagtt ggtggcgcge ggagatggtce actttggtgt 1500
ctgagetcag caagaggagg cgcacaggac acgctgaggyg acagctaaaa cacccgcaca 1560

acacaggyg 1568
SEQ ID NO: 18 moltype = AA length = 224

FEATURE Location/Qualifiers

source 1..224

mol type = protein

organism = Homo sapiens
SEQUENCE: 18
MRCSPGGVWL ALAASLLHVS LQGEFQRKLY KELVKNYNPL ERPVANDSQP LTVYFSLSLL 60
QIMDVDEKNQ VLTTNIWLQM SWTDHYLQWN VSEYPGVKTV RFPDGQIWKP DILLYNSADE 120
RFDATFHTNV LVNSSGHCQY LPPGIFKSSC YIDVRWFPFD VQHCKLKFGS WSYGGWSLDL 180

QOMQEADISGY IPNGEWDLVG IPGKRSERFY ECCKEPYPDV TFTV 224
SEQ ID NO: 19 moltype = AA length = 229

FEATURE Location/Qualifiers

source 1..229

mol type = protein

organism = Homo sapiens
SEQUENCE: 19
MRCSPGGVWL ALAASLLHVS LQGEFQRKLY KELVKNYNPL ERPVANDSQP LTVYFSLSLL 60
QIMDVDEKNQ VLTTNIWLQM SWTDHYLQWN VSEYPGVKTV RFPDGQIWKP DILLYNSADE 120
RFDATFHTNV LVNSSGHCQY LPPGIFKSSC YIDVRWFPFD VQHCKLKFGS WSYGGWSLDL 180

QOMQEADISGY IPNGEWDLVG IPGKRSERFY ECCKEPYPDV TFTVTMRRR 229
SEQ ID NO: 20 moltype = AA length = 233

FEATURE Location/Qualifiers

source 1..233

mol type = protein
organism = Homo sapiens
SEQUENCE: 20
MRCSPGGVWL ALAASLLHVS LQGEFQRKLY KELVKNYNPL ERPVANDSQP LTVYFSLSLL 60
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QIMDVDEKNQ VLTTNIWLQM SWTDHYLQWN VSEYPGVKTV RFPDGQIWKP DILLYNSADE
RFDATFHTNV LVNSSGHCQY LPPGIFKSSC YIDVRWFPFD VQHCKLKFGS WSYGGWSLDL
QOMOEADISGY IPNGEWDLVG IPGKRSERFY ECCKEPYPDV TFTVTMRRRT LYY

SEQ ID NO:
FEATURE
REGION

source

SEQUENCE :
MRCSPGGVWL
QIMDVDEKNQ
REDATFHTNV
QMQEADISGY
SIFLMVVDIV
ALLVISLAET
KTDDCSGSDL
FLEKRDEMRE

SEQ ID NO:
FEATURE
REGION

source

SEQUENCE :
MRCSPGGVWL
QIMDVDEKNQ
FDATFHTNVL
MQEADISGYI
LLIVILSWIS
LEVESALLEY
ISVKGANNSN
IVRREDVHNQ

SEQ ID NO:
FEATURE
REGION

source

SEQUENCE :
MRCSPGGVWL
QIMDVDEKNQ
REDATFHTNV
QMQEADISGY
SIFLMVMDIV
MALLVISLAE
TKTDDCSAMG
DEIREVARDW

SEQ ID NO:
FEATURE
REGION

source

SEQUENCE :
MRCSPGGVWL
QIMDVDEKNQ
REDATFHTNV
QMQEADISGY
ATLMVMLSWV
FVFVFLSVLE
YMPENGEKPD
LIYWSIFS

SEQ ID NO:
FEATURE
source

21

21

ALAASLLHVS
VLTTNIWLQM
LVNSSGHCQY
IPNGEWDLVG
GFCLPPDSGE
IFIVRLVHKQ
LPAMGNHCSH
VARDWLRVGY

22

22

ALAASLLHVS
VLTTNIWLQM
VNSSGHCQYL
PNGEWDLVGI
FWINMDAAPA
AAVNFVSRQH
TTNPPPAPSK

23

23

ALAASLLHVS
VLTTNIWLQM
LVNSSGHCQY
IPNGEWDLVG
GFYLPPNSGE
TIFIVRLVHK
NHCSHMGGPQ
LRVGSVLDKL

24

24

ALAASLLHVS
VLTTNIWLQM
LVNSSGHCQY
IPNGEWDLVG
SFWIDRRAVP
YAAVNYLTTV
RMMVQLTLAS

25

moltype = AA length = 471
Location/Qualifiers

1..471

note = alpha7-5HT3 chimeric receptor
1..471

mol type = protein

organism = synthetic construct

LQGEFQRKLY KELVKNYNPL ERPVANDSQP LTVYFSLSLL
SWTDHYLQWN VSEYPGVKTV RFPDGQIWKP DILLYNSADE
LPPGIFKSSC YIDVRWFPFD VQHCKLKFGS WSYGGWSLDL
IPGKRSERFY ECCKEPYPDV TFTVIIRRRP LFYAVSLLLP
RVSFKITLLL GYSVFLIIVS DTLPATIGTP LIGVYFVVCM
DLQRPVPDWL RHLVLDRIAW ILCLGEQPMA HRPPATFQAN
VGGPQDLEKT PRGRGSPLPP PREASLAVRG LLQELSSIRH
VLDRLLFRIY LLAVLAYSIT LVTLWSIWHY S

moltype = AA length = 430
Location/Qualifiers

1..430

note = Alpha7-GlyR chimeric receptor
1..430

mol type = protein

organism = synthetic construct

LQGEFQRKLY KELVKNYNPL ERPVANDSQP LTVYFSLSLL
SWTDHYLQWN VSEYPGVKTR FPDGQIWKPD ILLYNSADER
PPGIFKSSCY IDVRWFPFDV QHCKLKFGSW SYGGWSLDLQ
PGKRSERFYE CCKEPYPDVT FTVTMRRRMG YYLIQMYIPS
RVGLGITTVL TMTTQSSGSR ASLPKVSYVK AIDIWMAVCL
KELLRFRRKR RHHKEDEAGE GRFNFSAYGM GPACLQAKDG
SPEEMRKLFI QRAKKIDKIS RIGFPMAFLI FNMFYWIIYK

moltype = AA length = 466
Location/Qualifiers

1..466

note = alpha7-5HT3 chimeric receptor
1..466

mol type = protein

organism = synthetic construct

LQGEFQRKLY KELVKNYNPL ERPVANDSQP LTVYFSLSLL
SWTDHYLQWN VSEYPGVKTV RFPDGQIWKP DILLYNSADE
LPPGIFKSSC YIDVRWFPFD VQHCKLKFGS WSYGGWSLDL
IPGKRSERFY ECCKEPYPDV TFTVIIRRRP LFYVVSLLLP
RVSFKITLLL GYSVFLIIVS DTLPATAIGT PLIGVYFVVC
QDLQQPVPAW LRHLVLERIA WLLCLREQST SQRPPATSQA
DFEKSPRDRC SPPPPPREAS LAVCGLLQEL SSIRQFLEKR
LFHIYLLAVL AYSITLVMLW SIWQYA

moltype = AA length = 428
Location/Qualifiers

1..428

note = alpha7-GABAc chimeric receptor
1..428

mol type = protein

organism = synthetic construct

LQGEFQRKLY KELVKNYNPL ERPVANDSQP LTVYFSLSLL
SWTDHYLQWN VSEYPGVKTV RFPDGQIWKP DILLYNSADE
LPPGIFKSSC YIDVRWFPFD VQHCKLKFGS WSYGGWSLDL
IPGKRSERFY ECCKEPYPDV TFTVTMRRRT LYYLLQTYFP
ARVPLGITTV LTMSTIITGV NASMPRVSYI KAVDIYLWVS
QERKEQKLRE KLPCTSGLPP PRTAMLDGNY SDGEVNDLDN
ERSSPQRKSQ RSSYVSMRID THAIDKYSRI IFPAAYILFN

moltype = AA length = 502
Location/Qualifiers

1..502

mol type = protein

120
180
233

60

120
180
240
300
360
420
471

60

120
180
240
300
360
420
430

60

120
180
240
300
360
420
466

60

120
180
240
300
360
420
428
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-continued

SEQUENCE :
MGGGRGGIWL
QIMDVDEKNQ
REDATFHTNV
QMQEADISSY
CVLISALALL
MIIVGLSVVV
PRRCSLASVE
MHGAHPSDGD

25

ALAAALLHVS
VLTTNIWLQM
LVNASGHCQY
IPNGEWDLMG
VFLLPADSGE
TVIVLRYHHH
LSAGAGPPTS
PDLAKILEEV

organism

LQGEFQRRLY
SWTDHYLQWN
LPPGIFKSSC
IPGKRNEKFY
KISLGITVLL
DPDGGKMPKW
NGNLLYIGFR
RYIANRNRCQ

Rattus norvegicus

KELVKNYNPL
MSEYPGVKNV
YIDVRWFPFD
ECCKEPYPDV
SLTVFMLLVA
TRIILLNWCA
GLEGMHCAPT
DESEVICSEW

ERPVANDSQP
REPDGQIWKP
VQQCKLKFGS
TYTVTMRRRT
EIMPATSDSV
WFLRMKRPGE
PDSGVVCGRL
KFAACVVDPL
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ICTIGILMSA PNFVEAVSKD FA

LTVYFSLSLL 60
DILLYNSADE 120
WSYGGWSLDL 180
LYYGLNLLIP 240
PLIAQYFAST 300
DKVRPACQHK 360
ACSPTHDEHL 420
CLMAFSVFTI 480

502

What is claimed is:

1. A nucleic acid comprising a gene for expressing a
modified ligand-gated ion channel, comprising an open
reading frame encoding a modified ligand-gated ion channel
under transcriptional control of a regulatory element gov-
erning cell-specific expression in dorsal horn neurons,
wherein the modified ligand-gated ion channel comprises a
modified ligand binding domain activatable by an exog-
enous ligand, and an ion pore domain,

wherein the modified ligand-gated ion channel is a modi-

fied a7 nicotinic acetylcholine ligand binding domain,
and

wherein the ion pore domain is an ion pore domain of an

ionotropic nicotinic acetylcholine receptor, an iono-
tropic serotonin receptor, an ionotropic glycine recep-
tor, an ionotropic GABA receptor, a serotonin 3 recep-
tor (SHT3) ion pore domain, a glycine receptor (GlyR)
ion pore domain, a gamma-aminobutyric acid (GABA)
receptor ion pore domain, or an 7 nicotinic acetyl-
choline receptor.

2. The nucleic acid of claim 1, wherein the regulatory
element is a promoter, a transcription response element, a
repressor, and/or an enhancer.

3. The nucleic acid of claim 1, wherein the modified
ligand binding domain is a modified .7 nicotinic acetylcho-
line ligand binding domain.

4. The nucleic acid of claim 3, wherein the modified &7
nicotinic acetylcholine ligand binding domain comprises a
sequence having at least 75 percent sequence identity to a
sequence set forth in SEQ ID NO: 18, SEQ ID NO: 19, or
SEQ ID NO: 20.

5. The nucleic acid of claim 3, wherein the modified &7
nicotinic acetylcholine ligand binding domain comprises an
amino acid substitution at one or more of amino acid
residues 77, 79, 115, 131, 139, 141, 175, 210, 216, 217, or
219 of SEQ ID NO: 18, SEQ ID NO: 19, or SEQ ID NO: 20,
such as Q79A, Q79G, L141A, L1141 F, L141 P, W77F,
W77Y, or W77M.

6. The nucleic acid of claim 3, wherein the modified .7
nicotinic acetylcholine ligand binding domain comprises:

a. a L131G amino acid substitution, a Q139L amino acid

substitution, and a Y217F amino acid substitution;

b. a W77F amino acid substitution, a Q79G amino acid

substitution, and a G175K amino acid substitution;

¢. a Q79G amino acid substitution, a Y115F amino acid

substitution, and a G175K amino acid substitution;

d. a Y115F amino acid substitution and a G175K amino

acid substitution;

e. a Q79G amino acid substitution and a P2161 amino

acid substitution; or

f. a R27D amino acid substitution and/or a E41R amino

acid substitution.

7. The nucleic acid of claim 3, wherein the modified .7
nicotinic acetylcholine ligand binding domain has reduced
binding with endogenous acetylcholine (ACh) as compared
to unmodified a7-nAChR LBD.

8. The nucleic acid of claim 1, wherein the exogenous
ligand is selected from the group consisting of a quinucli-
dine, a tropane, a 9-azabicyclo[3.3.1]nonane, a 6,7,8,9-
tetrahydro-6,10-methano-6H-pyrazino(2,3-h)benzazepine,
and a 1,4-diazabicyclo[3.2.2]nonane.

9. The nucleic acid of claim 1, comprising a sequence of
a packageable viral genome comprising the gene for
expressing a modified ligand-gated ion channel.

10. The nucleic acid of claim 9, comprising Adeno-
associated virus ITR sequences flanking the gene for
expressing a modified ligand-gated ion channel, producing a
sequence of a packageable recombinant AAV genome or a
self-complementary AAV genome comprising the gene for
expressing a modified ligand-gated ion channel.

11. A method of preparing a patient for a treatment for
relieving chronic pain, comprising:

delivering to the patient a nucleic acid comprising an open

reading frame encoding a modified ligand-gated ion
channel under transcriptional control of a regulatory
element governing cell-specific expression in dorsal
horn neurons, wherein the modified ligand-gated ion
channel comprises a modified ligand binding domain
activatable by an exogenous ligand, and an ion pore
domain,

wherein the modified ligand-gated ion channel is a modi-

fied a7 nicotinic acetylcholine ligand binding domain,
and

wherein the ion pore domain is an ion pore domain of an

ionotropic nicotinic acetylcholine receptor, an iono-
tropic serotonin receptor, an ionotropic glycine recep-
tor, an ionotropic GABA receptor, a serotonin 3 recep-
tor (SHT3) ion pore domain, a glycine receptor (GlyR)
ion pore domain, a gamma-aminobutyric acid (GABA)
receptor ion pore domain, or an 7 nicotinic acetyl-
choline receptor.

12. The method of claim 11, wherein the nucleic acid is
delivered to the dorsal horn of the spinal cord of the patient.

13. The method of claim 11, wherein the regulatory
element is a promoter, a transcription response element, a
repressor, and/or an enhancer.

14. The method of claim 11, wherein the modified ligand
binding domain is a modified a7 nicotinic acetylcholine
ligand binding domain.

15. The method of claim 14, wherein the modified .7
nicotinic acetylcholine ligand binding domain comprises a
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sequence having at least 75 percent sequence identity to a
sequence set forth in SEQ ID NO: 18, SEQ ID NO: 19, or
SEQ ID NO: 20.

16. The method of claim 14, wherein the modified 7
nicotinic acetylcholine ligand binding domain comprises an
amino acid substitution at one or more of amino acid
residues 77, 79, 115, 131, 139, 141, 175, 210, 216, 217, or
219 of SEQ ID NO: 18, SEQ ID NO: 19, or SEQ ID NO: 20,
such as Q79A, Q79G, L141A, L141 F, L141 P, W77F,
W77Y, or W77M.

17. The method of claim 14, wherein the modified 7
nicotinic acetylcholine ligand binding domain comprises:

a. a L131G amino acid substitution, a Q139L amino acid
substitution, and a Y217F amino acid substitution;

b. a W77F amino acid substitution, a Q79G amino acid
substitution, and a G175K amino acid substitution;
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c. a Q79G amino acid substitution, a Y115F amino acid

substitution, and a G175K amino acid substitution;

d. a Y115F amino acid substitution and a G175K amino

acid substitution;

e. a Q79G amino acid substitution and a P2161 amino

acid substitution; or

f. a R27D amino acid substitution and/or a E41R amino

acid substitution.

18. The method of claim 14, wherein the modified .7
nicotinic acetylcholine ligand binding domain has reduced
binding with endogenous acetylcholine (ACh) as compared
to unmodified a7-nAChR LBD.

19. The method of claim 11, further comprising admin-
istering the exogenous ligand to the patient in an amount
effective to activate the modified ligand gated ion channel,
thereby treating the chronic pain in the patient.

#* #* #* #* #*



