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MKRTADGSEFESPKKKRKVSSETGPVAVDPTLRRRIEPHEFEVFFDPRELRKETCLLYEINWGGRHSIWRHT SON
TNKHVEVNFIEKFTTERYFCPNTRCSITWEFLSWSPCGECSRAITEFLSRYPHVTLFIYIARLYHHADPRNRQGLR
DLISSGVTIQIMTEQESGYCWRNEFVNYSPSNEAHWPRYPHLWVRLYVLELYCIILGLPPCLNILRRKQPQLTFET
IALQSCHYQRLPPHILWATGLKSGGSSGGSSGSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGWAVIT
DEYKVPSKKFKVLGNTDRHSTIKKNLIGALLFDSGETAERTRLKRTARRRYTRRKNRICYLOQETFSNEMAKVDDSE
FHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEG
DLNEPDNSDVDKLEFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLG
LTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDOQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHODLTLLKALVROQLPEKYKEIFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNRED
LLRKQRTFDNGSIPHOQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET
ITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKA
IVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLT
LTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGEFANRNEMQLT
HDDSLTFKEDIQKAQVSGOGDSLHEHIANLAGSPATKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTOK
GOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFEL
KDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWROLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLV
ETROITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLYVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTAL
IKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFFKTEITLANGEIRKRPLIETNGETGETL
VWDKGRDFATVRKVLSMPOQVNIVKKTEVOTGGEFSKESIRPKRNSDKLIARKKDWDPKKYGGEFLWPTVAY SVLVVA
KVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAKQLQK
GNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKH
RDKPIREQAENIIHLEFTLTRLGAPRAFKYFDTTIDPKQYRSTKEVLDATLIHQSITGLYETRIDLSQLGGDSGGS
GGSGGSTNLSDITERKETGKQLVIQESTLMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLT SDAPEYKPWAL
VIQDSNGENKIKMLSGGSGGSGGSTNLSDITERETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTD
ENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSKRTADGSEFEPKKKRKVGGGGSGATNESLLKOQAGDVEEN
PGPMVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCE
SRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYN
SHNVYIMADKOQKNGIKVNFKIRHNIEDGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLL
EFVTAAGITLGMDELYK
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MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALT LAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGRHDPTAH
AEIMALRQGGLVMONYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVEFGARDAKTGAAGSIMDVLHHPGMNHRVETL
TEGILADECAALLSDEFFRMRROEIKAQKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHE
YWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETMALROGGLVMONYRLIDATLYVTE
EPCVMCAGAMIHSRIGRVVEGVRNAKTGAAGSTMDVLHYPGMNHRVEITEGI LADECAALLCYFFRMPRQVENAQ
KKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAERTRLKRTARRRYTRREKNRICYLOEIFSNEMAKVDDSFEFHRLEESFLVEEDK
KHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLET
QLVQOTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNEFDLAED
AKLOLSKDTYDDDLDNLLAQIGDOYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLK
ALVROQOLPEKYKEIFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIP
HOIHLGELHATLRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTV
KOLKEDYFKKIECFDSVEISGVEDREFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL
KTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKOSGKTILDFLKSDGFANRNFMOQLIHDDSLTFKEDIQKA
OQVSGOGDSLHEHIANLAGSPATKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEE
GIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSD
KNRGKSDNVPSEEVVKEMEKNYWRQLLNAKLITQRKEFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVREVITLKSKLVSDEFRKDFQEYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEEFVYG
DYRKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGETRKRPLIETNGETGEIVWDKGRDEFATVRKV
LSMPOQVNIVEKKTEVOQTGGESKESIRPKRNSDKLIARKKDWDPKKYGGFLWPTVAYSVLVVAKVEKGKSKKLKSVK
ELLGITIMERSSFERKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAKQLOKGNELALPSKYVNFEL
YLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITH
LFTLTRLGAPRAFKYFDTTIDPKQYRSTKEVLDATLIHOSITGLYETRIDLSQLGGDSGGSKRTADGSEFEPKKK
RKVGSGATNESLLKQAGDVEENPGPMVSKGEELFTGVYVPILVELDGDVNGHKESVSGEGEGDATYGKLTLKFICT
TGKLPVPWPTLVITTLTYGVQCESRYPDHMKOHDFFKSAMPEGYVQERTIFEFKDDGNYKTRAEVKFEGDTLVNRIE
LKGIDFKEDGNILGHKLEYNYNSHNVYIMADKOKNGIKVNEFKIRHNIEDGSVQLADHYQONTPIGDGPVLLPDNH
YLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYKSGGSPKKKRKYV
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MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRATGLHDPTAH
AEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNSKRGAAGSLMNVLNYPGMNHRVETL
TEGILADECAALLCDEYRMPROVEFNAQKKAQSSINSGGSSGGSSGSETPGTSESATPESSGGSSGGSDKKYSIGL
ATIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQE
IFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALA
HMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKK
NGLFGNLIALSLGLTPNFKSNEFDLAEDAKLOLSKDTYDDDLDNLLAQIGDOYADLFLAAKNLSDAILLSDILRVN
TEITKAPLSASMIKRYDEHHODLTLLKALVROOLPEKYKEIFFDOQSKNGYAGYIDGGASQEEFYKFIKPILEKMD
GTEELLVKLNREDLLRKQRTFDNGSIPHQITHLGELHATLRROEDEYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGM
REKPAFLSGEQKKAIVDLLFKTNRKVIVKOLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDN
EENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKOSGKTILDEFLK
SDGFANRNFMOLTHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPATKKGILOTVKVVDELVKVMGRHKPENT
VIEMARENQTTOQKGOKNSRERMKRIEEGIKELGSQILKEHPVENTOQLONEKLYLYYLONGRDMYVDQELDINRLS
DYDVDHIVPOQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKEKMKNYWRQLLNAKLITQRKEFDNLTKAERGGLS
ELDKAGFTIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHA
HDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVREKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPOVNIVEKKTEVOTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGE
DSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENG
RKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDETITEQISEFSKRVILAD
ANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETR
IDLSQLGGDSGGSKRTADGSEFEPKKKRKVGSGATNEFSLLKQAGDVEENPGPMVSKGEELFTGVVPILVELDGDV
NGHKEFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCESRYPDHMKOQHDEFFKSAMPEGYVQERT
IFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIE
DGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYKSGGSPKKKR
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MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAH
AETMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRGAAGSLMNVLNYPGMNHRVET
TEGILADECAALLCDEYRMPRQVENAQKKAQSSINSGGSSGGSSGSETPGTSESATPESSGGSSGGSDKKYSIGL
ATGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAERTRLKRTARRRYTRRKNRICYLQE
IFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPTIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALA
HMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEEKK
NGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVN
TEITKAPLSASMIKRYDEHHQDLTLLKALVRQOLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD
GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHATILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGM
REKPAFLSGEQRKKAIVDLLFKTNRKVIVEKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDN
EENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLK
SDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPATKKGILQTVKVVDELVKVMGRHKPENT
VIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLS
DYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKEMEKNYWROQLLNAKLITQRKFDNLTKAERGGLS
ELDKAGEFIKROQLVETROITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHA
HDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVREKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESIRPKRNSDKLIARKKDWDPKKYGGE
LWPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLITIKLPKYSLFELENG
RKRMLASAKQLOKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILAD
ANLDKVLSAYNKHRDKPIREQAENIIHLFTLTRLGAPRAFKYFDTTIDPKQYRSTKEVLDATLIHQSITGLYETR
IDLSQLGGDSGGSKRTADGSEFEPKKKRKVGSGATNESLLEKQAGDVEENPGPMVSKGEELFTGVVPILVELDGDV
NGHEKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERT
IFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIE
DGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYKSGGSPKKKR
KV

oooad

Fi5|EE239> ABESe—NRCHO7/EERF]
MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRATIGLHDPTAH
AETIMALROGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRGAAGSLMNVLNYPGMNHRVET
TEGILADECAALLCDEYRMPROVENAQKKAQSSINSGGSSGGSSGSETPGTSESATPESSGGSSGGSDKKYSIGL
TIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQE
IFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALA
HMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEEKK
NGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVN
TEITKAPLSASMVKRYDEHHOQDLTLLKALVROQQLPEKYKEIFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMD
GTEELLVKLNREDLLRKQRTFDNGIIPHQIHLGELHATILRROGDEFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTREKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGM
REKPAFLSGEQKKAIVDLLFKTNRKVTIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITIKDKDFLDN
EENEDILEDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMKQLKRLRYTGWGRLSRKLINGIRDKQSGKTILDFLK
SDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILOTVKVVDELVKVMGGHKPENT
VIEMARENQTTQKGOQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLS
DYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKEMKNYWRQLLNAKLITQRKFDNLTKAERGGLS
ELDKAGFIKRQLVETROQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHA
HDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVREMIAKSEQEIGKATAKYFEYSNIMNEFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPOVNIVKKTEVQTGGEFSKESILPKGNSDKLIARKKDWDPKKYGGE
NSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLITIKLPKYSLFELENG
RKRMLASAGVLOKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILAD
ANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTINRKQYNTTKEVLDATLIRQSITGLYETR
IDLSQLGGDSGGSKRTADGSEFEPKKKRKVGSGATNES LLKQAGDVEENPGPMVSKGEELEFTGVVPILVELDGDV
NGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCEFSRYPDHMKQHDEFFKSAMPEGYVQERT
IFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIE
DGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYKSGGSPKKEKR
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MKRTADGSEFESPKKKRKVSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAH
AEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNSKRGAAGSLMNVLNYPGMNHRVEI
TEGILADECAALLCDFYRMPROVFNAQKKAQSSINSGGSSGGSSGSETPGTSESATPESSGGSSGGSDKKYSIGL
AIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQE
IFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALA
HMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKK
NGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVN
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gooaoao

Be 3125 30> CBE—SpRYZI—F¥ ZmRNAEZFI. MRNAD RS8N, LT OEBYIZRENTNS:
Kozak@iz—CBE —SpRYa—KReFI —HBB3 UTR(1EB Q™) —HEBS UTRQEBOIE—) -
HaT— L —RYOZIL T FF GIRBRBIED)

GGGAGAGCCGCCACCAUGAAGCGGACCGCCGACGGCAGCGAGUUCGAGAGCCCCAAGAAGAAGCGGAAGGUGAGC
AGCGAGACCGGCCCCGUGGCCGUGGACCCCACCCUGCGGCGGCGGAUCGAGCCCCACGAGUUCGAGGUGUUCUUC
GACCCCCGGGAGCUGCGGAAGGAGACCUGCCUGCUGUACGAGAUCAACUGGGGCGGCCGGCACAGCAUCUGGCGG
CACACCAGCCAGAACACCAACAAGCACGUGGAGGUGAACUUCAUCGAGAAGUUCACCACCGAGCGGUACUUCUGC
CCCAACACCCGGUGCAGCAUCACCUGGUUCCUGAGCUGGAGCCCCUGCGGCGAGUGCAGCCGGGCCAUCACCGAG
UUCCUGAGCCGGUACCCCCACGUGACCCUGUUCAUCUACAUCGCCCGGCUGUACCACCACGCCGACCCCCGGAAC
CGGCAGGGCCUGCGGGACCUGAUCAGCAGCGGCGUGACCAUCCAGAUCAUGACCGAGCAGGAGAGCGGCUACUGC
UGGCGGAACUUCGUGAACUACAGCCCCAGCAACGAGGCCCACUGGCCCCGGUACCCCCACCUGUGGGUGCGGCUG
UACGUGCUGGAGCUGUACUGCAUCAUCCUGGGCCUGCCCCCCUGCCUGAACAUCCUGCGGCGGAAGCAGCCCCAG
CUGACCUUCUUCACCAUCGCCCUGCAGAGCUGCCACUACCAGCGGCUGCCCCCCCACAUCCUGUGGGCCACCGGC
CUGAAGAGCGGCGGCAGCAGCGGCGGCAGCAGCGGCAGCGAGACCCCCGGCACCAGCGAGAGCGCCACCCCCGAG
AGCAGCGGCGGCAGCAGCGGCGGCAGCGACAAGAAGUACAGCAUCGGCCUGGCCAUCGGCACCAACAGCGUGGGC
UGGGCCGUGAUCACCGACGAGUACAAGGUGCCCAGCAAGAAGUUCAAGGUGCUGGGCAACACCGACCGGCACAGC
AUCAAGAAGAACCUGAUCGGCGCCCUGCUGUUCGACAGCGGCGAGACCGCCGAGCGGACCCGGCUGAAGCGGACC
GCCCGGCGGCGGUACACCCGGCGGAAGAACCGGAUCUGCUACCUGCAGGAGAUCUUCAGCAACGAGAUGGCCAAG
GUGGACGACAGCUUCUUCCACCGGCUGGAGGAGAGCUUCCUGGUGGAGGAGGACAAGAAGCACGAGCGGCACCCC
AUCUUCGGCAACAUCGUGGACGAGGUGGCCUACCACGAGAAGUACCCCACCAUCUACCACCUGCGGAAGAAGCUG
GUGGACAGCACCGACAAGGCCGACCUGCGGCUGAUCUACCUGGCCCUGGCCCACAUGAUCAAGUUCCGGGGCCAC
UUCCUGAUCGAGGGCGACCUGAACCCCGACAACAGCGACGUGGACAAGCUGUUCAUCCAGCUGGUGCAGACCUAC
AACCAGCUGUUCGAGGAGAACCCCAUCAACGCCAGCGGCGUGGACGCCAAGGCCAUCCUGAGCGCCCGGCUGAGC
AAGAGCCGGCGGCUGGAGAACCUGAUCGCCCAGCUGCCCGGCGAGAAGAAGAACGGCCUGUUCGGCAACCUGAUC
GCCCUGAGCCUGGGCCUGACCCCCAACUUCAAGAGCAACUUCGACCUGGCCGAGGACGCCAAGCUGCAGCUGAGC
AAGGACACCUACGACGACGACCUGGACAACCUGCUGGCCCAGAUCGGCGACCAGUACGCCGACCUGUUCCUGGCC
GCCAAGAACCUGAGCGACGCCAUCCUGCUGAGCGACAUCCUGCGGGUGAACACCGAGAUCACCAAGGCCCCCCUG
AGCGCCAGCAUGAUCAAGCGGUACGACGAGCACCACCAGGACCUGACCCUGCUGAAGGCCCUGGUGCGGCAGCAG
CUGCCCGAGAAGUACAAGGAGAUCUUCUUCGACCAGAGCAAGAACGGCUACGCCGGCUACAUCGACGGCGGCGCC
AGCCAGGAGGAGUUCUACAAGUUCAUCAAGCCCAUCCUGGAGAAGAUGGACGGCACCGAGGAGCUGCUGGUGAAG
CUGAACCGGGAGGACCUGCUGCGGAAGCAGCGGACCUUCGACAACGGCAGCAUCCCCCACCAGAUCCACCUGGGC
GAGCUGCACGCCAUCCUGCGGCGGCAGGAGGACUUCUACCCCUUCCUGAAGGACAACCGGGAGAAGAUCGAGAAG
AUCCUGACCUUCCGGAUCCCCUACUACGUGGGCCCCCUGGCCCGGGGCAACAGCCGGUUCGCCUGGAUGACCCGG
AAGAGCGAGGAGACCAUCACCCCCUGGAACUUCGAGGAGGUGGUGGACAAGGGCGCCAGCGCCCAGAGCUUCAUC
GAGCGGAUGACCAACUUCGACAAGAACCUGCCCAACGAGAAGGUGCUGCCCAAGCACAGCCUGCUGUACGAGUAC
UUCACCGUGUACAACGAGCUGACCAAGGUGAAGUACGUGACCGAGGGCAUGCGGAAGCCCGCCUUCCUGAGCGGC
GAGCAGAAGAAGGCCAUCGUGGACCUGCUGUUCAAGACCAACCGGAAGGUGACCGUGAAGCAGCUGAAGGAGGAC
UACUUCAAGAAGAUCGAGUGCUUCGACAGCGUGGAGAUCAGCGGCGUGGAGGACCGGUUCAACGCCAGCCUGGGC
ACCUACCACGACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAGGAGAACGAGGACAUCCUGGAG
GACAUCGUGCUGACCCUGACCCUGUUCGAGGACCGGGAGAUGAUCGAGGAGCGGCUGAAGACCUACGCCCACCUG
UUCGACGACAAGGUGAUGAAGCAGCUGAAGCGGCGGCGGUACACCGGCUGGGGCCGGCUGAGCCGGAAGCUGAUC
AACGGCAUCCGGGACAAGCAGAGCGGCAAGACCAUCCUGGACUUCCUGAAGAGCGACGGCUUCGCCAACCGGAAC
UUCAUGCAGCUGAUCCACGACGACAGCCUGACCUUCAAGGAGGACAUCCAGAAGGCCCAGGUGAGCGGCCAGGGC
GACAGCCUGCACGAGCACAUCGCCAACCUGGCCGGCAGCCCCGCCAUCAAGAAGGGCAUCCUGCAGACCGUGAAG
GUGGUGGACGAGCUGGUGAAGGUGAUGGGCCGGCACAAGCCCGAGAACAUCGUGAUCGAGAUGGCCCGGGAGAAC
CAGACCACCCAGAAGGGCCAGAAGAACAGCCGGGAGCGGAUGAAGCGGAUCGAGGAGGGCAUCAAGGAGCUGGGC
AGCCAGAUCCUGAAGGAGCACCCCGUGGAGAACACCCAGCUGCAGAACGAGAAGCUGUACCUGUACUACCUGCAG
AACGGCCGGGACAUGUACGUGGACCAGGAGCUGGACAUCAACCGGCUGAGCGACUACGACGUGGACCACAUCGUG
CCCCAGAGCUUCCUGAAGGACGACAGCAUCGACAACAAGGUGCUGACCCGGAGCGACAAGAACCGGGGCAAGAGC
GACAACGUGCCCAGCGAGGAGGUGGUGAAGAAGAUGAAGAACUACUGGCGGCAGCUGCUGAACGCCAAGCUGAUC
ACCCAGCGGAAGUUCGACAACCUGACCAAGGCCGAGCGGGGCGGCCUGAGCGAGCUGGACAAGGCCGGCUUCAUC
AAGCGGCAGCUGGUGGAGACCCGGCAGAUCACCAAGCACGUGGCCCAGAUCCUGGACAGCCGGAUGAACACCAAG
UACGACGAGAACGACAAGCUGAUCCGGGAGGUGAAGGUGAUCACCCUGAAGAGCAAGCUGGUGAGCGACUUCCGG
AAGGACUUCCAGUUCUACAAGGUGCGGGAGAUCAACAACUACCACCACGCCCACGACGCCUACCUGAACGCCGUG
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GUGGGCACCGCCCUGAUCAAGAAGUACCCCAAGCUGGAGAGCGAGUUCGUGUACGGCGACUACAAGGUGUACGAC
GUGCGGAAGAUGAUCGCCAAGAGCGAGCAGGAGAUCGGCAAGGCCACCGCCAAGUACUUCUUCUACAGCAACAUC
AUGAACUUCUUCAAGACCGAGAUCACCCUGGCCAACGGCGAGAUCCGGAAGCGGCCCCUGAUCGAGACCAACGGC
GAGACCGGCGAGAUCGUGUGGGACAAGGGCCGGGACUUCGCCACCGUGCGGAAGGUGCUGAGCAUGCCCCAGGUG
AACAUCGUGAAGAAGACCGAGGUGCAGACCGGCGGCUUCAGCAAGGAGAGCAUCCGGCCCAAGCGGAACAGCGAC
AAGCUGAUCGCCCGGAAGAAGGACUGGGACCCCAAGAAGUACGGCGGCUUCCUGUGGCCCACCGUGGCCUACAGC
GUGCUGGUGGUGGCCAAGGUGGAGAAGGGCAAGAGCAAGAAGCUGAAGAGCGUGAAGGAGCUGCUGGGCAUCACC
AUCAUGGAGCGGAGCAGCUUCGAGAAGAACCCCAUCGACUUCCUGGAGGCCAAGGGCUACAAGGAGGUGAAGAAG
GACCUGAUCAUCAAGCUGCCCAAGUACAGCCUGUUCGAGCUGGAGAACGGCCGGAAGCGGAUGCUGGCCAGCGCC
AAGCAGCUGCAGAAGGGCAACGAGCUGGCCCUGCCCAGCAAGUACGUGAACUUCCUGUACCUGGCCAGCCACUAC
GAGAAGCUGAAGGGCAGCCCCGAGGACAACGAGCAGAAGCAGCUGUUCGUGGAGCAGCACAAGCACUACCUGGAC
GAGAUCAUCGAGCAGAUCAGCGAGUUCAGCAAGCGGGUGAUCCUGGCCGACGCCAACCUGGACAAGGUGCUGAGC
GCCUACAACAAGCACCGGGACAAGCCCAUCCGGGAGCAGGCCGAGAACAUCAUCCACCUGUUCACCCUGACCCGG
CUGGGCGCCCCCCGGGCCUUCAAGUACUUCGACACCACCAUCGACCCCAAGCAGUACCGGAGCACCAAGGAGGUG
CUGGACGCCACCCUGAUCCACCAGAGCAUCACCGGCCUGUACGAGACCCGGAUCGACCUGAGCCAGCUGGGCGGC
GACAGCGGCGGCAGCGGCGGCAGCGGCGGCAGCACCAACCUGAGCGACAUCAUCGAGAAGGAGACCGGCAAGCAG
CUGGUGAUCCAGGAGAGCAUCCUGAUGCUGCCCGAGGAGGUGGAGGAGGUGAUCGGCAACAAGCCCGAGAGCGAC
AUCCUGGUGCACACCGCCUACGACGAGAGCACCGACGAGAACGUGAUGCUGCUGACCAGCGACGCCCCCGAGUAC
AAGCCCUGGGCCCUGGUGAUCCAGGACAGCAACGGCGAGAACAAGAUCAAGAUGCUGAGCGGCGGCAGCGGCGGC
AGCGGCGGCAGCACCAACCUGAGCGACAUCAUCGAGAAGGAGACCGGCAAGCAGCUGGUGAUCCAGGAGAGCAUC
CUGAUGCUGCCCGAGGAGGUGGAGGAGGUGAUCGGCAACAAGCCCGAGAGCGACAUCCUGGUGCACACCGCCUAC
GACGAGAGCACCGACGAGAACGUGAUGCUGCUGACCAGCGACGCCCCCGAGUACAAGCCCUGGGCCCUGGUGAUC
CAGGACAGCAACGGCGAGAACAAGAUCAAGAUGCUGAGCGGCGGCAGCAAGCGGACCGCCGACGGCAGCGAGUUC
GAGCCCAAGAAGAAGCGGAAGGUGGGCGGCGGCGGCAGCGGCGCCACCAACUUCAGCCUGCUGAAGCAGGCCGGC
GACGUGGAGGAGAACCCCGGCCCCAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGCGUGGUGCCCAUCCUGGUG
GAGCUGGACGGCGACGUGAACGGCCACAAGUUCAGCGUGAGCGGCGAGGGCGAGGGCGACGCCACCUACGGCAAG
CUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCUGGCCCACCCUGGUGACCACCCUGACCUAC
GGCGUGCAGUGCUUCAGCCGGUACCCCGACCACAUGAAGCAGCACGACUUCUUCAAGAGCGCCAUGCCCGAGGGC
UACGUGCAGGAGCGGACCAUCUUCUUCAAGGACGACGGCAACUACAAGACCCGGGCCGAGGUGAAGUUCGAGGGC
GACACCCUGGUGAACCGGAUCGAGCUGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGCCACAAGCUG
GAGUACAACUACAACAGCCACAACGUGUACAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGAACUUCAAG
AUCCGGCACAACAUCGAGGACGGCAGCGUGCAGCUGGCCGACCACUACCAGCAGAACACCCCCAUCGGCGACGGC
CCCGUGCUGCUGCCCGACAACCACUACCUGAGCACCCAGAGCGCCCUGAGCAAGGACCCCAACGAGAAGCGGGAC
CACAUGGUGCUGCUGGAGUUCGUGACCGCCGCCGGCAUCACCCUGGGCAUGGACGAGCUGUACAAGUGAGCUAGA
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gooaoao

5| /K231 >ABE—SpRYZa—R4 BZmRNAEZFI, mMRNAD R A B5EEA. L TOEBYITRENTINS:
T770%—%——ABE—SpRYa—ER3| —HBB3 UTR(1&E NI —) —HBB3 UTR(2HEE NIE—) —
R)aT—IL—BEYDXILF FRGIRE R ERIET)

GGGAGAGCCGCCACCAUGARAACGGACAGCCGACGGAAGCGAGUUCGAGUCACCAAAGAAGAAGCGGAAAGUCUCU
GAAGUCGAGUUUAGCCACGAGUAUUGGAUGAGGCACGCACUGACCCUGGCAAAGCGAGCAUGGGAUGAAAGAGAA
GUCCCCGUGGGCGCCGUGCUGGUGCACAACAAUAGAGUGAUCGGAGAGGGAUGGAACAGGCCAAUCGGCCGCCAC
GACCCUACCGCACACGCAGAGAUCAUGGCACUGAGGCAGGGAGGCCUGGUCAUGCAGAAUUACCGCCUGAUCGAU
GCCACCCUGUAUGUGACACUGGAGCCAUGCGUGAUGUGCGCAGGAGCAAUGAUCCACAGCAGGAUCGGAAGAGUG
GUGUUCGGAGCACGGGACGCCAAGACCGGCGCAGCAGGCUCCCUGAUGGAUGUGCUGCACCACCCCGGCAUGAAC
CACCGGGUGGAGAUCACAGAGGGAAUCCUGGCAGACGAGUGCGCCGCCCUGCUGAGCGAUUUCUUUAGAAUGCGG
AGACAGGAGAUCAAGGCCCAGAAGAAGGCACAGAGCUCCACCGACUCUGGAGGAUCUAGCGGAGGAUCCUCUGGA
AGCGAGACACCAGGCACAAGCGAGUCCGCCACACCAGAGAGCUCCGGCGGCUCCUCCGGAGGAUCCUCUGAGGUG
GAGUUUUCCCACGAGUACUGGAUGAGACAUGCCCUGACCCUGGCCAAGAGGGCACGCGAUGAGAGGGAGGUGCCU
GUGGGAGCCGUGCUGGUGCUGAACAAUAGAGUGAUCGGCCGAGGGCUGGAACAGAGCCAUCGGCCUGCACGACCCA
ACAGCCCAUGCCGAAAUUAUGGCCCUGAGACAGGGCGGCCUGGUCAUGCAGAACUACAGACUGAUUGACGCCACC
CUGUACGUGACAUUCGAGCCUUGCGUGAUGUGCGCCGGCGCCAUGAUCCACUCUAGGAUCGGCCGCGUGGUGUUU
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GGCGUGAGGAACGCAAAAACCGGCGCCGCAGGCUCCCUGAUGGACGUGCUGCACUACCCCGGCAUGAAUCACCGC
GUCGAAAUUACCGAGGGAAUCCUGGCAGAUGAAUGUGCCGCCCUGCUGUGCUAUUUCUUUCGGAUGCCUAGACAG
GUGUUCAAUGCUCAGAAGAAGGCCCAGAGCUCCACCGACUCCGGAGGAUCUAGCGGAGGCUCCUCUGGCUCUGAG
ACACCUGGCACAAGCGAGAGCGCAACACCUGAAAGCAGCGGGGGCAGCAGCGGGGGCGUCAGACAAGAAGUACAGC
AUCGGCCUGGCCAUCGGCACCAACUCUGUGGGCUGGGCCGUGAUCACCGACGAGUACAAGGUGCCCAGCAAGAAA
UUCAAGGUGCUGGGCAACACCGACCGGCACAGCAUCAAGAAGAACCUGAUCGGAGCCCUGCUGUUCGACAGCGGC
GAAACAGCCGAGAGAACCCGGCUGAAGAGAACCGCCAGAAGAAGAUACACCAGACGGAAGAACCGGAUCUGCUAU
CUGCAAGAGAUCUUCAGCAACGAGAUGGCCAAGGUGGACGACAGCUUCUUCCACAGACUGGAAGAGUCCUUCCUG
GUGGAAGAGGAUAAGAAGCACGAGCGGCACCCCAUCUUCGGCAACAUCGUGGACGAGGUGGCCUACCACGAGAAG
UACCCCACCAUCUACCACCUGAGAAAGAAACUGGUGGACAGCACCGACAAGGCCGACCUGCGGCUGAUCUAUCUG
GCCCUGGCCCACAUGAUCAAGUUCCGGGGCCACUUCCUGAUCGAGGGCGACCUGAACCCCGACAACAGCGACGUG
GACAAGCUGUUCAUCCAGCUGGUGCAGACCUACAACCAGCUGUUCGAGGAAAACCCCAUCAACGCCAGCGGCGUG
GACGCCAAGGCCAUCCUGUCUGCCAGACUGAGCAAGAGCAGACGGCUGGAARAUCUGAUCGCCCAGCUGCCCGGC
GAGAAGAAGAAUGGCCUGUUCGGAAACCUGAUUGCCCUGAGCCUGGGCCUGACCCCCAACUUCAAGAGCAACUUC
GACCUGGCCGAGGAUGCCAAACUGCAGCUGAGCAAGGACACCUACGACGACGACCUGGACAACCUGCUGGCCCAG
AUCGGCGACCAGUACGCCGACCUGUUUCUGGCCGCCAAGAACCUGUCCGACGCCAUCCUGCUGAGCGACAUCCUG
AGAGUGAACACCGAGAUCACCAAGGCCCCCCUGAGCGCCUCUAUGAUCAAGAGAUACGACGAGCACCACCAGGAC
CUGACCCUGCUGAAAGCUCUCGUGCGGCAGCAGCUGCCUGAGAAGUACAAAGAGAUUUUCUUCGACCAGAGCAAG
AACGGCUACGCCGGCUACAUUGACGGCGGAGCCAGCCAGGAAGAGUUCUACAAGUUCAUCAAGCCCAUCCUGGAA
AAGAUGGACGGCACCGAGGAACUGCUCGUGAAGCUGAACAGAGAGGACCUGCUGCGGAAGCAGCGGACCUUCGAC
AACGGCAGCAUCCCCCACCAGAUCCACCUGGGAGAGCUGCACGCCAUUCUGCGGCGGCAGGAAGAUUUUUACCCA
UUCCUGAAGGACAACCGGGAAAAGAUCGAGAAGAUCCUGACCUUCCGCAUCCCCUACUACGUGGGCCCUCUGGCC
AGGGGAAACAGCAGAUUCGCCUGGAUGACCAGAAAGAGCGAGGAAACCAUCACCCCCUGGAACUUCGAGGAAGUG
GUGGACAAGGGCGCUUCCGCCCAGAGCUUCAUCGAGCGGAUGACCAACUUCGAUAAGAACCUGCCCAACGAGAAG
GUGCUGCCCAAGCACAGCCUGCUGUACGAGUACUUCACCGUGUAUAACGAGCUGACCAAAGUGAAAUACGUGACC
GAGGGAAUGAGAAAGCCCGCCUUCCUGAGCGGCGAGCAGAAAAAGGCCAUCGUGGACCUGCUGUUCAAGACCAAC
CGGAAAGUGACCGUGAAGCAGCUGAAAGAGGACUACUUCAAGAAAAUCGAGUGCUUCGACUCCGUGGAAAUCUCC
GGCGUGGAAGAUCGGUUCAACGCCUCCCUGGGCACAUACCACGAUCUGCUGAAAAUUAUCAAGGACAAGGACUUC
CUGGACAAUGAGGAAAACGAGGACAUUCUGGAAGAUAUCGUGCUGACCCUGACACUGUUUGAGGACAGAGAGAUG
AUCGAGGAACGGCUGAAAACCUAUGCCCACCUGUUCGACGACAAAGUGAUGAAGCAGCUGAAGCGGCGGAGAUAC
ACCGGCUGGGGCAGGCUGAGCCGCGAAGCUGAUCAACGGCAUCCGGGACAAGCAGUCCGGCAAGACAAUCCUGGAU
UUCCUGAAGUCCGACGGCUUCGCCAACAGAAACUUCAUGCAGCUGAUCCACGACGACAGCCUGACCUUUAAAGAG
GACAUCCAGAARAGCCCAGGUGUCCGGCCAGGGCGAUAGCCUGCACGAGCACAUUGCCAAUCUGGCCGGCAGCCCC
GCCAUUAAGAAGGGCAUCCUGCAGACAGUGAAGGUGGUGGACGAGCUCGUGAAAGUGAUGGGCCGGCACAAGCCC
GAGAACAUCGUGAUCGAAAUGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAAUG
AAGCGGAUCGAAGAGGGCAUCAAAGAGCUGGGCAGCCAGAUCCUGAAAGAACACCCCGUGGAAAACACCCAGCUG
CAGAACGAGAAGCUGUACCUGUACUACCUGCAGAAUGGGCGGGAUAUGUACGUGGACCAGGAACUGGACAUCAAC
CGGCUGUCCGACUACGAUGUGGACCAUVAUCGUGCCUCAGAGCUUUCUGAAGGACGACUCCAUCGACAACAAGGUG
CUGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGUGCCCUCCGAAGAGGUCGUGAAGAAGAUGAAGAAC
UACUGGCGGCAGCUGCUGAACGCCAAGCUGAUUACCCAGAGARAGUUCGACAAUCUGACCAAGGCCGAGAGAGGC
GGCCUGAGCGAACUGGAUAAGGCCGGCUUCAUCAAGAGACAGCUGGUGGAAACCCGGCAGAUCACAAAGCACGUG
GCACAGAUCCUGGACUCCCGGAUGAACACUAAGUACGACGAGAAUGACAAGCUGAUCCGGGAAGUGAAAGUGAUC
ACCCUGAAGUCCAAGCUGGUGUCCGAUUUCCGGAAGGAUUUCCAGUUUUACAAAGUGCGCGAGAUCAACAACUAC
CACCACGCCCACGACGCCUACCUGAACGCCGUCGUGGGAACCGCCCUGAUCAAAAAGUACCCURAAGCUGGAAAGC
GAGUUCGUGUACGGCGACUACAAGGUGUACGACGUGCGGAAGAUGAUCGCCAAGAGCGAGCAGGAARUCGGCAAG
GCUACCGCCAAGUACUUCUUCUACAGCAACAUCAUGAACUUUUUCAAGACCGAGAUUACCCUGGCCAACGGCGAG
AUCCGGAAGCGGCCUCUGAUCGAGACAAACGGCGAAACCGGGGAGAUCGUGUGGGAUAAGGGCCGGGAUUUUGCC
ACCGUGCGGAAAGUGCUGAGCAUGCCCCAAGUGAAUAUCGUGAAAAAGACCGAGGUGCAGACAGGCGGCUUCAGC
AAAGAGUCUAUCAGACCCAAGAGGAACAGCGAUAAGCUGAUCGCCAGARAGAAGGACUGGGACCCUAAGAAGUAC
GGCEGECUUCCUGUGGCCCACCGUGGCCUAVUCUGUGCUGGUGGUGGCCAAAGUGGAAAAGGGCAAGUCCAAGAAA
CUGAAGAGUGUGAAAGAGCUGCUGGGGAUCACCAUCAUGGAAAGAAGCAGCUUCGAGAAGAAUCCCAUCGACUUU
CUGGAAGCCAAGGGCUACAAAGAAGUGAAARAGGACCUGAUCAUCAAGCUGCCUAAGUACUCCCUGUUCGAGCUG
GAAAACGGCCGGAAGAGAAUGCUGGCCUCUGCCAAGCAGCUGCAGAAGGGARACGAACUGGCCCUGCCCUCCAAA
UAUGUGAACUUCCUGUACCUGGCCAGCCACUAUGAGAAGCUGAAGGGCUCCCCCGAGGAUAAUGAGCAGAAACAG
CUGUUUGUGGAACAGCACAAGCACUACCUGGACGAGAUCAUCGAGCAGAUCAGCGAGUUCUCCAAGAGAGUGAUC
CUGGCCGACGCUAAUCUGGACAAAGUGCUGUCCGCCUACAACAAGCACCGGGAUAAGCCCAUCAGAGAGCAGGCC
GAGAAUAUCAUCCACCUGUUUACCCUGACCAGACUGGGAGCCCCUAGAGCCUUCAAGUACUUUGACACCACCAUC
GACCCCAAGCAGUACAGAAGCACCAAAGAGGUGCUGGACGCCACCCUGAUCCACCAGAGCAUCACCGGCCUGUAC
GAGACACGGAUCGACCUGUCUCAGCUGGGAGGUGACUCUGGCGGCUCAAAARAGAACCGCCGACGGCAGCGAAUUC
GAGCCCAAGAAGAAGAGGAAAGUCGGAAGCGGAGCUACUAACUUCAGCCUGCUGAAGCAGGCUGGAGACGUGGAG
GAGAACCCUGGACCUAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAUCCUGGUCGAGCUGGAC
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GGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGGGCGAUGCCACCUACGGCAAGCUGACCCUG
AAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCUGGCCCACCCUCGUGACCACCCUGACCUAUGGAGUGCAG
UGCUUCAGCCGCUACCCCGACCACAUGAAGCAGCACGACUUCUUCAAGUCCGCCAUGCCCGAAGGCUACGUCCAG
GAGCGCACCAUCUUCUUCAAGGACGACGGCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUG
GUGAACCGCAUCGAGCUGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGGAGUACAAC
UACAACAGCCACAACGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGAACUUCAAGAUCCGCCAC
AACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUACCAGCAGAACACCCCCAUCGGCGACGGCCCCGUGCUG
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#4:+55kb ABE II7uZ77ANZERTHOORBLENTMAEDE!

sgRNA ERERI(G’ 25 3°) 3 (f;g;)
ATF4 bs 4 | CATCATCCTGGTACCAGGAA | ABES8e- chr2:
(B3 %&=41) NRCH, NG- | 60725622-
ABESe, 60725641
ABE8e-SpRY
ATF4 bs 5 | ATCATCCTGGTACCAGGAAG | ABE8e-SpRY | chr2:
(BH F542) 60725623-
60725642
ATF4 bs 6 | TCATCCTGGTACCAGGAAGG | ABE8e-SpRY | chr2:
(Ed51%543) 60725624-
60725643
ATF4 bs 7 | CATCCTGGTACCAGGAAGGC | ABE8e-SpRY | chr2:
(Ed51%& 544) 60725625-
60725644
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abstract

CRISPR-Cas9 guided loss-

of-function genatic gcraen of 1446
tranacription factors using

HbF lewvels as readout, which uncovered
ATF4 as a novel

g-globin regulator. By combining chromatin
immuncprecipita-

tion sequencing (ChIP-seq), Capture-C, and
gena aditing

techniques, we determined that ATF4 binds
to the BCL1lAl55

enhancer to augment enhancer—promoter
contacts and stimu-

late BCL11A transeription., HRT knockout
mice display normal

levels of both Bellla and Bellla target
genes, suggesting that

the HRI-ATF4-BCL1lA pathway is not
coneerved in mice. ATF4

profiling and gene editing in murine cells
showed that a cor-

responding ATF4 element in the murine
Bellla enhancer is

largely dispensable for Bellla
tranascription, providing an ex—

planation for the species—selective
effect. Our study thus un-

covers a mechanism by which HRI regulates
HbF levels.;

page 2121, column 2, paragraph 2

ATF4 regulates BCL11A through thelS55
enhancer

To determine the function of ATF4 binding
at the BCL1lA 155

element, we disrupted it wvia CRISPR-Cas9
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mediated KO in

pooled EUDEPZ cells (Figure 3D;
supplemental Figure 43). Both

ChIP-seq and ChIP quantitative polymerase
chain reaction

verified specific and complete abrogation
of ATF4 binding at the

BCL11A 155 enhancer (Figure 3C-E;
supplemental Figure 3D).

As a consedquence, BCL11A mRNA levels were
reduced by

;50% (Figure 4A; supplemental Figure 4B).
8imilar results were

obtained when disrupting the ATF4 element
in primary eryth-

roblasts (editing efficiency of B0% based
on TIDE analysis;

Figure 4B; supplemental Figure 4A,C) .29
Subsequently, both

g-globin mRNA levels and F-cell numbers
were significantly

elevated (Figure 4A-C; supplemental Figure
4B—-E) . In primary

calls, the degrae of BCL1lA loss and
g-globin induction was

comparable to that achieved with
digruption of the GATA motif

at the 158 enhancer. Finally, forced
expression of BCL11A-ER

restored g-globin levels in pooled HUDEPZ2
cells with the ATF4

element disrupted (supplemental Figure
4G) . Together, these

results indicate that ATF4 regulates
BCL11A transcription

through binding at the BCL11A 155 enhancer
in HUDEP2 and

primary human erythroid cells.;

page 2127, column 1, paragraph 1 - column
2, paragraph 2; figures 3-6

In summary, our study uncovers a major
regulatory signaling

pathway that extends linearly from HRI to
ATF4 to BCLl1A to

g-globin (Figure 6D). This
species—selective enhancer function is
relevant when conegidering mcuse models,
such as the Townes or

BERK mouse models, for the preclinical
testing of g—globin in—

ducers. Our findings suggest that lack of
a phenotypic effect in

mice should not discourage clinical
advancement of therapeutic

approaches with promising results in human
cell systems.;

page 2129, column 2 - page 2131, column 1,
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paragraph 3

Discussion

Using a domain-focused CRISPR screen, we
identified ATF4 as a

novel regulator of g-globin through direct
transcriptional control

of BCL1lA. Depletion of ATF4 or remcval of
the ATF4 element

within the BCL1lA 155 enhancer reduced
BCL11a transcrip—

tion. Removal of the corresponding ATF4
binding element at

Bcllla 155 enhancer in murine cells
lowered Bcllla levels only

very modestly and insufficiently to
reactivate BCL1lA-controlled

murine embryonie globin genas. Henca, the
dependence of

BCL11A transcription on binding of ATF4 to
the BCL11A 155

enhancer varies between species. Together,
these data de-

lineate a linear HRI.ATF4_BCLllA.g—globin
pathway with a

species—-selective component at the
ATF4-BCL11A Jjuncture

(Figure 6&E).

The BCL11A 158 enhancer is a validated
target for therapeutie

genome editing.?7,8 Our data show that
disruption of the ATF4

element at the BCL1lA 155 enhancer has an
effect size not

dissimilar to that of perturbation cof the
BCL11A158 enhancer inprimary
erythroblasts, suggesting the BCL11A +55
enhancer could serve as an additional
target for therapeutic genome editing.;
page 2127, column 2, paragraph 3 - page
2129, column 1, paragraph 1; figure 6A
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