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FIG . 21 
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FIG . 21 ( Con ' d ) 
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FIG . 21 ( Con ' d ) 
TCRA CRISPR guide # 4 generates the highest TCRA - KO ( knockout ) 
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F MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSN EMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNP DNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNEKSNEDLAEDAKL QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFF DOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREK IEKILTERIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTK VKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVTVKQLKEDYEKKIECFDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENE DILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEMQLIHDD SLTEKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKWVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRI EEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNV PSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVI TLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIM NFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPK KYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAG ELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQA ENIIHLETLTNLGAPAAFKYEDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD ( SEQ ID NO : 6 ) 
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ATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAATACAGA CCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATC GTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAACGTCATC CTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTT GGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTA TTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAA AAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATG ATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACT AAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTG ATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTGAGGAATTATTGGTG AAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTAT CCATTTTTAAAAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTG AAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTAC CAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCA TTGTTGATTTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATITCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATAGATT TAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAACATTGACCTTATTTG AAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAA TTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTTA AAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTG TTGATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAA ACGAATCGAAGAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCAAAATGGAAGAGA CATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGATCACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCT GATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAA TTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCG CATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAG ATTAACAATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATG ATGTTCGTAAAATGATTGCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGA GATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTG TCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGT TTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAG TTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAA CGGATGCTGGCTAGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGA AGATAACGAACAAAAACAATTGTTTGTGGAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATTTAGATAA AGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGAT ACAACAATTGATCGTAAACGATATACGTCTACAAAAGAAGTITTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGGTG ACTGA ( SEQ ID NO : 7 ) 
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ATGGACAAGAAGTACTCCATTGGGCTCGCTATCGGCACAAACAGCGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCAAAAAATTCAAAGTTCTGGGCAATA CCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTCGACTCCGGGGAGACGGCCGAAGCCACGCGGCTCAAAAGAACAGCACGGCGCAGATATACCCGCAG AAAGAATCGGATCTGCTACCTGCAGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGACTCTTTCTTCCATAGGCTGGAGGAGTCCTTTTTGGTGGAGGAGGATAAAAAGC ACGAGCGCCACCCAATCTTTGGCAATATCGTGGACGAGGTGGCGTACCATGAAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGCTGA CTTGCGGTTGATCTATCTCGCGCTGGCGCATATGATCAAATTTCGGGGACACTTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCCAACT GGTTCAGACTTACAATCAGCTTTTCGAAGAGAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAAACCTCA TCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTGTCACTCGGGCTGACCCCCAACTTTAAATCTAACTTCGACCTGGCCGAAGATGCCAAG CTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTTTTTTTGGCGGCAAAGAACCTGTCAGACGCCATTCT GCTGAGTGATATTCTGCGAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAGTATGATCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCCCTTG TCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGATCAGTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATTTATT AAGCCCATCTTGGAAAAAATGGACGGCACCGAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGA TTCACCTGGGCGAACTGCACGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTTTGAAAGATAACAGGGAAAAGATTGAGAAAATCCTCACATTTCGGATACCCTACTATG TAGGCCCCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGTGGATAAGGGGGCCTCTGCCCA GTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGTGCTTCCTAAACACTCTCTGCTGTACGAGTACTTCACAGTITATAACGAGCTCACCAAGGT CAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTATCGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTC AAAGAAGACTATTTCAAAAAGATTGAATGTTTCGACTCTGTTGAAATCAGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCATTAA AGACAAGGACTTCCTGGACAATGAGGAGAACGAGGACATTCTTGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAAAACTTAC GCTCATCTCTTCGACGACAAAGTCATGAAACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAAACTGATCAATGGGATCCGAGACAAGCAGAGTGGA AAGACAATCCTGGATTTTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTTGATCCATGATGACTCTCTCACCTTTAAGGAGGACATCCAGAAAGCACAAGTTTCT GGCCAGGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAAAAAGGGAATACTGCAGACCGTTAAGGTCGTGGATGAACTCGTCAAAGTAATGG GAAGGCATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTACCCAGAAGGGACAGAAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATA AAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGAAAACACCCAGCTTCAGAATGAGAAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATC AGGAACTGGACATCAATCGGCTCTCCGACTACGACGTGGCTGCTATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAAAGCTA GAGGGAAGAGTGATAACGTCCCCTCAGAAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAACGGAAGTTCGATAATCTGAC TAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCCAAATTCTCGATTCACGC ATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAGGACTITCAGTTTTATAAGGTGAG AGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAAAAATATCCCAAGCTTGAATCTGAATTTGTTTACGGAGACTATAA AGTGTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCACCGCTAAGTACTTCTTTTACAGCAATATTATGAATIITTTCAAGACCGAGATTACACT GGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAACAAACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCAT GCCGCAGGTGAACATCGTTAAAAAGACCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAAAGATTG GGACCCCAAGAAATACGGCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGAAAGGGAAGTCTAAAAAACTCAAAAGCGTCAAGGAACTG CTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATAAAGAGGTCAAAAAAGACCTCATCATTAAGCTTCCCAAGTA CTCTCTCTTTGAGCTTGAAAACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGCACTGCCCTCTAAATACGTTAATTTCTTGTATCTGG CCAGCCACTATGAAAAGCTCAAAGGGTCTCCCGAAGATAATGAGCAGAAGCAGCTGTTCGTGGAACAACACAAACACTACCTTGATGAGATCATCGAGCAAATAAGCGAATT CTCCAAAAGAGTGATCCTCGCCGACGCTAACCTCGATAAGGTGCTTTCTGCTTACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTTA CTCTGACCAACTTGGGCGCGCCTGCAGCCTTCAAGTACTTCGACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCA ATTACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACTAA ( SEQ ID NO : 8 ) 
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ATGAGCGACCTGGTGCTGGGCCTGGACATCGGCATCGGCAGCGTGGGCGTGGGCATCCTGAACAAGGTGACCGGCGAGATCATCCACAAGAACAGTCGCATCTTCCCTGCT GCTCAGGCTGAGAACAACCTGGTGCGCCGCACCAACCGCCAGGGTCGCCGGCTTGCTCGCCGCAAGAAGCACCGGCGCGTGCGCCTGAACCGCCTGTTCGAGGAGAGCGGC CTGATCACCGACTTCACCAAGATCAGCATCAACCTGAACCCCTACCAGCTGCGCGTGAAGGGCCTGACCGACGAGCTGAGCAACGAGGAGCTGTTCATCGCCCTGAAGAACA TGGTGAAGCACCGCGGCATCAGCTACCTGGACGACGCCAGCGACGACGGCAACAGCAGCGTGGGCGACTACGCCCAGATCGTGAAGGAGAACAGCAAGCAGCTGGAGACC AAGACCCCCGGCCAGATCCAGCTGGAGCGCTACCAGACCTACGGCCAGCTGCGCGGCGACTTCACCGTGGAGAAGGACGGCAAGAAGCACCGCCTGATCAACGTGTTCCCC ACCAGCGCCTACCGCAGCGAGGCCCTGCGCATCCTGCAGACCCAGCAGGAGTTCAACCCCCAGATCACCGACGAGTTCATCAACCGCTACCTGGAGATCCTGACCGGCAAGC GCAAGTACTACCACGGCCCCGGCAACGAGAAGAGCCGCACCGACTACGGCCGCTACCGCACCAGCGGCGAGACCCTGGACAACATCTTCGGCATCCTGATCGGCAAGTGCA CCTTCTACCCCGACGAGTTCCGCGCCGCCAAGGCCAGCTACACCGCCCAGGAGTTCAACCTGCTGAACGACCTGAACAACCTGACCGTGCCCACCGAGACCAAGAAGCTGAG CAAGGAGCAGAAGAACCAGATCATCAACTACGTGAAGAACGAGAAGGCCATGGGCCCCGCCAAGCTGTTCAAGTACATCGCCAAGCTGCTGAGCTGCGACGTGGCCGACAT CAAGGGCTACCGCATCGACAAGAGCGGCAAGGCCGAGATCCACACCTTCGAGGCCTACCGCAAGATGAAGACCCTGGAGACCCTGGACATCGAGCAGATGGACCGCGAGA CCCTGGACAAGCTGGCCTACGTGCTGACCCTGAACACCGAGCGCGAGGGCATCCAGGAGGCCCTGGAGCACGAGTTCGCCGACGGCAGCTTCAGCCAGAAGCAGGTGGAC GAGCTGGTGCAGTTCCGCAAGGCCAACAGCAGCATCTTCGGCAAGGGCTGGCACAACTTCAGCGTGAAGCTGATGATGGAGCTGATCCCCGAGCTGTACGAGACCAGCGAG GAGCAGATGACCATCCTGACCCGCCTGGGCAAGCAGAAGACCACCAGCAGCAGCAACAAGACCAAGTACATCGACGAGAAGCTGCTGACCGAGGAGATCTACAACCCCGTG GTGGCCAAGAGCGTGCGCCAGGCCATCAAGATCGTGAACGCCGCCATCAAGGAGTACGGCGACTTCGACAACATCGTGATCGAGATGGCCCGCGAGACCAACGAGGACGA CGAGAAGAAGGCCATCCAGAAGATCCAGAAGGCCAACAAGGACGAGAAGGACGCCGCCATGCTGAAGGCCGCCAACCAGTACAACGGCAAGGCCGAGCTGCCCCACAGCG TGTTCCACGGCCACAAGCAGCTGGCCACCAAGATCCGCCTGTGGCACCAGCAGGGCGAGCGCTGCCTGTACACCGGCAAGACCATCAGCATCCACGACCTGATCAACAACAG CAACCAGTTCGAGGTGGACCACATCCTGCCCCTGAGCATCACCTTCGACGACAGCCTGGCCAACAAGGTGCTGGTGTACGCCACCGCCAACCAGGAGAAGGGCCAGCGCAC CCCCTACCAGGCCCTGGACAGCATGGACGACGCCTGGAGCTTCCGCGAGCTGAAGGCCTTCGTGCGCGAGAGCAAGACCCTGAGCAACAAGAAGAAGGAGTACCTGCTGAC CGAGGAGGACATCAGCAAGTTCGACGTGCGCAAGAAGTTCATCGAGCGCAACCTGGTGGACACCCGCTACGCCAGCCGCGTGGTGCTGAACGCCCTGCAGGAGCACTTCCG CGCCCACAAGATCGACACCAAGGTGAGCGTGGTGCGCGGCCAGTTCACCAGCCAGCTGCGCCGCCACTGGGGCATCGAGAAGACCCGCGACACCTACCACCACCACGCCGT GGACGCCCTGATCATTGCGGCTTCTAGCCAGCTGAACCTGTGGAAGAAGCAGAAGAACACCCTGGTGAGCTACAGCGAGGACCAGCTGCTGGACATCGAGACCGGCGAGCT GATCAGCGACGACGAGTACAAGGAGAGCGTGTTCAAGGCCCCCTACCAGCACTTCGTGGACACCCTGAAGAGCAAGGAGTTCGAGGACAGCATCCTGTTCAGCTACCAGGT GGACAGCAAGTTCAACCGCAAGATCAGCGACGCCACCATCTACGCCACCCGCCAGGCCAAGGTGGGCAAGGACAAGGCCGACGAGACCTACGTGCTGGGCAAGATCAAGG ACATCTACACCCAGGACGGCTACGACGCCTTCATGAAGATCTACAAGAAGGACAAGAGCAAGTTCCTGATGTACCGCCACGACCCCCAGACCTTCGAGAAGGTGATCGAGCC CATCCTGGAGAACTACCCCAACAAGCAGATCAACGATAAAGGCAAGGAGGTGCCCTGCAACCCCTTCCTGAAGTACAAGGAGGAGCACGGCTACATCCGCAAGTACAGCAA GAAGGGCAACGGCCCCGAGATCAAGAGCCTGAAGTACTACGACAGCAAGCTGGGCAACCACATCGACATCACCCCCAAGGACAGCAACAACAAGGTGGTGCTGCAGAGCG TGAGCCCCTGGCGCGCCGACGTGTACTTCAACAAGACCACCGGCAAGTACGAGATCCTGGGCCTGAAGTACGCCGACCTGCAGTTTGATAAGGGCACCGGCACCTACAAGAT CAGCCAGGAGAAGTACAACGACATCAAGAAGAAGGAGGGCGTGGACAGCGACAGCGAGTTCAAGTTCACCCTGTACAAGAACGACCTTCTGCTGGTGAAGGACACCGAGA CCAAGGAGCAACAGCTGTTCCGCTTCCTGAGCCGCACCATGCCCAAGCAGAAGCACTACGTGGAGCTGAAGCCCTACGACAAGCAGAAGTTCGAGGGCGGCGAGGCCCTGA TCAAGGTGCTGGGCAACGTGGCCAACAGCGGCCAGTGCAAGAAGGGCCTGGGCAAGAGCAACATCAGCATCTACAAGGTGCGCACCGACGTGCTGGGCAACCAGCACATC ATCAAGAACGAGGGCGACAAGCCCAAGCTGGACTTCTAA ( SEQ ID NO : 9 ) 
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ATGAGCGACCTGGTGCTGGGCCTGGCCATCGGCATCGGCAGCGTGGGCGTGGGCATCCTGAACAAGGTGACCGGCGAGATCATCCACAAGAACAGTCGCATCTTCCCTGCTG CTCAGGCTGAGAACAACCTGGTGCGCCGCACCAACCGCCAGGGTCGCCGGCTTGCTCGCCGCAAGAAGCACCGGCGCGTGCGCCTGAACCGCCTGTTCGAGGAGAGCGGCC TGATCACCGACTTCACCAAGATCAGCATCAACCTGAACCCCTACCAGCTGCGCGTGAAGGGCCTGACCGACGAGCTGAGCAACGAGGAGCTGTTCATCGCCCTGAAGAACAT GGTGAAGCACCGCGGCATCAGCTACCTGGACGACGCCAGCGACGACGGCAACAGCAGCGTGGGCGACTACGCCCAGATCGTGAAGGAGAACAGCAAGCAGCTGGAGACCA AGACCCCCGGCCAGATCCAGCTGGAGCGCTACCAGACCTACGGCCAGCTGCGCGGCGACTTCACCGTGGAGAAGGACGGCAAGAAGCACCGCCTGATCAACGTGTTCCCCAC CAGCGCCTACCGCAGCGAGGCCCTGCGCATCCTGCAGACCCAGCAGGAGTTCAACCCCCAGATCACCGACGAGTTCATCAACCGCTACCTGGAGATCCTGACCGGCAAGCGC AAGTACTACCACGGCCCCGGCAACGAGAAGAGCCGCACCGACTACGGCCGCTACCGCACCAGCGGCGAGACCCTGGACAACATCTTCGGCATCCTGATCG GCAAGTGCACCT TCTACCCCGACGAGTTCCGCGCCGCCAAGGCCAGCTACACCGCCCAGGAGTTCAACCTGCTGAACGACCTGAACAACCTGACCGTGCCCACCGAGACCAAGAAGCTGAGCAA GGAGCAGAAGAACCAGATCATCAACTACGTGAAGAACGAGAAGGCCATGGGCCCCGCCAAGCTGTTCAAGTACATCGCCAAGCTGCTGAGCTGCGACGTGGCCGACATCAA GGGCTACCGCATCGACAAGAGCGGCAAGGCCGAGATCCACACCTTCGAGGCCTACCGCAAGATGAAGACCCTGGAGACCCTGGACATCGAGCAGATGGACCGCGAGACCCT GGACAAGCTGGCCTACGTGCTGACCCTGAACACCGAGCGCGAGGGCATCCAGGAGGCCCTGGAGCACGAGTTCGCCGACGGCAGCTTCAGCCAGAAGCAGGTGGACGAGC TGGTGCAGTTCCGCAAGGCCAACAGCAGCATCTTCGGCAAGGGCTGGCACAACTTCAGCGTGAAGCTGATGATGGAGCTGATCCCCGAGCTGTACGAGACCAGCGAGGAGC AGATGACCATCCTGACCCGCCTGGGCAAGCAGAAGACCACCAGCAGCAGCAACAAGACCAAGTACATCGACGAGAAGCTGCTGACCGAGGAGATCTACAACCCCGTGGTGG CCAAGAGCGTGCGCCAGGCCATCAAGATCGTGAACGCCGCCATCAAGGAGTACGGCGACTTCGACAACATCGTGATCGAGATGGCCCGCGAGACCAACGAGGACGACGAGA AGAAGGCCATCCAGAAGATCCAGAAGGCCAACAAGGACGAGAAGGACGCCGCCATGCTGAAGGCCGCCAACCAGTACAACGGCAAGGCCGAGCTGCCCCACAGCGTGTTCC ACGGCCACAAGCAGCTGGCCACCAAGATCCGCCTGTGGCACCAGCAGGGCGAGCGCTGCCTGTACACCGGCAAGACCATCAGCATCCACGACCTGATCAACAACAGCAACCA GTTCGAGGTGGCTGCCATCCTGCCCCTGAGCATCACCTTCGACGACAGCCTGGCCAACAAGGTGCTGGTGTACGCCACCGCCGCTCAGGAGAAGGGCCAGCGCACCCCCTAC CAGGCCCTGGACAGCATGGACGACGCCTGGAGCTTCCGCGAGCTGAAGGCCTTCGTGCGCGAGAGCAAGACCCTGAGCAACAAGAAGAAGGAGTACCTGCTGACCGAGGA GGACATCAGCAAGTTCGACGTGCGCAAGAAGTTCATCGAGCGCAACCTGGTGGACACCCGCTACGCCAGCCGCGTGGTGCTGAACGCCCTGCAGGAGCACTTCCGCGCCCAC AAGATCGACACCAAGGTGAGCGTGGTGCGCGGCCAGTTCACCAGCCAGCTGCGCCGCCACTGGGGCATCGAGAAGACCCGCGACACCTACCACCACCACGCCGTGGACGCC CTGATCATTGCGGCTTCTAGCCAGCTGAACCTGTGGAAGAAGCAGAAGAACACCCTGGTGAGCTACAGCGAGGACCAGCTGCTGGACATCGAGACCGGCGAGCTGATCAGC GACGACGAGTACAAGGAGAGCGTGTTCAAGGCCCCCTACCAGCACTTCGTGGACACCCTGAAGAGCAAGGAGTTCGAGGACAGCATCCTGTTCAGCTACCAGGTGGACAGC AAGTTCAACCGCAAGATCAGCGACGCCACCATCTACGCCACCCGCCAGGCCAAGGTGGGCAAGGACAAGGCCGACGAGACCTACGTGCTGGGCAAGATCAAGGACATCTAC ACCCAGGACGGCTACGACGCCTTCATGAAGATCTACAAGAAGGACAAGAGCAAGTTCCTGATGTACCGCCACGACCCCCAGACCTTCGAGAAGGTGATCGAGCCCATCCTGG AGAACTACCCCAACAAGCAGATCAACGATAAAGGCAAGGAGGTGCCCTGCAACCCCTTCCTGAAGTACAAGGAGGAGCACGGCTACATCCGCAAGTACAGCAAGAAGGGCA ACGGCCCCGAGATCAAGAGCCTGAAGTACTACGACAGCAAGCTGGGCAACCACATCGACATCACCCCCAAGGACAGCAACAACAAGGTGGTGCTGCAGAGCGTGAGCCCCT GGCGCGCCGACGTGTACTTCAACAAGACCACCGGCAAGTACGAGATCCTGGGCCTGAAGTACGCCGACCTGCAGTTTGATAAGGGCACCGGCACCTACAAGATCAGCCAGGA GAAGTACAACGACATCAAGAAGAAGGAGGGCGTGGACAGCGACAGCGAGTTCAAGTTCACCCTGTACAAGAACGACCTTCTGCTGGTGAAGGACACCGAGACCAAGGAGCA ACAGCTGTTCCGCTTCCTGAGCCGCACCATGCCCAAGCAGAAGCACTACGTGGAGCTGAAGCCCTACGACAAGCAGAAGTTCGAGGGCGGCGAGGCCCTGATCAAGGTGCTG GGCAACGTGGCCAACAGCGGCCAGTGCAAGAAGGGCCTGGGCAAGAGCAACATCAGCATCTACAAGGTGCGCACCGACGTGCTGGGCAACCAGCACATCATCAAGAACGA GGGCGACAAGCCCAAGCTGGACTTCTAA ( SEQ ID NO : 10 ) 
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ATGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGACATCGGCATCGCCAGCGTGGGCTGGGCCATGGTGGAGATCGACGAGGACGAGAACCCCATCTGCC TGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAAGACTGGTGACAGTCTGGCTATGGCTCGCCGGCTTGCTCGCTCTGTTCGGCGCCTTACTCGCCGGCGC GCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGCGAGGGTGTGCTGCAGGCTGCCGACTTCGACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGC TGCGCGCTGCCGCTCTGGACCGCAAGCTGACTCCTCTGGAGTGGAGCGCCGTGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGA CCGCCGACAAGGAGCTGGGTGCTCTGCTGAAGGGCGTGGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTCGAGAA GGAGAGCGGCCACATCCGCAACCAGCGCGGCGACTACAGCCACACCTTCAGCCGCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGAAGCAGAAGGAGTTCGGCAA CCCCCACGTGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGCCGTGCAGAAGATGCTGGGCCACTGCACCTTCGA GCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAGCTGAACAACCTGCGCATCCTGGAGCAGGGCAGCGAGCGCCCCCTGACC GACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGCTGACCTACGCCCAGGCCCGCAAGCTGCTGGGTCTGGAGGACACCGCCTTCTTCAAGGGCCTGC GCTACGGCAAGGACAACGCCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCACGCCATCAGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTG AACCTGAGCCCCGAGCTGCAGGACGAGATCGGCACCGCCTTCAGCCTGTTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGCCCGAGATCCTGGAG GCCCTGCTGAAGCACATCAGCTTCGACAAGTTCGTGCAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGCCTGCGCCG AGATCTACGGCGACCACTACGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCGACGAGATCCGCAACCCCGTGGTGCTGCGCGCCCTGAGCCAGGC CCGCAAGGTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGGTGGGCAAGAGCTTCAAGGACCGCAAGGAGATCGAGAA GCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTTCCCCAACTTCGTGGGCGAGCCCAAGAGCAAGGACATCCTGAAGCTGCGCCT GTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATCAACCTGGGCCGCCTGAACGAGAAGGGCTACGTGGAGATCGACCACGCCCTGCCCTTCAGCCGCAC CTGGGACGACAGCTTCAACAACAAGGTGCTGGTGCTGGGCAGCGAGAACCAGAACAAGGGCAACCAGACCCCCTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTG GCAGGAGTTCAAGGCCCGCGTGGAGACCAGCCGCTTCCCCCGCAGCAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCTTCAAGGAGCGCAACCTGAACGA CACCCGCTACGTGAACCGCTTCCTGTGCCAGTTCGTGGCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCACCAACCTGCTG CGCGGCTTCTGGGGCCTGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCCTGGACGCCGTGGTGGTGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCACCCGC TTCGTGCGCTACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCAGAAGACCCACTTCCCCCAGCCCTGGGAGTTCTTCGCCC AGGAGGTGATGATCCGCGTGTTCGGCAAGCCCGACGGCAAGCCCGAGTTCGAGGAGGCCGACACCCCCGAGAAGCTGCGCACCCTGCTGGCCGAGAAGCTGAGCAGCCGCC CTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGCGCCCCCAACCGCAAGATGAGCGGTCAGGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACG AGGGCGTGAGCGTGCTGCGCGTGCCCCTGACCCAGCTGAAGCTGAAGGACCTGGAGAAGATGGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGC CTGGAGGCCCACAAGGACGACCCCGCCAAGGCCTTCGCCGAGCCCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTG CAGAAGACCGGCGTGTGGGTGCGCAACCACAACGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTGGTGCCCATCTAC AGCTGGCAGGTGGCCAAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACGAGGAGGACTGGCAGCTGATCGACGACAGCTTCAACTTCAAGTTCAGCCTGCAC CCCAACGACCTGGTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGGCACCGGCAACATCAACATCCGCATCCACGACCTGGACCACA AGATCGGCAAGAACGGCATCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAGCTGGGCAAGGAGATCCGCCCCTGCCGCCTGAAGA AGCGCCCTCCTGTGCGCTAA ( SEQ ID NO : 11 ) 
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ATGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGCCATCGGCATCGCCAGCGTGGGCTGGGCCATGGTGGAGATCGACGAGGACGAGAACCCCATCTGCC TGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAAGACTGGTGACAGTCTGGCTATGGCTCGCCGGCTTGCTCGCTCTGTTCGGCGCCTTACTCGCCGGCGC GCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGCGAGGGTGTGCTGCAGGCTGCCGACTTCGACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGC TGCGCGCTGCCGCTCTGGACCGCAAGCTGACTCCTCTGGAGTGGAGCGCCGTGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGA CCGCCGACAAGGAGCTGGGTGCTCTGCTGAAGGGCGTGGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTCGAGAA GGAGAGCGGCCACATCCGCAACCAGCGCGGCGACTACAGCCACACCTTCAGCCGCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGAAGCAGAAGGAGTTCGGCAA CCCCCACGTGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGCCGTGCAGAAGATGCTGGGCCACTGCACCTTCGA GCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAGCTGAACAACCTGCGCATCCTGGAGCAGGGCAGCGAGCGCCCCCTGACC GACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGCTGACCTACGCCCAGGCCCGCAAGCTGCTGGGTCTGGAGGACACCGCCTTCTTCAAGGGCCTGC GCTACGGCAAGGACAACGCCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCACGCCATCAGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTG AACCTGAGCCCCGAGCTGCAGGACGAGATCGGCACCGCCTTCAGCCTGTTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGCCCGAGATCCTGGAG GCCCTGCTGAAGCACATCAGCTTCGACAAGTTCGTGCAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGCCTGCGCCG AGATCTACGGCGACCACTACGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCGACGAGATCCGCAACCCCGTGGTGCTGCGCGCCCTGAGCCAGGC CCGCAAGGTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGGTGGGCAAGAGCTTCAAGGACCGCAAGGAGATCGAGAA GCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTTCCCCAACTTCGTGGGCGAGCCCAAGAGCAAGGACATCCTGAAGCTGCGCCT GTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATCAACCTGGGCCGCCTGAACGAGAAGGGCTACGTGGAGATCGCCGCTGCCCTGCCCTTCAGCCGCAC CTGGGACGACAGCTTCAACAACAAGGTGCTGGTGCTGGGCAGCGAGGCTCAGAACAAGGGCAACCAGACCCCCTACGAGTACTTCAACGGCAAG GACAACAGCCGCGAGTG GCAGGAGTTCAAGGCCCGCGTGGAGACCAGCCGCTTCCCCCGCAGCAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCTTCAAGGAGCGCAACCTGAACGA CACCCGCTACGTGAACCGCTTCCTGTGCCAGTTCGTGGCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCACCAACCTGCTG CGCGGCTTCTGGGGCCTGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCCTGGACGCCGTGGTGGTGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCACCCGC TTCGTGCGCTACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCAGAAGACCCACTTCCCCCAGCCCTGGGAGTTCTTCGCCC AGGAGGTGATGATCCGCGTGTTCGGCAAGCCCGACGGCAAGCCCGAGTTCGAGGAGGCCGACACCCCCGAGAAGCTGCGCACCCTGCTGGCCGAGAAGCTGAGCAGCCGCC CTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGCGCCCCCAACCGCAAGATGAGCGGTCAGGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACG AGGGCGTGAGCGTGCTGCGCGTGCCCCTGACCCAGCTGAAGCTGAAGGACCTGGAGAAGATGGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGC CTGGAGGCCCACAAGGACGACCCCGCCAAGGCCTTCGCCGAGCCCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTG CAGAAGACCGGCGTGTGGGTGCGCAACCACAACGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTGGTGCCCATCTAC AGCTGGCAGGTGGCCAAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACGAGGAGGACTGGCAGCTGATCGACGACAGCTTCAACTTCAAGTTCAGCCTGCAC CCCAACGACCTGGTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGGCACCGGCAACATCAACATCCGCATCCACGACCTGGACCACA AGATCGGCAAGAACGGCATCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAGCTGGGCAAGGAGATCCGCCCCTGCCGCCTGAAGA AGCGCCCTCCTGTGCGCTAA ( SEQ ID NO : 12 ) 
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ATGAAGAAGGAGATCAAGGACTACTTCCTGGGCCTGGACGTGGGCACCGGCAGCGTGGGCTGGGCCGTGACCGACACCGACTACAAGCTGCTGAAGGCCAACCGCAAGGAC CTGTGGGGCATGCGCTGCTTCGAGACTGCTGAGACCGCCGAGGTGCGCCGGCTGCACCGCGGTGCTCGCCGGCGCATCGAGCGCCGCAAGAAGCGCATCAAGCTGCTGCAG GAGCTGTTCAGCCAGGAGATCGCCAAGACCGACGAGGGCTTCTTCCAGCGCATGAAGGAGAGCCCCTTCTACGCCGAGGACAAGACCATCCTGCAGGAGAACACCCTGTTCA ACGACAAGGACTTCGCCGACAAGACCTACCACAAGGCCTACCCCACCATCAACCACCTGATCAAGGCCTGGATCGAGAACAAGGTGAAGCCCGACCCTCGCCTGCTGTACCTG GCCTGCCACAACATCATCAAGAAGCGCGGCCACTTCCTGTTCGAGGGCGACTTCGACAGCGAGAACCAGTTCGACACCAGCATCCAGGCCCTGTTCGAGTACCTGCGCGAGG ACATGGAGGTGGACATCGACGCCGACAGCCAGAAGGTGAAGGAGATCCTGAAGGACAGCAGCCTGAAGAACAGCGAGAAGCAGAGCCGCCTGAACAAGATCCTGGGCCTG AAGCCCAGCGACAAGCAGAAGAAGGCCATCACCAACCTGATCAGCGGCAACAAGATCAACTTCGCCGACCTGTACGACAACCCCGACCTGAAGGACGCCGAGAAGAACAGC ATCAGCTTCAGCAAGGACGACTTCGACGCCCTGAGCGACGACCTGGCCAGCATCCTGGGCGACAGCTTCGAGCTGCTGCTGAAGGCCAAGGCCGTGTACAACTGCAGCGTGC TGAGCAAGGTGATCGGCGACGAGCAGTACCTGAGCTTCGCCAAGGTGAAGATCTACGAGAAGCACAAGACCGACCTTACCAAGCTGAAGAACGTGATCAAGAAGCACTTCCC CAAGGACTACAAGAAGGTGTTCGGCTACAACAAGAACGAGAAGAACAACAACAACTACAGCGGCTACGTGGGCGTGTGCAAGACCAAGAGCAAGAAGCTGATCATCAACAA CAGCGTGAACCAGGAGGACTTCTACAAGTTCCTGAAGACCATCCTGAGCGCCAAGAGCGAGATCAAGGAGGTGAACGACATCCTGACCGAGATCGAGACCGGCACCTTCCTG CCCAAGCAGATCAGCAAGAGCAACGCCGAGATCCCCTACCAGCTGCGCAAGATGGAGCTGGAGAAGATCCTGAGCAACGCCGAGAAGCACTTCAGCTTCCTGAAGCAGAAG GACGAGAAGGGCCTGAGCCACAGCGAGAAGATCATCATGCTGCTGACCTTCAAGATCCCCTACTACATCGGCCCCATCAACGACAACCACAAGAAGTTCTTCCCCGACCGCTG CTGGGTGGTGAAGAAGGAGAAGAGCCCCAGCGGCAAGACCACCCCCTGGAACTTCTTCGACCACATCGACAAGGAGAAGACCGCCGAGGCCTTCATCACCAGCCGCACCAA CTTCTGCACATACCTGGTGGGCGAGAGCGTGCTGCCCAAGAGCAGCCTGCTGTACAGCGAGTACACCGTGCTGAACGAGATCAACAACCTGCAGATCATCATCGACGGCAAG AACATCTGCGACATCAAGCTGAAGCAGAAGATCTACGAGGACCTGTTCAAGAAGTACAAGAAGATCACCCAGAAGCAGATCAGCACCTTCATCAAGCACGAGGGCATCTGCA ACAAGACCGACGAGGTGATCATCCTGGGCATCGACAAGGAGTGCACCAGCAGCCTGAAGAGCTACATCGAGCTGAAGAACATCTTCGGCAAGCAGGTGGACGAGATCAGCA CCAAGAACATGCTGGAGGAGATCATCCGCTGGGCCACCATCTACGACGAGGGCGAGGGCAAGACCATCCTGAAGACCAAGATCAAGGCCGAGTACGGCAAGTACTGCAGCG ACGAGCAGATCAAGAAGATCCTGAACCT GAAGTTCAGCGGCTGGGGCCGCCTGAGCCGCAAGTTCCTGGAGACCGTGACCAGCGAGATGCCCGGCTTCAGCGAGCCCGTGA ACATCATCACCGCCATGCGCGAGACCCAGAACAACCTGATGGAGCTGCTGAGCAGCGAGTTCACCTTCACCGAGAACATCAAGAAGATCAACAGCGGCTTCGAGGACGCCGA GAAGCAGTTCAGCTACGACGGCCTGGTGAAGCCCCTGTTCCTGAGCCCCAGCGTGAAGAAGATGCTGTGGCAGACCCTGAAGCTGGTGAAGGAGATCAGCCACATCACCCAG GCTCCTCCTAAGAAGATCTTCATCGAGATGGCCAAGGGCGCCGAGCTGGAGCCTGCTCGCACCAAGACCCGCCTGAAGATCCTGCAGGACCTGTACAACAACTGCAAGAACG ACGCCGACGCATTCAGCAGCGAGATCAAGGACCTGAGCGGCAAGATCGAGAACGAGGACAACCTGCGCCTGCGCAGCGACAAGCTGTACCTGTACTACACCCAGCTGGGCA AGTGCATGTACTGCGGCAAGCCCATCGAGATCGGCCACGTGTTCGACACCAGCAACTACGACATCGACCACATCTACCCCCAGAGCAAGATCAAGGACGACAGCATCAGCAA CCGCGTGCTGGTGTGCAGCAGCTGCAACAAGAACAAGGAGGACAAGTACCCTCTGAAGAGCGAGATCCAGAGCAAGCAGCGCGGCTTCTGGAACTTCCTGCAGCGCAACAA CTTCATCAGCCTGGAGAAGCTGAACCGCCTGACCCGCGCCACCCCCATCAGCGACGACGAGACCGCCAAGTTCATCGCCCGCCAGCTGGTGGAGACTCGCCAAGCTACCAAG GTGGCCGCCAAGGTGCTGGAGAAGATGTTCCCCGAGACCAAGATCGTGTACAGCAAGGCCGAGACCGTGAGCATGTTCCGCAACAAGTTCGACATCGTGAAGTGCCGCGAG ATCAACGACTTCCACCACGCCCACGACGCCTACCTGAACATCGTGGTGGGCAACGTGTACAACACCAAGTTCACCAACAACCCCTGGAATTTCATTAAGGAGAAGCGCGACAA CCCCAAGATCGCCGACACCTACAACTACTACAAGGTGTTCGACTACGACGTGAAGCGCAACAACATCACCGCCTGGGAGAAGGGCAAGACCATCATCACCGTGAAGGACATG CTGAAGCGCAACACCCCCATCTACACCCGCCAGGCCGCCTGCAAGAAGGGCGAGCTGTTCAACCAGACCATCATGAAGAAGGGCCTGGGCCAGCACCCCCTGAAGAAGGAG GGCCCCTTCAGCAACATCAGCAAGTACGGCGGCTACAACAAGGTGAGCGCCGCCTACTACACCCTGATCGAGTACGAGGAGAAGGGCAACAAGATCCGCAGCCTGGAGACC ATCCCCCTGTACCTGGTGAAGGACATCCAGAAGGACCAGGACGTGCTGAAGAGCTACCTGACCGACCTGCTGGGCAAGAAGGAGTTCAAGATCCTGGTGCCCAAGATCAAGA TCAACAGCCTGCTGAAGATCAACGGCTTCCCCTGCCACATCACCGGCAAGACCAACGACAGCTTCCTGCTGCGCCCCGCCGTGCAGTTCTGCTGCAGCAACAACGAGGTGCTG TACTTCAAGAAGATCATCCGCTTCAGCGAGATCCGCAGCCAGCGCGAGAAGATCGGCAAGACCATCAGCCCCTACGAGGACCTGAGCTTCCGCAGCTACATCAAGGAGAACC TGTGGAAGAAGACCAAGAACGACGAGATCGGCGAGAAGGAGTTCTACGACCTGCTGCAGAAGAAGAACCTGGAGATCTACGACATGCTGCTGACCAAGCACAAGGACACCA TCTACAAGAAGCGCCCCAACAGCGCCACCATCGACATCCTGGTGAAGGGCAAGGAGAAGTTCAAGAGCCTGATCATCGAGAACCAGTTCGAGGTGATCCTGGAGATCCTGAA GCTGTTCAGCGCCACCCGCAACGTGAGCGACCTGCAGCACATCGGCGGCAGCAAGTACAGCGGCGTGGCCAAGATCGGCAACAAGATCAGCAGCCTGGACAACTGCATCCT GATCTACCAGAGCATCACCGGCATCTTCGAGAAGCGCATCGACCTGCTGAAGGTGTAA ( SEQ ID NO : 13 ) 
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ATGAAGAAGGAGATCAAGGACTACTTCCTGGGCCTGGCCGTGGGCACCGGCAGCGTGGGCTGGGCCGTGACCGACACCGACTACAAGCTGCTGAAGGCCAACCGCAAGGAC CTGTGGGGCATGCGCTGCTTCGAGACTGCTGAGACCGCCGAGGTGCGCCGGCTGCACCGCGGTGCTCGCCGGCGCATCGAGCGCCGCAAGAAGCGCATCAAGCTGCTGCAG GAGCTGTTCAGCCAGGAGATCGCCAAGACCGACGAGGGCTTCTTCCAGCGCATGAAGGAGAGCCCCTTCTACGCCGAGGACAAGACCATCCTGCAGGAGAACACCCTGTTCA ACGACAAGGACTTCGCCGACAAGACCTACCACAAGGCCTACCCCACCATCAACCACCTGATCAAGGCCTGGATCGAGAACAAGGTGAAGCCCGACCCTCGCCTGCTGTACCTG GCCTGCCACAACATCATCAAGAAGCGCGGCCACTTCCTGTTCGAGGGCGACTTCGACAGCGAGAACCAGTTCGACACCAGCATCCAGGCCCTGTTCGAGTACCTGCGCGAGG ACATGGAGGTGGACATCGACGCCGACAGCCAGAAGGTGAAGGAGATCCTGAAGGACAGCAGCCTGAAGAACAGCGAGAAGCAGAGCCGCCTGAACAAGATCCTGGGCCTG AAGCCCAGCGACAAGCAGAAGAAGGCCATCACCAACCTGATCAGCGGCAACAAGATCAACTTCGCCGACCTGTACGACAACCCCGACCTGAAGGACGCCGAGAAGAACAGC ATCAGCTTCAGCAAGGACGACTTCGACGCCCTGAGCGACGACCTGGCCAGCATCCTGGGCGACAGCTTCGAGCTGCTGCTGAAGGCCAAGGCCGTGTACAACTGCAGCGTGC TGAGCAAGGTGATCGGCGACGAGCAGTACCTGAGCTTCGCCAAGGTGAAGATCTACGAGAAGCACAAGACCGACCTTACCAAGCTGAAGAACGTGATCAAGAAGCACTTCCC CAAGGACTACAAGAAGGTGTTCGGCTACAACAAGAACGAGAAGAACAACAACAACTACAGCGGCTACGTGGGCGTGTGCAAGACCAAGAGCAAGAAGCTGATCATCAACAA CAGCGTGAACCAGGAGGACTTCTACAAGTTCCTGAAGACCATCCTGAGCGCCAAGAGCGAGATCAAGGAGGTGAACGACATCCTGACCGAGATCGAGACCGGCACCTTCCTG CCCAAGCAGATCAGCAAGAGCAACGCCGAGATCCCCTACCAGCTGCGCAAGATGGAGCTGGAGAAGATCCTGAGCAACGCCGAGAAGCACTTCAGCTTCCTGAAGCAGAAG GACGAGAAGGGCCTGAGCCACAGCGAGAAGATCATCATGCTGCTGACCTTCAAGATCCCCTACTACATCGGCCCCATCAACGACAACCACAAGAAGTTCTTCCCCGACCGCTG CTGGGTGGTGAAGAAGGAGAAGAGCCCCAGCGGCAAGACCACCCCCTGGAACTTCTTCGACCACATCGACAAGGAGAAGACCGCCGAGGCCTTCATCACCAGCCGCACCAA CTTCTGCACATACCTGGTGGGCGAGAGCGTGCTGCCCAAGAGCAGCCTGCTGTACAGCGAGTACACCGTGCTGAACGAGATCAACAACCTGCAGATCATCATCGACGGCAAG AACATCTGCGACATCAAGCTGAAGCAGAAGATCTACGAGGACCTGTTCAAGAAGTACAAGAAGATCACCCAGAAGCAGATCAGCACCTTCATCAAGCACGAGGGCATCTGCA ACAAGACCGACGAGGTGATCATCCTGGGCATCGACAAGGAGTGCACCAGCAGCCTGAAGAGCTACATCGAGCTGAAGAACATCTTCGGCAAGCAGGTGGACGAGATCAGCA CCAAGAACATGCTGGAGGAGATCATCCGCTGGGCCACCATCTACGACGAGGGCGAGGGCAAGACCATCCTGAAGACCAAGATCAAGGCCGAGTACGGCAAGTACTGCAGCG ACGAGCAGATCAAGAAGATCCTGAACCTGAAGTTCAGCGGCTGGGGCCGCCTGAGCCGCAAGTTCCTGGAGACCGTGACCAGCGAGATGCCCGGCTTCAGCGAGCCCGTGA ACATCATCACCGCCATGCGCGAGACCCAGAACAACCTGATGGAGCTGCTGAGCAGCGAGTTCACCTTCACCGAGAACATCAAGAAGATCAACAGCGGCTTCGAGGACGCCGA GAAGCAGTTCAGCTACGACGGCCTGGTGAAGCCCCTGTTCCTGAGCCCCAGCGTGAAGAAGATGCTGTGGCAGACCCTGAAGCTGGTGAAGGAGATCAGCCACATCACCCAG GCTCCTCCTAAGAAGATCTTCATCGAGATGGCCAAGGGCGCCGAGCTGGAGCCTGCTCGCACCAAGACCCGCCTGAAGATCCTGCAGGACCTGTACAACAACTGCAAGAACG ACGCCGACGCATTCAGCAGCGAGATCAAGGACCTGAGCGGCAAGATCGAGAACGAGGACAACCTGCGCCTGCGCAGCGACAAGCTGTACCTGTACTACACCCAGCTGGGCA AGTGCATGTACTGCGGCAAGCCCATCGAGATCGGCCACGTGTTCGACACCAGCAACTACGACATCGCTGCTATCTACCCCCAGAGCAAGATCAAGGACGACAGCATCAGCAA CCGCGTGCTGGTGTGCAGCAGCTGCGCCAAGAACAAGGAGGACAAGTACCCTCTGAAGAGCGAGATCCAGAGCAAGCAGCGCGGCTTCTGGAACTTCCTGCAGCGCAACAA CTTCATCAGCCTGGAGAAGCTGAACCGCCTGACCCGCGCCACCCCCATCAGCGACGACGAGACCGCCAAGTTCATCGCCCGCCAGCTGGTGGAGACTCGCCAAGCTACCAAG GTGGCCGCCAAGGTGCTGGAGAAGATGTTCCCCGAGACCAAGATCGTGTACAGCAAGGCCGAGACCGTGAGCATGTTCCGCAACAAGTTCGACATCGTGAAGTGCCGCGAG ATCAACGACTTCCACCACGCCCACGACGCCTACCTGAACATCGTGGTGGGCAACGTGTACAACACCAAGTTCACCAACAACCCCTGGAATITCATTAAGGAGAAGCGCGACAA CCCCAAGATCGCCGACACCTACAACTACTACAAGGTGTTCGACTACGACGTGAAGCGCAACAACATCACCGCCTGGGAGAAGGGCAAGACCATCATCACCGTGAAGGACATG CTGAAGCGCAACACCCCCATCTACACCCGCCAGGCCGCCTGCAAGAAGGGCGAGCTGTTCAACCAGACCATCATGAAGAAGGGCCTGGGCCAGCACCCCCTGAAGAAGGAG GGCCCCTTCAGCAACATCAGCAAGTACGGCGGCTACAACAAGGTGAGCGCCGCCTACTACACCCTGATCGAGTACGAGGAGAAGGGCAACAAGATCCGCAGCCTGGAGACC ATCCCCCTGTACCTGGTGAAGGACATCCAGAAGGACCAGGACGTGCTGAAGAGCTACCTGACCGACCTGCTGGGCAAGAAGGAGTTCAAGATCCTGGTGCCCAAGATCAAGA TCAACAGCCTGCTGAAGATCAACGGCTTCCCCTGCCACATCACCGGCAAGACCAACGACAGCTTCCTGCTGCGCCCCGCCGTGCAGTTCTGCTGCAGCAACAACGAGGTGCTG TACTTCAAGAAGATCATCCGCTTCAGCGAGATCCGCAGCCAGCGCGAGAAGATCGGCAAGACCATCAGCCCCTACGAGGACCTGAGCTTCCG CAGCTACATCAAGGAGAACC TGTGGAAGAAGACCAAGAACGACGAGATCGGCGAGAAGGAGTTCTACGACCTGCTGCAGAAGAAGAACCTGGAGATCTACGACATGCTGCTGACCAAGCACAAGGACACCA TCTACAAGAAGCGCCCCAACAGCGCCACCATCGACATCCTGGTGAAGGGCAAGGAGAAGTTCAAGAGCCTGATCATCGAGAACCAGTTCGAGGTGATCCTGGAGATCCTGAA GCTGTTCAGCGCCACCCGCAACGTGAGCGACCTGCAGCACATCGGCGGCAGCAAGTACAGCGGCGTGGCCAAGATCGGCAACAAGATCAGCAGCCTGGACAACTGCATCCT GATCTACCAGAGCATCACCGGCATCTTCGAGAAGCGCATCGACCTGCTGAAGGTGTAA ( SEQ ID NO : 14 ) 
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GCCCACGACACCAACCACCA ( SEQ ID NO : 18 ) 

May 3 , 2018 Sheet 72 of 76 

TCTTCCCTAGGAATGATGAC ( SEQ ID NO : 19 ) GCGGTCCCTGAGGTGCACCG ( SEQ ID NO : 20 ) AGAAGTGGAATACAGAGCGG ( SEQ ID NO : 21 ) 
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FIG . 33 
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ATGGAGAGAAGGAATCCTAGTGAGAGGGGAGTGCCCGCCGGGTTTTCTGGTCACGCCTCCGTGGAATCCGGATGTGAGAC TCAGGAGTCCCCCGCCACCGTGGTGTTCCGCCCACCAGGAGACAACACTGACGGTGGCGCGGCGGCTGCTGCAGGTGGA AGCCAAGCCGCCGCTGCTGGGGCCGAGCCGATGGAACCCGAATCCAGACCCGGTCCCTCTGGCATGAACGTTGTGCAGGT CGCAGAACTCTACCCCGAACTCCGCAGGATCTTGACAATCACGGAGGACGGCCAGGGCCTCAAGGGAGTGAAGAGAGAG AGAGGGGCTTGTGAGGCCACTGAGGAAGCTCGCAATCTGGCGTTTTCATTGATGACAAGGCACAGGCCGGAATGCATTAC ATTCCAACAGATTAAGGACAACTGCGCAAACGAGCTCGATCTCCTGGCCCAGAAGTATAGCATCGAGCAGCTGACAACCTAT TGGCTGCAGCCCGGCGACGATTTTGAAGAGGCCATCCGCGTGTACGCAAAGGTGGCCCTGCGACCTGACTGCAAATATAAG ATTTCCAAACTGGTTAACATCCGGAATTGTTGTTATATTAGTGGAAATGGCGCAGAAGTGGAGATTGACACAGAGGATCGAG TCGCTTTCCGGTGCTCTATGATCAACATGTGGCCCGGTGTGCTCGGCATGGATGGCGTAGTCATTATGAATGTGGCTTTCACC GGACCTAATTTTAGCGGAACCGTCTTCCTGGCAAACACTAATCTGATCCTGCATGGAGTTTCTTTCTATGGATTTAATAACACC TGTGTTGAAGCTTGGACCGACGTGCGGGTTAGAGGGTGTGCTTTTTATTGCTGCTGGAAAGGCGTCGTGTGTAGACCCAAA AGTAGAGCTTCTATCAAGAAATGCCTGTTCGAGAGGTGTACTCTGGGCATTCTCAGTGAAGGTAATAGCAGGGTCAGGCATA ACGTGGCCTCAGATTGCGGATGTTTTATGTTGGTTAAATCCGTGGCTGTGATCAAGCACAACATGGTGTGTGGCAATTGTGA GGACCGGGCATCTCAAATGCTGACATGTTCCGATGGCAACTGTCACCTGCTCAAAACAATTCACGTTGCGAGCCATTCTCGG AAGGCCTGGCCAGTTTTCGAGCATAACATCCTGACGCGCTGTAGTCTCCACCTGGGTAACAGACGGGGCGTTTTCCTGCCAT ATCAGTGTAACCTGTCACATACCAAGATACTCCTGGAACCAGAATCTATGAGTAAAGTGAACCTGAATGGTGTATTCGATATG ACCATGAAGATATGGAAAGTCCTCCGCTATGACGAAACTAGGACTAGGTGTAGGCCCTGCGAGTGTGGCGGCAAGCATATC CGCAACCAACCCGTGATGCTGGACGTGACCGAGGAGCTGCGCCCCGATCACCTGGTGCTGGCCTGCACCAGAGCAGAATT CGGGAGCTCAGACGAAGACACTGATTAA ( SEQ ID NO : 22 ) 
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ENHANCING ENDONUCLEASE BASED 
GENE EDITING IN PRIMARY CELLS 

PRIORITY AND CROSS - REFERENCE TO 
RELATED APPLICATIONS 

[ 0001 ] This application claims the benefit of priority to 
U . S . Provisional Application 62 / 161 , 104 , filed on May 13 , 
2015 , which is hereby incorporated by reference in its 
entirety . 

REFERENCE TO SEQUENCE LISTING 
[ 0002 ] The present application is being filed along with a 
Sequence Listing in electronic format . The Sequence Listing 
is provided as a file entitled SCRI _ 094WO _ SEQLIST . txt 
which is 72 , 184 bytes in size , created on May 11 , 2016 and 
last modified on May 11 , 2016 . 

FIELD 
[ 0003 ] Aspects of the disclosure provided herein are gen 
erally related to endonuclease - based gene editing systems 
and methods . Some aspects of the disclosure provided 
herein are related to the CRISPR / Cas9 gene editing system . 

BACKGROUND 
[ 0004 ] Endonuclease - based systems have rapidly become 
significant gene editing tools in biomedical research , with 
their application for gene disruption and / or gene targeting 
demonstrated in a variety of cultured cell and model organ 
ism systems . 
[ 0005 ] Endonuclease - based systems for gene editing 
allow scientists to edit genomes with unprecedented preci 
sion , efficiency , and flexibility . Examples of endonuclease 
based approaches for gene editing include systems compris 
ing , without limitations , zinc finger nucleases ( ZFNs ) , TAL 
effector nucleases ( TALENs ) , meganucleases ( such as 
MegaTALs ) , and CRISPR / Cas9 . 

ods for enhancing the efficiency of inactivation of a target 
gene concurrently with endonucleases . More alternatives 
relate to the inactivation of a target gene for therapeutic , 
agricultural and / or other commercially useful purposes uti 
lizing one or more of the systems described herein . Still 
more alternatives relate to the production of autologous 
and / or non - autologous primary cells having an inactivated 
target gene and the use of these cells for therapeutic and / or 
other commercial applications . 
[ 0008 ] In some alternatives , a system for editing at least 
one target gene in a cell is provided , the system comprising 
a first nucleic acid sequence encoding a CRISPR guide 
RNA , wherein the CRISPR guide RNA is complimentary to 
at least one target gene in a cell and , wherein said first 
nucleic acid sequence is present in a vector , a second nucleic 
acid sequence encoding a Cas9 protein , a derivative or 
fragment thereof ; a third nucleic acid sequence encoding a 
first adenoviral protein ; and a fourth nucleic acid sequence 
encoding a second adenoviral protein . In some alternatives 
of the system , the cell is a eukaryotic cell . In some alterna 
tives of the system , the cell is a mammalian cell . In some 
alternatives of the system , the cell is a human cell . In some 
alternatives of the system , the cell is a primary cell . In some 
alternatives of the system , the cell is not a transformed cell . 
In some alternatives of the system , the cell is a primary 
lymphocyte , a CD34 + stem cell , a hepatocyte , a cardiomyo 
cyte , a neuron , a glial cell , a muscle cell or an intestinal cell . 
[ 0009 ] In some alternatives of the system , the vector is a 
viral vector . In some alternatives of the system , the viral 
vector is an Adeno - associated virus ( AAV ) vector . In some 
alternatives of the system , the second nucleic acid encoding 
the Cas9 protein , a derivative or fragment thereof is an 
mRNA . In some alternatives of the system , the second 
nucleic acid sequence encoding the Cas9 protein is codon 
optimized for expression in a eukaryotic cell , such as a 
human cell . In some alternatives of the system , the Cas9 
protein , a derivative or fragment thereof is from S . pyogenes . 
In some alternatives of the system , the third nucleic acid 
encoding the first adenoviral protein is an mRNA . In some 
alternatives of the system , the mRNA is codon optimized for 
expression in a eukaryotic cell , such as a human cell . In 
some alternatives of the system , the first adenoviral protein 
is E4ORF6 . In some alternatives of the system , the fourth 
nucleic acid encoding the second adenoviral protein is an 
mRNA . In some alternatives of the system , the fourth 
nucleic acid encoding the second adenoviral protein is codon 
optimized for expression in a eukaryotic cell , such as a 
human cell . In some alternatives of the system , the second 
adenoviral protein is an E1B55K mutant . In some alterna 
tives of the system , the first , second , third and fourth nucleic 
acid sequences are joined to regulatory elements that are 
operable in a eukaryotic cell , such as a human cell . In some 
alternatives of the system , the first nucleic acid sequence 
encoding the CRISPR guide RNA is operably linked to a 
regulatory element . In some alternatives of the system , the 
nucleic acid sequence encoding the CRISPR guide RNA is 
operably linked to a promoter , for example , a U6 promoter . 
In some alternatives of the system , the first nucleic acid 
sequence encoding the CRISPR guide RNA is constitutively 
expressed 
[ 0010 ] In some alternatives , a method of editing at least 
one target gene in a cell is provided , the method comprising 
introducing into a cell a first vector that comprises a first 
nucleic acid sequence encoding a CRISPR guide RNA , 

SUMMARY 
[ 0006 ] The present disclosure provides several methods 
for applying CRISPR / Cas9 in primary cells in which an 
mRNA is used to express Cas9 , and simultaneously , mRNA 
is used to transiently express two adenoviral proteins , 
E4ORF6 and an H373A or H354 mutant version of E1B55K . 
The wild type E4ORF6 and E1B55K proteins relieve post 
entry defects for expression from AAV vectors ; however , if 
the wild type E1B55K or E4ORF6 proteins are used , they 
disable an important protein complex involved in DNA 
repair ( known as the MRN complex ) , which leads to cell 
cycle arrest and high toxicity due to lack of repair of DNA 
breaks . Instead of using the wild type proteins mutants of 
E1B55K , which do not disable the MRN complex are 
utilized . Co - expression of Cas9 with E4ORF6 / E1B55K 
mutants results in sufficient relief of the post - entry restric 
tion on AAV expression while maintaining intact DNA 
repair . This allows for a substantial improvement in Cas9 
mediated gene editing efficiency with minimal toxicity when 
an AAV vector is used to express the guide RNA ' s necessary 
for Cas9 targeting . 
[ 0007 ] Some alternatives of the system provided herein , 
comprise endonucleases so as to provide additional tools 
useful in gene disruption . Several alternatives , for example , 
relate to systems utilizing CRISPR / Cas9 systems and meth - 
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wherein the CRISPR guide RNA is complimentary to at 
least one target gene in said cell ; introducing into said cell 
a second nucleic acid sequence encoding a Cas9 protein , a 
derivative or fragment thereof ; introducing into said cell a 
third nucleic acid sequence encoding a first adenoviral 
protein ; and introducing into said cell a fourth nucleic acid 
sequence encoding a second adenoviral protein . In some 
alternatives of the method , the cell is a eukaroytic cell . In 
some alternatives of the method , the cell is a mammalian 
cell . In some alternatives of the method , the cell is a human 
cell . In some alternatives of the method , the cell is a primary 
cell . In some alternatives of the method , the cell is not a 
transformed cell . In some alternatives of the method , the cell 
is a primary lymphocyte , a CD34 + stem cell , a hepatocyte , 
a cardiomyocyte , a neuron , a glial cell , a muscle cell or an 
intestinal cell . 
[ 0011 ] In some alternatives of the method , the first vector 
comprising the first nucleic acid sequence encoding the 
CRISPR guide RNA is a viral vector . In some alternatives of 
the method , the viral vector is an Adeno - associated virus 
( AAV ) vector . In some alternatives of the method , the 
second , third and fourth nucleic acid sequences are mRNA . 
In some alternatives of the method , the mRNAs are codon 
optimized for expression in a eukaryotic cell , such as a 
human . In some alternatives of the method , the Cas9 protein , 
a derivative or fragment thereof is from S . pyogenes . In some 
alternatives of the method , the first adenoviral protein is 
E4ORF6 . In some alternatives of the method , the second 
adenoviral protein is a E1B55K mutant . In some alternatives 
of the method , the CRISPR guide RNA is complimentary to 
a target gene of interest . In some alternatives of the method , 
the CRISPR guide RNA is complimentary to a target gene 
of interest . In some alternatives of the method , the first , 
second , third and fourth nucleic acid sequences are tran 
siently introduced into the cell . In some alternatives of the 
method , the first , second , third and fourth nucleic acid 
sequences are not permanently introduced into the cell . In 
some alternatives of the method , the introducing of the first , 
second , third and fourth nucleic acid sequences into the cell 
does not transform the cell . In some alternatives of the 
method , the target gene is a selected or identified gene of 
interest . In some alternatives of the method and / or the 
system , the second , third , or fourth nucleic acid sequence is 
provided on a vector . In some alternatives , a method of 
editing at least one target gene in a cell is practiced by 
introducing into a cell any of the alternatives of the system 
described herein . 
[ 0012 ] In some alternatives , a method of treating , amelio 
rating , or inhibiting a disease and / or a condition in a subject 
is practiced by providing to a subject having a disease and / or 
a condition any of the alternatives of the system described 
herein . 

[ 0017 ] FIG . 1E shows flow cytometry data related to 
comparison of TCRa knockout with single stranded ( ss ) 
versus self - complementary ( sc ) AAV for guide expression in 
T - cells . 
[ 0018 ] FIG . 2A shows data related to relief of post - entry 
restriction of AAV - mediated gene expression . 
[ 0019 ] FIG . 2B shows data related to comparison of effect 
of E4ORF6 / E1B55K proteins on self - complementary and 
single - stranded AAV6 - mediated gene expression 
10020 ] FIG . 2C shows data related to MRN inactivation 
and its effect of relief of post - entry restriction on AAV 
mediated expression . 
[ 0021 ] FIG . 3A shows the effect of E4ORF6 / E1B55K 
mutants on AAV - driven GFP expression . 
[ 0022 ] FIG . 3B shows the effect of E4ORF6 / E1B55K 
H373 expression on AAV transduction . 
[ 0023 ] FIG . 3C shows a comparison of E1B55K , E4ORF6 
mutants effects on AAV transduction . 
[ 0024 ] FIG . 3D shows a comparison of E1B55K , E4ORF6 
mutants effects on AAV - driven GFP expression . 
[ 0025 ] FIG . 4A - FIG . 4C show data related to CRISPR 
mediated gene knockout in primary human T - cells through 
use of adenoviral E4ORF6 / E1B55K proteins . 
[ 0026 ] FIG . 5A - FIG . 5C show data related to the effect of 
E4ORF6 / E1B55K MRN mutants on indel spectra . 
[ 0027 ) FIG . 6 shows the effect of E4ORF6 / E1B55K pro 
teins on non - homologous AAV insertion . 
10028 ] FIG . 7A - FIG . 7B show data related to implemen 
tation of CRISPR / Cas9 with mRNA / AAV delivery to 
achieve knockout at multiple genomic sites . 
10029 ] FIG . 8A - FIG . 8D show data related to implemen 
tation of Cas9 mRNA / AAV guide delivery to generate 
CRISPR - mediated double knockout in primary human 
T - cells with E40RF6 / E1B55K H373A expression . 
100301 FIG . 9 shows data related to implementation of 
Cas9 mRNA / AAV guide delivery to generate CRISPR 
mediated knockout of more than two genes in primary 
human T - cells with E4ORF6 / E1B55K H373A expression . 
[ 0031 ] FIG . 10A - FIG . 10C show data related the effect of 
using E1B55K mutants ( E4ORF6 / E1B55K ) enhance tar 
geted CRISPR knock - in . 
100321 FIG . 11 shows data related to the effect of addition 
of E4ORF6 / E1B55K H373A or H354 on homology directed 
repair ( HDR ) when using shorter homology arms for gene 
knock - in with CRISPR - Cas9 at the CCR5 locus . 
10033 ] FIG . 12A - FIG . 12C show data related to the effect 
of addition of E4ORF6 / E1B55K H354 on HDR when using 
shorter homology arms for gene knock - in with CRISPR 
Cas9 at the TCR locus . 
[ 0034 ] FIG . 13A - FIG . 13B show data related to surface 
marker phenotype and Ca2 + signaling in edited primary 
T - cells with E4ORF6 / E1B55K H373A . 
100351 FIG . 14A - FIG . 14B show data related to cell 
karyotype following multiplex CRISPR editing . 
[ 0036 ] FIG . 15A - FIG . 15C show data related to molecular 
confirmation of HDR events following CRISPR - Cas9 
breaks with E4ORF6 / E1B55K H373A or H354 . 
[ 0037 ] FIG . 16A shows alternatives of polynucleotide 
sequences of guide RNAs guidel ( SEQ ID NO : 15 ) , guide2 
( SEQ ID NO : 16 ) , guide3 ( SEQ ID NO : 17 ) , and guide4 
( SEQ ID NO : 5 ) used for generating TCR knockout using 
the CRISPR / Cas9 system . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0013 ] FIG . 1A shows a schematic of mRNA and AAV 
vector constructs used for TCR locus targeting . 
[ 0014 ] FIG . 1B shows 17 assay of editing - induced inser 
tions - deletions ( indels ) at TCRa locus . 
[ 0015 ] FIG . 1C shows the effect of Cas9 - T2A - mCherry 
mRNA dose on expression at 24 h post transfection . 
[ 0016 ] FIG . 1D shows the effect of increasing AAV dose 
on TCRa knockout . 
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[ 0038 ] FIG . 16B shows flow cytometry data comparing 
the efficiency of Cas9 - mCherry expression from mRNA in 
primary T - cells from donor 1 when using guide RNAs 
guidel - guide4 . 
[ 0039 ] FIG . 16C shows flow cytometry data comparing 
the efficiency of generation of TCR knockout in primary 
T - cells from donor 1 when using guide RNAs guidel 
guide4 . 
[ 0040 ] FIG . 16D shows flow cytometry data comparing 
Cas9 - mCherry expression levels in primary T - cells from 
donor 1 when using different volumes of Cas9 / guide sample . 
[ 0041 ] FIG . 16E shows flow cytometry data comparing 
the efficiency of generation of TCR knockout in primary 
T - cells from donor 1 when using different volumes of 
sample containing guide RNA guide4 . 
[ 0042 ] FIG . 16F shows flow cytometry data comparing 
Cas9 - mCherry expression levels in primary T - cells from 
donor 2 when using different volumes of Cas9 / guide sample 
containing guide RNA guide4 . 
[ 0043 ] FIG . 16G shows flow cytometry data comparing 
the efficiency of generation of TCR knockout in primary 
T - cells from donor 2 when using different volumes of 
sample containing guide RNA guide4 . 
[ 0044 ] FIG . 16H shows flow cytometry data comparing 
the efficiency of Cas9 - mCherry expression from mRNA in 
Jurkat T - cells when using guide RNAs guidel - guide4 . 
[ 0045 ] FIG . 161 shows flow cytometry data comparing the 
efficiency of generation of TCR knockout in Jurkat T - cells 
when using guide RNAs guidel - guide4 . 
[ 0046 ] FIG . 17 shows the protein sequence of an alterna 
tive of a wild type adenoviral protein E1B55K ( SEQ ID NO : 
1 ) . 
[ 0047 ] FIG . 18 shows the protein sequence of an alterna 
tive of a mutant adenoviral protein E1B55K with an H373A 
polymorphism ( SEQ ID NO : 2 ) . The mutation is shown in 
bold and underlined . 
10048 ] FIG . 19 shows the protein sequence of an alterna 
tive of a wild type adenoviral protein E4ORF6 ( SEQ ID NO : 

[ 0057 ] FIG . 28 shows the nucleotide sequence of an 
alternative Cas9 - NMm4 variant from Neisseria meningitidis 
( SEQ ID NO : 12 ) . 
[ 0058 ] FIG . 29 shows the nucleotide sequence of an 
alternative Cas9 - TD variant from Treponema denticola 
( SER ID NO : 13 ) . 
[ 0059 FIG . 30 shows the nucleotide sequence of an 
alternative Cas9 - TDm4 variant from Treponema denticola 
( SEO ID NO : 14 ) . 
10060 ] FIG . 31 shows alternatives of polynucleotide 
sequences of PD1 guide RNA ( SEQ ID NO : 18 ) , TIGIT 
guide RNA ( SEQ ID NO : 19 ) , Lag3 guide RNA ( SEQ ID 
NO : 20 ) and Tim3 guide RNA ( SEQ ID NO : 21 ) . 
[ 0061 ] FIG . 32A shows the effect of TALENs on HDR for 
the CCR5 locus . 
[ 0062 ] FIG . 32B shows the effect of TALENs on HDR for 
the CD40L locus . 
10063 ] FIG . 33 shows the nucleotide sequence of an 
alternative of an R240A mutant of the adenoviral protein 
E1B55K ( SEQ ID NO : 22 ) . 
[ 0064 ] FIG . 34 shows the nucleotide sequence of an 
alternative of an AXA mutant of the adenoviral protein 
E4ORF6 ( SEQ ID NO : 23 ) . 

DETAILED DESCRIPTION 

3 ) . 
0049 ] FIG . 20 shows the protein sequence of an alterna 
tive of a mutant adenoviral protein E1B55K with an H354 
( SEQ ID NO : 4 ) . The mutation / insertion is shown in bold 
and underlined . 
10050 ] FIG . 21 shows flow cytometry data of generation 
of TCRa knockout with CRISPR guide RNAs guidel ( G1 ) , 
guide2 ( G2 ) , guide3 ( G3 ) and guide4 ( G4 ) . 
[ 0051 ] FIG . 22 shows the protein sequence of an alterna 
tive dCas9 variant of Cas9 protein of Streptococcus pyo 
genes ( SEQ ID NO : 6 ) . 
0052 ] FIG . 23 shows the nucleotide sequence of an 
alternative Cas9 - SP variant from Streptococcus pyogenes 
( SEQ ID NO : 7 ) . 
[ 0053 ] FIG . 24 shows the nucleotide sequence of an 
alternative Cas9 - SPm4 variant from Streptococcus pyogenes 
( SEQ ID NO : 8 ) . 
[ 0054 ] FIG . 25 shows the nucleotide sequence of an 
alternative Cas9 - ST1 variant from Streptococcus thermophi 
lus ( SEQ ID NO : 9 ) . 
[ 0055 ] FIG . 26 shows the nucleotide sequence of an 
alternative Cas9 - ST1m4 variant from Streptococcus ther 
mophilus ( SEQ ID NO : 10 ) . 
[ 0056 ] FIG . 27 shows the nucleotide sequence of an 
alternative Cas9 - NM variant from Neisseria meningitidis 
( SEQ ID NO : 11 ) . 

[ 0065 ] In some alternatives , nuclease - based gene editing 
systems and methods are provided . Examples of nuclease 
based approaches for gene editing include systems compris 
ing nucleases such as , without limitations , ZFNs , TALENS , 
meganucleases ( e . g . , MegaTALs ) and CRISPR / Cas9 . 
[ 0066 ] The gene - editing systems and methods provided 
herein can be applied to any nuclease - based gene editing 
approach comprising , without limitations , gene disruption 
and / or gene targeting . For example , aspects of the present 
disclosure are related to CRISPR / Cas9 - based gene editing . 
In some alternatives , Cas9 nuclease - mediated enhancement 
of gene editing is provided . 
[ 0067 ] An important aspect of applying CRISPR / Cas9 for 
gene editing is the need for a system to express the guide 
RNA ' s efficiently in a wide variety of cell types . An impor 
tant system for expressing guide RNAs is based on the use 
of adeno - associated virus vectors ( AAV ) . AAV vectors are 
able to transduce a wide range of primary cells . 
[ 0068 ] However , in many cell types , there is a post - entry 
restriction on AAV vectors that renders AAV - mediated 
expression of transgenes , including guide RNAs , very inef 
ficient , thus substantially compromising the utility of AAV 
vectors for this purpose . Therefore , an approach to substan 
tially improve and expand the potential applications of the 
CRISPR / Cas9 system in primary cells is contemplated . 
[ 0069 ] In some alternatives , Cas9 - based approach 
enhances gene editing efficiency with minimal toxicity when 
adeno - associated virus vectors ( AAV ) are used to express 
the guide RNA ' s necessary for Cas9 targeting . 
[ 0070 ] CRISPR / Cas9 and related programmable endonu 
clease systems have rapidly become significant gene editing 
tools of the biomedical research laboratory , with their appli 
cation for gene disruption and / or gene targeting demon 
strated in a variety of cultured cell and model organism 
systems . Although the flexibility with which the Cas9 nucle 
ase can be re - programmed to target new sites is a major 
advantage for genome engineering in the research setting , 
several practical barriers limit the direct extension of 
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research - based gene editing methods to editing of primary 
human cells for therapeutic purposes . 
[ 0071 ] Examples of some of these practical barriers 
include limited opportunities to identify and enrich for cells 
that have incurred a desired editing event ; the requirement 
for transient ( e . g . a few days ) nuclease delivery due to safety 
and immunogenicity issues associated with longer term 
and / or in vivo nuclease expression , and limitations in vector 
systems for nuclease or recombination template delivery 
posed by primary cells ' robust capacity to detect the pres 
ence of cytosolic DNA and consequent generation of anti 
viral or pro - apoptotic signals . 
[ 0072 ] Driven by the practical barriers delineated herein , 
therapeutic gene editing strategies utilizing zinc finger 
nucleases ( ZFNs ) , TAL effector nucleases ( TALENs ) , and 
meganucleases , have gravitated towards delivery 
approaches that ensure transient nuclease expression , most 
notably mRNA transfection , and the use of viral vectors for 
recombination template delivery . For these same reasons , 
mRNA - based CRISPR component expression has recently 
been extended to human primary cells for the purpose of 
gene disruption through the use of electroporation to deliver 
Cas9 mRNA or protein in conjunction with either native or 
degradation - resistant guide RNAs . 
[ 0073 ] While RNA or protein / RNA - based nuclease deliv 
ery are straightforward methods for disrupting individual 
genes , applications of CRISPR - based gene editing that 
involve gene targeting require efficient delivery of three 
components : Cas9 , guide RNA , and a recombination tem 
plate . 
10074 ] . In some alternatives , an electroporation / transduc 
tion co - delivery method for CRISPR / Cas9 gene editing that 
utilizes mRNA electroporation - mediated expression of Cas9 
in conjunction with variants of two adenoviral serotype 5 
proteins , E4ORF6 and E1B55K is provided , that transiently 
enhance both primary cells ' capacity for transduction by 
AAV and gene editing efficiency . 
[ 0075 ] In some alternatives , using a cell culture / manufac 
turing protocol compatible with clinical translation , the 
application of this method for efficient gene disruption and 
homology - directed gene targeting in primary human T - cells 
is provided . 

tions in sugar moieties and / or in pyrimidine or purine base 
moieties . Sugar modifications include , for example , replace 
ment of one or more hydroxyl groups with halogens , alkyl 
groups , amines , and azido groups , or sugars can be func 
tionalized as ethers or esters . Moreover , the entire sugar 
moiety can be replaced with sterically and electronically 
similar structures , such as aza - sugars and carbocyclic sugar 
analogs . Examples of modifications in a base moiety include 
alkylated purines and pyrimidines , acylated purines or 
pyrimidines , or other well - known heterocyclic substitutes . 
Nucleic acid monomers can be linked by phosphodiester 
bonds or analogs of such linkages . Analogs of phosphodi 
ester linkages include phosphorothioate , phosphorodithio 
ate , phosphoroselenoate , phosphorodiselenoate , phospho 
roanilothioate , phosphoranilidate , phosphoramidate , and the 
like . The term “ nucleic acid molecule ” also includes so 
called “ peptide nucleic acids , ” which comprise naturally 
occurring or modified nucleic acid bases attached to a 
polyamide backbone . Nucleic acids can be either single 
stranded or double stranded . The basic components of 
CRISPR / Cas9 system comprise a target gene , a guide RNA , 
and a Cas9 endonuclease , derivative , or fragment thereof . 
An important aspect of applying CRISPR / Cas9 for gene 
editing is the need for a system to deliver the guide RNAs 
efficiently to a wide variety of cell types . This could for 
example involve delivery of an in vitro generated guide 
RNA as a nucleic acid ( the guide RNA generated by in vitro 
transcription or chemical synthesis ) . In some alternatives the 
nucleic acid encoding the guide RNA is rendered nuclease 
resistant by incorporation of modified bases , such as 2 ' 0 
methyl bases . In some alternatives , the CRISPR / Cas9 sys 
tem described herein , whereby the polynucleotide encoding 
the Cas9 nuclease or a derivative or functional fragment 
thereof ( e . g . , SEQ ID NO : 6 , SEQ ID NO : 7 , SEQ ID NO : 
8 , SEQ ID NO : 9 , SEQ ID NO : 10 , SEQ ID NO : 11 , SEQ 
ID NO : 12 , SEQ ID NO : 13 or SEQ ID NO : 14 ) is provided 
with a poly ( T ) or poly ( A ) tail of a desired length and 
prepared in accordance with the teachings described herein , 
for example , is provided with a guide RNA that comprises 
one or more modified bases , such as any one or more of the 
modified bases described herein . 
[ 0080 ] Exemplary guide RNAs useful with the alterna 
tives described herein , which may contain one or more of the 
modified bases set forth herein are provided in SEQ ID NO : 
5 , SEO ID NO : 15 , SEQ ID NO : 16 , SEQ ID NO : 17 , SEQ 
ID NO : 18 , SEQ ID NO : 19 , SEQ ID NO : 20 and SEQ ID 
NO : 21 . Furthermore , an important system for expressing 
guide RNAs in this context is based on the use of adeno 
associated virus ( AAV ) vectors because AAV vectors are 
able to transduce a wide range of primary cells . AAV vectors 
do not cause infection and are not known to integrate into the 
genome . Therefore , the use of AAV vectors has the benefits 
of being both safe and efficacious . 
[ 0081 ] The term “ complementary to ” means that the 
complementary sequence is homologous to all or one or 
more portions of a reference polynucleotide sequence . For 
illustration , the nucleotide sequence " CATTAG ” corre 
sponds to a reference sequence “ CATTAG ” and is comple 
mentary to a reference sequence “ GTAATC . ” 
[ 0082 ] A “ promoter ” is a nucleotide sequence that directs 
the transcription of a structural gene . In some alternatives , a 
promoter is located in the 5 ' non - coding region of a gene , 
proximal to the transcriptional start site of a structural gene . 
Sequence elements within promoters that function in the 

Definitions 
[ 0076 ] In the description that follows , a number of terms 
are used extensively . The following definitions are provided 
to facilitate understanding of the present alternatives . 
[ 0077 ] As used herein , “ a ” or “ an ” may mean one or more 
than one . 
0078 ] As used herein , the term “ about ” indicates that a 
value includes the inherent variation of error for the method 
being employed to determine a value , or the variation that 
exists among experiments . 
0079 ] As used herein , “ nucleic acid ” or “ nucleic acid 

molecule ” refers to polynucleotides , such as deoxyribo 
nucleic acid ( DNA ) or ribonucleic acid ( RNA ) , oligonucle 
otides , fragments generated by the polymerase chain reac 
tion ( PCR ) , and fragments generated by any of ligation , 
scission , endonuclease action , and exonuclease action . 
Nucleic acid molecules can be composed of monomers that 
are naturally - occurring nucleotides ( such as DNA and 
RNA ) , or analogs of naturally - occurring nucleotides ( e . g . , 
enantiomeric forms of naturally occurring nucleotides ) , or a 
combination of both . Modified nucleotides can have altera 
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su 
initiation of transcription are often characterized by consen 
sus nucleotide sequences . These promoter elements include 
RNA polymerase binding sites , TATA sequences , CAAT 
sequences , differentiation - specific elements ( DSEs ; McGe 
hee et al . , Mol . Endocrinol . 7 : 551 ( 1993 ) ; incorporated by 
reference in its entirety herein ) , cyclic AMP response ele 
ments ( CREs ) , serum response elements ( SREs ; Treisman , 
Seminars in Cancer Biol . 1 : 47 ( 1990 ) ; incorporated by 
reference in its entirety herein ) , glucocorticoid response 
elements ( GREs ) , and binding sites for other transcription 
factors , such as CRE / ATF ( O ' Reilly et al . , J . Biol . Chem . 
267 : 19938 ( 1992 ) ) , AP2 ( Ye et al . , J . Biol . Chem . 269 : 25728 
( 1994 ) ) , SP1 , CAMP response element binding protein 
( CREB ; Loeken , Gene Expr . 3 : 253 ( 1993 ) ) and octamer 
factors ( see , in general , Watson et al . , eds . , Molecular 
Biology of the Gene , 4th ed . ( The Benjamin / Cummings 
Publishing Company , Inc . 1987 ) , and Lemaigre and Rous 
seau , Biochem . J . 303 : 1 ( 1994 ) ; all references incorporated 
by reference in their entireties herein ) . As used herein , a 
promoter may be constitutively active , repressible or induc 
ible . If a promoter is an inducible promoter , then the rate of 
transcription increases in response to an inducing agent . In 
contrast , the rate of transcription is not regulated by an 
inducing agent if the promoter is a constitutive promoter . 
Repressible promoters are also known . In some alternatives , 
a regulatory element can be an untranslated region . In some 
alternatives , an untranslated region is a 5 ' untranslated 
region . In some alternatives , an untranslated region is a 3 
untranslated region . In some alternatives , either 5 ' or 3 
untranslated region is used . In some alternatives , both 5 ' and 
3 ' untranslated regions are used . One skilled in the art will 
understand the meaning of an untranslated region as used in 
the alternatives here . 
[ 0083 ] A “ regulatory element ” is a nucleotide sequence 
that modulates the activity of a core promoter . For example , 
a regulatory element may contain a nucleotide sequence that 
binds with cellular factors enabling transcription exclusively 
or preferentially in particular cells , tissues , or organelles . 
These types of regulatory elements are normally associated 
with genes that are expressed in a “ cell - specific , ” “ tissue 
specific , " or " organelle - specific ” manner . In some alterna 
tives , a system for editing at least one target gene in a cell 
is provided , wherein the system comprises a first nucleic 
acid sequence encoding a CRISPR guide RNA , wherein the 
CRISPR guide RNA is complimentary to at least one target 
gene in a cell and , wherein said first nucleic acid sequence 
is present in a vector ; said system also comprising a second 
nucleic acid sequence encoding a Cas9 protein , a third 
nucleic acid sequence encoding a first adenoviral protein , 
and a fourth nucleic acid sequence encoding a second 
adenoviral protein . In some alternatives , the first , second , 
third and fourth nucleic acid sequences are joined to regu 
latory elements that are operable in a eukaryotic cell , such 
as a human cell . 
[ 0084 ] A “ polypeptide ” is a polymer of amino acid resi 
dues joined by peptide bonds , whether produced naturally or 
synthetically . Polypeptides of less than about 10 amino acid 
residues are commonly referred to as “ peptides . ” A poly 
peptide can be considered as a protein . 
[ 0085 ] A “ protein ” is a macromolecule comprising one or 
more polypeptide chains . A protein may also comprise 
non - peptide components , such as carbohydrate groups . Car 
bohydrates and other non - peptide substituents may be added 
to a protein by the cell in which the protein is produced , and 

will vary with the type of cell . Proteins are defined herein in 
terms of their amino acid backbone structures ; substituents 
such as carbohydrate groups are generally not specified , but 
may be present nonetheless . In some embodiments , a system 
for editing at least one target gene in a cell is provided , 
wherein the method comprises a first nucleic acid sequence 
encoding a CRISPR guide RNA , wherein the CRISPR guide 
RNA is complimentary to at least one target gene in a cell 
and , wherein said first nucleic acid sequence is present in a 
vector ; said system also comprising a second nucleic acid 
sequence encoding a Cas9 protein , a third nucleic acid 
sequence encoding a first adenoviral protein and a fourth 
nucleic acid sequence encoding a second adenoviral protein . 
[ 0086 ] As used herein , “ transient transfection ” refers to 
the introduction of exogenous nucleic acid ( s ) into a host cell 
by a method that does not generally result in the integration 
of the exogenous nucleic into the genome of the transiently 
transfected host cell . In some alternatives , the nucleic acid is 
RNA . In some alternatives , the nucleic acid is DNA . In some 
alternatives , when the nucleic acid is RNA , the nucleic acid 
does not generally integrate in the genome of the transiently 
transfected cell . In some alternatives , when the nucleic acid 
is DNA , the nucleic acid can integrate in the genome of the 
transiently transfected cell . 
[ 0087 ) By the term " host cell ” is meant a cell that is 
introduced with Cas9 - mRNA / AAV - guide RNA according to 
the present alternatives , as well as , cells that are provided 
with the systems herein . Host cells can be prokaryotic cells 
or eukaryotic cells . Examples of prokaryotic host cells 
include , but are not limited to E . coli , nitrogen fixing 
bacteria , Staphylococcus aureus , Staphylococcus albus , 
Lactobacillus acidophilus , Bacillus anthracis , Bacillus sub 
tilis , Bacillus thuringiensis , Clostridium tetani , Clostridium 
botulinum , Streptococcus mutans , Streptococcus pneumo 
niae , mycoplasmas , and cyanobacteria . Examples of 
eukaryotic host cells include , but are not limited to , proto 
zoa , fungi , algae , plant , insect , amphibian , avian and mam 
malian cells . In some alternatives , a system for editing at 
least one target gene in a cell is provided , wherein the cell 
is a eukaryotic cell . In some alternatives , the cell is a 
mammalian cell . In some alternatives , the cell is a human 
cell . In some alternatives , the cell is a primary cell . In some 
alternatives , the cell is not a transformed cell . In some 
alternatives , the cell is a primary lymphocyte . In some 
alternatives , the cell is a primary lymphocyte , a CD34 + stem 
cell , a hepatocyte , a cardiomyocyte , a neuron , a glial cell , a 
muscle cell or an intestinal cell . 
[ 0088 ] The term " gene expression ” refers to the biosyn 
thesis of a gene product . For example , in the case of a 
structural gene , gene expression involves transcription of the 
structural gene into mRNA and the translation of mRNA into 
one or more polypeptides . 
[ 0089 ] The term " endonuclease ” refers to enzymes that 
cleave the phosphodiester bond within a polynucleotide 
chain . The polynucleotide may be double - stranded DNA 
( dsDNA ) , single - stranded DNA ( ssDNA ) , RNA , double 
stranded hybrids of DNA and RNA , and synthetic DNA ( for 
example , containing bases other than A , C , G , and T ) . An 
endonuclease may cut a polynucleotide symmetrically , leav 
ing “ blunt ” ends , or in positions that are not directly oppos 
ing , creating overhangs , which may be referred to as “ sticky 
ends . " The methods and compositions described herein may 
be applied to cleavage sites generated by endonucleases . In 
some alternatives of the system , the system can further 
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provide nucleic acids that encode an endonuclease , such as 
Cas9 , TALEN , or MegaTAL , or a fusion protein comprising 
a domain of an endonuclease , for example , Cas9 , TALEN , or 
MegaTAL , or one or more portion thereof . These examples 
are not meant to be limiting and other endonucleases and 
alternatives of the system and methods comprising other 
endonucleases and variants and modifications of these 
exemplary alternatives are possible without undue experi 
mentation . All such variations and modifications are within 
the scope of the current teachings . 
[ 0090 ] The term “ TAL Effector Nuclease ” ( TALEN ) refers 
to a nuclease comprising a TAL - effector domain fused to a 
nuclease domain . TAL - effector DNA binding domains , iso 
lated from the plant pathogen Xanthomonas have been 
described ( see Boch et al . , ( 2009 ) Science 29 Oct . 2009 
( 10 . 1126 / science . 117881 ) and Moscou and Bogdanove , 
( 2009 ) Science 29 Oct . 2009 ( 10 . 1126 / science . 1178817 ) ; 
both references incorporated by reference in their entireties 
herein ) . These DNA binding domains may be engineered to 
bind to a desired target and fused to a nuclease domain , such 
as the Fokl nuclease domain , to derive a TAL effector 
domain - nuclease fusion protein . The methods and systems 
described herein may be applied to cleavage sites generated 
by TAL effector nucleases . In some alternatives of the 
systems provided herein , the systems can further comprise a 
TALEN nuclease or a vector or nucleic acid encoding a 
TALEN nuclease . In some alternatives of the methods 
provided herein , the method can further comprise providing 
a nuclease , such as a TALEN nuclease . 
[ 0091 ] MegaTALs are derived from the combination of 
two distinct classes of DNA targeting enzymes . Meganucle 
ases ( also referred to as homing endonucleases ) are single 
peptide chains that have the advantage of both DNA recog 
nition and nuclease functions in the same domain . In some 
alternatives of the systems provided herein , the systems can 
further comprise a MegaTAL nuclease or a vector or nucleic 
acid encoding a MegaTAL nuclease . In some alternatives of 
the methods provided herein , the methods can further com 
prise providing MegaTAL nuclease or a vector or nucleic 
acid encoding a MegaTAL nuclease . 
[ 0092 ] Cas9 ( CRISPR associated protein 9 ) is an RNA 
guided DNA endonuclease enzyme associated with the 
CRISPR ( Clustered Regularly Interspersed Palindromic 
Repeats ) adaptive immunity system in Streptococcus pyo 
genes , among other bacteria . S . pyogenes utilizes Cas9 to 
memorize and later interrogate and cleave foreign DNA , 
such as invading bacteriophage DNA or plasmid DNA . Cas9 
performs this interrogation by unwinding foreign DNA and 
checking for if it is complementary to the 20 base pair spacer 
region of the guide RNA . If the DNA substrate is comple - 
mentary to the guide RNA , Cas9 cleaves the invading DNA . 
[ 0093 ] CRISPRs ( clustered regularly interspaced short 
palindromic repeats ) are segments of prokaryotic DNA 
containing short repetitions of base sequences . Each repeti 
tion is followed by short segments of “ spacer DNA ” from 
previous exposures to a bacterial virus or plasmid . CRISPR / 
Cas system has been used for gene editing ( adding , disrupt 
ing or changing the sequence of specific genes ) and gene 
regulation in species throughout the tree of life . By deliv 
ering the Cas9 protein , a derivative , or fragment thereof and 
appropriate guide RNAs into a cell , the organism ' s genome 
can be cut at any desired location . It can be possible to use 
CRISPR to build RNA - guided gene drives capable of alter 
ing the genomes of entire populations . In some alternatives , 

a system for editing at least one target gene in a cell is 
provided , wherein the method comprises a first nucleic acid 
sequence encoding a CRISPR guide RNA , wherein the 
CRISPR guide RNA is complimentary to at least one target 
gene in a cell and , wherein said first nucleic acid sequence 
is present in a vector , a second nucleic acid sequence 
encoding a Cas9 protein , a derivative , or fragment thereof , 
a third nucleic acid sequence encoding a first adenoviral 
protein and a fourth nucleic acid sequence encoding a 
second adenoviral protein . Exemplary guide RNAs useful 
with the alternatives described herein , which may contain 
one or more modified bases , are provided in SEQ ID NO : 5 , 
SEO ID NO : 15 , SEQ ID NO : 16 , SEQ ID NO : 17 , SEQ ID 
NO : 18 , SEQ ID NO : 19 , SEQ ID NO : 20 and / or SEQ ID 
NO : 21 . 
[ 0094 ] In some alternatives , the use of chemically modi 
fied guide RNAs is contemplated . Chemically - modified 
guide RNAs have been used in CRISPR - Cas genome editing 
in human primary cells ( Hendel , A . et al . , Nat Biotechnol . 
2015 September ; 33 ( 9 ) : 985 - 9 ) . Chemical modifications of 
guide RNAs can include modifications that confer nuclease 
resistance . Nucleases can be endonucleases , or exonu 
cleases , or both . Some chemical modification , without limi 
tations , include 2 ' - fluoro , 2 ' O - methyl , phosphorothioate 
dithiol 3 ' - 3 ' end linkage , 2 - amino - dA , 5 - mehtyl - dC , C - 5 
propynyl - C , C - 5 propynyl - U , morpholino , etc . These 
examples are not meant to be limiting and other chemical 
modifications and variants and modifications of these exem 
plary alternatives are also contemplated . 
[ 0095 ] The term “ exonuclease ” refers to enzymes that 
cleave phosphodiester bonds at the end of a polynucleotide 
chain via a hydrolyzing reaction that breaks phosphodiester 
bonds at either the 3 ' or 5 ' end . The polynucleotide may be 
double - stranded DNA ( dsDNA ) , single - stranded DNA ( ss 
DNA ) , RNA , double - stranded hybrids of DNA and RNA , 
and synthetic DNA ( for example , containing bases other 
than A , C , G , and T ) . The term “ 5 ' exonuclease ” refers to 
exonucleases that cleave the phosphodiester bond at the 5 ' 
end . The term “ Z ' exonuclease ” refers to exonucleases that 
cleave the phosphodiester bond at the 3 ' end . Exonucleases 
may cleave the phosphodiester bonds at the end of a poly 
nucleotide chain at endonuclease cut sites or at ends gener 
ated by other chemical or mechanical means , such as shear 
ing ( for example by passing through fine - gauge needle , 
heating , sonicating , mini bead tumbling , and nebulizing ) , 
ionizing radiation , ultraviolet radiation , oxygen radicals , 
chemical hydrolosis and chemotherapy agents . Exonu 
cleases may cleave the phosphodiester bonds at blunt ends 
or sticky ends . E . coli exonuclease I and exonuclease III are 
two commonly used 3 - exonucleases that have 3 ' - exonucle 
olytic single - strand degradation activity . Other examples of 
3 ' - exonucleases include Nucleoside diphosphate kinases 
( NDKS ) , NDK1 ( NM23 - H1 ) , NDK5 , NDK7 , and NDK8 
( Yoon J - H , et al . , Characterization of the 3 ' to 5 ' exonuclease 
activity found in human nucleoside diphosphate kinase 1 
( NDK1 ) and several of its homologues . ( Biochemistry 2005 : 
44 ( 48 ) : 15774 - 15786 . ) , WRN ( Ahn , B . , et al . , Regulation of 
WRN helicase activity in human base excision repair . J . 
Biol . Chem . 2004 , 279 : 53465 - 53474 ) and Three prime 
repair exonuclease 2 ( Trex2 ) ( Mazur , D . J . , Perrino , F . W . , 
Excision of 3 ' termini by the Trexl and TREX2 3 ' > 5 ' 
exonucleases . Characterization of the recombinant proteins . 
J . Biol . Chem . 2001 , 276 : 17022 - 17029 ; both references 
incorporated by reference in their entireties herein ) . E . coli 
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exonuclease VII and T7 - exonuclease Gene 6 are two com 
monly used 5 ' - 3 ' exonucleases that have 5 % exonucleolytic 
single - strand degradation activity . The exonuclease can be 
originated from prokaryotes , such as E . coli exonucleases , or 
eukaryotes , such as yeast , worm , murine , or human exonu 
cleases . In some alternatives of the systems provided herein , 
the systems can further comprise an exonuclease or a vector 
or nucleic acid encoding an exonuclease . In some alterna 
tives , the exonuclease is Trex2 . In some alternatives of the 
methods provided herein , the methods can further comprise 
providing exonuclease or a vector or nucleic acid encoding 
an exonuclease , such as Trex2 . 
[ 0096 ] The term “ cleavage ” refers to the breakage of the 
covalent backbone of a polynucleotide . Cleavage can be 
initiated by a variety of methods including , but not limited 
to , enzymatic or chemical hydrolysis of a phosphodiester 
bond . Both single - stranded cleavage and double - stranded 
cleavage are possible , and double - stranded cleavage can 
occur as a result of two distinct single - stranded cleavage 
events . Double stranded DNA , RNA , or DNA / RNA hybrid 
cleavage can result in the production of either blunt ends or 
staggered ends . 
[ 0097 ] “ Prokaryotic ” cells lack a true nuclease . Examples 
of prokaryotic cells are bacteria ( e . g . , cyanobacteria , Lac 
tobacillus acidophilus , Nitrogen - Fixing Bacteria , Helico 
bacter pylori , Bifidobacterium , Staphylococcus aureus , 
Bacillus anthrax , Clostridium tetani , Streptococcus pyo 
genes , Staphylococcus pneumoniae , Klebsiella pneumoniae 
and Escherichia coli ) and archaea ( e . g . , Crenarchaeota , 
Euryarchaeota , and Korarchaeota ) . The Cas9 protein 
described herein is a protein from a prokaryotic cell . 
[ 0098 ] “ Eukaryotic " cells include , but are not limited to , 
algae cells , fungal cells ( such as yeast ) , plant cells , animal 
cells , mammalian cells , and human cells ( e . g . , T - cells ) . 
[ 0099 ] The term “ subject ” as used herein includes all 
members of the animal kingdom including non - human pri 
mates and humans . In some alternatives , a system for editing 
at least one target gene in a cell is provided , wherein the 
method comprises a first nucleic acid sequence encoding a 
CRISPR guide RNA , wherein the CRISPR guide RNA is 
complimentary to at least one target gene in a cell and , 
wherein said first nucleic acid sequence is present in a 
vector , a second nucleic acid sequence encoding a Cas9 
protein , a derivative , or fragment thereof , a third nucleic acid 
sequence encoding a first adenoviral protein and a fourth 
nucleic acid sequence encoding a second adenoviral protein . 
In some alternatives , the cell that comprises an edited gene 
is delivered to a subject in need . 
10100 ] The homing endonucleases , also known as mega 
nucleases , are sequence specific endonucleases that generate 
double strand breaks in genomic DNA with a high degree of 
specificity due to their large ( e . g . , > 14 bp ) cleavage sites . 
While the specificity of the homing endonucleases for their 
target sites allows for precise targeting of the induced DNA 
breaks , homing endonuclease cleavage sites are rare and the 
probability of finding a naturally occurring cleavage site in 
a targeted gene is low . In some alternatives of the systems 
provided herein , the systems can further comprise a mega 
nuclease or a vector or nucleic acid encoding a meganucle 
ase . In some alternatives of the methods provided herein , the 
methods can further comprise providing a meganuclease or 
a vector or nucleic acid encoding a meganuclease . 
[ 0101 ] Another class of artificial endonucleases is the 
engineered meganucleases . Engineered homing endonu 

cleases are generated by modifying the specificity of exist 
ing homing endonucleases . In one approach , variations are 
introduced in the amino acid sequence of naturally occurring 
homing endonucleases and then the resultant engineered 
homing endonucleases are screened to select functional 
proteins which cleave a targeted binding site . In another 
approach , chimeric homing endonucleases are engineered 
by combining the recognition sites of two different homing 
endonucleases to create a new recognition site composed of 
a half - site of each homing endonuclease . In some alterna 
tives of the systems provided herein , the systems can further 
comprise an engineered meganuclease or a vector or nucleic 
acid encoding an engineered meganuclease . 
[ 0102 ] Targeted DNA double - strand breaks introduced by 
rare - cleaving endonucleases can be harnessed for gene dis 
ruption applications in diverse cell types by engaging non 
homologous end joining DNA repair pathways . However , 
endonucleases create chemically clean breaks that are often 
subject to precise repair , limiting the efficiency of targeted 
gene disruption . Several alternatives described herein relate 
to a method of improving the rate of targeted gene disrup 
tions caused by imprecise repair of endonuclease - induced 
site - specific DNA double - strand breaks . In some alterna 
tives , systems can further comprise site specific endonu 
cleases that are coupled with end - processing enzymes to 
enhance the rate of targeted gene disruption . Coupling may 
be , for example , physical , spatial , and / or temporal . 
[ 0103 ] Not to be bound by any particular theory , the 
resolution of a double - strand DNA breaks by " error - prone ” 
non - homologous end - joining ( NHEJ ) can be harnessed to 
create targeted disruptions and genetic knockouts , as the 
NHEJ process can result in insertions and deletions at the 
site of the break . NHEJ is mediated by several sub - path 
ways , each of which has distinct mutational consequences . 
The classical NHEJ pathway ( cNHEJ ) requires the 
KU / DNA - PKcs / Lig4 / XRCC4 complex , and ligates ends 
back together with minimal processing . As the DNA breaks 
created by designer endonuclease platforms ( zinc - finger 
nucleases ( ZFNs ) , TAL effector nucleases ( TALENs ) , and 
homing endonucleases ( HEs ) ) all leave chemically clean , 
compatible overhang breaks that do not require processing 
prior to ligation , they are excellent substrates for precise 
repair by the cNHEJ pathway . In the absence or failure of the 
classical NHEJ pathway to resolve a break , alternative 
NHEJ pathways ( altNHEJ ) can substitute : however , these 
pathways are considerably more mutagenic . 
[ 0104 ] Not to be bound by any particular theory , modifi 
cation of DNA double - strand breaks by end - processing 
enzymes may bias repair towards an altNHEJ pathway . 
Further , different subsets of end - processing enzymes may 
enhance disruption by different mechanisms . For example , 
Trex2 , an exonuclease that specifically hydrolyzes the phos 
phodiester bonds which are exposed at 3 ' overhangs , biases 
repair at break sites toward mutagenic deletion . By contrast , 
terminal deoxynucleotidyl transferase ( TDT ) , a non - templa 
tive polymerase , is expected to bias repair at break sites 
toward mutagenic insertions by promoting the addition of 
nucleotide bases to alter DNA ends prior to ligation . Accord 
ingly , one of skill in the art can use end - processing enzymes 
with different activities to provide for a desired engineering 
outcome with any of the systems or methods provided 
herein . Further one of skill in the art may use the synergy 
between different end - processing enzymes so as to achieve 
maximal or unique types of effects . 
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[ 0105 ] Several alternatives described herein couple DNA 
breaks created by endonucleases with end - processing 
enzymes , which can improve the rates of targeted disruption 
in a variety of cell types and species , without associated 
toxicity to the host . This is an important advance at least 
because : 1 ) Double - strand breaks ( DSBs ) trigger cell cycle 
checkpoints to arrest division until the break has been 
resolved ; in the case of a “ persistent break ” ( a repetitive 
cycle of cleaving and precise repair ) , cells may arrest 
indefinitely , leading to apoptosis . 2 ) Engineering applica 
tions often utilize transient delivery of an endonuclease , 
providing only a short window in which enzyme concen 
tration is sufficient to achieve breaks . 3 ) Persistent breaks 
can be a source of translocations . Coupling endonucleases to 
end - processing enzymes prevents the establishment of a 
persistent break and reduces the incidence of gross chromo 
somal rearrangements , thereby improving the safety of 
endonuclease - induced targeted disruption . 4 ) Multiple 
changes in a single round of mutagenesis can be achieved , 
for use for example , in multi - allelic knockouts and multi 
plexing , as data described herein provides evidence that 
coupling endonucleases to end - processing enzymes 
improves the mutagenic rate of two given endonucleases 
5 - fold at their respective targets , a 25 - fold improvement can 
be realized in disrupting both targets simultaneously . 
[ 0106 ] The system can further comprise endonucleases , 
end - processing enzymes , and / or fusion proteins having 
endonuclease and end - processing activity , for delivery to 
host cells . In some alternative of the system described 
herein , the system can further comprise a protein such as one 
or more polypeptides having endonuclease and / or end 
processing activity may be provided directly to cells . In 
some alternatives , expression of endonucleases , end - pro 
cessing enzymes and / or fusion proteins having endonu 
clease and end - processing activity in a host cell can result 
from delivery of one or more polynucleotides encoding one 
or more endonucleases , end - processing enzymes , and / or 
fusion proteins having endonuclease and end - processing 
activity to the host cell . In some alternatives , one or more 
polynucleotides is a DNA expression vector . In some alter 
natives , one or more polynucleotides is an RNA expression 
vector . In some alternatives , trans - splicing , polypeptide 
cleavage and / or polypeptide ligation can be involved in 
expression of one or more proteins in a cell . 
[ 0107 ] The systems and methods described herein are 
useful for generating targeted disruptions of the coding 
sequences of genes and in some alternatives , creating gene 
knockouts . Targeted cleavage by the compositions and 
methods described herein can also be used to alter non 
coding sequences ( e . g . , regulatory sequences such as pro 
moters , enhancers , initiators , terminators , splice sites ) to 
alter the levels of expression of a gene product . Such 
methods can be used , for example , for biological research , 
for biotechnology applications such as crop modification , 
for therapeutic purposes , functional genomics , and / or target 
validation studies . 
[ 0108 ] Some alternatives of the system are coupled to the 
activity of one or more site - specific endonucleases with one 
or more end - processing enzymes . In some alternatives , the 
endonucleases and end - processing enzymes are provided as 
separate proteins with the system . In some alternatives , the 
endonucleases and end - processing enzymes are co - ex 
pressed in a cell . If expression of the separate endonucleases 
and end - processing enzymes is by polynucleotide delivery , 

each of the endonucleases and end - processing enzymes can 
be encoded by separate polynucleotides , or by a single 
polynucleotide . In some alternatives , the endonucleases and 
end - processing enzymes are encoded by a single polynucle 
otide and expressed by a single promoter . In some alterna 
tives , an endonuclease and end - processing enzymes are 
linked by a T2A sequence , which allows for two separate 
proteins to be produced from a single translation . In some 
alternatives , a different linker sequence can be used . In other 
alternatives a single polynucleotide encodes the endonu 
cleases and end - processing enzymes separated by an Inter 
nal Ribosome Entry Sequence ( IRES ) . 
[ 0109 ] Several alternatives of the system comprises cou 
pling the system with endonucleases selected from the group 
consisting of : 1 - Anil , 1 - Scel , 1 - Ceul , PI - Pspl , PI - Sce , 
I - SceIV , I - CsmI , I - Pani , I - PanII , I - PanMI , I - Scell , I - Ppol , 
I - SceIII , 1 - Crel , I - Ltr . , 1 - Gpil , l - GZel , l - Onul , I - HjeMI , 
I - Tevi , I - TevII , and I - TevIII with one or more DNA end 
processing enzymes selected from the group consisting of : 
Trex2 , Trex1 , Trexl without transmembrane domain , 
Apollo , Artemis , DNA2 , Exol , ExoT , ExoIII , Fenn , Fan1 , 
Mrell , Rad2 , Rad9 , TDT ( terminal deoxynucleotidyl trans 
ferase ) , PNKP , RecE , Rec ) , RecQ , Lambda exonuclease , 
Sox , Vaccinia DNA polymerase , exonuclease I , exonuclease 
III , exonuclease VII , NDK1 , NDK5 , NDK7 , NDK8 , WRN , 
T7 - exonuclease Gene 6 , avian myeloblastosis virus integra 
tion protein ( IN ) , Bloom , Antartic Phophatase , Alkaline 
Phosphatase , Poly nucleotide Kinase ( PNK ) , Apel , Mung 
Bean nuclease , Hex1 , TTRAP ( TDP2 ) , Sgs1 , Sae2 , CtIP , Pol 
mu , Pol lambda , MUS81 , EME1 , EME2 , SLX1 , SLX4 and 
UL - 12 . In some alternatives , the homing endonucleases and 
DNA end - processing enzymes are provided as a fusion 
protein . In some alternatives , the endonucleases and DNA 
end - processing enzymes are provided as separate proteins . 
In some alternatives , the endonucleases and DNA end 
processing enzymes are co - expressed in a host cell . 
[ 0110 ] Several alternatives relate to coupling the system 
described herein , with DNA end - processing enzymes 
selected from the group consisting of : Trex2 , Trex1 , Trex1 
without transmembrane domain , Apollo , Artemis , DNA2 , 
Exol , ExoT , ExoIII , Fen1 , Fan1 , Mrell , Rad2 , Rad9 , TdT 
( terminal deoxynucleotidyl transferase ) , PNKP , RecE , Rec ) , 
RecQ , Lambda exonuclease , Sox , Vaccinia DNA poly 
merase , exonuclease I , exonuclease III , exonuclease VII , 
NDK1 , NDK5 , NDK7 , NDK8 , WRN , T7 - exonuclease Gene 
6 , avian myeloblastosis virus integration protein ( IN ) , 
Bloom , Antartic Phophatase , Alkaline Phosphatase , Poly 
nucleotide Kinase ( PNK ) , Apel , Mung Bean nuclease , Hexl , 
TTRAP ( TDP2 ) , Sgs1 , Sae2 , CtIP , Pol mu , Pol lambda , 
MUS81 , EME1 , EME2 , SLX1 , SLX4 and UL - 12 . In some 
alternatives of the system , the end - processing enzymes are 
provided as separate proteins . In some alternatives of the 
system , the end - processing enzymes are co - expressed in a 
host cell . 
[ 0111 ] In several alternatives , the activity of one or more 
site - specific homing endonucleases selected from the group 
consisting of : I - Anil , I - Scel , l - Ceul , PI - Pspl , PI - Sce , 
I - SceIV , I - Csml , l - PanI , I - PanII , I - PanMI , I - Scell , 1 - Ppol , 
I - SceIII , 1 - Crel , I - Ltr , I - Gpil , l - GZel , l - Onul , I - HjeMI , 
I - Tevi , I - TevII , and I - TevIII is coupled with the activity of 
one or more DNA end - processing enzymes selected from the 
group consisting of : Artemis , Trex1 , Flap endonuclease , 
terminal deoxynucleotide transferase , Trex2 , Vaccinia DNA 
polymerase , Mrell , exonuclease I , exonuclease III , NDK1 , 
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NDK5 , NDK7 , NDK8 , and WRN . In some alternatives , the 
homing endonucleases and DNA end - processing enzymes 
are provided as a fusion protein . In some alternatives , the 
endonucleases and DNA end - processing enzymes are pro 
vided as separate proteins . In some alternatives , the endo 
nucleases and DNA end - processing enzymes are co - ex 
pressed in a host cell . 
[ 0112 ] Several alternatives of the system further comprise 
a heterologous fusion protein , which comprises an endonu 
clease domain and an end - processing domain or one or more 
portions thereof . Several alternatives relate to a heterologous 
fusion construct , which encodes a fusion protein having 
endonuclease and end - processing activity . The present alter 
natives also relate to systems and methods that further 
comprise the heterologous fusion construct , as well as , 
methods for producing a fusion protein having endonuclease 
and end - processing activity and compositions thereof . In 
one alternative , the endonuclease domain is coupled to the 
end - processing domain by recombinant means ( e . g . , the 
fusion protein is generated by translation of a nucleic acid in 
which a polynucleotide encoding all or one or more portions 
of a endonuclease is joined in - frame with a polynucleotide 
encoding all or one or more portions of an end - processing 
enzyme ) . In other alternatives , the endonuclease domain and 
end - processing domain of a fusion protein are linked chemi 
cally . This chemical linkage can be carried out , for example , 
by using bifunctional linker molecules , such as , BS3 ( Bis 
( sulfosuccinimidyl ] suberate ) . 
[ 0113 ] Some alternatives of the system further comprise a 
protein comprising an endonuclease domain and exonu 
clease domain in which it is provided as a protein or a vector 
or nucleic acid encoding the protein comprising an endo 
nuclease domain and exonuclease domain as a fusion pro 
tein . In some alternatives , the fusion protein comprises at 
least a fragment or variant of a homing endonuclease and at 
least a fragment or variant of an exonuclease , for example a 
3 ' exonuclease , which are associated with one another by 
genetic or chemical conjugation to one another . In several 
alternatives , the 3 ' exonuclease is a Trex2 monomer , dimer , 
or a variant thereof . In other alternatives , the fusion protein 
comprises at least a fragment or variant of a zinc finger 
endonuclease and at least a fragment or variant of a 5 
exonuclease , which are associated with one another , by 
genetic fusion or chemical conjugation to one another . The 
endonuclease and exonuclease , once part of the fusion 
protein , may be referred to as a “ portion ” , “ region , ” 
“ domain ” or “ moiety ” of the endo / exonuclease fusion pro 
tein . In some alternatives , the exonuclease domain com 
prises Trex or one or more portions thereof . 
[ 0114 ] An endonuclease / end - processing enzyme fusion 
protein may optionally include a linker peptide between the 
endonuclease and end - processing enzyme domains to pro 
vide greater physical separation between the moieties and 
thus maximize the accessibility of the endonuclease portion , 
for instance , for binding to its target sequence . The linker 
peptide may consist of amino acids selected to make it more 
flexible or more rigid depending on the relevant function . 
The linker sequence can be cleavable by a protease or 
cleavable chemically to yield separate endonuclease and 
end - processing enzyme moieties . Examples of enzymatic 
cleavage sites in the linker include sites for cleavage by a 
proteolytic enzyme , such as enterokinase , Factor Xa , 
trypsin , collagenase , and thrombin . In some alternatives , the 
protease is one , which is produced naturally by the host or 

it is exogenously introduced . Alternatively , the cleavage site 
in the linker may be a site capable of being cleaved upon 
exposure to a selected chemical , e . g . , cyanogen bromide , 
hydroxylamine , or low pH . The optional linker sequence 
may serve a purpose other than the provision of a cleavage 
site . The linker sequence should allow effective positioning 
of the endonuclease moiety with respect to the end - process 
ing enzyme moiety so that the endonuclease domain can 
recognize and cleave its target sequence and the end - pro 
cessing domain can modify the DNA ends exposed at the 
cleavage site . The linker may also be a simple amino acid 
sequence of a sufficient length to prevent any steric hin 
drance between the endonuclease domain and the end 
processing domain . In addition , the linker sequence may 
provide for post - translational modification including , but not 
limited to , e . g . , phosphorylation sites , biotinylation sites , 
sulfation sites , y - carboxylation sites , and the like . In some 
alternatives , the system can further comprise a fusion with 
an endonuclease / end - processing protein . 
[ 0115 ] In some alternatives , the linker sequence comprises 
from 4 to 30 amino acids , more preferably from 8 to 22 
amino acids . That is , the linker sequence can be any number 
of amino acids from 4 to 30 , such as at least or equal to 4 , 
5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 
22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , or 30 amino acids or a length 
that is within a range defined by any two of the aforemen 
tioned lengths . In some alternatives , the linker sequence is 
flexible so as not hold the biologically active peptide in a 
single undesired conformation . The linker may be predomi 
nantly comprised of amino acids with small side chains , 
such as glycine , alanine , and serine , so as to provide for 
flexibility . In some alternatives about 80 or 90 percent or 
greater of the linker sequence comprises glycine , alanine , or 
serine residues , particularly glycine and serine residues . In 
several alternatives , a G4S linker peptide separates the 
end - processing and endonuclease domains of the fusion 
protein . In other alternatives , a T2A linker sequence allows 
for two separate proteins to be produced from a single 
translation . Suitable linker sequences can be readily identi 
fied empirically . Additionally , suitable size and sequences of 
linker sequences also can be determined by conventional 
computer modeling techniques . 
[ 0116 ] Expression of a fusion protein in a cell can result 
from delivery of the fusion protein to the cell or by delivery 
of a polynucleotide encoding the fusion protein to a cell , 
wherein the polynucleotide is transcribed , and the transcript 
is translated , to generate the fusion protein . Trans - splicing , 
polypeptide cleavage and polypeptide ligation can also be 
involved in expression of a protein in a cell . Methods for 
polynucleotide and polypeptide delivery to cells are well 
known in the art . 
[ 0117 ] A variety of DNA molecules encoding the endo 
nucleases described herein , end - processing enzymes and 
fusion proteins may be constructed for providing the 
selected proteins or peptides to a cell . The DNA molecules 
encoding the endonucleases , end - processing enzyme , and 
fusion proteins may be modified to contain different codons 
to optimize expression in a selected host cell , as is known in 
the art . 
[ 0118 ] A variety of RNA molecules encoding the endo 
nucleases described herein , end - processing enzymes and 
fusion proteins may be constructed for providing the 
selected proteins or peptides to a cell . The RNA molecules 
encoding the endonucleases , end - processing enzyme , and 
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fusion proteins may be modified to contain different codons 
to optimize expression in a selected host cell , as is known in 
the art . In some alternatives , the RNA can comprise a 
poly ( A ) tail of 50 , 100 , 150 , 200 , 250 , 300 , 350 , 400 , 450 , 
500 covalently linked adenosine residues , or an amount of 
residues within a range defined by any two of the afore 
mentioned values . 
[ 0119 ] Several alternatives of the system further comprise 
a vector or nucleic acid for the simultaneous expression of 
a site - specific endonuclease and an end - processing enzyme 
to improve the efficiency of targeted gene disruption by up 
to 70 fold , essentially fixing a mutagenic outcome in 100 % 
of a population of cells containing the target site in less than 
72 hours . 
[ 0120 ] In some alternatives of the system , an additional 
vector or nucleic acid is provided for effective amounts of 
endonucleases and end - processing enzymes or an effective 
amount of a fusion protein for delivery to a cell either 
directly by contacting the cell will the protein ( s ) or by 
transient expression from an expression construct . In such 
alternatives of the system , in which the system is delivered 
to a cell , cell division reduces the concentration of the 
nucleases to sub - active levels within a few cell divisions . 
[ 0121 ] Several alternatives of the systems and methods 
provided herein , further provide a fusion protein for con 
ferring site specificity on a DNA end - processing enzyme by 
physically tethering an end - processing enzyme domain to a 
site specific DNA binding domain . In some alternatives , the 
end - processing enzyme domain is tethered to a DNA bind 
ing domain through a linker peptide . The composition and 
structure of the linker peptide is not especially limited and 
in some alternatives the linker may be chemically or enzy 
matically cleavable . The linker peptide may be flexible or 
rigid and may comprise from about 4 to 30 amino acids . In 
other alternatives , the end - processing enzyme domain is 
chemically fused to a DNA binding domain . Not wishing to 
be bound by a particular theory , imparting site specificity to 
an end - processing enzyme through tethering the end - pro 
cessing enzyme to a site specific DNA binding domain 
decreases toxicity associated with indiscriminate end - pro 
cessing activity , such as exonuclease activity , and reduces 
the effective amount of end - processing enzyme required for 
efficient modification of the exposed double stranded DNA 
break caused by endonuclease activity compared to unteth 
ered end - processing enzyme . In some alternatives , the end 
processing enzyme is tethered to a homing endonuclease . In 
other alternatives , the end - processing enzyme is tethered to 
zinc finger endonuclease . In some alternatives , an end 
processing enzyme domain is tethered to a zinc finger DNA 
binding domain which binds to a DNA sequence adjacent to 
the cleavage site of a homing endonuclease or zinc finger 
endonuclease . 
[ 0122 ] Several alternatives of the system and methods 
relate to coupling the activity of the CRISPR / Cas9 system 
with one or more site - specific endonucleases with Trex2 , in 
order to promote gene knockout efficiently when coupled 
with the systems provided herein . Trex2 may be provided as 
a monomer or dimer . The Trex2 enzyme specifically hydro 
lyzes the phosphodiester bonds , which are exposed at 3 ' 
overhangs . While homing endonucleases can generate 3 ' 
overhangs , which are susceptible to Trex2 exonuclease 
activity , the zinc finger nucleases , which utilize the Fok1 
cleavage domain , generate double strand DNA breaks with 
5 ' overhangs . The homing endonucleases and zinc finger 

nucleases generate mutations at their cleavage sites at a 
baseline rate . Co - expression of Trex2 with homing endonu 
cleases increased the mutation rate ~ 70 fold . Co - expression 
of Trex2 with zinc finger endonucleases was also observed 
to effect on the rate of mutation . Some alternatives of the 
methods relate to providing the system described herein , 
with co - expression of a exonuclease , Trex2 . 
[ 0123 ] As used herein , an Ad5 adenoviral protein , and Ad5 
viral protein or an Ad5 protein refers to a protein that is 
encoded by adenovirus serotype 5 . Non - limiting examples 
include E4ORF6 and E1B55K . The protein sequence of an 
alternative of the wild type E1B55K protein is shown in 
FIG . 17 ( SEQ ID NO : 1 ) . The protein sequence of an 
alternative of the wild type E4ORF6 protein is shown in 
FIG . 19 ( SEQ ID NO : 3 ) . In some alternatives , a mutant 
form of an Ad5 protein is used . Non - limiting examples 
include the H373A mutant of E1B55K and the H354 mutant 
of E1B55K . In some alternatives , Ad5 refers to a combina 
tion of two or more Ad5 viral proteins . In some alternatives , 
Ad5 refers to a combination two or more wild type Ad5 viral 
proteins . In some alternatives , Ad5 refers to a combination 
two or more Ad5 viral proteins at least one of which is a wild 
type form . In some alternatives , Ad5 refers to a combination 
two or more Ad5 viral proteins at least one of which is a 
mutant form . In some alternatives , Ad5wt refers to one or 
more wild type Ad5 viral proteins . In some alternatives , 
Ad5MRN - refers to one or more mutant Ad5 viral proteins 
that do not disable the MRN complex . In some alternatives , 
at least one Ad5 viral protein is used in combination with or 
not in combination with a nuclease . In some alternatives , the 
nuclease is an endonuclease . In some alternatives , the endo 
nuclease is Cas9 , a derivative , or fragment thereof . In some 
alternatives , the nuclease is an exonuclease . In some alter 
natives , the exonuclease is Trex2 . In some alternatives , at 
least one Ad5 viral protein is used in combination with more 
than one a nuclease . In some alternatives , at least one Ad5 
viral protein is used in combination with Cas9 , a derivative , 
or fragment thereof and Trex2 . 

Expression Vectors 
[ 0124 ] Expression constructs can be readily designed 
using methods known in the art . Examples of nucleic acid 
expression vectors include , but are not limited to : recombi 
nant viruses , lentiviruses , adenoviruses , plasmids , bacterial 
artificial chromosomes , yeast artificial chromosomes , 
human artificial chromosomes , minicircle DNA , episomes , 
cDNA , RNA , and PCR products . In some alternatives , 
nucleic acid expression vectors encode a single peptide ( e . g . , 
an endonuclease , an end - processing enzyme , or a fusion 
protein having endonuclease and end - processing activity ) . 
In some alternatives , nucleic acid expression vectors encode 
one or more endonucleases and one or more end - processing 
enzymes in a single , polycistronic expression cassette . In 
some alternatives of the system , one or more endonucleases 
and one or more end - processing enzymes are provided , 
wherein they are linked to each other by a 2A peptide 
sequence or an “ autocleavage ” or self - cleavage sequence . In 
some alternatives , the nucleic acid expression vectors are 
DNA expression vectors . In some alternatives , the nucleic 
acid expression vectors are RNA expression vectors . In 
some alternatives , the expression vectors are viral vectors . In 
some alternatives of the systems provided herein , the viral 
vector is an Adeno - associated virus ( AAV ) vector . 
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processing activity into host cells may use any suitable 
methods for nucleic acid or protein delivery as described 
herein or as would be known to one of ordinary skill in the 
art . The polypeptides and polynucleotides described herein 
can be delivered into cultured cells in vitro , as well as in situ 
into tissues and whole organisms . Introduction of the poly 
peptides and polynucleotides of the present alternatives into 
a host cell can be accomplished chemically , biologically , or 
mechanically . This may include , but is not limited to , 
electroporation , sonoporation , use of a gene gun , lipotrans 
fection , calcium phosphate transfection , use of dendrimers , 
microinjection , polybrene , protoplast fusion , the use of viral 
vectors including adenoviral , AAV , and retroviral vectors , 
and group II ribozymes . 

10125 ] In some alternatives , a nucleic acid expression 
vector further comprises one or more selection markers that 
facilitate identification or selection of host cells that have 
received and express the endonuclease ( s ) , end - processing 
enzyme ( s ) , and / or fusion protein ( s ) having endonuclease 
and end - processing activity along with the selection marker . 
Examples of selection markers include , but are not limited 
to , genes encoding fluorescent proteins , e . g . , EGFP , DS - Red , 
YFP , and CFP ; genes encoding proteins conferring resis - 
tance to a selection agent , e . g . , Puror gene , ZeoR gene , 
HygroR gene , neoR gene , and the blasticidin resistance 
gene . In some cases , the selection marker comprises a 
fluorescent reporter and a selection marker . 
[ 0126 ] In some alternatives , a DNA expression vector 
comprises a promoter capable of driving expression of one 
or more endonuclease ( s ) , end - processing enzyme ( s ) , and / or 
fusion protein ( s ) having endonuclease and end - processing 
activity . Examples of promoters include , but are not limited 
to , retroviral LTR elements ; constitutive promoters such as 
CMV , HSV1 - TK , SV40 , EF - la , ß - actin ; inducible promot 
ers , such as those containing Tet - operator elements ; and 
tissue specific promoters . Suitable bacterial and eukaryotic 
promoters are well known in the art and described , e . g . , in 
Sambrook et al . , Molecular Cloning , A Laboratory Manual 
( 2nd ed . 2001 ) ; Kriegler , Gene Transfer and Expression : A 
Laboratory Manual ( 1990 ) ; and Current Protocols in 
Molecular Biology ( 2010 ) , the references are incorporated 
by reference in their entireties herein . Non - limiting 
examples of plant promoters include promoter sequences 
derived from A . thaliana ubiquitin - 3 ( ubi - 3 ) . 
[ 0127 ] In some alternatives , a nucleic acid encoding one 
or more endonucleases , end - processing enzymes , and / or 
fusion proteins having endonuclease and end - processing 
activity or exonuclease activity are cloned into a vector for 
transformation into eukaryotic cells along with the vectors 
and nucleic acid of the systems provided herein . In some 
alternatives , nucleic acids encoding different endonucleases 
and end - processing enzymes are cloned into the same vec 
tor . In such cases , the nucleic acids encoding different 
endonucleases and end - processing enzymes may optionally 
be separated by T2A , self - cleavage sequences , protease 
cleavage sites , or IRES sequences . Vectors can be prokary 
otic vectors , e . g . , plasmids , or shuttle vectors , insect vectors , 
or eukaryotic vectors , including plant vectors described 
herein . Expression of the nucleases and fusion proteins may 
be under the control of a constitutive promoter or an 
inducible promoter . In some alternatives , the vector com - 
prises a nucleic acid sequence that encodes Cas9 , a deriva 
tive , or fragment thereof . In some alternatives , the vector 
comprises a nucleic acid sequence that encodes Trex . In 
some alternatives , the genes and / or nucleic acids in the 
vector are codon optimized for expression in a mammalian 
cell , such as a human cell . In some alternatives , the vector 
is an mRNA . In some alternatives , the vector is an mRNA 
encoding a Cas9 protein , a derivative , or fragment thereof . 
In some alternatives , the nucleic acid encoding Cas9 protein , 
a derivative , or fragment thereof is codon optimized for 
expression in a eukaryotic cell , such as a human cell . In 
some alternatives , the Cas9 protein , a derivative , or frag 
ment thereof is from S . pyogenes or is a consensus sequence 
made from other Cas9 proteins from other organisms . 
[ 0128 ] Introduction of polypeptides having endonuclease 
and / or end - processing activity and / or polynucleotides 
encoding polypeptides having endonuclease and / or end 

Immune Response Against AAV Vectors 
[ 0129 ] Adeno - associated viral ( AAV ) vectors are widely 
used for gene therapy - based treatment genetic diseases . 
However , generation of immune responses against the AAV 
vector can undermine the therapeutic efficacy of the vector . 
Similarly , generation of immune responses against the AAV 
vector used in CRISPR / Cas9 - based ( or one or more other 
nucleases - based ) genome editing can undermine the efficacy 
of gene targeting . 
[ 0130 ] In some alternatives , it is contemplated that the 
AAV vectors used for CRISPR / Cas9 - based ( and / or one or 
more other nucleases - based ) genome editing will possess 
reduced immunogenicity . In some alternatives , it is contem 
plated that the AAV vectors used for CRISPR / Cas9 - based 
( and / or one or more other nucleases - based ) genome editing 
will possess no immunogenicity . In some alternatives , 
because of the reduced immunogenicity , the likelihood of 
development of resistance against the AAV vector will be 
minimal . In some alternatives , because of the lack of immu 
nogenicity , the likelihood of development of resistance 
against the AAV vector will be non - existent . 

Organisms 
[ 0131 ] The alternatives described herein are applicable to 
any eukaryotic organism in which it is desired to edit a gene . 
Examples of eukaryotic organisms include , but are not 
limited to , algae , plants , animals ( e . g . , mammals such as 
mice , rats , primates , pigs , cows , sheep , rabbits , dogs , cats , or 
horses etc . ) , fish , and insects . In some alternatives , isolated 
cells from the organism are genetically modified as 
described herein . In some alternatives , the modified cells 
develop into reproductively mature organisms . Eukaryotic 
( e . g . , algae , yeast , plant , fungal , piscine , avian , and mam 
malian cells ) cells can be used . Cells from organisms 
containing one or more additional genetic modifications can 
also be used . 
[ 0132 ] Examples of mammalian cells include any cell or 
cell line of the organism of interest , for example oocytes , 
somatic cells , K562 cells , CHO ( Chinese hamster ovary ) 
cells , HEP - G2 cells , BaF - 3 cells , Schneider cells , COS cells 
( monkey kidney cells expressing SV40 T - antigen ) , CV - 1 
cells , HuTu80 cells , NTERA2 cells , NB4 cells , HL - 60 cells 
and HeLa cells , 293 cells and myeloma cells like SP2 or 
NSO . Peripheral blood mononucleocytes ( PBMCs ) or T - cells 
can also be used , as can embryonic and adult stem cells . For 
example , stem cells that can be used include embryonic stem 
cells ( ES ) , induced pluripotent stem cells ( iPSC ) , mesen 
chymal stem cells , hematopoietic stem cells , muscle stem 
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cells , skin stem cells , adipose derived stem cells , and neu 
ronal stem cells . In some alternatives , a system for editing at 
least one target gene in a cell is provided , wherein the system 
comprises a first nucleic acid sequence encoding a CRISPR 
guide RNA , wherein the CRISPR guide RNA is compli 
mentary to at least one target gene in a cell and , wherein said 
first nucleic acid sequence is present in a vector , wherein 
said system further comprises a second nucleic acid 
sequence encoding a Cas9 protein , a derivative , or fragment 
thereof , a third nucleic acid sequence encoding a first 
adenoviral protein and a fourth nucleic acid sequence encod 
ing a second adenoviral protein . In some alternatives , the 
cell is a eukaryotic cell . In some alternatives , the cell is a 
mammalian cell , such as a human cell . In some alternatives , 
the cell is a primary cell . In some alternatives the cell is not 
a transformed cell . In some alternatives , the cell is a primary 
lymphocyte , a CD34 + stem cell , a hepatocyte , a cardiomyo 
cyte , a neuron , a glial cell , a muscle cell or an intestinal cell . 
[ 0133 ] Examples of target plants and plant cells include , 
but are not limited to , monocotyledonous and dicotyledon 
ous plants , such as crops including grain crops ( e . g . , wheat , 
maize , rice , millet , barley ) , fruit crops ( e . g . , tomato , apple , 
pear , strawberry , orange ) , forage crops ( e . g . , alfalfa ) , root 
vegetable crops ( e . g . , carrot , potato , sugar beets , yam ) , leafy 
vegetable crops ( e . g . , lettuce , spinach ) ; flowering plants 
( e . g . , petunia , rose , chrysanthemum ) , conifers and pine trees 
( e . g . , pine fir , spruce ) ; plants used in phytoremediation ( e . g . , 
heavy metal accumulating plants ) ; oil crops ( e . g . , sunflower , 
rape seed ) and plants used for experimental purposes ( e . g . , 
Arabidopsis ) . Thus , the disclosed methods and compositions 
have use over a broad range of plants , including , but not 
limited to , species from the genera Asparagus , Avena , Bras 
sica , Citrus , Citrullus , Capsicum , Cucurbita , Daucus , 
Erigeron , Glycine , Gossypium , Hordeum , Lactuca , Lolium , 
Lycopersicon , Malus , Manihot , Nicotiana , Orychophrag 
mus , Oryza , Persea , Phaseolus , Pisum , Pyrus , Prunus , 
Raphanus , Secale , Solanum , Sorghum , Triticum , Vitis , 
Vigna , and Zea . The term plant cells include isolated plant 
cells as well as whole plants or one or more portions of 
whole plants such as seeds , callus , leaves , roots , etc . The 
present disclosure also encompasses seeds of the plants 
described herein . The present disclosure further encom 
passes the progeny , clones , cell lines , or cells of the plants 
described . 

infection , sickle cell anemia , Alzheimer ' s disease , muscular 
dystrophy , neurodegenerative diseases , vascular disease , 
cystic fibrosis , stroke , hyper IGE syndrome , or hemophilia . 
In some alternatives , cells are manufactured by the systems 
provided herein . In some alternatives , a method of editing at 
least one target gene in a cell is provided , wherein the 
method comprises introducing into a cell a first vector that 
comprises a first nucleic acid sequence encoding a CRISPR 
guide RNA , wherein the CRISPR guide RNA is compli 
mentary to at least one target gene in said cell , introducing 
into said cell a second nucleic acid sequence encoding a 
Cas9 protein , a derivative , or fragment thereof ; introducing 
into said cell a third nucleic acid sequence encoding a first 
adenoviral protein ; and introducing into said cell a fourth 
nucleic acid sequence encoding a second adenoviral protein . 
In some alternatives , a cell is provided , wherein the cell is 
manufactured by the said methods . In some alternatives , a 
composition is provided , wherein the composition com 
prises the cell . In some alternatives , the compositions 
described herein , can be used in methods of treating , pre 
venting , ameliorating , or inhibiting a disease ( e . g . , cancer , 
ischemia , diabetic retinopathy , macular degeneration , rheu 
matoid arthritis , psoriasis , HIV infection , sickle cell anemia , 
Alzheimer ' s disease , muscular dystrophy , neurodegenera 
tive diseases , vascular disease , cystic fibrosis , stroke , hyper 
IGE syndrome , hemophilia ) or ameliorating a disease con 
dition or symptom associated with a disease , such as , cancer , 
ischemia , diabetic retinopathy , macular degeneration , rheu 
matoid arthritis , psoriasis , HIV infection , sickle cell anemia , 
Alzheimer ' s disease , muscular dystrophy , neurodegenera 
tive diseases , vascular disease , cystic fibrosis , stroke , hyper 
IGE syndrome , or hemophilia . In some alternatives , the cells 
or compositions are administered to treat , prevent , amelio 
rate , or inhibit an autosomal dominant disease , such as 
achondroplasia , pseudoachondroplasia , the multiple epiphy 
seal dysplasias , chondrodysplasias , osteogenesis imperfecta , 
Marfan syndrome , polydactyly , hereditary motor sensory 
neuropathies I and II ( Charcot - Marie - Tooth disease ) , myo 
tonic dystrophy , and neurofibromatosis or ameliorate a dis 
ease condition or symptom associated with an autosomal 
dominant disease , such as achondroplasia , pseudoachondro 
plasia , the multiple epiphyseal dysplasias , chondrodyspla 
sias , osteogenesis imperfecta , Marfan syndrome , polydac 
tyly , hereditary motor sensory neuropathies I and II 
( Charcot - Marie - Tooth disease ) , myotonic dystrophy , and / or 
neurofibromatosis . In some alternatives , the cells or com 
positions provided herein , are administered to treat , prevent , 
ameliorate , or inhibit a disease caused by misregulation of 
genes . In some alternatives , the cells or compositions pro 
vided herein , are administered to treat , prevent , ameliorate , 
or inhibit a cancer , such as BCL - 2 , Bcl - XI , and FLIP , or 
ameliorate a disease condition or symptom associated with 
a cancer , such as BCL - 2 , Bcl - XI , and FLIP . 
[ 0136 ] The compositions comprising the cells are admin 
istered in any suitable manner , and in some alternatives with 
pharmaceutically acceptable carriers . Suitable methods of 
administering such proteins or polynucleotides are available 
and well known to those of skill in the art , and , although 
more than one route can be used to administer a particular 
composition , a particular route can often provide a more 
immediate and more effective reaction than another route . 
[ 0137 ] Pharmaceutically acceptable carriers are deter 
mined in part by the particular composition being adminis 
tered , as well as by the particular method used to administer 

Generating Homozygously Modified Organisms 
[ 0134 ] Cells in which systems are provided with one or 
more vectors or nucleic acids encoding endonucleases for 
co - expression with one or more fusion proteins comprising 
endonuclease and end - processing activity are expressed and 
are assayed for site specific cleavage . Such modified cells 
can be identified using any suitable method known to the 
skilled artisan , including sequencing , PCR analysis , south 
ern blotting , and the like . In some alternatives , an amplicon 
spanning the endonuclease target site is generated by PCR . 

Pharmaceutical Compositions and Administration 
101351 Cells manufactured by the systems or methods 
provided herein can be administered directly to a patient for 
targeted cleavage of a DNA sequence and for therapeutic or 
prophylactic applications , for example , for treating , inhib 
iting , or ameliorating cancer , ischemia , diabetic retinopathy , 
macular degeneration , rheumatoid arthritis , psoriasis , HIV 
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the composition . Accordingly , there is a wide variety of 
suitable formulations of pharmaceutical compositions that 
are available ( see , e . g . , Remington ' s Pharmaceutical Sci 
ences ) 
[ 0138 ] Formulations suitable for parenteral administra 
tion , such as , for example , by intravenous , intramuscular , 
intradermal , and subcutaneous routes , include aqueous and 
non - aqueous , isotonic sterile injection solutions , which can 
contain antioxidants , buffers , bacteriostats , and solutes that 
render the formulation isotonic with the blood of the 
intended recipient , and aqueous and non - aqueous sterile 
suspensions that can include suspending agents , solubilizers , 
thickening agents , stabilizers , and preservatives . The dis 
closed compositions can be administered , for example , by 
intravenous infusion , orally , topically , intraperitoneally , 
intravesically or intrathecally . The formulations of com 
pounds can be presented in unit - dose or multi - dose sealed 
containers , such as ampules and vials . Injection solutions 
and suspensions can be prepared from sterile powders , 
granules , and tablets of the kind previously described . 
10139 ] In some alternatives , one or more of parenteral , 
subcutaneous , intrarticular , intrabronchial , intraabdominal , 
intracapsular , intracartilaginous , intracavitary , intracelial , 
intracelebellar , intracerebroventricular , intracolic , intracer 
vical , intragastric , intrahepatic , intramyocardial , intraosteal , 
intrapelvic , intrapericardiac , intraperitoneal , intrapleural , 
intraprostatic , intrapulmonary , intrarectal , intrarenal , 
intraretinal , intraspinal , intrasynovial , intrathoracic , intra 
uterine , intravesical , intralesional , bolus , vaginal , rectal , 
buccal , sublingual , intranasal , or transdermal routes of 
administration are contemplated . In some embodiments , the 
composition to be administered can be formulated for deliv 
ery via one or more of the above noted routes . 

system to deliver the guide RNAs efficiently to a wide 
variety of cell types . This could , for example , involve 
delivery of an in vitro generated guide RNA as a nucleic acid 
( the guide RNA generated by in vitro transcription or 
chemical synthesis ) . In some alternatives the nucleic acid 
could be rendered nuclease resistant by incorporation of 
modified bases . An important system for expressing guide 
RNAs is based on the use of adeno - associated virus ( AAV ) 
vectors because AAV vectors are able to transduce a wide 
range of primary cells . AAV vectors do not cause infection 
and are not known to integrate into the genome . Therefore , 
the use of AAV vectors has the benefits of being both safe 
and efficacious . 

[ 0142 ] In some alternatives , an AAV vector is used to 
deliver one or more components of the CRISPR / Cas9 sys 
tem for gene editing . In some alternatives , an AAV vector is 
used to deliver one or more components of CRISPR / Cas9 
system for gene editing in primary cells . In some alterna 
tives , an AAV vector is used to deliver a CRISPR guide 
RNA for gene editing . In some alternatives , an AAV vector 
is used to deliver a CRISPR guide RNA for gene editing in 
primary cells . In some alternatives , a primary cell , is a cell 
directly derived from a host donor , which is not transformed 
or cancerous and which cannot be propagated indefinitely 
outside the host . 
10143 ] . In many cell types , there is a post - entry or post 
delivery restriction on AAV vectors . This renders AAV 
mediated expression of transgenes , including guide RNAs , 
very inefficient , thus substantially compromising the utility 
of AAV vectors for this purpose . Certain adenoviral proteins 
facilitate expression and replication of AAV and AAV vec 
tors . In particular , in some alternatives , E4ORF6 and 
E1B55K are used as helper proteins in AAV vector produc 
tion and / or as helper proteins in replication of AAV vector 
encoding guide RNA . 
[ 0144 ] Previous work has shown that wild type E1B55K 
or wild type E4ORF6 proteins can disable an important 
protein complex involved in DNA repair ( known as the 
MRN complex ) . This leads to cell cycle arrest and high 
toxicity due to lack of repair of DNA breaks . On the other 
hand , it has been realized that neither the H373A mutant of 
E1B55K nor the H354 mutant of E1B55K disable the MRN 
complex . This leaves the DNA repair machinery intact and 
provides increased safety and efficacy when using the 
mutant form of ad proteins for AAV replication in cells . 
Thus , in some alternatives , the wild type E1B55K is used in 
combination with the H373A mutant of E1B55K protein . In 
some alternatives , the wild type E4ORF6 is used in combi 
nation with the H354 mutant of E1B55K protein . In some 
alternatives , the use of wild type E4ORF6 in combination 
with the H373A mutant of E1B55K protein does not disable 
the MRN complex . In some alternatives , the use of wild type 
E4ORF6 in combination with the H354 mutant of E1B55K 
protein does not disable the MRN complex . In some alter 
natives , the use of wild type E4ORF6 in combination with 
the H373A mutant of E1B55K protein does not lead to cell 
cycle arrest . In some alternatives , the use of wild type 
E4ORF6 in combination with the H354 mutant of E1B55K 
protein does not lead to cell cycle arrest . In some alterna 
tives , the use of wild type E4ORF6 in combination with the 
H373A mutant of E1B55K protein does not lead to toxicity 
due to lack of repair of DNA breaks . In some alternatives , 
the use of wild type E4ORF6 in combination with the H354 

Additional Alternatives 
[ 0140 ] RNA - guided endonuclease ( RGEN ) technology 
has great promise for enabling efficient editing of a target 
genomic locus . In some alternatives , the application of S . 
pyogenes Cas9 for gene editing in primary human cells such 
as primary human T - cells using mRNA - mediated delivery of 
a first generation spCas9 and adeno - associated virus ( AAV ) 
to drive guide RNA expression has been evaluated . In some 
alternatives , spCas9 - mediated editing using mRNA - medi 
ated delivery of a first generation spCas9 and adeno - asso 
ciated virus ( AAV ) to drive guide RNA expression achieves 
targeted gene disruption rates at the TCRa locus of up to 
30 % . In some alternatives , the evaluation of the dose 
response of editing efficiency at different Cas9 mRNA doses 
and over a range of AAV MOI provided evidence that 
editing efficiency is limited primarily by AAV - driven guide 
RNA expression . In some alternatives , the evaluation of 
several approaches to achieve higher editing efficiencies led 
to the development of approaches that achieve up to 90 % 
TCRa disruption at reduced AAV MOI in selected cell 
populations . In some alternatives , the results provide evi 
dence that a Cas9 - mRNA / AAV - guide approach can be 
applied to effectively disrupt multiple individual genes in 
primary human T - cells , and resulted in an innovative method 
through which CRISPR / Cas9 technology has enhanced effi 
ciency . 
[ 0141 ] The basic components of CRISPR / Cas9 system 
comprise a target gene , a protospacer adjacent motif ( PAM ) , 
a guide RNA , Cas9 endonuclease . An important aspect of 
applying CRISPR / Cas9 for gene editing is the need for a 
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mutant of E1B55K protein does not lead to toxicity due to 
lack of repair of DNA breaks . 
[ 0145 ] In some alternatives , the use of mutant adenoviral 
proteins for AAV transduction resulted in lower transduction 
efficiency of primary cells , as compared to wild type adeno 
viral proteins . However , the use of mutant adenoviral pro 
teins resulted in dramatic enhancement of CRISPR / Cas9 
based gene editing . In some alternatives , this is likely due to 
enhancing gRNA expression from the AAV vector . In some 
alternatives , this is likely due to modulation of the DNA 
repair environment of the cell to promote mutagenic repair 
of double strand breaks created by CRISPR . In some alter 
natives , this is likely due to both enhancing CRNA expres 
sion from the AAV vector as well as modulation of the DNA 
repair environment of the cell to promote mutagenic repair 
of double strand breaks created by CRISPR . 
[ 014 ] In some alternatives , expression of E4ORF6 and 
mutant E1B55K - H373A results in sufficient relief of the 
post - entry restriction on AAV expression while maintaining 
intact DNA repair . In some alternatives , expression of 
E4ORF6 and mutant E1B55K - H354 results in sufficient 
relief of the post - entry restriction on AAV expression while 
maintaining intact DNA repair . In some alternatives , expres 
sion of E4ORF6 and E1B55K - H373A allows for a substan 
tial improvement in gene editing efficiency . In some alter 
natives , expression of E4ORF6 and E1B55K - H354 allows 
for a substantial improvement in gene editing efficiency . In 
some alternatives , expression of E4ORF6 and E1B55K 
H373A allows for a substantial improvement in CRISPR / 
Cas9 - mediated gene editing efficiency . In some alternatives , 
expression of E4ORF6 and E1B55K - H354 allows for a 
substantial improvement in CRISPR / Cas9 - mediated gene 
editing efficiency . In some alternatives , expression of 
E4ORF6 and E1B55K - H373A allows a substantial improve 
ment in gene editing efficiency in primary cells . In some 
alternatives , expression of E4ORF6 and E1B55K - H354 
allows a substantial improvement in gene editing efficiency 
in primary cells . In some alternatives , expression of 
E4ORF6 and E1B55K - H373A allows for a substantial 
improvement in CRISPR / Cas9 - mediated gene editing efti 
ciency in primary cells . In some alternatives , expression of 
E4ORF6 and E1B55K - H354 allows for a substantial 
improvement in CRISPR / Cas9 - mediated gene editing effi 
ciency in primary cells . 
[ 0147 ] In some alternatives , a system of introducing 
CRISPR / Cas9 in primary cells using an AAV - mRNA split 
system approach is provided . In some alternatives of the 
split system , Cas9 , a derivative , or fragment thereof and 
adenoviral proteins are expressed from mRNA and 
expressed transiently , and ORNA is expressed constantly and 
expressed from AAV . In some alternatives , the split system 
increased the efficiency of gene editing in primary human 
cells . 
[ 0148 ] Some alternatives relate to a method of introducing 
CRISPR guide RNA in primary cells using an AAV vector . 
More alternatives relate to a method of introducing Cas9 , a 
derivative , or fragment thereof in primary cells encoded by 
an mRNA . In some alternatives , a method of introducing 
Cas9 , a derivative , or fragment thereof in primary cells 
encoded as a fusion protein by an mRNA is provided . In 
some alternatives , Cas9 is fused with a fluorophore at the C 
terminus . In some alternatives , Cas9 , a derivative , or frag 
ment thereof is fused with a fluorophore at the N terminus . 
In some alternatives , Cas9 , a derivative , or fragment thereof 

is fused with a fluorophore and the Cas9 , a derivative , or 
fragment thereof and fluorophore are separated by a self 
cleavage sequence , such as a T2A sequence . In some alter 
natives , Cas9 , a derivative , or fragment thereof is fused to an 
NLS . In some alternatives , the NLS is fused at the N 
terminus of Cas9 , a derivative , or fragment thereof . In some 
alternatives , the NLS is fused at the C terminus of Cas9 , a 
derivative , or fragment thereof . In some alternatives , the 
NLS is fused at both the N and the C terminus of Cas9 , a 
derivative , or fragment thereof . In some alternatives , Cas9 , 
a derivative , or fragment thereof is tagged with an mCherry 
fluorophore . 
[ 0149 ] In some alternatives , the mRNA comprises a poly 
A tail . In some alternatives , the poly A tail confers stability 
to the mRNA . In some alternatives , the length of the poly A 
tail is greater than or equal to 100 , 125 , 150 , 175 , 200 , 225 , 
250 , 275 , 300 , 325 , 350 , 375 , 400 , 425 , 450 , 475 , or 500 
base pairs or a length that is within a range defined by any 
two of the aforementioned lengths . In some alternatives , the 
mRNA is encoded by a vector . In some alternatives , the 
mRNA is expressed from the vector by in vitro transcription . 
In some alternatives , the mRNA encodes a nuclease , heli 
case and / or an adenoviral protein . In some alternatives , the 
mRNA encodes Cas9 , a derivative , or fragment thereof . In 
some alternatives , the mRNA encodes MegaTAL or 
TALEN . In some alternatives , the mRNA encodes E4ORF6 . 
In some alternatives , the mRNA encodes E1B55K . In some 
alternatives , the mRNA encodes H373A E1B55K . In some 
alternatives , the mRNA encodes H354 E1B55K . In some 
alternatives , the mRNA encodes Trex2 . 
[ 0150 ] In some alternatives , the expression of adenoviral 
proteins is desired along with the Cas9 protein . mRNAs with 
poly A tails that are greater than or equal to 100 , 125 , 150 , 
175 , 200 , 225 , 250 , 275 , 300 , 325 , 350 , 375 , 400 , 425 , 450 , 
475 , or 500 base pairs or a length that is within a range 
defined by any two of the aforementioned lengths , wherein 
said mRNAs encode Cas9 , a derivative , or fragment thereof , 
TALEN , or MegaTAL , can be efficiently co - expressed in 
primary human cells . In some alternatives , said mRNA is 
used to express Cas9 , a derivative , or fragment thereof . In 
some alternatives , said mRNA is used to express wild type 
adenoviral proteins . In some alternatives , said mRNA is 
used to express mutant adenoviral proteins . In some alter 
natives , AAV is used to express guide RNA . Some alterna 
tives relate to methods of introducing adenoviral proteins in 
primary cells encoded by an mRNA . In some alternatives , 
mRNA is used to introduce the wild type adenoviral protein 
E4ORF6 . In some alternatives , mRNA is used to introduce 
the mutant adenoviral protein H373A E1B55K . In some 
alternatives , mRNA is used to introduce the mutant adeno 
viral protein H354 E1B55K . In some alternatives , separate 
mRNAs are used to introduce both wild type E4ORF6 and 
the mutant H373A E1B55K . In some alternatives , separate 
mRNAs are used to introduce both wild type E4ORF6 and 
the mutant H354 E1B55K . In some alternatives , the mRNAs 
are on a vector . In some alternatives , AAV with guide RNA 
and mRNA encoding Cas9 , a derivative , or fragment 
thereof , and E4ORF6 and mutant H373A E1B55K or AAV 
with guide RNA and mRNA encoding Cas9 , E4ORF6 and 
mutant H354 E1B55K are simultaneously introduced . In 
some alternatives , AAV with guide RNA and mRNA encod 
ing Cas9 , a derivative , or fragment thereof , and E4ORF6 and 
mutant H373A E1B55K or AAV with guide RNA and 
mRNA encoding Cas9 , E4ORF6 and mutant H354 E1B55K 
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are sequentially introduced . In some alternatives , AAV with 
guide RNA and mRNA encoding Cas9 , a derivative , or 
fragment thereof , and E4ORF6 and mutant H373A E1B55K 
or AAV with guide RNA and mRNA encoding Cas9 , 
E4ORF6 and H354 E1B55K are present in a cell at the same 
time . In some alternatives , mRNA is used to transiently 
express wild type adenoviral proteins . In some alternatives , 
mRNA is used to transiently express mutant adenoviral 
proteins . In some alternatives , mRNA is used to simultane 
ously albeit transiently to express Cas9 , a derivative , or 
fragment thereof , wild type adenoviral proteins and mutant 
adenoviral protein . In some alternatives , guide RNA is prone 
to degradation . In some alternatives , therefore AAV is used 
to constantly express guide RNA . In some alternatives , AAV 
with guide RNA and mRNA encoding Cas9 , a derivative , or 
fragment thereof , and E4ORF6 and mutant H373A E1B55K 
or AAV with guide RNA and mRNA encoding Cas9 , and 
E4ORF6 and H354 E1B55K are present transiently . In some 
alternatives , AAV with guide RNA and mRNA encoding 
Cas9 , a derivative , or fragment thereof , E4ORF6 and mutant 
H373A E1B55K or AAV with guide RNA and mRNA 
encoding Cas9 , E4ORF6 and H354 E1B55K are not present 
permanently . 
[ 0151 ] In some alternatives , co - expressing Cas9 , a deriva 
tive , or fragment thereof with E4ORF6 / E1B55K - H373A 
results in sufficient relief of post - entry restriction on AAV 
expression while maintaining intact DNA repair . This allows 
substantial improvement in Cas9 - mediated gene editing 
efficiency with minimal toxicity when an AAV vector is 
simultaneously used to express the guide RNAs necessary 
for Cas9 targeting , thus yielding results counterintuitive to 
what one might have expected from the use of AAV vectors 
and substantially improving and expanding the potential 
applications of the CRISPR / Cas9 system in primary cells . 
[ 0152 ] In some alternatives , the use of adenoviral proteins 
to enhance CRISPR - mediated gene knockout in primary 
cells is provided . In some alternatives , the use of adenoviral 
proteins to enhance CRISPR - mediated gene knockout in 
primary T - cells is provided . In some alternatives , the use of 
adenoviral proteins to enhance CRISPR - mediated gene 
knockout in Jurkat T - cells is provided . In some alternatives , 
the use of adenoviral proteins to enhance CRISPR - mediated 
gene knockout in primary cells using a combined mRNA / 
AAV approach is provided . In some alternatives , the use of 
adenoviral proteins to enhance CRISPR - mediated gene 
knockout in primary T - cells using a combined mRNA / AAV 
approach is provided . In some alternatives , the use of 
adenoviral proteins to enhance CRISPR - mediated gene 
knockout in Jurkat T - cells using a combined mRNA / AAV 
approach is provided . In some alternatives , the use of mutant 
adenoviral proteins to enhance CRISPR - mediated gene 
knockout is provided . In some alternatives , the use of mutant 
adenoviral proteins to enhance CRISPR - mediated gene 
knockout in primary cells is provided . In some alternatives , 
the use of mutant adenoviral proteins to enhance CRISPR 
mediated gene knockout in primary T - cells is provided . In 
some alternatives , the use of mutant adenoviral proteins to 
enhance CRISPR - mediated gene knockout in Jurkat T - cells 
is provided . 
[ 0153 ] In some alternatives , the use of adenoviral proteins 
to enhance CRISPR - mediated gene knockout and enhanced 
homologous recombination in primary T - cells is described . 
In some alternatives , the use of adenoviral proteins to 
enhance CRISPR - mediated gene knockout and enhanced 

homologous recombination in primary T - cells using a com 
bined mRNA / AAV approach is described . In some alterna 
tives , the use of mutant adenoviral proteins to enhance 
CRISPR - mediated gene knockout and enhanced homolo 
gous recombination is provided . In some alternatives , the 
mutant adenoviral proteins enhance CRISPR - mediated gene 
knockout and enhance homologous recombination in pri 
mary T - cells . 
[ 0154 ] The application of this technology is not limited to 
primary human cells . In some alternatives , a system for 
targeting of non - human sequences , for example pathogenic 
organisms , is provided . In some alternatives , a method for 
targeting of non - human sequences , for example pathogenic 
organisms , is provided . In some alternatives , a system for 
targeting diseases is provided . In some alternatives , a 
method for targeting diseases is provided . In some alterna 
tives , the disease can be an infectious disease caused by a 
pathogenic organism . In some alternatives , the disease can 
be a non - infectious disease . 
10155 ] Double strand DNA break repair through the NHEJ 
pathway is often not mutagenic . The majority of endonu 
clease - induced breaks repaired by the NHEJ pathway 
involve precise re - ligation , resulting in the restoration of the 
original DNA sequence . HDR , in contrast to NHEJ , requires 
a repair template and imprecise repair through this pathway 
can result in mutations at the break site , such as DNA base 
deletions and insertions , as well as , translocations and 
telomere fusion . 
[ 0156 ] In some alternatives , the use of Cas9 - mRNA / AAV 
guide system results in increased NHEJ rates . Thus , in some 
alternatives of the Cas9 - mRNA / AAV - guide system , a repair 
template is introduced into the cell . In some alternatives the 
repair template is RNA . In some alternatives , the repair 
template is DNA . In some alternatives , the Cas9 - mRNA / 
AAV - guide system is driven towards HDR to achieve greater 
mutation rate . In some alternatives , the mRNA - AAV system 
is implemented with another nuclease without providing a 
repair template . In some alternatives , the mRNA - AAV sys 
tem implemented with another nuclease without providing a 
repair template allows for NHEJ . In some alternatives , the 
system further comprises a nuclease , wherein the nuclease is 
MegaTAL . 

Additional Preferred Alternatives 
[ 0157 ] In some alternatives , a system for editing at least 
one target gene in a cell , comprising a first nucleic acid 
sequence encoding a CRISPR guide RNA , wherein the 
CRISPR guide RNA is complimentary to at least one target 
gene in a cell and , wherein said first nucleic acid sequence 
is present in a vector , wherein said system further comprises 
a second nucleic acid sequence encoding a Cas9 protein , a 
derivative , or fragment thereof ; a third nucleic acid sequence 
encoding a first adenoviral protein , and a fourth nucleic acid 
sequence encoding a second adenoviral protein . In some 
alternatives of the system , the cell is a eukaryotic cell . In 
some alternatives of the system , the cell is a mammalian cell . 
In some alternatives , the cell is a human cell . In some 
alternatives of the system , the cell is a primary cell . In some 
alternatives , the cell is not a transformed cell . In some 
alternatives of the system , the cell is a primary lymphocyte , 
a CD34 + stem cell , a hepatocyte , a cardiomyocyte , a neuron , 
a glial cell , a muscle cell or an intestinal cell . In some 
alternatives of the system , the vector is a viral vector . In 
some alternatives of the system , the viral vector is an 
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Adeno - associated virus ( AAV ) vector . In some alternatives 
of the system , the second nucleic acid encoding the Cas9 
protein , a derivative , or fragment thereof is an mRNA . In 
some alternatives of the system , the second nucleic acid 
sequence encoding the Cas9 protein , a derivative , or frag 
ment thereof is codon optimized for expression in a eukary 
otic cell , such as a human cell . In some alternatives of the 
system , the Cas9 protein , a derivative , or fragment thereof is 
from S . pyogenes . In some alternatives of the system , the 
third nucleic acid encoding the first adenoviral protein is an 
mRNA . In some alternatives of the system , the mRNA is 
codon optimized for expression in a eukaryotic cell , such as 
a human cell . In some alternatives of the system , the first 
adenoviral protein is E4ORF6 . In some alternatives of the 
system , the fourth nucleic acid encoding the second adeno 
viral protein is an mRNA . In some alternatives of the 
system , the fourth nucleic acid encoding the second adeno 
viral protein is codon optimized for expression in a eukary 
otic cell , such as a human cell . In some alternatives of the 
system , the second adenoviral protein is an E1B55K mutant . 
In some alternatives of the system , the second adenoviral 
protein comprises the amino acid sequence set forth in SEQ 
ID NO : 2 . In some alternatives of the system , the second 
adenoviral protein comprises the amino acid sequence set 
forth in SEQ ID NO : 4 . In some alternatives of the system , 
the first , second , third and fourth nucleic acid sequences are 
joined to regulatory elements that are operable in a eukary 
otic cell , such as a human cell . In some alternatives of the 
system , the first nucleic acid sequence encoding the CRISPR 
guide RNA is operably linked to a regulatory element . In 
some alternatives of the system , the nucleic acid sequence 
encoding the CRISPR guide RNA is operably linked to a U6 
promoter . In some alternatives of the system , the nucleic 
acid sequence encoding the CRISPR guide RNA is consti 
tutively expressed . 
f0158 ] In some alternatives , a method of editing at least 
one target gene in a cell , comprises introducing into a cell a 
first vector that comprises a first nucleic acid sequence 
encoding a CRISPR guide RNA , wherein the CRISPR guide 
RNA is complimentary to at least one target gene in said cell ; 
introducing into said cell a second nucleic acid sequence 
encoding a Cas9 protein , a derivative , or fragment thereof ; 
introducing into said cell a third nucleic acid sequence 
encoding a first adenoviral protein ; and introducing into said 
cell a fourth nucleic acid sequence encoding a second 
adenoviral protein . 
[ 0159 ] In some alternatives of the method , the cell is a 
eukaroytic cell . In some alternatives of the method , the cell 
is a mammalian cell . In some alternatives of the method , the 
cell is a human cell . In some alternatives of the method , the 
cell is a primary cell . In some alternatives of the method , the 
cell is not a transformed cell . In some alternatives of the 
method , the cell is a primary lymphocyte , a CD34 + stem 
cell , a hepatocyte , a cardiomyocyte , a neuron , a glial cell , a 
muscle cell or an intestinal cell . In some alternatives of the 
method , the first vector comprising the first nucleic acid 
sequence encoding the CRISPR guide RNA is a viral vector . 
In some alternatives of the method , the viral vector is an 
Adeno - associated virus ( AAV ) vector . In some alternatives 
of the method , the second , third and fourth nucleic acid 
sequences are mRNA . In some alternatives of the method , 
the mRNAs are codon optimized for expression in a eukary 
otic cell , such as a human . In some alternatives of the 
method , the Cas9 protein , a derivative , or fragment thereof 

is from S . pyogenes . In some alternatives of the method , the 
first adenoviral protein is E4ORF6 . In some alternatives of 
the method , the second adenoviral protein is an E1B55K 
mutant . In some alternatives of the method , the second 
adenoviral protein comprises the amino acid sequence set 
forth in SEQ ID NO : 2 . In some alternatives of the method , 
the second adenoviral protein comprises the amino acid 
sequence set forth in SEQ ID NO : 4 . 
[ 0160 ] In some alternatives of the system , the CRISPR 
guide RNA is any and all guide RNAs that are complimen 
tary to a gene of interest . In some alternatives of the system , 
the CRISPR guide RNA is complimentary to a target gene 
on interest . Some non - limiting examples of target genes of 
interest include TCRA , TCRB , PD - 1 , Tim3 , Lag3 , TIGIT or 
HBB . 
[ 0161 ] In some alternatives of the system , the CRISPR 
guide RNA sequence targeting TCR comprises a sequence 
set forth in SEQ ID NO : 15 , SEQ ID NO : 16 , SEO ID NO : 
17 , or SEQ ID NO : 5 . These sequences are described in FIG . 
16A . In some alternatives of the system , polynucleotide 
sequence alternatives of PD1 guide target comprises a 
sequence set forth in SEQ ID NO : 18 , TIGIT guide target 
comprises a sequence set forth in SEQ ID NO : 19 , Lag3 
guide target comprises a sequence set forth in SEQ ID NO : 
20 and Tim3 guide target comprises a sequence set forth in 
SEQ ID NO : 21 . These sequences are provided in FIG . 31 . 
10162 ] In some alternatives of the method , the first , sec 
ond , third and fourth nucleic acid sequences are not perma 
nently introduced into the cell . In some alternatives of the 
method , introducing the first second , third and fourth 
nucleic acid sequences into the cell does not transform the 
cell . In some alternatives of the method and / or the system , 
the second , third , or fourth nucleic acid sequence is provided 
on a vector . In some alternatives , a method of editing at least 
one target gene in a cell , the method comprising introducing 
into the cell any of the alternatives of the system described 
herein . 
10163 ] . In some alternatives , a method of treating , amelio 
rating , or inhibiting a disease and / or a condition in a subject , 
the method comprising providing to the subject having a 
disease and / or a condition and in need thereof , any of the 
alternatives of the system described herein . Some non 
limiting examples of diseases and / or conditions can be 
sickle cell disease , hypercholesterolemia , cancer , autoim 
mune disease , inherited disorder of metabolism , immuno 
deficiency or genetic disease such as any disease due to a 
functional deficit in a gene product due to an alteration in the 
genome of the cell relative to a reference human genome . 

More Alternatives 
[ 0164 ] In more alternatives , a system for editing at least 
one target gene in a cell is provided , the system comprising 
a nucleic acid encoding Cas9 protein , at least one nucleic 
acid encoding at least protein , which alone or together with 
other proteins modifies the substrate specificity of at least 
one ubiquitin ligase enzyme or enzyme complex in the cell , 
and a vector that comprises at least one nucleic acid 
sequence encoding a CRISPR guide RNA , wherein the one 
or more CRISPR guide RNAs is / are complimentary to at 
least one target gene in a cell and in some alternatives of the 
system a vector that comprises a nucleic acid template for 
homologous gene targeting . 
0165 ] In some alternatives of the system , the Cas9 pro 
tein , a derivative , or fragment thereof and the ubiquitin 
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ligase substrate specificity modifying proteins are encoded 
on the same nucleic acid . In some alternatives of the system , 
the Cas9 protein , a derivative , or fragment thereof and the 
ubiquitin ligase substrate specificity modifying proteins are 
encoded on two or more nucleic acids . In some alternatives 
of the system , the cell is a eukaryotic cell . In some alterna 
tives of the system , the cell is a mammalian cell . In some 
alternatives of the system , the cell is a human cell . In some 
alternatives of the system , the cell is a primary cell . In some 
alternatives of the system , the cell is not a transformed cell . 
In some alternatives of the system , the cell is a primary 
lymphocyte , a CD34 + stem cell , a hepatocyte , a cardiomyo 
cyte , a neuron , a glial cell , a muscle cell or an intestinal cell . 
In some alternatives of the system , the vector encoding the 
guide RNA ( S ) is a viral vector . In some alternatives of the 
system , the viral vector is an Adeno - associated virus ( AAV ) 
vector . In some alternatives , the viral vector is a lentiviral 
vector . 
[ 0166 ] In some alternatives of the system , the nucleic acid 
encoding the Cas9 protein , a derivative , or fragment thereof 
is an mRNA the second nucleic acid encoding the Cas9 
protein , a derivative , or fragment thereof is an mRNA . In 
some alternatives of the system , the nucleic acid sequence 
encoding the Cas9 protein is codon optimized for expression 
in a eukaryotic cell , such as a human cell . In some alterna 
tives of the system , the Cas9 protein , a derivative , or 
fragment thereof is from S . pyogenes . 
[ 0167 ] In some alternatives of the system , the nucleic acid 
or nucleic acids encoding any of the ubiquitin ligase 
enzyme / enzyme complex substrate specificity modifying 
proteins are mRNA . In some alternatives of the system , the 
one or more mRNA ' s encoding ubiquitin ligase enzymel 
enzyme complex substrate specificity modifying proteins 
are codon optimized for expression in a eukaryotic cell , such 
as a human cell . In some alternatives of the system , one of 
the ubiquitin ligase enzyme enzyme complex substrate 
specificity modifying proteins is the adenoviral protein 
E4ORF6 of any adenoviral serotype . In some alternatives of 
the system , one of the ubiquitin ligase enzyme enzyme 
complex substrate specificity modifying proteins is E1B55K 
of any adenovirus serotype . 
[ 0168 ] In some alternatives of the system , one of the 
ubiquitin ligase enzyme enzyme complex substrate speci 
ficity modifying proteins is an E1B55K mutant , said mutant 
having an one or more amino acid changes or additions 
relative to the wild type E1B55K protein , which cause an 
alteration in the mutant protein ' s ability to modify cellular 
ubiquitin ligase substrate specificity relative the wild type 
E1B55K protein . 
[ 0169 ] In some alternatives of the system , one of the 
ubiquitin ligase enzyme / enzyme complex substrate speci 
ficity modifying proteins comprises the amino acid sequence 
set forth in SEQ ID NO : 2 . 
10170 ] In some alternatives of the system , one of the 
ubiquitin ligase enzyme / enzyme complex substrate speci 
ficity modifying proteins comprises the amino acid sequence 
set forth in SEQ ID NO : 4 . 
[ 0171 ] In some alternatives of the system , the nucleic acid 
sequences are joined to regulatory elements that are operable 
in a eukaryotic cell , such as a human cell . In some alterna 
tives of the system , the nucleic acid sequence encoding the 
CRISPR guide RNA is operably linked to a regulatory 
element . In some alternatives of the system , the nucleic acid 
sequence encoding the CRISPR guide RNA is operably 

linked to a U6 promoter . In some alternatives of the system , 
the nucleic acid sequence encoding the CRISPR guide RNA 
is constitutively expressed . In some alternatives , the nucleic 
acid sequence encoding the CRISPR guide RNA is operably 
linked to the U6 promoter and constitutively expressed . 
[ 0172 ] In some alternatives , a method of editing at least 
one target gene in a cell is provided , the method comprising 
introducing into the cell a nucleic acid sequence encoding a 
Cas9 protein , a derivative , or fragment thereof ; introducing 
into said cell at least one nucleic acid sequence encoding a 
ubiquitin ligase enzyme / enzyme complex substrate speci 
ficity modifying protein ; introducing into said cell a vector 
that comprises at least one nucleic acid sequence encoding 
a CRISPR guide RNA , wherein the CRISPR guide RNA is 
complimentary to at least one target gene in said cell ; and in 
some alternative of the method , introducing into said cell a 
vector that comprises a nucleic acid template for homolo 
gous gene targeting . 
0173 ] . In some alternatives of the method , the cell is a 
eukaryotic cell . In some alternatives of the method , the cell 
is a mammalian cell . In some alternatives of the method , the 
cell is a human cell . In some alternatives of the method , the 
cell is a primary cell . In some alternatives of the method , the 
cell is not a transformed cell . In some alternatives of the 
method , the cell is a primary lymphocyte , a CD34 + stem 
cell , a hepatocyte , a cardiomyocyte , a neuron , a glial cell , a 
muscle cell or an intestinal cell . In some alternatives of the 
method , the vector comprising the first nucleic acid 
sequence encoding the endonuclease is a viral vector . In 
some alternatives , Cas9 is encoded in a viral vector . In some 
alternatives , a guide RNA is encoded in a viral vector . In 
some alternatives , a Cas9 and a guide RNA are encoded 
together in a viral vector . In some alternatives , a Cas9 and 
a guide RNA encoded together in a viral vector is used in 
combination with one or more Ad5 protein encoded by 
mRNA . 
[ 0174 ] In some alternatives of the method , the vector 
comprising the nucleic acid sequence encoding the one or 
more CRISPR guide RNAs is a viral vector . In some 
alternatives of the method , the viral vector is an Adeno 
associated virus ( AAV ) vector . In some alternatives of the 
method , the viral vector is a lentiviral vector . In some 
alternatives of the method , the nucleic acids encoding Cas9 , 
a derivative , or fragment thereof and / or the ubiquitin ligase 
substrate specificity modifying proteins are mRNA . In some 
alternatives of the method , the mRNAs are codon optimized 
for expression in a eukaryotic cell , such as a human . 

[ 0175 ] In some alternatives of the method , the Cas9 pro 
tein , a derivative , or fragment thereof is from S . pyogenes . 
In some alternatives of the method , the ubiquitin ligase 
substrate specificity modifying proteins is E4ORF6 of any 
adenoviral serotype . In some alternatives of the method , the 
ubiquitin ligase substrate specificity modifying proteins is 
E1B55K of any adenoviral serotype . In some alternatives of 
the method , the second adenoviral protein comprises the 
amino acid sequence set forth in SEQ ID NO : 2 . In some 
alternatives of the method , the second adenoviral protein 
comprises the amino acid sequence set forth in SEQ ID NO : 

[ 0176 ] In some alternatives of the system , the CRISPR 
guide RNA is any and all guide RNAs that are complimen 
tary to a gene of interest . In some alternatives of the system , 
the CRISPR guide RNA is complimentary to a target gene 



US 2018 / 0119174 A1 May 3 , 2018 

on interest . Some non - limiting examples of target genes of 
interest include TCRa , TCRB , PD - 1 , Tim3 , Lag3 , TIGIT or 
HBB . 
( 0177 ] In some alternatives of the system , alternatives of 
the CRISPR guide RNA sequence targeting TCR comprise 
a sequence set forth in SEQ ID NO : 15 , SEQ ID NO : 16 , 
SEQ ID NO : 17 , or SEQ ID NO : 5 . These sequences are 
shown in FIG . 16A . In some alternatives of the system , a 
polynucleotide sequence comprises alternatives of PD1 
guide target ( SEQ ID NO : 18 ) , TIGIT guide target ( SEQ ID 
NO : 19 ) , Lag3 guide target ( SEQ ID NO : 20 ) or Tim3 guide 
target ( SEQ ID NO : 21 ) . These sequences are provided in 
FIG . 31 . 
[ 0178 ] In some alternatives of the method , the nucleic acid 
sequences are transiently introduced into the cell . In some 
alternatives of the method , the nucleic acid sequences are 
not permanently introduced into the cell . In some alterna 
tives of the method , introducing the nucleic acid sequences 
into the cell does not permanently transform the cell . 
[ 0179 ] Any of the alternatives of the system or the method 
described herein , wherein said second , third , or fourth 
nucleic acid sequence is provided on a vector . 
[ 0180 ] In some alternatives , a method of editing at least 
one target gene in a cell , the method comprising introducing 
into the cell any of the alternatives of the system described 
herein . 
[ 0181 ] In some alternatives , a method of treating , amelio 
rating , or inhibiting a disease and / or a condition in a subject , 
the method comprising providing to the subject having a 
disease and / or a condition and in need thereof , any of the 
alternatives of the system described herein . Some non 
limiting examples of diseases and / or conditions can be 
sickle cell disease , hypercholesterolemia , cancer , autoim 
mune disease , inherited disorder of metabolism , immuno 
deficiency or genetic disease such as any disease due to a 
functional deficit in a gene product due to an alteration in the 
genome of the cell relative to a reference human genome . 
[ 0182 ] In some alternatives , a system for editing at least 
one target gene in a cell is provided , the system comprising 
a nucleic acid encoding an endonuclease protein that targets 
at least one sequence in a cell , and at least one nucleic acid 
encoding at least one protein , which alone or together with 
other proteins modifies the substrate specificity of at least 
one ubiquitin ligase enzyme or enzyme complex in the cell , 
and , optionally , a vector that comprises a nucleic template 
for homologous gene targeting . In some alternatives of the 
system , the nuclease protein and the ubiquitin ligase sub 
strate specificity modifying proteins are encoded on the 
same nucleic acid . In some alternatives of the system , the 
nuclease protein and the ubiquitin ligase substrate specificity 
modifying proteins are encoded on two or more nucleic 
acids . In some alternatives of the system , the nucleic tem 
plate for homologous gene targeting is a DNA . In some 
alternatives of the system , the nucleic template for homolo 
gous gene targeting is an RNA . In some alternatives of the 
system , the cell is a eukaryotic cell . In some alternatives of 
the system , the cell is a mammalian cell . In some alternatives 
of the system , the cell is a human cell . In some alternatives 
of the system , the cell is a primary cell . In some alternatives 
of the system , the cell is not a transformed cell . In some 
alternatives of the system , the cell is a primary lymphocyte , 
a CD34 + stem cell , a hepatocyte , a cardiomyocyte , a neuron , 
a glial cell , a muscle cell or an intestinal cell . In some 
alternatives of the system , the vector is a viral vector . In 

some alternatives of the system , the viral vector is an 
Adeno - associated virus ( AAV ) vector . In some alternatives 
of the system , the viral vector is a lentiviral vector . 
[ 0183 ] In some alternatives of the system , the nucleic acid 
encoding the Cas9 nuclease , a derivative , or fragment 
thereof is an mRNA . In some alternatives of the system , the 
nucleic acid sequence encoding the nuclease is codon opti 
mized for expression in a eukaryotic cell , such as a human 
cell . In some alternatives of the system , the nucleic acid or 
nucleic acids encoding any of the ubiquitin ligase enzyme 
enzyme complex substrate specificity modifying proteins 
are mRNA . In some alternatives of the system , the one or 
more mRNAs encoding ubiquitin ligase enzyme / enzyme 
complex substrate specificity modifying proteins are codon 
optimized for expression in a eukaryotic cell , such as a 
human cell . 
[ 0184 ] In some alternatives of the system , the ubiquitin 
ligase enzyme enzyme complex substrate specificity modi 
fying proteins is the adenoviral protein E4ORF6 of any 
adenoviral serotype . In some alternatives of the system , the 
ubiquitin ligase enzyme / enzyme complex substrate speci 
ficity modifying proteins is E1B55K of any adenovirus 
serotype . In some alternatives of the system , the ubiquitin 
ligase enzyme / enzyme complex substrate specificity modi 
fying proteins is an E1B55K mutant , said mutant having an 
one or more amino acid changes relative to the wild type 
E1B55K protein which cause an alteration in the mutant 
protein ' s ability to modify cellular ubiquitin ligase substrate 
specificity relative the wild type E1B55K protein . In some 
alternatives of the system , the ubiquitin ligase enzymel 
enzyme complex substrate specificity modifying proteins 
comprises the amino acid sequence set forth in SEQ ID NO : 
2 . In some alternatives of the system , the ubiquitin ligase 
enzyme / enzyme complex substrate specificity modifying 
proteins comprises the amino acid sequence set forth in SEQ 
ID NO : 4 . In some alternatives of the system , the ubiquitin 
ligase substrate specificity modifying proteins are one or 
more viral proteins . 
[ 0185 ] In some alternatives of the system , the nucleic acid 
sequence encoding the endonuclease RNA is operably 
linked to a regulatory element . In some alternatives of the 
system , the nucleic acid sequence encoding the endonu 
clease RNA is operably linked to a U6 promoter . In some 
alternatives of the system , the nucleic acid sequence encod 
ing the endonuclease RNA is constitutively expressed . In 
some alternatives , the nucleic acid sequence encoding the 
endonuclease RNA is operably linked to the U6 promoter 
and constitutively expressed . 
[ 0186 ] In some alternatives , a method of editing at least 
one target gene in a cell is provided , the method comprising 
introducing into a cell a nucleic acid sequence encoding an 
endonuclease , introducing into said cell at least one nucleic 
acid sequence encoding a ubiquitin ligase enzyme / enzyme 
complex substrate specificity modifying protein ; and option 
ally introducing into said cell a vector that comprises a 
nucleic acid template capable of homologous gene targeting 
of at least one genomic sequence in the cell . In some 
alternatives of the method , the nucleic template for homolo 
gous gene targeting is a DNA . In some alternatives of the 
method , the nucleic template for homologous gene targeting 
is an RNA . 
( 0187 ] In some alternatives of the method , the cell is a 
eukaroytic cell . In some alternatives , a method the cell is a 
mammalian cell . In some alternatives of the method , the cell 
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deficiency or genetic disease such as any disease due to a 
functional deficit in a gene product due to an alteration in the 
genome of the cell relative to a reference human genome . 
10190 ] While the foregoing written description enables 
one of ordinary skill to make and use what is considered 
presently to be the best mode thereof , those of ordinary skill 
will understand and appreciate the existence of variations , 
combinations , and equivalents of the specific embodiment , 
method , and examples herein . The present alternatives 
should therefore not be limited by the herein described 
embodiment , method , and examples , but by all alternatives 
and methods within the scope and spirit of the present 
alternatives . The following examples are presented for illus 
trative purposes and should not be construed as being 
limiting . 

is a human cell . In some alternatives of the method , the cell 
is a primary cell . In some alternatives of the method , the cell 
is not a transformed cell . In some alternatives of the method , 
the cell is a primary lymphocyte , a CD34 + stem cell , a 
hepatocyte , a cardiomyocyte , a neuron , a glial cell , a muscle 
cell or an intestinal cell . In some alternatives of the method , 
the vector comprising the first nucleic acid sequence encod 
ing the endonuclease is a viral vector . In some alternatives , 
Cas9 , a derivative , or fragment thereof is encoded in a viral 
vector . In some alternatives , a guide RNA is encoded in a 
viral vector . In some alternatives , a Cas9 , a derivative , or 
fragment thereof and a guide RNA are encoded together in 
a viral vector . In some alternatives , a Cas9 , a derivative , or 
fragment thereof and a guide RNA encoded together in a 
viral vector is used in combination with one or more Ad5 
protein encoded by mRNA . In some alternatives of the 
method , the viral vector is an Adeno - associated virus ( AAV ) 
vector . In some alternatives of the method , the viral vector 
is a lentiviral vector . In some alternatives of the method , the 
nucleic acids encoding the nuclease and / or the ubiquitin 
ligase substrate specificity modifying proteins are mRNA . In 
some alternatives of the method , the mRNAs are codon 
optimized for expression in a eukaryotic cell , such as a 
human . In some alternatives of the method , the endonu 
clease protein is a meganuclease , a TALEN , a zinc finger 
nuclease , or a MegaTAL . In some alternatives of the 
method , one of the ubiquitin ligase substrate specificity 
modifying proteins is E4ORF6 of any adenoviral serotype . 
In some alternatives of the method , one of the ubiquitin 
ligase substrate specificity modifying proteins is E1B55K of 
any adenoviral serotype . In some alternatives of the method , 
one of the ubiquitin ligase substrate specificity modifying 
proteins comprises the amino acid sequence set forth in SEQ 
ID NO : 2 . In some alternatives of the method , one of the 
ubiquitin ligase substrate specificity modifying proteins 
comprises the amino acid sequence set forth in SEQ ID NO : 
4 . In some alternatives of the system , the nuclease targets a 
gene of interest . Some non - limiting examples of target genes 
of interest include TCRA , TCRB , PD - 1 , Tim3 , Lag3 , TIGIT 
or HBB . 
[ 0188 ] In some alternatives of the method , the nucleic acid 
sequences are transiently introduced into the cell . In some 
alternatives of the method , the nucleic acid sequences are 
not permanently introduced into the cell . In some alterna 
tives of the method , introducing the nucleic acid sequences 
into the cell does not transform the cell . In some alternatives 
of the system , the target gene intended for homologous gene 
targeting is a gene of interest . Some non - limiting examples 
of target genes of interest include TCRA , TCRB , PD - 1 , 
Tim3 , Lag3 , TIGIT or HBB . In some alternatives of any of 
the system or any of the method described herein , the 
nucleic acid sequences are provided on a vector . In some 
alternatives , a method of editing at least one target gene in 
a cell is provided , the method comprising introducing into 
the cell any of the alternatives of the system described 
herein . 
10189 ] In some alternatives , a method of treating , amelio 
rating , or inhibiting a disease and / or a condition in a subject , 
the method comprises providing to the subject having a 
disease and / or a condition and in need thereof , any of the 
alternatives of the system described herein . Some non 
limiting examples of diseases and / or conditions can be 
sickle cell disease , hypercholesterolemia , cancer , autoim 
mune disease , inherited disorder of metabolism , immuno 

Further Alternatives 
[ 0191 ] Alternative of Cas9 described herein can be used in 
any and all of the alternatives of the system and / or method 
described herein . Some alternatives of Cas9 are disclosed in 
the following references which are hereby incorporated by 
reference in their entirety ( Gilbert et al , Cell , July 18 , 
154 ( 2 ) : 442 - 451 , 2013 ; Hilton et al , Nat Biotechnol . April 6 . 
doi : 10 . 1038 / nbt . 3199 , 2015 ; Qi et al , Cell , February 28 ; 
152 ( 5 ) : 1173 - 1183 , 2013 ; Esvelt et al , Nature Methods 10 , 
1116 - 1121 , 2013 ; Zetsche et al , Nature Biotechnology , 33 , 
139 - 142 , 2015 ; all references incorporated by reference in 
their entireties herein ) . The ability of Cas9 to co - localizing 
RNA , DNA and protein to a target region of a genome offers 
unprecedented control over cellular organization , regulation 
and behavior using the Cas9 system ( Mali et al ) . 
[ 0192 ] The CRISPR - associated catalytically inactive vari 
ant of S . pyogenes Cas9 ( dCas9 or nuclease null Cas9 ) can 
be used for RNA - guided DNA targeting ( Gilbert et al ; 
incorporated by reference in its entirety herein ) . Fusion of 
dCas9 to effector domains of regulatory proteins ( for 
example , a transcriptional activator ( hereinafter , activator 
domain ) or a transcriptional repressor ( hereinafter , repressor 
domain ) enables stable and efficient transcriptional regula 
tion in human and yeast cells ( Gilbert et al ; incorporated by 
reference in its entirety herein ) . The site - specific delivery of 
dCas9 is determined solely by a guide RNA ( Gilbert et al ) . 
CRISPR interference ( CRISPRi ) - mediated transcriptional 
repression , which entails coupling dCas9 to a transcriptional 
repressor domain , can robustly and specifically silence gene 
expression in eukaryotic cells ( Gilbert et al ; incorporated by 
reference in its entirety herein ) and Escherichia coli ( Qi et 
al ; incorporated by reference in its entirety herein ) . 
f01931 . Thus , in some alternatives , a catalytically inactive 
Cas9 ( dCas9 ) is used which does not cause a double stranded 
DNA break . In some alternatives , a dCas9 is fused to an 
activator domain . In some alternatives , a dCas9 is fused to 
a repressor domain . In some alternatives , a dCas9 - activator 
domain is encoded by an mRNA . In some alternatives , a 
dCas9 - repressor domain is encoded by an mRNA . In some 
alternatives , an mRNA encoding dCas9 - activator domain is 
used in combination an AAV vector encoding a guide RNA . 
In some alternatives , an mRNA encoding dCas9 - repressor 
domain is used in combination an AAV vector encoding a 
guide RNA . In some alternatives , an mRNA encoding 
dCas9 - activator domain is used in combination an mRNA 
encoding an Ad5 protein and an AAV vector encoding a 
guide RNA . In some alternatives , an mRNA encoding 
dCas9 - repressor domain is used in combination an mRNA 
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encoding an Ad5 protein and an AAV vector encoding a 
guide RNA . In some alternatives , a dCas9 - activator domain 
activates transcription . In some alternatives , a dCas9 - repres 
sor domain represses transcription . In some alternatives , one 
or more Ad5 proteins further increases activation of tran 
scription by a dCas9 - activator domain fusion . In some 
alternatives , one or more Ad5 proteins further increases 
repression of transcription by dCas9 - repressor domain 
fusion . 
[ 0194 ] Creating a fusion of dCas9 with a catalytic core of 
a human acetyltransferase led to acetylation of histone H3 , 
resulting in robust transcriptional activation of target genes 
from promoters and both proximal and distal enhancers 
( Hilton et al ; incorporated by reference in its entirety 
herein ) . Thus , in some alternatives , dCas9 is fused to a 
functional catalytic domain of a histone modifying enzyme . 
In some alternatives , dCas9 is fused to a functional catalytic 
domain , for example , a catalytic core of a histone acetyl 
transferase . In some alternatives , dCas9 is fused to a func 
tional catalytic domain of a histone deacetylase . In some 
alternatives , dCas9 is fused to a functional catalytic domain 
of a histone methyl transferase . In some alternatives , dCas9 
fused to a functional catalytic domain of a histone modifying 
enzyme can activate transcription . In some alternatives , 
dCas9 fused to a functional catalytic domain of a histone 
modifying enzyme can repress transcription . 
0195 ] A set of fully orthogonal Cas9 proteins mediated 
simultaneous and independently targeted gene regulation 
and editing in bacteria and in human cells ( Esvelt et al ) . In 
some alternatives , the Cas9 variants recognize different 
variants of PAM ( Kleinstiver et al ) . A PAM is a DNA 
sequence immediately following a DNA sequence targeted 
by Cas9 . Thus , in some alternatives , Cas9 is from S . pyo 
genes . In some alternatives , an S . pyogenes Case variant can 
recognize an NGG protospacer PAM . In some alternatives , 
an S . pyogenes Cas9 variant can recognize a PAM that is not 
NGG . In some alternatives , Cas9 variants can be from 
Staphylococcus aureus . In some alternatives , Cas9 variants 
can be from Streptococcus thermophiles . In some alterna 
tives , Cas9 variants can be from Neisseria meningitidis . In 
some alternatives , Cas9 variants can be is from Treponema 
denticola . In some alternatives , the sequence of Cas9 can be 
a Cas9 consensus sequence derived from two or more of the 
organisms provided herein , for example , Staphylococcus 
aureus and Streptococcus thermophiles . In some alterna 
tives , the sequence of Cas9 can be from any of the organisms 
provided herein and codon optimized for expression in any 
of the other organisms provided herein . 
[ 0196 ] Examples of desirable alternatives of Cas9 include 
Cas9 from S . pyogenes and variants thereof . In some alter 
natives , Cas9 can be from S . pyogenes . In some alternatives , 
Cas9 can be a variant of Cas9 from S . pyogenes . In some 
alternatives , Cas9 can be an ortholog of Cas9 from S . 
pyogenes . In some alternatives , Cas9 can be a variant of an 
ortholog of Cas9 from S . pyogenes . In some alternatives , 
Cas9 is catalytically inactive . In some alternatives , a dCas9 
is inactive because of mutations . In some alternatives , a 
dCas9 is inactive because of mutations D10A and H841A in 
the protein sequence . 
[ 0197 ] A modular Cas9 architecture for inducible genome 
editing and transcription modulation was reported in which 
Cas9 was split into an N terminal piece and a C terminal 
piece , each catalytically active and fused to a dimerization 
domain . The two dimerization domains of each of the two 

Cas9 pieces were brought together by a small molecule ( for 
example , a drug ) to generate a functional Cas9 capable of 
generating a double strand break ( Zetsche et al ; incorporated 
by reference in its entirety herein ) . Thus , in some alterna 
tives , an N terminal fragment of Cas9 is used . In some 
alternatives , a C terminal fragment of Cas9 is used . In some 
alternatives , an N terminal fragment of Cas9 is used in 
combination a C terminal fragment of Cas9 . In some alter 
natives , an N terminal fragment of Cas9 is fused to a 
dimerization domain . In some alternatives , a C terminal 
fragment of Cas9 is fused to a dimerization domain . In some 
alternatives , the dimerization domains dimerize . In some 
alternatives , the dimerization domains do not dimerize . In 
some alternatives , the dimerization domains dimerize in the 
presence of a small molecule , for example , a drug . In some 
alternatives , the dimerization domains do not dimerize in the 
presence of a small molecule , for example , a drug . In some 
alternatives , the dimerization domains dimerize in the 
absence of a small molecule , for example , a drug . In some 
alternatives , the dimerization domains do not dimerize in the 
absence of a small molecule , for example , a drug . In some 
alternatives , dimerization of the dimerization domains 
brings the N and C terminal fragments of Cas9 into close 
proximity . In some alternatives , a double stranded DNA 
break is created at a target genomic locus when the two Cas9 
fragments are brought into close proximity . Examples of 
desirable alternatives of N terminal fragments of Cas9 can 
be Cas9 fragments extending from amino acids 1 - 203 , 
1 - 256 , 1 - 311 , 1 - 535 , 1 - 573 , 1 - 714 , 1 - 1004 , 1 - 1055 , 1 - 1115 , 
1 - 1153 or 1 - 1246 . Examples of desirable alternatives of C 
terminal fragments of Cas9 can be Cas9 fragments extend 
ing from amino acids 204 - 1368 , 257 - 1368 , 312 - 1368 , 536 
1368 , 574 - 1368 , 715 - 1368 , 1005 - 1368 , 1056 - 1368 , 1116 
1368 , 1154 - 1368 or 1247 - 1368 . 

Endonuclease - Based Gene Editing in Primary Human 
T - Cells 
[ 0198 ] Many future therapeutic applications of RNA 
guided endonucleases are likely to require their use to 
promote gene targeting , thus necessitating development of 
methods that provide for delivery of three components — 
endonuclease , guide RNAs and recombination templates — 
to primary cells rendered proficient for homology - directed 
repair to achieve gene disruption and / or gene targeting for 
recombination . 
[ 0199 ] For example , many future therapeutic applications 
of CRISPR / Cas9 and related RNA - guided endonucleases 
are likely to require their use to promote gene targeting , thus 
necessitating development of methods that provide for deliv 
ery of three components - Cas9 , guide RNAs and recombi 
nation templates — to primary cells rendered proficient for 
homology - directed repair . Thus , in some alternatives , a 
CRISPR gene editing in primary human T - cells using 
mRNA / AAV co - delivery is contemplated . 
[ 0200 ] In some alternatives , a high efficiency CRISPR / 
Cas9 - mediated gene editing in primary human T - cells using 
mutant adenoviral E4ORF6 / E1B55K “ helper ” proteins are 
provided . 
[ 0201 ] In some alternatives , an electroporation / transduc 
tion co - delivery method that utilizes mRNA to express Cas9 
in conjunction with mutant adenoviral E4ORF6 and 
E1B55K helper proteins is provided . In some alternatives , 
the mutant adenoviral E4ORF6 and E1B55K helper proteins 
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serve to transiently enhance both the target cells ' permis - 
siveness to AAV transduction and its gene editing efficiency . 
[ 0202 ] In some alternatives , the system and / or method 
provided herein can be applied for efficient gene disruption 
at one or more loci and / or simultaneously at multiple loci in 
cells in general is contemplated . In some alternatives , the 
system and / or method provided herein can be applied for 
efficient homologous gene targeting at one or more loci 
and / or simultaneously at multiple loci in cells in general is 
contemplated . In some alternatives , the system and / or 
method provided herein can be applied for efficient gene 
disruption and homologous gene targeting at one or more 
loci and / or simultaneously at multiple loci in cells in general 
is contemplated . 
[ 0203 ] In some alternatives , the system and / or method 
provided herein can be applied for efficient gene disruption 
at one or more loci and / or simultaneously at multiple loci in 
primary cells is contemplated . In some alternatives , the 
system and / or method provided herein can be applied for 
efficient homologous gene targeting at one or more loci 
and / or simultaneously at multiple loci in primary cells is 
contemplated . In some alternatives , the system and / or 
method provided herein can be applied for efficient gene 
disruption and homologous gene targeting at one or more 
loci and / or simultaneously at multiple loci in primary cells 
is contemplated . 
[ 0204 ] In some alternatives , the system and / or method 
provided herein can be applied for efficient gene disruption 
at one or more loci and / or simultaneously at multiple loci in 
primary T - cells is contemplated . In some alternatives , the 
system and / or method provided herein can be applied for 
efficient homologous gene targeting at one or more loci 
and / or simultaneously at multiple loci in primary T - cells is 
contemplated . In some alternatives , the system and / or 
method provided herein can be applied for efficient gene 
disruption and homologous gene targeting at one or more 
loci and / or simultaneously at multiple loci in primary T - cells 
is contemplated . 
[ 0205 ] In some alternatives , the system and / or method 
provided herein can be applied for both efficient gene 
disruption and / or homologous gene targeting at one or more 
loci and / or simultaneously at multiple loci in human cells in 
general , illustrating its broad potential for application in 
translational gene editing . For example , in some alterna 
tives , this method can be applied for both efficient gene 
disruption and / or homologous gene targeting at multiple loci 
in primary human T - cells , illustrating its broad potential for 
application in translational gene editing . 

( 0207 ] In some alternatives of the system , the cell is a 
eukaryotic cell . In some alternatives of the system , the cell 
is a mammalian cell . In some alternatives of the system , the 
cell is a human cell . In some alternatives of the system , the 
cell is a primary cell . In some alternatives of the system , the 
cell is not a transformed cell . In some alternatives of the 
system , the cell is a primary lymphocyte , a CD34 + stem cell , 
a hepatocyte , a cardiomyocyte , a neuron , a glial cell , a 
muscle cell or an intestinal cell . 
[ 0208 ] In some alternatives of the system , the vector is a 
viral vector . In some alternatives of the system , the viral 
vector is an Adeno - associated virus ( AAV ) vector . In some 
alternatives of the system , the AAV vector is a self - comple 
mentary vector . In some alternatives of the system , the AAV 
vector is a single stranded vector . In some alternatives of the 
system , the AAV vector is a combination of a self - comple 
mentary vector and a single stranded vector . 
[ 0209 ] . In some alternatives of the system , the second 
nucleic acid encoding the Cas9 protein is an mRNA . In some 
alternatives of the system , the second nucleic acid sequence 
encoding the Cas9 protein is codon optimized for expression 
in a eukaryotic cell , such as a human cell . 
[ 0210 ] In some alternatives of the system , the Cas9 protein 
is from S . pyogenes . 
[ 0211 ] In some alternatives of the system , the third nucleic 
acid encoding the first adenoviral protein is an mRNA . In 
some alternatives of the system , the third nucleic acid 
encoding the first adenoviral protein is codon optimized for 
expression in a eukaryotic cell , such as a human cell . In 
some alternatives of the system , the first adenoviral protein 
is from an AAV of serotype 5 . 
[ 0212 ] In some alternatives of the system , the first adeno 
viral protein is a wild type E4ORF6 . In some alternatives of 
the system , the sequence of the wild type E4ORF6 is set 
forth in SEQ ID NO : 3 . In some alternatives of the system , 
the first adenoviral protein is a mutant E4ORF6 . In some 
alternatives of the system , the mutant E4ORF6 protein is an 
AXA mutant . In some alternatives of the system , the AXA 
mutant is set forth in SEQ ID NO : 23 . 
[ 0213 ] In some alternatives of the system , the fourth 
nucleic acid encoding the second adenoviral protein is an 
mRNA . In some alternatives of the system , the fourth 
nucleic acid encoding the second adenoviral protein is codon 
optimized for expression in a eukaryotic cell , such as a 
human cell . In some alternatives of the system , the second 
adenoviral protein is from an AAV of serotype 5 . 
[ 0214 ] In some alternatives of the system , the second 
adenoviral protein is a wild type E1B55K . In some alterna 
tives of the system , the sequence of the wild type E1B55K 
is set forth in SEQ ID NO : 1 . In some alternatives of the 
system , the second adenoviral protein is a mutant E1B55K . 
In some alternatives of the system , the mutant E1B55K is an 
H373A mutant . In some alternatives of the system , the 
sequence of the H373A mutant is set forth in SEQ ID NO : 
2 . In some alternatives of the system , the mutant E1B55K is 
an H354 mutant . In some alternatives of the system , the 
sequence of the H354 mutant is set forth in SEQ ID NO : 4 . 
In some alternatives of the system , the mutant E1B55K is an 
R240A mutant . In some alternatives of the system , the 
sequence of R240A mutant is set forth in SEQ ID NO : 22 . 
[ 0215 ] In some alternatives of the system , the first , second , 
third and fourth nucleic acid sequences are operably linked 
to regulatory elements that are operable in a eukaryotic cell , 
such as a human cell . 

Preferred Alternatives 
[ 0206 ] In some alternatives , a system for editing at least 
one target gene in a cell , the system comprising a first 
nucleic acid sequence , or a set of nucleic acid sequences , 
encoding one or more CRISPR guide RNA , wherein the one 
or more CRISPR guide RNA is complimentary to the at least 
one target gene in a cell and , wherein the first nucleic acid 
sequence , or the set of nucleic acid sequences , may be 
comprised in one or more vectors , but not required to be 
comprised in one or more vectors ; a Cas9 protein or a second 
nucleic acid sequence encoding a Cas9 protein ; a third 
nucleic acid sequence encoding a first adenoviral protein ; 
and a fourth nucleic acid sequence encoding a second 
adenoviral protein . 
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[ 0216 ] In some alternatives of the system , the first nucleic 
acid sequence encoding one or more CRISPR guide RNA is 
operably linked to a regulatory element . In some alternatives 
of the system , the first nucleic acid sequence encoding one 
or more CRISPR guide RNA is operably linked to a U6 
promoter . In some alternatives of the system , when the first 
nucleic acid sequence encodes more than one CRISPR guide 
RNA , each guide RNA is operably linked to a separate 
regulatory element . 
[ 0217 ] In some alternatives of the system , the first nucleic 
acid sequence encoding the CRISPR guide RNA is consti 
tutively expressed . In some alternatives of the system , the 
first nucleic acid sequence encoding the CRISPR guide 
RNA is transiently expressed . 
[ 0218 ] In some alternatives of the system , the CRISPR 
guide RNA sequences for the TCRa gene are set forth in 
SEO ID NO : 5 , SEQ ID NO : 15 , SEQ ID NO : 16 and / or 
SEQ ID NO : 17 . 
[ 0219 ] In some alternatives of the system , the CRISPR 
guide RNA sequence for the PD1 gene is set forth in SEQ 
ID NO : 18 , for the TIGIT gene is set forth in SEQ ID NO : 
19 , for the Lag3 gene is set forth in SEQ ID NO : 20 , and for 
the Tim3 gene is set forth in SEQ ID NO : 21 . 
[ 0220 ] In some alternatives of the system , the system can 
be used for gene knockout , gene knock - in , or both . 
[ 0221 ] In some alternatives of the system , the first nucleic 
acid sequence , or the set of nucleic acid sequences , and the 
Cas9 protein or the second nucleic acid sequence encoding 
the Cas9 protein , are collectively replaced by a fifth nucleic 
sequence and a sixth nucleic acid sequence , wherein the fifth 
and sixth nucleic acid sequences comprise mRNAs encoding 
a left component and a right component of a TALEN 
nuclease , respectively . 
[ 0222 ] In some alternatives , a method for editing at least 
one target gene in a cell , the method comprising introducing 
into a cell a first nucleic acid sequence , or a set of nucleic 
acid sequences , encoding one or more CRISPR guide RNA , 
wherein the one or more CRISPR guide RNA is compli 
mentary to at least one target gene in the cell ; introducing 
into the cell a Cas9 protein or a second nucleic acid sequence 
encoding a Cas9 protein ; introducing into the cell a third 
nucleic acid sequence encoding a first adenoviral protein ; 
and introducing into the cell a fourth nucleic acid sequence 
encoding a second adenoviral protein . 
[ 0223 ] In some alternatives of the method , the cell is a 
eukaroytic cell . In some alternatives of the method , the cell 
is a mammalian cell . In some alternatives of the method , the 
cell is a human cell . In some alternatives of the method , the 
cell is a primary cell . In some alternatives of the method , the 
cell is not a transformed cell . In some alternatives of the 
method , the cell is a primary lymphocyte , a CD34 + stem 
cell , a hepatocyte , a cardiomyocyte , a neuron , a glial cell , a 
muscle cell or an intestinal cell . 
[ 0224 ] In some alternatives of the method , the vector 
comprising the first nucleic acid sequence , or a set of nucleic 
acid sequences , encoding the one or more CRISPR guide 
RNAs , may be comprised in one or more vectors , but not 
required to be comprised in one or more vectors . In some 
alternatives of the method , the viral vector is an Adeno 
associated virus ( AAV ) vector . In some alternatives of the 
method , the AAV vector is a self - complementary vector . In 
some alternatives of the method , the AAV vector is a single 

stranded vector . In some alternatives of the method , the AAV 
vector is a combination of a self - complementary vector and 
a single stranded vector . 
[ 0225 ] In some alternatives of the method , the second , 
third and fourth nucleic acid sequences are mRNA . In some 
alternatives of the method , the mRNAs are codon optimized 
for expression in a eukaryotic cell , such as a human . 
[ 0226 ] In some alternatives of the method , the Cas9 pro 
tein is from S . pyogenes . 
[ 0227 ] In some alternatives of the method , the first adeno 
viral protein is from an AAV of serotype 5 . In some 
alternatives of the method , the first adenoviral protein is a 
wild type E4ORF6 . In some alternatives of the method , the 
sequence of the wild type E4ORF6 is set forth in SEQ ID 
NO : 3 . 
[ 0228 ] In some alternatives of the method , the first adeno 
viral protein is a mutant E4ORF6 . In some alternatives of the 
method , the mutant E4ORF6 protein is an AXA mutant . In 
some alternatives of the method , the sequence of the AXA 
mutant is set forth in SEQ ID NO : 23 . 
[ 0229 ] In some alternatives of the method , the second 
adenoviral protein is from an AAV of serotype 5 . In some 
alternatives of the method , the second adenoviral protein is 
a wild type E1B55K . In some alternatives of the method , the 
sequence of the wild type E1B55K is set forth in SEQ ID 
NO : 1 . In some alternatives of the method , the second 
adenoviral protein is a mutant E1B55K . In some alternatives 
of the method , the mutant E1B55K is an H373A mutant . In 
some alternatives of the method , the sequence of the H373A 
mutant is set forth in SEQ ID NO : 2 . In some alternatives of 
the method , the mutant E1B55K is an H354 mutant . In some 
alternatives of the method , the sequence of the H354 mutant 
is set forth in SEQ ID NO : 4 . In some alternatives of the 
method , the mutant E1B55K is an R240A mutant . In some 
alternatives of the method , the sequence of R240A mutant is 
set forth in SEQ ID NO : 22 . In some alternatives of the 
method , wherein any one of the E4ORF6 variants can be 
used in combination with any one the E1B55K variants . 
[ 0230 ] In some alternatives of the method , the number of 
genes that are simultaneously knocked out is 2 - 10 . In some 
alternatives of the method , the number of genes that are 
simultaneously knocked out is 2 - 5 . In some alternatives of 
the method , the dose of mRNA is 0 . 01 ug to 1 ug . In some 
alternatives of the method , there is a 1 . 5 fold to 9 fold 
increase in the rate of mutations . 
0231 ] In some alternatives of the method , the CRISPR 
guide RNA sequences for the TCRa gene are set forth in 
SEQ ID NO : 5 , SEQ ID NO : 15 , SEQ ID NO : 16 and / or 
SEQ ID NO : 17 . 
[ 0232 ] In some alternatives of the method , the CRISPR 
guide RNA sequence for the PD1 gene is set forth in SEQ 
ID NO : 18 , for the TIGIT gene is set forth in SEO ID NO : 
19 , for the Lag3 gene is set forth in SEQ ID NO : 20 , and for 
the Tim3 gene is set forth in SEQ ID NO : 21 . 
[ 0233 ] In some alternatives of the method , the first , sec 
ond , third and fourth nucleic acid sequences are transiently 
introduced into the cell . In some alternatives of the method , 
the first , second , third and fourth nucleic acid sequences are 
not permanently introduced into the cell . In some alterna 
tives of the method , introducing the first , second , third and 
fourth nucleic acid sequences into the cell do not transform 
the cell . 
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[ 0234 ] In some alternatives of the system , the target gene 
is a gene of interest . In some alternatives of the method , the 
target gene is a gene of interest . 
[ 0235 ] In some alternatives of the system and / or method 
provided herein , the third nucleic acid sequence and fourth 
nucleic acid sequence are comprised in the AAV vector . 
[ 0236 ] In some alternatives of the method , the second 
nucleic acid sequence is introduced into the cell first fol 
lowed by the AAV vector comprising the first nucleic acid 
sequence , the second nucleic acid sequence , and the third 
nucleic acid sequence . 
[ 0237 ] In some alternatives of the method , the AAV vector 
comprising the first nucleic acid sequence , the second 
nucleic acid sequence , and the third nucleic acid sequence is 
introduced into the cell first followed by second nucleic acid 
sequence . 
[ 0238 ] In some alternatives of the method , the second 
nucleic acid sequence and the AAV vector comprising the 
first nucleic acid sequence , the second nucleic acid 
sequence , and the third nucleic acid sequence are co - deliv 
ered and introduced into the cell at the same time . 
[ 0239 ] In some alternatives of the method , the system can 
be used for gene knockout , gene knock - in , or both . 
[ 0240 ] In some alternatives of the method , the first nucleic 
acid sequence , or the set of nucleic acid sequences , and the 
Cas9 protein or the second nucleic acid sequence encoding 
the Cas9 protein , are collectively replaced by a fifth nucleic 
sequence and a sixth nucleic acid sequence , wherein the fifth 
and sixth nucleic acid sequences comprise mRNAs encoding 
a left component and a right component of a TALEN 
nuclease , respectively . 
[ 0241 ] In some alternatives , a method for editing at least 
one target gene in a cell , comprising introducing into a cell 
any of the alternatives of the system provided herein . 
[ 0242 ] In some alternatives , a method for treating , ame 
liorating , and / or inhibiting a disease and / or a condition in a 
subject , the method comprising providing to a subject hav 
ing a disease and / or a condition any of the alternatives of the 
system provided herein . 
[ 0243 ] In some alternatives , a system for editing at least 
one target gene in a cell and a method of using the system 
for genome editing are contemplated . In some alternatives , 
the target gene is a gene of interest , which is edited by can 
be either gene disruption . In some alternatives , the cell is a 
primary T - cell . 
[ 0244 ] In some alternatives , the system comprises a first 
nucleic acid sequence encoding one or more guide RNA and 
a second nucleic acid sequence encoding an endonuclease 
protein . In some alternatives , the endonuclease can be any of 
the endonucleases disclosed herein and / or alternative vari 
ants and modifications of that are within the scope of the 
current disclosure . In some alternatives , the second nucleic 
acid is an mRNA and encodes any of the endonuclease 
protein . In some alternatives , the second nucleic acid 
sequence encoding the endonuclease protein is codon opti 
mized for expression in a eukaryotic cell . In some alterna 
tives , the one or more guide RNA is complimentary to the 
at least one target gene in a cell . In some alternatives , the one 
or more guide RNA is provided in a vector . In some 
alternatives , the vector can be a viral vector . In some 
alternatives , the viral vector is an Adeno - associated virus 
( AAV ) vector . In some alternatives , the AAV vector can be 

a self - complementary vector , or a single stranded vector , or 
a combination of a self - complementary vector and a single 
stranded vector . 
[ 0245 ] As many cell types possess a post - entry restriction 
on AAV vectors that renders AAV - mediated expression of 
transgenes , including guide RNAs , very inefficient , proteins 
that suppress the post - entry restriction on AAV vectors are 
provided on additional nucleic acid sequences . Thus , in 
some alternatives , the system comprises a third nucleic acid 
sequence encoding a first adenoviral protein and a fourth 
nucleic acid sequence encoding a second adenoviral protein . 
In some alternatives , the third nucleic acid and the fourth 
nucleic acid are mRNAs , which are codon optimized for 
expression in a eukaryotic cell . In some alternatives , the 
nucleic acid sequences can either be introduced into the cell 
sequentially and in any order or be introduced into the cell 
simultaneously . 
[ 0246 ] In some alternatives , the first and second adenovi 
ral proteins are from an AAV of serotype 5 . In some 
alternatives , the first adenoviral protein is a wild type 
E4ORF6 , or an AXA mutant of E4ORF6 . In some alterna 
tives , the second adenoviral protein is a wild type E1B55K , 
or an H373A mutant of E1B55K , or an H354 mutant of 
E1B55K , or an R240A mutant of E1B55K . While the mutant 
proteins are not as efficient as wild type proteins at sup 
pressing at post - entry restriction on AAV vectors , they are 
relatively more efficient at enhancing gene targeting . 
[ 0247 ] In some alternatives , the first , second , third and 
fourth nucleic acid sequences are operably linked to regu 
latory elements that are operable in a eukaryotic cell . In 
some alternatives , the first nucleic acid sequence can encode 
one or more guide RNA and each guide RNA is operably 
linked to a separate regulatory element . In some alternatives , 
the first nucleic acid sequence encoding the guide RNA is 
transiently expressed in the cell . In some alternatives , the 
one or more guide RNA sequences are complementary to the 
TCRa gene , the PD1 gene , the TIGIT gene , the Lag3 gene , 
and / or the Tim3 gene . In some alternatives , the system also 
comprises nucleic acid sequences regions that bear homol 
ogy to the gene of interest . 
[ 0248 ] In some alternatives , the system comprising the 
above - mentioned components is introduced into the primary 
T cell . These nucleic acid sequence regions that bear homol 
ogy to the gene of interest direct the endonuclease - based 
system to be targeted to a specific gene . Targeting to the 
specific gene can result in a gene knockout , a gene knock - in , 
or both . 
[ 0249 ] Depending on the nature of gene targeting 
approach ( knockout or knock - in ) the result can be deter 
mined by flow cytometry , or sequencing or both . For 
example , if the system is used for knocking out a gene of 
interest that encodes a cell surface - expressed protein , flow 
cytometry can be used to check for suppressed and / or lack 
of cell surface expression of the protein . Or , if the system is 
used for knocking out a gene of interest that encodes an 
intracellularly - expressed protein , flow cytometry can be 
used to check for suppressed and / or lack of intracellular 
expression of the protein . Or , if the system is used for 
knock - in , for example , knock - in of a dominant epitope of an 
antigen into a gene of interest that encodes a cell surface 
expressed protein , flow cytometry can be used to check for 
cell surface expression of the dominant epitope . Or , if the 
system is used for knock - in , for example , knock - in of a 
dominant epitope of an antigen into a gene of interest that 
















































































