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FIGS. 1A-1F

a. Targeting APP C-terminus by CRISPR/Cas9
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FIGS. 2A-2H

a. Genomic targets:
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FIGS. 4A-4G
a. Hippocampal AAV9 injections (schematic)
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FIG. 14

>SpCas? (SEQ ID NO:15)
ATGGGTATCCACGGAGTCCCAGCAGCCGACAAGAAGTACAGCATCGGCCTGGACAT
CGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCA
AGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATC
GGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAAC
CGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCT
TCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCC
TTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGT
GGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAAC
TGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCAC
ATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAG
CGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGG
AAAACCCCATCAACGCCAGCGGUGTGGACGCCAAGGCCATCCTGTCTGCCAGACTG
AGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGA
ATGGCCTGTTCGGAAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGA
GCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGAC
GACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTICTG
GCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACAC
CGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACC
ACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTAC
AAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGG
AGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACG
GCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCG
GACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCA
TTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATC
GAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAAC
AGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTT
CGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCA
ACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTAC
GAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAAT
GAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGT
TCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAA
ATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCC
CTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAA
TGAGGAAAACGAGGACATTCTGGAAGATATCOGTGCTGACCCTGACACTGTTTGAGG
ACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAA
GTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGA
AGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTG
AAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCT
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GACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGC
ACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAG
ACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGA
ACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAA
CAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAG
ATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCT
GTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACC
GGCTGTCCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTITCTGAAGGACGACT
CCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAA
CGTGCCCTCCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGA
ACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGC
GGCCTGAGCGAACTGGATAAGGCCUGGCTTCATCAAGAGACAGCTGUGTGGAAACCCG
GCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACG
ACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTG
GTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTAC
CACCACGCCCACGACGCCTACCTGAACGCCOGTCGTGGGAACCGCCCTGATCAAAAA
GTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGC
GGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTC
TTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAG
ATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGA
TAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATA
TCGTGAAAAAGACCGAGGTGCAGACAGGCOGGCTTCAGCAAAGAGTCTATCCTGCCC
AAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGT
ACGGCGGCTTCGACAGCCCCACCGTGGCCTATTICTGTGCTGGTGGTGGCCAAAGTGG
AAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATC
ATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTA
CAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGC
TGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAA
CGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGA
GAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGC
ACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTG
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGA
TAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCT
GGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACA
CCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTG
TACGAGACACGOATCGACCTGTCTCAGCTGGGAGGCGACAAAAGGCCGGCGGCCAC
GAAAAAGGCCGGCCAGGCAAAAAAGAAAAAG
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FIG. 15
APP 659 gRNA Cas9 vector (SEQ ID NO:17)

CCCCACGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCT
GTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAA
TACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTT
AAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTAT
ATATCTTGTGGAAAGGACGAAACACCGatecaticatcatggtgigeGTTTTAGAGCTAGAAAT
AGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGG
TGCTTTTTTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTTITTAG
CGCGTGCGCCAATTCTGCAGACAAATGGCTCTAGAGGTACCCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAGTA
ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCC
CACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAAT
GACGGTAAATGGCCCGCCTGGCATTGTGCCCAGTACATGACCTTATGGGACTTTCCT
ACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCC
ACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATT
TATTTTTTAATTATITTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCGCGCGC
CAGGCGGGGCGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCGG
CGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGG
CGGCGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGACGCT
GCCTTCGCCCCGTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGAC
TGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTA
ATTAGCTGAGCAAGAGGTAAGGGTTTAAGGGATGGTTGGTTGGTGGGGTATTAATG
TTTAATTACCTGGAGCACCTGCCTGAAATCACTTTTITTCAGGTTGGACCGGTGCCAC
CATGGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTACAAAG
ACGATGACGATAAGATGGCCCCAAAGAAGAAGCGGAAGGTCGGTATCCACGGAGTC
CCAGCAGCCGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGG
CTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGG
GCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGAC
AGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACA
CCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCC
AAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGA
TAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACC
ACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGAC
AAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGC
CACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTT
CATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCA
GCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTG
GAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGAAACCT
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GATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGA
GGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGC
TGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCG
ACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCC
CTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCT
GAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTITCTTCGACC
AGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAGCCAGCCAGGAAGAGTTC
TACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGT
GAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCOGGACCTTCGACAACGGCAGC
ATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGA
TITTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCG
CATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGA
CCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAA
GGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGC
CCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTAT
AACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCT
GAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAA
GTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTC
CGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACG
ATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGAC
ATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGA
GGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGA
AGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATC
CGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGC
CAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACA
TCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAAT
CTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGA
CGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGG
CCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAA
GCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCC
GTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGG
GCOGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATG
TGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGC
TGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGT
CGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCC
AGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGAT
AAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGT
GGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAATGACAAGCTGA
TCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAG
GATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCC
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TACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAG
CGAGTTCOTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGA
GCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATG
AACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGOGAAGCGGCCTCT
GATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTG
CCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATATCGTGAAAAAGACCGAG
GTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGATAA
GCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCC
CCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAG
AAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTT
CGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGG
ACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAG
AGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTC
CAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCC
CGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACG
AGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAAT
CTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCA
GGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTT
CAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGC
TGGACGCCACCCTGATCCACCAGAGCATCACCGOGCCTGTACGAGACACGGATCGAC
CTGTCTCAGCTGGGAGGCGACAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGH
CAAAAAAGAAAAAGCTTGAGGGCAGAGGAAGTCTGCTAACATGCGGTGACGTGGA
GGAGAATCCCGGCCCTGCTAGCATGGTGAGCAAGGGCGAGGAGGATAACATGGCCA
TCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCAC
GAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCG
CCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCC
CTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACT
ACTTGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGG
ACGGCGGCGTGOGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCGAGTTCATC
TACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCAGACGGCCCCGTAATGCAGAA
GAAAACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCC
TGAAGGGCGAGATCAAGCAGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGC
TGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCOGTGCAGCTGCCCGGCGCCTACA
ACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAA
CAGTACGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAA
GTAAGAATTCCTAGAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCA
TCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTG
TCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTAT
TCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGAGAATAGC
AGGCATGCTGGGGAGCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTC
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TCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGG
GCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGGGCGC
CTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCAAA
GCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTA
CGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTT
CCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTC
CCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTG
GGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACG
TTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAAC
CCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGT
TAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGT
TTACAATTTTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCA
GCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGOGGCTTGTCTGCTCCCGGC
ATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTC
ACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTITTATA
GGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAA
TGTGCGCGGAACCCCTATTTGTTTATTITTTICTAAATACATTCAAATATGTATCCGCTC
ATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAG
TATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTT
TTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCA
CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGC
CCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTA
TTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAG
AATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGAC
AGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACT
TACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGG
GGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCA
AACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACT
ATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGA
GGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTAT
TGCTGATAAATCTGGAGCCGGTGAGCGTGGAAGCCGCGGTATCATTGCAGCACTGG
GGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCA
ACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCA
TTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCAT
TTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATC
CCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGA
TCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCAC
CGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGG
TAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGT
TAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
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TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAA
GACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACA
CAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCT
ATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGC
GGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGT
ATCTTTATAGTCCTGTCGGOGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATG
CTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGT
TCCTGGCCTTTTGCTGGCCTTTTGCTCACATGT
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FIG. 16
PX551 Cas? vector (SEQ ID NO:18)

cctgeaggeagetgegegetegetegeicactgaggecgecegggraaagecegggegtegeacgacctttggtegeceggecteagt
gagegagegagegegeagagagggagtggccaactecateactaggggttectgeggectetagaaagett AGCTGAATGGG
GTCCGCCTCTTTTCCCTGCCTAAACAGACAGGAACTCCTGCCAATTGAGGGCOGTCALC
CGCTAAGGCTCCGCCCCAGCCTGGGUTCCACAACCAATGAAGGGTAATCTCGACAA
AGAGCAAGGGGTGGGGCGCGGGCGCGCAGGTGCAGCAGCACACAGGCTGGTCGGG
AGGGCGGGGCGCGACGTCTGCCGTGCOGGGGTCCCGGCATCGGTTGCGC G Caccggtgeca
ccatgtacccatacgatgttccagattacgeticgeegaagaaaaagegeaaggicgaagegicegacaagaagtacageateggectgg
acatcggeaccaactetgtgggetggocegtpatcacegacgagtacaaggtgeccageaagaaaticaaggtectggecaacacegac
cggcacagcatcaagaagaacctgateggageectgetgttecgacageggegaaacageegaggeceacceggeigaagagaaccged
agaagaagatacaccagacggaagaaccggatctgetatctgeaagagatcticageaacgagatggecaaggtggacgacagetictic
cacagactggaagagtecticetggtggaagaggataagaageacgageggeaccccateticggeaacategtggacgaggtgoecta
ccacgagaagtaccecaccatetaccacctgagaaagaaactggtggacageaccgacaaggecgacctgeggcetgatetatetggecct
ggececacatgatcaagticeggggcecacttectgategagggegaccetgaaceccgacaacagegacgtggacaagetgticatecaget
ggtgcagacctacaaccagetgticgaggaaaaccecatcaacgecageggegtgeacgecaaggecatectgtetgecagactgagea
agageagacggetggaaaatcetgatcgeccagetgeccggegagaagaagaatggcctgticggeaacctgatigecctgageetggge
ctgacceccaacticaagageaacttegacctggecgaggatgecaaactgeagetgageaaggacacctacgacgacgaccetggacaa
cetgetggeccagateggegaccagtacgeegacctgtitctggecgecaagaacctgtecgacgecatectgetgagegacatectgag
agtgaacaccgagatcaccaaggeececctgagegeeictatgatcaagagatacgacgageaccaccaggaccetgacectgetgaaag
ctetegtgcggeageagetgectgagaagtacaaagagattttcticgaccagageaagaacggctacgecggetacatigacggeggag
ccagecaggaagagttctacaagttcatcaageccatectggaaaagatggacggeaccgaggaactgetcgtgaagetgaacagagag
gacctgetgeggaageageggaccticgacaacggeageateccecaccagatecacctgggagagetgeacgecatictgeggegge
aggaagatitttacccattcctgaaggacaacegggaaaagatcgagaagatectgaccttcegeateecctactacgtgggceoctctggee
agggeaaacageagaticgectggatgaccagaaagagegaggaaaccatcaccecctggaacttcgaggaagtggtogacaagggc
gettecgeccagagetlcalcgageggatgaccaacttegataagaacctgeccaacgagaaggtgctgeccaageacagectgetgtac
gagtacttcaccgtgtataacgagetgaccaaagtgaaatacgtgaccgagggaatgagaaagecegeeticetgageggegageagaa
aaaggcecategtggacetgetgticaagaccaaccggaaagtgaccgtgaageagelgaaagaggactacticaagaaaatcgagigett
cgactccgtggaaatcteceggegtggaagateggticaacgectecctgggeacataccacgalctgetgaaaattatcaaggacaaggac
ttectggacaatgaggaaaacgaggacattetggaagatategtgotgaceetgacactgtitgaggacagagagatgatcgaggaacgge
tgaaaacctatgeccacotgitcgacgacaaagtgatgaageagetgaageggcggagatacaccggcigggaeaggetgagecggaa
getgatcaacggeatecgggacaageagtecggeaagacaatectggatticetgaagtecgacggceticgecaacagaaactteatgea
gctgatccacgacgacagectgaccttiaaagaggacatccagaaageccaggtglecggecagggegatagectgeacgageacattg
ccaatctggecggeageccegecatiaagaagggeatectgeagacagigaaggtggtggacgagceicgigaaagtgatggeccggea
caagcccgagaacatcgtgatcgaaatggecagagagaaccagaccacceagaagggacagaagaacagecgegagagaatgaage
geatcgaagaggecatcaaagagetggecagecagatccigaaagaacaccecglggaaaacacecagetigeagaacgagaagetgt
acctgtactacctgeagaatgggegggatatgtacgtggaccaggaactggacatcaaccggetgicegactacgatgtggaccatategt
gectcagagetttetgaaggacgactecatcgacaacaaggtactgaccagaagegacaagaaccggggcaagagegacaacgtgeee
tccgaagaggtegtgaagaagatgaagaactactggeggeagetgetgaacgecaagetgattacccagagaaagticgacaatetgace
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aaggccgagagaggcggectgagegaaciggataaggecggcticatcaagagacagetggtggaaacccggeagatcacaaageac
gteacacagateetggacteceggatgaacactaagtacgacgagaatgacaagetgatecgggaagtgaaagtgatcacectgaagice
aagctggtaiccgatitccggaaggatttecagttitacaaagtgegegagatcaacaactaccaccacgeccacgacgectacetgaacge
cgtegtgggaaccgecctgatcaaaaagtacectaagetggaaagegagttegtgtacggegactacaaggtptacgacgigeggaagat
gatcgecaagagegageaggaaatcggcaaggetacegecaagtacticttctacagcaacatcatgaactititcaagaccgagattacce
tggccaacggcgagatceggaageggectctgatcgagacaaacggegaaaccggggagategtgtgeeataaggoccgggatttige
caccgtgcggaaagtgctgageatgececaagtgaatatcgtgaaaaagaccgaggtgcagacaggeggettcageaaagagtctatect
geecaagaggaacagegataagetgatcgecagaaagaaggactgggaccctaagaagtacggeggcticgacageeccaceglgge
ctattetgtgetggtggteggccaaagliggaaaagggcaagtccaagaaactgaagagtgtgaaagagetgetggggateaccatcatgga
aagaagcagcttcgagaagaatcecategactttctggaagecaagggctacaaagaagtgaaaaaggacctgatcatcaagetgectaa
gtactecctgttegagetggaaaacggecggaagagaatgetggectetgecggegaactgeagaagggaaacgaactggecectgecct
ccaaatatgtgaacttccigtacciggecagcecactatgagaagetgaagggcetcccecgaggataatgageagaaacagetgittgtgga
acageacaageactacctggacgagatcatcgageagatcagegagtictceaagagagtyatectggecgacgetaatetggacaaagt
gotgteegectacaagcaageacegggataageccatcagagageaggecgagaatatcatecacctgtttaceetgaccaatetgggage
cectgecgectteaaglactitgacaccaccategaccggaagaggtacaccageaccaaagaggtgctggacgeeacectgatecacca
gageatcaccggectigtacgagacacggatcgacctgtetcagetgggaggegacageeccaagaagaagagaaaggiggagoceag
ctaagaattc AATAAAAGATCTTTATTTTCATTAGATCTGTGTGTTGGTTTTTTGTGT geggee
geaggaaccectagtgatggagttggcecactecctcictgegegetegetegeteactgaggecggocgaccaaaggicgeccgacgee
cgggetttgeccgggeggecteagtgagegagegagegegeagetgectgeaggggegectgatgeggtattttetecttacgeatetgty
cgetatitcacaccgeatacgtcaaageaaccatagtacgegecetgtagegaogeattaagegeggegggtgteatoattacgegeage
gtgaccgetacacttgecagegecctagegecegetectttcgetticttceeticettictegecacgttcgecggcetiteccegteaageteta
aatcgggggcteoctttagggticegatitagtgctitacggeacctecgaceccaaaaaacttgatitgggtoatggticacgtagtggeccat
cgeectgatagacggtitticgeccettigacgitggagtccacgtictttaatagtggactcttgitccaaactggaacaacactcaaccctatet
cgggctattettttgatitataagggattitgecgatticggectattggitanaaaatgagetgatttaacaaaaatttaacgegaattttaacaaa
atattaacgtttacaattttatggtgcactctcagtacaatetgetctgatgeegeatagttaagecageccegacacecgecaacaccegetg
acgegecetgacgggcttgtetgeteccggeatccgeitacagacaagetgtgacegtetcegggagetgeatgtgtcagaggttticaceg
tcatcaccgaaacgegegagacgaaagggccicgtgatacgectatititataggitaatgicatgataataatggtitcttagacgtcaggtg
geacttttcggggaaatgtgegeggaacecctatitgtttattittctaaatacattcaaatatgtatcegeteatgagacaataacectgataaat
gcttcaataatattgaaaaaggaagagtatgagtaticaacatttcegtgtcgeccttaticecttititgeggeattitgecticctgtiitigeteac
ccagaaacgetggteaaagtaaaagatgetgaagatcagtigggtecacgagtgggttacatcgaactggatetcaacageggtaagatee
ttgagagttticgeccegaagaacgtittccaatgatgageactittaaagttctgetatgtggegeggtattatcecgtatigacgecgggcaa
gagcaactcggicgecgeatacactatictcagaatgactiggtigagtactcaccagtcacagaaaageatcttacggatggceatgacagta
agagaattatgcagtgetgecataaccatgagtgataacactgeggecaacttactictgacaacgatcggaggaccgaaggagetaaceg
cttitttgcacaacatgggggatcatgtaactcgeocttgatcgitgggaaccggagetgaatgaagecataccaaacgacgagegtgacace
acgatgectgtageaatggeaacaacgtigegcaaactatiaactggegaactacttactctagettceeggeaacaattaatagactggatg
gaggegoataaagtigeaggaccacttetgegeteggeccticeggetggetggtitattgetgataaatctggagecggtgagegtogaag
cegeggtatcattgeageactggggccagatggtaagecctecegtatcgtagttatetacacgacggggagtcaggcaactatggatgaa
cgaaatagacagatcgcetgagataggtgcctcactgatiaageattggtaactgtcagaccaagtttactcatatatactitagattgatttaaaa
cttcatitttaatttaaaaggatctaggtgaagatectttttgataatctcatgaccaaaateccttaacgtgagtittcgticcactgagegtcaga
ccecgtagaaaagatcaaaggatcttctigagatectttittictgegegtaatetgetgetigecaaacaaaaaaaccaccgetaccageggts
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gtttgtttgccggateaagagetaccaactetttticegaaggtaactggettcageagagegeagataccaaatactgtecttetagtgtagee
gtagttaggccaccacticaagaactcetgtageaccgectacatacctegetetgetaatectgttaccagiggetgetgecagtggegataa
gtcgtgtettaccgggttogacicaagacgatagttaccggataaggegeageggtegggetgaacgggagoaticgtgeacacageccag
ctiggagegaacgacctacaccgaactgagatacctacagegtgagetatgagaaagegeeacgeticecgaagggagaaaggcggac
agglatccgglaageggeagggicggancaggagagegeacgaggeagettccagggeoaaacgectggtatcittatagtectgicgg
gittcgecacctctgacttgagegtcgattittgtgatgctegteagggogocggagectatggaaaaacgecageaacgeggectittiacg

gttcetggectittgetggecttttgetcacatgt
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FIG. 17
PX552 APP sgRNA vector (SEQ ID NO:19)

cctgeaggeagetgegegetegeicgcicactgaggecgeeegggcaaageecgggegiceggegacctitegtegeecggectcagigagegagc
gagegegcagagagggagtggecaactecateactaggggticetgeggecgeacgegtgagggectatitceeatgaticettcatatttgeatatacg
atacaaggctgttagagagataat{ggaattaattigactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttettgggtagtttge
agttttagaattatgitttanaatggactatcatatgettacegtaactigaaagtatticgatttettggctttatatatcttGTGGAAAGGACGAAA
CACCATCCATCCATCATGGCGTGGGT TttagagetaGA A Atageaagttaaaataaggctagtecgtiatcaacttgasaaag
tggcacegagtegptec TTTT T Tictagactgeagagggecctgegtatgagtgeaagtgggtittaggaccaggatgaggeggggtggooatac
ctacctgacgaccgacceegacceactggacaageaccceaacccecattceccaaattgegeateecctatcagagagggegaggaoaaacaggaty
cggegaggegegigegeactgecagettcageaccgeggacagtgecttcgeccecgeetggeggegegegecacegecgeetcageactgaagg
cgegctgacgteactegeeggiceccegeaaactceccticeeggecacctiggicgegteegegeegecgeeggeceagecggacegeaccacge
gaggegegagatagggggocacgggegoegaceatetgegetgeggegeeggegactcagegetgecteagtetgeggtgggeageggaggagic
gtgtcgtgectgagagegcagtegagaagatacecggatcetetagagicgacgecaccatggigageaagggegaggagetgitcaccggguteaty
cecatectggtegagetggacggegacgtaaacggcecacaagticagegtetecggegagpocoagogegatpecacctacggcaagetgaccety
aagttcatctgeaccaccggeaagetgcecgtaecctggeecaceetegtgacecacectgacctacggegtgeagigeticagecgetacecegaccac
atgaagcagcacgacticttcaagtcegecatgeecgaaggetacgiccaggagegeaccateticticaaggacgacggcaactacaagaceegege
cgaggtgaagitcgagegegacacceiggtgaaccgeatcgagetgaagggcategacticaaggaggacggcaacatecctgggecacaagetgga
gtacaactacaacagecacaacgtctatatcatggecgacaageagaagaacggcateaaggtgaacticaagatccgecacaacatcgaggacggea
gegtgeagetegeegaceactaccageagaacacceecateggegacggeecegtgetgetgcecgacaaccactacctgageacceagtecgeect
gagcaaagaceccaacgagaagegegatcacatggtectgetggagticgtgaccgecgeeggeatcacteteggeatggacgagetgtacaagice
ggactcagatcicgagaggaggaggaggagacagacageaggatgcecccaccicgacageceeggcageteccagecgagacgctecttectetca
agggteatcagggeagegetaccgtigeagetgetictgetgetgetgetgetectggectgecigetacetgectetgaagatgactacagetgeaceca
ggecaacaactttgeecgatectictaccecatgetgegatacaccaacgggeeaccteccacctaggaaticgatatcaagetiatcgatacegageget
getcgagagatctacgggtyocatecetgtgaceectceceagtgectetectggecetggaagitgccactecagtgeecaccagecttgicctaataaa
attaagttgeateattitgtetgactaggtgtectictataatatiatggogtogagpooaotaotatogagcaagggecaagtiggoaagacaaccigtag
ggectgegggotctatiggeaaccaagetggagtgcagtggeacaatetiggcteactgeaatetccgectectgggttcaagegattcteetgecteage
ctecegagttgttgggaticeaggeatgeatgaccaggetcagetaatititgtitttttggtagagacggggtticaccatattggecaggctggtetecaact
cctaatctcaggtgatetacceacctiggecteccaaattgetgggattacaggegtgaaccacigeteecticectgtectictgatitigtaggtaaccacg
tgeggaccgageggecgeaggaacecctagtgatggagtiggccacteectetctgegegeicgetcgeteactgaggecgggcgaccaaaggicge
cegacgeecgggetitgeccgggeggcecteagtgagegagegagegegeagetgectgeaggggcgectgatgeggtattitctecttacgeatetgt
geggtatticacaccgcatacgicaaageaaccatagtacgegecctgtageggegeattaagegeggeggatgtgatgattacgegeagegtgaceg
ctacactigecagegecctagegeecgetectttogetttcticocticctitete gecacgttegecggctiteccegtcaagetctaaategggggcetecctt
tagggticcgatttagtgctttacggcacctegaccecadanaactigattitgegteatggttcacgtagtgggecategecctgatagacggttiticgeect
ttgacgtiggagtccacgtictttaatagtggactetigticcaaactggaacaacactcaaccctatctcgggetattcttitgatttataagggatitigecgat
tteggoectatiggttaaaaaatgagetgatttaacaaaaatitaacgegaatitiaacaaaatattaacgtttacaattitatggtgcacteteagtacaatetget
ctgatgcegeatagttaagecageocegacaccegecaacaccegetgacgegecetgacggaettgtctgeteceggeateegeitacagacaaget
gtgaccgtetecgggagetgeatgtgteagaggtittcacegtcatcaccgaaacgegegagacgaaagggectegtgatacgectatititataggttaat
gtcatgataataatggtitcttagacgtcaggtggeacttitcggggaaatgtacgeggaaccectattiptitatititctaaatacaticaaatatgtatecget
catgagacaataaccctgataaatgeticaataatattgaanaaggaagagtatgagtaticaacatttecgtgte gecettaticecttttitgeggeattitge
cticetgtititgetcacecagaaacgetggtgaaagtanaagatgctgaagatcagtiggootocacgagtggetiacatcgaactggateicaacageggt
aagatcctigagagttttcgeccegaagaacgitttccaatgatgageacttttaaagticigetatgtggcgeggtatiatcecgtatigacgecgggcaay
agcaactcggtcpccgeatacactattctcagaatgacttggtigagtactcaccagtcacagaaaageatctiacggatggeatgacagtaagagaattat
geagtectgecataaccatgagigataacactgeggecaacttactictgacaacgateggaggaccgaaggagcetaacegettitttgeacaacatggg
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ggatcatgtaactegectigategiigggaaccggagetgaatgaagecataccaaacgacgagegigacaccacgatgectgtageaatggcaacaa
cgttgegeaaactattaactggegaactactiactctagetticceggeaacaattaatagactggatggaggcggataaagtigeageaccactictgeget
cggccectteceggetggetggtitatigetgataaatetggageopgtgagegtgpetetegeggtateattgeageactgggaccagatggtaageccte
cegtatcgtagttatctacacgacggggagicaggcaactatggatgaacgaaatagacagategetgagataggtgectcactgatiaageattggtaac
tgtcagaccaagtitacicatatatactttagattgatttaaaacttcattittaatitaaaaggatctaggtgaagatecttttigataatcteatgaccaaaateee
ttaacgtgagttticgticcactgagegtcagaccecgtagaaaagatcaaaggatcticttgagatectttttttctgege gtaatctgetgctigeaaacaaa
aaaaccaccgetaccageggtggtttgttigecggatcaagagetaccaactctttticcgaaggtaactggettcageagagegeagataccaaatactg
tectictagtgtagecgtagitaggecaccacttcaagaactetgtageaccgectacatacctegetetgetaateetgtitaccagtggetgctgecagieg
cgataagtegtgtcttaccggatiggactcaagacgatagtitaccggataaggegeageggtegggcetgaacgggggattcgtgcacacageccagoett
ggagegaacgacctacaccgaactgagatacetacagegtgagetatgagaaagegecacgeticcegaagggagaaaggeggacaggtatceggat
aageggcagggteggaacaggagagegeacgagggageticcagggggaaacgeetggtatetitatagtectgtegggtttcgecacctetgactiga
gegtegatititgtgatocicgtcaggpggpcgeagoctatggaaaaacgecageaacgeggecttittacggttcetggecttitgetggecttttgeicac
atgt
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FIG. 18
LentiCRISPRv2 APP sgRNA vector (SEQ ID NO:20)

tgatgeggttttggcagtacatcaatgggegteaatageggtitgactcacggggatttecaagtctecaccccattgacgtcaatgggagttt
gttttggcaccaaaatcaacgggactttccaaaatgtegtaacaactccgeeccattgacgeaaatgggeggtaggegtgtacggtgggag
gtctatataageagegegtittgectgtactgggtetetetggttagaccagatetgagectgggagetetetggctaactagggaacccactg
cttaggoecteaataaagetigecttgagtgettcaagtagigtgtgeccgtetgtigtgtgacictggtaactagagateccteagacccetitiagt
cagigtggaaaatctetageagiggegeccgaacagggactigaaagegaaagggaaaccagaggagetctctegacgeaggactegg
citgetgaagegegeacggeaagaggegaggggeggegactggteagtacgecaaaaatittgactageggoaggctagaaggagaga
gatggetocgagagegicaglattaagegguguoagaattagatcgegatgggaaaaaaticggtiaaggecagggggaaagaaaaaata
taaattaaaacatatagtatgggcaagcagggagctagaacgattcgeagttaatectggectgttagaaacatcagaaggetgtagacaaa
tactggpacagctacaaccateccttcagacaggatcagaagaacttagatcattatataatacagtageaacccictatigtgtgcatcaaag
galagagataaaagacaccaaggaagctitagacaagatagaggaagageaaaacaaaagtaagaccacegeacageaageggeeget
gatcttcagacctggaggaggagatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtag
cacccaccaaggcaaagagaagagtogtecagagagaaaaaagageagigggaataggagetttgticctiggeticttgggageagea
ggaagcactatgggegcagegteaatgacgetgacggtacaggecagacaattatigtetggtatagtgecageageagaacaattigetga
gggctattgagacgeaacageatetgttgeaacteacagtctggggcatcaageagetecaggeaagaatectggetgtggaaagatacct
aaaggatcaacageteciggggatttgggattactetggaaaactcatitgeaccactgetgtgocttggaatgctagttggagtaataaatet
ctggaacagattiggaatcacacgacctggatggagiggpacagagaaattaacaattacacaagettaatacactecttaattgaagaateg
Ccaaaaccagceaagaaaagaatgaacaagaattatiggaatiagataaatgggcaagtitgtggaatiggtitaacataacaaattggctgtoget
atatpaaattaticataatgatagtaggaggcttggtaggtttangaatagtititgctgtactifctatagtgaatagagttaggcagggatatica
ceattategtitcagacceaccetcecaaccecgaggggaccegacaggeecgaaggaatagaagaagaaggtggagagagagacaga
gacagatccaticgatiagtgaacggatcggeactgegtgcgecaatictgeagacaaatggcagtaticatccacaatittaaaagaanagg
gogpattggggootacagigeaggggaaagaatagtagacataatagcaacagacatacaaactaaagaattacaaaaacaaattacaaa
aattcaaaatittcgggtttattacagggacageagagatceagtttggitaatiaaggtaccgagggoctatttcecatgattecttcatattige
atatacgatacaaggctgttagagagataattagaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataa
fttettgpgtagtitgcagtittaanatiatgtittanaatggactateatatgettacegtaactigaaagtatticgatticttggelitatatatett G
TGGAAAGGACGAAACACC CgatccattcatcatggtgtggettttagagetaGA A Atageaagttaaaataaggctagtce
cgttatcaactigaaaaagtggeaccgagteggtgc TTTT TTgaattegetagetaggtettgaaaggagtgggaattggetceggtge
ccglcagtggecagagegeacatcgeecacagtecccgagaagtiggeggoagogootcgocaatigatccggtgectagagaagglgg
cgeggggtanactgggaaagtgatgtegtgtactggctecgecttiticecgagggtgpoovagaaccgtatataagtgcagtagtegeeg
tgaacgtictitttcgeaacgggtttgeegecagaacacaggaceggtictagagegetgecaccATGGACAAGAAGTACA
GCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAG
TACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCCGACCGGCACAGCAT
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCA
CCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTG
CTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCA
CAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCA
TCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACC
ACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTAT
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CTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTG
AACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAA
CCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCC
TGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCC
GGCOGAGAAGAAGAATGGCCTGTTCGGAAACCTGATTGCCCTGAGCCTGGGCCTGAC
CCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCA
AGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTAC
GCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATC
CTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAG
ATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGC
TGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGC
TACATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCT
GGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTG
CTGCGGAAGCAGCGOACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGG
AGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTITACCCATTCCTGAAGGACAA
CCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCT
GGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATC
ACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCAT
CGAGCGGATCGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGC
ACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATAC
GTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCA
TCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAG
GACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGAT
CGOTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAA
GGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCC
TGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCAC
CTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGG
CAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACA
ATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATC
CACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCA
GGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGA
AGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGG
CACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGA
AGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGA
GCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACG
AGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAA
CTGGACATCAACCGGCTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTT
CTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGGG
GCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGG
CGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAA
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GGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAG
CTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGAT
GAACACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCC
TGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCG
AGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACC
GCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAA
GGTGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCT
ACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACC
CTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGG
GGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCA
TGCCCCAAGTGAATATCOGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAA
GAGTCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTG
GGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGT
GGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTG
CTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCT
GGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGT
ACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAA
CTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTG
GCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCT
GTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGT
TCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACA
ACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTT
ACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGAC
CGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAG
CATCACCGGCCTGTACGAGACACGOGATCGACCTGTCTCAGCTGGGAGGCGACAAGC
GACCTGCCGCCACAAAGAAGGCTGGACAGGCTAAGAAGAAGAAAGATTACAAAGA
CGATGACGATAAGGGATCCGGCGCAACAAACTTCTCTCTGCTGAAACAAGCCGGAG
ATGTCGAAGAGAATCCTGGACCGACCGAGTACAAGCCCACGGTGCGCCTCGCCACC
CGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACTACCCC
GCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCA
AGAACTCTTCCTCACGCGCGTCGGGCTCGACATCGGCAAGGTGTGGGTCGCGGACG
ACGGCGCCGCGGTGGCGOTCTGGACCACGCCGGAGAGCGTCGAAGCGOGGGGCGEGT
GTTCGCCGAGATCGGCCCGCGCATGGCCGAGTTGAGCGOGTTCCCGGCTGGLCCGCGT
AGCAACAGATGGAAGGCCTCCTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTC
CTOGGCCACCGTCGGAGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGT
CGTGCTCCCCGCGAGTGGAGGCGGCCGAGCGCGCCGGGGETGCCCGCCTTCCTGGAGA
CCTCCOGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCG
ACGTCCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCGCAAGCCCGGTGCC
TGAACGCGTTAAGTCGACAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACT
GGTATTCTTAACTATGTTGCTCCTTTITACGCTATGTGGATACGCTGCTTTAATGCCTT



U.S. Patent Nov. 16, 2021 Sheet 51 of 53 US 11,173,216 B2

FIG. 18 CONTINUED
TGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGG
TTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGC
ACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTC
CTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCT
GCCTTGCCCGCTGCTGGACAGGGGCTCOGGCTGTTGGGCACTGACAATTCCGTGGTGT
TCGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCT
GCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCC
CGCGGCCTGCTOQCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACG
AGTCGGATCTCCCTTTGGGCCGCCTCCCCGCGTCGACTTTAAGACCAATGACTTACA
AGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGGGCTA
ATTCACTCCCAACGAAGACAAGATCTGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAG
ACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTC
AATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGggeccegttt
aaacccgctgateagectegactgtgecttetagttgecagecatetgtigttigeecctecceegtgecttecttgacectggaaggtgecact
cecactglectticctaataaaatgaggaaattgeategeatigtctgagtaggtgtcatictatictgggogatggggtagggocaggacage
aaggggooagoattgooaagacaatageagecatgetgggeatgcggtgoactetatggctictgaggcggasagaaccagetgggoct
ctagggggtatceccacgegecctgtageggegeattaagegeggeggatgtggtagttacgegeagegtgaccgetacactigecage
geectagegecegetectttegetttetteccticetttetcgecacgttcgecggetttcecegtecaagetctaaateggggoctecctttaggg
ticcgatttagtgetttacggcacctegaccccaaaaaacttgattagggteatggttcacgtagtggoccategecctgatagacggttiiteg
ceetttgacgitggagtccacgtictttaatagtgeactettgitccaaactggaacaacactcaaccetatctcggtctattetittgatitatang
geattttgecgatttcggectatiggttaasaaatgagetgatitaacaaaaatttaacgegaattaatictgtggaatgtototcagttagggtot
geaaagteoccaggeteeccageaggeagaagtatgeaaageatgeatcteaattagtcageaaccaggtgtggaaagtecceaggetee
ccagcaggceagaagtatgeaaageatgeatctecaattagtcageaaccatagicecgecectaactecgeccatceegecectaacteege
ccagticegeccatteteccgecccatggetgactaattitttitatitatgcagaggec gaggecgectetgectctgagetattccagaagtagt
gaggaggctitttiggaggectaggetittgeaaaaagetecegggagettgtatatecattticggatetgatcageacgtgitgacaattaat
catcggcatagtatatcggeatagtataatacgacaaggtgaggaactaaaccatggecaagtigaccagtgecgitecggtgctcacege
gegegacgicgeeggageggtegagitetggacegaceggetegggtictececgggacttcgtggaggacgacticgeeggtgtggice
gggacgacgtgaccotgttcatecagegeggtecaggaccaggtggtgecggacaacaccetggectggatgtgeatecgeggectgga
cgagetgtacgecgagtggteggagetegteiccacgaacticegggacgecteegggecggecatgaccgagateggegageagecy
tgggggcgagagticgeccigegegacceggecggeaactgegtgeacttegiggecgaggageaggactgacacgtgetacgagattt
cgattccaccgecgecttctatgaaaggttggacticggaategttiteccgggacgeeggetggatgatectecagegeggggatcteatgc
tggagttcticgeccaceecaacttgittattgeagettataatggttacaaataaageaatageatcacaaatttcacaaataaagceattitttica
ctgeattctagtigtggtitgtccaaacteatcaatgtatettatcatgtetgtatacegtegacctetagetagagettggegtaateatggteata
getgtttectgtgtgaaattgttatcegetecacaatteccacacaacatacgageeggaageataaagtgtaaagectgggetecctaatgagt
gagctaactcacattaattgegtigegetcactgeeegetttccagtegggaaacctgtegtgecagetgeattaatgaatcggecaacgege
geggoagacocgatttgcgtattggecgetcticegettectegetcactgactegetgegeteggtegtteggetgeggegageggtatcag
cleactcaaaggeggtaatacggttatccacagaatcagggeataacgcaggaaagaacatgtgagcaaaaggecageaaaaggecag
gaaccgtaaaaaggccgegttgetgacgtititccataggetccgeececctgacgagcatcacaaaaategacgetcaagicagagotgg
cgaaacccgacaggactataaagataccaggegtitceccectggaagetcectegtgegctetectgticegaccetgecgettaceggata
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cctgteegectitctccotticgggaagegtggegetitcteatagetcacgetgtaggtatctecagtteggtgtaggtcgticgetccaagetgyg
getgtgtgcacgaaccececgticagecegaccgetgegecttatccggtaactategtettgagtccaacceggtaagacacgacttateg

ccactggeageagecactggtaacaggattageagagegaggtatgtaggocggtgctacagagtictigaagtgotggectaactacgget
acactagaagaacagtatitggtatctgegetcetgeigaagecagtiacciteggaaaaagagtiggtagetettgalceggeaaacaaacca
ccgetggtageggtgotttitttetttgcaageageagattacgegeagaaaaaaaggatcteaagaagatectitgatettttetacggggtet
gacgcetcagtggaacgaaaactcacgitaagggattitggtecatgagattatcaaaaaggatettcacctagatectittaaattaaaaatgaag
ttttaaatcaatctaaagtatatatgagtaaacttggtetgacagttaccaatgettaatcagtgaggeacctatctecagegatetgtetatttegtt

catccatagtitgectgactcecegtegtgtagataactacgatacgggaggegcttaccatctggecceagigetgeaatgatacegegagac
ccacgetcaccggetecagatttatcageaatasaccagecagecggaagggccgagegeagaagtggteetgeaactttatecgectee

atccagtctattaattgttgecggpaagetagagtaagtagticgecagtiaatagtitgegeaacgtigitgccattgetacaggeatcgtgot

gteacgetegtegtttggtatggctteaticageteeggttcecaacgatcaaggegagtitacatgateccecatgttgtgcaaaaaage ggtt

agetecticggtectecgategtigtcagaagtaagtiggeegeagtgtiatcactcatggitatggeageactgeataaticicttactgteatg

ccatcegtaagatgctittctgtgactggtpagtactcaaccaagteatictgagaatagtgtatgcggegacegagtigetettgeecggegt

caatacgggataataccgegecacatageagaactttaaaagtgetcateatiggaaaacgttcticggggegaaaactetcaaggatettac
cgctgttgagatccagtticgatgtaacccactegtgeacccaactgateticageatettitaciticaccagegtitctgggigagcaaaaaca

ggaaggcaaaatgecgeaaaaaagggaataagggegacacggaaatgtigaatactcatactettectittttecaatattatigaageatttate

agggttattgtcteatgageggatacatatttgaatgtatttagaaaaatasacaaataggggticcgegeacatttececgaaaagtgecacct
gacgtcgacggatcgggagatcteccgateecctatggtecacteteagtacaatetgetctgatgecgeatagtiaagecagtatetgetee

ctgotigtgtgttggaggtegetgagtagtgegegagceaaaatttaagetacaacaaggeaaggcetigaccgacaattgeatgaagaatetg

cttagggttagecgttttgegetgeticgegatgtacgggecagatatacgegitgacattgattattgactagttattaatagtaatcaattacgy
ggteattagticatageccatatatggagttcegegttacataacttacggtaaatggeccgectggetgaccgeccaacgacceecgececat
tgacgtcaataatgacgtatgtteccatagtaacgecaatagggactttecatigacgicaatgggtggagtatttacggtaaactgeccacttg
geagtacatcaagtgtatcatatgecaagtacgeeccctattgacgicaatgacggtaaatggeccgectggceattatgeecagtacatgace
ftatggoactticctacttggeagtacatetacgtattagteatcgcetattaccatgg
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GENE EDITING-BASED METHOD OF
ATTENUATING THE BETA-AMYLOID
PATHWAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 62/618,694, filed Jan. 18, 2018, which is
incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with government support under
AG048218 awarded by the National Institutes of Health.
The government has certain rights in the invention.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted electronically in ASCII format and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Jan. 18, 2019, is named
960296_02327_ST25.txt and is 101,371 bytes in size.

BACKGROUND

The gradual accumulation of Af in brains is a neuropatho-
logic hallmark of Alzheimer’s disease (AD). AP is generated
by the sequential cleavage of the amyloid precursor protein
(APP) by f- and y-secretases (p-secretase aka BACE-1, and
y-secretase), with BACE-1-cleavage as the rate-limiting
step. Substantial evidence indicates that accrual of APP-
cleavage products play a key role in AD, making the
“amyloidogenic pathway” an important therapeutic target
(1-3).

CRISPR/Cas9 gene editing is emerging as a promising
tool to disrupt the expression of disease-causing genes or
edit pathogenic mutations (4). Originally discovered in
bacteria as part of a natural self-defense mechanism, the
Cas9 nuclease—guided by a short guide RNA (sgRNA)—
generates double-stranded breaks (DSB) at targeted genomic
loci (5).

However, to date, the application of gene editing to
neurologic diseases has been limited (6). For instance,
CRISPR/Cas9 has been used in cell-based models to edit
triplet-repeat expansions of Huntington’s and Fragile X
syndrome (7, 8). Besides significant technical caveats such
as low editing efficiency and limited in vivo validation (6),
such canonical approaches would only be applicable to the
small fraction of cases that are inherited (i.e. <10% of AD,
Parkinson’s, ALS); with a different approach required for
each gene. Moreover, the feasibility of CRISPR/Cas9 as a
therapeutic possibility in AD has not been reported.

Needed in the art of Alzheimer’s disease treatment is an
improved method of using gene editing methods to treat or
prevent the disease.

SUMMARY OF THE INVENTION

In a first aspect, provided herein is a method of treating or
preventing Alzheimer’s disease (AD) caused by formation
of amyloid plaques composed of amyloid beta (AB) pep-
tides, wherein the method comprises the steps of (a) obtain-
ing a gene-editing construct specific for the amyloid pre-
cursor protein (APP), wherein the construct facilitates
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truncation of the APP C-terminus when combined with a
Cas9 nuclease, and (b) delivering the construct and a con-
struct encoding the Cas9 nuclease to a patient in need of AD
therapy, wherein the APP molecule is truncated and produc-
tion of AP peptides is decreased in the patient’s brain. In
some embodiments, the truncation of the APP C-terminus
occurs at an APP residue selected from the group consisting
of 659, 670, 676, and 686. In some embodiments, the
gene-editing construct comprises a gRNA sequence selected
from the group consisting of SEQ ID NOs:1-10. In some
embodiments, the construct and the nuclease are delivered in
a composition comprising an adeno-associated viral vector
and a nanocarrier delivery vehicle. In some embodiments,
the composition is delivered intravenously or intrathecally.

In a second aspect, provided herein is a method of
reducing the formation of amyloid plaques in a patient’s
brain, wherein the plaques comprise amyloid beta (AP)
peptides, the method comprises the steps of (a) obtaining a
gene-editing construct specific for the amyloid precursor
protein (APP), wherein the construct facilitates truncation of
the APP C-terminus when combined with a Cas9 nuclease,
and (b) delivering the construct and nuclease to a patient in
need of AD therapy, wherein the APP molecule is truncated
and production of A peptides is decreased in the patient’s
brain. In some embodiments, the truncation of the APP
C-terminus occurs at an APP residue selected from the group
consisting of 659, 670, 676, and 686. In some embodiments,
the gene-editing construct comprises a gRNA sequence
selected from the group consisting of SEQ ID NO:1-10. In
some embodiments, the construct and the nuclease are
delivered in a composition comprising an adeno-associated
viral vector and a nanocarrier delivery vehicle. In some
embodiments, the composition is delivered intravenously or
intrathecally.

In a third aspect, provided herein is a genetic construct
comprising, a sequence encoding for a Cas9 nuclease and a
sequence encoding a gRNA specific to amyloid precursor
protein (APP). In some embodiments, the construct is pack-
aged in a viral vector selected from the group consisting of
a lentiviral vector and an adeno-associated viral (AAV)
vector. In some embodiments, the construct further com-
prises at least one neuron specific promoter. In some
embodiments, the neuron specific promoter is selected from
the group consisting of human synapsin 1 (hSyn1) promoter,
and mouse Mecp2 promoter (pMecp2). In some embodi-
ments, the construct further comprises an RNA Pol III
promoter. In some embodiments, the RNA Pol III promoter
is a U6 promoter. In some embodiments, the sequence of the
gRNA is selected from the group consisting of SEQ ID
NOs:1-10. In some embodiments, the sequence of the Cas9
nuclease consists of SEQ ID NO:15. In some embodiments,
the construct comprises the sequence of SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, or SEQ ID NO:20. In some
embodiments, the sequence encoding for a Cas9 nuclease in
packaged on a first AAV vector and the sequence encoding
a gRNA specific to amyloid precursor protein (APP) is
packaged on a second AAV vector.

In a forth aspect, provided herein is a kit for reducing the
formation of amyloid plaques in a patient’s brain, the kit
comprising a first viral vector encoding a gRNA selected
from the group consisting of SEQ ID NOs:1-10 and a second
viral vector encoding a Cas9 nuclease. In some embodi-
ments, the viral vector is selected from the group consisting
of a lentiviral vector and an adeno-associated viral (AAV)
vector. In some embodiments, the first or second viral vector
further comprises at least one neuron specific promoter. In
some embodiments, the neuron specific promoter is selected
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from the group consisting of human synapsin 1 (hSynl)
promoter, and mouse Mecp2 promoter (pMecp2). In some
embodiments, the first or second viral vector further com-
prises an RNA Pol III promoter. In some embodiments, the
RNA Pol III promoter is a U6 promoter. In some embodi-
ments, the kit comprises a viral vector encoding both a
gRNA selected from the group consisting of SEQ ID NOs:
1-10 and a Cas9 nuclease.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawings will be provided by the
Office upon request and payment of the necessary fee.

FIGS. 1A-1F show manipulation of the amyloid pathway
by CRISPR/Cas9 editing. (FIG. 1A) Schematic and C-ter-
minal sequence of mouse APP showing PAM sites (yellow)
and genomic targets for the three APP-sgRNAs (APP-659
sgRNA used henceforth and referred to as ‘APP-sgRNA’—
see text). Note that the C-terminal antibody Y 188 recognizes
the last 20 amino acids of APP. (FIG. 1B) Neuro2A cells
were transfected with APP-sgRNA and Cas9 (or Cas9 only),
and immunostained with the Y188 antibody (after 5 days;
mCherry labels transfected cells). Note decreased APP
(Y188) fluorescence, indicating APP editing (quantified on
right, mean+SEM of 39 cells from two independent experi-
ments per condition, p<0.0001). (FIGS. 1C-1D) Neuro2A
cells were transduced by lentiviral vectors carrying APP-
sgRNA and Cas9 (or non-targeting control-sgRNA/Cas9 as
control) and immunoblotted with Y188 and 22C11 antibod-
ies (latter recognizes APP N-terminus). A gamma secretase
inhibitor (GSI) was added to allow detection of accumulated
APP CTF’s (see methods, GAPDH used as loading con-
trols). Note attenuated signal with the Y188 antibody in
APP-sgRNA treated samples, but no change in 22Cl11
signal. Blots quantified in (d), mean+SEM of six indepen-
dent experiments, p<0.0001. (FIG. 1E) Time course of
APP-editing in neuro2a cells. Cells were transfected with a
vector carrying APP-sgRNA and Cas9, and APP-CTFs were
analyzed by Western blotting (in the presence of GSI). (FIG.
1F) Deep sequencing of APP C-terminus in neuro2A cells.
Top: Frequency of base-pair matches between gRNA-edited
and WT mouse sequence. Red underline marks the sgRNA
target sequence and arrowhead denotes predicted cut-site.
Note extensive mismatch around predicted cut-site, indicat-
ing robust editing. Bottom: Major mutated APP loci result-
ing from sgRNA-editing, and their frequencies.

FIGS. 2A-2H show gene editing of APP C-terminus and
effects on APP processing in human cells. (FIG. 2A) Com-
parison of mouse and human APP-sgRNA targeting
sequences (red arrowheads indicate differences; yellow bar
denotes the PAM site). (FIG. 2B) Human iPSC-derived
NPCs were transduced by lentiviral vectors carrying APP-
sgRNA and Cas9 (or non-targeting control-sgRNA/Cas9 as
control) and differentiated into neurons. After 3 weeks of
differentiation, cells were immunostained with the Y188 and
Tuj 1 (tubulin) antibodies. Note decreased APP (Y188)
fluorescence, indicating APP editing. (FIG. 2C) The iPSC-
derived neurons above (or isogenic APPV7171 London-
mutant knock-in iPSC-neurons) were transduced and differ-
entiated as above and immunoblotted with C- and
N-terminus antibodies (GSI was added to allow detection of
accumulated APP CTFs). Note attenuation of APP signal
with Y188 after APP-sgRNA treatment in both wild type and
isogenic APP London iPSCs (quantified on right,
mean+SEM of three independent experiments, ** p<0.01,
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*EER<0.001, ****p<0.0001). (FIG. 2D) Media from the
iPSC-derived neurons above was immunoblotted for
secreted sAPPa (6E10 antibody). Note increased sAPPa in
sgRNA-treated samples, indicating upregulation of the non-
amyloidogenic pathway. (FIG. 2E) ELISA of media from
iPSC derived neurons. Note decreased AP in the sgRNA-
treated samples (mean+SEM of three independent experi-
ments, ** p<0.01, ***p<0.001, ****p<0.0001). (FIG. 2F)
Deep sequencing of APP C-terminus in human ESCs. Red
underline marks the sgRNA target sequence and arrowhead
denotes predicted cut-site. Note extensive mismatch around
predicted cut-site, indicating robust editing. (FIG. 2G)
Major mutated APP-loci resulting from CRISPR editing,
and their frequencies. (FIG. 2H) Predicted APP translational
products (post-editing) for the major mutant alleles observed
in deep sequencing. Note that after editing, APP is translated
up-to amino acid 659 (red arrowheads; similar results were
seen in HEK cells, see FIG. 6E).

FIGS. 3A-3G show the effect of APP C-terminus editing
on neuronal physiology. (FIG. 3A) AAV9-sgRNA and
AAV9-Cas9 expression vectors. Note that the sgRNA vector
co-expresses GFP and the Cas9 is tagged to HA, for iden-
tification of transduced neurons. (FIG. 3B) Cultured hip-
pocampal neurons were transduced with AAV9s carrying
APP-sgRNA/Cas9 (or Cas9 only) and immunoblotted with
the Y188 and 22C11 antibodies (in the presence of GSI).
Note attenuation of CTFs by the APP-sgRNA. (FIG. 3C)
Neurons were transfected (at the time of plating) with a
vector expressing APP-sgRNA and Cas9. Neuritic/axon
outgrowth was analyzed after 5-6 days. Neurons were trans-
fected or infected at DIV7 with APP CRISPR, and synapse
structure/function was analyzed after 14-17 days. (FIG. 3D)
Top: Representative images of neurons transfected with the
APP-sgRNA/Cas9 (or Cas9 alone). Bottom: Axon length
and number of neurites/branches in the APP-sgRNA/Cas9
(or Cas9 alone) groups; note that there was no significant
difference (mean+SEM; axon length: 30 cells for Cas9 only
and 27 cells for moAPP-sgRNA from two independent
experiments, p=0.2462; neurite number: 35 cells for Cas9
only and 31 cells for moAPP-sgRNA from two independent
experiments, p=0.2289; branch number: 27 cells for both
conditions from two independent experiments, p=0.6008).
(FIG. 3E) Neurons were infected with AAV9 viruses carry-
ing APP-sgRNA/Cas9 (or Cas9 only as controls), and fixed/
stained with the presynaptic marker VAMP2. Note that the
presynaptic density (VAMP2 puncta) was similar in both
groups (quantified on right, mean+SEM of VAMP2 staining
along 27 dendrites for Cas9 only and 25 dendrites for
moAPP-sgRNA from two independent experiments,
p=0.3132). (FIG. 3F) Neurons were transfected with APP-
sgRNA/Cas9 (or Cas9 only as controls). Spine density in the
APP-sgRNA/Cas9 (or Cas9 only) groups was also similar,
quantified on right (mean+SEM of 18 dendrites for Cas9
only and 16 dendrites for moAPP-sgRNA from two inde-
pendent experiments, p=0.7456). (FIG. 3G) Miniature excit-
atory postsynaptic currents (mEPSC) were recorded from
neurons infected with AAV9-APP-sgRNA/Cas9 or AAV9-
Cas9 alone. Top: Representative mEPSC traces in control
and APP-sgRNA transduced neurons. Corresponding align-
ments of mEPSCs with average (white traces) are shown on
right. Bottom: Cumulative histograms of mEPSC amplitude,
20-80% rise-time and inter-event interval in APP-sgRNA/
Cas9 and the Cas9-only infected neurons (note no significant
differences).

FIGS. 4A-4G show gene editing of APP C-terminus in
vivo. (FIG. 4A) AAV9-sgRNA and AAV9-Cas9 were ste-
reotactically co-injected into dentate gyrus of 8-week old
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mouse brains (bottom). Two weeks after viral delivery,
brains were perfused, fixed, and immunostained with anti-
GFP, anti-HA and anti-APP(Y188) antibodies. (FIG. 4B)
Co-expression of AAV9-sgRNA-GFP and AAV9-HA-Cas9
in the dentate gyrus. Note that majority of neurons are
positive for both GFP and HA (~87% of the cells were
positive for both; sampling from 3 brains). (FIGS. 4C-4D)
Coronal section of a mouse hippocampi injected on one side
(marked by arrow) with the AAV viruses as described above.
Note attenuated Y188 staining of neurons on the injected
side, indicating APP-editing. The image of mouse hip-
pocampus injected with Cas9 only is not shown. Fluores-
cence quantified in (d), mean+SEM, data from three brains.
One-way ANOVA: p<0.0001. Tukey’s multiple compari-
sons: p=0.4525 (Un-injected vs Cas9 only); p<0.0001 (Un-
injected vs APP-sgRNA); p<0.0001 (Cas9 only vs APP-
sgRNA). (FIG. 4E) Intracerebroventrical injection of the
AAV9 viruses into PO pups. Note widespread delivery of
gRNA into brain, as evident by GFP fluorescence. (FIG. 4F)
Brain sections from above were immunostained with the
Y188 antibody. Note attenuated Y188 staining in the APP-
sgRNA/Cas9 transduced sample, suggesting APP-editing.
(FIG. 4G) Western blots of the brains from (e). Note
decreased expression of CTFs in the APP-sgRNA/Cas9
transduced brains; blots quantified on right (mean+SEM of
three independent experiments, **p<0.01).

FIGS. 5A-5E show mechanistic details of CRISPR-
guided APP editing. (FIG. 5A) APP/BACE-1 interaction—
as evaluated by fluorescence complementation in cultured
hippocampal neurons—was attenuated in neurons trans-
fected with an APP C-terminus truncation mimicking the
post-edited translational product (APP659:VN; quantified
below, mean+SEM of 12 cells for APP(WT) and 13 cells for
APP(659) from two independent experiments, p<0.0001).
(FIG. 5B) APP p-cleavage is also attenuated in cells trans-
fected with APP659. HEK cells were co-transfected with
APPWT (or APP659) tagged to VN, and BACE-1:VC; and
immunoblotted with the 6E10 antibody. Note decreased
p-CTFs in cells carrying the truncated APP plasmid. (FIG.
5C) Schematic showing the CRISPR-edited C-terminus por-
tion of APP. Note that the threonine at 668 position, and the
endocytic YENPTY motif (dashed boxes) are thought to
play roles in AP production (see text). (FIG. 5D) APP/
BACE-1 interaction—as evaluated by fluorescence comple-
mentation in cultured hippocampal neurons—was most
markedly attenuated in neurons transfected with mutant
YENPTY (mean+SEM of'32 cells for APP(WT), 37 cells for
APP(T668A), 45 cells for APP(YENPTY) and 49 cells for
APP(T668A+YENPTY) from two independent experi-
ments). One-way ANOVA: p<0.0001. Tukey’s multiple
comparisons: p=0.0022 (APP vs APP7%%%4): 7<0.0001 (APP
vs APPYEMTTY. 5<0.0001 (APP vs APPZO084+IENPIT),
<0.0001 (APP7°9%4 yg APP™#MF7T): 5<0.0001 (APP7®%%4 vg
APPT668A+YENPTY p 0 7568 (APPYENPTY vs
ApPTOO84+IENPTY, ). (FIG. 5E) Strategy of APP internaliza-
tion assay. Neuro 2a cells are transfected with APP:GFP or
APP659:GFP. After incubation with anti N-terminal APP
antibody (22C11) for 10 min, the cells were fixed and
stained with secondary antibody to visualize the cell surface
and internalized APP. Note the cell surface accumulation
and decreased internalization of APP659 (mean+SEM of 21
cells from two independent experiments, p<0.0001).

FIGS. 6A-6E show the choice of CRISPR editing site at
APP C-terminus. (FIG. 6A) Strategy to integrate APP:VN
and BACE-1:VC into the H4 genome and generation of a
stable cell line expressing single copies of the two proteins
(see results and methods for details). (FIG. 6B) APP and
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BACE-1 expression in the H4*&% “°7¥ ce]l line. Note neg-
ligible expression of endogenous proteins in native H4 cells.
(FIG. 6C) The H4*"& “°P¥ cell line was transduced with
lentiviral vectors carrying non-targeting control-sgRNA/
Cas9 or various human APP C-terminus targeting sgRNAs/
Cas9 (see Table 5 for targeting sequences). The APP/
BACE-1 Venus complementation was visualized by
fluorescence microscopy. Note attenuation of complemen-
tation, indicating editing by the APP-sgRNAs (quantified on
right, mean+SEM of three independent experiments). One-
way ANOVA: p<0.0001. Tukey’s multiple comparisons:
p<0.0001 (control-sgRNA vs APP659-sgRNA); p<0.0001
(control-sgRNA vs APP670-sgRNA); p<0.0001 (control-
sgRNA vs APP676-sgRNA); p=0.0064 (APP659-sgRNA vs
APP670-sgRNA); p=0.0015 (APP659-sgRNA vs APP676-
sgRNA); p=0.6207 (APP670-sgRNA vs APP676-sgRNA).
(FIG. 6D) ELISA of media from the H4*"8" <7 cell line
(treated as above). Note decreased AP in the APP-sgRNAs
treated samples (mean+SEM of three independent experi-
ments). One-way ANOVA for Ap 40 and 42: p<0.0001.
Tukey’s multiple comparisons for A 40: p<0.0001 (control-
sgRNA vs APP659-sgRNA; control-sgRNA vs APP670-
sgRNA; control-sgRNA vs APP676-sgRNA); p=0.0331
(APP659-sgRNA vs APP670-sgRNA); p=0.0071 (APP659-
sgRNA vs APP676-sgRNA); p=0.6673 (APP670-sgRNA vs
APP676-sgRNA). Tukey’s multiple comparisons for A 42:
p<0.0001 (control-sgRNA vs APP659-sgRNA; control-
sgRNA vs APP670-sgRNA; control-sgRNA vs APP676-
sgRNA); p=0.0068 (APP659-sgRNA vs APP670-sgRNA);
p=0.0221 (APP659-sgRNA vs APP676-sgRNA); p=0.8079
(APP670-sgRNA vs APP676-sgRNA). (FIG. 6E) HEK cells
were transduced by lentiviral vectors carrying APP-sgRNAs
and Cas9 (or non-targeting control-sgRNA/Cas9 as control),
and APP C-terminus was sequenced. Left: Deep sequencing
of APP659-sgRNA treated cells, and Sanger sequencing
followed by ICE analyses for APP670-sgRNA and APP676-
sgRNA ftreated cells. Red underlines mark the sgRNA-
targeting sequences and arrowheads denote predicted cut-
sites. Right: Predicted APP translational products after
CRISPR/Cas9 editing in human HEK cells for the major
mutant alleles observed in sequencing analyses. Red arrow-
heads indicate the amino acids where APP genes were
translated up to after editing.

FIGS. 7A-7D show evaluation of CRISPR editing by
immunoblotting in mouse Neuro2a cells. (FIG. 7A) Neuro2a
cells were co-transfected with a sgRNA that knocked out the
entire APP gene and Cas9 (see Table 5 for APP targeting
sequence), and immunostained with APP N-terminal and
C-terminal antibodies (after 5 days in culture). Note attenu-
ation of staining for both Y188 and 22C11. (FIG. 7B)
Neuro2a cells were transfected with various APP C-terminus
targeting sgRNAs (or non-targeting control-sgRNA), and
immunostained with APP N-terminal and C-terminal anti-
bodies (after 5 days in culture in the presence of GSI). Note
attenuation of staining by Y188 but not 22C11, indicating
selective editing of the APP C-terminus. (FIG. 7C) Neuro2 A
cells were transduced by lentiviral vectors carrying APP-
sgRNA and Cas9 (or non-targeting control-sgRNA/Cas9 as
control) and immunoblotted with the APP antibodies CT20
and M3.2 (CT20 recognizes last 20 aa; M3.2 recognizes an
extracellular domain located upstream of the CRISPR/Cas9
targeting site). A GSI was added to allow detection of
accumulated APP CTF’s. Note attenuated signal with CT20-
but not M3.2-antibody, indicating selective editing of the
APP C-terminus. (FIG. 7D) Post-editing translational prod-
ucts in mouse (neuro 2a) cells. Note effective truncation of
APP at aa 659.
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FIGS. 8A-8G show APP C-terminus editing by CRISPR/
Cas9. (FIG. 8A) HEK cells were transfected with human-
specific APP-sgRNA and Cas9 (or Cas9 only), and immu-
nostained with the Y188 antibody (after 5 days in culture).
Note attenuation of staining, quantified on right
(mean+SEM of 25 cells for Cas9 only and 43 cells for
huAPP-sgRNA from two independent experiments,
p<0.0001). (FIG. 8B) HEK cells were transduced by lenti-
viral vectors carrying APP-sgRNA and Cas9 (or non-target-
ing control-sgRNA/Cas9 as control) and immunoblotted
with the Y188 and 22C11 antibodies (in the presence of
GSI). Note attenuation of APP-CTFs in APP-sgRNA treated
cells, indicating CRISPR-editing (mean+SEM of three inde-
pendent experiments, p<0.0001). (FIG. 8C) HEK cells
above were immunoblotted with CT20 and 2E9 antibodies
(CT20 recognizes last 20 aa; 2E9 recognizes APP extracel-
Iular domain upstream of the CRISPR/Cas9 targeting site).
Note attenuated signal with CT20- but not 2E9-antibody,
indicating selective editing of the APP C-terminus. (FIGS.
8D-8E) Human ESCs were transduced by lentiviral vectors
carrying human APP-sgRNA/Cas9 (or non-targeting
sgRNA/Cas9). Samples were immunostained with the Y188
antibody (d) or immunoblotted with the Y188 and 22C11
antibodies (e). Note attenuation of APP-CTFs in sgRNA-
transduced group (for immunostaining, mean+SEM of 17
colonies for control-sgRNA and 20 colonies for huAPP-
sgRNA from two independent experiments, p<0.0001; for
western blotting, mean+SEM of three independent experi-
ments, p=0.001 for total APP and p<0.0001 for CTFs). (FIG.
8F) Media from iPSC derived neurons were immunoblotted
for extracellular sAPPP (in the absence of GSI). Note
decrease in APP P-cleavage in the APP-sgRNA treated
samples. (FIG. 8G) Media from H457'8°P¥ cells were
immunoblotted for extracellular sAPPa with 6E10 antibody
and sAPPf (in the absence of GSI). Note enhanced APP
a-cleavage and attenuated APP f-cleavage in the APP-
sgRNA treated samples.

FIGS. 9A-9C show gene editing by APP-sgRNA likely
does not influence APP y-cleavage. (FIG. 9A) Strategy to
evaluate y-cleavage of post-edited APP. Neuro2a cells were
transfected with either full length (FL) C99, or C99 trun-
cated at aa 659 (to mimic the post-editing translational
product; all constructs were GFP-tagged to confirm expres-
sion). y-cleavage of the FL and 659 C99 was evaluated by
western blotting (note that neuro2a cells have all compo-
nents of the y-secretase complex). (FIG. 9B) Schematic
showing expected C99-cleavage patterns. Note that upon
y-cleavage, both C99-fragments will be further truncated.
However, if the ‘CRISPR-mimic’ (659) fragment did not
undergo y-cleavage, this truncation would not occur. (FIG.
9C) Western blotting of the cells from (a) indicates that both
C99 fragments (FL and 659) undergo y-cleavage—as indi-
cated by the shift upon inhibiting y-cleavage by GSI. These
data suggest that gene editing by the APP-gRNA likely does
not affect APP y-cleavage, and that the effects seen on the
amyloid pathway are likely due to modulation of APP-f-
cleavage.

FIGS. 10A-10G show off target analyses of APP-sgRNA.
(FIG. 10A) Computationally predicted top five off-target
(OT) sites in the genome, that can be potentially targeted by
the mouse and human APP-sgRNAs (mismatched nucleo-
tides in the targeting sequence are marked in red). Genomic
locations corresponding to the sequences is shown on the
right column (note most are in non-coding regions). (FIG.
10B) Strategy of T7 endonuclease digestion assay to detect
genome-editing events. Genomic DNA was PCR amplified
with primers bracketing the modified locus. PCR products
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were then rehybridized, yielding three possible structures.
Duplexes containing a mismatch were digested by T7 endo-
nuclease 1. DNA gel analysis was used to calculate targeting
efficiency. Note digested fragments in the gel indicates
cleavage. (FIG. 10C) Gene edits at the APP locus by the
APP-sgRNA, as seen by T7 endonuclease digestion. Note
two digested fragments were recognized after T7 endonu-
clease digestion. (FIGS. 10D-10E) T7 endonuclease assays
of potential off-target sites (mouse and human). No digested
fragments are seen, indicating that the sgRNAs do not
generate detectable gene edits at these sites. (FIG. 10F)
Comparison of APLP1 and 2 sequences with APP at the
sgRNA targeting site. Asterisks mark conserved nucleotide
sequences, and the PAM sites are underlined. Nucleotide
mis-matches are highlighted in yellow. Note extensive mis-
match of the mouse and human sequences at the sgRNA
targeting site. (FIG. 10G) Left: Off-target TIDE analysis of
APP family members APLP1 and 2 in mouse (neuro 2a) and
human (HEK) cell lines following lentiviral integration of
Cas9 using TIDE. No modifications were detected below the
TIDE limit of detection (dotted line) in either of the popu-
lations, indicating that the APP-gRNA was unable to edit
APLP 1/2. Right: TIDE analysis of APLP1 and 2 loci in
mouse and human cell lines. Neither of the populations had
significant editing at either of the two loci, and all sequences
had a near perfect correlation to the model.

FIGS. 11A-11C show trafficking of vesicles carrying
APP(WT) or APP(659). (FIG. 11A) Cultured hippocampal
neurons were transfected with APP(WT):GFP or APP(659):
GFP, and kinetics of APP particles were imaged live in axons
and dendrites. (FIG. 11B) Representative kymographs and
quantification of APP kinetics in axons. Note that there was
no change in frequency of transport, and only a modest
reduction in run-length and velocity. Error bars, mean+SEM
of 325 APP(WT):GFP and 310 APP(659):GFP vesicles in
10-12 neurons from two independent experiments. Fre-
quency: p=0.4635 (APP_antero vs APP659_antero);
p=0.6650 (APP_retro vs APP659_retro); p=0.7420
(APP_stat vs APP659 stat). Velocity: P<0.0001 (AP-
P_antero vs APP659_antero); p=0.9419 (APP_retro vs
APP659_retro). Run length: p<0.0001 (APP_antero vs
APP659_antero); p=0.2433 (APP_retro vs APP659_retro).
(FIG. 11C) Representative kymographs and quantification of
APP kinetics in dendrites. Error bars, mean+SEM of 130
APP(WT):GFP and 115 APP(659):GFP particles in 10-12
neurons from two independent experiments. Frequency:
p=0.3245 (APP_antero vs APP659_antero); p=0.5438 (AP-
P_retro vs APP659_retro); p=0.2394 (APP_stat vs
APP659_stat).  Velocity: p=0.0120 (APP_antero vs
APP659_antero); p=0.6248 (APP_retro vs APP659_retro).
Run length: p=0.1352 (APP_antero vs APP659_antero);
p=0.4284 (APP_retro vs APP659_retro).

FIGS. 12A-12C show internalization of APP-659-GG
(most common post-editing translational product). (FIGS.
12A-12B) Neuro2a cells were co-transfected with untagged
APP-659-GG and mCherry (or untagged WT APP and
mCherry as control). After incubation with anti N-terminal
APP antibody (22C11) for 10 min, the cells were fixed and
stained with secondary antibody to visualize surface and
internalized APP (mCherry labels transfected cells). Note
accumulation of APP-659-GG on the cell surface, along
with decreased internalization; quantified in FIG. 12B.
Mean+SEM of 25 cells for APP(WT) and 26 cells for
APP-659-GG from two independent experiments, p<0.0001.
(FIG. 12C) Expression levels of exogenous APP constructs.
Note that WT and APP-659-GG were expressed at similar
levels in the Neuro2a cells above.
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FIG. 13 shows the sequence of human APP (nucleotide
sequence SEQ ID NO:11, amino acid sequence SEQ ID
NO:12) and mouse APP (nucleotide sequence SEQ ID
NO:13, amino acid sequence SEQ ID NO:14) along with the
corresponding sequences of the gRNA used in select gene
editing embodiments described herein.

FIG. 14 shows the sequence of the Cas9 nuclease gene
sequence.

FIG. 15 shows the sequence and vector map of an
exemplary vector (SEQ ID NO:17) for APP truncation at
amino acid 659. The vector includes the gRNA sequence
(lowercase italics) and the Cas9 nuclease sequence.

FIG. 16 shows the sequence and vector map of an
exemplary Cas9 vector (SEQ ID NO:18).

FIG. 17 shows the sequence and vector map of an
exemplary APP sgRNA vector (SEQ ID NO:19).

FIG. 18 shows the sequence and vector map of an
exemplary lentiviral APP sgRNA vector (SEQ ID NO:20).

INCORPORATION BY REFERENCE

All publications, including but not limited to patents and
patent applications, cited in this specification are herein
incorporated by reference as though set forth in their entirety
in the present application.

DETAILED DESCRIPTION OF THE
INVENTION

In General

Gene-editing methods, such as CRISPR/Cas9 guided
gene-editing, hold promise as a therapeutic tool. However,
few studies have applied the technology to neurodegenera-
tive diseases. Moreover, the conventional approach of muta-
tion-correction is limited in scope to inherited diseases
which are a small fraction of neurodegenerative disease
cases. The present invention introduces a strategy to edit
endogenous amyloid precursor protein (APP) at the extreme
C-terminus and selectively attenuate the amyloidogenic
pathway—a key pathologic cascade in Alzheimer’s disease
(AD). In the method of the present invention, the APP
N-terminus remains intact and protective a-cleavage is
up-regulated.

The Examples below demonstrate that robust APP-editing
is demonstrated in cell lines, human stem cells, cultured
neurons, and in mouse brains. Physiologic parameters
remain unaffected. Without being bound by any particular
theory, the present invention works by restricting the physi-
cal interaction of APP and BACE-1, said interaction being
the rate-limiting step in amyloid-pf (AP) production. The
Examples below delineate underlying mechanisms that
abrogate APP/BACE-1 interaction in this setting. The inven-
tion offers an innovative ‘cut and silence’ gene-editing
strategy that could be a new therapeutic paradigm for AD.

CRISPR/Cas9 works by inducing sequence-specific
double-stranded breaks (DSBs) in DNA. After such breaks,
the cell undergoes an error-prone repair process called
non-homologous end joining, leading to a disruption in the
translational reading frame, often resulting in frameshift
mutations and premature stop codons. For the system to
work, at least two components must be introduced in cells:
a Cas9 nuclease and a guide RNA. Described herein are
CRISPR/Cas9 constructs suitable for truncation of the APP
protein and disruption of amyloid-f§ production.

Constructs of the Present Invention

In a first aspect, the present invention provides a construct
for CRISPR mediated cleavage of the APP gene. The
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constructs of the present invention include a nucleotide
sequence encoding a Cas9 nuclease and a guide RNA
(gRNA). In some embodiments the sequence encoding the
Cas9 nuclease and the gRNA are included on a single vector
construct. In some embodiments the sequence encoding the
Cas9 nuclease is included in a vector construct separate from
a vector construct encoding for the gRNA. Additionally, the
construct may include a promoter, a poly(A) tail, an optional
reporter element, and an optional selection marker such as
an ampicillin selection marker.

As used herein “Cas9 nuclease” refers to the RNA-guided
DNA endonuclease enzyme associated with the CRISPR
adaptive immunity system in Streptococcus pyogenes and
other bacteria. The Cas9 nuclease includes two nuclease
domains, a RuvC-like nuclease domain located at the amino
terminus, and a HNH-like nuclease domain. In some
embodiments, the sequence of the Cas9 nuclease is the
sequence included in FIG. 14 (SEQ ID NO:15).

In some embodiments, the Cas nuclease is expressed
under the control of a neuron specific promoter or ubiquitous
promoter. The neuron specific promoter may be any neuron
specific promoter known in the art (see for example, Swiech
L et al, In vivo interrogation of gene function in the
mammalian brain using CRISPR-Cas9. Nature Biotechnol-
ogy 2015 January; 33(1): 102-6). In some embodiments the
neuron specific promoter is the human synapsin 1 (hSynl)
promoter. In some embodiments the neuron specific pro-
moter is the mouse Mecp2 promoter (pMecp2). In some
embodiments the ubiquitous promoter is the chicken [-actin
promoter. In some embodiments, the ubiquitous promoter is
an EFS promoter.

In one embodiment of the present invention, the construct
is specific for the extreme C-terminus of the APP gene. By
“APP gene” or “amyloid precursor protein”, we mean to
include the human APP gene as disclosed in Hendricks et al
(Hendriks L et al. Presenile dementia and cerebral haemor-
rhage linked to a mutation at codon 692 of the beta-amyloid
precursor protein gene. Nature Genetics 1992 June; 1(3):
218-21) and recited herein as SEQ ID NO:11. The amino
acid sequence of the APP gene is recited as SEQ ID NO:12.

As used herein “extreme C-terminus,” refers of a portion
of the C-terminus of the APP protein which, when absent, is
sufficient to disrupt the interaction between APP and BACE.
The truncated APP lacking the extreme C-terminus will still
include its native N-terminus, the transmembrane domain
and the residual C-terminal region. Typically, the extreme
C-terminus of the APP protein will mean 8 or more amino
acids at the C-terminus of the APP protein. This may be
accomplished by CRISPR/Cas9 mediated cleavage of the
APP gene such that the expressed APP protein is truncated
to a length selected from the group consisting of 659, 670,
676, or 686, relative to SEQ ID NO:12 (human) or SEQ ID
NO:14 (mouse). In some embodiments, the APP gene is
cleaved following a nucleotide selected from the group
consisting of 1978, 2009, 2010, 2029, and 2058 relative to
SEQ ID NO:11 (human) or SEQ ID NO:14 (mouse). A list
of these cleavage sites is included in the table below.

As used herein “guide RNA (gRNA)” refers to the 20
nucleotide target sequence which directs Cas9 mediated
cleavage within the APP gene. The gRNA will be encoded
on a synthetic RNA construct which additionally includes
the tracrRNA sequence. While the gRNA sequence is vari-
able and will be specific for the cleavage site of interest, the
tracrRNA is the same for all gRNA sequences used. The
tracrRNA sequence is SEQ ID NO:16 The gRNA described
herein are specific for the truncation of the C-terminal
segment of APP. Suitable target sequences within the APP
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gene for design of gRNA sequences are recited below, which
includes the sequence of the gRNA.

tracrRNA (SEQ ID NO:16) :
5' -GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC

CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT -3

TABLE 1

Human APP (full length 695 aa)
Cas9 Length
cleavage of
sgRNA SEQ Position between trunca-
sgRNA sequence ID relative nucleo- ted
name (5'-3") NO: to APP tides protein
sgRNA 1 atccattcat 1 1962-1981 1978/1979 659 aa
catggtgtgg
sgRNA 2 tggacaggtg 2 2007-2026 2009/2010 670 aa
gegetectet
sgRNA 3 ttggacaggt 3 2008-2027 2010/2011 670 aa
ggcgetecte
sgRNA 4 gtagccgttce 4 2027-2046 2029/2030 676 aa
tgctgcatcet
sgRNA 5 tgctcaaaga 5 2056-2075 2058/2059 686 aa
acttgtaggt
TABLE 2
Mouse APP (full length 695 aa)
Cas9 Length
Position cleavage of
sgRNA SEQ relative between trunca-
sgRNA sequence iD to nucleo- ted
name (5'-3") NO: APP tides protein
sgRNA atccatccat 6 1962-1981 1978/1979 659 aa
1 catggcgtgg
sgRNA tggagagatg 7 2007-2026 2009/2010 670 aa
2 gcgcetectet
sgRNA ttggagagat 8 2008-2027 2010/2011 670 aa
3 ggcgctecte
sgRNA atatccgtte 9 2027-2046 2029/2030 676 aa
4 tgctgcatct
sgRNA tgctcaaaga 10 2056-2075 2058/2059 686 aa
5 acttgtaagt

Cleavage of the APP gene will occur between the 3rd and
4th nucleotides from the PAM site associated with the target
sequence in the APP gene. For the sgRNA 1, the PAM site
is on the sense strand of the APP gene, the sgRNA of SEQ
ID NOs:1 and 6 are complementary to the antisense strand
of the APP gene, and the cleavage will occur between
nucleotides 1978 and 1979 relative to SEQ ID NO:11
(human) or SEQ ID NO:14 (mouse). For sgRNA 2, 3, 4 and
5, the PAM site is on the antisense strand of the APP gene,
the sgRNA of SEQ ID NOs:2-5 and 7-10 are complementary
to the sense strand of the APP gene, and the cleavage site is
between nucleotides 2009 and 2010 for sgRNA 2, between
nucleotides 2010 and 2011 for sgRNA 3, between nucleo-
tides 2029 and 2030 for sgRNA 4 and between nucleotides
2058 and 2059 for sgRNA 5, relative to SEQ ID NO:11
(human) or SEQ ID NO:14 (mouse).
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In some embodiments, the gRNA or tracrRNA is modified
by any means known in the art. Common methods for gRNA
or tractRNA modification include chemical modifications or
modifications to axillary sequences appended to the RNA to
increase efficiency known in the art.

In some embodiments, the gRNA is expressed under the
control of an RNA Pol III promoter. Examples of RNA Pol
IIT promoters include, but are not limited to, U6 and H1
promoters. A promoter, generally, is a region of nucleic acid
that initiates transcription of a nucleic acid encoding a
product. A promoter may be located upstream (e.g., 0 bp to
-100 bp, -30 bp, =75 bp, or =90 bp) from the transcriptional
start site of a nucleic acid encoding a product, or a tran-
scription start site may be located within a promoter. A
promoter may have a length of 100-1000 nucleotide base
pairs, or 50-2000 nucleotide base pairs. In some embodi-
ments, promoters have a length of at least 2 kilobases (e.g.,
2-5 kb, 2-4 kb, or 2-3 kb).

In some embodiments, the construct comprises an
optional reporter element. The reporter element may be any
reporter known in the art including, but not limited to,
mCherry, green fluorescent protein, and human influenza
hemagglutinin (HA).

In some embodiments, the constructs are packaged in a
vector suitable for delivery into a mammalian cell, including
but not limited to, an adeno-associated viral (AAV) vector,
a lentiviral vector, or a vector suitable for transient trans-
fection. Suitable vector backbones are known and commer-
cially available in the art. For example, see Deverman et al.
(Cre-dependent selection yields AAV variants for wide-
spread gene transfer to the adult brain, Nature Biotechnol-
ogy, 34(2):204-209, 2016) and Chan et al. (Engineered
AAV:s for efficient noninvasive gene delivery to the central
and peripheral nervous system, Nature Neuroscience, 20(8):
1172-1179, 2017) which are incorporated herein by refer-
ence in their entirety. In some embodiments, the vector is an
AAV vector and the gRNA and Cas9 constructs are encoded
on separate vectors. In some embodiments, the vector is a
lentiviral vector and the gRNA and Cas9 constructs are
encoded on a single vector. In some embodiments, the vector
is a vector suitable for transient transfection and the gRNA
and Cas9 constructs are encoded on a single vector. In one
embodiment the vector includes the sequence of SEQ ID
NO:17. In some embodiment, the gRNA and Cas9 con-
structs are encoded on separate AAV vectors wherein the
gRNA is encoded on a vector comprising SEQ ID NO:19
and the Cas9 construct is encoded on a vector comprising
SEQ ID NO:18. In some embodiments, the vector is a
lentiviral vector and comprises the sequence of SEQ ID
NO:20. The vectors of SEQ ID NOs:17-20 are included in
FIGS. 15-18.

In some embodiments, the vectors encoding the con-
structs described herein may optionally include a monoclo-
nal antibody tag (e.g., FLAG), one or more origins of
replication (e.g., fl ori), one or more terminator sequences
(e.g. bGH), one or more polyadenylation tags (bGH poly
(A)), and one or more inverted terminal repeats (ITR). The
vector may also include one or more selectable markers,
such as an antibacterial resistance marker such as an ampi-
cillin selectable marker. A skilled artisan will be familiar
with the elements and configurations necessary for vector
construction to encode the constructs described herein.

Methods of the Present Invention

The constructs described herein may be formulated with
a pharmaceutically acceptable carrier for administration to a
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patient in need thereof. A pharmaceutically acceptable car-
rier may be, but is not limited to, a nanoparticle cage
including the one or more vectors of the present invention.

To function as therapeutic agents, the constructs described
herein are delivered into neurons in the patient’s brain,
crossing the blood brain barrier (BBB). In one embodiment,
one would attach or associate the CRISPR components with
a delivery system, such as a nanoparticle delivery system. In
some embodiments, the constructs are formulated using an
AAV vector and are delivered intravenously. In some
embodiments, the constructs are delivered intrathecally into
the spinal fluid of the patient. In some embodiments, the
constructs are deliver directly into the brain of the patient.

As used herein, the terms “treat” and “treating” refer to
therapeutic measures, wherein the object is to slow down or
alleviate (lessen) an undesired physiological change or
pathological disorder resulting from Alzheimer’s disease.
For purposes of this invention, treating the disease, condi-
tion, or injury includes, without limitation, alleviating one or
more clinical indications, reducing the severity of one or
more clinical indications of Alzheimer’s disease, diminish-
ing the extent of the condition, stabilizing the subject’s
Alzheimer’s disease (i.e., not worsening), delay or slowing,
halting, or reversing Alzheimer’s disease and bringing about
partial or complete remission Alzheimer’s disease. Treating
Alzheimer’s disease also includes prolonging survival by
days, weeks, months, or years as compared to prognosis if
treated according to standard medical practice not incorpo-
rating treatment with the constructs described herein.

Subjects in need of treatment can include those already
having or diagnosed with Alzheimer’s disease as well as
those prone to, likely to develop, or suspected of having
Alzheimer’s disease, such as a subject with a genetic pre-
disposition to or family history of Alzheimer’s disease.
Subjects in need to treatment may be those with a familial
AD mutation or wild-type patients without a mutation. In
some embodiments, a subject in need of treatment may be a
subject who had been diagnosed by a positron emission
tomography (PET) scan, a blood test or other means known
in the art to have AD or to be predisposed to AD. Pre-treating
or preventing Alzheimer’s disease according to a method of
the present invention includes initiating the administration
of a therapeutic (e.g., the APP gRNA and Cas9 constructs
described herein) at a time prior to the appearance or
existence of the disease or injury, or prior to the exposure of
a subject to factors known to induce Alzheimer’s disease.
Pre-treating the disorder is particularly applicable to subjects
at risk of having or acquiring the disease injury.

As used herein, the terms “prevent” and “preventing”
refer to prophylactic or preventive measures intended to
inhibit undesirable physiological changes or the develop-
ment of Alzheimer’s disease. In exemplary embodiments,
preventing Alzheimer’s disease comprises initiating the
administration of a therapeutic (e.g., the APP gRNA and
Cas9 constructs described herein) at a time prior to the
appearance or existence of Alzheimer’s disease such that the
disease, or its symptoms, pathological features, conse-
quences, or adverse effects do not occur. In such cases, a
method of the invention for preventing Alzheimer’s disease
comprises administering the APP gRNA and Cas9 constructs
described herein to a subject in need thereof prior to the
onset or development of Alzheimer’s disease in a patient at
risk for Alzheimer’s disease such as a patient with a genetic
risk factor or a patient with a family history of Alzheimer’s
disease.

As used herein, the terms “subject” or “patient” are used
interchangeably and can encompass a human or mouse. As
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used herein, the phrase “in need thereof” indicates the state
of the subject, wherein therapeutic or preventative measures
are desirable. Such a state can include, but is not limited to,
subjects having Alzheimer’s disease or a pathological symp-
tom or feature associated with Alzheimer’s disease.

Examples

The embodiment described in this example demonstrates
truncation of the C-terminus of the APP protein, attenuation
of APP-f-cleavage and AP production, and manipulation of
the amyloid pathway using CRISPR/Cas9 gene editing.

A common theme in neurodegenerative diseases is that
proteins normally present in the brain (APP, tau, a-sy-
nuclein, TDP-43, etc.) acquire toxic properties—or trigger
pathologic cascades—that ultimately lead to synaptic loss
and neurodegeneration. Our broad idea is to rationally edit
small segments of endogenous proteins known to play key
roles in the progression of disease, with the ultimate goal of
attenuating their pathologic activity. As endogenous proteins
expectedly play physiologic roles, it is also important to
conserve their normal function, as far as possible. Here we
show conceptual proof of this ‘selective silencing’ approach
for APP. APP is a single-pass transmembrane protein,
cleaved by the enzymes - and y-secretases to ultimately
generate Afl—a neuropathologic hallmark of AD. APP
cleavage by the f-secretase BACE-1 is the rate limiting step
in this ‘amyloidogenic’ pathway. Alternatively, APP is
cleaved by a-secretases—the ‘non-amyloidogenic’ path-
way—that is thought to be neuroprotective because it pre-
cludes p-cleavage of APP (6,7); and studies have highlighted
neuroprotective effects of APP-a-cleavage products in vivo
(8,9).

We recently developed a Bi-molecular fluorescence
complementation (BifC) assay to visualize the physical
approximation of APP and BACE-1 in neurons (10). As a
control for validation, we found that a C-terminal deletion
also abrogated APP/BACE-1 complementation (10); in line
with previous studies showing that deletions/mutations of
the APP C-terminus can attenuate A production (11-13).
Collectively, these observations originally gave us the idea
of'using CRISPR/Cas9-mediated truncation of native APP to
attenuate APP-f-cleavage and AP production in AD. Using
CRISPR-tools, cell/molecular biology, live imaging, deep
sequencing, electrophysiology and in vivo animal studies,
here we highlight a strategy to favorably manipulate the
amyloid pathway by gene editing.

Results and Discussion

CRISPR/Cas9 editing of APP C-terminus—The CRISPR/
Cas9 system consists of a Cas9 nuclease enzyme that
generates double-stranded breaks in DNA, and a custom-
designed single guide-RNA (sgRNA) that targets the Cas9 to
specific sites in the host genomic DNA. Typically, the
synthetic sgRNAs are complementary to stretches of
genomic DNA containing 3-nt PAM (protospacer adjacent
motif) and flanking 20-nt sequences. Since subsequent
repair after DN A-breaks is naturally error-prone, insertions
and deletions (indels) are generated at the cut-sites, leading
to disruption of the translational reading frame and effec-
tively truncated proteins (reviewed in 14). We identified
three PAM sites at the APP C-terminus that are conserved in
both human and mouse, and synthesized sgRNAs targeting
these regions (FIG. 1A). To compare the editing efficiency of
these sgRNAs, we engineered a stable H4 neuroglioma cell
line expressing single copies of APP:VN and BACE-1:VC
(APP/BACEs”&%—°P») wwhere editing efficiency of a given
sgRNA could be determined as a simple fluorescence on/off
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readout and the effect of APP truncation could be assessed
by evaluating secreted A (for details, see FIGS. 6A and 6B
and methods). The APP-sgRNA predicted to cut human APP
at the 659 aa. (amino acid) position was the most efficient—
both in editing APP as well as in attenuating Af—and also
led to minimal indels (FIGS. 6C-6E). Accordingly, we used
the APP659-sgRNA for further characterization (henceforth
called ‘mo-APP-sgRNA’ or ‘hu-APP-sgRNA’ representing
mouse and human specific sequences).

The TGG PAM and preceding 20-nt genomic target
sequence recognized by the mo-APP-sgRNA is shown in
FIG. 1A (top right); and FIGS. 1B-1F shows gene editing by
this sgRNA in mouse cells. Note that upon editing, the Y188
antibody—recognizing the last 20 amino acids of APP—
would not be able to identify the resultant translational
product. Robust editing of endogenous APP was seen in
mouse neuroblastoma cells, as determined by attenuation of
immunofluorescence with the Y188 antibody (FIG. 1B), and
decreased Y188-signal in western blots (FIGS. 1C-1D; FIG.
1E shows time-course of editing). Note that the edited APP
is recognized by antibodies to the N-terminus, indicating
selective editing of the C-terminus by the APP-sgRNA
(FIGS. 1C and 1E). However, the N-terminus antibody was
unable to detect APP when the entire gene was deleted (FIG.
7A). Similar results were obtained with other sgRNAs
targeting APP C-terminus and other C- and N-terminus APP
antibodies (FIGS. 7B and 7C). Genomic deep-sequencing
confirmed efficient editing of mouse APP at the expected
loci, APP-659 (FIG. 1F). Post-editing translational products
show that the last 36 amino acids are effectively truncated by
APP-sgRNA (FIG. 7D). Though the TGG PAM at this site
is conserved in both mouse and human APP, and the
upstream sgRNA-targeting sequences only differ by two
nucleotides (FIG. 2A, arrowheads); the mouse APP-sgRNA
was unable to edit human APP (not shown). However, a
sgRNA specific to the human APP targeting sequence
robustly edited APP in HEK293 (FIGS. 8A-8C), as well as
in human embryonic stem cells (FIGS. 8D-8E). CRISPR
editing of APP did not alter the steady-state levels of
holo-APP (note data throughout with multiple N-terminus
antibodies in various cell lines).

Reciprocal Manipulation of the APP f/o Pathway by
CRISPR/Cas9 Editing—Next, we examined APP editing in
human iPSC-derived neurons. As shown in FIG. 2B, immu-
nostaining with the Y188 antibody was attenuated in iPSC-
neurons transduced by the hu-APP-sgRNA. To examine
effects of APP editing in an “AD-like setting”, we also tested
the hu-APP-sgRNA in a heterozygous knock-in iPSC line
carrying the most common familial AD mutation
(APPV7171, also called the ‘L.ondon mutation’; see methods
for details of iPSC line). Both cell-lysates and supernatants
were examined, to look for cellular and secreted APP
products (see schematic in FIG. 2C). Immunoblotting with
the Y188 antibody confirmed robust—and C-terminus selec-
tive—APP editing in both WT and APP-London iPSC lines
(FIG. 2C). Examination of supernatants revealed that inter-
estingly, APP-editing also led to increased sAPPa in both
WT and London lines (FIG. 2D); suggesting upregulation of
the neuroprotective a-cleavage pathway. ELISAs and west-
ern blot showed attenuated secretion of Ap40/42 (FIG. 2E)
and sAPPp (FIG. 8F), confirming inhibition of the amy-
loidogenic pathway in these neurons. Genomic deep
sequencing showed efficient editing of human APP by the
sgRNA, with truncation of the last 36 amino acids in human
embryonic stem cells (FIGS. 2F-2H).

The data from iPSC-neurons suggest that the APP-sgRNA
has reciprocal effects on APP 8- and a-cleavage. To validate
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this in a more controlled setting, we tested the effects of APP
editing in the H4 APP/BACE®*"8%—<°? cell line, where
APP-cleavage is tightly regulated. In line with the data from
iPSC-neurons, the hu-APP-sgRNA had reciprocal effects on
APP B- and a.-cleavage in APP/BACE ™&%—°¥ cells as welll,
confirming that our editing strategy has reciprocal effects on
p/a cleavage (FIG. 8G). Further experiments using an
APP-C99 construct (wild-type and truncated construct mim-
icking the CRISPR-product, APP-659) precludes an effect of
the sgRNA on APP-y-cleavage (FIGS. 9A-9C), indicating
that our editing strategy is selectively affecting APP -cleav-
age. Collectively, the available data strongly suggest that our
gene editing strategy targeting the APP C-terminus is favor-
ably manipulating the amyloid pathway by attenuating APP
p-cleavage, while reciprocally up-regulating protective
a-cleavage.

Off-target analysis and effect of APP C-terminus editing
on neuronal physiology—Off-target effects of CRISPR/
Cas9, due to unwanted editing of DNA-stretches resembling
the targeted region, are a concern. Towards this, we asked if
our mouse and human APP-sgRNA were able to edit the top
five computationally predicted off-target sites (FIG. 10A;
also see Table 3). No editing was seen using T7 endonu-
clease assays (FIGS. 10B-10E). Though APP null mice are
viable, there is compensation by the two APP homologues
APLP1 and 2 that undergo similar processing as APP
(15,16). APLP1 and 2 were not amongst the top 50 predicted
off-target sites, as their corresponding sgRNA-target sites
were substantially different from APP (see sequences in FI1G.
10F). For further assurance that our sgRNA was not editing
the APP homologues, we performed specific off-target TIDE
(Tracking of Indels by DEcomposition) analyses (17) on
cells carrying the sgRNA. As shown in FIG. 10G, TIDE
analyses showed no editing of APLP 1/2 by the sgRNA.

APP has known physiologic roles in axon growth and
signaling (18). As noted above, the N-terminus of APP—
thought to play roles in axon growth and differentiation—is
entirely preserved in our setting. The C-terminal APP intra-
cellular domain (AICD) has been implicated in gene tran-
scription, though the effect appears to be both physiologic
and pathologic (19,20). To examine potential deleterious
effects of editing the extreme C-terminus of APP, we turned
to cultured hippocampal neurons where various parameters
like neurite outgrowth and synaptic structure/function can be
confidently evaluated. To study pre-synapse structure and
neuronal activity, we generated AAV9 viruses carrying the
mo-APP-sgRNA and Cas9, tagged with GFP and HA respec-
tively (see vector design in FIG. 3A) that transduced almost
all cultured neurons (FIG. 3B and data not shown). In
blinded analyses, we found no significant effect of the
mo-APP-sgRNA on neurite outgrowth, axon-length, synap-
tic organization, or neuronal activity (FIGS. 3C-3G). We
reason that the lack of deleterious effects upon editing is
likely because: 1) most of the APP molecule remains intact
after editing; 2) the APP homologues APLP1/2—that
undergo similar processing as APP, generate CTFs, and are
known to compensate for APP function—remain unedited;
and 3) APP-cleavage is not entirely blocked by our
approach.

Editing of APP C-terminus in vivo and mechanistic details
of APP p/a. manipulation—Next we asked if the APP-
sgRNA could edit endogenous APP in mouse brains. Injec-
tion of the AAV9s into mouse hippocampi (FIG. 4A) led to
efficient transduction of both sgRNA and Cas9 in dentate
neurons (86.87+2.83% neurons carrying the sgRNA also had
Cas9; see representative images in FIG. 4B). Immunostain-
ing of transduced neurons with the APP Y188 antibody
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showed attenuated staining, suggesting editing of endog-
enous APP in vivo (FIGS. 4C and 4D). To achieve a more
widespread expression of the sgRNA and Cas9 in mouse
brains—and also evaluate editing by biochemistry—we
injected the viruses into the ventricles of neonatal (PO) mice
and examined the brain after 2-4 weeks (FIG. 4E). Previous
studies have shown that when AAVs are injected into the
ventricles of neonatal mice, there is widespread delivery of
transgenes into the brain—also called somatic transgenesis
(21,22). Indeed, APP Y188 immunostaining was attenuated
in cortical regions (FIG. 4F) and immunoblotting with the
Y188 antibody also showed a decreased signal (FIG. 4G);
indicating that the APP-sgRNA can edit APP in vivo.

To determine the mechanism by which the APP-sgRNA
manipulates the amyloid pathway, we used a “CRISPR-
mimic” truncated APP construct (APP-659) that is the major
post-editing translational product in both mouse and human
cells (see FIG. 2H, FIG. 6E, and FIG. 7D). Using our BifC
assay (10), we first asked if the CRISPR-mimic APP-659
interacted with BACE-1. APP-659/BACE-1 approximation
was greatly attenuated in cultured neurons (FIG. 5A), along
with a decrease in p-CTF generation (FIG. 5B). Next we
visualized axonal and dendritic transport of APP-WT and
APP-659. Although there were minor changes (FIGS. 11A-
11C and Table 4), it seems unlikely that such small transport
perturbations would lead to the dramatic attenuation of
p-cleavage and Ap-production seen in our experiments.

The CRISPR-edited segment of APP contains the residues
T668 and Y682-Y687 (YENPTY motif, see FIG. 5C; also
present in APL.P1/2), that have been reported to play a role
in A13 production (12, 23, 24). Specifically, APP phospho-
rylated at T668 has been reported to colocalize with
BACE-1 in endosomes (23), and the YENPTY motif is
known to mediate APP internalization from the plasma
membrane (25). Examining the effects of these residues in
APP/BACE-1 BifC assays, we saw that the extent of APP/
BACE-1 attenuation by the YENPTY mutation strongly
resembled the decrease in fluorescence complementation by
the APP-659 construct (FIG. 5D). A prediction from these
experiments is that endocytosis of the CRISPR-mimic APP
from the cell surface should be attenuated; and indeed, this
was the case in internalization assays (FIG. 5E). Similar
results were seen with an “APP-659-GG” construct that
more closely resembles the most common post-editing trans-
lational product of our sgRNA (FIGS. 12A-12C; also see
post-editing products from human cells in FIG. 2H and FIG.
6E).

Collectively, the data suggest that our gene-editing
approach does not have a major effect on post-Golgi traf-
ficking of APP, but attenuates its endocytosis from cell
surface, and consequently, its interaction with BACE-1 in
endosomes—though we cannot exclude a direct effect of
editing on APP/BACE-1 interaction. This is also consistent
with previous studies showing that surface APP is internal-
ized into endosomes, where it is cleaved by BACE-1 (26-
29). Since most of the APP a-cleavage is thought to occur
at the cell surface (30), this may also explain why the
non-amyloidogenic pathway is enhanced by our approach.

Using CRISPR/Cas9 technology, herein we provide con-
ceptual proof for a strategy that selectively edits the C-ter-
minus of APP and alters the balance of APP-cleavage—
attenuating p-cleavage and Af, while upregulating
neuroprotective o-cleavage. The N-terminus of APP—
known to play physiologic roles—is unaffected, along with
the compensatory APP homologues APLP1/2. No deleteri-
ous effects were seen in neurophysiologic parameters. With-
out wishing to be bound by any particular theory, our
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strategy likely works by editing the terminal YENPTY motif
in APP that is responsible for its internalization, subsequent
APP/BACE-1 association, and initiation of the amyloido-
genic pathway; while retention of APP at the plasma mem-
brane may facilitate the upregulation of APP a-cleavage.

APP processing is regulated by a.-, -, and y-secretases;
and the various cleavage products may play physiological
functions that are not fully understood (31,32). Previous
studies suggest that in vivo deletion of the APP C-terminus
blocks APP p-cleavage without obvious effects on neuro-
anatomy, behavior and neuronal activity in adult mice (13).
Notably, the APP homologues APLP 1/2 also have YENPTY
motifs (15,16)—that can presumably undergo endocytosis
and protein-protein interactions—and are expected to com-
pensate for the loss of the C-terminus. The precise reasoning
behind enhanced a-cleavage is unclear. We propose that
retention of APP at the plasma membrane might be respon-
sible, but we cannot rule out other causes, including off-
target effects, and further detailed studies may provide
clarity.

Methods

Constructs, antibodies and reagents—For transient co-
expression of CRISPR/Cas9 components, APP sgRNA
nucleotides were synthesized and cloned into
pU6-(Bbs1)_CBh-Cas9-T2A-mCherry vector at Bbsl site.
For viral transduction, a dual vector system was used to
deliver CRISPR/Cas9 components using AAV9 (33). For
making the AAV9 vectors, the APP sgRNA was cloned into
PAAVI-U6sgRNA(Sapl)_hSyn-GFP-KASH-bGH vector at
Sap1 site. The CRISPR/Cas9 stable cell lines were generated
by lentivirus infection as follows. The APP sgRNA was
cloned into lentiCRISPR v2 vector at Bbs1 site to produce
lentivirus (34). For making APP deletions and relevant
constructs, the human APP659 truncation was PCR ampli-
fied and cloned at Hind3 and Sac2 sites of pVN to generate
pAPP659:VN. The BBS-APP659 was PCR amplified and
cloned into pBBS-APP:GFP at Hind3 and Sac2, replacing
BBS-APP, to generate pPBBS-APP659:GFP. The pBBS-AP-
PYEMIT.GFP was generated by site directed mutagenesis
from  pBBS-APP:GFP. The pAPP”®*4:VN  and
pAPPTOOSHIENPTY. N were generated by site directed
mutagenesis from pAPP:VN and pAPP***7T:VN. Anti-
bodies used were as follows: APP Y188 (ab32136; Abcam),
APP 22C11 (MAB348; Millipore), APP 6E10 (803001,
BioLegend), APP M3.2 (805701; BiolLegend), APP 2E9
(MABN2295; Millipore), APP CT20 (171610; Millipore),
sAPPO (18957; IBL) BACE-1 (MAB931; R&D), GAPDH
(MA5-15738, ThermoFisher), GFP (ab290, Abeam), GFP
(A10262, Invitrogen), HA (901513, BioLegend), VAMP2
(104211, Synaptic Systems). Reagents were as follows:
y-secretase inhibitor BMS-299897 (Sigma), and Rho Kinase
(ROCK)-inhibitor H-1152P (Calbiochem).

Cell cultures, transfections, viral production/infections,
and biochemistry—HEK293 and neuro2a cells (ATCC)
were maintained in DMEM with 10% FBS. Cells were
transfected with Lipofectamine™ 2000 and collected 5 days
after transfection for biochemical and immunostaining
analysis. All the studies involving primary neuron culture
were performed in accordance with University of Wisconsin
guidelines. Primary hippocampal neurons were obtained
from postnatal (PO-P1) CD1 mice (either sex), and tran-
siently transfected using Lipofectamine™ 2000 or Amaxa™
4D system (Lonza). Dissociated neurons were plated at a
density of 30,000 cells/cm® on poly-D-lysine-coated glass-
bottom culture dishes (Mattek) and maintained in Neu-
robasal™/B27 medium with 5% CO,. For APP/BACE-1
interaction and APP transport studies, DIV 7 neurons were
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cultured for ~18-20 h after transfection. For spine density
analysis, DIV7 neurons were transfected with Cas9, sgRNA
and soluble marker, and cultured for 7 d before imaging. For
testing the effect of CRISPR/Cas9 on neuronal development,
neurons were electroporated with the respective constructs
before plating using an Amaxa™ 4D-Nucleofector™ system
with the P3 Primary Cell 4D-Nucleofector™ X kit S and
program CL-133.

For western blotting, pre-synapse analyses and electro-
physiology, DIV7 cultured neurons were infected with either
AAV9-APP sgRNA-GFP (2.24x10" Vg/ml) and AAV9-
Cas9 (2.4x10" Vg/ml), or AAVI-GFP (2.58x10"* Vg/ml)
and AAV9-Cas9 at a multiplicity of infection (MOI) of
1.5x10°. Neurons were analyzed 7 days post-infection.
Lentivirus was produced from HEK293FT cells as described
(35). Briefly, HEK293FT cells (Life Technologies) were
maintained in DMEM with 10% FBS, 0.1 mM NEAA, 1
mM sodium pyruvate and 2 mM Glutamine. Cells were
transfected with lentiviral-target and helper plasmids at
80-90% confluency. 2 days after transfection, the superna-
tant was collected and filtered with 0.45 pm filter. For
experiments with hESCs, cells were cultured on a Matrigel®
substrate (BD Biosciences) and fed daily with TeSR-E8
culture media (StemCell Technologies). When the cells were
around 60-70% confluent, they were infected with a 50/50
mixture of TeSR-E8 (with 1.0 uM H-1152P) and lentivirus
supernatant. After 24 h, the virus was removed, and the cells
were fed for 2 days (to recover). After 3 days, cells were
treated with 0.33 pg/mlL of puromycin for 72 h to select for
virally-integrated hESCs. For HEK and neuro2a cell lines,
cells were infected with the lentivirus carrying APP-sgRNA
and Cas9 for 24 h. And then cells were fed for 1 day to
recover. After 2 days, cells were treated with 1 pg/ml. of
puromycin for 72 h to select for virally-integrated cells.

Human NPCs were generated as has been described
previously (36), using manual rosette selection and Matri-
gel® (Corning) to maintain them. Concentrated lentiviruses
express control-sgRNA or APP-sgRNA were made as
described previously (37), using Lenti-X™ concentrator
(Clontech). The NPCs were transduced with either control-
sgRNA or APP-sgRNA after Accutase® splitting and were
submitted to puromycin selection the subsequent day. Poly-
clonal lines were expanded and treated with puromycin for
5 more days before banking. Neuronal differentiations were
carried out by plating 165,000 cells/12 well-well in N2/B27
media (DMEM/F12 base) supplemented with BDNF (20
ng/ml; R&D) and laminin (1 ug/mL; Trevigen).

For biochemistry, cell lysates were prepared in PBS+
0.15% Triton™ X-100 or RIPA supplemented with protease
inhibitor cocktail, pH 7.4. After centrifuging at 12,000 g for
15 min at 4° C., supernatants were quantified and resolved
by SDS-PAGE for western blot analysis. For sAPPa and
sAPPP detection, cell culture medium was collected and
centrifuged at 2,000 g for 15 min at RT. The supernatants
were resolved by SDS-PAGE for western blot analysis; band
intensities were measured by Imagel. Human AB40 and
ApP42 were detected using kits, according to the manufac-
turer’s instructions (Thermo KHB3481 and KHB3544).
Briefly, supernatants from H4*"&” “°#¥ cells or human iPSC
derived neurons were collected and diluted (x5 for H4 and
x2 for iPSC-neuron). The diluted supernatants and the
human A1340/42 detection antibodies were then added into
well and incubated for 3 h at RT with shaking. After washing
(x4), the anti-Rabbit 1gG HRP solution was added and
incubated for 30 min at RT. The stabilized Chromogen was
added after washing (x4) and incubated for another 30 min
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at RT in the dark. After addition of stop solution, absorbance
at 450 nm was read using a luminescence microplate reader.

Developing a single-copy, stable APP/BACE-1 cell line—
H4 tetOAff FlpIn empty clone was maintained in OptiMEM®
with 10% FBS, 200 pg/ml. G418 and 300 pg/ml. Zeocin. To
generate an APP:VN/BACE-1:VC stable cell line carrying
single copies of APP and BACE-1, the expressing plasmid
and pOG44 plasmids were transfected with Lipo-
fectamine™ 2000. 2 days after transfection, cells were
selected with 200 pg/ml. hygromycin B and 200 pg/ml.
G418 for 1 week. A monoclonal cell line with stable
expression was selected. H4 stable cell lines were then
infected with the lentivirus carrying APP-sgRNA and Cas9,
as described above. After 24 h, the virus was removed, and
cells were fed for 1 day to recover. After 2 days, cells were
treated with 0.7 pg/mL of puromycin for 72 h to select for
virally-integrated cells.

Generation of the APPLondon (V7171) knock-in iPSC
line—CRIPSR/Cas9 was used to knock in the APP V7171
mutation (APPLon) into a commercially available control
human iPSC line IMR90 (clone 4, WiCell). sgRNAs target-
ing Exonl7 of APP were designed using the CRISPR design
tool created by Feng Zhang’s lab and subcloned into the
MLM3636 vector (AddGene). Efficacy of multiple sgRNAs
was first assessed in HEK293 cells (Geneart™ Genomic
Cleavage Detection Kit, Life Technologies). The ssDNA
HDR template was designed to include a silent CRISPR
blocking mutation at the PAM site of most efficacious
sgRNA in addition to the APPLon mutation. sgRNA, Cas9-
2A-mCherry (generously provided by Hynek Wicterle), and
ssDNA HDR template were electroporated (Lonza Nucleo-
fector™) into feeder-free IMR90 iPSCs, followed by cell
sorting on mCherry signal and plating at low density on
MEFs (MTI-GlobalStem). Individual clones were manually
picked into a 96 well format, subsequently split into dupli-
cate plates, one of which were used to generate gDNA as had
been done previously®. For each clone, exon 17 of APP was
amplified and initially screened by restriction digest for the
presence of a de novo Bcll site introduce by the APPLon
mutation. Sanger sequencing was used to confirm the muta-
tion, and successful knockin clones were expanded and
banked. Potential off-target effects of CRISPR/Cas9 cleav-
age were analyzed by Sanger sequencing of the top 5
predicted off-target genomic locations, which demonstrated
a lack of indels for multiple clones. Clone 88 was picked for
future studies.

Immunofluorescence, microscopy/image analysis, APP
trafficking and endocytosis assays—For immunostaining of
endogenous APP or VAMP2, cells were fixed in 4% PFA/
sucrose solution in PBS for 10 min at room temperature
(RT), extracted in PBS containing 0.2% Triton™ X-100 for
10 min at RT, blocked for 2 h at RT in 1% bovine serum
albumin and 5% FBS, and then incubated with rabbit
anti-APP (1:200) or mouse anti-VAMP2 (1:1000) diluted in
blocking buffer for 2 h at RT. After removal of primary
antibody, cells were blocked for 30 min at RT, incubated
with goat anti-rabbit (Alexa Fluor 488) or goat anti-mouse
(Alexa Fluor® 594) secondary antibody at 1:1000 dilution
for 1 h at RT and then mounted for imaging. z-stack images
(0.339 um z-step) were acquired using an inverted epifluo-
rescence microscope (Eclipse Ti-E) equipped with CFI S
Fluor VC 40x NA 1.30 (Nikon). An electron-multiplying
charge-coupled device camera (QuantEM: 512SC; Photo-
metrics) and LED illuminator (SPECTRA X; Lumencor)
were used for all image acquisition. The system was con-
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trolled by Flements software (NIS Elements Advanced
Research). z-stacks were subjected to a maximum intensity
projection. For APP Y188 staining, the average intensity of
single cell body (neuro2A, HEK293 and neurons) or the
whole colony (hESCs) was quantified. All the images were
analyzed in Metamorph® and Image].

Spine density experiments were done as described previ-
ously (39). Briefly, DIV 7 neurons were transfected with
desired constructs for 7 days, and secondary dendrites were
selected for imaging. z-stack images were captured using a
100x objective (0.2 um z-step) and subjected to a maximum
intensity projection for analysis. For the APP/BACE-1
complementation assay, DIV 7 neurons were transfected
with desired constructs for ~15-18 h and fixed. z-stack
images were captured using a 40x objective (0.339 um
z-step) and subjected to a maximum intensity projection.
The average intensity within cell bodies was quantified.

For trafficking studies in axons and dendrites, imaging
parameters were set at 1 frame/s and total 200 frames.
Kymographs were generated in MetaMorph®, and segmen-
tal tracks were traced on the kymographs using a line tool.
The resultant velocity (distance/time) and run length data
were obtained for each track, frequencies of particle move-
ments were calculated by dividing the number of individual
particles moving in a given direction by the total number of
analyzed particles in the kymograph, and numbers of par-
ticles per minute were calculated by dividing the number of
particles moving in a given direction by the total imaging
time.

APP endocytosis assay was done as described previously
(40). Cells expressing APP-GFP, APP659-GFP, untagged
APP or untagged APP-659-GG were starved with serum-
free medium for 30 min and incubated with anti-APP
(22C11) in complete medium with 10 mM HEPES for 10
min. And then, cells were fixed, permeablized and immu-
nostained for 22C11. The mean intensity of 22C11 along
plasma membrane was calculated by dividing the total
intensity along plasma membrane (=intensity of whole cell-
intensity of cytoplasm) with area of plasma membrane
(=area of whole cell-area of cytoplasm). The ratio of mean
intensities between plasma membrane and cytoplasm was
quantified.

Stereotactic injection of AAV9s into the mouse brain and
histology—All the animal procedures were performed in
accordance with University of Wisconsin guidelines. In vivo
injection and immunofluorescence staining was done as
described previously (41). Briefly, 1.5 ul of 1:2 AAV9
mixture of AAV9-APP sgRNA-GFP (or AAV9-GFP) and
AAV9-Cas9 was injected into the dentate gyrus (-2.0, 1.6,
-1.9) of 8-week old male C57BL/6 mice (either sex).
2-weeks after surgery, the mice were sacrificed by trans-
cardiac perfusion of saline, followed by 4% PFA. The brains
were dissected, post-fixed with 4% PFA overnight,
immersed in 30% sucrose until saturation, and sectioned at
40 pum. Sections were immunostained with the following
antibodies: mouse anti-HA (1:1000, Biol.egend, clone
16B12), chicken anti-GFP (1:1000, Invitrogen, polyclonal)
and rabbit anti-APP (1:200, Abcam, clone Y188). Images
were acquired using Zeiss LSM800 confocal microscope.
Average intensities of APP staining in cell bodies was
quantified using Metamorph®.
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Intracerebroventricular injections and histology—All ani-
mal procedures were approved by the Mayo Institutional
Animal Care and Use Committee and are in accordance with
the NIH Guide for Care and Use of Laboratory animals. Free
hand bilateral intracerebroventricular (ICV) injections were
performed as previously described (42) in C57BL/6 mouse
pups. On post-natal day O, newborn pups were briefly
cryoanesthetized on ice until no movement was observed. A
30-gauge needle attached to a 10 pul syringe (Hamilton) was
used to pierce the skull of the pups just posterior to bregma
and 2 mm lateral to the midline. The needle was held at a
depth of approximately 2 millimeters, and 2 ul of a mixture
of AAV9 viruses (ratio 1:2 of AAV9-APP sgRNA-GFP or
AAVI-GFP+ AAV9-Cas9) were injected into each cerebral
ventricle. After 5 minutes of recovery on a heat pad, the pups
were returned into their home cages. Mice were sacrificed 15
days after viral injection. Animals were deeply anesthetized
with sodium pentobarbital prior to transcardial perfusion
with phosphate buffered saline (PBS), and the brain was
removed and bisected along the midline. The left hemi-
sphere was drop-fixed in 10% neutral buffered formalin
(Fisher Scientific, Waltham, Mass.) overnight at 4° C. for
histology, whereas the right hemisphere of each brain was
snap-frozen and homogenized for biochemical analysis.
Formalin fixed brains were embedded in paraffin wax,
sectioned in a sagittal plane at 5-micron thickness, and
mounted on glass slides. Tissue sections were then depar-
affinized in xylene and rehydrated. Antigen retrieval was
performed by steaming in distilled water for 30 min, fol-
lowed by permeabilization with 0.5% Triton™-X, and
blocking with 5% goat serum for 1 hour. Sagittal sections
were then incubated with primary anti-GFP antibody (1:250,
Ayes, chicken polyclonal) and anti-APP antibody (1:200,
Abcam, clone Y188) overnight at 4° C. Sections were
incubated with the secondary antibodies Alexa Fluor® 488-
goat anti-chicken and Alexa Fluor®568-goat anti rabbit
(1:500, Invitrogen) for 2h at room temperature. Sections
were washed and briefly dipped into 0.3% Sudan Black in
70% ethanol prior to mounting.

Electrophysiology—A coverslip with cultured cells at a
density of 60,000 cells/cm® was placed in a continuously
perfused bath, viewed under IR-DIC optics and whole-cell
voltage clamp recordings were performed (-70 mV, room
temp.). The extracellular solution consisted of (in mM): 145
NaCl, 2.5 KCl, 1 MgCl2, 2 CaCl2, 10 HEPES and 10
dextrose, adjusted to 7.3 pH with NaOH and 320 mOsm with
sucrose. Whole-cell recordings were made with pipette
solutions consisting of (in mM) 140 KCl, 10 EGTA, 10
HEPES, 2 Mg2ATP and 20 phosphocreatine, adjusted to pH
7.3 with KOH and 315 mOsm with sucrose. Excitatory
synaptic events were isolated by adding 10 uM bicuculline
to block GABA (subscript A) receptors. Miniature synaptic
events were isolated by adding 100 nM tetrodotoxin to
prevent action potentials. mEPSCs were detected using the
template-matching algorithm in Axograph X, with a tem-
plate that had 0.5 ms rise time and 5 ms decay. Statistics
were computed using the Statistics Toolbox of Matlab.

T7 Endonuclease 1 Assay, Off-target, and ICE analyses—
Genomic PCR was performed around each sgRNA target,
and related off-target sites, following the manufacturer’s
instruction (using AccuPrime™ HiFi Taq using 500 ng of
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genomic DNA). Products were then purified using Wizard®
SV Gel and PCR Clear-Up System (Promega), and quanti-
fied using a Qubit® 2.0 (Thermo Fischer). T7E1 assay was
performed according to manufacturer’s instructions (New
England Biolabs). Briefly, 200 ng of genomic PCR was
combined with 24, of NEBuffer™ 2 (New England Biolabs)
and diluted to 19 pl. Products were then hybridized by
denaturing at 95° C. for 5 minutes then ramped down to 85°
C. at =2° C./second. This was followed by a second decrease
to 25° C. at -0.1° C./second. To hybridized product, 1 pl
T7E1 (M0302, New England Biolabs) was added and mixed
well followed by incubation at 37° C. for 15 minutes.
Reaction was stopped by adding 1.5 uL. of 0.25M EDTA.
Products were analyzed on a 3% agarose gel and quantified
using a Gel Doc XR system (BioRad). Off-target sites were
identified and scored using Benchling. The top 5 off-target
sites—chosen on the basis of raw score and irrespective of
being in a coding region—were identified and analyzed
using T7E1 assay as previously described. For TIDE (43),
PCR was performed on genomic DNA using Accuprime™
Taq HiFi (Thermo Fischer) according to manufacture speci-
fications. Briefly, reactions were cycled at 2 min at 94° C.
followed by 35 cycles of 98° C. for 30 seconds, 58° C. for
30 seconds, and 68° C. for 2 minutes 30 seconds and a final
extension phase of 68° C. for 10 minutes. Products were then
subjected to Sanger Sequencing and analyzed using the
TIDE platform. The primers used for TIDE analyses are
listed in Table 3. For analyses of indel after CRISPR editing
with APP670-sgRNA and APP676-sgRNA, the edited
regions of genomic DNA were PCR amplified and subjected
to Sanger Sequencing. The results were analyzed using the
ICE platform.

Deep Sequencing Sample Preparation and data analysis—
Genomic PCR was performed using AccuPrime™ HiFi Taq
(Life Technologies) following manufacturer’s instructions.
About 200-500 ng of genomic DNA was used for each PCR
reaction. Products were then purified using AMPure® XP
magnetic bead purification kit (Beckman Coulter) and quan-
tified using a Nanodrop2000. Individual samples were
pooled and run on an [llumina® HiSeq2500 High Through-
put at a run length of 2x125 bp. A custom python script was
developed to perform sequence analysis. For each sample,
sequences with frequency of less than 100 reads were
filtered from the data. Sequences in which the reads matched
with primer and reverse complement subsequences classi-
fied as target sequences. These sequences were then aligned
with corresponding wildtype sequence using global pairwise
sequence alignment. Sequences that were misaligned
through gaps or insertions around the expected cut site were
classified as NHEJ events. The frequency, length, and posi-
tion of matches, insertions, deletions, and mismatches were
all tracked in the resulting aligned sequences.

Statistical analysis—Statistical analysis was performed
and plotted using Prism software. Student’s t-test (unpaired,
two-tailed) was used to compare two groups. One-way
ANOVA test was used to compare multiple groups, follow-
ing with Tukey multiple comparison test of every pair. A
P-value <0.05 was considered significant.
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TABLE 3
PCR Primers used for on- and off- target
genomic loci amplification
SEQ SEQ

Forward primer ID Reverse primer ID
sequence (5'-3') NO:sequence (5'-3') NO:

Mouse APP AGGAACGGAGTGACCT 21 TTCCTCCATGGTAACC 22

(659) GTTTCC ACGCAT

Human APP TGGGGAAGCCACATGT 23 ATGTTTTGGTGGGCCA 24

(659) TGTACA TTTGGT

Human APP AAATTATGGGTGTTCT 25 ACTTGTGTTACAGCAC 26

(670; 676)GCAATCTTGG AGCTGTC

Mouse OT1 GCCCTCCAGAAGTATT 27 GTCAGGGCCTTGCTCT 28
GGCTT ACAAR

Mouse OT2 CGCAAAAACTGGCTGC 29 TGTAGGCGCACATGCA 30
GTAT GAAG

Mouse OT3 CAGGTAGAGCGTGGAA 31 TGTGCGCATTAGGACC 32
ACTCA AGAT

Mouse OT4 CACCTGACAATGCTGT 33 AGACAAGGTCTGTCTC 34
Cccca CTTGC

Mouse OT5 CCAACTCTTTGCTTAG 35 ATCGTCCCTGGTGCAT 36
GGGC TCTC

Human OT1 GGAAAACCAGGTAGAG 37 TCTCTGGCTCGAGGGT 38
GGGG ACAT

Human OT2 CTGCATGCCATGGGTA 39 CAGGCTGTTTCGGGTC 40
GGTA CTT

Human OT3 AGACTCTTCTCCGATT 41 TCCAGCACGATCTGGT 42
CCAGC AGGC

Human OT4 AGTGCTTTTCTTTGCC 43 TGCTCGGGAGGTGTTT 44
TTTGCT CTAC

Human OT5 AACAAGGCAGCTCCTC 45 GACGTCAGAATTGAGG 46
AACT GTGGA

Mouse CCAGCGGGATGAACTG 47 CCCAGGTCACCTTAAG 48

APLP1 GTAAGA GAGCAA

Mouse GAGAGAGTTGGAGGCC 49 AACCACAGTGACAAGT 50

APLP2 TTGAGG GGCTCT

Human GTGAATGCGTCTGTTC 51 GCTGCTGGGACTATCT 52

APLP1 CAAGGG GGGAAT

Human TTTTAGGGGCTCGACC 53 TGCACTAATTTCCCAG 54

APLP2 TTCCAG GGCTCA
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TABLE 4
Transport parameters of WT and APP659
Anterograde Retrograde
Anterograde Retrograde Run- velocity (um/sec), velocity (um/sec),
% Anterograde % Retrograde % Stationary Run-length (um) length (um) mean + SEM mean + SEM
Kinetics in axons
APP659  53.88 457  37.13 £ 436 8.97 = 1.51 8.08 = 0.31 6.8 £0.26 1.66 = 0.03 1.52 £ 0.03
APPWT  57.84 £2.22 3437 446 1042 =424 1044 =042 6.35 £0.26 1.97 = 0.03 1.52 £ 0.03
Kinetics in dendrites
APP659  37.81 =645 20.55 £ 6.21 41.64 = 8.37 7.0 £ 048 6.94 = 0.81 0.76 = 0.05 0.83 = 0.12
APPWT 4583 +4.58  24.81 £2.97 29.35 +5.63 8.12 =046 7.98 £ 0.94 0.94 +0.03 0.9 = 0.07

~115 APP659:GFP and ~130 APP:GFP vesicles analyzed in dendrites;

~310 APP659:GFP and ~325 APP:GFP vesicles in axons (from 10-12 neurons from 2 separate cultures.)

TABLE 5

APP ggRNAg targeting sequences

sgRNA targeting sequence IDSEI:\IQO:
Human APP 659 ATCCATTCATCATGGTGTGG 1
Human APP 670 TGGACAGGTGGCGCTCCTCT 2
Human APP 676 GTAGCCGTTCTGCTGCATCT 4
Mouse APP 659 ATCCATCCATCATGGCGTGG 6
Mouse APP 670 TGGAGAGATGGCGCTCCTCT 7
Mouse APP 676 ATATCCGTTCTGCTGCATCT 9
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 138
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 1

atccattcat catggtgtgg

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

SEQ ID NO 2

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 2

tggacaggtyg gcgctectet

20

20
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-continued

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 3

ttggacaggt ggcgctecte

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 4

gtagcegtte tgetgeatcet

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 5

tgctcaaaga acttgtaggt

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 6

atccatccat catggegtgg

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 7

tggagagatyg gcgctectet

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 8

ttggagagat ggcgctecte

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic
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-continued
<400> SEQUENCE: 9
atatccgttce tgctgcatcet 20
<210> SEQ ID NO 10
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 10
tgctcaaaga acttgtaagt 20
<210> SEQ ID NO 11
<211> LENGTH: 2088
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11
atgctgcceg gtttggecact getcctgetg gecgectgga cggeteggge getggaggta 60
cccactgatg gtaatgetgg cctgctgget gaaccccaga ttgecatgtt ctgtggcaga 120
ctgaacatgce acatgaatgt ccagaatggg aagtgggatt cagatccatc agggaccaaa 180
acctgcattyg ataccaagga aggcatcctg cagtattgec aagaagtcta ccctgaactg 240
cagatcacca atgtggtaga agccaaccaa ccagtgacca tccagaactyg gtgcaagcgg 300
ggcegcaage agtgcaagac ccatccccac tttgtgatte cctaccegetg cttagttggt 360
gagtttgtaa gtgatgccct tctegttect gacaagtgca aattcttaca ccaggagagyg 420
atggatgttt gcgaaactca tcttcactgg cacaccgteg ccaaagagac atgcagtgag 480
aagagtacca acttgcatga ctacggcatg ttgctgcect geggaattga caagttccga 540
ggggtagagt ttgtgtgttg cccactggct gaagaaagtyg acaatgtgga ttctgctgat 600
gecggaggagyg atgactcgga tgtctggtgg ggcggagcag acacagacta tgcagatggg 660
agtgaagaca aagtagtaga agtagcagag gaggaagaag tggctgaggt ggaagaagaa 720
gaagccgatyg atgacgagga cgatgaggat ggtgatgagg tagaggaaga ggctgaggaa 780
ccctacgaag aagccacaga gagaaccacce agcattgceca ccaccaccac caccaccaca 840
gagtctgtgyg aagaggtggt tcgagttcct acaacagcag ccagtacccce tgatgccegtt 900
gacaagtatc tcgagacacc tggggatgag aatgaacatg cccatttcca gaaagccaaa 960
gagaggcttyg aggccaagca ccgagagaga atgtcccagg tcatgagaga atgggaagag 1020
gcagaacgtc aagcaaagaa cttgcctaaa gctgataaga aggcagttat ccagcatttce 1080
caggagaaag tggaatcttt ggaacaggaa gcagccaacyg agagacagca gctggtggag 1140
acacacatgg ccagagtgga agccatgetce aatgaccgece gecgectgge cctggagaac 1200
tacatcaccg ctctgcaggce tgttcectcect cggectegte acgtgttcaa tatgctaaag 1260
aagtatgtce gcgcagaaca gaaggacaga cagcacaccce taaagcattt cgagcatgtg 1320
cgcatggtgg atcccaagaa agccgctcag atccggtcecce aggttatgac acacctceccegt 1380
gtgatttatg agcgcatgaa tcagtctctc tccctgctet acaacgtgcece tgcagtggece 1440
gaggagattc aggatgaagt tgatgagctg cttcagaaag agcaaaacta ttcagatgac 1500
gtcttggeca acatgattag tgaaccaagg atcagttacg gaaacgatgc tctcatgceca 1560
tctttgaccg aaacgaaaac caccgtggag ctecctteccg tgaatggaga gttcagectg 1620
gacgatctecc agcecgtggca ttettttggg gectgactcectg tgccagccaa cacagaaaac 1680
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-continued
gaagttgagc ctgttgatgce ccgeccctget gecgaccgag gactgaccac tcgaccaggt 1740
tctgggttga caaatatcaa gacggaggag atctctgaag tgaagatgga tgcagaattc 1800
cgacatgact caggatatga agttcatcat caaaaattgg tgttctttgc agaagatgtg 1860
ggttcaaaca aaggtgcaat cattggactc atggtgggcg gtgttgtcat agcgacagtg 1920
atcgtcatca ccttggtgat gctgaagaag aaacagtaca catccattca tcatggtgtg 1980
gtggaggttyg acgccgetgt caccccagag gagcgecace tgtccaagat gcagcagaac 2040
ggctacgaaa atccaaccta caagttcttt gagcagatgc agaactag 2088

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 12
H: 695
PRT

ISM: Homo sapiens

<400> SEQUENCE: 12

Met Leu Pro
1

Ala Leu Glu
Gln Ile Ala
35

Asn Gly Lys
50

Thr Lys Glu
65

Gln Ile Thr

Trp Cys Lys

Ile Pro Tyr

115

Val Pro Asp
130

Glu Thr His
145

Lys Ser Thr

Asp Lys Phe

Ser Asp Asn
195

Trp Trp Gly
210

Val Val Glu
225

Glu Ala Asp

Glu Ala Glu

Ala Thr Thr
275

Val Pro Thr
290

Gly Leu Ala Leu Leu

Val Pro Thr Asp Gly

20

Met Phe Cys Gly Arg

40

Trp Asp Ser Asp Pro

55

Gly Ile Leu Gln Tyr

70

Asn Val Val Glu Ala

85

Arg Gly Arg Lys Gln

100

Arg Cys Leu Val Gly

120

Lys Cys Lys Phe Leu

135

Leu His Trp His Thr
150

Asn Leu His Asp Tyr

165

Arg Gly Val Glu Phe

180

Val Asp Ser Ala Asp

200

Gly Ala Asp Thr Asp

215

Val Ala Glu Glu Glu
230

Asp Asp Glu Asp Asp

245

Glu Pro Tyr Glu Glu

260

Thr Thr Thr Thr Thr

280

Thr Ala Ala Ser Thr

295

Leu

Asn

25

Leu

Ser

Cys

Asn

Cys

105

Glu

His

Val

Gly

Val

185

Ala

Tyr

Glu

Glu

Ala
265

Glu

Pro

Leu

10

Ala

Asn

Gly

Gln

Gln

90

Lys

Phe

Gln

Ala

Met

170

Cys

Glu

Ala

Val

Asp
250
Thr

Ser

Asp

Ala

Gly

Met

Thr

Glu

75

Pro

Thr

Val

Glu

Lys

155

Leu

Cys

Glu

Asp

Ala

235

Gly

Glu

Val

Ala

Ala Trp Thr
Leu Leu Ala
30

His Met Asn
45

Lys Thr Cys
60

Val Tyr Pro

Val Thr Ile

His Pro His

110

Ser Asp Ala
125

Arg Met Asp
140

Glu Thr Cys

Leu Pro Cys

Pro Leu Ala
190

Asp Asp Ser
205

Gly Ser Glu
220

Glu Val Glu

Asp Glu Val

Arg Thr Thr

270

Glu Glu Val
285

Val Asp Lys
300

Ala Arg

Glu Pro

Val Gln

Ile Asp

Glu Leu

80

Gln Asn
95

Phe Val

Leu Leu

Val Cys

Ser Glu

160

Gly Ile
175

Glu Glu

Asp Val

Asp Lys

Glu Glu
240

Glu Glu
255
Ser Ile

Val Arg

Tyr Leu
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36

Glu

305

Glu

Glu

Lys

Gln

Arg

385

Tyr

Asn

Thr

Ala

Arg

465

Glu

Tyr

Tyr

Pro
545
Glu

Thr

Glu

Gly
625

Ile

Phe

Thr

Arg

Trp

Lys

Glu

370

Val

Ile

Met

Leu

Gln

450

Met

Glu

Ser

Gly

Glu

530

Trp

Val

Arg

Val

His

610

Ala

Val

His

Leu

Phe
690

Pro

Leu

Glu

Ala

355

Ala

Glu

Thr

Leu

Lys

435

Ile

Asn

Ile

Asp

Asn

515

Leu

His

Glu

Pro

Lys

595

Gln

Ile

Ile

Gly

Ser

675

Glu

Gly

Glu

Glu

340

Val

Ala

Ala

Ala

Lys

420

His

Arg

Gln

Gln

Asp

500

Asp

Leu

Ser

Pro

Gly

580

Met

Lys

Ile

Thr

Val
660

Lys

Gln

Asp

Ala

325

Ala

Ile

Asn

Met

Leu

405

Lys

Phe

Ser

Ser

Asp

485

Val

Ala

Pro

Phe

Val

565

Ser

Asp

Leu

Gly

Leu
645
Val

Met

Met

<210> SEQ ID NO 13

<211> LENGTH:

2088

Glu

310

Lys

Glu

Gln

Glu

Leu

390

Gln

Tyr

Glu

Gln

Leu

470

Glu

Leu

Leu

Val

Gly

550

Asp

Gly

Ala

Val

Leu

630

Val

Glu

Gln

Gln

Asn

His

Arg

His

Arg

375

Asn

Ala

Val

His

Val

455

Ser

Val

Ala

Met

Asn

535

Ala

Ala

Leu

Glu

Phe

615

Met

Met

Val

Gln

Asn
695

Glu

Arg

Gln

Phe

360

Gln

Asp

Val

Arg

Val

440

Met

Leu

Asp

Asn

Pro

520

Gly

Asp

Arg

Thr

Phe

600

Phe

Val

Leu

Asp

Asn
680

His

Glu

Ala

345

Gln

Gln

Arg

Pro

Ala

425

Arg

Thr

Leu

Glu

Met

505

Ser

Glu

Ser

Pro

Asn

585

Arg

Ala

Gly

Lys

Ala
665

Gly

Ala

Arg

330

Lys

Glu

Leu

Arg

Pro

410

Glu

Met

His

Tyr

Leu

490

Ile

Leu

Phe

Val

Ala

570

Ile

His

Glu

Gly

Lys

650

Ala

Tyr

His

315

Met

Asn

Lys

Val

Arg

395

Arg

Gln

Val

Leu

Asn

475

Leu

Ser

Thr

Ser

Pro

555

Ala

Lys

Asp

Asp

Val

635

Lys

Val

Glu

Phe

Ser

Leu

Val

Glu

380

Leu

Pro

Lys

Asp

Arg

460

Val

Gln

Glu

Glu

Leu

540

Ala

Asp

Thr

Ser

Val

620

Val

Gln

Thr

Asn

Gln

Gln

Pro

Glu

365

Thr

Ala

Arg

Asp

Pro

445

Val

Pro

Lys

Pro

Thr

525

Asp

Asn

Arg

Glu

Gly

605

Gly

Ile

Tyr

Pro

Pro
685

Lys

Val

Lys

350

Ser

His

Leu

His

Arg

430

Lys

Ile

Ala

Glu

Arg

510

Lys

Asp

Thr

Gly

Glu

590

Tyr

Ser

Ala

Thr

Glu
670

Thr

Ala

Met

335

Ala

Leu

Met

Glu

Val

415

Gln

Lys

Tyr

Val

Gln

495

Ile

Thr

Leu

Glu

Leu

575

Ile

Glu

Asn

Thr

Ser
655

Glu

Tyr

Lys

320

Arg

Asp

Glu

Ala

Asn

400

Phe

His

Ala

Glu

Ala

480

Asn

Ser

Thr

Gln

Asn

560

Thr

Ser

Val

Lys

Val

640

Ile

Arg

Lys
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<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 13
atgctgccca gettggcact getcctgetg gecgectgga cggtteggge tcetggaggta 60
cccactgatg gcaacgcecgg getgctggea gaaccccaga tegecatgtt ctgtggtaaa 120
ctcaacatgce acatgaatgt gcagaatgga aagtgggagt cagacccgtce agggaccaaa 180
acctgcattyg gcaccaagga gggcatcttg cagtactgec aagaggtcta ccctgaactg 240
cagatcacaa acgtggtgga agccaaccag ccagtgacca tccagaactyg gtgcaagcgg 300
ggcegcaage agtgcaagac acacacccac atcgtgatte cttacegttg cctagttggt 360
gagtttgtga gcgacgccct tctegtgcce gacaagtgca agttcctaca ccaggagegyg 420
atggatgttt gtgagaccca tcttcactgg cacaccgteg ccaaagagac atgcagcgag 480
aagagcacta acttgcacga ctatggcatg ctgctgcect geggcatcga caagttccga 540
ggggtagagt ttgtatgctg cccgttggcece gaggaaagceyg acagcgtgga ttctgcggat 600
gcagaggagyg atgactctga tgtctggtgg ggtggagegg acacagacta cgctgatgge 660
ggtgaagaca aagtagtaga agtcgccgaa gaggaggaag tggctgatgt tgaggaagag 720
gaagctgatg atgatgagga tgtggaggat ggggacgagg tggaggagga ggccgaggag 780
ccctacgaag aggccaccga gagaacaacce agcactgceca ccaccaccac aaccaccact 840
gagtccegtygyg aggaggtggt ccgagttcce acgacagcag ccagcacccc cgacgccgte 900
gacaagtacc tggagacacc cggggacgag aacgagcatg cccatttcca gaaagccaaa 960
gagaggctygyg aagccaagca ccgagagaga atgtcccagg tcatgagaga atgggaagag 1020
gcagagcgtc aagccaagaa cttgcccaaa gctgacaaga aggccgttat ccagcattte 1080
caggagaaag tggaatctct ggaacaggaa gcagccaatyg agagacagca gcttgtagag 1140
acacacatgg ccagagttga agccatgete aatgaccgece gecgectgge cctcgagaat 1200
tacatcactg cactgcaggc ggtgccccca aggcctcatc atgtgttcaa catgctgaag 1260
aagtacgtcc gtgcggagca gaaagacaga cagcacaccc taaagcattt tgaacatgtg 1320
cgcatggtgg accccaagaa agctgctcag atccggtcecce aggttatgac acacctceccegt 1380
gtgatctacg agcgcatgaa ccagtctctg tccctgctet acaatgtccce tgcggtgget 1440
gaggagattc aagatgaagt cgatgagctg cttcagaagg agcagaacta ctccgacgat 1500
gtcttggeca acatgatcag tgagcccaga atcagctacg gaaacgacgc tctcatgect 1560
tcgctgacgg aaaccaagac caccgtggag ctectteccg tgaatgggga attcagectg 1620
gatgacctecc agcecgtggca ccettttggg gtggactctg tgccagccaa taccgaaaat 1680
gaagtcgage ctgttgacge ccgecccget getgaccgag gactgaccac tcgaccaggt 1740
tctgggcetga caaacatcaa gacggaagag atctcggaag tgaagatgga tgcagaattce 1800
ggacatgatt caggatttga agtccgccat caaaaactgg tgttctttgc tgaagatgtg 1860
ggttcgaaca aaggcgccat catcggactc atggtgggeg gegttgtcat agcaaccgtg 1920
attgtcatca ccctggtgat gttgaagaag aaacagtaca catccatcca tcatggecgtg 1980
gtggaggteyg acgccgccegt gaccccagag gagcegecatce tctccaagat gcagcagaac 2040
ggatatgaga atccaactta caagttcttt gagcaaatgc agaactaa 2088

<210> SEQ ID NO 14
<211> LENGTH: 695

<212> TYPE:

PRT
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-continued

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 14

Met Leu Pro Ser Leu Ala Leu Leu Leu Leu Ala Ala Trp Thr Val Arg
1 5 10 15

Ala Leu Glu Val Pro Thr Asp Gly Asn Ala Gly Leu Leu Ala Glu Pro
20 25 30

Gln Ile Ala Met Phe Cys Gly Lys Leu Asn Met His Met Asn Val Gln
35 40 45

Asn Gly Lys Trp Glu Ser Asp Pro Ser Gly Thr Lys Thr Cys Ile Gly
Thr Lys Glu Gly Ile Leu Gln Tyr Cys Gln Glu Val Tyr Pro Glu Leu
65 70 75 80

Gln Ile Thr Asn Val Val Glu Ala Asn Gln Pro Val Thr Ile Gln Asn
85 90 95

Trp Cys Lys Arg Gly Arg Lys Gln Cys Lys Thr His Thr His Ile Val
100 105 110

Ile Pro Tyr Arg Cys Leu Val Gly Glu Phe Val Ser Asp Ala Leu Leu
115 120 125

Val Pro Asp Lys Cys Lys Phe Leu His Gln Glu Arg Met Asp Val Cys
130 135 140

Glu Thr His Leu His Trp His Thr Val Ala Lys Glu Thr Cys Ser Glu
145 150 155 160

Lys Ser Thr Asn Leu His Asp Tyr Gly Met Leu Leu Pro Cys Gly Ile
165 170 175

Asp Lys Phe Arg Gly Val Glu Phe Val Cys Cys Pro Leu Ala Glu Glu
180 185 190

Ser Asp Ser Val Asp Ser Ala Asp Ala Glu Glu Asp Asp Ser Asp Val
195 200 205

Trp Trp Gly Gly Ala Asp Thr Asp Tyr Ala Asp Gly Gly Glu Asp Lys
210 215 220

Val Val Glu Val Ala Glu Glu Glu Glu Val Ala Asp Val Glu Glu Glu
225 230 235 240

Glu Ala Asp Asp Asp Glu Asp Val Glu Asp Gly Asp Glu Val Glu Glu
245 250 255

Glu Ala Glu Glu Pro Tyr Glu Glu Ala Thr Glu Arg Thr Thr Ser Thr
260 265 270

Ala Thr Thr Thr Thr Thr Thr Thr Glu Ser Val Glu Glu Val Val Arg
275 280 285

Val Pro Thr Thr Ala Ala Ser Thr Pro Asp Ala Val Asp Lys Tyr Leu
290 295 300

Glu Thr Pro Gly Asp Glu Asn Glu His Ala His Phe Gln Lys Ala Lys
305 310 315 320

Glu Arg Leu Glu Ala Lys His Arg Glu Arg Met Ser Gln Val Met Arg
325 330 335

Glu Trp Glu Glu Ala Glu Arg Gln Ala Lys Asn Leu Pro Lys Ala Asp
340 345 350

Lys Lys Ala Val Ile Gln His Phe Gln Glu Lys Val Glu Ser Leu Glu
355 360 365

Gln Glu Ala Ala Asn Glu Arg Gln Gln Leu Val Glu Thr His Met Ala
370 375 380

Arg Val Glu Ala Met Leu Asn Asp Arg Arg Arg Leu Ala Leu Glu Asn
385 390 395 400
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Tyr

Asn

Thr

Ala

Arg

465

Glu

Tyr

Tyr

Pro

545

Glu

Thr

Glu

Arg

Gly

625

Ile

Phe

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

<400>

Ile

Met

Leu

Gln

450

Met

Glu

Ser

Gly

Glu

530

Trp

Val

Arg

Val

His

610

Ala

Val

His

Leu

Phe
690

Thr

Leu

Lys

435

Ile

Asn

Ile

Asp

Asn

515

Leu

His

Glu

Pro

Lys

595

Gln

Ile

Ile

Gly

Ser

675

Glu

Ala

Lys

420

His

Arg

Gln

Gln

Asp

500

Asp

Leu

Pro

Pro

Gly

580

Met

Lys

Ile

Thr

Val

660

Lys

Gln

SEQUENCE :

Leu

405

Lys

Phe

Ser

Ser

Asp

485

Val

Ala

Pro

Phe

Val

565

Ser

Asp

Leu

Gly

Leu

645

Val

Met

Met

SEQ ID NO 15
LENGTH:
TYPE: DNA
ORGANISM: Streptococcus pyogenes ML

4176

15

Gln

Tyr

Glu

Gln

Leu

470

Glu

Leu

Leu

Val

Gly

550

Asp

Gly

Ala

Val

Leu

630

Val

Glu

Gln

Gln

Ala

Val

His

Val

455

Ser

Val

Ala

Met

Asn

535

Val

Ala

Leu

Glu

Phe

615

Met

Met

Val

Gln

Asn
695

Val

Arg

Val

440

Met

Leu

Asp

Asn

Pro

520

Gly

Asp

Arg

Thr

Phe

600

Phe

Val

Leu

Asp

Asn
680

atgggtatcc

accaactctyg

aaggtgctgg

ttcgacageg

accagacgga

gtggacgaca

cacgagecgge

acggagtccc

tgggetggge

gcaacaccga

gcgaaacage

agaaccggat

gettetteca

accccatcett

agcagccgac

cgtgatcace

ceggcacage

cgaggccace

ctgctatetg

cagactggaa

cggcaacatce

Pro

Ala

425

Arg

Thr

Leu

Glu

Met

505

Ser

Glu

Ser

Pro

Asn

585

Gly

Ala

Gly

Lys

Ala

665

Gly

Pro

410

Glu

Met

His

Tyr

Leu

490

Ile

Leu

Phe

Val

Ala

570

Ile

His

Glu

Gly

Lys

650

Ala

Tyr

Arg

Gln

Val

Leu

Asn

475

Leu

Ser

Thr

Ser

Pro

555

Ala

Lys

Asp

Asp

Val

635

Lys

Val

Glu

aagaagtaca

gacgagtaca

atcaagaaga

cggctgaaga

caagagatct

gagtccttee

gtggacgagg

Pro

Lys

Asp

Arg

460

Val

Gln

Glu

Glu

Leu

540

Ala

Asp

Thr

Ser

Val

620

Val

Gln

Thr

Asn

His

Asp

Pro

445

Val

Pro

Lys

Pro

Thr

525

Asp

Asn

Arg

Glu

Gly

605

Gly

Ile

Tyr

Pro

Pro
685

His

Arg

430

Lys

Ile

Ala

Glu

Arg

510

Lys

Asp

Thr

Gly

Glu

590

Phe

Ser

Ala

Thr

Glu

670

Thr

Val

415

Gln

Lys

Tyr

Val

Gln

495

Ile

Thr

Leu

Glu

Leu

575

Ile

Glu

Asn

Thr

Ser

655

Glu

Tyr

Phe

His

Ala

Glu

Ala

480

Asn

Ser

Thr

Gln

Asn

560

Thr

Ser

Val

Lys

Val

640

Ile

Arg

Lys

gecatcggect

aggtgcccag

acctgategyg

gaaccgccag

tcagcaacga

tggtggaaga

tggcctacca

ggacatcgge

caagaaattc

agcectgetyg

aagaagatac

gatggccaag

ggataagaag

cgagaagtac

60

120

180

240

300

360

420
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cccaccatcet accacctgag aaagaaactg gtggacagca ccgacaaggce cgacctgcegg 480
ctgatctate tggecctgge ccacatgatce aagttcecggyg gecacttect gatcgaggge 540
gacctgaacce ccgacaacag cgacgtggac aagctgttca tccagetggt gcagacctac 600
aaccagctgt tcgaggaaaa ccccatcaac gecagceggeg tggacgccaa ggccatcctg 660
tctgecagac tgagcaagag cagacggcetg gaaaatctga tegeccaget gcccggegag 720
aagaagaatg gcctgttcegg aaacctgatt gecctgagece tgggectgac ccccaactte 780
aagagcaact tcgacctggce cgaggatgcec aaactgcage tgagcaagga cacctacgac 840
gacgacctygyg acaacctgct ggcccagatce ggcgaccagt acgccgacct gtttetggece 900
gccaagaace tgtccgacge catcctgetg agcgacatce tgagagtgaa caccgagatce 960
accaaggcce ccctgagege ctcectatgatce aagagatacyg acgagcacca ccaggacctg 1020
accctgetga aagctctegt geggcagcag ctgcctgaga agtacaaaga gattttcette 1080
gaccagagca agaacggcta cgccggctac attgacggceg gagccageca ggaagagttce 1140
tacaagttca tcaagcccat cctggaaaag atggacggca ccgaggaact gcectcgtgaag 1200
ctgaacagag aggacctgct gcggaagcag cggacctteg acaacggcag catcccccac 1260
cagatccacc tgggagagct gcacgccatt ctgcggcecggce aggaagattt ttacccattce 1320
ctgaaggaca accgggaaaa gatcgagaag atcctgacct tccgcatccece ctactacgtg 1380
ggecectetygyg ccaggggaaa cagcagattc gectggatga ccagaaagag cgaggaaacce 1440
atcacccect ggaacttega ggaagtggtg gacaagggcg cttcecgceccca gagcttcatce 1500
gagcggatga ccaacttcga taagaacctg cccaacgaga aggtgctgec caagcacagce 1560
ctgctgtacg agtacttcac cgtgtataac gagctgacca aagtgaaata cgtgaccgag 1620
ggaatgagaa agcccgectt cctgagegge gagcagaaaa aggccatcgt ggacctgetg 1680
ttcaagacca accggaaagt gaccgtgaag cagctgaaag aggactactt caagaaaatc 1740
gagtgctteg actccgtgga aatctccecgge gtggaagatc ggttcaacgce ctececctgggce 1800
acataccacg atctgctgaa aattatcaag gacaaggact tcctggacaa tgaggaaaac 1860
gaggacattc tggaagatat cgtgctgacc ctgacactgt ttgaggacag agagatgatc 1920
gaggaacggce tgaaaaccta tgcccacctg ttcgacgaca aagtgatgaa gcagctgaag 1980
cggcggagat acaccggetg gggcaggetyg agecggaage tgatcaacgyg catccgggac 2040
aagcagtccg gcaagacaat cctggatttce ctgaagtecg acggcttcge caacagaaac 2100
ttcatgcagce tgatccacga cgacagcctg acctttaaag aggacatcca gaaagcccag 2160
gtgtcceggece agggcgatag cctgcacgag cacattgcca atctggecgg cagecccgec 2220
attaagaagg gcatcctgca gacagtgaag gtggtggacg agctcgtgaa agtgatgggce 2280
cggcacaagce ccgagaacat cgtgatcgaa atggccagag agaaccagac cacccagaag 2340
ggacagaaga acagccgcga gagaatgaag cggatcgaag agggcatcaa agagctggge 2400
agccagatce tgaaagaaca ccccgtggaa aacacccage tgcagaacga gaagctgtac 2460
ctgtactacc tgcagaatgg gcgggatatg tacgtggacc aggaactgga catcaaccgg 2520
ctgtccgact acgatgtgga ccatatcgtg cctcagaget ttctgaagga cgactccatce 2580
gacaacaagg tgctgaccag aagcgacaag aaccggggca agagcgacaa cgtgccctec 2640
gaagaggtcg tgaagaagat gaagaactac tggcggcagc tgctgaacgc caagctgatt 2700
acccagagaa agttcgacaa tctgaccaag gecgagagag gceggectgag cgaactggat 2760
aaggccggcet tcatcaagag acagctggtg gaaacccgge agatcacaaa gcacgtggca 2820
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cagatcctgg

gtgaaagtga

tacaaagtgc

gtgggaaccg

tacaaggtgt

accgccaagt

gccaacggceyg

gtgtgggata

aatatcgtga

aagaggaaca

ggcttcgaca

aagtccaaga

agcttegaga

gacctgatca

atgectggect

gtgaacttce

gagcagaaac

atcagcgagt

gectacaaca

tttaccctga

cggaagaggt

accggectgt

gccacgaaaa

actcceggat

tcaccctgaa

gcgagatcaa

ccctgatcaa

acgacgtgeg

acttcttcta

agatccggaa

agggecggga

aaaagaccga

gcgataaget

gecccacegt

aactgaagag

agaatcccat

tcaagetgec

ctgeceggega

tgtacctgge

agetgtttgt

tctecaagag

agcaccggga

ccaatctggyg

acaccagcac

acgagacacg

aggccggeca

<210> SEQ ID NO 16
<211> LENGTH: 80

<212> TYPE:

DNA

gaacactaag

gtccaagetyg

caactaccac

aaagtaccct

gaagatgatc

cagcaacatc

geggectety

ttttgccace

ggtgcagaca

gatcgccaga

ggcctattet

tgtgaaagag

cgactttetyg

taagtactcc

actgcagaag

cagccactat

ggaacagcac

agtgatcctyg

taagcccatce

agccectgec

caaagaggtyg

gatcgacctyg

ggcaaaaaag

tacgacgaga

gtgtcegatt

cacgcecacyg

aagctggaaa

gccaagagceg

atgaactttt

atcgagacaa

gtgcggaaag

ggcggcettea

aagaaggact

gtgctggtgg

ctgctgggga

gaagccaagg

ctgttegage

ggaaacgaac

gagaagctga

aagcactacc

gecgacgceta

agagagcagg

gecttcaagt

ctggacgeca

tctecagetygy

aaaaag

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

<223> OTHER INFORMATION:

<400> SEQUENCE: 16

synthetic

atgacaagct gatccgggaa

tccggaagga tttecagttt

acgcctacct gaacgccgte

gegagttegt gtacggegac

agcaggaaat cggcaaggct

tcaagaccga gattaccctg

acggcgaaac cggggagatce

tgctgagcat gccccaagtyg

gcaaagagtce tatcctgcece

gggaccctaa gaagtacgge

tggccaaagt ggaaaagggce

tcaccatcat ggaaagaagce

gctacaaaga agtgaaaaag

tggaaaacgg ccggaagaga

tggcecctgee ctccaaatat

agggctccce cgaggataat

tggacgagat catcgagcag

atctggacaa agtgctgtce

ccgagaatat catccacctg

actttgacac caccatcgac

ccctgateca ccagagcatce

gaggcgacaa aaggccggceg

gttttagagce tagaaatagc aagttaaaat aaggctagtce cgttatcaac ttgaaaaagt

ggcaccgagt

cggtgetttt

<210> SEQ ID NO 17
<211> LENGTH: 9286

<212> TYPE:

DNA

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

<223> OTHER INFORMATION:

<400> SEQUENCE: 17

cceccacgagyg

agagagataa

cgtagaaagt

tatcatatge

gectatttee

ttggaattaa

aataatttct

ttaccgtaac

catgattcct

tttgactgta

tgggtagttt

ttgaaagtat

synthetic

tcatatttge

aacacaaaga

gcagttttaa

ttegatttet

atatacgata caaggctgtt

tattagtaca aaatacgtga

aattatgttt taaaatggac

tggctttata tatcttgtgg

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4176

60

80

60

120

180

240



47

US 11,173,216 B2

48

-continued
aaaggacgaa acaccgatcc attcatcatg gtgtgggttt tagagctaga aatagcaagt 300
taaaataagg ctagtccgtt atcaacttga aaaagtggca ccgagtceggt gettttttgt 360
tttagagcta gaaatagcaa gttaaaataa ggctagtceg tttttagege gtgcgecaat 420
tctgcagaca aatggctcta gaggtaccceg ttacataact tacggtaaat ggcccgectg 480
gctgaccegee caacgacccee cgcccattga cgtcaatagt aacgccaata gggactttec 540
attgacgtca atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt 600
atcatatgce aagtacgccc cctattgacg tcaatgacgg taaatggecce gcectggeatt 660
gtgcccagta catgacctta tgggactttce ctacttggca gtacatctac gtattagtca 720
tcgetattac catggtcgag gtgageccca cgttetgett cactetccee atctecccce 780
cctceccace cccaattttg tatttattta ttttttaatt attttgtgca gecgatggggg 840
€9g99999999 99ggggygcgce gcgcecaggceyg gggcegggged gddgcgagggy <©ggggcgggy 900
cgaggcggag aggtgeggceg gcagccaatce agagceggege gctcecgaaag tttectttta 960
tggcgaggeyg geggeggegg cggccctata aaaagcgaag cgcegeggegy gcgggagteg 1020
ctgcgacget gecttegece cgtgcceege teegecgeeyg ccetegegeeyg cccgecccegyg 1080
ctctgactga ccgcgttact cccacaggtg agegggceggg acggccctte tectcecegggce 1140
tgtaattagc tgagcaagag gtaagggttt aagggatggt tggttggtgg ggtattaatg 1200
tttaattacc tggagcacct gcctgaaatc actttttttc aggttggacc ggtgccacca 1260
tggactataa ggaccacgac ggagactaca aggatcatga tattgattac aaagacgatg 1320
acgataagat ggccccaaag aagaagcgga aggtcggtat ccacggagtce ccagcagccg 1380
acaagaagta cagcatcggc ctggacatcg gcaccaactc tgtgggctgg gecgtgatca 1440
ccgacgagta caaggtgccce agcaagaaat tcaaggtget gggcaacacce gaccggcaca 1500
gcatcaagaa gaacctgatc ggagccectge tgttcgacag cggcgaaaca gccgaggeca 1560
cceggetgaa gagaaccgcece agaagaagat acaccagacyg gaagaaccgyg atctgetate 1620
tgcaagagat cttcagcaac gagatggcca aggtggacga cagcttcttce cacagactgg 1680
aagagtcctt cctggtggaa gaggataaga agcacgageg gcaccccatce ttcggcaaca 1740
tegtggacga ggtggectac cacgagaagt accccaccat ctaccacctyg agaaagaaac 1800
tggtggacag caccgacaag gccgacctgce ggctgatcecta tectggecctg geccacatga 1860
tcaagttceg gggcecactte ctgatcgagg gegacctgaa cceccgacaac agcgacgtgg 1920
acaagctgtt catccagctg gtgcagacct acaaccagct gttcgaggaa aaccccatca 1980
acgccagegg cgtggacgcece aaggccatcce tgtcectgecag actgagcaag agcagacggce 2040
tggaaaatct gatcgcccag ctgcccecggcg agaagaagaa tggcctgtte ggaaacctga 2100
ttgcecctgag cctgggcectyg acccccaact tcaagagcaa cttcecgacctg gecgaggatg 2160
ccaaactgca gctgagcaag gacacctacg acgacgacct ggacaacctyg ctggceccaga 2220
tcggcgacca gtacgccgac ctgtttetgg ccgccaagaa cctgtccgac gecatcctge 2280
tgagcgacat cctgagagtg aacaccgaga tcaccaagge cccectgage gectctatga 2340
tcaagagata cgacgagcac caccaggacc tgaccctget gaaagctcte gtgeggcage 2400
agctgcectga gaagtacaaa gagattttct tcgaccagag caagaacggc tacgccggct 2460
acattgacgg cggagccagc caggaagagt tctacaagtt catcaagccc atcctggaaa 2520
agatggacgg caccgaggaa ctgctcgtga agetgaacag agaggacctyg ctgcggaage 2580
agcggacctt cgacaacggc agcatccccece accagatcca cctgggagag ctgcacgcca 2640
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ttetgeggeg gcaggaagat ttttacccat tcctgaagga caaccgggaa aagatcgaga 2700
agatcctgac cttcecgcate ccecctactacg tgggccctet ggccagggga aacagcagat 2760
tcgectggat gaccagaaag agcgaggaaa ccatcaccee ctggaactte gaggaagtgg 2820
tggacaaggg cgcttccgec cagagcttca tcgagcggat gaccaacttce gataagaacc 2880
tgcccaacga gaaggtgctg cccaagcaca gcctgctgta cgagtacttce accgtgtata 2940
acgagctgac caaagtgaaa tacgtgaccg agggaatgag aaagcccgece ttcectgageg 3000
gcgagcagaa aaaggccatc gtggacctge tgttcaagac caaccggaaa gtgaccgtga 3060
agcagctgaa agaggactac ttcaagaaaa tcgagtgctt cgactccgtg gaaatctcecg 3120
gcgtggaaga tceggttcaac gcctceccecctgg gcacatacca cgatctgetg aaaattatca 3180
aggacaagga cttcctggac aatgaggaaa acgaggacat tctggaagat atcgtgctga 3240
ccetgacact gtttgaggac agagagatga tcgaggaacg gctgaaaacc tatgcccacce 3300
tgttcgacga caaagtgatg aagcagctga ageggcggag atacaccgge tggggcagge 3360
tgagccggaa gctgatcaac ggcatceggg acaagcagte cggcaagaca atcctggatt 3420
tcetgaagte cgacggctte gcecaacagaa acttcatgca gectgatccac gacgacagcece 3480
tgacctttaa agaggacatc cagaaagccce aggtgtcegg ccagggcegat agcectgcacyg 3540
agcacattgc caatctggcce ggcagcccceg ccattaagaa gggcatcctyg cagacagtga 3600
aggtggtgga cgagctcgtg aaagtgatgg gecggcacaa gceccgagaac atcgtgatcg 3660
aaatggccag agagaaccag accacccaga agggacagaa gaacagccgce gagagaatga 3720
agcggatcga agagggcatc aaagagetgg geagccagat cctgaaagaa caccceegtgg 3780
aaaacaccca gctgcagaac gagaagcetgt acctgtacta cctgcagaat gggcegggata 3840
tgtacgtgga ccaggaactg gacatcaacc ggctgtcecga ctacgatgtg gaccatatcg 3900
tgcctcagag ctttectgaag gacgactcca tcgacaacaa ggtgctgacce agaagcgaca 3960
agaaccgggg caagagcgac aacgtgecct cecgaagaggt cgtgaagaag atgaagaact 4020
actggcggca gctgctgaac gccaagctga ttacccagag aaagttcgac aatctgacca 4080
aggccgagag aggcggectg agcgaactgg ataaggccegg cttcatcaag agacagetgg 4140
tggaaacceg gcagatcaca aagcacgtgg cacagatcct ggactccegyg atgaacacta 4200
agtacgacga gaatgacaag ctgatccggg aagtgaaagt gatcaccctyg aagtccaage 4260
tggtgtccga tttcecggaag gatttcecagt tttacaaagt gcgcgagatc aacaactacc 4320
accacgccca cgacgectac ctgaacgecg tegtgggaac cgecctgatce aaaaagtace 4380
ctaagctgga aagcgagttc gtgtacggcg actacaaggt gtacgacgtg cggaagatga 4440
tcgecaagag cgagcaggaa atcggcaagg ctaccgccaa gtacttctte tacagcaaca 4500
tcatgaactt tttcaagacc gagattaccc tggccaacgg cgagatccgg aagcggcctce 4560
tgatcgagac aaacggcgaa accggggaga tcgtgtggga taagggccgg gattttgeca 4620
cegtgeggaa agtgctgage atgccccaag tgaatatcegt gaaaaagacce gaggtgcaga 4680
caggcggett cagcaaagag tctatcctge ccaagaggaa cagcgataag ctgatcgcca 4740
gaaagaagga ctgggaccct aagaagtacg gcggcttcga cagccccacc gtggectatt 4800
ctgtgctggt ggtggccaaa gtggaaaagg gcaagtccaa gaaactgaag agtgtgaaag 4860
agctgctggg gatcaccatc atggaaagaa gcagcttcga gaagaatccce atcgacttte 4920
tggaagccaa gggctacaaa gaagtgaaaa aggacctgat catcaagctg cctaagtact 4980
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ceetgttega getggaaaac ggccggaaga gaatgcetgge ctetgccgge gaactgcaga 5040
agggaaacga actggccctg ccctccaaat atgtgaactt cctgtacctg gecagccact 5100
atgagaagct gaagggctcecce cccgaggata atgagcagaa acagctgttt gtggaacagce 5160
acaagcacta cctggacgag atcatcgagc agatcagcga gttctccaag agagtgatcce 5220
tggcecgacge taatctggac aaagtgetgt cegectacaa caagcaccgyg gataagecca 5280
tcagagagca ggccgagaat atcatccacc tgtttaccct gaccaatctg ggagcccctg 5340
ccgecttcaa gtactttgac accaccatcg accggaagag dgtacaccage accaaagagg 5400
tgctggacge caccctgatc caccagagca tcaccggect gtacgagaca cggatcgace 5460
tgtctecaget gggaggcgac aaaaggecgg cggccacgaa aaaggccggce caggcaaaaa 5520
agaaaaagct tgagggcaga ggaagtctge taacatgegg tgacgtggag gagaatcccg 5580
gccctgcectag catggtgage aagggcgagg aggataacat ggccatcatc aaggagttca 5640
tgcgcttcaa ggtgcacatg gagggctceccg tgaacggcca cgagttcgag atcgagggceg 5700
agggcgaggg ccgceccectac gagggcaccece agaccgccaa gctgaaggtyg accaagggtg 5760
gccecectgee cttegectgg gacatccetgt cccctcagtt catgtacggce tccaaggect 5820
acgtgaagca ccccgccgac atccccgact acttgaaget gtcecttceccee gagggcttca 5880
agtgggagcg cgtgatgaac ttcgaggacg gcggcgtggt gaccgtgacce caggactcect 5940
ccetgcagga cggcgagtte atctacaagg tgaagctgeg cggcaccaac ttcccectcag 6000
acggccccegt aatgcagaag aaaaccatgg getgggagge ctectccgag cggatgtace 6060
ccgaggacgg cgccectgaag ggcgagatca agcagaggcet gaagctgaag gacggeggece 6120
actacgacgce tgaggtcaag accacctaca aggccaagaa gcccgtgcag ctgeccggeg 6180
cctacaacgt caacatcaag ttggacatca cctcccacaa cgaggactac accatcgtgg 6240
aacagtacga acgcgccgag ggccgecact ccaccggegyg catggacgag ctgtacaagt 6300
aagaattcct agagctcget gatcagectce gactgtgect tcectagttgee agccatctgt 6360
tgtttgccece teccceccgtge cttecttgac cctggaaggt geccactccca ctgtecttte 6420
ctaataaaat gaggaaattg catcgcattg tctgagtagg tgtcattcta ttctgggggg 6480
tggggtgggy caggacagca agggggagga ttgggaagag aatagcaggce atgctgggga 6540
gcggecgceag gaacccectag tgatggagtt ggccactcece tetetgegeg ctegeteget 6600
cactgaggcee gggcgaccaa aggtcgecceg acgecceggge tttgccceggyg cggectcagt 6660
gagcgagcga gcgcgcagct gcctgcaggg gcgcectgatg cggtatttte tcecttacgea 6720
tctgtgeggt atttcacacc gcatacgtca aagcaaccat agtacgcgcce ctgtagcggce 6780
gcattaagceg cggcgggtgt ggtggttacg cgcagcgtga ccgctacact tgccagegec 6840
ctagcgcecccg ctectttege tttettecct tecttteteg ccacgttege cggetttece 6900
cgtcaagctce taaatcgggg gcectcccttta gggttccgat ttagtgcttt acggcacctce 6960
gaccccaaaa aacttgattt gggtgatggt tcacgtagtg ggccatcgcece ctgatagacyg 7020
gtttttcgee ctttgacgtt ggagtccacg ttctttaata gtggactcectt gttccaaact 7080
ggaacaacac tcaaccctat ctcgggctat tcecttttgatt tataagggat tttgccgatt 7140
tcggectatt ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa ttttaacaaa 7200
atattaacgt ttacaatttt atggtgcact ctcagtacaa tctgctctga tgccgcatag 7260
ttaagccage cccgacaccce gecaacaccece getgacgege cctgacggge ttgtetgete 7320
ccggcatececg cttacagaca agctgtgacce gtctceccggga gectgcatgtg tcagaggttt 7380
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tcaccgtecat

gttaatgtca

cgcggaaccc

caataaccct

ttcegtgteg

gaaacgctygg

gaactggatc

atgatgagca

caagagcaac

gtcacagaaa

accatgagtg

ctaaccgett

gagctgaatyg

acaacgttge

atagactgga

ggctggttta

gcactggggc

gcaactatgg

tggtaactgt

taatttaaaa

cgtgagtttt

gatccttttt

gtggtttgtt

agagcgcaga

aactctgtag

agtggcgata

cageggtegg

accgaactga

aaggcggaca

ccagggggaa

cgtcgatttt

gectttttac

caccgaaacyg

tgataataat

ctatttgttt

gataaatgct

cccttattec

tgaaagtaaa

tcaacagegyg

cttttaaagt

tcggtegecyg

agcatcttac

ataacactgc

ttttgcacaa

aagccatacc

gcaaactatt

tggaggcgga

ttgctgataa

cagatggtaa

atgaacgaaa

cagaccaagt

ggatctaggt

cgttecactyg

ttctgegegt

tgccggatca

taccaaatac

caccgectac

agtcgtgtet

gctgaacggg

gatacctaca

ggtatccggt

acgcctggta

tgtgatgete

ggttcectgge

<210> SEQ ID NO 18
<211> LENGTH: 7400

<212> TYPE:

DNA

cgcgagacga

ggtttettag

atttttctaa

tcaataatat

cttttttgey

agatgctgaa

taagatcctt

tctgetatgt

catacactat

ggatggcatg

ggccaactta

catgggggat

aaacgacgag

aactggcgaa

taaagttgca

atctggagec

geecctecegt

tagacagatc

ttactcatat

gaagatcctt

agcgtcagac

aatctgetge

agagctacca

tgtcctteta

ataccteget

taccgggttyg

gggttcgtgc

gegtgageta

aagcggceagyg

tctttatagt

gtcagggggy

cttttgetgy

aagggccteg tgatacgect

acgtcaggtyg gcactttteg

atacattcaa atatgtatcc

tgaaaaagga agagtatgag

gecattttgec ttectgtttt

gatcagttgg gtgcacgagt

gagagttttce gccccgaaga

ggcgeggtat tatcccgtat

tctcagaatyg acttggttga

acagtaagag aattatgcag

cttectgacaa cgatcggagyg

catgtaactc gecttgateg

cgtgacacca cgatgectgt

ctacttacte tagctteeceg

ggaccactte tgegetegge

ggtgagcgtg gaagccgegg

atcgtagtta tctacacgac

getgagatag gtgcctcact

atactttaga ttgatttaaa

tttgataatc tcatgaccaa

cccgtagaaa agatcaaagg

ttgcaaacaa aaaaaccacc

actcttttte cgaaggtaac

gtgtagcegt agttaggcca

ctgctaatce tgttaccagt

gactcaagac gatagttacc

acacagccca gcttggageg

tgagaaagcyg ccacgcttee

gtcggaacag gagagcegcac

cctgtegggt ttegecacct

cggagectat ggaaaaacge

ccttttgete acatgt

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

<223> OTHER INFORMATION:

<400> SEQUENCE: 18

synthetic

atttttatag

gggaaatgtg

gctcatgaga

tattcaacat

tgctcaccca

gggttacate

acgttttceca

tganCngg

gtactcacca

tgctgecata

accgaaggag

ttgggaaccy

agcaatggca

gcaacaatta

cctteegget

tatcattgca

ggggagtcag

gattaagcat

acttcatttt

aatcccttaa

atcttcttga

gctaccageg

tggcttcage

ccacttcaag

ggctgetgee

ggataaggcg

aacgacctac

cgaagggaga

gagggagctt

ctgacttgag

cagcaacgcg

cctgecaggea getgegeget cgetegetca ctgaggecge cegggcaaag ccegggegte

gggcgacctt tggtegeceg gectcagtga gegagegage gegcagagag ggagtggeca

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9286

60

120
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actccatcac taggggttcce tgcggectcet agaaagctta getgaatggyg gtccgectet 180
tttecectgee taaacagaca ggaactcectg ccaattgagyg gegtcaccge taaggcetcecg 240
cceccagectyg ggctecacaa ccaatgaagg gtaatctega caaagagcaa ggggtgggge 300
gegggegege aggtgcagca gcacacagge tggtcegggag ggcggggege gacgtcetgece 360
gtgceggggte ceggcatcegg ttgegegcac cggtgecace atgtacccat acgatgttec 420
agattacgct tcgccgaaga aaaagcgcaa ggtcgaageg tcecgacaaga agtacagcat 480
cggectggac atcggcacca actctgtggg ctgggccegtyg atcaccgacyg agtacaaggt 540
gcecagcaag aaattcaagg tgctgggcaa caccgaccgg cacagcatca agaagaacct 600
gatcggagee ctgetgtteg acageggcga aacagcecgag gecaccceggce tgaagagaac 660
cgccagaaga agatacacca gacggaagaa ccggatctge tatctgcaag agatcttcag 720
caacgagatg gccaaggtgg acgacagcett cttccacaga ctggaagagt ccttectggt 780
ggaagaggat aagaagcacg agcggcaccce catcttegge aacatcegtgg acgaggtgge 840
ctaccacgag aagtacccca ccatctacca cctgagaaag aaactggtgyg acagcaccga 900
caaggccgac ctgcggetga tctatctgge cectggceccac atgatcaagt tccggggcca 960
cttcctgate gagggcgacce tgaaccccga caacagcgac gtggacaagce tgttcatcca 1020
getggtgcayg acctacaacc agctgttcga ggaaaaccce atcaacgcca geggegtgga 1080
cgccaaggee atcctgtetg ccagactgag caagagcaga cggctggaaa atctgatcge 1140
ccagctgeccce ggcgagaaga agaatggcect gttecggcaac ctgattgcce tgagectggg 1200
cctgacccee aacttcaaga gcaacttcga cectggccgag gatgccaaac tgcagetgag 1260
caaggacacc tacgacgacg acctggacaa cctgctggece cagatcggeg accagtacge 1320
cgacctgttt ctggccgcca agaacctgtce cgacgccatce ctgctgageg acatcctgag 1380
agtgaacacc gagatcacca aggcccccect gagegectet atgatcaaga gatacgacga 1440
gcaccaccag gacctgacce tgctgaaagce tctegtgegg cagcagetge ctgagaagta 1500
caaagagatt ttcttcgacc agagcaagaa cggctacgcc ggctacattg acggcggagce 1560
cagccaggaa gagttctaca agttcatcaa geccatcctyg gaaaagatgyg acggcaccga 1620
ggaactgcte gtgaagctga acagagagga cctgctgegg aagcagegga ccttcgacaa 1680
cggcagcate ccccaccaga tccacctggg agagetgcac gecattcetge ggcggcagga 1740
agatttttac ccattcctga aggacaaccg ggaaaagatc gagaagatcc tgaccttcecg 1800
catccectac tacgtgggcece ctectggccag gggaaacagce agattcgcct ggatgaccag 1860
aaagagcgag gaaaccatca ccccctggaa cttcgaggaa gtggtggaca agggegette 1920
cgceccagage ttcatcgage ggatgaccaa cttcgataag aacctgccca acgagaaggt 1980
gctgeccaag cacagcctge tgtacgagta cttcaccgtg tataacgagc tgaccaaagt 2040
gaaatacgtyg accgagggaa tgagaaagcc cgccttectg ageggcgagce agaaaaaggce 2100
catcgtggac ctgctgttca agaccaaccg gaaagtgacce gtgaagcagce tgaaagagga 2160
ctacttcaag aaaatcgagt gcttcgactc cgtggaaatc tccggcgtgg aagatcggtt 2220
caacgcctcece ctgggcacat accacgatct gctgaaaatt atcaaggaca aggacttcct 2280
ggacaatgag gaaaacgagg acattctgga agatatcgtg ctgaccctga cactgtttga 2340
ggacagagag atgatcgagg aacggctgaa aacctatgcc cacctgtteg acgacaaagt 2400
gatgaagcag ctgaagcggce ggagatacac cggctgggge aggctgagec ggaagctgat 2460
caacggcatce cgggacaagc agtccggcaa gacaatcctyg gatttcectga agtccgacgg 2520
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cttcgeccaac agaaacttca tgcagctgat ccacgacgac agcctgacct ttaaagagga 2580
catccagaaa gcccaggtgt ccggccaggg cgatagectyg cacgagcaca ttgccaatct 2640
ggeeggcage cccgecatta agaagggcat cctgcagaca gtgaaggtgg tggacgaget 2700
cgtgaaagtyg atgggccgge acaagcccga gaacatcgtyg atcgaaatgyg ccagagagaa 2760
ccagaccace cagaagggac agaagaacag ccgcgagaga atgaagcgga tcgaagaggg 2820
catcaaagag ctgggcagcc agatcctgaa agaacacccece gtggaaaaca cccagcetgca 2880
gaacgagaag ctgtacctgt actacctgca gaatgggcgg gatatgtacg tggaccagga 2940
actggacatc aaccggctgt ccgactacga tgtggaccat atcgtgccte agagetttcet 3000
gaaggacgac tccatcgaca acaaggtgct gaccagaagc gacaagaacc ggggcaagag 3060
cgacaacgtg ccctecgaag aggtcgtgaa gaagatgaag aactactgge ggcagetget 3120
gaacgccaag ctgattacce agagaaagtt cgacaatctg accaaggccg agagaggcgyg 3180
cctgagcegaa ctggataagg ccggcttcat caagagacag ctggtggaaa cccggcagat 3240
cacaaagcac gtggcacaga tcctggactce cecggatgaac actaagtacyg acgagaatga 3300
caagctgatc cgggaagtga aagtgatcac cctgaagtcc aagctggtgt ccgatttecg 3360
gaaggatttc cagttttaca aagtgcgcga gatcaacaac taccaccacg cccacgacgce 3420
ctacctgaac gccgtegtgg gaaccgecct gatcaaaaag taccctaage tggaaagcga 3480
gttcgtgtac ggcgactaca aggtgtacga cgtgcggaag atgatcgcca agagcgagca 3540
ggaaatcggc aaggctaccg ccaagtactt cttctacagce aacatcatga actttttcaa 3600
gaccgagatt accctggcca acggcgagat ccggaagegg cctctgateg agacaaacgg 3660
cgaaaccggg gagatcgtgt gggataaggg ccgggatttt geccaccgtge ggaaagtgcet 3720
gagcatgcee caagtgaata tcgtgaaaaa gaccgaggtg cagacaggcg gcttcagcaa 3780
agagtctatc ctgcccaaga ggaacagcga taagctgate gccagaaaga aggactggga 3840
ccctaagaag tacggcggcet tcegacagcecce caccgtggece tattctgtge tggtggtggce 3900
caaagtggaa aagggcaagt ccaagaaact gaagagtgtyg aaagagctgc tggggatcac 3960
catcatggaa agaagcagct tcgagaagaa tcccatcgac tttctggaag ccaagggcta 4020
caaagaagtg aaaaaggacc tgatcatcaa gctgcctaag tactccctgt tcgagctgga 4080
aaacggccegg aagagaatgc tggcctetge cggcgaactyg cagaagggaa acgaactgge 4140
cctgcectece aaatatgtga acttcectgta cctggccage cactatgaga agctgaaggg 4200
ctccececgag gataatgage agaaacagct gtttgtggaa cagcacaagce actacctgga 4260
cgagatcatc gagcagatca gcgagttctce caagagagtg atcctggccg acgctaatct 4320
ggacaaagtyg ctgtccgect acaacaagca ccgggataag cccatcagag agcaggccga 4380
gaatatcatc cacctgttta ccctgaccaa tctgggagec cctgccgect tcaagtactt 4440
tgacaccacc atcgaccgga agaggtacac cagcaccaaa gaggtgctgg acgccaccct 4500
gatccaccag agcatcaccg gcctgtacga gacacggatce gacctgtcectce agetgggagyg 4560
cgacagcccee aagaagaaga gaaaggtgga ggccagctaa gaattcaata aaagatcttt 4620
attttcatta gatctgtgtg ttggtttttt gtgtgcggcce gcaggaaccce ctagtgatgg 4680
agttggccac tccctcectetg cgegeteget cgctcactga ggccgggcga ccaaaggtceg 4740
ccegacgece gggetttgee cgggeggect cagtgagega gegagcegege agcetgectge 4800
aggggcgcect gatgcggtat tttcectcectta cgcatctgtg cggtatttca caccgcatac 4860
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gtcaaagcaa ccatagtacg cgccctgtag cggcgcatta agcgcecggcegg gtgtggtggt 4920
tacgcgcage gtgaccgcta cacttgccag cgccctageg cccgectectt tegetttett 4980
ccettecttt ctegecacgt tegeccggcett tcecccgtcaa getctaaate gggggctecce 5040
tttagggttc cgatttagtg ctttacggca cctcgacccce aaaaaacttg atttgggtga 5100
tggttcacgt agtgggccat cgccctgata gacggttttt cgccctttga cgttggagtce 5160
cacgttettt aatagtggac tcecttgttcca aactggaaca acactcaacc ctatctecggg 5220
ctattctttt gatttataag ggattttgce gatttcggece tattggttaa aaaatgagcet 5280
gatttaacaa aaatttaacg cgaattttaa caaaatatta acgtttacaa ttttatggtg 5340
cactctcagt acaatctgct ctgatgccge atagttaagc cagccccgac acccgccaac 5400
acccgcetgac gegcectgac gggcttgtet gcteccggca tceccgcttaca gacaagetgt 5460
gaccgtctee gggagctgca tgtgtcagag gttttcacceg tcatcaccga aacgcgcgag 5520
acgaaagggc ctcgtgatac gectattttt ataggttaat gtcatgataa taatggtttce 5580
ttagacgtca ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt 5640
ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 5700
atattgaaaa aggaagagta tgagtattca acatttcegt gtcgccctta ttecccttttt 5760
tgcggcattt tgccttceetg tttttgctca cccagaaacg ctggtgaaag taaaagatgce 5820
tgaagatcag ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat 5880
ccttgagagt tttcgcceeg aagaacgttt tccaatgatg agcactttta aagttctget 5940
atgtggcgeg gtattatccce gtattgacge cgggcaagag caactcggtce gecgcataca 6000
ctattctcag aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg 6060
catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa 6120
cttacttctg acaacgatcg gaggaccgaa ggagctaacc gettttttge acaacatggg 6180
ggatcatgta actcgccttg atcgttggga accggagctg aatgaagcca taccaaacga 6240
cgagcgtgac accacgatgce ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg 6300
cgaactactt actctagctt cccggcaaca attaatagac tggatggagg cggataaagt 6360
tgcaggacca cttctgcget cggcccttcee ggetggetgg tttattgctg ataaatctgg 6420
agccggtgag cgtggaagcec geggtatcat tgcagcactg gggccagatg gtaagccctce 6480
ccgtategta gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca 6540
gatcgctgag ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactce 6600
atatatactt tagattgatt taaaacttca tttttaattt aaaaggatct aggtgaagat 6660
cctttttgat aatctcatga ccaaaatcce ttaacgtgag ttttecgttece actgagcgtce 6720
agaccccegta gaaaagatca aaggatcttce ttgagatcct ttttttctge gegtaatctg 6780
ctgcttgcaa acaaaaaaac caccgctacc agcggtggtt tgtttgccgg atcaagagcet 6840
accaactctt tttccgaagg taactggctt cagcagagcg cagataccaa atactgtcect 6900
tctagtgtag ccgtagttag gccaccactt caagaactct gtagcaccgce ctacatacct 6960
cgctctgeta atcctgttac cagtggectge tgccagtgge gataagtcgt gtecttaccgg 7020
gttggactca agacgatagt taccggataa ggcgcagcgg tcegggctgaa cggggggtte 7080
gtgcacacag cccagettgg agcgaacgac ctacaccgaa ctgagatacc tacagcgtga 7140
gctatgagaa agcgccacge ttcccgaagg gagaaaggceg gacaggtatc cggtaagegg 7200
cagggtcgga acaggagagc gcacgaggga gcttccaggg ggaaacgcect ggtatcttta 7260
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tagtcctgte gggtttegee acctetgact tgagegtega tttttgtgat getcegtcagg

ggggcggage ctatggaaaa acgccagcaa cgceggecttt ttacggttece tggecttttg

ctggectttt

gctcacatgt

<210> SEQ ID NO 19
<211> LENGTH: 5305

<212> TYPE:

DNA

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

<223> OTHER INFORMATION:

<400> SEQUENCE: 19

cctgeaggea

gggcgaccett

actccatcac

catatttgca

acacaaagat

cagttttaaa

tcgatttett

gtgggtttta

aagtggcacc

gtgggtttta

ccactggaca

aggggaaaca

ccttegecee

tcactegeeyg

geeggeccag

ctgegetgeg

gtgtcgtgee

ggtgagcaag

cgacgtaaac

caagctgacc

cgtgaccace

gcacgactte

caaggacgac

gaaccgcatce

getggagtac

catcaaggtyg

ccactaccag

cctgageace

getggagtte

actcagatct

cggcagetec

getgegeget

tggtcgeeeyg

taggggttcc

tatacgatac

attagtacaa

attatgtttt

ggctttatat

gagctagaaa

gagtcggtge

ggaccaggat

agcacccaac

ggatgcggeg

CgCCtggng

gtcececcgea

ccggaccgea

gcgecggega

tgagagcgca

dgcgaggage

ggccacaagt

ctgaagttca

ctgacctacyg

ttcaagtceg

ggcaactaca

gagctgaagg

aactacaaca

aacttcaaga

cagaacaccc

cagtcegece

gtgaccgecyg

c¢gagaggagyg

cagccgagac

cgctegetea

gectcagtga

tgcggecgea

aaggctgtta

aatacgtgac

aaaatggact

atcttgtgga

tagcaagtta

tttttttcta

gaggcggggt

ccccattece

aggcgcgtgc

cgegegecac

aactcccectt

ccacgegagyg

ctcagegetyg

gtcgagaagg

tgttcaccgyg

tcagcgtgte

tctgcaccac

gegtgeagtg

ccatgeccga

agaccegage

gecatcgactt

gccacaacgt

tccgecacaa

ccatcggega

tgagcaaaga

ccgggatcac

aggaggagac

getecttect

synthetic

ctgaggeege

dcgagegage

cgcgtgaggg

gagagataat

gtagaaagta

atcatatgcet

aaggacgaaa

aaataaggct

gactgcagag

gggggtgect

caaattgege

gcactgccag

cgecegectea

cceggecace

cgcgagatag

cctecagtetyg

taccggatce

ggtggthCC

¢ggcgaggge

cggcaagetyg

cttecagecege

aggctacgte

cgaggtgaag

caaggaggac

ctatatcatg

catcgaggac

cggeccegty

ccccaacgag

tcteggeatyg

agacagcagg

ctcaagggty

ccgggcaaag

dcgcagagag

cctatttece

tggaattaat

ataatttctt

taccgtaact

caccatccat

agtccgttat

ggcectgegt

acctgacgac

atcccctate

cttcagcace

gcactgaagg

ttggtegegt

dggggeacgg

cggtgggcag

tctagagteg

atcctggteg

gagggcegatg

ccegtgeect

tacccecgace

caggagcgca

ttcgagggcg

ggcaacatce

gccgacaage

ggcagcgtgc

ctgetgeceey

aagcgcgatce

gacgagctgt

atgccecace

atcagggcag

ccegggegte

ggagtggcca

atgattecctt

ttgactgtaa

gggtagtttg

tgaaagtatt

ccatcatgge

caacttgaaa

atgagtgcaa

cgaccecgac

agagaggggy

gecggacagtg

cgegetgacy

cegegecgece

gegegacceat

cggaggagtc

acgccaccat

agctggacgg

ccacctacgg

ggcccaccect

acatgaagca

ccatcttett

acaccctggt

tggggcacaa

agaagaacgg

agctcgecga

acaaccacta

acatggtect

acaagtcegyg

tcgacagece

cgctacegtt

7320

7380

7400

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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gcagctgett ctgectgetge tgctgctect ggcectgectg ctacctgect ctgaagatga 1920
ctacagctgce acccaggcca acaactttgce ccgatcctte taccccatge tgcggtacac 1980
caacgggcca cctcccacct aggaattcga tatcaagett atcgataccg agcgctgcetce 2040
gagagatcta cgggtggcat ccctgtgacc cctcecccagt gectctectg gcecectggaag 2100
ttgccactce agtgcccacce agecttgtcee taataaaatt aagttgcatc attttgtcetg 2160
actaggtgtc cttctataat attatggggt ggaggggggt ggtatggagc aaggggcaag 2220
ttgggaagac aacctgtagg gcctgcegggg tctattggga accaagctgg agtgcagtgg 2280
cacaatcttg gctcactgca atctccgect cctgggttca agcgattcte ctgectcage 2340
ctccecgagtt gttgggattce caggcatgca tgaccaggct cagctaattt ttgttttttt 2400
ggtagagacg gggtttcacc atattggcca ggctggtctce caactcctaa tctcaggtga 2460
tctacccace ttggcctecece aaattgctgg gattacaggce gtgaaccact gcectcccttece 2520
ctgtccttet gattttgtag gtaaccacgt gcggaccgag cggccgcagg aacccctagt 2580
gatggagttg gccactccct ctetgecgege tecgctegcte actgaggecg ggcgaccaaa 2640
ggtegecega cgececggget ttgeccggge ggcectcagtyg agegagegag cgcegcagetg 2700
cctgcagggg cgcctgatge ggtattttcet ccttacgcat ctgtgeggta tttcacaccg 2760
catacgtcaa agcaaccata gtacgcgcce tgtagcggceg cattaagcgce ggcgggtgtg 2820
gtggttacgc gcagcgtgac cgctacactt gccagcgcec tagcgcccgce tecttteget 2880
ttetteectt cectttcectege cacgttegee ggetttecce gtcaagcectet aaatcggggg 2940
ctccctttag ggttecgatt tagtgcttta cggcaccteg accccaaaaa acttgatttg 3000
ggtgatggtt cacgtagtgg gccatcgccce tgatagacgg tttttegecce tttgacgttg 3060
gagtccacgt tctttaatag tggactcttg ttccaaactg gaacaacact caaccctatc 3120
tcgggcetatt cttttgattt ataagggatt ttgccgattt cggcctattg gttaaaaaat 3180
gagctgattt aacaaaaatt taacgcgaat tttaacaaaa tattaacgtt tacaatttta 3240
tggtgcactc tcagtacaat ctgctctgat gccgcatagt taagccagcce ccgacacccg 3300
ccaacacccg ctgacgcgece ctgacgggct tgtcectgetecce cggcatccge ttacagacaa 3360
gctgtgaceg tcectecgggag ctgcatgtgt cagaggtttt caccgtcatc accgaaacgce 3420
gcgagacgaa agggcctcegt gatacgcecta tttttatagg ttaatgtcat gataataatg 3480
gtttcttaga cgtcaggtgg cacttttecgg ggaaatgtgce gceggaacccce tatttgttta 3540
tttttctaaa tacattcaaa tatgtatccg ctcatgagac aataaccctg ataaatgcett 3600
caataatatt gaaaaaggaa gagtatgagt attcaacatt tccgtgtcge ccttattcce 3660
ttttttgegg cattttgect tectgttttt gctcacccag aaacgctggt gaaagtaaaa 3720
gatgctgaag atcagttggg tgcacgagtg ggttacatcg aactggatct caacagcggt 3780
aagatccttg agagtttteg ccccgaagaa cgttttccaa tgatgagcac ttttaaagtt 3840
ctgctatgtg gecgcggtatt atcccegtatt gacgccgggce aagagcaact cggtcegccgce 3900
atacactatt ctcagaatga cttggttgag tactcaccag tcacagaaaa gcatcttacg 3960
gatggcatga cagtaagaga attatgcagt gctgccataa ccatgagtga taacactgcg 4020
gccaacttac ttctgacaac gatcggagga ccgaaggagc taaccgcttt tttgcacaac 4080
atgggggatc atgtaactcg ccttgatcgt tgggaaccgg agctgaatga agccatacca 4140
aacgacgagc gtgacaccac gatgcctgta gcaatggcaa caacgttgcg caaactatta 4200
actggcgaac tacttactct agcttcccgg caacaattaa tagactggat ggaggcggat 4260



65

US 11,173,216 B2

66

-continued
aaagttgcag gaccacttct gecgctceggcee cttecggetg getggtttat tgctgataaa 4320
tctggagecg gtgagegtgg gtectegeggt atcattgcag cactggggece agatggtaag 4380
ccetecegta tegtagttat ctacacgacg gggagtcagg caactatgga tgaacgaaat 4440
agacagatcg ctgagatagg tgcctcactg attaagcatt ggtaactgtc agaccaagtt 4500
tactcatata tactttagat tgatttaaaa cttcattttt aatttaaaag gatctaggtg 4560
aagatccttt ttgataatct catgaccaaa atcccttaac gtgagttttce gttccactga 4620
gcgtcagace ccgtagaaaa gatcaaagga tcttcecttgag atcctttttt tctgegegta 4680
atctgctget tgcaaacaaa aaaaccaccg ctaccagcegg tggtttgttt gecggatcaa 4740
gagctaccaa ctctttttce gaaggtaact ggcttcagca gagcgcagat accaaatact 4800
gtcecttcectag tgtagccgta gttaggccac cacttcaaga actctgtagce accgcectaca 4860
tacctcgete tgctaatcct gttaccagtg gctgctgceca gtggcgataa gtegtgtcett 4920
accgggttgg actcaagacg atagttaccg gataaggcge ageggtceggyg ctgaacgggg 4980
ggttcegtgea cacagcccag cttggagcga acgacctaca ccgaactgag atacctacag 5040
cgtgagcetat gagaaagcgce cacgcttece gaagggagaa aggcggacag gtatccggta 5100
agcggcaggg tceggaacagg agagcgcacg agggagcette cagggggaaa cgcectggtat 5160
ctttatagtc ctgtcgggtt tegccacctce tgacttgage gtcgattttt gtgatgectceg 5220
tcaggggggc ggagcctatg gaaaaacgcce agcaacgcegg cctttttacg gttectggece 5280
ttttgctgge cttttgctca catgt 5305
<210> SEQ ID NO 20
<211> LENGTH: 13013
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 20
tgatgcggtt ttggcagtac atcaatggge gtggatageg gtttgactca cggggattte 60
caagtctcca ccccattgac gtcaatggga gtttgttttyg gcaccaaaat caacgggact 120
ttccaaaatg tcgtaacaac tccgccccat tgacgcaaat gggeggtagyg cgtgtacggt 180
gggaggtcta tataagcage gcegttttgce tgtactgggt ctetcetggtt agaccagatce 240
tgagectggg agctctetgg ctaactaggg aacccactge ttaagcctca ataaagettg 300
ccttgagtge ttcaagtagt gtgtgecegt ctgttgtgtyg actctggtaa ctagagatce 360
ctcagaccct tttagtcagt gtggaaaatc tctagcagtyg gegeccgaac agggacttga 420
aagcgaaagg gaaaccagag gagctctcte gacgcaggac teggettget gaagegegca 480
cggcaagagg cgaggggcgg cgactggtga gtacgccaaa aattttgact agcggaggcet 540
agaaggagag agatgggtgc gagagcgtca gtattaageg ggggagaatt agatcgcgat 600
gggaaaaaat tcggttaagg ccagggggaa agaaaaaata taaattaaaa catatagtat 660
gggcaagcayg ggagctagaa cgattcgcag ttaatcctgg cctgttagaa acatcagaag 720
gctgtagaca aatactggga cagctacaac catcccttca gacaggatca gaagaactta 780
gatcattata taatacagta gcaaccctct attgtgtgca tcaaaggata gagataaaag 840
acaccaagga agctttagac aagatagagg aagagcaaaa caaaagtaag accaccgcac 900
agcaagcgge cgctgatcett cagacctgga ggaggagata tgagggacaa ttggagaagt 960
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gaattatata aatataaagt agtaaaaatt gaaccattag gagtagcacc caccaaggca 1020
aagagaagag tggtgcagag agaaaaaaga gcagtgggaa taggagcttt gttccttggg 1080
ttettgggag cagcaggaag cactatgggc gcagcgtcaa tgacgctgac ggtacaggcce 1140
agacaattat tgtctggtat agtgcagcag cagaacaatt tgctgagggc tattgaggcg 1200
caacagcatc tgttgcaact cacagtctgg ggcatcaagc agctccaggce aagaatcctg 1260
gctgtggaaa gatacctaaa ggatcaacag ctcctgggga tttggggttg ctectggaaaa 1320
ctcatttgca ccactgctgt gecttggaat gctagttgga gtaataaatc tcetggaacag 1380
atttggaatc acacgacctg gatggagtgg gacagagaaa ttaacaatta cacaagctta 1440
atacactcct taattgaaga atcgcaaaac cagcaagaaa agaatgaaca agaattattg 1500
gaattagata aatgggcaag tttgtggaat tggtttaaca taacaaattg gctgtggtat 1560
ataaaattat tcataatgat agtaggaggc ttggtaggtt taagaatagt ttttgctgta 1620
ctttctatag tgaatagagt taggcaggga tattcaccat tatcgtttca gacccacctce 1680
ccaaccccga ggggacccga caggcccgaa ggaatagaag aagaaggtgyg agagagagac 1740
agagacagat ccattcgatt agtgaacgga tcggcactgc gtgcgccaat tcectgcagaca 1800
aatggcagta ttcatccaca attttaaaag aaaagggggg attggggggt acagtgcagg 1860
ggaaagaata gtagacataa tagcaacaga catacaaact aaagaattac aaaaacaaat 1920
tacaaaaatt caaaattttc gggtttatta cagggacagc agagatccag tttggttaat 1980
taaggtaccg agggcctatt tcecccatgatt ccttcatatt tgcatatacg atacaaggct 2040
gttagagaga taattagaat taatttgact gtaaacacaa agatattagt acaaaatacg 2100
tgacgtagaa agtaataatt tcttgggtag tttgcagttt taaaattatg ttttaaaatg 2160
gactatcata tgcttaccgt aacttgaaag tatttcgatt tcecttggecttt atatatcttg 2220
tggaaaggac gaaacaccga tccattcatc atggtgtggg ttttagagct agaaatagca 2280
agttaaaata aggctagtcc gttatcaact tgaaaaagtg gcaccgagtc ggtgettttt 2340
tgaattcgect agctaggtcet tgaaaggagt gggaattgge tccggtgccce gtcagtgggce 2400
agagcgcaca tcgceccacag tccccgagaa gttgggggga ggggtceggea attgatccegg 2460
tgcctagaga aggtggcgceg gggtaaactg ggaaagtgat gtcgtgtact ggctccgect 2520
ttttcececgag ggtgggggag aaccgtatat aagtgcagta gtcgccgtga acgttetttt 2580
tcgcaacggg tttgecgeca gaacacagga ceggttctag agegetgeca ccatggacaa 2640
gaagtacagc atcggcctgg acatcggcac caactctgtg ggctgggecg tgatcaccga 2700
cgagtacaag gtgcccagca agaaattcaa ggtgctggge aacaccgacce ggcacagcat 2760
caagaagaac ctgatcggag ccctgcetgtt cgacagegge gaaacagcecyg aggccacccyg 2820
gctgaagaga accgccagaa gaagatacac cagacggaag aaccggatct gctatctgea 2880
agagatcttc agcaacgaga tggccaaggt ggacgacagc ttcttccaca gactggaaga 2940
gtcettectyg gtggaagagg ataagaagca cgagcggcac cccatcttcecg gcaacatcegt 3000
ggacgaggtyg gcctaccacg agaagtaccce caccatctac cacctgagaa agaaactggt 3060
ggacagcacc gacaaggccg acctgegget gatctatctg gecctggecce acatgatcaa 3120
gttecegggge cacttectga tcgagggcga cctgaaccce gacaacageg acgtggacaa 3180
gctgttcate cagetggtge agacctacaa ccagctgttce gaggaaaacc ccatcaacgce 3240
cagcggegtyg gacgccaagg ccatcctgte tgecagactyg agcaagagca gacggcetgga 3300
aaatctgatc gcccagctge ccggcgagaa gaagaatggce ctgttcggaa acctgattgce 3360
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cctgagectyg ggcectgacce ccaacttcaa gagcaactte gacctggecyg aggatgccaa 3420
actgcagctyg agcaaggaca cctacgacga cgacctggac aacctgcetgg cccagatcgg 3480
cgaccagtac gccgacctgt ttectggeccge caagaacctg tccgacgcca tectgctgag 3540
cgacatcctyg agagtgaaca ccgagatcac caaggccccece ctgagcgect ctatgatcaa 3600
gagatacgac gagcaccacc aggacctgac cctgctgaaa gctctegtge ggcagcaget 3660
gcctgagaag tacaaagaga ttttcecttecga ccagagcaag aacggctacg ccggctacat 3720
tgacggcgga gccagccagg aagagttcta caagttcatc aagcccatcce tggaaaagat 3780
ggacggcacce gaggaactgce tcgtgaagcet gaacagagag gacctgctgce ggaagcageg 3840
gaccttegac aacggcagca tcccccacca gatccacctyg ggagagetge acgecattet 3900
gcggeggceag gaagattttt acccattecct gaaggacaac cgggaaaaga tcgagaagat 3960
cctgacctte cgcatccect actacgtggg ccectcectggece aggggaaaca gcagattcegce 4020
ctggatgacce agaaagagcg aggaaaccat caccccctgg aacttcgagyg aagtggtgga 4080
caagggcgct tcecgecccaga gcecttcatcga gcggatgacce aacttcgata agaacctgcece 4140
caacgagaag gtgctgccca agcacagcct gctgtacgag tacttcaccg tgtataacga 4200
gctgaccaaa gtgaaatacg tgaccgaggg aatgagaaag cccgecttec tgageggega 4260
gcagaaaaag gccatcgtgg acctgetgtt caagaccaac cggaaagtga ccgtgaagea 4320
gctgaaagag gactacttca agaaaatcga gtgcttcgac tccgtggaaa tctecggegt 4380
ggaagatcgg ttcaacgcct ccctgggcac ataccacgat ctgctgaaaa ttatcaagga 4440
caaggacttc ctggacaatg aggaaaacga ggacattctg gaagatatcg tgctgaccct 4500
gacactgttt gaggacagag agatgatcga ggaacggctyg aaaacctatg cccacctgtt 4560
cgacgacaaa gtgatgaagc agctgaagceg geggagatac accggcetggyg gcaggctgag 4620
ccggaagcetg atcaacggca tccgggacaa gcagtccggce aagacaatcce tggatttect 4680
gaagtccgac ggcttegcca acagaaactt catgcagcetg atccacgacg acagectgac 4740
ctttaaagag gacatccaga aagcccaggt gtccggcecag ggcgatagece tgcacgagca 4800
cattgccaat ctggccggca gcecccgecat taagaagggce atcctgcaga cagtgaaggt 4860
ggtggacgag ctcgtgaaag tgatgggccg gcacaagccce gagaacatcg tgatcgaaat 4920
ggccagagag aaccagacca cccagaaggg acagaagaac agccgcgaga gaatgaageg 4980
gatcgaagag ggcatcaaag agctgggcag ccagatcctg aaagaacacc ccgtggaaaa 5040
cacccagctg cagaacgaga agctgtacct gtactacctg cagaatgggce gggatatgta 5100
cgtggaccag gaactggaca tcaaccggct gtccgactac gatgtggacc atatcgtgcece 5160
tcagagcttt ctgaaggacg actccatcga caacaaggtyg ctgaccagaa gcgacaagaa 5220
ccggggcaag agcgacaacg tgccctecga agaggtcegtyg aagaagatga agaactactg 5280
geggcagetyg ctgaacgcca agctgattac ccagagaaag ttcgacaatc tgaccaaggce 5340
cgagagaggce ggcctgagceg aactggataa ggccggcette atcaagagac agctggtgga 5400
aacccggcag atcacaaagc acgtggcaca gatcctggac tceccggatga acactaagta 5460
cgacgagaat gacaagctga tccgggaagt gaaagtgatc accctgaagt ccaagctggt 5520
gtccgattte cggaaggatt tccagtttta caaagtgcgce gagatcaaca actaccacca 5580
cgceccacgac gectacctga acgccgtegt gggaaccgece ctgatcaaaa agtaccctaa 5640
gctggaaage gagttegtgt acggcgacta caaggtgtac gacgtgcgga agatgatcge 5700
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caagagcgag caggaaatcg gcaaggctac cgccaagtac ttcttctaca gcaacatcat 5760
gaactttttc aagaccgaga ttaccctggce caacggcgag atccggaagc ggectctgat 5820
cgagacaaac ggcgaaaccg gggagatcgt gtgggataag ggccgggatt ttgccaccgt 5880
gecggaaagtyg ctgagcatge cccaagtgaa tatcgtgaaa aagaccgagg tgcagacagg 5940
cggcttcage aaagagtcta tcctgeccaa gaggaacage gataagctga tcgccagaaa 6000
gaaggactgg gaccctaaga agtacggcgg cttcgacagce cccaccgtgg cctattetgt 6060
getggtggty gecaaagtgg aaaagggcaa gtccaagaaa ctgaagagtg tgaaagaget 6120
gctggggatce accatcatgg aaagaagcag cttcgagaag aatcccatcg actttctgga 6180
agccaagggce tacaaagaag tgaaaaagga cctgatcatc aagctgccta agtactccect 6240
gttegagetyg gaaaacggece ggaagagaat getggectcet gecggegaac tgcagaaggyg 6300
aaacgaactg gccctgcect ccaaatatgt gaacttectg tacctggcca gccactatga 6360
gaagctgaag ggctecccceg aggataatga gcagaaacag ctgtttgtgg aacagcacaa 6420
gcactacctg gacgagatca tcgagcagat cagcgagttc tccaagagag tgatcctgge 6480
cgacgctaat ctggacaaag tgctgtecge ctacaacaag caccgggata agcccatcag 6540
agagcaggcce gagaatatca tccacctgtt taccctgacc aatctgggag cccctgccegce 6600
cttcaagtac tttgacacca ccatcgaccg gaagaggtac accagcacca aagaggtgct 6660
ggacgccace ctgatccacce agagcatcac cggcectgtac gagacacgga tcgacctgte 6720
tcagectggga ggcgacaagce gacctgecge cacaaagaag gctggacagyg ctaagaagaa 6780
gaaagattac aaagacgatg acgataaggg atccggcgca acaaacttct ctcectgctgaa 6840
acaagccgga gatgtcgaag agaatcctgg accgaccgag tacaagccca cggtgegect 6900
cgccaccege gacgacgtcee ccagggecgt acgcacccte gecgecgegt tcegecgacta 6960
ccecgecacyg cgccacaccg tcgatcegga cegecacate gagegggtca ccgagetgca 7020
agaactcttc ctcacgcgeg tegggctcga catcggcaag gtgtgggteg cggacgacgg 7080
cgecgeggty geggtetgga ccacgecgga gagegtcgaa gegggggegy tgttegecga 7140
gatcggeceyg cgcatggecg agttgagegg ttcceggetg gecgcegcage aacagatgga 7200
aggcctectyg gegecgecace ggcccaagga geccgegtgyg ttectggeca cegteggagt 7260
ctegeccgac caccagggca agggtctggg cagegcecegte gtgcetcceeyg gagtggagge 7320
ggecgagege gecggggtge ccegecttect ggagacctee gegecccgea accteccctt 7380
ctacgagcegg ctcggettca ccgtcaccge cgacgtcegag gtgcccgaag gaccgegcac 7440
ctggtgcatg acccgcaagce ccggtgectg aacgcgttaa gtcgacaatc aacctcectgga 7500
ttacaaaatt tgtgaaagat tgactggtat tcttaactat gttgctcctt ttacgctatg 7560
tggatacgct gectttaatge ctttgtatca tgctattget tcccgtatgg ctttcatttt 7620
ctecctecttg tataaatcct ggttgctgte tcetttatgag gagttgtgge cegttgtcag 7680
gcaacgtggce gtggtgtgca ctgtgtttge tgacgcaacc cccactggtt ggggcattge 7740
caccacctgt cagctccttt ccgggacttt cgctttecce ctcecectattg ccacggcgga 7800
actcatcgece gectgecttg cecgetgetg gacaggggct cggctgttgg gcactgacaa 7860
ttecegtggtg ttgtcgggga aatcatcgte ctttecttgg ctgctegect gtgttgcecac 7920
ctggattectg cgcgggacgt ccttctgcta cgteccctteg gecctcaate cagecggacct 7980
tcetteccge ggectgcectge cggctcetgeg gectettecg cgtettegee ttegecctcea 8040
gacgagtcgg atctceccttt gggccgecte cccgegtcga ctttaagacce aatgacttac 8100
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aaggcagctg tagatcttag ccacttttta aaagaaaagg ggggactgga agggctaatt 8160
cactcccaac gaagacaaga tcectgettttt gcttgtactg ggtctctcectg gttagaccag 8220
atctgagect gggagctcecte tggctaacta gggaacccac tgcttaagcce tcaataaagce 8280
ttgccttgag tgcttcaagt agtgtgtgce cgtetgttgt gtgactctgg taactagaga 8340
tcectcagac cecttttagte agtgtggaaa atctctagca gggcccgttt aaacccgetg 8400
atcagcctecg actgtgccectt ctagttgcca gccatctgtt gtttgeccceet cecccegtgece 8460
ttecttgace ctggaaggtyg ccactcccac tgtcectttece taataaaatg aggaaattgce 8520
atcgcattgt ctgagtaggt gtcattctat tctggggggt ggggtggggce aggacagcaa 8580
gggggaggat tgggaagaca atagcaggca tgctggggat gcggtgggcet ctatggettce 8640
tgaggcggaa agaaccagct ggggctctag ggggtatcee cacgegcecect gtageggege 8700
attaagcgcg gecgggtgtgg tggttacgcg cagegtgacce gctacacttg ccagcegeccect 8760
agcgceceeget ccectttegett tetteectte ctttetegece acgttegceeg gettteceeg 8820
tcaagctcta aatcgggggce tceccctttagg gttecgattt agtgctttac ggcacctcega 8880
ccccaaaaaa cttgattagg gtgatggttce acgtagtggg ccatcgccct gatagacggt 8940
ttttcgecct ttgacgttgg agtccacgtt ctttaatagt ggactcttgt tceccaaactgg 9000
aacaacactc aaccctatct cggtctattce ttttgattta taagggattt tgccgatttce 9060
ggcctattgyg ttaaaaaatg agctgattta acaaaaattt aacgcgaatt aattctgtgg 9120
aatgtgtgtc agttagggtg tggaaagtcc ccaggctceccce cagcaggcag aagtatgcaa 9180
agcatgcatc tcaattagtc agcaaccagg tgtggaaagt ccccaggctce cccagcaggce 9240
agaagtatgc aaagcatgca tctcaattag tcagcaacca tagtcccgece cctaactecg 9300
ccecatcecge cectaactec geccagttcee gceccattete cgccccatgg ctgactaatt 9360
ttttttattt atgcagaggc cgaggccgcce tctgectetg agctattcca gaagtagtga 9420
ggaggctttt ttggaggcct aggcttttgce aaaaagctcec cgggagcttg tatatccatt 9480
ttcggatctg atcagcacgt gttgacaatt aatcatcggce atagtatatc ggcatagtat 9540
aatacgacaa ggtgaggaac taaaccatgg ccaagttgac cagtgccgtt ccggtgctca 9600
cegegegega cgtegecgga geggtcegagt tetggaccga ceggeteggyg ttcetecceggg 9660
acttcgtgga ggacgacttc gecggtgtgg tccgggacga cgtgaccctg ttcatcageg 9720
cggtecagga ccaggtggtg ccggacaaca cectggectyg ggtgtgggtyg cgeggectgg 9780
acgagctgta cgccgagtgg tceggaggtcg tgtccacgaa cttceccgggac gectcececgggce 9840
cggccatgac cgagatcgge gagcagecgt gggggcggga gttegecctyg cgcgacccegg 9900
ccggcaactg cgtgcactte gtggceccgagg agcaggactg acacgtgcta cgagatttcg 9960
attccaccge cgcecttctat gaaaggttgg gcttcggaat cgttttcecegg gacgeccgget 10020
ggatgatcct ccagcgeggg gatctcatge tggagttctt cgcccacccce aacttgttta 10080
ttgcagctta taatggttac aaataaagca atagcatcac aaatttcaca aataaagcat 10140
ttttttcact gcattctagt tgtggtttgt ccaaactcat caatgtatct tatcatgtct 10200
gtataccgtc gacctctage tagagcttgg cgtaatcatg gtcatagetg tttectgtgt 10260
gaaattgtta tccgctcaca attccacaca acatacgagc cggaagcata aagtgtaaag 10320
cctggggtge ctaatgagtg agctaactca cattaattge gttgcgctca ctgccegett 10380
tccagteggg aaacctgteg tgccagetge attaatgaat cggccaacgce gecggggagag 10440
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gcggtttgeg tattgggcge tctteccgett cctegetcac tgactcegetg cgeteggteg 10500
tteggetgeg gegageggta tcagctcact caaaggcggt aatacggtta tccacagaat 10560
caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcc aggaaccgta 10620
aaaaggccgce gttgctggeg tttttecata ggctceccgece ccctgacgag catcacaaaa 10680
atcgacgctce aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcegtttce 10740
ccectggaag cteectegtyg cgctetectg ttecgaccect gecgettace ggatacctgt 10800
ccgectttet cectteggga agegtggcege tttectcatag ctcacgetgt aggtatctca 10860
gttcggtgta ggtegttcecge tccaagetgg getgtgtgca cgaacccceccce gttcageccg 10920
accgctgege cttatccggt aactatcgte ttgagtccaa cccggtaaga cacgacttat 10980
cgccactggce agcagccact ggtaacagga ttagcagagce gaggtatgta ggcggtgcta 11040
cagagttctt gaagtggtgg cctaactacg gctacactag aagaacagta tttggtatct 11100
gcgetetget gaagccagtt accttcggaa aaagagttgg tagectcttga tccecggcaaac 11160
aaaccaccgce tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa 11220
aaggatctca agaagatcct ttgatctttt ctacggggtce tgacgctcag tggaacgaaa 11280
actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt 11340
taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca 11400
gttaccaatg cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca 11460
tagttgcctg actccccecgte gtgtagataa ctacgatacg ggagggctta ccatctggece 11520
ccagtgctge aatgataccg cgagacccac gctcaccgge tccagattta tcagcaataa 11580
accagccagce cggaagggcc gagcgcagaa gtggtcctge aactttatce gectecatce 11640
agtctattaa ttgttgccgg gaagctagag taagtagttc gccagttaat agtttgegca 11700
acgttgttgce cattgctaca ggcatcgtgg tgtcacgcte gtcegtttggt atggettcat 11760
tcagctecgg ttcecccaacga tcaaggcgag ttacatgatce ccccatgttg tgcaaaaaag 11820
cggttagctce cttcecggtect ccgategttg tcagaagtaa gttggccgca gtgttatcac 11880
tcatggttat ggcagcactg cataattctc ttactgtcat gccatccgta agatgetttt 11940
ctgtgactgg tgagtactca accaagtcat tctgagaata gtgtatgcgg cgaccgagtt 12000
gctettgecee ggcgtcaata cgggataata ccgcgccaca tagcagaact ttaaaagtge 12060
tcatcattgg aaaacgttct tcggggcgaa aactctcaag gatcttaccg ctgttgagat 12120
ccagttcgat gtaacccact cgtgcaccca actgatcttce agcatctttt actttcacca 12180
gcgtttectgg gtgagcaaaa acaggaaggc aaaatgccgce aaaaaaggga ataagggcga 12240
cacggaaatg ttgaatactc atactcttcc tttttcaata ttattgaagce atttatcagg 12300
gttattgtct catgagcgga tacatatttg aatgtattta gaaaaataaa caaatagggg 12360
tteccgegcac atttcccecga aaagtgccac ctgacgtcga cggatcggga gatcteccga 12420
tcecectatgg tgcactctca gtacaatctg ctctgatgee gcatagttaa geccagtatcet 12480
gctecectget tgtgtgttgg aggtcgctga gtagtgcgeg agcaaaattt aagctacaac 12540
aaggcaaggc ttgaccgaca attgcatgaa gaatctgctt agggttaggce gttttgeget 12600
gcttegegat gtacgggcca gatatacgeg ttgacattga ttattgacta gttattaata 12660
gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact 12720
tacggtaaat ggcccgcectg getgaccgcece caacgaccce cgceccattga cgtcaataat 12780
gacgtatgtt cccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggagta 12840
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tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccce
tattgacgtc aatgacggta aatggccege ctggeattat geccagtaca tgaccttatg

ggactttecct acttggcagt acatctacgt attagtcate getattacca tgg

<210> SEQ ID NO 21

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 21

aggaacggag tgacctgttt cc

<210> SEQ ID NO 22

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 22

ttcctecatg gtaaccacge at

<210> SEQ ID NO 23

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 23

tggggaagce acatgttgta ca

<210> SEQ ID NO 24

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 24

atgttttggt gggccatttg gt

<210> SEQ ID NO 25

<211> LENGTH: 26

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 25

aaattatggg tgttctgecaa tcttgg

<210> SEQ ID NO 26

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 26

acttgtgtta cagcacagct gtc

12900

12960

13013

22

22

22

22

26

23
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 27

gecctecaga agtattgget t

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

<400>

SEQ ID NO 28

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 28

gtcagggcect tgctctacaa a

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

<400>

SEQ ID NO 29

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 29

cgcaaaaact ggctgegtat

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

<400>

SEQ ID NO 30

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 30

tgtaggcgca catgcagaag

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

<400>

SEQ ID NO 31

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 31

caggtagagc gtggaaactc a

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

<400>

SEQ ID NO 32

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 32

tgtgcgcatt aggaccagat

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

SEQ ID NO 33

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

21

21

20

20

21

20
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<400> SEQUENCE: 33

cacctgacaa tgctgtecca

<210> SEQ ID NO 34

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 34

agacaaggtc tgtctecttg ¢

<210> SEQ ID NO 35

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 35

ccaactcttt gecttagggge

<210> SEQ ID NO 36

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 36

atcgteectyg gtgcattete

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 37

ggaaaaccag gtagaggggyg

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 38

tctetggete gagggtacat

<210> SEQ ID NO 39

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 39

ctgcatgeca tgggtaggta

<210> SEQ ID NO 40

20

21

20

20

20

20

20



83

US 11,173,216 B2

-continued

84

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

<400>

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 40

caggctgttt cgggtectt

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

<400>

SEQ ID NO 41

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 41

agactcttet ccgattccag ¢

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

<400>

SEQ ID NO 42

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 42

tccagcacga tctggtagge

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

<400>

SEQ ID NO 43

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 43

agtgctttte tttgectttyg ct

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

<400>

SEQ ID NO 44

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 44

tgctcegggayg gtgtttctac

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

<400>

SEQ ID NO 45

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 45

aacaaggcag ctcctcaact

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

<400>

SEQ ID NO 46

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 46

19

21

20

22

20

20
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gacgtcagaa ttgagggtgg a

<210> SEQ ID NO 47
<211> LENGTH: 22
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 47
ccagcegggat gaactggtaa ga
<210> SEQ ID NO 48

<211> LENGTH: 22
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 48
cccaggtcac cttaaggage aa
<210> SEQ ID NO 49

<211> LENGTH: 22
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 49
gagagagttg gaggccttga gg
<210> SEQ ID NO 50

<211> LENGTH: 22
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 50
aaccacagtyg acaagtggct ct
<210> SEQ ID NO 51

<211> LENGTH: 22
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 51
gtgaatgcegt ctgttccaag gg
<210> SEQ ID NO 52

<211> LENGTH: 22
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 52

getgetggga ctatctggga at

<210> SEQ ID NO 53

<211> LENGTH: 22
<212> TYPE: DNA

synthetic

synthetic

synthetic

synthetic

synthetic

synthetic

21

22

22

22

22

22

22
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 53

ttttagggge tcgaccttee ag

<210> SEQ ID NO 54

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 54

tgcactaatt tcccaggget ca

<210> SEQ ID NO 55

<211> LENGTH: 30

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 55

cacatccate catcatggeg tggtggaggt

<210> SEQ ID NO 56

<211> LENGTH: 30

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 56

tcttggagag atggegetee tetggggtea

<210> SEQ ID NO 57

<211> LENGTH: 30

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 57

ctcatatceg ttetgetgea tettggagag
<210> SEQ ID NO 58

<211> LENGTH: 303

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 58

22

22

30

30

30

atggatgcag aattcggaca tgattcagga tttgaagtcc gecatcaaaa actggtgtte 60

tttgctgaag atgtgggtte gaacaaagge gccatcateg gactcatggt gggeggegtt 120

gtcatagcaa ccgtgattgt catcaccctyg gtgatgttga agaagaaaca gtacacatcc 180

atccatcatg gegtggtgga ggtcgacgee geegtgacee cagaggageg ccatctetece 240

aagatgcagc agaacggata tgagaatcca acttacaagt tctttgagca aatgcagaac 300

taa

<210> SEQ ID NO 59
<211> LENGTH: 100

303
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<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 59

Met Asp Ala Glu Phe
1 5

Lys Leu Val Phe Phe
20

Ile Gly Leu Met Val
35

Thr Leu Val Met Leu
50

Val Val Glu Val Asp
65

Lys Met Gln Gln Asn
85

Gln Met Gln Asn
100

<210> SEQ ID NO 60
<211> LENGTH: 66
<212> TYPE: DNA

musculus

Gly His Asp Ser Gly Phe Glu Val Arg His Gln
10 15

Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile
25 30

Gly Gly Val Val Ile Ala Thr Val Ile Val Ile
Lys Lys Lys Gln Tyr Thr Ser Ile His His Gly
55 60

Ala Ala Val Thr Pro Glu Glu Arg His Leu Ser
70 75 80

Gly Tyr Glu Asn Pro Thr Tyr Lys Phe Phe Glu
90 95

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 60

gaagaagaaa cagtacacat ccatccatca tggcegtggtg gaggtaggta aacctggagg

cttgte

<210> SEQ ID NO 61
<211> LENGTH: 46
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 61

aacagtacac atccatccat catggegtgg tggaggtagg taaacc

<210> SEQ ID NO 62
<211> LENGTH: 41
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 62

aacagtacac atccatccat catggtggag gtaggtaaac ¢

<210> SEQ ID NO 63
<211> LENGTH: 41
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 63

aacagtacac atccatccat catggceggag gtaggtaaac ¢

<210> SEQ ID NO 64
<211> LENGTH: 38

60

66

46

41

41
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<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 64

aacagtacac atccatccat catggaggta ggtaaacc

<210> SEQ ID NO 65

<211> LENGTH: 44

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 65

aacagtacac atccatccat catggeggtg gaggtaggta aacc

<210> SEQ ID NO 66

<211> LENGTH: 44

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 66

aacagtacac atccatccat catggtggtg gaggtaggta aacc

<210> SEQ ID NO 67

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 67

atccatccat catggegtygg tgg

<210> SEQ ID NO 68

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 68

atccattcat catggtgtgg tgg

<210> SEQ ID NO 69

<211> LENGTH: 66

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 69

gaagaagaaa cagtacacat ccattcatca tggtgtggtg gaggtaggta aacttgactg
catgtt

<210> SEQ ID NO 70

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 70

aacagtacac atccattcat catggtgtgg tggaggtagg taaac

38

44

44

23

23

60

66

45
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-continued

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

SEQ ID NO 71

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 71

aacagtacac atccattcat catggtggag gtaggtaaac

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

SEQ ID NO 72

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 72

aacagtacac atccattcat catggtggtg gaggtaggta aac

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

SEQ ID NO 73

LENGTH: 41

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 73

aacagtacac atccattcat cattggtgga ggtaggtaaa ¢

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

SEQ ID NO 74

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 74

aacagtacac atccattcat catggtgggt ggaggtaggt aaac

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

SEQ ID NO 75

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 75

aacagtacac atccattcat ctggtggagg taggtaaac

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

SEQ ID NO 76

LENGTH: 46

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 76
Gly Gly Val Val Ile Ala Thr Val Ile Val Ile Thr

1 5 10

Lys Lys Lys Gln Tyr Thr Ser Ile His
20 25

Ala Ala Val Thr Pro Glu Glu Arg His
35 40

Leu Ser Lys

40

43

41

44

39

Leu Val Met Leu
15

His Gly Val Val Glu Val Asp

30

Met Gln
45



US 11,173,216 B2
95 96

-continued

<210> SEQ ID NO 77

<211> LENGTH: 29

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 77

Gly Gly Val Val Ile Ala Thr Val Ile Val Ile Thr Leu Val Met Leu
1 5 10 15

Lys Lys Lys Gln Tyr Thr Ser Ile His His Gly Gly Gly
20 25

<210> SEQ ID NO 78

<211> LENGTH: 30

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 78

Gly Gly Val Val Ile Ala Thr Val Ile Val Ile Thr Leu Val Met Leu
1 5 10 15

Lys Lys Lys Gln Tyr Thr Ser Ile His His Gly Gly Gly Gly
20 25 30

<210> SEQ ID NO 79

<211> LENGTH: 26

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 79

Gly Gly Val Val Ile Ala Thr Val Ile Val Ile Thr Leu Val Met Leu
1 5 10 15

Lys Lys Lys Gln Tyr Thr Ser Ile His His
20 25

<210> SEQ ID NO 80

<211> LENGTH: 27

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 80

Gly Gly Val Val Ile Ala Thr Val Ile Val Ile Thr Leu Val Met Leu
1 5 10 15

Lys Lys Lys Gln Tyr Thr Ser Ile His His Gly
20 25

<210> SEQ ID NO 81

<211> LENGTH: 44

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 81

Gly Gly Val Val Ile Ala Thr Val Ile Val Ile Thr Leu Val Met Leu
1 5 10 15

Lys Lys Lys Gln Tyr Thr Ser Ile His Leu Val Glu Val Asp Ala Ala
20 25 30
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Val Thr Pro Glu Glu Arg His Leu Ser Lys Met Gln
35 40

<210> SEQ ID NO 82

<211> LENGTH: 37

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 82

Gly Val Val Glu Val Asp Ala Ala Val Thr Pro Glu Glu Arg His Leu
1 5 10 15

Ser Lys Met Gln Gln Asn Gly Tyr Glu Asn Pro Thr Tyr Lys Phe Phe
20 25 30

Glu Gln Met Gln Asn
35

<210> SEQ ID NO 83

<211> LENGTH: 45

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 83

aacagtacac atccattcat catggtgtgg tggaggtagg taaac 45

<210> SEQ ID NO 84

<211> LENGTH: 40

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 84

aacagtacac atccattcat catggtggag gtaggtaaac 40

<210> SEQ ID NO 85

<211> LENGTH: 43

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 85

aacagtacac atccattcat catggtggtg gaggtaggta aac 43

<210> SEQ ID NO 86

<211> LENGTH: 44

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 86

aacagtacac atccattcat catggtgggt ggaggtaggt aaac 44

<210> SEQ ID NO 87

<211> LENGTH: 41

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic
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<400> SEQUENCE: 87

aacagtacac atccattcat cattggtgga ggtaggtaaa ¢ 41

<210> SEQ ID NO 88

<211> LENGTH: 42

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 88

aacagtacac atccattcat catgtggtgg aggtaggtaa ac 42

<210> SEQ ID NO 89

<211> LENGTH: 45

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 89

tgctgcatet tggacaggtg gegetectet ggggtgacag cggeg 45

<210> SEQ ID NO 90

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (28)..(28)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 90

tgctgcatct tggacaggtg gegetcente tggggtgaca geggeg 46

<210> SEQ ID NO 91

<211> LENGTH: 43

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 91

tgctgcatet tggacaggtg gegettetgg ggtgacageg geg 43

<210> SEQ ID NO 92

<211> LENGTH: 40

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 92

tgctgcatcet tggacaggtg getetggggt gacageggeg 40
<210> SEQ ID NO 93

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 93

tgctgcatct tggacaggtg gegetcetggg gtgacagegg cg 42
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<210> SEQ ID NO 94

<211> LENGTH: 44

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 94

tgctgcatct tggacaggtg gegetctetg gggtgacage ggeg 44

<210> SEQ ID NO 95

<211> LENGTH: 45

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 95

ttggatttte gtagecegtte tgctgeatct tggacaggtg gegcet 45

<210> SEQ ID NO 96

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (28)..(28)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 96

ttggatttte gtagecegtte tgetgeante ttggacaggt ggeget 46

<210> SEQ ID NO 97

<211> LENGTH: 36

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 97

ttggattttc gtagccgtte ttggacaggt ggcgcet 36

<210> SEQ ID NO 98

<211> LENGTH: 44

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 98

ttggatttte gtagecegtte tgetgetett ggacaggtgg cget 44
<210> SEQ ID NO 99

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 99

ttggatttte gtagecegtte tgettettgg acaggtggeg ct 42

<210> SEQ ID NO 100
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 100

ttggatttte gtagecegtte ttettggaca ggtggeget

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

<400>

Gly Gly Val Val Ile Ala Thr Val Ile

1

Lys Lys Lys Gln Tyr Thr Ser Ile His

Ala Ala Val Thr Pro Glu Glu Arg His

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

<400>

Gly Gly Val Val Ile Ala Thr Val Ile

1

Lys Lys Lys Gln Tyr Thr Ser Ile His

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

<400>

Gly Gly Val Val Ile Ala Thr Val Ile Val Ile Thr Leu Val Met Leu

1

Lys Lys Lys Gln Tyr Thr Ser Ile His

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

<400>

Gly Gly Val Val Ile Ala Thr Val Ile Val Ile Thr Leu Val Met Leu

1

Lys Lys Lys Gln Tyr Thr Ser Ile His

<210>

SEQ ID NO 101

LENGTH: 46

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 101

5 10

20 25

35 40

SEQ ID NO 102

LENGTH: 29

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 102

5 10

20 25

SEQ ID NO 103

LENGTH: 30

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 103

5 10

20 25

SEQ ID NO 104

LENGTH: 27

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 104

5 10

20 25

SEQ ID NO 105

45

His Gly Gly Gly

His Gly

30

Leu Ser Lys Met Gln

His Gly Gly Gly Gly

30

Val Ile Thr Leu Val Met Leu

15

His Gly Val Val Glu Val Asp

Val Ile Thr Leu Val Met Leu

15

15

15

39
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<211> LENGTH: 26

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 105
Gly Gly Val Val Ile Ala Thr Val Ile
1 5

Lys Lys Lys Gln Tyr Thr Ser Ile His
20 25

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

SEQ ID NO 106

LENGTH: 45

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 106

Gly Gly Val Val Ile Ala Thr Val Ile

1 5

Thr Ser Ile His
25

Lys Lys Lys Gln Tyr
20

Ala Val Thr Pro Glu Glu Arg His Leu
35 40

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

SEQ ID NO 107

LENGTH: 46

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 107

Lys Lys Gln Tyr Thr Ser Ile His His

1 5

Ala Val Thr Pro Glu Glu Arg His Leu
20 25

Tyr Glu Asn Pro Thr Tyr Lys Phe Phe

35 40

<210> SEQ ID NO 108

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: X is D or

<400> SEQUENCE: 108

Lys Lys Gln Tyr Thr Ser Ile His

1 5

Ala Val Thr Pro Xaa
20

Gly Ala Pro

25
Leu Arg Lys Ser Asn Leu Gln Val Leu
35 40

<210> SEQ ID NO 109
<211> LENGTH: 41
<212> TYPE: PRT

Val Ile Thr
10

His

Val Ile Thr
10
His Val Val

Ser Lys Met

Gly Val Val
10
Ser Lys Met

Glu Gln Met

10

Leu Val Met Leu
15

Leu Val Met Leu
15

Ala Val Asp Ala
30

Gln
45

Glu Val Asp Ala
15

Gln Gln Asn Gly
30

Gln Asn
45

His Gly Val Val Glu Val Asp Ala

15

Pro Val Gln Asp Ala Ala Glu Arg

30
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 109

Lys Lys Gln Tyr Thr Ser Ile His His Gly Val Val Glu Val Asp Ala
1 5 10 15

Ala Val Thr Pro Glu Ala Arg Pro Pro Val Gln Asp Ala Ala Glu Arg
20 25 30

Leu Arg Lys Ser Asn Leu Gln Val Leu
35 40

<210> SEQ ID NO 110

<211> LENGTH: 39

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 110

Lys Lys Gln Tyr Thr Ser Ile His His Gly Val Val Glu Val Asp Ala
1 5 10 15

Ala Val Thr Pro Glu Pro Pro Val Gln Asp Ala Ala Glu Arg Leu Arg
20 25 30

Lys Ser Asn Leu Gln Val Leu
35

<210> SEQ ID NO 111

<211> LENGTH: 45

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 111

Lys Lys Gln Tyr Thr Ser Ile His His Gly Val Val Glu Val Asp Ala
1 5 10 15

Ala Val Thr Pro Glu Arg His Leu Ser Lys Met Gln Gln Asn Ser Tyr
20 25 30

Glu Asn Pro Thr Tyr Lys Phe Phe Glu Gln Met Gln Asn
35 40 45

<210> SEQ ID NO 112

<211> LENGTH: 20

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 112

Lys Lys Gln Tyr Thr Ser Ile His His Gly Val Val Glu Val Asp Ala
1 5 10 15

Ala Val Thr Pro
20

<210> SEQ ID NO 113

<211> LENGTH: 27

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 113



109

US 11,173,216 B2
110

-continued

Lys Lys Gln Tyr Thr Ser Ile His His
1 5

Ala Val Thr Pro Glu Glu Arg His Leu
20 25

<210> SEQ ID NO 114

<211> LENGTH: 43

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 114

Lys Lys Gln Tyr Thr Ser Ile His His
1 5

Ala Val Thr Pro Glu Glu Arg His Leu
20 25

Pro Thr Tyr Lys Phe Phe Glu Gln Met
35 40

<210> SEQ ID NO 115

<211> LENGTH: 27

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 115

Lys Lys Gln Tyr Thr Ser Ile His His
1 5

Ala Val Thr Pro Glu Glu Arg His Leu
20 25

<210> SEQ ID NO 116

<211> LENGTH: 45

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 116

Lys Lys Gln Tyr Thr Ser Ile His His
1 5

Ala Val Thr Pro Glu Glu Arg His Leu
20 25

Glu Asn Pro Thr Tyr Lys Phe Phe Glu
35 40

<210> SEQ ID NO 117

<211> LENGTH: 44

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 117

Lys Lys Gln Tyr Thr Ser Ile His His
1 5

Ala Val Thr Pro Glu Glu Arg His Leu
20 25

Asn Pro Thr Tyr Lys Phe Phe Glu Gln
35 40

Gly Val Val Glu Val Asp Ala
10 15

Ser Lys

Gly Val Val Glu Val Asp Ala
10 15

Ser Lys Asn Gly Tyr Glu Asn
30

Gln Asn

Gly Val Val Glu Val Asp Ala
10 15

Ser Lys

Gly Val Val Glu Val Asp Ala
10 15

Ser Lys Lys Gln Asn Gly Tyr
30

Gln Met Gln Asn
45

Gly Val Val Glu Val Asp Ala
10 15

Ser Lys Lys Asn Gly Tyr Glu
30

Met Gln Asn
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<210> SEQ ID NO 118

<211> LENGTH: 46

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 118

Gly Gly Val Val Ile Ala Thr Val Ile
1 5

Lys Lys Lys Gln Tyr Thr Ser Ile His
20 25

Ala Ala Val Thr Pro Glu Glu Arg His
35 40

<210> SEQ ID NO 119

<211> LENGTH: 48

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 119

Gly Gly Val Val Ile Ala Thr Val Ile
1 5

Lys Lys Lys Gln Tyr Thr Ser Ile His
20 25

Arg Asp Pro Arg Gly Ala Pro Ser Leu
35 40

<210> SEQ ID NO 120

<211> LENGTH: 47

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 120

Gly Gly Val Val Ile Ala Thr Val Ile
1 5

Lys Lys Lys Gln Tyr Thr Ser Ile His
20 25

Asp Pro Arg Gly Ala Pro Ser Leu Gln
35 40

<210> SEQ ID NO 121

<211> LENGTH: 49

<212> TYPE: PRT

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 121

Gly Gly Val Val Ile Ala Thr Val Ile
1 5

Lys Lys Lys Gln Tyr Thr Ser Ile His
20 25

Arg Arg Asp Pro Arg Gly Ala Pro Ser
35 40

Ile

Val Ile Thr
10

His Gly Val

Leu Ser Lys

Val Ile Thr
10

His Gly Gly

Gln Asp Ala

Val Ile Thr
10

His Gly Gly

Asp Ala Ala

Val Ile Thr
10

His Gly Gly

Leu Gln Asp

Leu

Val

Met
45

Leu

Gly

Ala

Leu

Arg

Glu
45

Leu

Gly

Ala
45

Val Met Leu
15

Glu Val Asp
30

Gln

Val Met Leu
15

Arg Arg Arg
30

Glu Arg Ile

Val Met Leu
Arg Arg Arg
30

Arg Ile

Val Met Leu
15

Gly Arg Arg
30

Ala Glu Arg
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<210> SEQ ID NO 122

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 122

gtccatccat catggcctgg 20

<210> SEQ ID NO 123

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 123

ttccatccat catggcttgg 20

<210> SEQ ID NO 124

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 124

gtceccectecat catggecctgg 20

<210> SEQ ID NO 125

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 125

ggccatcatt catggcgtgg 20

<210> SEQ ID NO 126

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 126

ataaatatat catggcgtgg 20

<210> SEQ ID NO 127

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 127

ctcecttecat cttggtgtgg 20

<210> SEQ ID NO 128

<211> LENGTH: 20

<212> TYPE: DNA

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

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

atgcaatcag catggtgtgg

128

<210> SEQ ID NO 129

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

ttctgttcag catggtgtgg

129

<210> SEQ ID NO 130

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

ttaaattcaa catggtgtgg

130

<210> SEQ ID NO 131

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

agccatttat caaggtgtgg

131

<210> SEQ ID NO 132

<211> LENGTH:

23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

synthetic

synthetic

synthetic

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE:

132

atccatccat catggegtygg tgg

<210> SEQ ID NO 133

<211> LENGTH:

23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE:

133

gactatcagc catggagtgg tgg

<210> SEQ ID NO 134

<211> LENGTH:

23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE:

134

atccatccat catggegtygg tgg

<210> SEQ ID NO 135

<211> LENGTH:

23

20

20

20

20

23

23

23
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-continued

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 135

caccatcage cacgggattg tgg

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

SEQ ID NO 136

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 136

atccattcat catggtgtgg tgg

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

SEQ ID NO 137

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 137

ggctatcage catggegtgg tgg

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

SEQ ID NO 138

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 138

atccattcat catggtgtgg tgg

23

23

23

23

We claim:

1. A method of treating Alzheimer’s disease (AD) caused
by formation of amyloid plaques composed of amyloid beta
(AB) peptides, wherein the method comprises the steps of

a) obtaining a gene-editing construct specific for the

amyloid precursor protein (APP), wherein the gene-
editing construct facilitates truncation of the APP C-ter-
minus when combined with a Cas9 nuclease, and

b) delivering the gene-editing construct and a construct

encoding the Cas9 nuclease to a patient in need of AD
therapy, wherein the APP molecule is truncated and
production of AB peptides is decreased in the patient’s
brain, wherein the truncation of the APP C-terminus
occurs at an APP residue selected from the group
consisting of 659, 670, 676, and 686 relative to SEQ ID
NO: 12 (human) or SEQ ID NO: 14 (mouse).

2. The method of claim 1, wherein the gene-editing
construct comprises a gRNA sequence selected from the
group consisting of SEQ ID Nos: 1-10.

3. The method of claim 1, wherein the gene-editing
construct and the construct encoding the Cas9 nuclease are
delivered in a composition comprising an adeno-associated
viral vector and a nanocarrier delivery vehicle.

4. The method of claim 3, wherein the composition is
delivered intravenously or intrathecally.

5. A method of reducing the formation of amyloid plaques
in a patient’s brain, wherein the plaques comprise amyloid
beta (AB) peptides, the method comprises the steps of

40
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a) obtaining a gene-editing construct specific for the
amyloid precursor protein (APP), wherein the gene-
editing construct facilitates truncation of the APP C-ter-
minus when combined with a Cas9 nuclease, and

b) delivering the gene-editing construct and a construct
encoding the Cas9 nuclease to a patient in need of AD
therapy, wherein the APP molecule is truncated and
production of AB peptides is decreased in the patient’s
brain, wherein the truncation of the APP C-terminus
occurs at an APP residue from the group consisting of
659, 670, 676, and 686 relative to SEQ ID NO: 12
(human) or SEQ ID NO: 14 (mouse).

6. The method of claim 5, wherein the gene-editing
construct comprises a gRNA sequence selected from the
group consisting of SEQ ID NOs: 1-10.

7. The method of claim 5, wherein the gene-editing
construct and the construct encoding the Cas9 nuclease are
delivered in a composition comprising an adeno-associated
viral vector and a nanocarrier delivery vehicle.

8. The method of claim 5, wherein the composition is
delivered intravenously or intrathecally.

9. The method of claim 1, wherein the gene-editing
construct specific for the amyloid precursor protein (APP)
comprises a sequence encoding a gRNA specific to amyloid
precursor protein (APP), and wherein a Cas9 nuclease/
gRNA ribonucleoprotein directs cleavage of the APP gene.
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10. The method of claim 5, wherein the gene-editing
construct specific for the amyloid precursor protein (APP)
comprises a sequence encoding a gRNA specific to amyloid
precursor protein (APP), and wherein a Cas9 nuclease/
gRNA ribonucleoprotein directs cleavage of the APP gene. 5

#* #* #* #* #*





