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<110> 	g+flas life sciences 

Seoul National University R&DB Foundation 

<120> 	NOVEL CRISPR ASSOCIATED PROTEIN AND USE THEREOF 

<130> 	PCB907065GFS 

<150> 	KR 10-2018-0093336 
<151> 	2018-08-09 

<160> 	32 

<170> 	KoPatentln 3.0 

<210> 	1 
<211> 	1263 
<212> 	PRT 
<213> 	Artificial Sequence 

<220> 
<223> 	mgCas12a-1 

<400> 	1 
Met Asn Asn Gly Thr Asn Asn Phe Gln Asn Phe Ile Gly Ile Ser Ser 

	

1 	 5 	 10 	 15 

Leu Gln Lys Thr Leu Arg Asn Ala Leu Ile Pro Thr Glu Thr Thr Gln 

	

20 	 25 	 30 

Gln Phe Ile Val Lys Asn Gly Ile Ile Lys Glu Asp Glu Leu Arg Gly 
35 	 40 	 45 

Glu Asn Arg Gln Ile Leu Lys Asp Ile Met Asp Asp Tyr Tyr Arg Gly 

	

50 	 55 	 60 

Phe Ile Ser Glu Thr Leu Ser Ser Ile Asp Asp Ile Asp Trp Thr Ser 

	

65 	 70 	 75 	 80 

Leu Phe Glu Lys Met Glu Ile Gin Leu Lys Asn Gly Asp Asn Lys Asp 

	

85 	 90 	 95 

Thr Leu Ile Lys Glu Gin Ala Glu Lys Arg Lys Ala Ile Tyr Lys Lys 

	

100 	 105 	 110 

Phe Ala Asp Asp Asp Arg Phe Lys Asn Met Phe Ser Ala Lys Leu Ile 
115 	 120 	 125 

Ser Asp Ile Leu Pro Glu Phe Val Ile His Asn Asn Asn Tyr Ser Ala 

	

130 	 135 	 140 

Ser Glu Lys Glu Glu Lys Thr Gln Val Ile Lys Leu Phe Ser Arg Phe 
145 	 150 	 155 	 160 

Ala Thr Ser Phe Lys Asp Tyr Phe Lys Asn Arg Ala Asn Cys Phe Ser 

	

165 	 170 	 175 

Ala Asp Asp Ile Ser Ser Ser Ser Cys His Arg Ile Val Asn Asp Asn 

	

180 	 185 	 190 

Ala Glu Ile Phe Phe Ser Asn Ala Leu Val Tyr Arg Arg Ile Val Lys 
195 	 200 	 205 

Asn Leu Ser Asn Asp Asp Ile Asn Lys Ile Ser Gly Asp Ile Lys Asp 

	

210 	 215 	 220 

Ser Leu Lys Glu Met Ser Leu Glu Glu Ile Tyr Ser Tyr Glu Lys Tyr 
225 	 230 	 235 	 240 

1 iiliOlXi 
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Gly Glu Phe Ile Thr Gin Glu Gly Ile Ser Phe Tyr Asn Asp Ile Cys 
245 	 250 	 255 

Gly Lys Val Asn Ser Phe Met Asn Leu Tyr Cys Gln Lys Asn Lys Glu 
260 	 265 	 270 

Asn Lys Asn Leu Tyr Lys Leu Arg Lys Leu His Lys Gln Ile Leu Cys 
275 	 280 	 285 

Ile Ala Asp Thr Ser Tyr Glu Vai Pro Tyr Lys Phe Glu Ser Asp Glu 
290 	 295 	 300 

Glu Val Tyr Gln Ser Val Asn Gly Phe Leu Asp Asn Ile Ser Ser Lys 
305 	 310 	 315 	 320 

His Ile Val Glu Arg Leu Arg Lys Ile Gly Asp Asn Tyr Asn Gly Tyr 
325 	 330 	 335 

Asn Leu Asp Lys Ile Tyr Ile Val Ser Lys Phe Tyr Glu Ser Val Ser 
340 	 345 	 350 

Gln Lys Thr Tyr Arg Asp Trp Glu Thr Ile Asn Thr Ala Leu Glu Ile 
355 	 360 	 365 

His Tyr Asn Asn Ile Leu Pro Gly Asn Gly Lys Ser Lys Ala Asp Lys 
370 	 375 	 380 

Val Lys Lys Ala Val Lys Asn Asp Leu Gln Lys Ser Ile Thr Glu Ile 
385 	 390 	 395 	 400 

Asn Glu Leu Val Ser Asn Tyr Lys Leu Cys Pro Asp Asp Asn Ile Lys 
405 	 410 	 415 

Ala Glu Thr Tyr Ile His Glu Ile Ser His Ile Leu Asn Asn Phe Glu 
420 	 425 	 430 

Ala Gln Glu Leu Lys Tyr Asn Pro Glu Ile His Leu Val Glu Ser Glu 
435 	 440 	 445 

Leu Lys Ala Ser Glu Leu Lys Asn Val Leu Asp Val Ile Met Asn Ala 
450 	 455 	 460 

Phe His Trp Cys Ser Val Phe Met Thr Glu Glu Leu Val Asp Lys Asp 
465 	 470 	 475 	 480 

Asn Asn Phe Tyr Ala Glu Lou Glu Glu Ile Tyr Asp Glu Ile Tyr Thr 
485 	 490 	 495 

Val Ile Ser Leu Tyr Asn Leu Val Arg Asn Tyr Val Thr Gin Lys Pro 
500 	 505 	 510 

Tyr Ser Thr Lys Lys Ile Lys Leu Asn Phe Gly Ile Pro Thr Leu Ala 
515 	 520 	 525 

Asp Gly Trp Ser Lys Ser Lys Glu Tyr Ser Asn Asn Ala Ile Ile Leu 
530 	 535 	 540 

Met Arg Asp Asn Leu Tyr Tyr Leu Gly Ile Phe Asn Ala Lys Asn Lys 
545 	 550 	 555 	 560 

Pro Asp Lys Lys Ile Ile Glu Gly Asn Thr Ser Glu Asn Lys Gly Asp 
565 	 570 	 575 

Tyr Lys Lys Met Ile Tyr Asn Leu Leu Pro Gly Pro Asn Lys Met Ile 
580 	 585 	 590 

Pro Lys Val Phe Leu Ser Ser Lys Thr Gly Val Glu Thr Tyr Lys Pro 
2 IIIIOM 
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595 	 600 	 605 

Ser Ala Tyr Ile Leu Glu Gly Tyr Lys Gln Asn Lys His Leu Lys Ser 
610 	 615 	 620 

Ser Lys Asp Phe Asp Ile Thr Phe Cys His Asp Leu Ile Asp Tyr Phe 
625 	 630 	 635 	 640 

Lys Asn Cys Ile Ala Ile His Pro Glu Trp Lys Asn Phe Gly Phe Asp 
645 	 650 	 655 

Phe Ser Asp Thr Ser Thr Tyr Glu Asp Ile Ser Gly Phe Tyr Arg Glu 
660 	 665 	 670 

Val Glu Leu Gln Gly Tyr Lys Ile Asp Trp Thr Tyr Ile Ser Glu Lys 
675 	 680 	 685 

Asp Ile Asp Leu Leu Gin Glu Lys Gly Gln Leu Tyr Leu Phe Gin Ile 
690 	 695 	 700 

Tyr Asn Lys Asp Phe Ser Lys Lys Ser Thr Gly Asn Asp Asn Leu His 
705 	 710 	 715 	 720 

Thr Met Tyr Leu Lys Asn Leu Phe Ser Glu Glu Asn Leu Lys Asp Ile 
725 	 730 	 735 

Val Leu Lys Leu Asn Gly Glu Ala Glu Ile Phe Phe Arg Lys Ser Ser 
740 	 745 	 750 

Ile Lys Asn Pro Ile Ile His Lys Lys Gly Ser Ile Leu Val Asn Arg 
755 	 760 	 765 

Thr Tyr Glu Ala Glu Glu Lys Asp Gin Phe Gly Asn Ile Gln Ile Val 
770 	 775 	 780 

Arg Lys Thr Ile Pro Glu Asn Ile Tyr Gln Glu Leu Tyr Lys Tyr Phe 
785 	 790 	 795 	 800 

Asn Asp Lys Ser Asp Lys Glu Leu Ser Asp Glu Ala Ala Lys Leu Lys 
805 	 810 	 815 

Asn Val Val Gly His His Glu Ala Ala Thr Asn Ile Val Lys Asp Tyr 
820 	 825 	 830 

Arg Tyr Thr Tyr Asp Lys Tyr Phe Leu His Met Pro Ile Thr Ile Asn 
835 	 840 	 845 

Phe Lys Ala Asn Lys Thr Ser Phe Ile Asn Asp Arg Ile Leu Gln Tyr 
850 	 855 	 860 

Ile Ala Lys Glu Lys Asn Leu His Val Ile Gly Ile Asp Arg Gly Glu 
865 	 870 	 875 	 880 

Arg Asn Leu Ile Tyr Val Ser Val Ile Asp Thr Cys Gly Asn Ile Val 
885 	 890 	 895 

Glu Gln Lys Ser Phe Asn Ile Val Asn Gly Tyr Asp Tyr Gln Ile Lys 
900 	 905 	 910 

Leu Lys Gln Gln Glu Gly Ala Arg Gln Ile Ala Arg Lys Glu Trp Lys 
915 	 920 	 925 

Glu Ile Gly Lys Ile Lys Glu Ile Lys Glu Gly Tyr Leu Ser Leu Val 
930 	 935 	 940 

Ile His Glu Ile Ser Lys Met Val Ile Lys Tyr Asn Ala Ile Ile Ala 
945 	 950 	 955 	 960 

3 111101X1 
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Met Glu Asp Leu Ser Tyr Gly Phe Lys Lys Gly Arg Phe Lys Val Glu 

	

965 	 970 	 975 

Arg Gln Val Tyr Gln Lys Phe Glu Thr Met Leu Ile Asn Lys Leu Asn 
980 	 985 	 990 

Tyr Leu Val Phe Lys Asp Ile Ser Ile Thr Glu Asn Gly Gly Leu Leu 

	

995 	 1000 	 1005 

Lys Gly Tyr Gln Leu Thr Tyr Ile Pro Asp Lys Leu Lys Asn Val Gly 
1010 	 1015 	 1020 

His Gln Cys Gly Cys Ile Phe Tyr Val Pro Ala Ala Tyr Thr Ser Lys 
1025 	 1030 	 1035 	 1040 

Ile Asp Pro Thr Thr Gly Phe Val Asn Ile Phe Lys Phe Lys Asp Leu 

	

1045 	 1050 	 1055 

Thr Val Asp Ala Lys Arg Glu Phe Ile Lys Lys Phe Asp Ser Ile Arg 
1060 	 1065 	 1070 

Tyr Asp Ser Glu Lys Lys Leu Phe Cys Phe Thr Phe Asp Tyr Asn Asn 

	

1075 	 1080 	 1085 

Phe Ile Thr Gln Asn Thr Val Met Ser Lys Ser Ser Trp Ser Val Tyr 
1090 	 1095 	 1100 

Thr Tyr Gly Val Arg Ile Lys Arg Arg Phe Val Asn Gly Arg Phe Ser 
1105 	 1110 	 1115 	 1120 

Asn Glu Ser Asp Thr Ile Asp lie Thr Lys Asp Met Glu Lys Thr Leu 

	

1125 	 1130 	 1135 

Glu Met Thr Asp Ile Asn Trp Arg Asp Gly His Asp Leu Arg Gln Asp 
1140 	 1145 	 1150 

Ile Ile Asp Tyr Glu Ile Val Gln His Ile Phe Glu Ile Phe Arg Leu 

	

1155 	 1160 	 1165 

Thr Val Gln Met Arg Asn Ser Leu Ser Glu Leu Glu Asp Arg Asp Tyr 
1170 	 1175 	 1180 

Asp Arg Leu Ile Ser Pro Val Leu Asn Glu Asn Asn Ile Phe Tyr Asp 
1185 	 1190 	 1195 	 1200 

Ser Ala Lys Ala Gly Asp Ala Leu Pro Lys Asp Ala Asp Ala Asn Gly 

	

1205 	 1210 	 1215 

Ala Tyr Cys Ile Ala Leu Lys Gly Leu Tyr Glu Ile Lys Gln Ile Thr 
1220 	 1225 	 1230 

Glu Asn Trp Lys Glu Asp Gly Lys Phe Ser Arg Asp Lys Leu Lys Ile 

	

1235 	 1240 	 1245 

Ser Asn Lys Asp Trp Phe Asp Phe Ile Gln Asn Lys Arg Tyr Leu 
1250 	 1255 	 1260 

<210> 	2 
<211> 	3792 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	mgCasl2a-1 
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<400> 	2 
atgaataacg gaacaaataa ctttcagaac tttatcggaa tttcttcttt gcagaagact 	60 

cttaggaatg ctctcattcc aacagaaaca acacagcaat ttattgttaa aaatggaata 	120 

attaaagaag atgaactcag aggagaaaat cgtcagatac ttaaagatat catggatgat 	180 

tattacagag gtttcatttc agaaacttta tcgtcaattg atgatattga ctggacctct 	240 

ttatttgaga aaatggaaat tcagttaaaa aatggagata ataaagacac tcttataaaa 	300 

gaacaggctg aaaaacgtaa ggcaatctat aaaaaatttg cagatgatga tagatttaaa 	360 

aatatgttca gtgcaaaatt aatctcagat attcttcctg aatttgtcat tcataacaat 	420 

aattattctg catcagaaaa ggaagaaaaa acacaggtaa ttaaattatt ttccagattt 	480 

gcaacatcat tcaaggacta ttttaaaaac agggctaatt gtttttctgc tgatgatata 	540 

tcttcttctt cttgtcatag aatagttaat gataatgcag aaatattttt tagtaatgca 	600 

ttggtgtata ggagaattgt aaaaaatctt tcaaatgatg atataaataa aatatccgga 	660 

gatattaagg attcattaaa ggaaatgtct ctggaggaaa tttattctta tgaaaaatat 	720 

ggggaattta ttacacagga aggtatatct ttttataatg atatatgcgg taaagtaaat 	780 

tcatttatga atttatattg ccagaaaaat aaagaaaaca aaaatctcta taagctgcga 	840 

aagcttcata aacagatact gtgcatagca gatacttctt atgaggtgcc gtataaattt 	900 

gaatcagatg aagaggttta tcaatcagtg aatggatttt tggacaatat tagttcaaaa 	960 

catatcgttg aaagattgcg taagattgga gacaactata acggctacaa tcttgataag 	1020 

atttatattg ttagtaaatt ctatgaatca gtttcacaaa agacatatag agattgggaa 	1080 

acaataaata ctgcattaga aattcattac aacaatatat tacccggaaa tggtaaatct 	1140 

aaagctgaca aggtaaaaaa agcggtaaag aatgatctgc aaaaaagcat tactgaaatc 	1200 

aatgagcttg ttagcaatta taaattatgt ccggatgata atattaaagc agagacatat 	1260 

atacatgaaa tatcacatat tttgaataat tttgaagcac aggagcttaa gtataatcct 	1320 

gaaattcatc tggtggaaag tgaattgaaa gcatctgaat taaaaaatgt tctcgatgta 	1380 

ataatgaatg cttttcattg gtgttcggtt ttcatgacag aggagctggt agataaagat 	1440 

aataattttt atgcggagtt agaagagata tatgacgaaa tatatacggt aatttcattg 	1500 

tataatcttg tgcgtaatta tgtaacgcag aagccatata gtacaaaaaa aattaaattg 	1560 

aattttggta ttcctacact agcggatgga tggagtaaaa gtaaagaata tagtaataat 	1620 

gcaattattc tcatgcgtga taatttgtac tatttaggaa tatttaatgc aaaaaataag 	1680 

cctgacaaaa agataattga aggtaataca tcagaaaata aaggggatta taagaagatg 	1740 

atttataatc ttctgccagg accaaataaa atgatcccca aggtattcct ctcttcaaaa 	1800 

accggagtgg aaacatataa gccgtctgcc tatatattgg agggctataa acaaaacaag 	1860 

catcttaaat cctctaagga ttttgatata acgttttgtc acgatttgat tgattatttt 	1920 

aagaactgta tagcaataca tcctgaatgg aagaattttg gctttgattt ttctgacacc 	1980 

5 ROM 
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<220> 
<223> 	mgCasl2a-2 

<400> 	3 
Met Gly Lys Asn Gln Asn Phe Gln Glu Phe Ile Gly Val Ser Pro Leu 

	

1 	 5 	 10 	 15 

Gln Lys Thr Leu Arg Asn Glu Leu Ile Pro Thr Glu Thr Thr Lys Lys 
20 	 25 	 30 

Asn Ile Thr Gln Leu Asp Leu Leu Thr Glu Asp Glu Ile Arg Ala Gln 
35 	 40 	 45 

Asn Arg Glu Lys Leu Lys Glu Met Met Asp Asp Tyr Tyr Arg Asn Val 
50 	 55 	 60 

Ile Asp Ser Thr Leu His Val Gly Ile Ala Val Asp Trp Ser Tyr Leu 

	

65 	 70 	 75 	 80 

Phe Ser Cys Met Arg Asn His Leu Arg Glu Asn Ser Lys Glu Ser Lys 

	

85 
	

90 
	

95 

Arg Glu Leu Glu Arg Thr Gln Asp Ser Ile Arg Ser Gln Ile His Asn 
100 	 105 	 110 

Lys Phe Ala Glu Arg Ala Asp Phe Lys Asp Met Phe Gly Ala Ser Ile 
115 	 120 	 125 

Ile Thr Lys Leu Leu Pro Thr Tyr Ile Lys Gln Asn Ser Glu Tyr Ser 
130 
	

135 
	

140 

Glu Arg Tyr Asp Glu Ser Met Glu Ile Leu Lys Leu Tyr Gly Lys Phe 
145 	 150 	 155 	 160 

Thr Thr Ser Leu Thr Asp Tyr Phe Glu Thr Arg Lys Asn Ile Phe Ser 
165 	 170 	 175 

Lys Glu Lys Ile Ser Ser Ala Val Gly Tyr Arg lie Val Glu Glu Asn 
180 	 185 	 190 

Ala Glu Ile Phe Leu Gln Asn Gln Asn Ala Tyr Asp Arg Ile Cys Lys 
195 
	

200 
	

205 

Ile Ala Gly Leu Asp Leu His Gly Leu Asp Asn Glu Ile Thr Ala Tyr 
210 
	

215 	 220 

Val Asp Gly Lys Thr Leu Lys Glu Val Cys Ser Asp Glu Gly Phe Ala 
225 	 230 	 235 
	

240 

Lys Ala Ile Thr Gln Glu Gly Ile Asp Arg Tyr Asn Glu Ala Ile Gly 
245 	 250 	 255 

Ala Val Asn Gln Tyr Met Asn Leu Leu Cys Gln Lys Asn Lys Ala Leu 
260 	 265 	 270 

Lys Pro Gly Gln Phe Lys Met Lys Arg Leu His Lys Gln lie Leu Cys 
275 	 280 	 285 

Lys Gly Thr Thr Ser Phe Asp Ile Pro Lys Lys Phe Glu Asn Asp Lys 
290 	 295 	 300 

Gin Val Tyr Asp Ala Val Asn Ser Phe Thr Glu Ile Val Thr Lys Asn 
305 	 310 	 315 	 320 

Asn Asp Leu Lys Arg Leu Leu Asn Ile Thr Gln Asn Ala Asn Asp Tyr 
325 	 330 
	

335 

7 111101 Xi 
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Asp Met Asn Lys Ile Tyr Val Val Ala Asp Ala Tyr Ser Met Ile Ser 

340 	 345 	 350 

Gln Phe Ile Ser Lys Lys Trp Asn Leu Ile Glu Glu Cys Lou Leu Asp 
355 	 360 	 365 

Tyr Tyr Ser Asp Asn Leu Pro Gly Lys Gly Asn Ala Lys Glu Asn Lys 
370 	 375 	 380 

Val Lys Lys Ala Val Lys Glu Glu Thr Tyr Arg Ser Val Ser Gln Leu 
385 	 390 	 395 	 400 

Asn Glu Val Ile Glu Lys Tyr Tyr Val Glu Lys Thr Gly Gin Ser Val 
405 	 410 	 415 

Trp Lys Val Glu Ser Tyr Ile Ser Ser Leu Ala Glu Met Ile Lys Leu 
420 	 425 	 430 

Glu Leu Cys His Glu Ile Asp Asn Asp Glu Lys His Asn Leu Ile Glu 
435 	 440 	 445 

Asp Asp Glu Lys Ile Ser Glu Ile Lys Glu Leu Leu Asp Met Tyr Met 
450 	 455 	 460 

Asp Val Phe His Ile Ile Lys Val Phe Arg Val Asn Glu Val Leu Asn 
465 	 470 	 475 	 480 

Phe Asp Glu Thr Phe Tyr Ser Glu Met Asp Glu Ile Tyr Gln Asp Met 
485 	 490 	 495 

Gln Glu Ile Val Pro Leu Tyr Asn His Val Arg Asn Tyr Val Thr Gln 
500 	 505 	 510 

Lys Pro Tyr Lys Gln Glu Lys Tyr Arg Leu Tyr Phe His Thr Pro Thr 
515 	 520 	 525 

Leu Ala Asn Gly Trp Ser Lys Ser Lys Glu Tyr Asp Asn Asn Ala Ile 
530 	 535 	 540 

Ile Leu Val Arg Glu Asp Lys Tyr Tyr Leu Gly Ile Leu Asn Ala Lys 
545 	 550 	 555 	 560 

Lys Lys Pro Ser Lys Glu Ile Met Ala Gly Lys Glu Asp Cys Ser Glu 
565 	 570 	 575 

His Ala Tyr Ala Lys Met Asn Tyr Tyr Leu Leu Pro Gly Ala Asn Lys 
580 	 585 	 590 

Met Leu Pro Lys Val Phe Leu Ser Lys Lys Gly Ile Gln Asp Tyr His 
595 	 600 	 605 

Pro Ser Ser Tyr Ile Val Glu Gly Tyr Asn Glu Lys Lys His Ile Lys 
610 	 615 	 620 

Gly Ser Lys Asn Phe Asp Ile Arg Phe Cys Arg Asp Leu Ile Asp Tyr 
625 	 630 	 635 	 640 

Phe Lys Glu Cys Ile Lys Lys His Pro Asp Trp Asn Lys Phe Asn Phe 
645 	 650 	 655 

Glu Phe Ser Ala Thr Glu Thr Tyr Glu Asp Ile Ser Val Phe Tyr Arg 
660 	 665 	 670 

Glu Val Glu Lys Gln Gly Tyr Arg Val Glu Trp Thr Tyr Ile Asn Ser 
675 	 680 	 685 

Glu Asp Ile Gin Lys Leu Glu Glu Asp Gly Gln Leu Phe Leu Phe Gln 
690 	 695 	 700 

8 ROM 
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Ile Tyr Asn Lys Asp Phe Ala Val Gly Ser Thr Gly Lys Pro Asn Leu 
705 	 710 	 715 	 720 

His Thr Leu Tyr Leu Lys Asn Leu Phe Ser Glu Glu Asn Leu Arg Asp 
725 	 730 	 735 

Ile Val Leu Lys Leu Asn Gly Glu Ala Glu Ile Phe Phe Arg Lys Ser 
740 	 745 	 750 

Ser Val Gin Lys Pro Val Ile His Lys Cys Gly Ser Ile Leu Val Asn 
755 	 760 	 765 

Arg Thr Tyr Glu Ile Thr Glu Ser Gly Thr Thr Arg Val Gln Ser Ile 
770 	 775 	 780 

Pro Glu Ser Glu Tyr Met Glu Lou Tyr Arg Tyr Phe Asn Ser Glu Lys 
785 	 790 	 795 	 800 

Gln Ile Glu Leu Ser Asp Glu Ala Lys Lys Tyr Leu Asp Lys Val Gin 
805 	 810 	 815 

Cys Asn Lys Ala Lys Thr Asp Ile Val Lys Asp Tyr Arg Tyr Thr Met 
820 	 825 	 830 

Asp Lys Phe Phe Ile His Leu Pro Ile Thr Ile Asn Phe Lys Val Asp 
835 	 840 	 845 

Lys Gly Asn Asn Val Asn Ala Ile Ala Gln Gln Tyr Ile Ala Gly Arg 
850 	 855 	 860 

Lys Asp Leu His Val Ile Gly Ile Asp Arg Gly Glu Arg Asn Leu Ile 
865 	 870 	 875 	 880 

Tyr Val Ser Val Ile Asp Met Tyr Gly Arg Ile Leu Glu Gln Lys Ser 
885 	 890 	 895 

Phe Asn Leu Val Glu Gln Val Ser Ser Gln Gly Thr Lys Arg Tyr Tyr 
900 	 905 	 910 

Asp Tyr Lys Glu Lys Leu Gln Asn Arg Glu Glu Glu Arg Asp Lys Ala 
915 	 920 	 925 

Arg Lys Ser Trp Lys Thr Ile Gly Lys Ile Lys Glu Leu Lys Glu Gly 
930 	 935 	 940 

Tyr Leu Ser Ser Val Ile His Glu Ile Ala Gln Met Val Val Lys Tyr 
945 	 950 	 955 	 960 

Asn Ala Ile Ile Ala Met Glu Asp Leu Asn Tyr Gly Phe Lys Arg Gly 
965 	 970 	 975 

Arg Phe Lys Val Glu Arg Gin Val Tyr Gln Lys Phe Glu Thr Met Leu 
980 	 985 	 990 

Ile Ser Lys Leu Asn Tyr Leu Ala Asp Lys Ser Gln Ala Val Asp Glu 
995 	 1000 	 1005 

Pro Gly Gly Ile Leu Arg Gly Tyr Gln Met Thr Tyr Val Pro Asp Asn 
1010 	 1015 	 1020 

Ile Lys Asn Val Gly Arg Gln Cys Gly Ile Ile Phe Tyr Val Pro Ala 
1025 	 1030 	 1035 	 1040 

Ala Tyr Thr Ser Lys Ile Asp Pro Thr Thr Gly Phe Ile Asn Ala Phe 
1045 	 1050 	 1055 

Lys Arg Asp Val Val Ser Thr Asn Asp Ala Lys Glu Asn Phe Leu Met 
9 111101X1 
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1060 	 1065 	 1070 

Lys Phe Asp Ser 
1075 

Ser Phe Asp Tyr 
1090 

Thr Lys Trp Asp 
1105 

Ile Gln Tyr Asp Ile Glu Lys Gly Leu Phe Lys Phe 
1080 	 1085 

Lys Asn Phe Ala Thr His Lys Leu Thr Leu Ala Lys 
1095 	 1100 

Val Tyr Thr Asn Gly Thr Arg Ile Gln Asn Met Lys 
1110 	 1115 	 1120 

Val Glu Gly His Trp Leu Ser Met Glu Val Glu Leu Thr Thr Lys Met 
1125 	 1130 	 1135 

Lys Glu Leu Leu Asp Asp Ser His Ile Pro Tyr Glu Glu Gly Gln Asn 
1140 	 1145 	 1150 

Ile Leu Asp Asp Leu Arg Glu Met Lys Asp Ile Thr Thr Ile Val Asn 
1155 	 1160 	 1165 

Gly Ile Leu Glu Ile Phe Trp Leu Thr Val Gin Leu Arg Asn Ser Arg 
1170 	 1175 	 1180 

Ile Asp Asn Pro Asp Tyr Asp Arg Ile Ile Ser Pro Val Leu Asn Lys 
1185 	 1190 	 1195 	 1200 

Asn Gly Glu Phe Phe Asp Ser Asp Glu Tyr Asn Ser Tyr Ile Asp Ala 
1205 	 1210 	 1215 

Gln Lys Ala Pro Leu Pro Ile Asp Ala Asp Ala Asn Gly Ala Phe Cys 
1220 	 1225 	 1230 

Ile Ala Leu Lys Gly Met Tyr Thr Ala Asn Gln Ile Lys Glu Asn Trp 
1235 	 1240 	 1245 

Val Glu Gly Glu Lys Leu Pro Ala Asp Cys Leu Lys Ile Glu His Ala 
1250 	 1255 	 1260 

Ser Trp Leu Ala Phe Met Gln Gly Glu Arg Gly 
1265 	 1270 	 1275 

<210> 
	

4 
<211> 
	

3828 
<212> 
	

DNA 
<213> 
	

Artificial Sequence 

<220> 
<223> 	mgCasl2a-2 

<400> 	4 
atgggtaaaa atcaaaattt tcaggaattt attggggtat caccacttca aaagacttta 

	
60 

agaaacgaat taatcccaac agaaacaaca aaaaagaata ttactcagct tgatcttttg 
	

120 

actgaggatg aaatccgcgc gcaaaatcga gagaagctga aagagatgat ggatgactac 
	

180 

taccggaatg tgattgatag cactttgcat gtgggtatag ctgttgattg gagctattta 
	

240 

ttttcgtgta tgcgaaatca tctaagggag aattccaaag agtcaaagcg ggaattggaa 
	

300 

cgaacacagg attctattcg ttcacaaatc cataataagt ttgctgaacg agcggatttt 
	

360 

aaggatatgt ttggagcatc gataataaca aaattacttc cgacatatat aaaacagaat 
	

420 

tcagaatatt ccgagcggta tgacgagagc atggaaattt tgaaactgta tggaaaattc 
	

480 

10 1i1101X1 
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attacgatta attttaaggt tgataagggt aacaatgtta atgccattgc acagcaatat 	2580 

attgcagggc ggaaagattt acatgtgata ggaattgatc gaggagaacg gaatctgatt 	2640 

tacgtttctg taattgacat gtatggtaga attttagagc agaaatcctt taaccttgtg 	2700 

gaacaggtat cgtcgcaggg aacgaagcga tattacgatt acaaagaaaa attacagaac 	2760 

cgggaagagg aacgggataa agcaagaaag agttggaaga caatcggcaa gattaaggaa 	2820 

ttaaaagagg ggtatctgtc gtcagtaatt catgagattg cacagatggt cgtaaagtat 	2880 

aacgcaatca ttgcaatgga agatttgaat tatggattta agcggggaag attcaaagta 	2940 

gagcgccagg tatatcagaa atttgaaacg atgttgatca gtaagttgaa ttatctggca 	3000 

gataaatctc aggctgtgga tgaaccggga ggtatattac ggggatatca gatgacttat 	3060 

gtgccggata atattaagaa tgttggaaga caatgtggaa taatctttta tgtgccggca 	3120 

gcatatacct ccaagattga tccgacaacc ggatttatca atgcatttaa gcgggatgtg 	3180 

gtatcaacaa atgatgcaaa agagaatttc ctgatgaagt ttgattctat tcagtacgat 	3240 

atagaaaaag gcttatttaa gttttcattt gattacaaaa attttgccac acataaactt 	3300 

acacttgcga agacaaaatg ggacgtatat acaaatggaa ctcgaataca aaacatgaaa 	3360 

gttgaaggac attggctttc aatggaagtt gaacttacaa cgaaaatgaa agagttgctg 	3420 

gatgactcgc atattccata tgaagaagga cagaatatat tggatgattt gcgggagatg 	3480 

aaagatataa caaccattgt gaatggtata ttggaaatct totggttgac agtccagctt 	3540 

cggaatagca ggatagataa tccggattac gatagaatta tctcaccggt attgaataaa 	3600 

aatggagaat tttttgattc tgatgaatat aattcatata ttgatgcgca aaaggcaccg 	3660 

ttaccgatag atgccgatgc aaatggcgca ttttgcattg cattaaaagg aatgtatact 	3720 

gccaatcaga tcaaagaaaa ctgggttgaa ggggagaaac ttccggcgga ttgottgaag 	3780 

atcgaacatg cgagttggtt agcatttatg caaggagaaa ggggatag 	 3828 

<210> 	5 
<211> 	1263 
<212> 	PRT 
<213> 	Artificial Sequence 

<220> 
<223> 	engineered mgCas12a-1(K9250) 

<400> 	5 
Met Asn Asn Gly Thr Asn Asn Phe Gln Asn Phe Ile Gly Ile Ser Ser 

1 	 5 	 10 	 15 

Leu Gln Lys Thr Leu Arg Asn Ala Leu lie Pro Thr Glu Thr Thr Gln 
20 	 25 	 30 

Gln Phe Ile Val Lys Asn Gly Ile Ile Lys Glu Asp Glu Leu Arg Gly 
35 	 40 	 45 

Glu Asn Arg Gin Ile Leu Lys Asp Ile Met Asp Asp Tyr Tyr Arg Gly 
50 	 55 	 60 

Phe Ile Ser Glu Thr Leu Ser Ser Ile Asp Asp Ile Asp Trp Thr Ser 
12 1401X1 



907065GFS.txt 
65 	 70 
	

75 
	

80 

PCTIKII 2019 i 0 1 0110 

Leu Phe Glu Lys Met Glu Ile Gln Leu Lys Asn Gly Asp Asn Lys Asp 

	

85 	 90 
	

95 

Thr Leu Ile Lys Glu Gln Ala Glu Lys Arg Lys Ala Ile Tyr Lys Lys 
100 	 105 	 110 

Phe Ala Asp Asp Asp Arg Phe Lys Asn Met Phe Ser Ala Lys Leu Ile 
115 	 120 	 125 

Ser Asp Ile Leu Pro Glu Phe Val Ile His Asn Asn Asn Tyr Ser Ala 
130 	 135 	 140 

Ser Glu Lys Glu Glu Lys Thr Gln Val Ile Lys Leu Phe Ser Arg Phe 
145 	 150 	 155 	 160 

Ala Thr Ser Phe Lys Asp Tyr Phe Lys Asn Arg Ala Asn Cys Phe Ser 

	

165 	 170 	 175 

Ala Asp Asp Ile Ser Ser Ser Ser Cys His Arg Ile Val Asn Asp Asn 
180 	 185 	 190 

Ala Glu Ile Phe Phe Ser Asn Ala Leu Val Tyr Arg Arg Ile Val Lys 
195 	 200 	 205 

Asn Leu Ser Asn Asp Asp Ile Asn Lys Ile Ser Gly Asp Ile Lys Asp 
210 	 215 	 220 

Ser Leu Lys Glu Met Ser Leu Glu Glu Ile Tyr Ser Tyr Glu Lys Tyr 
225 	 230 	 235 	 240 

Gly Glu Phe Ile Thr Gin Glu Gly Ile Ser Phe Tyr Asn Asp Ile Cys 

	

245 	 250 	 255 

Gly Lys Val Asn Ser Phe Met Asn Leu Tyr Cys Gln Lys Asn Lys Glu 
260 	 265 	 270 

Asn Lys Asn Leu Tyr Lys Leu Arg Lys Leu His Lys Gln Ile Leu Cys 
275 	 280 	 285 

Ile Ala Asp Thr Ser Tyr Glu Val Pro Tyr Lys Phe Glu Ser Asp Glu 
290 	 295 	 300 

Glu Val Tyr Gin Ser Val Asn Gly Phe Leu Asp Asn Ile Ser Ser Lys 
305 	 310 	 315 	 320 

His Ile Val Glu Arg Leu Arg Lys Ile Gly Asp Asn Tyr Asn Gly Tyr 

	

325 	 330 
	

335 

Asn Leu Asp Lys Ile Tyr Ile Val Ser Lys Phe Tyr Glu Ser Val Ser 
340 	 345 	 350 

Gln Lys Thr Tyr Arg Asp Trp Glu Thr Ile Asn Thr Ala Leu Glu Ile 
355 	 360 	 365 

His Tyr Asn Asn Ile Leu Pro Gly Asn Gly Lys Ser Lys Ala Asp Lys 
370 	 375 	 380 

Val Lys Lys Ala Val Lys Asn Asp Leu Gln Lys Ser Ile Thr Glu Ile 
385 	 390 	 395 	 400 

Asn Glu Leu Val Ser Asn Tyr Lys Leu Cys Pro Asp Asp Asn Ile Lys 

	

405 	 410 	 415 

Ala Glu Thr Tyr Ile His Glu Ile Ser His Ile Leu Asn Asn Phe Glu 
420 	 425 	 430 

13 rt11011 
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Ala Gln Glu Leu Lys Tyr Asn Pro Glu Ile His Leu Val Glu Ser Glu 

435 	 440 	 445 

Leu Lys Ala Ser Glu Leu Lys Asn Val Leu Asp Val Ile Met Asn Ala 
450 	 455 	 460 

Phe His Trp Cys Ser Val Phe Met Thr Glu Glu Leu Val Asp Lys Asp 
465 
	

470 
	

475 
	

480 

Asn Asn Phe Tyr Ala Glu Leu Glu Glu Ile Tyr Asp Glu Ile Tyr Thr 
485 	 490 	 495 

Val Ile Ser Leu Tyr Asn Leu Val Arg Asn Tyr Val Thr Gin Lys Pro 
500 
	

505 	 510 

Tyr Ser Thr Lys Lys Ile Lys Leu Asn Phe Gly Ile Pro Thr Leu Ala 
515 	 520 	 525 

Asp Gly Trp Ser Lys Ser Lys Glu Tyr Ser Asn Asn Ala Ile Ile Leu 
530 	 535 
	

540 

Met Arg Asp Asn Leu Tyr Tyr Leu Gly Ile Phe Asn Ala Lys Asn Lys 
545 	 550 	 555 	 560 

Pro Asp Lys Lys Ile Ile Glu Gly Asn Thr Ser Glu Asn Lys Gly Asp 
565 	 570 	 575 

Tyr Lys Lys Met Ile Tyr Asn Leu Leu Pro Gly Pro Asn Lys Met Ile 
580 	 585 
	

590 

Pro Lys Val Phe Leu Ser Ser Lys Thr Gly Val Glu Thr Tyr Lys Pro 
595 	 600 	 605 

Ser Ala Tyr Ile Leu Glu Gly Tyr Lys Gln Asn Lys His Leu Lys Ser 
610 
	

615 
	

620 

Ser Lys Asp Phe Asp Ile Thr Phe Cys His Asp Leu Ile Asp Tyr Phe 
625 	 630 	 635 	 640 

Lys Asn Cys Ile Ala Ile His Pro Glu Trp Lys Asn Phe Gly Phe Asp 
645 
	

650 
	

655 

Phe Ser Asp Thr Ser Thr Tyr Glu Asp Ile Ser Gly Phe Tyr Arg Glu 
660 
	

665 
	

670 

Val Glu Leu Gln Gly Tyr Lys Ile Asp Trp Thr Tyr Ile Ser Glu Lys 
675 	 680 	 685 

Asp Ile Asp Leu Leu Gin Glu Lys Gly Gin Leu Tyr Leu Phe Gin Ile 
690 
	

695 
	

700 

Tyr Asn Lys Asp Phe Ser Lys Lys Ser Thr Gly Asn Asp Asn Leu His 
705 	 710 	 715 	 720 

Thr Met Tyr Leu Lys Asn Leu Phe Ser Glu Glu Asn Leu Lys Asp Ile 
725 
	

730 
	

735 

Val Leu Lys Leu Asn Gty Glu Ala Glu Ile Phe Phe Arg Lys Ser Ser 
740 	 745 	 750 

Ile Lys Asn Pro Ile Ile His Lys Lys Gly Ser Ile Leu Val Asn Arg 
755 	 760 	 765 

Thr Tyr Glu Ala Glu Glu Lys Asp Gln Phe Gly Asn Ile Gln Ile Val 
770 	 775 	 780 

Arg Lys Thr Ile Pro Glu Asn Ile Tyr Gln Glu Leu Tyr Lys Tyr Phe 
785 	 790 	 795 	 800 

14 111101X1 
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Asn Asp Lys Ser Asp Lys Glu Leu Ser Asp Glu Ala Ala Lys Leu Lys 
805 	 810 	 815 

Asn Val Val Gly His His Glu Ala Ala Thr Asn Ile Val Lys Asp Tyr 

	

820 	 825 	 830 

Arg Tyr Thr Tyr Asp Lys Tyr Phe Leu His Met Pro Ile Thr Ile Asn 

	

835 	 840 	 845 

Phe Lys Ala Asn Lys Thr Ser Phe Ile Asn Asp Arg Ile Leu Gin Tyr 

	

850 	 855 	 860 

Ile Ala Lys Glu Lys Asn Leu His Val Ile Gly Ile Asp Arg Gly Glu 
865 	 870 	 875 	 880 

Arg Asn Leu Ile Tyr Val Ser Val lie Asp Thr Cys Gly Asn Ile Val 
885 	 890 	 895 

Glu Gln Lys Ser Phe Asn Ile Val Asn Gly Tyr Asp Tyr Gln Ile Lys 

	

900 	 905 	 910 

Leu Lys Gln Gin Glu Giy Ala Arg Gin Ile Ala Arg Gln Glu Trp Lys 

	

915 	 920 	 925 

Glu Ile Gly Lys Ile Lys Glu Ile Lys Glu Gly Tyr Leu Ser Leu Val 

	

930 	 935 	 940 

Ile His Glu lle Ser Lys Met Val Ile Lys Tyr Asn Ala Ile Ile Ala 
945 	 950 	 955 	 960 

Met Glu Asp Leu Ser Tyr Gly Phe Lys Lys Gly Arg Phe Lys Val Glu 
965 	 970 	 975 

Arg Gln Val Tyr Gln Lys Phe Glu Thr Met Leu Ile Asn Lys Leu Asn 

	

980 	 985 	 990 

Tyr Leu Val Phe Lys Asp Ile Ser Ile Thr Glu Asn Gly Gly Leu Leu 

	

995 	 1000 	 1005 

Lys Gly Tyr Gln Leu Thr Tyr Ile Pro Asp Lys Leu Lys Asn Val Gly 

	

1010 	 1015 	 1020 

His Gln Cys Gly Cys Ile Phe Tyr Val Pro Ala Ala Tyr Thr Ser Lys 
1025 	 1030 	 1035 	 1040 

Ile Asp Pro Thr Thr Gly Phe Val Asn Ile Phe Lys Phe Lys Asp Leu 
1045 	 1050 	 1055 

Thr Val Asp Ala Lys Arg Glu Phe Ile Lys Lys Phe Asp Ser Ile Arg 

	

1060 	 1065 	 1070 

Tyr Asp Ser Glu Lys Lys Lou Phe Cys Phe Thr Phe Asp Tyr Asn Asn 

	

1075 	 1080 	 1085 

Phe Ile Thr Gln Asn Thr Val Met Ser Lys Ser Ser Trp Ser Val Tyr 

	

1090 	 1095 	 1100 

Thr Tyr Gly Val Arg Ile Lys Arg Arg Phe Val Asn Gly Arg Phe Ser 
1105 	 1110 	 1115 	 1120 

Asn Glu Ser Asp Thr Ile Asp Ile Thr Lys Asp Met Glu Lys Thr Leu 
1125 	 1130 	 1135 

Glu Met Thr Asp Ile Asn Trp Arg Asp Gly His Asp Leu Arg Gln Asp 

	

1140 	 1145 	 1150 

Ile Ile Asp Tyr Glu Ile Val Gln His Ile Phe Glu Ile Phe Arg Leu 
15 itliOIM 
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907065GFS.txt 

	

1155 	 1160 	 1165 

Thr Val Gln Met Arg Asn Ser Leu Ser Glu Leu Glu Asp Arg Asp Tyr 

	

1170 	 1175 	 1180 

Asp Arg Leu Ile Ser Pro Val Leu Asn Glu Asn Asn Ile Phe Tyr Asp 
1185 	 1190 	 1195 	 1200 

Ser Ala Lys Ala Gly Asp Ala Leu Pro Lys Asp Ala Asp Ala Asn Gly 

	

1205 	 1210 	 1215 

Ala Tyr Cys Ile Ala Leu Lys Gly Leu Tyr Glu Ile Lys Gln Ile Thr 

	

1220 	 1225 	 1230 

Glu Asn Trp Lys Glu Asp Gly Lys Phe Ser Arg Asp Lys Leu Lys Ile 

	

1235 	 1240 	 1245 

Ser Asn Lys Asp Trp Phe Asp Phe Ile Gln Asn Lys Arg Tyr Leu 

	

1250 	 1255 	 1260 

<210> 	6 
<211> 	1275 
<212> 	PAT 
<213> 	Artificial Sequence 

<220> 
<223> 	engineered mgCas12a-2(K9300) 

<400> 	6 
Met Gly Lys Asn Gln Asn Phe Gln Glu Phe Ile Gly Val Ser Pro Leu 

	

1 	 5 	 10 	 15 

Gin Lys Thr Leu Arg Asn Glu Leu Ile Pro Thr Glu Thr Thr Lys Lys 

	

20 	 25 	 30 

Asn Ile Thr Gln Leu Asp Leu Leu Thr Glu Asp Glu Ile Arg Ala Gln 
35 	 40 	 45 

Asn Arg Glu Lys Leu Lys Glu Met Met Asp Asp Tyr Tyr Arg Asn Val 

	

50 	 55 	 60 

Ile Asp Ser Thr Leu His Val Gly Ile Ala Val Asp Trp Ser Tyr Leu 

	

65 	 70 	 75 	 80 

Phe Ser Cys Met Arg Asn His Leu Arg Glu Asn Ser Lys Glu Ser Lys 

	

85 	 90 	 95 

Arg Glu Leu Glu Arg Thr Gin Asp Ser Ile Arg Ser Gin Ile His Asn 

	

100 	 105 	 110 

Lys Phe Ala Glu Arg Ala Asp Phe Lys Asp Met Phe Gly Ala Ser Ile 

	

115 	 120 	 125 

Ile Thr Lys Leu Leu Pro Thr Tyr Ile Lys Gln Asn Ser Glu Tyr Ser 

	

130 	 135 	 140 

Glu Arg Tyr Asp Glu Ser Met Glu Ile Leu Lys Leu Tyr Gly Lys Phe 
145 	 150 	 155 	 160 

Thr Thr Ser Leu Thr Asp Tyr Phe Glu Thr Arg Lys Asn Ile Phe Ser 

	

165 	 170 	 175 

Lys Glu Lys Ile Ser Ser Ala Val Gly Tyr Arg Ile Val Glu Glu Asn 

	

180 	 185 	 190 
16 1111017C1 
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Ala Glu Ile Phe Leu Gln Asn Gln Asn Ala Tyr Asp Arg Ile Cys Lys 
195 	 200 	 205 

Ile Ala Gly Leu Asp Leu His Gly Leu Asp Asn Glu Ile Thr Ala Tyr 
210 	 215 	 220 

Val Asp Gly Lys Thr Leu Lys Glu Val Cys Ser Asp Glu Gly Phe Ala 
225 	 230 	 235 	 240 

Lys Ala Ile Thr Gln Glu Gly Ile Asp Arg Tyr Asn Glu Ala Ile Gly 
245 	 250 	 255 

Ala Val Asn Gln Tyr Met Asn Leu Leu Cys Gin Lys Asn Lys Ala Leu 
260 	 265 	 270 

Lys Pro Gly Gln Phe Lys Met Lys Arg Leu His Lys Gln Ile Leu Cys 
275 	 280 	 285 

Lys Gly Thr Thr Ser Phe Asp Ile Pro Lys Lys Phe Giu Asn Asp Lys 
290 	 295 	 300 

Gln Val Tyr Asp Ala Val Asn Ser Phe Thr Glu Ile Val Thr Lys Asn 
305 	 310 	 315 	 320 

Asn Asp Leu Lys Arg Leu Leu Asn Ile Thr Gin Asn Ala Asn Asp Tyr 
325 	 330 	 335 

Asp Met Asn Lys Ile Tyr Val Val Ala Asp Ala Tyr Ser Met Ile Ser 
340 	 345 	 350 

Gln Phe Ile Ser Lys Lys Trp Asn Leu Ile Glu Glu Cys Leu Leu Asp 
355 	 360 	 365 

Tyr Tyr Ser Asp Asn Leu Pro Gly Lys Gly Asn Ala Lys Glu Asn Lys 
370 	 375 	 380 

Val Lys Lys Ala Val Lys Giu Glu Thr Tyr Arg Ser Val Ser Gin Leu 
385 	 390 	 395 	 400 

Asn Glu Val Ile Glu Lys Tyr Tyr Val Glu Lys Thr Gly Gin Ser Val 
405 	 410 	 415 

Trp Lys Val Glu Ser Tyr Ile Ser Ser Leu Ala Glu Met Ile Lys Leu 
420 	 425 	 430 

Glu Leu Cys His Glu Ile Asp Asn Asp Glu Lys His Asn Leu Ile Glu 
435 	 440 	 445 

Asp Asp Glu Lys Ile Ser Glu Ile Lys Glu Leu Leu Asp Met Tyr Met 
450 	 455 	 460 

Asp Val Phe His Ile Ile Lys Val Phe Arg Val Asn Glu Val Leu Asn 
465 	 470 	 475 	 480 

Phe Asp Glu Thr Phe Tyr Ser Glu Met Asp Glu Ile Tyr Gin Asp Met 
485 	 490 	 495 

Gln Glu Ile Val Pro Leu Tyr Asn His Val Arg Asn Tyr Val Thr Gln 
500 	 505 	 510 

Lys Pro Tyr Lys Gln Glu Lys Tyr Arg Leu Tyr Phe His Thr Pro Thr 
515 	 520 	 525 

Leu Ala Asn Gly Trp Ser Lys Ser Lys Glu Tyr Asp Asn Asn Ala Ile 
530 	 535 	 540 

Ile Leu Val Arg Glu Asp Lys Tyr Tyr Leu Gly Ile Leu Asn Ala Lys 
17 illOIX1 
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545 
	

550 
	

555 
	

560 

Lys Lys Pro Ser Lys Glu Ile Met Ala Gly Lys Glu Asp Cys Ser Glu 
565 	 570 	 575 

His Ala Tyr Ala Lys Met Asn Tyr Tyr Leu Leu Pro Gly Ala Asn Lys 
580 	 585 	 590 

Met Leu Pro Lys Val Phe Leu Ser Lys Lys Gly Ile Gln Asp Tyr His 
595 	 600 	 605 

Pro Ser Ser Tyr Ile Val Glu Gly Tyr Asn Glu Lys Lys His Ile Lys 
610 	 615 	 620 

Gly Ser Lys Asn Phe Asp Ile Arg Phe Cys Arg Asp Leu Ile Asp Tyr 
625 	 630 	 635 	 640 

Phe Lys Glu Cys Ile Lys Lys His Pro Asp Trp Asn Lys Phe Asn Phe 
645 	 650 	 655 

Glu Phe Ser Ala Thr Glu Thr Tyr Glu Asp Ile Ser Val Phe Tyr Arg 
660 	 665 	 670 

Glu Val Glu Lys Gln Gly Tyr Arg Val Glu Trp Thr Tyr Ile Asn Ser 
675 	 680 	 685 

Glu Asp Ile Gln Lys Leu Glu Glu Asp Gly Gln Leu Phe Leu Phe Gln 
690 	 695 	 700 

Ile Tyr Asn Lys Asp Phe Ala Val Gly Ser Thr Gly Lys Pro Asn Leu 
705 	 710 	 715 	 720 

His Thr Leu Tyr Leu Lys Asn Leu Phe Ser Glu Glu Asn Leu Arg Asp 
725 	 730 	 735 

Ile Val Leu Lys Leu Asn Gly Glu Ala Glu lie Phe Phe Arg Lys Ser 
740 	 745 	 750 

Ser Val Gin Lys Pro Val Ile His Lys Cys Gly Ser Ile Leu Val Asn 
755 
	

760 
	

765 

Arg Thr Tyr Glu Ile Thr Glu Ser Gly Thr Thr Arg Val Gln Ser Ile 
770 	 775 	 780 

Pro Glu Ser Glu Tyr Met Glu Leu Tyr Arg Tyr Phe Asn Ser Glu Lys 
785 	 790 	 795 	 800 

Gin Ile Glu Leu Ser Asp Glu Ala Lys Lys Tyr Leu Asp Lys Val Gin 
805 	 810 	 815 

Cys Asn Lys Ala Lys Thr Asp Ile Val Lys Asp Tyr Arg Tyr Thr Met 
820 	 825 	 830 

Asp Lys Phe Phe Ile His Leu Pro Ile Thr Ile Asn Phe Lys Val Asp 
835 	 840 	 845 

Lys Gly Asn Asn Val Asn Ala Ile Ala Gln Gin Tyr Ile Ala Gly Arg 
850 	 855 	 860 

Lys Asp Leu His Val Ile Gly Ile Asp Arg Gly Glu Arg Asn Leu Ile 
865 	 870 	 875 	 880 

Tyr Val Ser Val Ile Asp Met Tyr Gly Arg Ile Leu Glu Gln Lys Ser 
885 	 890 	 895 

Phe Asn Leu Val Glu Gln Val Ser Ser Gln Gly Thr Lys Arg Tyr Tyr 
900 	 905 	 910 

18 1111011 
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Asp Tyr Lys Glu Lys Leu Gln Asn Arg Glu Glu Glu Arg Asp Lys Ala 

	

915 	 920 	 925 

Arg Gin Ser Trp Lys Thr Ile Gly Lys Ile Lys Glu Leu Lys Glu Gly 

	

930 	 935 	 940 

Tyr Leu Ser Ser Val Ile His Glu Ile Ala Gin Met Val Val Lys Tyr 
945 	 950 	 955 	 960 

Asn Ala Ile Ile Ala Met Glu Asp Leu Asn Tyr Gly Phe Lys Arg Gly 

	

965 	 970 	 975 

Arg Phe Lys Val Glu Arg Gln Val Tyr Gln Lys Phe Glu Thr Met Leu 

	

980 	 985 	 990 

Ile Ser Lys Leu Asn Tyr Leu Ala Asp Lys Ser Gln Ala Val Asp Glu 

	

995 	- 	1000 	 1005 

Pro Gly Gly Ile Leu Arg Gly Tyr Gln Met Thr Tyr Val Pro Asp Asn 

	

1010 	 1015 	 1020 

Ile Lys Asn Val Gly Arg Gln Cys Gly Ile Ile Phe Tyr Val Pro Ala 
1025 	. 	1030 	 1035 	 1040 

Ala Tyr Thr Ser Lys Ile Asp Pro Thr Thr Gly Phe Ile Asn Ala Phe 

	

1045 	 1050 	 1055 

Lys Arg Asp Val Val Ser Thr Asn Asp Ala Lys Glu Asn Phe Leu Met 

	

1060 	 1065 	 1070 

Lys Phe Asp Ser Ile Gin Tyr Asp Ile Glu Lys Gly Leu Phe Lys Phe 

	

1075 	 1080 	 1085 

Ser Phe Asp Tyr Lys Asn Phe Ala Thr His Lys Leu Thr Leu Ala Lys 

	

1090 	 1095 	 1100 

Thr Lys Trp Asp Val Tyr Thr Asn Gly Thr Arg Ile Gln Asn Met Lys 
1105 	 1110 	 1115 	 1120 

Val Glu Gly His Trp Leu Ser Met Glu Val Glu Leu Thr Thr Lys Met 

	

1125 	 1130 	 1135 

Lys Glu Leu Leu Asp Asp Ser His Ile Pro Tyr Glu Glu Gly Gln Asn 

	

1140 	 1145 	 1150 

Ile Leu Asp Asp Leu Arg Glu Met Lys Asp Ile Thr Thr Ile Val Asn 

	

1155 	 1160 	 1165 

Gly Ile Leu Glu Ile Phe Trp Leu Thr Val Gln Leu Arg Asn Ser Arg 

	

1170 	 1175 	 1180 

Ile Asp Asn Pro Asp Tyr Asp Arg Ile Ile Ser Pro Val Leu Asn Lys 
1185 	 1190 	 1195 	 1200 

Asn Gly Glu Phe Phe Asp Ser Asp Glu Tyr Asn Ser Tyr Ile Asp Ala 

	

1205 	 1210 	 1215 

Gin Lys Ala Pro Leu Pro Ile Asp Ala Asp Ala Asn Gly Ala Phe Cys 

	

1220 	 1225 	 1230 

Ile Ala Leu Lys Gly Met Tyr Thr Ala Asn Gln Ile Lys Glu Asn Trp 

	

1235 	 1240 	 1245 

Val Glu Gly Glu Lys Leu Pro Ala Asp Cys Leu Lys Ile Glu His Ala 

	

1250 	 1255 	 1260 

Ser Trp Leu Ala Phe Met Gln Gly Glu Arg Gly 
1265 	 1270 	 1275 
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ctgcctattg atgcagacgc caacggcgct ttttgtatcg ccttgaaggg tatgtatacc 	3720 

gcaaatcaga ttaaagagaa ctgggttgaa ggcgagaagc tgcccgccga ttgcctcaaa 	3780 

atagaacacg cttcatggct tgccttcatg caaggagagc gcggg 	 3825 

<210> 	9 
<211> 	1307 
<212> 	PRT 
<213> 	Artificial Sequence 

<220> 
<223> 	AsCasl2a 

<400> 	9 
Met Thr Gln Phe Glu Gly Phe Thr Asn Leu Tyr Gln Val Ser Lys Thr 

	

1 	 5 	 10 	 15 

Leu Arg Phe Glu Leu Ile Pro Gln Gly Lys Thr Leu Lys His Ile Gln 

	

20 	 25 	 30 

Glu Gln Gly Phe Ile Glu Glu Asp Lys Ala Arg Asn Asp His Tyr Lys 
35 	 40 	 45 

Glu Leu Lys Pro Ile Ile Asp Arg Ile Tyr Lys Thr Tyr Ala Asp Gin 

	

50 	 55 	 60 

Cys Leu Gln Leu Val Gin Leu Asp Trp Glu Asn Leu Ser Ala Ala Ile 

	

65 	 70 	 75 	 80 

Asp Ser Tyr Arg Lys Glu Lys Thr Glu Glu Thr Arg Asn Ala Leu Ile 

	

85 	 90 	 95 

Glu Glu Gln Ala Thr Tyr Arg Asn Ala Ile His Asp Tyr Phe Ile Gly 

	

100 	 105 	 110 

Arg Thr Asp Asn Leu Thr Asp Ala Ile Asn Lys Arg His Ala Glu Ile 
115 	 120 	 125 

Tyr Lys Gly Leu Phe Lys Ala Glu Leu Phe Asn Gly Lys Val Leu Lys 

	

130 	 135 	 140 

Gln Leu Gly Thr Val Thr Thr Thr Glu His Glu Asn Ala Leu Leu Arg 
145 	 150 	 155 	 160 

Ser Phe Asp Lys Phe Thr Thr Tyr Phe Ser Gly Phe Tyr Glu Asn Arg 

	

165 	 170 	 175 

Lys Asn Val Phe Ser Ala Glu Asp Ile Ser Thr Ala Ile Pro His Arg 

	

180 	 185 	 190 

Ile Val Gln Asp Asn Phe Pro Lys Phe Lys Glu Asn Cys His Ile Phe 
195 	 200 	 205 

Thr Arg Leu Ile Thr Ala Val Pro Ser Leu Arg Glu His Phe Glu Asn 

	

210 	 215 	 220 

Val Lys Lys Ala Ile Gly Ile Phe Val Ser Thr Ser Ile Glu Glu Val 
225 	 230 	 235 	 240 

Phe Ser Phe Pro Phe Tyr Asn Gln Leu Leu Thr Gin Thr Gln lle Asp 

	

245 	 250 	 255 

Leu Tyr Asn Gln Leu Leu Gly Gly Ile Ser Arg Glu Ala Gly Thr Glu 

	

260 	 265 	 270 
24 201X1 
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Lys Ile Lys Gly Leu Asn Glu Val Leu Asn Leu Ala Ile Gln Lys Asn 
275 	 280 	 285 

Asp Glu Thr Ala His Ile Ile Ala Ser Leu Pro His Arg Phe Ile Pro 
290 	 295 	 300 

Leu Phe Lys Gln Ile Leu Ser Asp Arg Asn Thr Leu Ser Phe Ile Leu 
305 	 310 	 315 	 320 

Glu Glu Phe Lys Ser Asp Glu Glu Val Ile Gln Ser Phe Cys Lys Tyr 
325 	 330 	 335 

Lys Thr Leu Leu Arg Asn Glu Asn Val Leu Glu Thr Ala Glu Ala Leu 
340 	 345 	 350 

Phe Asn Glu Leu Asn Ser Ile Asp Leu Thr His Ile Phe Ile Ser His 
355 	 360 	 365 

Lys Lys Leu Glu Thr Ile Ser Ser Ala Leu Cys Asp His Trp Asp Thr 
370 	 375 	 380 

Leu Arg Asn Ala Lou Tyr Glu Arg Arg Ile Ser Glu Leu Thr Gly LyS 
385 	 390 	 395 	 400 

Ile Thr Lys Ser Ala Lys Glu Lys Val Gin Arg Ser Lou Lys His Glu 
405 	 410 	 415 

Asp Ile Asn Leu Gin Glu Ile Ile Ser Ala Ala Gly Lys Glu Leu Ser 
420 	 425 	 430 

Glu Ala Phe Lys Gin Lys Thr Ser Glu Ile Leu Ser His Ala His Ala 
435 	 440 	 445 

Ala Leu Asp Gln Pro Lou Pro Thr Thr Lou Lys Lys Gln Glu Glu Lys 
450 	 455 	 460 

Glu Ile Leu Lys Ser Gln Leu Asp Ser Leu Leu Gly Leu Tyr His Leu 
465 	 470 	 475 	 480 

Leu Asp Trp Phe Ala Val Asp Glu Ser Asn Glu Val Asp Pro Glu Phe 
485 	 490 	 495 

Ser Ala Arg Leu Thr Gly Ile Lys Leu Glu Met Glu Pro Ser Leu Ser 
500 	 505 	 510 

Phe Tyr Asn Lys Ala Arg Asn Tyr Ala Thr Lys Lys Pro Tyr Ser Val 
515 	 520 	 525 

Glu Lys Phe Lys Leu Asn Phe Gin Met Pro Thr Leu Ala Ser Gly Trp 
530 	 535 	 540 

Asp Val Asn Lys Glu Lys Asn Asn Gly Ala Ile Leu Phe Val Lys Asn 
545 	 550 	 555 	 560 

Gly Leu Tyr Tyr Leu Gly Ile Met Pro Lys Gin Lys Gly Arg Tyr Lys 
565 	 570 	 575 

Ala Leu Ser Phe Glu Pro Thr Glu Lys Thr Ser Glu Gly Phe Asp Lys 
580 	 585 	 590 

Met Tyr Tyr Asp Tyr Phe Pro Asp Ala Ala Lys Met Ile Pro Lys Cys 
595 	 600 	 605 

Ser Thr Gln Leu Lys Ala Val Thr Ala His Phe Gln Thr His Thr Thr 
610 	 615 	 620 

Pro Ile Leu Leu Ser Asn Asn Phe Ile Glu Pro Leu Glu Ile Thr Lys 
25 fillOM 
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625 
	

630 
	

635 
	

640 

Glu Ile Tyr Asp Leu Asn Asn Pro Glu Lys Glu Pro Lys Lys Phe Gln 
645 
	

650 
	

655 

Thr Ala Tyr Ala Lys Lys Thr Gly Asp Gln Lys Gly Tyr Arg Glu Ala 
660 	 665 	 670 

Leu Cys Lys Trp Ile Asp Phe Thr Arg Asp Phe Leu Ser Lys Tyr Thr 
675 	 680 	 685 

Lys Thr Thr Ser Ile Asp Leu Ser Ser Leu Arg Pro Ser Ser Gln Tyr 
690 
	

695 
	

700 

Lys Asp Leu Gly Glu Tyr Tyr Ala Glu Leu Asn Pro Leu Leu Tyr His 
705 	 710 	 715 	 720 

Ile Ser Phe Gln Arg Ile Ala Glu Lys Glu Ile Met Asp Ala Val Glu 
725 	 730 

	
735 

Thr Gly Lys Leu Tyr Leu Phe Gin Ile Tyr Asn Lys Asp Phe Ala Lys 
740 
	

745 
	

750 

Gly His His Gly Lys Pro Asn Leu His Thr Leu Tyr Trp Thr Gly Leu 
755 
	

760 
	

765 

Phe Ser Pro Glu Asn Leu Ala Lys Thr Ser Ile Lys Leu Asn Gly Gln 
770 	 775 	 780 

Ala Glu Leu Phe Tyr Arg Pro Lys Ser Arg Met Lys Arg Met Ala His 
785 	 790 	 795 	 800 

Arg Leu Gly Glu Lys Met Leu Asn Lys Lys Leu Lys Asp Gln Lys Thr 
805 	 810 	 815 

Pro Ile Pro Asp Thr Leu Tyr Gln Glu Leu Tyr Asp Tyr Val Asn His 
820 
	

825 
	

830 

Arg Leu Ser His Asp Leu Ser Asp Glu Ala Arg Ala Leu Leu Pro Asn 
835 	 840 	 845 

Val Ile Thr Lys Glu Val Ser His Glu Ile Ile Lys Asp Arg Arg Phe 
850 
	

855 
	

860 

Thr Ser Asp Lys Phe Phe Phe His Val Pro Ile Thr Leu Asn Tyr Gln 
865 	 870 

	
875 
	

880 

Ala Ala Asn Ser Pro Ser Lys Phe Asn Gln Arg Val Asn Ala Tyr Leu 
885 	 890 	 895 

Lys Glu His Pro Glu Thr Pro Ile Ile Gly Ile Asp Arg Gly Glu Arg 
900 	 905 	 910 

Asn Leu Ile Tyr Ile Thr Val Ile Asp Ser Thr Gly Lys Ile Leu Glu 
915 
	

920 
	

925 

Gln Arg Ser Leu Asn Thr Ile Gln Gln Phe Asp Tyr Gln Lys Lys Leu 
930 	 935 	 940 

Asp Asn Arg Glu Lys Glu Arg Val Ala Ala Arg Gin Ala Trp Ser Val 
945 	 950 	 955 	 960 

Val Gly Thr Ile Lys Asp Leu Lys Gln Gly Tyr Leu Ser Gln Val Ile 
965 
	

970 
	

975 

His Glu Ile Val Asp Leu Met Ile His Tyr Gln Ala Val Val Val Leu 
980 	 985 	 990 

26 ft-11017CI 
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Glu Asn Leu Asn Phe Gly Phe Lys Ser Lys Arg Thr Gly Ile Ala Glu 

995 	 1000 	 1005 

Lys Ala Val Tyr Gin Gln Phe Glu Lys Met Leu Ile Asp Lys Leu Asn 
1010 	 1015 	 1020 

Cys Leu Val Leu Lys Asp Tyr Pro Ala Glu Lys Val Gly Gly Val Leu 
1025 	 1030 	 1035 	 1040 

Asn Pro Tyr Gin Leu Thr Asp Gin Phe Thr Ser Phe Ala Lys Met Gly 
1045 	 1050 	 1055 

Thr Gln Ser Gly Phe Leu Phe Tyr Val Pro Ala Pro Tyr Thr Ser Lys 
1060 	 1065 	 1070 

lie Asp Pro Leu Thr Gly Phe Val Asp Pro Phe Val Trp Lys Thr Ile 
1075 	 1080 	 1085 

Lys Asn His Glu Ser Arg Lys His Phe Leu Glu Gly Phe Asp Phe Leu 
1090 	 1095 	 1100 

His Tyr Asp Val Lys Thr Gly Asp Phe Ile Leu His Phe Lys Met Asn 
1105 	 1110 	 1115 	 1120 

Arg Asn Leu Ser Phe Gln Arg Gly Leu Pro Gly Phe Met Pro Ala Trp 
1125 	 1130 	 1135 

Asp Ile Val Phe Glu Lys Asn Glu Thr Gln Phe Asp Ala Lys Gly Thr 
1140 	 1145 	 1150 

Pro Phe Ile Ala Gly Lys Arg Ile Val Pro Val Ile Glu Asn His Arg 
1155 	 1160 	 1165 

Phe Thr Gly Arg Tyr Arg Asp Leu Tyr Pro Ala Asn Glu Leu Ile Ala 
1170 	 1175 	 1180 

Leu Leu Glu Glu Lys Gly Ile Val Phe Arg Asp Gly Ser Asn Ile Leu 
1185 	 1190 	 1195 	 1200 

Pro Lys Leu Leu Glu Asn Asp Asp Ser His Ala Ile Asp Thr Met Val 
1205 	 1210 	 1215 

Ala Leu Ile Arg Ser Val Leu Gln Met Arg Asn Ser Asn Ala Ala Thr 
1220 	 1225 	 1230 

Gly Glu Asp Tyr Ile Asn Ser Pro Val Arg Asp Leu Asn Gly Val Cys 
1235 	 1240 	 1245 

Phe Asp Ser Arg Phe Gln Asn Pro Glu Trp Pro Met Asp Ala Asp Ala 
1250 	 1255 	 1260 

Asn Gly Ala Tyr His Ile Ala Leu Lys Gly Gin Leu Leu Leu Asn His 
1265 	 1270 	 1275 	 1280 

Leu Lys Glu Ser Lys Asp Leu Lys Leu Gln Asn Gly Ile Ser Asn Gin 
1285 	 1290 	 1295 

Asp Trp Leu Ala Tyr Ile Gln Glu Leu Arg Asn 
1300 	 1305 

<210> 	10 
<211> 	1228 
<212> 	PRT 
<213> 	Artificial Sequence 

<220> 
<223> 	LbCasl2a 
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<400> 	10 
Ala Ala Ser Lys Leu Glu Lys Phe Thr Asn Cys Tyr Ser Leu Ser Lys 

	

1 	 5 	 10 	 15 

Thr Leu Arg Phe Lys Ala Ile Pro Val Gly Lys Thr Gin Glu Asn Ile 

	

20 	 25 	 30 

Asp Asn Lys Arg Leu Leu Val Glu Asp Glu Lys Arg Ala Glu Asp Tyr 

	

35 	 40 	 45 

Lys Gly Val Lys Lys Leu Leu Asp Arg Tyr Tyr Leu Ser Phe Ile Asn 

	

50 	 55 	 60 

Asp Val Leu His Ser Ile Lys Leu Lys Asn Leu Asn Asn Tyr Ile Ser 

	

65 	 70 	 75 	 80 

Leu Phe Arg Lys Lys Thr Arg Thr Glu Lys Glu Asn Lys Glu Leu Glu 

	

85 	 90 	 95 

Asn Leu Glu Ile Asn Leu Arg Lys Glu Ile Ala Lys Ala Phe Lys Gly 

	

100 	 105 	 110 

Ala Ala Gly Tyr Lys Ser Leu Phe Lys Lys Asp Ile Ile Glu Thr Ile 

	

115 	 120 	 125 

Leu Pro Glu Ala Ala Asp Asp Lys Asp Glu Ile Ala Leu Val Asn Ser 

	

130 	 135 	 140 

Phe Asn Gly Phe Thr Thr Ala Phe Thr Gly Phe Phe Asp Asn Arg Glu 

	

145 	 150 	 155 	 160 

Asn Xaa Phe Ser Glu Glu Ala Lys Ser Thr Ser Ile Ala Phe Arg Cys 

	

165 	 170 	 175 

Ile Asn Glu Asn Leu Thr Arg Tyr Ile Ser Asn Xaa Asp Ile Phe Glu 

	

180 	 185 	 190 

Lys Val Asp Ala Ile Phe Asp Lys His Glu Val Gln Glu Ile Lys Glu 

	

195 	 200 	 205 

Lys Ile Leu Asn Ser Asp Tyr Asp Val Glu Asp Phe Phe Glu Gly Glu 

	

210 	 215 	 220 

Phe Phe Asn Phe Val Leu Thr Gin Glu Gly Ile Asp Val Tyr Asn Ala 

	

225 	 230 	 235 	 240 

Ile Ile Gly Gly Phe Val Thr Glu Ser Gly Glu Lys Ile Lys Gly Leu 

	

245 	 250 	 255 

Asn Glu Tyr Ile Asn Leu Tyr Asn Ala Lys Thr Lys Gln Ala Leu Pro 

	

260 	 265 	 270 

Lys Phe Lys Pro Leu Tyr Lys Gln Val Leu Ser Asp Arg Glu Ser Leu 

	

275 	 280 	 285 

Ser Phe Tyr Gly Glu Gly Tyr Thr Ser Asp Glu Glu Val Leu Glu Val 

	

290 	 295 	 300 

Phe Arg Asn Thr Leu Asn Lys Asn Ser Glu Ile Phe Ser Ser Ile Lys 

	

305 	 310 	 315 	 320 

Lys Leu Glu Lys Leu Phe Lys Asn Phe Asp Glu Tyr Ser Ser Ala Gly 

	

325 	 330 	 335 

Ile Phe Val Lys Asn Gly Pro Ala Ile Ser Thr Ile Ser Lys Asp Ile 

	

340 	 345 	 350 
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Phe Gly Glu Trp Asn Leu Ile Arg Asp Lys Trp Asn Ala Glu Tyr Asp 
355 	 360 	 365 

Asp Ile His Leu Lys Lys Lys Ala Val Val Thr Glu Lys Tyr Glu Asp 
370 	 375 	 380 

Asp Arg Arg Lys Ser Phe Lys Lys Ile Gly Ser Phe Ser Leu Glu Gln 
385 	 390 	 395 	 400 

Leu Gin Giu Tyr Ala Asp Ala Asp Leu Ser Val Val Glu Lys Leu Lys 
405 	 410 	 415 

Glu Ile Ile Ile Gin Lys Val Asp Giu Ile Tyr Lys Val Tyr Gly Ser 
420 	 425 	 430 

Ser Glu Lys Leu Phe Asp Ala Asp Phe Val Leu Glu Lys Ser Leu Lys 
435 	 440 	 445 

Lys Asn Asp Ala Val Val Ala Ile Xaa Lys Asp Leu Leu Asp Ser Val 
450 	 455 	 460 

Lys Ser Phe Giu Asn Tyr Ile Lys Ala Phe Phe Gly Giu Gly Lys Glu 
465 	 470 	 475 	 480 

Thr Asn Arg Asp Glu Ser Phe Tyr Gly Asp Phe Val Leu Ala Tyr Asp 
485 	 490 	 495 

Ile Leu Leu Lys Val Asp His Ile Tyr Asp Ala Ile Arg Asn Tyr Val 
500 	 505 	 510 

Thr Gin Lys Pro Tyr Ser Lys Asp Lys Phe Lys Leu Tyr Phe Gin. Asn 
515 	 520 	 525 

Pro Gln Phe Xaa Gly Gly Trp Asp Lys Asp Lys Glu Thr Asp Tyr Arg 
530 	 535 	 540 

Ala Thr lie Leu Arg Tyr Gly Ser Lys Tyr Tyr Leu Ala Ile Xaa Asp 
545 	 550 	 555 	 560 

Lys Lys Tyr Ala Lys Cys Leu Gin Lys Ile Asp Lys Asp Asp Val Asn 
565 	 570 	 575 

Gly Asn Tyr Glu Lys lie Asn Tyr Lys Leu Leu Pro Gly Pro Asn Lys 
580 	 585 	 590 

Xaa Leu Pro Lys Val Phe Phe Ser Lys Lys Trp Xaa Ala Tyr Tyr Asn 
595 	 600 	 605 

Pro Ser Glu Asp Ile Gin Lys Ile Tyr Lys Asn Gly Thr Phe Lys Lys 
610 	 615 	 620 

Gly Asp Xaa Phe Asn Leu Asn Asp Cys His Lys Leu Ile Asp Phe Phe 
625 	 630 	 635 	 640 

Lys Asp Ser Ile Ser Arg Tyr Pro Lys Trp Ser Asn Ala Tyr Asp Phe 
645 	 650 	 655 

Asn Phe Ser Glu Thr Glu Lys Tyr Lys Asp Ile Ala Gly Phe Tyr Arg 
660 	 665 	 670 

Glu Val Glu Glu Gin Gly Tyr Lys Val Ser Phe Glu Ser Ala Ser Lys 
675 	 680 	 685 

Lys Glu Val Asp Lys Leu Val Glu Glu Gly Lys Leu Tyr Xaa Phe Gin 
690 	 695 	 700 

lie Tyr Asn Lys Asp Phe Ser Asp Lys Ser His Gly Thr Pro Asn Leu 
29 401X1 
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705 	 710 	 715 	 720 

His Thr Xaa Tyr Phe Lys Leu Leu Phe Asp Glu Asn Asn His Gly Gin 
725 	 730 	 735 

Ile Arg Leu Ser Gly Gly Ala Glu Leu Phe Xaa Arg Arg Ala Ser Leu 
740 	 745 	 750 

Lys Lys Glu Glu Leu Val Val His Pro Ala Asn Ser Pro Ile Ala Asn 
755 	 760 	 765 

Lys Asn Pro Asp Asn Pro Lys Lys Thr Thr Thr Leu Ser Tyr Asp Val 
770 	 775 	 780 

Tyr Lys Asp Lys Arg Phe Ser Glu Asp Gln Tyr Glu Leu His Ile Pro 
785 	 790 	 795 	 800 

Ile Ala Ile Asn Lys Cys Pro Lys Asn Ile Phe Lys Ile Asn Thr Glu 
805 	 810 	 815 

Val Arg Val, Leu Leu Lys His Asp Asp Asn Pro Tyr Val Ile Gly Ile 
820 	 825 	 830 

Asp Arg Gly Glu Arg Asn Leu Leu'Tyr Ile Val Val Val Asp Gly Lys 
835 	 840 	 845 

Gly Asn Ile Val Glu Gln Tyr Ser Leu Asn Giu Ile Ile Asn Asn Phe 
850 	 855 	 860 

Asn Gly Ile Arg Ile Lys Thr Asp Tyr His Ser Leu Leu Asp Lys Lys 
865 	 870 	 875 	 880 

Glu Lys Glu Arg Phe Giu Ala Arg Gln Asn Trp Thr Ser Ile Glu Asn 
885 	 890 	 895 

Ile Lys Glu Leu Lys Ala Gly Tyr Ile Ser Gln Val Val His Lys Ile 
900 	 905 	 910 

Cys Glu Leu Val Glu Lys Tyr Asp Ala Val Ile Ala Leu Glu Asp Leu 
915 	 920 	 925 

Asn Ser Gly Phe Lys Asn Ser Arg Val Lys Val Glu Lys Gln Val Tyr 
930 	 935 	 940 

Gln Lys Phe Glu Lys Xaa Leu Ile Asp Lys Leu Asn Tyr Xaa Val Asp 
945 	 950 	 955 	 960 

Lys Lys Ser Asn Pro Cys Ala Thr Gly Gly Ala Leu Lys Gly Tyr Gln 
965 	 970 	 975 

Ile Thr Asn Lys Phe Glu Ser Phe Lys Ser Xaa Ser Thr Gln Asn Gly 
980 	 985 	 990 

Phe Ile Phe Tyr Ile Pro Ala Trp Leu Thr Ser Lys Ile Asp Pro Ser 
995 	 1000 	 1005 

Thr Gly Phe Val Asn Leu Leu Lys Thr Lys Tyr Thr Ser Ile Ala Asp 
1010 	 1015 	 1020 

Ser Lys Lys Phe Ile Ser Ser Phe Asp Arg Ile Xaa Tyr Val Pro Glu 
1025 	 1030 	 1035 	 1040 

Glu Asp Leu Phe Glu Phe Ala Leu Asp Tyr Lys Asn Phe Ser Arg Thr 
1045 	 1050 	 1055 

Asp Ala Asp Tyr Ile Lys Lys Trp Lys Leu Tyr Ser Tyr Gly-Asn Arg 
1060 	 1065 	 1070 
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Ile Arg Ile Phe Ala Ala Ala Lys Lys Asn Asn Val Phe Ala Trp Glu 

	

1075 	 1080 	 1085 

Glu Val . Cys Leu Thr Ser Ala Tyr Lys Glu Leu Phe Asn Lys Tyr Gly 

	

1090 	 1095 	 1100 

Ile Asn Tyr Gln Gln Gly Asp Ile Arg Ala Leu Leu Cys Glu Gln Ser 
1105 	 1110 	 1115 	 1120 

Asp Lys Ala Phe Tyr Ser Ser Phe Xaa Ala Leu Xaa Ser Leu Xaa Leu 

	

1125 	 1130 	 1135 

Gln Xaa Arg Asn Ser Ile Thr Gly Arg Thr Asp Val Asp Phe Leu Ile 

	

1140 	 1145 	 1150 

Ser Pro Val Lys Asn Ser Asp Gly Ile Phe Tyr Asp Ser Arg Asn Tyr 

	

1155 	 1160 	 1165 

Glu Ala Gln Glu Asn Ala Ile Leu Pro Lys Asn Ala Asp Ala Asn Gly 

	

1170 	 1175 	 1180 

Ala Tyr Asn Ile Ala Arg Lys Val Leu Trp Ala Ile Gly Gin Phe Lys 
1185 	 1190 	 1195 	 1200 

Lys Ala Glu Asp Glu Lys Leu Asp Lys Val Lys Ile Ala Ile Ser Asn 

	

1205 	 1210 	 1215 

Lys Glu Trp Leu Glu Tyr Ala Gin Thr Ser Val Lys 

	

1220 	 1225 

<210> 	11 
<211> 	1300 
<212> 	PRT 
<213> 	Artificial Sequence 

<220> 
<223> 	FnCasl2a 

<400> 	11 
Met Ser Ile Tyr Gln Glu Phe Val Asn Lys Tyr Ser Leu Ser Lys Thr 

	

1 	 5 	 10 	 15 

Leu Arg Phe Glu Leu Ile Pro Gin Gly Lys Thr Leu Glu Asn Ile Lys 

	

20 	 25 	 30 

Ala Arg Gly Leu Ile Leu Asp Asp Glu Lys Arg Ala Lys Asp Tyr Lys 
35 	 40 	 45 

Lys Ala Lys Gln Ile Ile Asp Lys Tyr His Gln Phe Phe Ile Glu Glu 

	

50 	 55 	 60 

Ile Leu Ser Ser Val Cys Ile Ser Glu Asp Leu Leu Gln Asn Tyr Ser 

	

65 	 70 	 75 	 80 

Asp Val Tyr Phe Lys Leu Lys Lys Ser Asp Asp Asp Asn Leu Gln Lys 

	

85 	 90 
	

95 

Asp Phe Lys Ser Ala Lys Asp Thr Ile Lys Lys Gin Ile Ser Glu Tyr 

	

100 	 105 
	

110 

Ile Lys Asp Ser Glu Lys Phe Lys Asn Leu Phe Asn Gln Asn Leu Ile 

	

115 	 120 	 125 

Asp Ala Lys Lys Gly Gln Glu Ser Asp Leu Ile Leu Trp Leu Lys Gln 

	

130 	 135 	 140 
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Ser Lys Asp Asn Gly Ile Glu Leu Phe Lys Ala Asn Ser Asp Ile Thr 
145 	 150 	 155 	 160 

Asp Ile Asp Glu Ala Leu Glu Ile Ile Lys Ser Phe Lys Gly Trp Thr 
165 	 170 	 175 

Thr Tyr Phe Lys Gly Phe His Glu Asn Arg Lys Asn Val Tyr Ser Ser 
180 	 185 	 190 

Asn Asp Ile Pro Thr Ser Ile Ile Tyr Arg Ile Val Asp Asp Asn Leu 
195 	 200 	 205 

Pro Lys Phe Leu Glu Asn Lys Ala Lys Tyr Glu Ser Leu Lys Asp Lys 
210 	 215 	 220 

Ala Pro Glu Ala Ile Asn Tyr Glu Gin Ile Lys Lys Asp Leu Ala Glu 
225 	 230 	 235 	 240 

Glu Leu Thr Phe Asp Ile Asp Tyr Lys Thr Ser Glu Val Asn Gin Arg 
245 	 250 	 255 

Val Phe Ser Leu Asp Glu Val Phe Glu Ile Ala Asn Phe Asn Asn Tyr 
260 	 265 	 270 

Leu Asn Gln Ser Gly Ile Thr Lys Phe Asn Thr Ile Ile Gly Gly Lys 
275 	 280 	 285 

Phe Val Asn Gly Glu Asn Thr Lys Arg Lys Gly Ile Asn Glu Tyr Ile 
290 	 295 	 300 

Asn Leu Tyr Ser Gln Gln Ile Asn Asp Lys Thr Leu Lys Lys Tyr Lys 
305 	 310 	 315 	 320 

Met Ser Val Leu Phe Lys Gln Ile Leu Ser Asp Thr Glu Ser Lys Ser 
325 	 330 	 335 

Phe Val Ile Asp Lys Leu Glu Asp Asp Ser Asp Val Val Thr Thr Met 
340 	 345 	 350 

Gln Ser Phe Tyr Glu Gln Ile Ala Ala Phe Lys Thr Val Glu Glu Lys 
355 	 360 	 365 

Ser Ile Lys Glu Thr Leu Ser Leu Leu Phe Asp Asp Leu Lys Ala Gln 
370 	 375 	 380 

Lys Leu Asp Leu Ser Lys Ile Tyr Phe Lys Asn Asp Lys Ser Leu Thr 
385 	 390 	 395 	 400 

Asp Leu Ser Gln Gln Val Phe Asp Asp Tyr Ser Val Ile Gly Thr Ala 
405 	 410 	 415 

Val Leu Glu Tyr Ile Thr Gln Gln Ile Ala Pro Lys Asn Leu Asp Asn 
420 	 425 	 430 

Pro Ser Lys Lys Glu Gln Glu Leu Ile Ala Lys Lys Thr Glu Lys Ala 
435 	 440 	 445 

Lys Tyr Leu Ser Leu Glu Thr Ile Lys Leu Ala Leu Glu Glu Phe Asn 
450 	 455 	 460 

Lys His Arg Asp Ile Asp Lys Gln Cys Arg Phe Glu Glu Ile Leu Ala 
465 	 470 	 475 	 480 

Asn Phe Ala Ala Ile Pro Met Ile Phe Asp Glu Ile Ala Gln Asn Lys 
485 	 490 	 495 

Asp Asn Leu Ala Gln Ile Ser Ile Lys Tyr Gin Asn Gln Gly Lys Lys 
500 	 505 	 510 
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Asp Leu Leu Gln Ala Ser Ala Glu Asp Asp Val Lys Ala Ile Lys Asp 
515 	 520 
	

525 

Leu Leu Asp Gln Thr Asn Asn Leu Leu His Lys Leu Lys Ile Phe His 
530 	 535 	 540 

Ile Ser Gln Ser Glu Asp Lys Ala Asn Ile Leu Asp Lys Asp Glu His 
545 	 550 	 555 	 560 

Phe Tyr Leu Val Phe Glu Glu Cys Tyr Phe Glu Leu Ala Asn Ile Val 
565 	 570 	 575 

Pro Leu Tyr Asn Lys Ile Arg Asn Tyr Ile Thr Gln Lys Pro Tyr Ser 
580 	 585 	 590  

Asp Glu Lys Phe Lys Leu Asn Phe Glu Asn Ser Thr Leu Ala Asn Gly 
595 	 600 	 605  

Trp Asp Lys Asn Lys Glu Pro Asp Asn Thr Ala Ile Leu Phe Ile Lys 
610 	 615 	 620 

Asp Asp Lys Tyr Tyr Leu Gly Val Met Asn Lys Lys Asn Asn Lys Ile 
625 	 630 	 635 	 640 

Phe Asp Asp Lys Ala Ile Lys Glu Asn Lys Gly Glu Gly Tyr Lys Lys 
645 
	

650 
	

655 

Ile Val Tyr Lys Leu Leu Pro Gly Ala Asn Lys Met Leu Pro Lys Val 
660 	 665 	 670  

Phe Phe Ser Ala Lys Ser Ile Lys Phe Tyr Asn Pro Ser Glu Asp Ile 
675 	 680 	 685 

Leu Arg Ile Arg Asn His Ser Thr His Thr Lys Asn Gly Ser Pro Gin 
690 	 695 	 700 

Lys Gly Tyr Glu Lys Phe Glu Phe Asn Ile Glu Asp Cys Arg Lys Phe 
705 	 710 	 715 	 720 

Ile Asp Phe Tyr Lys Gln Ser Ile Ser Lys His Pro Glu Trp Lys Asp 
725 	 730 	 735 

Phe Gly Phe Arg Phe Ser Asp Thr Gln Arg Tyr Asn Ser Ile Asp Glu 
740 	 745 	 750 

Phe Tyr Arg Glu Val Glu Asn Gln Gly Tyr Lys Leu Thr Phe Glu Asn 
755 	 760 	 765 

Ile Ser Glu Ser Tyr Ile Asp Ser Val Val Asn Gin Gly Lys Leu Tyr 
770 	 775 	 780 

Leu Phe Gln Ile Tyr Asn Lys Asp Phe Ser Ala Tyr Ser Lys Gly Arg 
785 
	

790 	 795 
	

800 

Pro Asn Leu His Thr Leu Tyr Trp Lys Ala Leu Phe Asp Glu Arg Asn 
805 	 810 	 815  

Leu Gln Asp Val Val Tyr Lys Leu Asn Gly Glu Ala Glu Leu Phe Tyr 
820 	 825 	 830  

Arg Lys Gin Ser Ile Pro Lys Lys Ile Thr His Pro Ala Lys Glu Ala 
835 	 840 	 845 

Ile Ala Asn Lys Asn Lys Asp Asn Pro Lys Lys Glu Ser Val Phe Glu 
850 
	

855 
	

860 

Tyr Asp Leu Ile Lys Asp Lys Arg Phe Thr Glu Asp Lys Phe Phe Phe 
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865 	 870 	 875 
	

880 

His Cys Pro Ile Thr Ile Asn Phe Lys Ser Ser Gly Ala Asn Lys Phe 

	

885 	 890 	 895 

Asn Asp Glu Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn Asp Val His 

	

900 	 905 	 910 

Ile Leu Ser lie Asp Arg Gly Glu Arg His Leu Ala Tyr Tyr Thr Leu 

	

915 	 920 	 925 

Val Asp Gly Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe Asn Ile Ile 

	

930 	 935 	 940 

Gly Asn Asp Arg Met Lys Thr Asn Tyr His Asp Lys Leu Ala Ala Ile 
945 	 950 	 955 	 960 

Glu Lys Asp Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys Ile Asn Asn 

	

965 	 970 	 975 

Ile Lys Glu Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile 

	

980 	 985 	 990 

Ala Lys Leu Val Ile Glu Tyr Asn Ala. Ile Val Val Phe Glu Asp Leu 

	

995 	 1000 	 1005 

Asn Phe Gly Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr 

	

1010 	 1015 	 1020 

Gln Lys Leu Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe 
1025 	 1030 	 1035 	 1040 

Lys Asp Asn Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln 

	

1045 	 1050 	 1055 

Leu Thr Ala Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly 

	

1060 	 1065 	 1070 

Ile Ile Tyr Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val 

	

1075 	 1080 	 1085 

Thr Gly Phe Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys 

	

1090 	 1095 	 1100 

Ser Gin Glu Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp 
1105 	 1110 	 1115 	 1120 

Lys Gly Tyr Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys 

	

1125 	 1130 	 1135 

Ala Ala Lys Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile 

	

1140 	 1145 	 1150 

Asn Phe Arg Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val 

	

1155 	 1160 	 1165 

Tyr Pro Thr Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu 

	

1170 	 1175 	 1180 

Tyr Gly His Gly Glu Cys lie Lys Ala Ala Ile Cys Gly Glu Ser Asp 
1185 	 1190 	 1195 	 1200 

Lys Lys Phe Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln 

	

1205 	 1210 	 1215 

Met Arg Asn Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro 

	

1220 	 1225 	 1230 
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Val Ala Asp Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys 
1235 	 1240 	 1245 

Asn Met Pro Gin Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu 
1250 	 1255 	 1260 

Lys Gly Leu Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys 
1265 	 1270 	 1275 	 1280 

Lys Leu Asn Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln 
1285 	 1290 	 1295 

Asn Arg Asn Asn 
1300 

<210> 	12 
<211> 	19 
<212> 	RNA 
<213> 	Artificial Sequence 

<220> 
<223> 	5'-handle RNA 

<400> 	12 
aauuucuacu guuguagau 

<210> 	13 
<211> 	1263 
<212> 	PRT 
<213> 	Artificial Sequence 

<220> 
<223> 	d_mgCas12a-1 

<400> 	13 
Met Asn Asn Gly Thr Asn Asn Phe Gln Asn 

	

1 	 5 	 10 

Leu Gln Lys Thr Leu Arg Asn Ala Leu Ile 

	

20 	 25 

GIn Phe Ile Val Lys Asn Gly Ile Ile Lys 
35 	 40 

Glu Asn Arg GIn Ile Leu Lys Asp Ile Met 

	

50 	 55 

Phe Ile Ser Glu Thr Leu Ser Ser Ile Asp 

	

65 	 70 

Leu Phe Glu Lys Met Glu Ile Gln Leu Lys 

	

85 	 90 

Thr Leu Ile Lys Glu Gln Ala Glu Lys Arg 

	

100 	 105 

Phe Ala Asp Asp Asp Arg Phe Lys Asn Met 
115 	 120 

Ser Asp Ile Leu Pro Glu Phe Val Ile His 

	

130 	 135 

Ser Glu Lys Glu Glu Lys Thr Gln Val Ile 
145 	 150 

19 

Phe Ile Gly Ile Ser Ser 
15 

Pro Thr Glu Thr Thr Gin 
30 

Glu Asp Glu Leu Arg Gly 
45 

Asp Asp Tyr Tyr Arg Gly 
60 

Asp Ile Asp Trp Thr Ser 

	

75 	 80 

Asn Gly Asp Asn Lys Asp 
95 

Lys Ala Ile Tyr Lys Lys 
110 

Phe Ser Ala Lys Leu Ile 
125 

Asn Asn Asn Tyr Ser Ala 
140 

Lys Leu Phe Ser Arg Phe 

	

155 
	

160 
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Ala Thr Ser Phe Lys Asp Tyr Phe Lys Asn Arg Ala Asn Cys Phe Ser 
165 	 170 	 175 

Ala Asp Asp Ile Ser Ser Ser Ser Cys His Arg Ile Val Asn Asp Asn 
180 	 185 	 190 

Ala Glu Ile Phe Phe Ser Asn Ala Leu Val Tyr Arg Arg Ile Val Lys 
195 	 200 	 205 

Asn Leu Ser Asn Asp Asp Ile Asn Lys lie Ser Gly Asp Ile Lys Asp 
210 	 215 	 220 

Ser Leu Lys Glu Met Ser Leu Glu Glu Ile Tyr Ser Tyr Glu Lys Tyr 
225 	 230 
	

235 	 240 

Gly Glu Phe Ile Thr Gln Glu Gly Ile Ser Phe Tyr Asn Asp Ile Cys 
245 
	

250 	 255 

Gly Lys Val Asn Ser Phe Met Asn Leu Tyr Cys Gln Lys Asn Lys Glu 
260 	 265 	 270 

Asn Lys Asn Leu Tyr Lys Leu Arg Lys Leu His Lys Gln Ile Leu Cys 
275 	 280 	 285 

Ile Ala Asp Thr Ser Tyr Glu Val Pro Tyr Lys Phe Glu Ser Asp Glu 
290 	 295 	 300 

Glu Val Tyr Gln Ser Val Asn Gly Phe Leu Asp Asn Ile Ser Ser Lys 
305 	 310 	 315 	 320 

His Ile Val Glu Arg Leu Arg Lys Ile Gly Asp Asn Tyr Asn Gly Tyr 
325 	 330 	 335 

Asn Leu Asp Lys Ile Tyr Ile Val Ser Lys Phe Tyr Glu Ser Val Ser 
340 	 345 	 350 

Gln Lys Thr Tyr Arg Asp Trp Glu Thr Ile Asn Thr Ala Leu Glu Ile 
355 	 360 	 365 

His Tyr Asn Asn Ile Leu Pro Gly Asn Gly Lys Ser Lys Ala Asp Lys 
370 	 375 	 380 

Val Lys Lys Ala Val Lys Asn Asp Leu Gln Lys Ser Ile Thr Glu Ile 
385 	 390 
	

395 	 400 

Asn Glu Leu Val Ser Asn Tyr Lys Leu Cys Pro Asp Asp Asn Ile Lys 
405 	 410 	 415 

Ala Glu Thr Tyr Ile His Glu Ile Ser His Ile Leu Asn Asn Phe Glu 
420 	 425 	 430 

Ala Gln Glu Leu Lys Tyr Asn Pro Glu Ile His Leu Val Glu Ser Glu 
435 	 440 	 445 

Leu Lys Ala Ser Glu Leu Lys Asn Val Leu Asp Val Ile Met Asn Ala 
450 	 455 	 460 

Phe His Trp Cys Ser Val Phe Met Thr Glu Glu Leu Val Asp Lys Asp 
465 	 470 
	

475 	 480 

Asn Asn Phe Tyr Ala Glu Leu Glu Glu Ile Tyr Asp Glu Ile Tyr Thr 
485 	 490 	 495 

Val Ile Ser Leu Tyr Asn Leu Val Arg Asn Tyr Val Thr Gln Lys Pro 
500 
	

505 	 510 

Tyr Ser Thr Lys Lys Ile Lys Leu Asn Phe Gly Ile Pro Thr Leu Ala 
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515 
	

520 
	

525 

Asp Gly Trp Ser Lys Ser Lys Glu Tyr Ser Asn Asn Ala Ile Ile Leu 
530 
	

535 	 540 

Met Arg Asp Asn Leu Tyr Tyr Leu Gly Ile Phe Asn Ala Lys Asn Lys 
545 	 550 	 555 	 560 

Pro Asp Lys Lys Ile Ile Glu Gly Asn Thr Ser Glu Asn Lys Gly Asp 
565 
	

570 
	

575 

Tyr Lys Lys Met Ile Tyr Asn Leu Leu Pro Gly Pro Asn Lys Met Ile 
580 
	

585 
	

590 

Pro Lys Val Phe Leu Ser Ser Lys Thr Gly Val Glu Thr Tyr Lys Pro 
595 	 600 	 605 

Ser Ala Tyr Ile Leu Glu Gly Tyr Lys Gin Asn Lys His Leu Lys Ser 
610 
	

615 
	

620 

Ser Lys Asp Phe Asp Ile Thr Phe Cys His Asp Leu Ile Asp Tyr Phe 
625 	 630 	 635 	 640 

Lys Asn Cys Ile Ala Ile His Pro Glu Trp Lys Asn Phe Gly Phe Asp 
645 
	

650 	 655 

Phe Ser Asp Thr Ser Thr Tyr Glu Asp Ile Ser Gly Phe Tyr Arg Glu 
660 
	

665 
	

670 

Val Glu Leu Gln Gly Tyr Lys Ile Asp Trp Thr Tyr Ile Ser Glu Lys 
675 
	

680 
	

685 

Asp Ile Asp Leu Leu Gln Glu Lys Gly Gln Leu Tyr Leu Phe Gln Ile 
690 	 695 
	

700 

Asn Lys Asp Phe Ser Lys Lys Ser Thr Gly Asn Asp Asn Leu His 
710 
	

715 
	

720 

Met Tyr Leu Lys Asn Leu Phe Ser Glu Glu Asn Leu Lys Asp Ile 
725 

Val Leu Lys Leu Asn Gly Glu Ala Glu Ile Phe Phe Arg Lys Ser Ser 
740 	 745 	 750 

Ile Lys Asn Pro Ile Ile His Lys Lys Gly Ser Ile Leu Val Asn Arg 
755 	 760 	 765 

Thr Tyr Glu Ala Glu Giu Lys Asp Gln Phe Gly Asn Ile Gln Ile Val 
770 
	

775 	 780 

Arg Lys Thr Ile Pro Glu Asn Ile Tyr Gln Glu Leu Tyr Lys Tyr Phe 
785 	 790 	 795 	 800 

Asn Asp Lys Ser Asp Lys Glu Leu Ser Asp Glu Ala Ala Lys Leu Lys 
805 
	

810 
	

815 

Asn Val Val Gly His His Glu Ala Ala Thr Asn Ile Val Lys Asp Tyr 
820 
	

825 
	

830 

Arg Tyr Thr Tyr Asp Lys Tyr Phe Leu His Met Pro Ile Thr Ile Asn 
835 
	

840 	 845 

Phe Lys Ala Asn Lys Thr Ser Phe Ile Asn Asp Arg Ile Leu Gln Tyr 
850 	 855 	 860 

Ile Ala Lys Glu Lys Asn Leu His Val Ile Gly Ile Ala Arg Gly Giu 
865 	 870 	 875 
	

880 
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Arg Asn Leu Ile Tyr Val Ser Val Ile Asp Thr Cys Gly Asn Ile Val 

	

885 	 890 	 895 

Glu Gln Lys Ser Phe Asn Ile Val Asn Gly Tyr Asp Tyr Gln Ile Lys 

	

900 	 905 	 910 

Leu Lys Gln Gln Glu Gly Ala Arg Gln Ile Ala Arg Lys Glu Trp Lys 

	

915 	 920 	 925 

Glu Ile Gly Lys Ile Lys Glu Ile Lys Glu Gly Tyr Leu Ser Leu Val 

	

930 	 935 	 940 

Ile His Glu Ile Ser Lys Met Val Ile Lys Tyr Asn Ala Ile Ile Ala 
945 	 950 	 955 	 960 

Met Glu Asp Leu Ser Tyr Gly Phe Lys Lys Gly Arg Phe Lys Val Glu 

	

965 	 970 	 975 

Arg Gln Val Tyr Gln Lys Phe Glu Thr Met Leu lie Asn Lys Leu Asn 

	

980 	 985 	 990 

Tyr Leu Val Phe Lys Asp Ile Ser Ile Thr Glu Asn Gly Gly Leu Leu 

	

995 	 1000 	 1005 

Lys Gly Tyr Gln Leu Thr Tyr Ile Pro Asp Lys Leu Lys Asn Val Gly 

	

1010 	 1015 	 1020 

His Gln Cys Gly Cys Ile Phe Tyr Val Pro Ala Ala Tyr Thr Ser Lys 
1025 	 1030 	 1035 	 1040 

Ile Asp Pro Thr Thr Gly Phe Val Asn Ile Phe Lys Phe Lys Asp Leu 

	

1045 	 1050 	 1055 

Thr Val Asp Ala Lys Arg Glu Phe Ile Lys Lys Phe Asp Ser Ile Arg 

	

1060 	 1065 	 1070 

Tyr Asp Ser Glu Lys Lys Leu Phe Cys Phe Thr Phe Asp Tyr Asn Asn 

	

1075 	 1080 	 1085 

Phe Ile Thr Gin Asn Thr Val Met Ser Lys Ser Ser Trp Ser Val Tyr 

	

1090 	 1095 	 1100 

Thr Tyr Gly Val Arg Ile Lys Arg Arg Phe Val Asn Gly Arg Phe Ser 
1105 	 1110 	 1115 	 1120 

Asn Glu Ser Asp Thr Ile Asp Ile Thr Lys Asp Met Glu Lys Thr Leu 

	

1125 	 1130 	 1135 

Glu Met Thr Asp Ile Asn Trp Arg Asp Gly His Asp Leu Arg Gln Asp 

	

1140 	 1145 	 1150 

Ile Ile Asp Tyr Glu Ile Val Gln His Ile Phe Glu Ile Phe Arg Leu 

	

1155 	 1160 	 , 1165 

Thr Val Gin Met Arg Asn Ser Leu Ser Glu Leu Glu Asp Arg Asp Tyr 

	

1170 	 1175 	 1180 

Asp Arg Leu Ile Ser Pro Val Leu Asn Glu Asn Asn Ile Phe Tyr Asp 
1185 	 1190 	 1195 	 1200 

Ser Ala Lys Ala Gly Asp Ala Leu Pro Lys Asp Ala Asp Ala Asn Gly 

	

1205 	 1210 	 1215 

Ala Tyr Cys Ile Ala Leu Lys Gly Leu Tyr Glu Ile Lys Gln Ile Thr 

	

1220 	 1225 	 1230 

Glu Asn Trp Lys Glu Asp Gly Lys Phe Ser Arg Asp Lys Leu Lys Ile 

	

1235 	 1240 	 1245 
38 401XI 
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Ser Asn Lys Asp Trp Phe Asp Phe Ile Gin Asn Lys Arg Tyr Leu 

	

1250 	 1255 	 1260 

<210> 	14 
<211> 	1275 
<212> 	PAT 
<213> 	Artificial Sequence 

<220> 
<223> 	d_mgCas12a-2 

<400> 	14 
Met Gly Lys Asn Gln Asn Phe Gln Glu Phe Ile Gly Val Ser Pro Leu 

	

1 	 5 	 10 	 15 

Gln Lys Thr Leu Arg Asn Glu Leu Ile Pro Thr Glu Thr Thr Lys Lys 

	

20 	 25 	 30 

Asn Ile Thr Gln Leu Asp Leu Leu Thr Glu Asp Glu Ile Arg Ala Gln 
35 	 40 	 45 

Asn Arg Glu Lys Leu Lys Glu Met Met Asp Asp Tyr Tyr Arg Asn Val 

	

50 	 55 	 60 

Ile Asp Ser Thr Leu His Val Gly Ile Ala Val Asp Trp Ser Tyr Leu 

	

65 	 70 	 75 	 80 

Phe Ser Cys Met Arg Asn His Lou Arg Glu Asn Ser Lys Glu Ser Lys 

	

85 	 90 	 95 

Arg Glu Leu Glu Arg Thr Gln Asp Ser Ile Arg Ser Gln Ile His Asn 

	

100 	 105 	 110 

Lys Phe Ala Glu Arg Ala Asp Phe Lys Asp Met Phe Gly Ala Ser Ile 
115 	 120 	 125 

Ile Thr Lys Leu Leu Pro Thr Tyr Ile Lys Gln Asn Ser Glu Tyr Ser 

	

130 	 135 	 140 

Glu Arg Tyr Asp Glu Ser Met Glu Ile Leu Lys Leu Tyr Gly Lys Phe 
145 	 150 	 155 	 160 

Thr Thr Ser Leu Thr Asp Tyr Phe Glu Thr Arg Lys Asn Ile Phe Ser 

	

165 	 170 	 175 

Lys Glu Lys Ile Ser Ser Ala Val Gly Tyr Arg Ile Val Glu Glu Asn 

	

180 	 185 	 190 

Ala Glu Ile Phe Leu Gln Asn Gln Asn Ala Tyr Asp Arg Ile Cys Lys 
195 	 200 	 205 

Ile Ala Gly Leu Asp Leu His Gly Leu Asp Asn Glu Ile Thr Ala Tyr 

	

210 	 215 	 220 

Val Asp Gly Lys Thr Lou Lys Glu Val Cys Ser Asp Glu Gly Phe Ala 
225 	 230 	 235 	 240 

Lys Ala Ile Thr Gln Glu Gly Ile Asp Arg Tyr Asn Glu Ala Ile Gly 

	

245 	 250 	 255 

Ala Val Asn Gln Tyr Met Asn Leu Leu Cys Gln Lys Asn Lys Ala Leu 

	

260 	 265 	 270 

39 ftil 01X1 
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Lys Pro Gly Gln Phe Lys Met Lys Arg Leu His Lys Gln Ile Leu Cys 

275 	 280 	 285 

Lys Gly Thr Thr Ser Phe Asp Ile Pro Lys Lys Phe Glu Asn Asp Lys 
290 	 295 	 300 

Gln Val Tyr Asp Ala Val Asn Ser Phe Thr Glu Ile Val Thr Lys Asn 
305 	 310 	 315 	 320 

Asn Asp Leu Lys Arg Leu Leu Asn Ile Thr Gln Asn Ala Asn Asp Tyr 
325 	 330 	 335 

Asp Met Asn Lys Ile Tyr Val Val Ala Asp Ala Tyr Ser Met Ile Ser 
340 	 345 	 350 

Gln Phe Ile Ser Lys Lys Trp Asn Leu Ile Glu Glu Cys Leu Leu Asp 
355 	 360 	 365 

Tyr Tyr Ser Asp Asn Leu Pro Gly Lys Gly Asn Ala Lys Glu Asn Lys 
370 	 375 	 380 

Val Lys Lys Ala Val Lys Glu Glu Thr Tyr Arg Ser Val Ser Gln Leu 
385 	 390 	 395 	 400 

Asn Glu Val Ile Glu Lys Tyr Tyr Val Glu Lys Thr Gly Gln Ser Val 
405 	 410 	 415 

Trp Lys Val Glu Ser Tyr Ile Ser Ser Leu Ala Glu Met Ile Lys Leu 
420 	 425 	 430 

Glu Leu Cys His Glu Ile Asp Asn Asp Glu Lys His Asn Leu Ile Glu 
435 	 440 	 445 

Asp Asp Glu Lys Ile Ser Glu Ile Lys Glu Leu Leu Asp Met Tyr Met 
450 	 455 	 460 

Asp Val Phe His Ile Ile Lys Val Phe Arg Val Asn Glu Val Leu Asn 
465 	 470 	 475 	 480 

Phe Asp Glu Thr Phe Tyr Ser Glu Met Asp Glu Ile Tyr Gln Asp Met 
485 	 490 	 495 

Gin Glu Ile Val Pro Leu Tyr Asn His Val Arg Asn Tyr Val Thr Gin 
500 	 505 	 510 

Lys Pro Tyr Lys Gln Glu Lys Tyr Arg Leu Tyr Phe His Thr Pro Thr 
515 	 520 	 525 

Leu Ala Asn Gly Trp Ser Lys Ser Lys Glu Tyr Asp Asn Asn Ala Ile 
530 	 535 	 540 

Ile Leu Val Arg Glu Asp Lys Tyr Tyr Leu Gly Ile Leu Asn Ala Lys 
545 	 550 	 555 	 560 

Lys Lys Pro Ser Lys Glu Ile Met Ala Gly Lys Glu Asp Cys Ser Glu 
565 	 570 	 575 

His Ala Tyr Ala Lys Met Asn Tyr Tyr Leu Leu Pro Gly Ala Asn Lys 
580 	 585 	 590 

Met Leu Pro Lys Val Phe Leu Ser Lys Lys Gly Ile Gln Asp Tyr His 
595 	 600 	 605 

Pro Ser Ser Tyr Ile Val Glu Gly Tyr Asn Glu Lys Lys His Ile Lys 
610 	 615 	 620 

Gly Ser Lys Asn Phe Asp Ile Arg Phe Cys Arg Asp Leu Ile Asp Tyr 
625 	 630 	 635 	 640 

40 R1101 X1 
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Phe Lys Glu Cys Ile Lys Lys His Pro Asp Trp Asn Lys Phe Asn Phe 
645 	 650 	 655 

Glu Phe Ser Ala Thr Glu Thr Tyr Glu Asp Ile Ser Val Phe Tyr Arg 
660 	 665 	 670 

Glu Val Glu Lys Gin Gly Tyr Arg Val Glu Trp Thr Tyr Ile Asn Ser 
675 	 680 	 685 

Glu Asp Ile Gln Lys Leu Glu Glu Asp Gly Gln Leu Phe Leu Phe Gln 
690 	 695 	 700 

Ile Tyr Asn Lys Asp Phe Ala Val Gly Ser Thr Gly Lys Pro Asn Leu 
705 	 710 	 715 	 720 

His Thr Leu Tyr Leu Lys Asn Leu Phe Ser Glu Glu Asn Leu Arg Asp 
725 	 730 	 735 

Ile Val Leu Lys Leu Asn Gly Glu Ala Glu Ile Phe Phe Arg Lys Ser 
740 	 745 	 750 

Ser Val Gln Lys Pro Val Ile His Lys Cys Gly Ser Ile Leu Val Asn 
755 	 760 
	

765 

Arg Thr Tyr Glu Ile Thr Glu Ser Gly Thr Thr Arg Val Gin Ser Ile 
770 	 775 	 780 

Pro Glu Ser Glu Tyr Met Glu Leu Tyr Arg Tyr Phe Asn Ser Glu Lys 
785 	 790 	 795 	 800 

Gln Ile Glu Leu Ser Asp Glu Ala Lys Lys Tyr Leu Asp Lys Val Gln 
805 	 810 	 815 

Cys Asn Lys Ala Lys Thr Asp Ile Val Lys Asp Tyr Arg Tyr Thr Met 
820 	 825 	 830 

Asp Lys Phe Phe Ile His Leu Pro Ile Thr Ile Asn Phe Lys Val Asp 
835 	 840 	 845 

Lys Gly Asn Asn Val Asn Ala Ile Ala Gln Gln Tyr Ile Ala Gly Arg 
850 	 855 	 860 

Lys Asp Leu His Val Ile Gly Ile Ala Arg Gly Glu Arg Asn Leu Ile 
865 	 870 	 875 	 880 

Tyr Val Ser Val Ile Asp Met Tyr Gly Arg Ile Leu Glu Gin Lys Ser 
885 	 890 
	

895 

Phe Asn Leu Val Glu Gln Val Ser Ser Gln Gly Thr Lys Arg Tyr Tyr 
900 	 905 	 910 

Asp Tyr Lys Glu Lys Leu Gin Asn Arg Glu Glu Glu Arg Asp Lys Ala 
915 	 920 	 925 

Arg Lys Ser Trp Lys Thr Ile Gly Lys Ile Lys Glu Leu Lys Glu Gly 
930 	 935 	 940 

Tyr Leu Ser Ser Val Ile His Glu Ile Ala Gln Met Val Val Lys Tyr 
945 	 950 	 955 	 960 

Asn Ala Ile Ile Ala Met Glu Asp Leu Asn Tyr Gly Phe Lys Arg Gly 
965 	 970 	 975 

Arg Phe Lys Val Glu Arg Gin Val Tyr Gln Lys Phe Glu Thr Met Leu 
980 	 985 	 990 

Ile Ser Lys Leu Asn Tyr Leu Ala Asp Lys Ser Gin Ala Val Asp Glu 
41 ft1101X1 
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995 	 1000 	 1005 

Pro Gly Gly Ile Leu Arg Giy Tyr Gln Met Thr Tyr Val Pro Asp Asn 
1010 	 1015 	 1020 

lie Lys Asn Val Gly Arg Gin Cys Gly Ile Ile Phe Tyr Val Pro Ala 
1025 	 1030 	 1035 	 1040 

Ala Tyr Thr Ser Lys Ile Asp Pro Thr Thr Gly Phe Ile Asn Ala Phe 
1045 	 1050 	 1055 

Lys Arg Asp Val Val Ser Thr Asn Asp Ala Lys Glu Asn Phe Leu Met 
1060 	 1065 	 1070 

Lys Phe Asp Ser Ile Gln Tyr Asp Ile Glu Lys Giy Leu Phe Lys Phe 

	

1075 	 1080 	 1085 

Ser Phe Asp Tyr Lys Asn Phe Ala Thr His Lys Leu Thr Leu Ala Lys 
1090 	 1095 	 1100 

Thr Lys Trp Asp Val Tyr Thr Asn Gly Thr Arg Ile Gln Asn Met Lys 
1105 	 1110 	 1115 	 1120 

Val Glu Gly His Trp Leu Ser Met Glu Val Glu Leu Thr Thr Lys Met 
1125 	 1130 	 1135 

Lys Glu Leu Leu Asp Asp Ser His Ile Pro Tyr Glu Glu Gly Gin Asn 
1140 	 1145 	 1150 

Ile Leu Asp Asp Leu Arg Glu Met Lys Asp Ile Thr Thr Ile Val Asn 

	

1155 	 1160 	 1165 

Gly Ile Leu Glu Ile Phe Trp Leu Thr Val Gln Leu Arg Asn Ser Arg 
1170 	 1175 	 1180 

Ile Asp Asn Pro Asp Tyr Asp Arg Ile Ile Ser Pro Val Leu Asn Lys 
1185 	 1190 	 1195 	 1200 

Asn Gly Glu Phe Phe Asp Ser Asp Glu Tyr Asn Ser Tyr Ile Asp Ala 
1205 	 1210 	 1215 

Gln Lys Ala Pro Leu Pro Ile Asp Ala Asp Ala Asn Gly Ala Phe Cys 
1220 	 1225 	 1230 

Ile Ala Leu Lys Gly Met Tyr Thr Ala Asn Gln Ile Lys Glu Asn Trp 

	

1235 	 1240 	 1245 

Val Glu Gly Glu Lys Leu Pro Ala Asp Cys Leu Lys Ile Glu His Ala 
1250 	 1255 	 1260 

Ser Trp Leu Ala Phe Met Gin Gly Glu Arg Gly 
1265 	 1270 	 1275 

<210> 	15 
<211> 	53 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	CCR5 Adapter primer sequence (5'-3') 

<400> 	15 
tcgtcggcag cgtcagatgt gtataagaga cagggtattt ctgttcagat cac 	 53 

<210> 	16 
42 11110IXI 
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<211> 	55 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	CCR5 Adapter primer sequence (51-3') 

<400> 	16 
gtctcgtggg ctcggagatg tgtataagag acaggcccat caattataga aagcc 	 55 

<210> 	17 
<211> 	53 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	DNMT1 Adapter primer sequence (5'-3') 

<400> 	17 
tcgtcggcag cgtcagatgt gtataagaga cagctgcaca cagcaggcct ttg 	 53 

<210> 	18 
<211> 	54 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	DNMT1 Adapter primer sequence (5'-31 

<400> 	18 
gtctcgtggg ctcggagatg tgtataagag acagcccaat aagtggcaga gtgc 	 54 

<210> 	19 
<211> 	28 
<212> 	RNA 
<213> 	Artificial Sequence 

<220> 
<223> 	NbFTa14_1/2-2 crRNA sequence(PAM site) 

<400> 	19 
tttggataat ttgtactctt gtcgatgt 	 28 

<210> 	20 
<211> 	28 
<212> 	RNA 
<213> 	Artificial Sequence 

<220> 
<223> 	NIDFTa14_1/2-4 crRNA sequence(PAM site) 

<400> 	20 
tttagtccac aaacagctaa gcccacat 	 28 

<210> 	21 
<211> 	20 
<212> 	DNA 
<213> 	Artificial Sequence 

43 111101X1 
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<220> 
<223> ' NGS NbFTa14_1 Forward pridier 

<400> 	21 
tgagctgaag atggattatg 	 20 

<210> 	22 
<211> 	20 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	NGS NbFTa14_1 Reverse primer 

<400> 	22 
tcatgcttaa gataaaagag 	 20 

<210> 	23 
<211> 	20 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	NGS NbFTa14_2 Forward primer 

<400> 	23 
tcatgagctt aagatggatc 	 20 

<210> 	24 
<211> 	20 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	NGS NbFTa14_2 Reverse primer 

<400> 	24 
gtttaagcta aaagaactac 	 20 

<210> 	25 
<211> 	43 
<212> 	RNA 
<213> 	Artificial Sequence 

<220> 
<223> 	LsXTb12 crRNA #1 

<400> 	25 
aatttctact aagtgtagat tcttcatcct caattccatc acc 	 43 

<210> 	26 
<211> 	43 
<212> 	RNA 
<213> 	Artificial Sequence 

<220> 
<223> 	LsXTb12 crRNA #2 

44 f1101 XI 
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