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Leu Gin
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50

Phe lle
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130
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KoPatentIn 3.0
1

1263

PRT
Artificial Sequence

mgCas 12a-1

Lys Thr Leu Arg Asn Ala
20

[le Val Lys Asn Gly lle

35 40

Arg Gin |le Leu Lys Asp
55

Ser Glu Thr Leu Ser Ser
70
Glu Lys Met Glu 1le Gln
85
[le Lys Glu Gin Ala Glu

100

Asp Asp Asp Arg Phe Lys
115 120

[le Leu Pro Glu Phe Val
135

Lys Glu Glu Lys Thr GIn
150

Ser Phe Lys Asp Tyr Phe
165
Asp lle Ser Ser Ser Ser
180

[le Phe Phe Ser Asn Ala
195 200

Ser Asn Asp Asp |le Asn
215

1
Met Asn Asn Gly Thr Asn Asn Phe GlIn
5

Leu

25
Ile
e
lle
Leu
Lys
105
Asn
Ile
Val
Lys
Cys
185

Leu

Lys

Ser Leu Lys Glu Met Ser Leu Glu Glu

225

230

Asn Phe
10
[le Pro
Lys Glu
Met Asp
Asp Asp
75
Lys Asn
90
Arg Lys
Met Phe
His Asn
[le Lys

155
Asn Arg

170
His Arg
vVal Tyr

[le Ser

[le Tyr
235

lle Gly |le Ser Ser
15

Thr Glu Thr Thr Gln
30
Asp Glu Leu Arg Gly
45

Asp Tyr Tyr Arg Gly

60

[le Asp Trp Thr Ser
80

Gly Asp Asn Lys Asp
95

Ala lle Tyr Lys Lys
110

Ser Ala Lys Leu lle
125

Asn Asn Tyr Ser Ala
140

Leu Phe Ser Arg Phe
160

Ala Asn Cys Phe Ser
175

fle Val Asn Asp Asn
190

Arg Arg tle Val Lys
205

Gly Asp ile Lys Asp
220

Ser Tyr Glu Lys Tyr
240
1 HOIX
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Gly
Gly
Asn
|le
Glu
305
His
Asn
Gln
His
Val
385
Asn
Ala
Ala
Leu
Phe
465
Asn
Val
Tyr
Asp
Met
545
Pro

Tyr

Pro

Glu Phe

Lys Val

Lys Asn
275

Ala Asp
290

Val Tyr

Ile Val

Leu Asp

Lys Thr
355

Tyr Asn
370

Lys Lys

Glu Leu

Glu Thr

GIn Glu
435

Lys Ala
450

His Trp
Asn Phe

Ile Ser

Ser Thr
515

Gly Trp
530

Arg Asp
Asp Lys

Lys Lys

Lys Val

[le Thr Gin Glu
245

Asn Ser Phe Met
260

Leu Tyr Lys Leu
Thr Ser Tyr Glu
295

GIn Ser Val Asn
310

Glu Arg Leu Arg
325

Lys tle Tyr lle
340

Tyr Arg Asp Trp
Asn lle Leu Pro
375

Ala Val Lys Asn
390

Val Ser Asn Tyr
405

Tyr lle His Glu
420

Leu Lys Tyr Asn
Ser Glu Leu Lys
455

Cys Ser Val Phe
470

Tyr Ala Glu Leu
485

Leu Tyr Asn Leu
500

Lys Lys lle Lys
Ser Lys Ser Lys
535

Asn Leu Tyr Tyr
550

Lys lle {te Glu
565

Met |le Tyr Asn
580

Phe Leu Ser Ser

Gly tle
Asn Leu
265

Arg Lys
280

Val Pro

Gly Phe

Lys |le

Val Ser
345

Glu Thr
360

Gly Asn

Asp Leu

Lys Leu

[le Ser
425

Pro Glu
440

Asn Val
Met Thr
Glu Glu
Val Arg

505

Leu Asn
520

Glu Tyr
Leu Gly
Gly Asn
Leu Leu

hH85
Lys Thr
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Ser Phe
250

Tyr Cys
Leu His
Tyr Lys
Leu Asp

315

Gly Asp
330

Lys Phe
Ile Asn
Gly Lys
Gin Lys

395

Cys Pro
410

His lle
fle His

Leu Asp

Glu Glu
475

[le Tyr

490

Asn Tyr

Phe Gly

Ser Asn

Ite Phe
585

Thr Ser

570

Pro Gly

Gly Val

Tyr Asn Asp |le Cys
255

Gin Lys Asn Lys Glu
270

Lys GIn |le Leu Cys
285

Phe Glu Ser Asp Glu
300

Asn tle Ser Ser Lys
320

Asn Tyr Asn Gly Tyr
335

Tyr Glu Ser Val Ser
350

Thr Ala Leu Glu |le
365

Ser Lys Ala Asp Lys
380

Ser lle Thr Glu lle
400

Asp Asp Asn ile Lys
415

Leu Asn Asn Phe Glu
430

Leu Val Glu Ser Glu
445

Val {le Met Asn Ala
460

Leu Val Asp Lys Asp

480

Asp Glu [le Tyr Thr
495

Val Thr Gln Lys Pro

510

Ile Pro Thr Leu Ala
525

Asn Ala Ile Ile Leu
540

Asn Ala Lys Asn Lys

560

Glu Asn Lys Gly Asp
575

Pro Asn Lys Met |le
530

Glu Thr Tyr Lys Pro
2 HOIX
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Ser
Ser
625
Lys
Phe
Val
Asp
Tyr
705
Thr
Val
lle
Thr
Arg
785
Asn
Asn
Arg
Phe
lle
865
Arg
Glu
Leu

Glu

Ile
945

295

610

600

907065GFS. txt

Lys Asp Phe Asp |le Thr Phe Cys His Asp
630 635

Asn Cys Iie Ala Ile His Pro Glu Trp Lys
' 650

Ser Asp Thr
660

Glu Leu GIn
675

[le Asp Leu
630

Asn Lys Asp

Met Tyr Leu

Leu Lys Leu

740

Asn Pro
755

Glu Ala

Lys
Tyr
770

Lys Thr |le

Asp Lys Ser

Val Val Gly

820

Thr Tyr
835

Ala Asn

Tyr

Lys
850

Ala Lys Glu

Asn Leu |le

Gin Lys Ser

900

GIn GIn
915

Lys
[ie Gly Lys
930

His Glu 1le

645

Ser Thr Tyr Glu Asp Ile Ser
665

Gly Tyr

Leu Gin

Phe Ser
710

Lys Asn
725

Asn Gly
Ite tle
Glu Glu
Pro Glu

790
Asp Lys
805
His His
Asp Lys

Lys Thr

Lys Asn
870

Lys Ile Asp
680

Glu Lys Gly
695

Lys Lys Ser
Leu Phe Ser

Glu Ala Glu
745

His Lys Lys
760

Lys Asp Gin
775

Asn {le Tyr

Glu Leu Ser

Trp
GIn
Thr
Glu
730
lle
Gly
Phe

GIn

Asp
810

Thr
Leu
i
Glu
Phe
Ser
Gly
Glu

795
Glu

Glu Ala Ala Thr Asn

825

Tyr Phe Leu
' 840

His

Met

Ser Phe |le Asn Asp

855

Leu His Val

e

Gly
875

605

Leu Ile Asp

Asn Phe Gly

Gly Phe Tyr

670

[le Ser
685

Leu Phe

Tyr
Tyr
700

Asn Asp Asn

Asn Leu Lys

Phe Arg Lys
750

Leu Val
765

[le GlIn

e

Asn
780

Leu Tyr Lys

Ala Ala Lys

[le Val Lys
830

Pro lie Thr
845

Arg |le Leu
860

Ile Asp Arg

Tyr Val Ser Val |le Asp Thr Cys Gly Asn

885

890

Phe Asn |le Val Asn Gly Tyr Asp Tyr 8%8

905

Glu Gly Ala Arg GIn Ile Ala Arg Lys Glu
920

925

lle Lys Glu Ile Lys Glu Gly Tyr Leu Ser
935

940

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

Tyr Phe
640

Phe Asp
655

Arg Glu

Glu Lys .

Gin 1le

Leu His
720

Asp lle
735

Ser Ser

Asn Arg

Ile Val

Tyr Phe
800

Leu Lys
815

Asp Tyr
[le Asn
GIn Tyr
Gly Glu

880
le Val
895
l1e Lys
Trp Lys

Leu Val

Ser Lys Met Val Ile Lys Tyr Asn Ala Ile ile Ala

950

955

3 HOIX

960
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Met Glu Asp Leu Ser Tyr Gly Phe Lys Lys Gly Arg Phe Lys Val Glu
965 970 a75

Arg Gln Val Tyr GIn Lys Phe Glu Thr Met Leu |le Asn Lys Leu Asn
980 985 990

Tyr Leu Val Phe Lys Asp |le Ser |le Thr Glu Asn Gly Gly Leu Leu
995 1000 1005
Lys Gly Tyr GiIn Leu Thr Tyr !le Pro Asp Lys Leu Lys Asn Val Gly
1010 1015 1020

His GIn Cys Gly Cys |le Phe Tyr Val Pro Ala Ala Tyr Thr Ser Lys
1025 1030 1035 1040

[{e Asp Pro Thr Thr Gly Phe Val Asn lle Phe Lys Phe Lys Asp Leu
1045 1050 1055

Thr Val Asp Afa Lys Arg Glu Phe |le 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 |le Thr Gln Asn Thr Val Met Ser Lys Ser Ser Trp Ser Val Tyr
1090 1095 1100

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

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

Giu Met Thr Asp |le Asn Trp Arg Asp Gly His Asp Leu Arg Gln Asp
1140 1145 1150

Ile fle Asp Tyr Glu tle Val Gin His Ile Phe Giu I|le Phe Arg Leu
1155 1160 1165

Thr Val GIn Met Arg Asn Ser Leu Ser Glu Leu Glu Asp Arg Asp Tyr
1170 175 1180

Asp Arg Leu lle Ser Pro Val Leu Asn Glu Asn Asn |le 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 |le Ala Leu Lys Gly Leu Tyr Glu lle Lys GIn Ile Thr
1220 1225 1230
Glu Asn Trp Lys Glu Asp Gly Lys Phe Ser Arg Asp Lys Leu Lys |le
1235 1240 1245

Ser Asn Lys Asp Trp Phe Asp Phe 1le GIn Asn Lys Arg Tyr Leu
1250 1255 1260

<210> 2

21> 3792

12> DNA

<213> Artificial Sequence
<220>

<223> mgCasi2a—1
4 HIOIX

IR0 010110



<400> 2
atgaataacg

cttaggaatg
attaaagaag
tattacagag
ttatttgaga
gaacaggctg
aatatgttca
aattattctg
gcaacatcat
tcttettett
ttggtgtata
gatattaagg
ggggaattta
tcatttatga
aagcttcata
gaatcagatg
catatcgttyg
atttatattg
acaataaata
aaagctgaca
aatgagettg
atacatgaaa
gaaattcatc
ataatgaatyg
aataattttt
tataatcttg
aattttggta
gcaattattc
cctgacaaaa
atttataatc
accggagtgg
catcttaaat

aagaactgta

gadcaaataa
ctcteattce
atgaactcag
gtttecattte
aaatégaaat
aaaaacgtaa
gtgcaaaatt
catcagaaaa
tcaaggacta
cttgtcatag
ggagaattgt
attcattaaa
ttacacagga
atttatattg
aacagatact
aagaggttta
aaagattgeg
ttagtaaatt
ctgecattaga
aggtaaaaaa
ttagcaatta
tatcacatat
tggtggaaag
cttitcattg
atgeggagtt
tgcgtaatta
ttcetacact
tcatgegioa
agataattga
ttctgecago
aaacatataa
cctetaagga

tagcaataca

ctttcagaac
aacagaaaca
aggagaaaat
agaaacttta
tcagttaaaa
ggcaatctat
aatctcagat
ggaagaaaaa
ttttaaaaac
aatagttaat
aaaaaatctt
goaaatgtct
aggtatatct
ccagaaaaat
gtgcatagcea
tcaatcagtg
taagattgga
ctatgaatca
aattcattac
agcggtaaag
taaattatgt
tttgaataat
tgaattgaaa
gtgtteggtt
agaagagata
tgtaacgeag
agcggatgga
taatttgtac
aggtaataca
accaaataaa
geegtetgee
ttttgatata
tcctgaatgg
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tttatcggaa tttettottt geagaagact

acacagcaat
cgtcagatac
tcgtcaattg
aatggagata
aaaaaatttg
attcttectg
acacaggtaa
agggcetaatt
gataatgcag
tcaaatgatg
ctggaggaaa
ttttataatg
aaagaaaaca
gatacttett
aatggatttt
gacaactata
gtttcacaaa
aacaatatat
aatgatctge
ccggatgata
tt tgaageac
gcatctgaat
ttcatgacag
tatgacgaaa
aagccatata
tggagtaaaa
tatttaggaa
tcagaaaata
atgatcccea
tatatattgg
acgttttgte
aagaattttg

ttattgttaa
ttaaagatat
atgatattga
ataaagacac
cagatgatga
aatttgtcat
ttaaattatt
gtttttetge
aaatattttt
atataaataa
tttattctta
atatatgegg
aaaatctcta
atgaggtgce
tggacaatat
acggctacaa
agacatatag
tacccggaaa
aaaaaagcat
atattaaagc
aggagcttaa
taaaaaatgt
aggagctgat
tatatacogt
gtacaaaaaa
gtaaagaata
tatttaatgc
aaggggatta
aggtattcet
agggctataa
acgatttoat
getttgattt
5 HOIX

aaatggaata
catggatgat
ctggacctct
tcttataaaa
tagatttaaa
tcataacaat
ttccagattt
tgatgatata
tagtaatgca
aatatccgga
tgaaaaatat
taaagtaaat
taagctgega
gtataaattt
tagttcaaaa
tcttgataag
agat tgggaa
tggtaaatct
tactgaaatc
agagacatat
gtataatcot
tctegatgta
agataaagat
aatttcattg
aattaaattg
tagtaataat
aaaaaataag
taagaagatg
cfcttcaaaa
acaaaacaag
toattatttt

ttctgacace

Wimae 010110

60
120

240
300
360
420
480
540
600
660
720
780
840
900
| 960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980



tccacatatg
gactggacat
ttatttcaaa
actatgtatt
aacggtgagg
aaaggctcta
atccagatag
aatgataaaa
catcatgagg
cttcatatge
atattacaat
agaaacctga
tttaacattg
caaatcgeac
ttatctettg
atggaggatt
cagaagtttg
ataactgaaa
aaaaatgtgg
atagatccta
aagagagaat
tgttttacat
tggagtgtat
aatgaatcgg
ataaattgga
cacatatttg
gacaggoatt
tcagctaaag
gctctaaaag
ttttcaagag
aggtatttat
210> 3
<11>

212>
<213

aagatatcag
atatcagcga
tatataacaa
tgaagaattt
cggaaatctt
ttcttgttaa
tcagaaaaac
gtgataaaga
ctgctacaaa
ctattacaat
atattgctaa
tatatgtttc
ttaatggata
gaaaagaatq
taattcatga
taagctacgg
agacaatgct
acggtagtet
gtcatcaatg
caaccggat t
ttataasaaaa
ttgattataa
atacgtacog
atacaattga
gagatggtca
agatttttag
atgaccgttt
caggagatge
gettgtatga
ataaacttaa

da

1275
PRT
Artificial Sequence

cggattttac
aaaggatatt
agatttttce
gtttagcgaa
ctttagaaaa
tagaacatat
cataccggaa
acttteggat
catagtaaaa
caaltttaaa
agaaaagaat
agtaattgat
tgattatcag
gaaagaaatc
aatttcaaag
atttaaaaaa
tatcaacaaa
tctaaaggga
tggttgtata
tgtaaatata
atttgacagt
taactttatt
agttaggata
tataacaaaa
tgatctgagg
attgactgta
gatttctecg
gttacctaaa
aatcaaacaa

aatttccaat
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agagaagteg
gatttgttgce
aagaaaagta
gagaatttaa
tcaagcataa
gaagcagagg
aatatatatc
gaagcagcta
gattatagat
gccaataaga
ttgcatgtaa
acttgtggaa
attaagctca
ggcaaaataa
afggttatta
ggtegtttca
ctcaactate
tatcagctta
ttttacgtac
ttcaaattta
atcagatatg
acgcaaaata
aaaagaagat
gatatggaaa
caggatatta
caaatgagaa
gtgctcaatg
gacgcagatg
attacagaga

aaggactggt

aattgcaagg
aggaaaaagg
ccggaaatoa
aggatattgt
agaatccaat
aaaaagatca
aggagcttta
agct taagaa
atacatatga
caagctttat
taggcattga
atattgttga
agcagcagga
aagaaattaa
aatataatgc
aggt tgageg
tggtatttaa
catatattcc
ctgctgecta
aagatttaac
attcagaaaa
ctgttatgte
ttgtcaatgg
aaaccctcga
ttgattatga
acagtttaag
aaaataatat
ctaatggtge
attggaaaga
ttgactttat

6 HWOIAl

ttataaaatt
acagttatat
taatcttcat
actgaaatta
aattcataaa
atttggaaat
taaatatttc
tgtagtaggt
taaatatttt
taatgacaga
tcgtggtgaa
acaaaaatcg
ggaggcgega
agaaggctat
cataattgca
acaggtttac
agatatatcc
agataaactg
tacatcaaaa
agttgatgea
aaaactgttt
aaagtcaage
caggttctca
aatgacagat
aatcgtacaa
tgaattagaa
attttatgat
atattgtata
agacggtaag

tcaaaataaa

PCURAM/ 010110

2040
2100



<220

<223>

400> 3
Gly Lys Asn Glin Asn Phe Gin Glu Phe Ile Gly Val Ser
5

Met
1
Gln
Asn
Asn
Ile
65
Phe
Arg
Lys
Ile
Glu
145
Thr
Lys
Ala
lle
Vat
225
Lys
Ala
Lys
Lys
Gin

305

Asn

Lys Thr Leu
20
Ile Thr Gin
35
Arg Glu Lys
50

Asn Ser Thr

Ser Cys Met

Glu Leu Glu

100

Ala Glu
115

Phe

Thr
130

Lys Leu

Arg Tyr Asp

Thr Ser Leu

Glu Lys |le

180

[le Phe
195

Ala Gly Leu
210

Glu

Asp

Gly Lys

Ala lle Thr

Val Asn Gln
260

mgCas12a-2

907065GFS . txt

10

Arg Asn Glu Leu tle Pro Thr

Leu Asp Leu Leu Thr
Leu Lys Glu Met Met
55

Leu His Val Gly |le

70

Arg Asn His Leu Arg

85

Arg Thr Gln Asp Ser
Arg Ala Asp Phe Lys
120
Leu Pro Thr Tyr lle
135

Glu Ser Met Glu lle

150

Thr Asp Tyr Phe Glu

165

Ser Ser Ala Val Gly

Leu Gin Asn Gln Asn
200

Asp Leu His Gly Leu
215

Thr Leu Lys Glu Val

230

Gin Glu Gly Ile Asp

245

Tyr Met Asn Leu Leu

40

25
Giu Asp

Asp Asp
Ala Val

75

Glu Asn
90

Ile Arg
105

Asp Met
Lys GlIn
Leu Lys

155

Thr Arg
170

Tyr Arg
185

Ala Tyr
Asp Asn

Cys Ser
235

Arg Tyr
250

Cys Gin
265

Pro Gly GIn Phe Lys Met 5%8 Arg Leu His

275

290

Val Tyr Asp Ala Val Asn Ser Phe Thr Glu
310

Gly Thr Thr Ser Phe ésg [le Pro Lys Lys

315

Asp Leu Lys éég Leu Leu Asn Ile Thr GIn

330

Glu Thr Thr

30
Glu lle Arg

45

Tyr Tyr Arg
60
Asp Trp Ser
Ser Lys Glu

Ser Gln lle
' 110

Phe Gly Ala
125

Asn Ser Glu
140

Leu Tyr Gly
Lys Asn lle

[1e Val Glu
190

Asp Arg |le
205

Glu Ile Thr
220

Asp Glu Gly

Asn Glu Ala

Lys Asn Lys
270

Lys GIn Ile

285

Phe Glu Asn

300

[le Val Thr

Asn Ala Asn

7 HOIX

Pro Leu
15

Lys Lys
Ala Gin
Asn Val
Tyr Leu

80
Ser Lys

95

His Asn
Ser lle
Tyr Ser

Lys Phe
160

Phe Ser
175

Glu Asn
Cys Lys
Ala Tyr

Phe Ala
240

lle Gly
256

Ala Leu
Leu Cys
Asp Lys
Lys Asn

320

Asp Tyr
335

WA 010110



WIRANI 010410

907065GFS. txt

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

GIn Phe tle Ser Lys Lys Trp Asn Leu |le Glu Glu Cys Leu Leu Asp
355 360 365

Tyr Tyr Ser Asp Asn Leu Pro Giy 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 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 |le Ser Ser Leu Ala Glu Met Ile Lys Leu
. 420 425 430

Glu Leu Cys His Glu 1le Asp Asn Asp Giu Lys His Asn Leu Ile Glu
435 440 445

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

Asp Val Phe His Ile lie 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 GIn 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 |le
530 535 540

[le Leu Val Arg Glu Asp Lys Tyr Tyr Leu Gly lle Leu Asn Ala Lys
- 545 550 555 560

Lys Lys Pro Ser Lys Glu [le 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
580 585 530

Met Leu Pro Lys Val Phe Leu Ser Lys Lys Gly Ile GIn Asp Tyr His
535 600 605

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

Gly Ser Lys Asn Phe Asp |le Arg Phe Cys Arg Asp Leu lle Asp Tyr
625 630 635 640

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

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

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

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



e Tyr
705

His Thr
I'le Val
Ser Val
Arg Thr

770

Pro Glu
785

Gin Ile
. Cys Asn
Asp Lys
Lys Gly

850
Lys Asp
865
Tyr Val
Phe Asn
Asp Tyr
Arg Lys

930
Tyr Leu

945
Asn Ala
Arg Phe

[le Ser

Pro Gly
1010

1025

Asn Lys
Leu Tyr

Leu Lys
740

Gin Lys
755

Tyr Glu
Ser Glu
Glu Leu

Lys Ala
820

Phe Phe
835

Asn Asn
Leu His
Ser Val

Leu Val
900

Lys Glu
915

Ser Trp
Ser Ser
Ile fle

Lys Val
980

Lys Leu
995

Gly Ile

907065GFS. txt

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

Leu Lys Asn Leu Phe Ser Glu Glu Asn Leu Arg Asp
725 730 735

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

Pro Val )le His Lys Cys Gly Ser [le Leu Val Asn
760 765

Ile Thr Glu Ser Gly Thr Thr Arg vVal Glin Ser lle
775 - 780

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

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

Lys Thr Asp Ile Val Lys Asp Tyr Arg Tyr Thr Met
825 830

[1e His Leu Pro |le Thr tle Asn Phe Lys Val Asp
840 845

Val Asn Ala lle Ala Gin Gin Tyr lle Ala Gly Arg
855 860

Val Ile Gly Ile Asp Arg Gly Glu Arg Asn Leu lle
870 875 880

{le.Asp Met Tyr Gly Arg |le Leu Glu GIn Lys Ser
885 890 895

Glu GIn Val Ser Ser Gin Gly Thr Lys Arg Tyr Tyr
905 ' N0

Lys Leu Gln Asn Arg Glu Glu Glu Arg Asp Lys Ala
820 925

Lys Thr [le Gly Lys Ile Lys Glu Leu Lys Glu Gly
935 940

val Ile His Glu Ile Ala GIn Met Val Val Lys Tyr
950 955 960

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

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

Asn Tyr Leu Ala Asp Lys Ser GlIn Ala Val Asp Glu
1000 1005

Leu Arg Gly Tyr GIn Met Thr Tyr Val Pro Asp Asn
1015 1020 ‘

Ile Lys Asn Val G|y1858 GIn Cys Gly lle Ile Phe Tyr Val Pro Ala

1035 1040

Ala Tyr Thr Ser1%ys {1e Asp Pro Thr Thr Gly Phe [le Asn Ala Phe
45

1050 1055

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

9 HIOIX
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1060 1065 1070

Lys Phe Asp Ser ile Gln Tyr Asp lle 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 GIn 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 lle Pro Tyr Glu Glu Gly GIn Asn
1140 1145 1150

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

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

lle Asp Asn Pro Asp Tyr Asp Arg lle tle Ser Pro Val Leu Asn Lys
1185 1180 1195 1200

Asn Gly Glu Phe Phe Asp Ser Asp Glu Tyr Asn Ser Tyr |le Asp Ala
1205 1210 1215

GIn Lys Ala Pro Leu Pro |le Asp Ala Asp Ala Asn Gly Ala Phe Cys
1220 1225 1230

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

1235

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

Ser Trp Leu Ala Phe Met Gin Gly Glu Arg Gly

1265 1270 1275
210> 4

<211> 3828

212> DNA

213> Artificial Sequence

<220>

<223> mgCas 12a-2

<400> 4

atggotasaa atcaaaattt tcaggaattt attggggtat caccacttca aaagactita
agaaacgaat taatcccaac agaaacaaca aaaaagaata ttactcaget tgatctittg
actgaggatg aaatccgege geaaaatcga gagaagetga aagagatgat ggatgactac
taccggaatg tgattgatag cactttgeat gtgggtatag ctgttoattg gagctattta
ttttcgtgta tgcgaaatca tctaagggag aattccaaag agtcaaagcg ggaattggaa
cgaacacagg attctattcg ttcacaaatc cataataagt ttgctgaacg ageggatttt
aaggatatgt ttggagcatc gataataaca aaattacttc cgacatatat aaaacagaat

tcagaatatt ccgagcggta tgacgagagc atggaaattt tgaaactgta tggaaaattc

10 HWIOIXI

PR e (010110

60
120
180
240
300
360
420
480



acaacatcgt
tcttctgeceg
aatgcttacg
ataacagcat
aaggctatta
tatatgaatc
cggctacata
gaaaatgata
aatpatttga
atctatgtag
ctgattgaag
aaagaaaaca
aatgaagtta
agttatattt
gatgagaagce
gatatgtaca
ttcgatgaaa
ccattataca
cgtttatatt
aacaacgcaa
aagaaaccat
aagatgaatt
aagaaaggaa
aaacatatta
ttcaaggaat
acagaaacat
gtagagtgoa
tttttattte
catacattgt
ctaaatoggg
aagtgcggea
gtacaatcaa
cagatagaat

aagacagata

tgaccgatta
ttggatatcg
acagaatctg
atgttgatgg
cacaagaagg
tgttatgcca
aacagattct
aacaggigta
agcgactgtt
tagccgatge
aatgcttget
aagttaaaaa
ttgagaaata
ctagtctgge
ataatctgat
tggatgtatt
cettttatte
atcatgttcg
tccacactce
ttatattgot
cgaaagaaat
attatttgtt
tacaggacta
aaggttccaa
gcattaaaaa
atgaggatat
cgtatatcaa
agatatataa
atctgaaaaa
aagcagaaat
gtattttagt
t tccggaaag
tatcagatga

ttgtgaaaga

ctttgagaca
aatcgtagag
taagatagceg
daaaacatta
gattgatcge
gaagaataag
ttgcaaagga
tgacgcagtt
aaatattaca
atatagtatg
goattattat
ggcggtaaag
ttatgtggaa
agaaatgatt
tgaagatgat
tcatattata
ggagatgpat
daactatgtt
aacattggca
gcgagaagat
tatggcgggc
gccgggcgceg
tcacccatca
gaattttgat
acatccggat
cagtgtcttt
tagtgaagat
caaagatttt
tctgttcage
attctteegt
caatcgtace
tgaatacatg
0gcaaaaaaa

ctaccgatac

907065GFS. txt

agaaagaata
gaaaatgctg
ggactggatt

aaagaagtat

tacaacgagg

gcat taaaac
acaaccictt
aattctttta
cagaatgcaa
atttcacagt
agcgataatt
gaagaaacgt
aagaccggac
aagctggaat
gagaagatat
aaagtgttce
gagatctatc
acacagaaac
aatggotgat
aaatattatt
aaagaggatt
aacaagatgc
tcatatattg
atceggtttt
tggaataagt
tatcgegaag
at tcagaaac
gctgtoggaa
gaagaaaatt
aaatcaagtyg
tatgagatta
gaattatatc
tatttggaca

accatggaca

tcttttctaa
agatcttett
tacatggatt
gttecggatga
caatcggtac
cgggacaatt
tcgatattce
cagagatagt
atgattatga
ttatcagtaa
tgcecggoaaa
ategeagtgt
agtcagtatg
tgtgccacga
ccgagat taa
gggtgaatga
aggatatgca
catataagca
ccaagagtaa
taggtattct
gttcagaaca
ttccaaaagt
ttgaaggata
gtaggoattt
ttaactttga
ttgaaaagca
tggaagaaga
gtacaggtaa
tgcgggacat
ttcaaaaacc
ccgagagtoy
gctactttaa
aggtgcaatg
agtttttiat
11 HOIXI

agagaaaata
gcagaatcag
ggataatgaa
aggatttgca
agtaaatcaa
taagatgaag
aaagaagttt
aacgaagaat
catgaataaa
aaaatggaat
aggaaatgcg
ttcacagttg
gaaagtggaa
gatagataac
ggaactgttg
agtattgaat
ggaaatcgtt
ggagaaatat
ggaatatgac
gaatgcgaaa
tgcatatgca
atttttatct
taatgaaaag
gattgactac
attttetoeg
aggatatcge
tggacagttg
accaaatctt
tgtattaaaa
gotgattcat
aacaacacgg
tagtgaaaag
taataaggca

tcatettceg

ORI 1010110

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520



attacgatta
attgcagggé
tacgtttctg
gaacaggtat
€gggaagagy
t taaaagagg
aacgcaatca
gagcgccagg
gataaatctc
gtgccggata
gcatatacct
gtatcaacaa
atagaaaaag
acacttgega
gt tgaaggac
gatgactcge
aaagatataa
cggaatagca
aatggagaat
ttaccgatag
gccaatcaga
atcgaacatg
210> 5
<211>
<212>
213>
<220>
223>

<400>

attttaaggt
ggaaagattt
taattgacat
cgtcgcaggg
aacgggataa
ggtatctgtc
ttgcaatgga
tatatcagaa
aggctgtgga
atattaagaa
ccaagattga
atgatgcaaa
gcttatttaa
agacaaaatg
attggetitce
atattccata
caaccattgt
ggatagataa
tttttgatte
atgccgatge
tcaaagaaaa

cgagttgott

1263
PRT
Artificial Sequence

tgataagggt
acatgtgata
gtatggtaga
aacgaagcga
agcaagaaag
gtcagtaatt
agatitgaat
atttgaaacg
tgaaccggga
tgttggaaga
tccgacaace
agagaatttc
gttttcattt
goacgtatat
aatgoaagtt
tgaagaagga
gaatggtata
tceggat tac
tgatgaatat
aaatggcgca
ctoogttgaa
agcatttatg

907065GFS. txt

aacaatgtta
ggaattgatc
attttagage
tattacgatt
agttggaaga
catgagattg
tatggattta
atgttgatca
ggtatattac
caatgtggaa
ggatttatca
ctgatgaagt
gattacaaaa
acaaatggaa
gaacttacaa
cagaatatat
ttogaaatct
gatagaatta
aattcatata
tfttgcattg
ggggagaaac

caaggagaaa

engineered mgCasi2a~1(K925Q)

atgcecattge
gaggagaacg
agaaatectt
acaaagaaaa
caatcggcaa
cacagatggt
agcgggaaag
gtaagttgaa
ggggatatca
taatctttta
atgcatttaa
ttgattctat
attttgccac
ctcgaataca
cgaaaatgaa
tggatgattt
tctgattoac
tcteaccggt
ttgatgcgea
cattaaaagg
ttceggegoa
ggggatag

5
Me% Asn Asn Gly Thé Asn Asn Phe GIn Asg Phe Ile Gly lle Ser Ser
1

acagcaatat
gaatctgatt
taaccttgtg
attacagaac
gattaaggaa
cgtaaagtat
attcaaagta
ttatctggea
gatgacttat
tgtgccggea
gcgggatgtg
tcagtacgat
acataaactt
aaacatgaaa
agagttgetg
gcaggagatg
agtcecagett
attgaataaa
aaaggcacey
aatgtatact

ttgcttgaag

15

Leu GIn Lys Thr Leu Arg Asn Ala Leu Ile Pro Thr Glu Thr Thr GlIn
20 25 30

GIn Phe Iég Val Lys Asn Gly |

le [le Lys Giu Asp Glu Leu Arg Gly
40 45

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

Phe |le Ser Glu Thr Leu Ser Ser lle Asp Asp EI?mAsp Trp Thr Ser
Iy

Ol X

ITRAD181010110



65 70

Leu Phe Glu Lys Met Glu
85

Thr Leu |le Lys Glu GIn
100
Phe Ala ??g Asp Asp Arg

Ser Asp Ile Leu Pro Glu
130

Ser Glu Lys Glu Glu Lys
145 150

Ala Thr Ser Phe Lys Asp
165
Ata Asp Asp Ile Ser Ser
180
Ala Glu lle Phe Phe Ser
195

Asn Leu Ser Asn Asp Asp

210
Ser Leu Lys Glu Met Ser
225 230
Gly Glu Phe lie Thr Gin
245

Gly Lys Val Asn Ser Phe
260
Asn Lys Asn Leu Tyr Lys
275
[le Ala Asp Thr Ser Tyr

290
Glu Val Tyr Gin Ser Val

305 310
His |le Val Glu Arg Leu
325
Asn Leu Asp Lys lle Tyr
340
GIn Lys Thr Tyr Arg Asp
355

His Tyr Asn Asn lle Leu
370

Val Lys Lys Ala Val Lys
385 390

[{e GIn
Ala Glu
Phe Lys

120

Phe Val
135

Thr Gln

Tyr Phe

Ser Ser

Asn Ala
200

[le Asn
215

Leu Glu

Glu Gly

Met Asn

Leu Arg
280

Glu Val
295

Asn Gly
Arg Lys
I'le Val
Glu

360

Pro Gly
375

Trp

Asn Asp

Leu
Lys
105
Asn
e
Val
Lys
Cys
185
Leu
Lys
Glu
I le
Leu
265
Lys
Pro
Phe
lle
Ser
345
Thr

Asn

Leu

Asn Glu Leu Val Ser Asn Tyr Lys Leu

405

Ala Glu Thr Tyr tie His Glu lle Ser

420

425

907065GFS. txt
75

Lys Asn Gly Asp Asn
90
Arg Lys Ala lle Tyr
110
Met Phe Ser Ala Lys
125

His Asn Asn Asnh Tyr
140
Ile Lys Leu Phe Ser

155

Asn Arg Ala Asn Cys
170

His Arg [le Val Asn
190

Val Tyr Arg Arg lle
205
Ile Ser Gly Asp lle
220
[le Tyr Ser Tyr Glu
235

Ser Phe Tyr Asn Asp
250

Tyr Cys GIn Lys Asn
270

Leu His Lys Gin lle
285

Tyr Lys Phe Glu Ser
300

Leu Asp Asn Ile Ser

315

Gly Asp Asn
330

Tyr Asn

Glu Ser
350

Lys Phe Tyr

Ile Asn Thr Ala Leu

365
Gly Lys Ser Lys Ala
380
Gln Lys Ser Ile Thr
395
Cys Pro Asp Asp Asn
410

His |le Leu Asn Asn
430

13 IOl X

80
Lys Asp
95

Lys Lys
Leu lle
Ser Ala

Arg Phe
160

Phe Ser
175

Asp Asn
Val Lys
Lys Asp

Lys Tyr
240

Ile Cys
255

Lys Glu
Leu Cys
Asp Glu

Ser Lys
320

Gly Tyr
335

Val Ser
Glu lle
Asp Lys

Glu lle
400

[le Lys
415

Phe Glu

FCTRR 20187010110



Ala
Leu
Phe
465
Asn
Val
Tyr
Asp
Met
545
Pro
Tyr
Pro
Ser
Ser
625
Lys
Phe
Val
Asp
Tyr
705
Thr
Val
[le

Thr

Arg
785

Gin Glu Leu
435

Lys Ala Ser Glu Leu

450

Ser Val
470

Ala Glu
485

His Trp Cys

Asn Phe Tyr

|le Ser Leu
500

Tyr Asn

Ser Thr Lys
515

Lys Ile

Gly Trp Ser Lys Ser
530 _

Arg Asp Asn Leu Tyr

550

e lle
565

Ile Tyr

Asp Lys Lys
Lys Lys Met
580

Lys Val Phe
595

Ala Tyr Ile Leu Glu
610

Lys Asp Phe Asp |le
630

Leu Ser

Asn Cys lle Ala lle
645

Ser Asp Thr Ser Thr

660

Leu GIn
675

Glu Gly Tyr

[le Asp Leu Leu Gin
0
Phe Ser

710

Asn Lys Asp

Met Lys Asn

725
Asn Gly

Tyr Leu

Leu Lys Leu

740

Asn Pro
755

Glu Ala

Lys

Tyr
770

Lys
790

440

Lys Tyr Asn Pro Glu

Lys Asn Val

455

Phe Met Thr

Leu Glu Glu

Leu Val Arg

505

Lys Leu Asn

520

Lys Glu Tyr

535

Tyr Leu Gly

Glu Gly Asn

Asn Leu Leu

585

Ser Lys Thr

600

Gly Tyr Lys
615

Thr Phe Cys

His Pro Glu

Tyr Glu Asp

665

Lys |le Asp

680

Glu Lys Gly

695

Lys Lys Ser

Leu Phe Ser

Glu Ala Glu

775

760

745

[le tle His Lys Lys
Glu Glu Lyg Asp GlIn

Thr 1le Pro Glu Asn lle Tyr

907065GFS . txt

Ile His

Leu Asp

Glu Glu
475

[le Tyr
490

Asn Tyr

Phe Gly

Ser Asn

[le Phe
555

Thr Ser
570

Pro Gly
Gly Val
Gln Asn
His Asp

635
Trp Lys
650
Ite Ser
Trp Thr
Gin Leu
Thr Gly

715
Glu Glu

730

|le Phe
Gly Ser
Phe Gly

GIn Glu

95
14 H Ol X

Leu Val Glu Ser Glu
445

Val |le Met Asn Ala
460

Leu Val Asp Lys Asp
480

Asp Glu lle Tyr Thr

495
Val Thr Gin Lys Pro
510
Ile Pro Thr Leu Ala
525
Asn Ala tle |le Leu
540
Asn Ala Lys Asn Lys
560
Glu Asn

Lys Gly Asp

575

Lys Met
590

Pro Asn lle

Glu Thr
605

Tyr Lys Pro

Lys His Leu Lys

620

Phe
640

Leu Ile Asp Tyr

Asn Phe Gly Phe

655

Asp

Gly Phe Tyr Arg Glu

670
Tyr ile Ser Glu
685

Tyr Leu Phe Gin
700

Lys
e

His
720

Asn Asp Asn Leu

Asp Ile

735

Asn Leu Lys

Phe Arg Lys Ser Ser

750

{1e Leu Val
765

Asn Arg

Asn |le GIn Ile Val

780
Leu Tyr Lys Tyr Phe
800

Wiamel 010110



Asn
Asn
Arg
Phe
lle
865
Arg
Glu
Leu
Glu
Ite
945
Met

Arg

Tyr

Asp Lys

Val Val

Tyr Thr
835

Lys Ala
850

Ala Lys
Asn Leu
GlIn Lys
Lys GIn

915
tle Gly

930
His Glu
Glu Asp

Gln Val

Leu Val
995

Ser Asp
805

Gly His

820

Tyr Asp

Asn Lys
Glu Lys
[te Tyr

885

Ser Phe
900

GIn Glu
Lys Ile
[le Ser

Leu Ser
965

Tyr Gln
980

Phe Lys

lLys Gly Tyr GIn Leu
1010

His GIn Cys Gly Cys1

1025
|'te Asp Pro Thr Thr Gly Phe Val Asn |le Phe Lys Phe Lys Asp Leu
1050 1055

1045

907085GFS. txt

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

His Glu Ala Ala Thr Asn |le Val Lys Asp Tyr
825 830

Lys Tyr Phe Leu His Met Pro [le Thr Ile Asn
840 845

Thr Ser Phe tle Asn Asp Arg lle Leu GIn Tyr
855 860

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

Val Ser Val Ile Asp Thr Cys Gly Asn Ile Val
890 895

Asn [le Val Asn Gly Tyr Asp Tyr Gln lle Lys
5 910

D

Gly Ala Arg GIn Ile Ala Arg GIn Glu Trp Lys
920 925

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

Lys Met Val tle Lys Tyr Asn Ala lle |le Ala

950 955 960
Tyr Gly Phe Lys Lys Gly Arg Phe Lys Val Glu
970 975
Lys Phe Glu Thr Met Leu lle Asn Lys Leu Asn
‘ 985 990

Asp le Ser Ile Thr Glu Asn Gly Gly Leu Leu
1000 1005

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

[le Phe Tyr Val Pro Ala Ala Tyr Thr Ser Lys
030 1035 1040

Thr Val Asp éég Lys Arg Glu Phe lle Lys Lys Phe Asp Ser lle Arg
i

1065 1070

Tyr Asp Ser Glu Lys Lys Leu Phe Cys Phe Thr Phe Asp Tyr Asn Asn
1075 1080 , 1085

Phe 1le Thr Gln Asn Thr1ggé Met Ser Lys Ser Ser Trp Ser Val Tyr

1090

1100

Thr Tyr Gly Val Arg |le Lys Arg Arg Phe Val Asn Gly Arg Phe Ser
1105 1110 1120

1115

Asn Glu Ser Asp Thr Ile Asp lle Thr Lys Asp Met Glu Lys Thr Leu
1135

1125

1130

Glu Met Thr Asp |le Asn Trp Arg Asp Gly His Asp Leu Arg GIn Asp
1140 1145

1150

Ile tle Asp Tyr Glu [le Val Gln His Ile Phe Glu |le Phe Arg Leu
15 HIOl Xl

Uk Ae (010110



907065GFS. txt
1185 1160 1165

Thr Val GIn Met Arg Asn Ser Leu Ser Glu Leu Glu Asp Arg Asp Tyr
1170 175 1180

Asp Arg Leu fle Ser Pro Val Leu Asn Glu Asn Asn |le 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 |le Ala Leu Lys Gly Leu Tyr Glu |le Lys GIn Ile Thr
1220 1225 1230

Glu Asn Trp Lys Glu Asp Gly Lys Phe Ser Arg Asp Lys Leu Lys |le
1235 _ 1240 1245

Ser Asn Lys Asp Trp Phe Asp Phe lle Gin Asn Lys Arg Tyr Leu
1250 1255 1260

<210> 6

<211> 1275

212> PRT

<213> Artificial Sequence
<220>

<223>  engineered mgCas12a-2(K930Q)

<400> 6
Met Gly Lys Asn Glg Asn Phe Gin Glu PTS [le Gly Val Ser Prg Leu
1 1

GIn Lys Thr Leu Arg Asn Giu Leu Vle Pro Thr Glu Thr Thr Lys Lys
20 25 30

Asn Ile Thr GIn Leu Asp Leu Leu Thr Glu Asp Glu |le Arg Ala Gin
35 ‘ 40 45
Asn Arg Glu Lys Leu Lys Glu Met Met Asp Asp Tyr Tyr Arg Asn Val
50 55 60

[le Asp Ser Thr Leu His Val Gly lle 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 Q0 95
Arg Glu Leu Glu Arg Thr Gln Asp Ser |le Arg Ser Gin |le His Asn
100 105 110

Lys Phe Ala Glu Arg Ala Asp Phe Lys Asp Met Phe Giy Ala Ser !le
115 120 125

Ile Thr Lys Leu Leu Pro Thr Tyr Ile Lys GIn Asn Ser Glu Tyr Ser
130 135 140 :

Glu Arg Tyr Asp Glu Ser Met Glu Ile Leu Lys Leu Tyr Gly Lys Phe
o145 150 155 160

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

Lys Glu Lys Ile Ser Ser Ala Val Gly Tyr Arg Ile Val Glu Glu Asn
180 185 180
16 B0l Xl

ECURR 2018/ 010110



Ala Glu |le Phe Leu

lle
Val
225
Lys
Ala
Lys
Lys
Gln
305
Asn

Asp

GlIn

Asp
Asp
465
Phe
Gin
Lys

Leu

lle

195

Ala Gly
210

Asp Gly
Ala Ile
Val Asn

Pro Gly
275

Gly Thr
290

Val Tyr
Asp Leu
Met Asn

Phe |le
355

Tyr Ser
370

Lys Lys
Glu Val
Lys Val

Leu Cys
435

Asp Glu
450

Val Phe
Asp Glu
Glu lle

Pro Tyr
515

Ala Asn
530

Leu Val

Leu Asp

Lys Thr

Thr GlIn
245

Gln Tyr
260

GIn Phe

Thr Ser

Asp Ala

Lys Arg
325

Lys lle
340

Ser Lys

Asp Asn

Ala Val

[le Glu
405

Glu Ser
420

His Glu
Lys 1le
His lle
Thr Phe

485
Val Pro
500
Lys GIn
Gly Trp

Arg Glu

Gln Asn

Leu His
215

Leu Lys
230

Glu Gly

Met Asn

Lys Met

Phe Asp
295

Val Asn
310

Leu Leu

Tyr Val

Lys Trp

Leu Pro
375

Lys Glu
390

Lys Tyr

Tyr Ile

[le Asp

Ser Glu
455

ile Lys
470

Tyr Ser
Leu Tyr
Glu Lys
Ser Lys

535
Asp Lys

GIn Asn
200

Gly Leu
Glu Val
Ile Asp

Leu Leu
265

Lys Arg
280

l'le Pro
Ser Phe
Asn lle
Val Ala

345

Asn Leu
360

Gly Lys
Glu Thr
Tyr Val

Ser Ser
425

Asn Asp
440

Ile Lys
Val Phe
Glu Met
Asn His

505

Tyr Arg
520

*807065GFS. txt

Ala Tyr
Asp Asn

Cys Ser
235

Arg Tyr
250

Cys GIn
Leu His
Lys Lys

Thr Glu
3156

Thr Gin
330

Asp Ala
Ile Glu
Gly Asn

Tyr Arg
395

Glu Lys
410

Leu Ala
Glu Lys
Glu Leu
Arg val

475

Asp Glu
490

Val Arg

Leu Tyr

Asp Arg lle Cys Lys
205
Glu lle Thr Ala Tyr
220
Asp Glu Gly Phe Ala
240
Asn Glu Ala |le Gly
255
Lys Asn Lys Ala Leu
270
Lys GIn 1le Leu Cys
285

Phe Glu Asn Asp Lys
300

Ile Val Thr Lys Asn
320

Asn Ala Asn Asp Tyr
335

.Tyr Ser Met lle Ser
350

Glu Cys Leu Leu Asp
365

Ala Lys Glu Asn Lys
380

Ser Val Ser Gin Leu
400
Thr Gly GIn Ser Val

415

Glu Met Ile Lys Leu
430

His Asn Leu |le Glu
Leu Asp Met Tyr Met
480

Asn Glu Val Leu Asn
480

[le Tyr Gin Asp Met
495

Asn Tyr Val Thr GlIn
510

Phe His Thr Pro Thr
525

Ser Lys Glu Tyr Asp Asn Asn Ala |le
540

Tyr Tyr Leu Gly Ile Leu Asn Ala Lys

17 HOIX

UR2QI010110



545

Lys'Lys Pro Ser Ey

His Ala Tyr Ala Lys
580

Met

Ser Ser
610

Pro

Gly
625

Phe

Ser Lys

Lys Glu

Glu Phe Ser

Glu Val Glu

675

Glu Asp |le

690

e
705

His

Tyr Asn

Thr Leu

lle Val Leu

Val Gin
755

Thr Tyr
770

Glu Ser

Ser

Arg

Pro
785

Gin Ile Glu

Cys Asn Lys

Lys Phe
835

Asp
Lys Gly Asn
850

Lys Asp Leu
865

Tyr Val Ser

Phe Asn Leu

Leu Pro Lys Val
595

Tyr
Asn
Cys
Ala
660
Lys
Gln
Lys
Tyr
Lys
740
Lys
Glu
Glu
Leu
Ala

820
Phe

Asn Val Asn Ala Ile Ala Gin GlIn

His

550

565
Met Asn Tyr Tyr
585

Phe Leu Ser Lys
600

lie Val Glu Gly Tyr

615
Phe Asp |le Arg Phe
630
e
645
Thr

Lys Lys His Pro

Glu Thr Tyr Glu
665

GIn Gly Tyr Arg Val
680

Lys Leu Glu Glu Asp
695

Asp Phe Ala Val Gly

710

Leu
725

Leu Asn Gly Glu Ala
745

Lys Asn Leu Phe

Pro vVat Ile His Lys
760

[le

Thr Glu Ser Gly
775

Met Glu Leu Tyr
790

Tyr

Ser
805

Lys Thr Asp |le Val
825

Asp Glu Ala Lys

Ile His Leu Pro lle
840

855
Val Ite Gly lle Asp
870

907065GFS. txt
555

s Glu lle Met Ala Gly Lys Glu Asp Cys Ser
570 575

Leu Leu Pro Gly Ala
590

[{e Gln Asp
605

Lys Gly

Asn Glu Lys Lys His

620

Cys Arg Asp Leu lle

635
Phe

Asp Trp Asn Lys

650
Ser Val Phe
670

Asp |le

Glu Trp Thr Tyr

685

Leu Phe
700

lle

Gly Gln Leu

Ser Thr
715

Ser Glu
730

Glu l)e

Gly Lys Pro

Glu Asn Leu

Phe Phe Arg

750

Ser |le Leu
765

Arg Val GIn
780

Phe Asn Ser

Cys Gly
Thr Thr

Arg Tyr

795
Lys Tyr Leu Aép Lys
810

Lys Asp Tyr Arg Tyr
830

Thr tle Asn Phe Lys

845

Tyr lle Ala
860

Arg Gly Glu Arg Asn
875

Val tle Asp Met Tyr Gly Arg lle Leu Glu Gin
885 890

900

Val Glu Gin Vat Ser Ser Gln Gly Thr Lys Arg
905 910

18 H Ol Xl

560
Glu

Asn Lys

Tyr His

Ile Lys

Tyr
640

Phe

Asp

Asn
655

Tyr Arg

Asn Ser
Phe Gln

Leu
720

Asn

Arg Asp

735

Lys Ser

Val Asn

Ser lle

Glu Lys

800

Val Gin

815

Thr Met

Val Asp

Gly Arg

Leu Ile
880

Lys Ser
895

Tyr Tyr

WURANI01 0110
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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 Se? Trp Lys Thr ile Gly Lys fle Lys Glu Leu Lys Glu Gly
930 935 940 .

Tyr Leu Ser Ser Val {le His Glu lle Ala Gin Met val Val Lys Tyr

945 950 955 960

Asn Ala lle |le Ala Met Glu Asp Leu Asn Tyr Gly Phe Lys Arg Gly
965 970 975

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

Ife Ser Lys Leu Asn Tyr Leu Ala Asp Lys Ser Gln Ala Vai Asp Glu
995 . 1000 1005

Pro Gly Gly |le Leu Arg Gly Tyr GIn Met Thr Tyr Val Pro Asp Asn
1010 1015 1020

i1e Lys Asn Val Gly Arg Gin Cys Gly |le Ile Phe Tyr Val Pro Ala
1025 : 1030 1035 1040

Ala Tyr Thr Ser Lys Ile Asp Pro Thr Thr Gly Phe |lle 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 [le 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 Ata Lys
1090 1095 1100

Thr Lys Trp Asp Val Tyr Thr Asn Gly Thr Arg lle GIn 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 [le Pro Tyr Glu Giu Gly Gln Asn
1140 1145 1150

fle Leu Asp Asp Leu Arg Glu Met Lys Asp tle Thr Thr |le Val Asn
1155 1160 1165

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

[1e Asp Asn Pro Asp Tyr Asp Arg {le |le 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 Aia Asn Gly Ala Phe Cys
1220 1225 1230
[le Ala Leu Lys Gly Met Tyr Thr Ala Asn Gin Ile Lys Glu Asn Trp
1235 1240 1245

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

Ser Trp Leu Ala Phe Met GIn Gly Glu Arg Gly
1265 1270 1275
19 MOl Xl

RN/ 010110



10> 7
<211>
212>
<13
<220>
<223>
<400> 7
atgaacaatg
cteeggaatg
atcaaggaag
tattaccgeg
ctcttcgaaa
gaacaggcetg
aacatgttta
aattactctg
gccact teat
agttctaget
cttgtatacc
gatattaaag
goggagttca
agcttcatga
aaat tgcaca
gagtctgatg
catatagtgg
atttacatcg
actattaata
aaggcetgaca
aacgagcttg
atacatgaga
gaaatccatc
attatgaatg
aacaattttt
tacaacctgg

aact tcggca

gctataatce

3789
DNA
Artificial Sequence

907065GFS. txt

human codon optimized engineered mgCasiZa~1

gcaccaacaa tttccagaac tttatcggaa ttagcagtct

ccettatace
acgagetgeg
gttttatctic
agatggagat
agaagcggaa
gcgecaaatt
ctagcgagaa
ttaaagatta
cctgteatceg
gceggattat
actctttgaa
ttacccagga
acctctattg
agcaaatict
aagaggtgta
aacggetteg
ttagcaaatt
ccgecttgga
aagtgaagaa
tgtcaaatta
tcagecacat
tcgttgagag
cctttcactg
atgcagaact
tecgeaatta
ttcegactet

tcatgeggoa

caccgagaca
cggcgaaaat
tgagactctg
tcagcttaaa
agccatctat
gattagtgac
ggaagagaaa
tttcaagaac
gattgtgaac
gaaaaatctg
ggagatgage
aggcatatca
tcagaaaaat
gtgcatcgca
tcagagcgta
caaaatcgoa
ttatgagagt
gatacactat
agccgtaaag
caagctgtgt
tttgaataac
tgaacttaaa
gtgcagegta
¢gaggaaata
tgtgacacag
ggccgacgga

taatctttac

acccageagt
cggcaaattt
agctccattg
aacggcgata
aagaaatttg
atcctgeegg
acccaagtca
cgcgeaaatt
gacaatgctg
agcaacgatg
ctggaagaga
ttttacaacg
aaggagaaca
gacacaagtt
aacggettce
gataactaca
gtctctcaga
aacaatatcc
aatgatctce
ccggacgata
t tcgaagece
gettetgage
ttcatgactg
tacgatgaga
aagcoctact
tggagcaaga
tatctgggga

tcatcgtgaa
tgaaagatat
acgatatcga
ataaggacac
cagatgacga
aattcgttat
taaagctett
gctttagege
aaatcttctt
acataaataa
tctattccta
atatctgegy
aaaatcttta
atgaagtcce
tcgacaatat
atgagtataa
agacctaccg
tgceeggeaa
aaaaatccat
acat taaagc
aggagctgaa
tgaagaacgt
aagagctogt
tctataccgt
caaccaaaaa
gtaaagaata

tttttaacge

20 WOl Xl

gcaaaagact
aaacggoat t
aatggacgat
ctggacctea
actgataaaa
tegeticaag
tcacaataac
ttceceggtte
cgacgatatc
t tcaaacgee
gatcagtgga
Cgaaaaatat
taaggt taat
caagetgege
ttacaaattt
ttcctcaaag
cctggacaag
ggattgggaa
cggtaaaage
tacagaaatc
agaaacctat
gtacaatcca
cttggacgtg
ggataaagac
tatttccott
gatcaaattg
ttctaataac

caagaataaa

KR 219701 0110



cctgacaaga
atatataact
acaggagtog
catctgaaaa
aaaaattgea
tccacatacg
gattggacct
ttottccaga
accatgtacc
d4acggcgagg
aaaggtagca
atccaaattg
aatgacaaaa
caccatgaag
ctgcacatge
attctccagt
cggaacctga
ttcaacatcg

cagatagcce
.ctgagcctcg
atggaagatc
cagaaatttg
atcacagaga
aagaacgtog
attgacccga
aagcgegaat
tgettcactt
‘tggteegtat
aacgaaagcg
attaattggc
catatctttg
gaccgegatt
tccgecaaag

gcecctgaaag

aaatcattga
tgctgeecyg
agacctacaa
gttctaagga
tagccatcea
aagacatttc
atattagcga
tctataataa
tcaaaaacct
ctgaaatctt
ttctegtgaa
tacggaaaac
gtgataagga
ctoccactaa
cgatcacaat
atattgecaa
tatacgtatc
tcaatggcta
ggcaggagtg
tgattcacga
tttcttatgg
aaaccatgct
atggagggct
gtcatcaatg
ccacaggatt
ttatcaaaaa
ttgattataa
acacctatgg
acactataga
gcgacggtca
aaattttceg
atgaccgget
ctogegacge
ggctctacga

gggcaacacc
cccgaataaa
geecagegea
ctttgatatc
tccggagtag
aggtttttat
gaaggacata
ggactttagt
tttcagegag
tttccggaag
ccgecacatat
catacccgaa
actgtctgac
tattgtcaaa
taacttcaaa
agagaagaat
catgatcgat
tgactaccag
gaaggaaatc
gataagtaag
ttttaagaaa
gattaataag
cct taaggge
cggetgtate
cgtgaatata
gttcgattca
caatttcate
ggtacgcatt
tatcaccaaa
cgatctgegg
cttgactgtc
tatcageect
cttgeecaag

aatcaagcag

907065GFS. txt

agcgaaaata
atgatcccaa
tatattcttg
actttetgtc

_aagaact teg

cgegaggttg
gatctecette
aaaaagtcta
gaaaatctoa
tcctcaatta
gaggccgaag
aacatctace
gaggcageea
gattatcget
gcaaataaga
cttcatgtga
acttgtggta
attaagttoa
gggaaaatta
atggtaatca
ggeegettca
ttgaactatc
taccagctga
ttttacgtac
tttaagttca
attcggtacg
acccagaaca
aageggeget
gacatggaga
caggacatca
cagatgegga
gtgctgaatg
gatgcagacy

attaccgaga

agggtgatta
aggtattcct
aagggtacaa
acgacttgat
getttgactt
aactgcaggg
aggaaaaagg
ctgggaacga
aggacat tgt
aaaatcctat
agaaggatca
aggagettta
aattgaagaa
acacctatpa
ccagetttat
tcgggattoa
atattgttga
aacagcaaga
aggagatcaa
aatacaacgc
aggtggageg
tggtcttcaa
cctatattce
cecgetgecta
aagatctgac
acagcgagaa
cagtcatgag
ttgtgaatgg
agacact tga
ttgattacga
acagtotgtce
agaacaatat
ccaacggage
attggaaaga
21 WOIX

caaaaagatg
ctcctcaaaa
acaaaacaag
tgattatttt
cagegatace
ctacaaaate
acaactgtac
taatctgcac
cttgaaacty
aatccataag
gtttogcaat
taagtacttc
cgtgattgga
caagtacttt
aaacgatcog
ccgeggcegaa
gcaaaaatca
aggagctcge
agaaggctat
aattatcgec
gcaagtttac
agacataagc
agataaatty
tacttccaaa
cgttgacgca
aaagctettt
taaatctage
ccggttctea
aatgaccgat
gatagttcaa
tgagetcgaa
tttttacgat
ttattgtata
agatggcaag

PeiRome (01 0110
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ttctocacgeg acaaacttaa gatcagcaac aaagattggt ttgacttcat tcaaaataag 3780
cggtatctg 3789
<10> 8

211> 3825

<212>  DNA

213> Artificial Seguence

<220>

<223> human codon optimized engineered mgCasi2a-2

<400> 8

atgggcaaaa accaaaattt ccaagaattt atcggagtga gocccctgca gaagacccote 60
cggaacgage ttattccgac tgagaccaca aagaaaaata taacccaget ggacttgetg 120
actgaagatg agatccgege ccagaaccgg gaaaagctca aagagatgat ggacgattat 180
taccgcaatg ttattgacag tacccttcac gtcgggatcg ctgtggattg gtcttatetg 240
ttcagctgea tgcggaacca ttigegegaa aattccaagg agtcaaaacg ggaactggag 300
cgcacacagg acagcattcg gagtcagata cacaacaagt ttgccgaacg cgcagatttc 360
aaagacatgt ttggcgectc tatcattacc aagetccttc ctacttacat caaacaaaat 420
agcgagtatt ccgaacggta cgatgagtca atggaaattc tgaagttgta tggtaaattc 480
accacaagcec tgaccgacta ctttgagact cgcaagaaca tattcagtaa agaaaagatc 540
tctagegetyg taggetateg gattgtagag gaaaatgeccg agatctttct ccagaaccag 600
aatgcatacg atcgcatttg taaaatagec ggacttgacce tgeatgagtt ggataacgaa 660
atcaccgett atgttgacgg caagacactg aaagaggtct getccgatga aggtttegec 720
aaggcaatta cecaagaggg catcgaccgg tacaatgaag ccatiggage tgtgaaccag 780
tatatgaatc tcctttgtca gaaaaacaag gecctgaaac ccgggcaatt taagatgaaa 840
cgettgeaca agcagatact gtgcaaagge actacctcat tcgatatcecc gaagaaattt 900
gagaatgaca agcaggtata cgatgcagty aacagettca cagaaattgt taccaaaaat 960
aacgacctca ageggettct gaatatcact caaaacgcca atgattatga catgaacaaa 1020
atttacgtcg tggctgatge ctatagtatg atatctcagt ttatcagcaa gaaatggaat 1080
ttgattgagg aatgtctgct cgactactat tccgataacc ttccaggtaa gggcaatgea 1140
aaagagaaca aggtaaaaaa ggccgtgaaa gaagagacct accgctcagt tagccagetg 1200
aatpaagica tcgagaagta ttacgtggaa aaaacaggac aaagtgtatg gaaggtggag 1260
tcttatatta getccttgoe tgaaatgata aaactggage tctgecatga aatcgacaac 1320
gatgagaagc acaatcttat tgaagacgat gagaaaatct cagaaattaa ggagctgttg 1380
gacatgtaca tggatgtttt ccatataatc aaagtctttc gggtgaacga agtactgaat 1440
ttcgacgaga ccttitatag cgaaatggat gagatttace aggacatgeca ggaaatcgtg 1500
ceccctetata accacgttcg caattacgtc actcaaaage cgtataaaca ggagaagtac 1560
cggetttatt tccataccce tacactggec aacoggtgga ggaatacgat 1620

gtaaatctaa
22 Hl

01Xl



aataacgcaa
aaaaagoecca
aaaatgaact
aagaaaggéa
aaacacataa
ttcaaggagt
accgagact t
gtggagtgga
tttttgttce
cacaccctot
ctcaatggeg
aagtgcgott
gtacagagca
caaattgagt
aagactgaca
attacaatca
atagccgggce
tacgtgtceg
gagcaggtga
¢gcgaggaag
cttaaggagg
aacgcaataa
gaacggcagg
gacaagagcc
gtgceggaca
gcectatacca
gtatctacaa
atagaaaagg
actcttgeea
gttgagogte
gacgatagce
aaagacatta

cggaatagtc

aacggggagt

ttatattogt
gcaaagaaat
actatcttct
tccaggacta
agggctctaa
gtatcaaaaa
acgaagatat
cctatataaa
aaatttacaa
atcttaagaa
aggcagaaat
ccatecttgt
tcecoggagag
tgagcgacga
tagttaaaga
atttcaaagt
ggaaagacct
ttattgacat
geagtcaagg
agegggacaa
gctatctgag
tcgecatgga
tgtaccagaa
aagcegtaga
atattaaaaa
gtaagattga
acgatgccaa
ggctgttcaa
agaccaaatg
actggetgte
atattcegta
caaccatagt
gcatcgataa

ttttcgacag

gcgegaggac
tatggctgot
gecgggeygce
ccatcecage
aaatttcgat
gcatceggac
ttcegtttte
ctcagaagac
taaggact tt
tctgttcagt
ttttttecge
gaaccggact
tgaatatatg
agccaagaaa
ttatcgetac
cgataaggga
tcatgtaatc
gtatggcege
aaccaaacgg
ggctegecag
ctcegtaatce
‘goatttgaat
gt tcgagace
tgaacccgga
cgttggtcag
tcccactace
ggagaatttc
attttcette
ggatgtgtac
aatggaagtc
tgaggaaggc
gaacggaatc
cccagactac

cgatgaatat

907065GFS. txt

aaatattacc
aaggaggatt
aataagatgt
agttatattg
atcoggtttt
tggaacaaat
tatcagggagg
atccagaaac
gecgtaggaa
gaggaaaact
aagtctageg
tacgagatta
gagctgtace
tacctggata
accatggaca
aacaatgtga
ggcattgatc
atattggaac
tactatgatt
tcttggaaaa
cacgaaattg
tatggtttca
atgctgattt
gggattctge
cagtgeggea
ggattcatca
ttgatgaaat
gactataaga
acaaatggea
gagttgacta
cagaatatce
ttggaaattt
gatcgoatta

aattcctaca

tgggcatcct
gttccgaaca
fgccaaaagt
tggagoggta
geegegacet
ttaatttcga
tcgaaaagea
ttgaggaaga
gcacagggaa
tgcgggatat
ttcagaaacc
ccgaatcagg
ggtattttaa
aggtgceagtg
agttetttat
acgecattge
gcggtgageg
agaagtcatt
acaaggaaaa
ctatcgggaa
cccaaatggt
agegggaccg
caaaactcaa
gcggetaccea
taatctttta
atgcttttaa
ttgacagcat
actttgcaac
cceggattea
ccaaaatgaa
ttgacgatct
tctggetgac
tatctceegt

tcgacgetea
23 HIOIXl

caatgccaag
cgectatgea
atttctgtea
caacgaaaag
cattgattat
atttageget
aggt taccge
tggccagetg
acctaacctyg
cgtgetgaaa
cgtcatacat
cacaaccege
ttctgaaaaa
taacaaagct
ccacctecea
acagcaatat
gaatctgatc
taacctggtc
actccagaat
gattaaagaa
gattaaatac
ctttaaagtc
ctatcttget
gatgacatat
cgteectgea
acgegacgty
tcaatacgat
ccataaactc
gaacatgaag
ggaactgctc
gcgcgagatg
tgtacaactc
gettaataag

Jaaagecccg

CUR e 01 0119,

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
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ctgcctattg atgcagacge caacggeget ttttgtatcg ccttgaaggg tatgtatace 3720
gcaaatcaga ttaaagagaa ctgggttgaa ggegagaage tgeccgecga ttgectcaaa 3780
atagaacacg cttcatgget tgecttcatg caaggagage 9cggg 3825
<210> 9

<211> - 1307

L1 PRT

213> Artificial Seguence

<220>

<223> AsCas12a

<400> 9
Meg Thr Gin Phe Glg Gly Phe Thr Asn Leg Tyr Gln val Ser L*g Thr
1

Leu Arg Phe Glu Leu |le Pro GIn Gly Lys Thr Leu Lys His 1le Gln
20 25 30

Glu GIn Gly Phe {le Glu Glu Asp Lys Ala Arg Asn Asp His Tyr Lys
35 40 45

Glu Leu Lys Pro lle |le Asp Afg [le Tyr Lys Thr Tyr Ala Asp Gin
50 55 60

Cys Leu Gin Leu Val Gin Leu Asp Trp Glu Asn Leu Ser Ala Ala lle
65 70 75 80

Asp Ser Tyr Arg Lys Glu Lys Thr Glu Glu Thr Arg Asn Ala Leu lle
85 90 95

Glu Glu GIn Ala Thr Tyr Arg Asn Ala 1le His Asp Tyr Phe Ile Gly
100 105 110

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

Tyr Lys Gly Leu Phe Lys Ala Glu Leu Phe Asn Gly Lys Val Leu Lys
130 135 140

GIn 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 Ata Ile Pro His Arg
180 185 180

|1e Val GIn Asp Asn Phe Pro Lys Phe Lys Glu Asn Cys His |le Phe
195 200 205

Thr Arg Leu lie Thr Ala Val Pro Ser Leu Arg Glu His Phe Glu Asn
210 215 220

Val Lys Lys Afa Ile Gly |le Phe Val Ser Thr Ser 1lle Glu Glu Val
225 230 235 240

Phe Ser Phe Pro Phe Tyr Asn GiIn Leu Leu Thr GIn Thr Gln 1le Asp
245 250 255

l.,eu Tyr Asn GlIn Leu Leu Gly Gly lle Ser Arg Glu Ala Gly Thr Glu
260 265 270
24 H O X



Lys Iie Lys Gly Leu Asn Glu ggé Leu Asn

275

Asp Glu Thr Ala His Ile Ile Ala Ser
290 295

305

Glu Glu Phe Lys Ser Asp
Lys Thr Leu Leu Arg Asn
340
Phe Asn Glu Leu Asn Ser
Lys Lys Leu Glu Thr Ile
370

Leu Arg Asn Ata Leu Tyr

385

[le Thr Lys Ser Ala Lys
Asp |le Asn Leu Gin Glu
420

Glu Ala Phe Lys Gin Lys
435

Ala Leu
450

Glu
465

e

Leu Asp

Ser Ala

Phe Tyr

Glu Lys

530

Asp Val

545
Gty Leu

Ala Leu

Met Tyr

Thr
610

Ser

Pro lle

355

Asp Gin
Leu Lys
Trp Phe

Arg Leu
500

Asn Lys
515

Phe Lys
Asn Lys
Tyr Tyr
Ser Phe

580

Tyr Asp
595

Gin Leu

Leu Leu

Leu Phe Lys GIn |le gﬁg Ser Asp Arg

Glu Glu Val

325

Glu Asn Val
345
|le Asp Leu
360

Ser Ser Ala
375

Glu Arg Arg
390

Glu Lys Val
405

Ser
425

Glu

lie |le
Thr Ser
440

Pro Thr
455

Pro Leu Thr

Ser Gln
470

Ala Val
485

Thr Gly

Leu Asp Ser

Asp Glu Ser

Ile Lys Leu

505
Ala Thr

Ala Arg Asn Tyr

520

Phe Gin
535

Leu Asn Met

Glu Lys

Asn Asn
550 ‘

Leu Gly [le Met

565

Glu Pro Thr Glu Lys

585
Ala Ala

Tyr Phe Pro Asp

600

Val Thr
615

Ser Asn Asn Phe

Lys Ala

Leu

Asn

lle

330

Leu

Thr

Leu

[le

Gin

410

Ala

e

Leu

Leu

Asn

490
Glu

Pro

Gly Ala

Pro Lys

570
Thr

Ala His

907065GFS. txt

Leu Ala Ite Gln Lys
285

His Arg Phe ile
300

Leu Ser Phe ile

Pro

Thr
315
GIn Ser Phe Cys Lys

335

Thr Ala Glu Ala
350

[le Phe |le Ser
365

Glu

His

Asp His Trp Asp

380
Glu

Cys

Ser
395

Leu Thr Gly

Arg Ser Leu Lys His

415
Ala

Gly Lys Glu Leu

430

His Ala His
445

Gln Glu Glu

Leu Ser

Lys
460

Lys

Leu
475

Glu

Gly Leu Tyr His

Val Asp Pro Glu

495

Met Glu Pro Ser Leu

510

Lys Lys Pro Tyr Ser

525

Thr Leu Ala Ser Gly

540
Leu

Ile Phe Val Lys
555

Gin Lys Gly Arg Tyr
575

Ser Glu Gly Phe Asp

530
Met

Lys [le Pro Lys

605
Phe Gin Thr His Thr
620

[le Glu Pro Leu Glu lle Thr

25 WOoIX

Asn
Pro
Leu
320
Tyr
Leu
His
Thr
Lys
400
Glu
Ser
Ala
Lys
Leu
480
Phe
Ser
Val
Trp
Asn
560
Lys
Lys
Cys

Thr

Lys

PCIRR 20194 010110



625

630

Glu lle Tyr Asp Leu Asn Asn Pro Glu

Thr Ala Tyr
Leu Cys Lys
675

Lys Thr Thr
690

Lys Asp Leu
705

“|le Ser Phe
Thr Gly Lys
Gly His His

755

Phe Ser Pro
770

Ala Glu Leu
785

Arg Leu Gly

Pro Ile Pro

Leu Ser
835

Iie Thr
850

Arg
Val
Thr

865
Ala Ala Asn

Ser Asp

Lys Glu His

Leu Ile
915

Arg Ser
930

Asn

GIn

Asp Asn Arg

945
Val Gly Thr

His Glu |le Val Asp Leu Met

645

Ala Lys
660

Trp lle

Ser |le

Gly Glu

Gin Arg
725

Leu Tyr
740

Gly Lys
Glu Asn
Phe Tyr
Glu Lys

805
Asp Thr

820

His Asp
Lys Glu
Lys Phe
Ser Pro

885
Pro Glu

900
Tyr |le
Leu Asn

Glu Lys

ile Lys
965

880

Lys
Asp
Asp
Tyr
710
Ile
Leu
Pro
Leu
Arg
790
Met
Leu
Leu
Val
Phe
870
Ser
Thr
Thr
Thr
Glu
9

50
Asp

Thr Gly Asp
665

Phe Thr Arg
£80

Leu Ser Ser
695

Tyr Ala Glu

Ala Glu Lys

Phe Gin lle

745

Leu His
760

Lys Thr

Asn
Ala
775

Pro Lys Ser

Leu Asn Lys

Gin Glu
825

Asp Glu
840

His Glu

Tyr

Ser

Ser
855

Phe His Vai

Lys Phe Asn

lle lle
905

Pro

Val |le Asp

920

[le GIn Gin

935
Arg

Leu

985

907065GFS . txt

635

640

Lys Glu Pro Lys Lys Phe GIn

650
Gln Lys

Asp Phe

Leu Arg

Leu Asn
715

Glu fle
730

Tyr Asn

Thr Leu

Ser |le

Arg Met
795

LLys Leu
810

Leu Tyr
Ala Arg
e lle
Pro lle

875
Gln Arg
890
Gly lle
Ser Thr

Phe Asp

Gly Tyr

Leu Ser
685

Pro Ser
700

Pro Leu

Met Asp

Lys Asp

Tyr Trp
765

Lys Ley
780

Lys Arg

lys Asp

Asp Tyr

Ala Leu
845

Lys Asp
860

Thr Leu
Val Asn
Asp Arg
Gly Lys

925

Tyr Gln
940

Val Ala Ala Arg Gin Ala Trp Ser
955

Lys Gln Giy Tyr Leu Ser
970

26 HOIX

655

Arg Glu
670

Ala

Lys Tyr Thr

Ser Gin Tyr

His
720

Glu

Leu Tyr
Ala Val
735

Phe Ala Lys
750

Thr Gly Leu

Asn Gly Gin

Met Ala His
800

Gln Lys Thr
815

Val Asn
830

His

Leu Pro Asn

Arg Arg Phe

Gln
880

Asn Tyr
Ala Tyr
895

Gly Glu
910

Leu
Arg

[le Leu Glu

Lys Lys Leu

Val
960

Gin Val
975

Ile

[le His Tyr Gln Ala val Val Val Leu

9g0

PR AMe (010110
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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 GIn Phe Glu Lys Met Leu |le Asp Lys Leu Asn
1010 1615 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 GIn Ser Gly Phe Leu Phe Tyr Val Pro Ala Pro Tyr Thr Ser Lys
1060 1065 1070

I{e 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 |le Leu His Phe Lys Met Asn
1105 1110 1115 1120

Arg Asn Leu Ser Phe GIn Arg Gly Leu Pro Gly Phe Met Pro Ala Trp
1125 1130 ‘ 1135
Asp |le Val Phe Glu Lys Asn Glu Thr GIn Phe Asp Ala Lys Gly Thr
1140 1145 1150

Pro Phe tle Ala Gly Lys Arg lle Val Pro Val |le Glu Asn His Arg
1155 1160 1165

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

Leu Leu Glu Glu Lys Gly |le Val Phe Arg Asp Gly Ser Asn lle Leu
1185 1190 1195 1200

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

Ala Leu Ile Arg Ser Val Leu GIn 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 GIn Asn Gly |le Ser Asn Gin
1285 1290 1295

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

<210> 10

211> 1228

<212> PRT

213> Artificial Sequence
<220>

<223> LbCas12a
27 HolXl
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<400> 10
Ala Ala Ser
1

Thr Leu Arg

Asn Lys
35

Gly Val
50

Asp
- Lys

Asp Val Leu

65

Leu Phe Arg

Asn Leu Glu
Ala Ala ?

Leu Pro Glu

Phe
145

Asn Gly

Asn Xaa Phe

fle Asn Glu

Val Asp
195

Ile Leu
210

Phe Asn

Lys
Lys
Phe

225

Ile lle Gly

Asn Glu Tyr

Phe Lys
275

Phe Tyr
290

Phe Arg Asn
305

Lys

Ser

Lys Leu Glu

907065GFS.. txt

Lys Leu Glu Lys Phe Thr Asg Cys Tyr Ser Leu S?é Lys
5 1

Phe Lys Ala lle

20
Arg Leu

Lys Lys
His Ser
Lys Lys
85
{le Asn
100
Tyr Lys
Ala Ala
Phe Thr
Ser Glu

165

Asn Leu
180

Ala Ite Phe Asp

Asn Ser

Phe Val

Gly Phe Val Thr

245

I1e Asn
260

Pro Leu
Gly Glu

Thr Leu

Lys Leu
325

Leu Val

Leu Leu

le Lys

Thr Arg

lLeu Arg

Ser Leu

Asp Asp

Thr Ala

Glu Ata

Thr Arg

Asp Tyr

Leu Thr

Leu Tyr

Tyr Lys

Gly Tyr

Pro Val
25

Giu Asp
40

Asp Arg
55

Leu Lys
Thr Glu
Lys Glu

105

Phe Lys
120

Lys Asp
135

Phe Thr
Lys Ser
Tyr lle

185

Lys His
200

Asp Val
215

Gin Glu
Glu Ser
Asn Ala

265

Gin Val
280

Thr Ser
295

A?n Lys Asn Ser

Gly Lys Thr Gin Glu Asn 1le
30

Glu Lys Arg Aig Glu Asp Tyr

Tyr Tyr ng Ser Phe |le Asn

Asn Leu Asn Asn Tyr |le Ser
75 80

Leu Glu
95

Lys Glu Asn Lys Glu
80

[le Ala Lys Ala Phe

110

Lys Gly

Ile lle Glu Thr |le

125

Glu Ile Ala Leu Val
140

Phe Asp Asn

Lys Asp

Asn Ser

Gly Phe
155

Thr Ser
170

Arg Glu
160

[le Ala Phe Arg Cys
175

Xaa Asp |le Phe Glu

190

GIn Glu e
205

Phe Phe Glu
220

Ser Asn

Glu Val Lys Glu

Glu Asp Gly Glu

Gly lle Asp Val Tyr Asn Ala
235 240

Gly Leu

255

Gly Glu Lys lle Lys
250

Lys Thr Lys GIn Ata Leu Pro
270
Leu Ser Asp Arg Glu Ser Leu
285

Asp Glu Glu Val Leu Glu Val
300

Glu Ife Phe Ser Ser lle Lys
315 320

Phe Lys Asn Phe Asp Glu Tyr'Ser Ser Ala Gly
330 335

|le Phe Val Lys Asn Gly Pro Ala ile Ser Thr lle Ser Lys Asp |le
340 345

350
28 Ol X
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Phe Gly Glu Trp Asn Leu lle Arg Asp
355 360

Asp |le His Leu Lys Lys Lys Ala Val
370 375

Asp Arg Arg Lys Ser Phe Lys Lys lle
385 390

Leu GIn Glu Tyr Ala Asp Ala Asp Leu
405

Glu Ile Ile Ile Gin Lys Val Asp Glu

420 | 425

Ser Glu Lys Leu Phe Asp Ala Asp Phe
435 440

Lys Asn Asp Ala Val Val Ala lle Xaa
450 455

Lys Ser Phe Glu Asn Tyr Ile Lys Ala
465 470

Thr Asn Arg Asp Glu Ser Phe Tyr Gly
485

lle Leu Leu Lys Val Asp His Ille Tyr
500 505

Thr GIn Lys Pro Tyr Ser Lys Asp Lys
515 520

Pro GIn Phe Xaa Gly Giy Trp Asp Lys
530 535

Ala Thr Iie Leu Arg Tyr Gly Ser Lys
545 550

Lys Lys Tyr Ala gég Cys Leu GIn Lys

Gly Asn Tyr Glu Lys Ile Asn Tyr Lys
_ 580 585

Xaa Leu Pro Lys Val Phe Phe Ser Lys
585 600

Pro Ser Glu Asp tle Gin Lys Ile Tyr
610 615

Gly Asp Xaa Phe Asn Leu Asn Asp Cys
625 630

Lys Asp Ser I|le Ser Arg Tyr Pro Lys
645

Asn Phe Ser Glu Thr Glu Lys Tyr Lys
660 665

Glu Val Glu Glu Gin Gly Tyr Lys Val
875 680

Lys Glu Val Asp Lys Leu Val Glu Glu
690 695

[1e Tyr Asn Lys Asp Phe Ser Asp Lys

907065GFS . txt
Lys Trp Asn Ala Glu Tyr Asp
365

Vai Thr Glu Lys Tyr Glu Asp
380
Gly Ser Phe Ser Leu Glu GIn

395 400

Ser Val Val Glu Lys Leu Lys
410 415

[le Tyr Lys Val Tyr Gly Ser
430

Val Leu Glu Lys Ser Leu Lys
445

Lys Asp Leu Leu Asp Ser Val
4860

Phe Phe Gly Glu Gly Lys Glu
475 480

Asp Phe Val Leu Ala Tyr Asp
490 495

Asp Ala Ile Arg Asn Tyr Val
510

Phe Lys Leu Tyr Phe GIn Asn
525

Asp Lys Glu Thr Asp Tyr Arg
540

Tyr Tyr Leu Ala [le Xaa Asp
555 560

Ile Asp Lys Asp Asp Val Asn
570 575

Leu Leu Pro Gly Pro Asn Lys
590

Lys Trp Xaa Ala Tyr Tyr Asn
605

Lys Asn Gly Thr Phe Lys Lys
620

His Lys Leu |le Asp Phe Phe
635 640

Trp Ser Asn Ala Tyr Asp Phe
650 655

Asp |le Ala Gly Phe Tyr Arg
670

Ser Phe Glu Ser Ala Ser Lys
685

Gly Lys Leu Tyr Xaa Phe Gin
700

Ser His Gly Thr Pro Asn Leu
29 Mol Xl
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705
His
lle
Lys
Lys
Tyr
785
Ile
Val
Asp
Gly
Asn
865
Glu
e
Cys
Asn
Gln

5
Lys
ile
Phe

Thr

Ser

1025

Glu

Thr Xaa Tyr Phe
725

Arg Leu Ser Gly
740

Lys Glu Glu Leu

755

Asn Pro Asp Asn
770

Lys Asp Lys Arg

Ala fle Asn Lys
805
Arg Val lLeu Leu
820
Arg Gly Glu Arg
835
Asn 1le Val Glu
850

Gly lle Arg lle

Arg Phe
885

Lys Glu

Lys Glu Leu Lys

900

Glu Leu Val Glu

915

Ser Gly
930

Lys Phe

Phe Lys

Glu Lys

Asn Pro
965

Lys Phe
980

Lys Ser
Thr Asn
[le Phe

995
Gly Phe

Tyr Ile

Val Asn

1010

Lys Lys

Asp Leu
1045

710
Lys Leu Leu Phe

Gly Ala Glu Leu
: 745
Val Val His Pro
760
Pro Lys Lys Thr
775
Phe Ser Glu Asp
790
Cys Pro Lys Asn
Lys His Asp Asp
825
Asn Leu Leu Tyr

840
Gln Tyr Ser Leu
855
Lys Thr Asp Tyr
870 ‘
Glu Ala Arg GIn
Ala Gly Tyr Ile
905

Lys Tyr Asp Ala
920

Asn Ser Arg Val
Q35
Xaa Leu !le Asp
950
Cys Ala Thr Gly
Glu Ser Phe Lys
985

Pro Ala Trp Leu
1000

Leu Leu Lys Thr
1015

Phe |le Ser Ser Phe Asp Arg lle Xaa Tyr
1030 1

907065GFS. txt
715 720

Asp Glu Asn Asn His Gly Gin
730 735

Phe Xaa Arg Arg Ala Ser Leu
750

Ala Asn Ser Pro lle Ala Asn

Thr Thr Leu Ser Tyr Asp Val

780

Pro
800

Glu

GIn Tyr Glu Leu His Ile
795

Ile Phe
810

Lys fle Asn Thr

815

Tyr Val lle Gly
830

Asn Pro e

ile Val val val Asp Gly

845

Lys

Asn Glu Ile |le Asn Asn Phe

860

His Ser
875

Asn Trp Thr Ser
890

Ser Gln Val Val

Lys
880

Leu Leu Asp Lys

[le Glu
895

Asn

His Lys Ile

910

Val Ile Ala Leu Glu Asp Leu

925
Gln Val

Glu Lys Tyr

940

Lys Val

Xaa Val Asp

960
Gin

Lys Leu Asn Tyr
955

Gly Tyr
975

Gln Asn Gly
990

Gly Ala Leu Lys
970

Ser Xaa Ser Thr
Thr Ser Lys Ile Asp Pro Ser
1005

Lys Tyr Thr Ser |le Afa Asp
1020

Val Pro Glu
035 1040

Phe Glu Phe Ala Leu Asp gga Lys Asn Phe Ser Arg Thr
1

1055

Asp Ala Asp Tyr Ile Lys Lys Trp1Lys Leu Tyr Ser Tyr Gly-Asn Arg
1060

065

1070
30 HIOIX
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[le 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 GIn Glin Gly Asp |le Arg Ata Leu Leu Cys Glu GlIn Ser

1105 1110 1115 1120

Asp Lys Ala Phe Tyr Ser Ser Phe Xaa Ala Leu Xaa Ser Leu Xaa Leu
1125 1130 1135

GlIn Xaa Arg Asn Ser lie 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 GIn Glu Asn Ata Ile Leu Pro Lys Asn Ala Asp Ala Asn Gly
1170 1175 1180

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

Lys Ala Glu Asp Glu Lys Leu Asp Lys Val Lys Ile Ala lle Ser Asn
1205 1210 1215

Lys Glu Trp Leu Glu Tyr Ala GIn Thr Ser Val Lys
1220 1

225
<210> "
211> 1300
<212> PRT
<213> Artificial Sequence
<220>

223> FnCas12a

<400> 1
Met Ser ile Tyr GIn Glu Phe Val Asn L%S Tyr Ser Leu Ser Lys Thr
1 5 15

Leu Arg Phe Glu Leu lle Pro Gin Gly Lys Thr Leu Glu Asn Ile Lys
20 25 30
Ata Arg Gly Leu |le Leu Asp Asp Glu Lys Arg Ala Lys Asp Tyr Lys
35 40 45

Lys Ala Lys Gin lle lle Asp Lys Tyr His GIn Phe Phe Ile Glu Glu
50 55 60

[le Leu Ser Ser Val Cys lle Ser Glu Asp Leu Leu GIn Asn Tyr Ser
65 70 75 80

Asp Val Tyr Phe Lys Leu Lys Lys Ser Asp Asp Asp Asn Leu GIn Lys
85 80 95

Asp Phe Lys Ser Ala Lys Asp Thr Ile Lys Lys Gin Ile Ser Glu Tyr
100 105 110
[le Lys Asp Ser Glu Lys Phe Lys Asn Leu Phe Asn Gin Asn Leu (e
115 120 125
Asp Ala Lys Lys Gly GIn Glu Ser Asp Leu fle Leu Trp Leu Lys GIn

130 135 140
31 HIOIX|
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Ser Lys Asp Asn

145
Glu

Asp |le Asp

Thr Tyr Phe Lys

180
Pro

Asn Asp |lle

195

Lys Phe
210

Pro Glu

Pro Leu

Ala
225

Glu

Ala

Leu Thr Phe

Val Phe Ser Leu

260

Asn Gln
275

Val Asn
290

Leu Ser

Phe Gly

Asn Leu Tyr Ser

305
Met

Ser Val Leu

Phe Asp

340

Val lle

Gin Ser Phe

355

Tyr

[le Lys Glu

370

Ser

Lys Leu Asp Leu

385

Asp Leu Ser GIn

Val Leu Glu Tyr

420
Ser Lys Lys
435

Pro

Lys Tyr Leu Ser

450

Lys His Arg Asp
465

Asn Phe Ala Ala

Gly
Ala
165
Gly
Thr
Glu
lle
Asp
245
Asp
Gly
Glu
Gln
Phe
325
Lys
Glu
Thr
Ser
GIn
405

Ile

Glu

Ile

Ile
485

[le Glu
150

Leu Glu

l.eu Phe
[le |le

Phe His Glu Asn

185

Ser Ile |le Tyr
' 200
Asn Lys Ala Lys

215
Asn Tyr Glu GIn
230

[le Asp Tyr Lys

Glu Val Phe Glu

265

Lys Phe
280

lle Thr

Asn Thr
295

Lys Arg

Gln [le Asn Asp
310

Lys GIn lle Leu

Leu Glu Asp Asp

345

Ala Ala
360

Gin |le
Leu Ser Leu Leu
375

Lys Ile Tyr Phe
390

Val Phe Asp Asp

Thr GIn GIn Ile
425

GIn Glu Leu lle
440

Leu Glu Thr Ile Lys
: 455

Asp Lys Gin Cys
470

Pro Met 1le Phe

Asp Asn Leu Ala GlIn lle Ser lle Lys

500

505

Ale Ala Asn Phe Asn Asn

007065GFS. txt
Lys Ala Asn Ser Asp lle Thr

155 160

Lys Ser Phe Lys Gly Trp Thr
170 175

Arg Lys Asn Val Tyr Ser Ser

190

Arg lle Val Asp Asp Asn Leu
205

Tyr Glu Ser Leu Lys Asp Lys
220

[le Lys Lys Asp Leu Ala Glu

235 240

Thr Ser Glu Val Asn Gin
250 255

Arg

Tyr
270

Asn Thr lle Ilg Gly Gly

Lys

Lys Gly Ile Asn Glu Tyr Ile
300

Lys

Lys Thr Leu Lys Lys Tyr
315 320

Ser Asp Thr Glu Ser Lys
330 335

Ser Asp Val Val Thr Thr
350

Phe Lys Thr Val Glu Glu
365

Ser
Met
Lys

Phe Asp Asp Leu Lys Ala GIn
380

Lys Asn Asp Lys Ser Leu Thr

395 400

Tyr Ser Val Ile Gly Thr Ala
410 415

Asn

Ala Pro Lys Asn Leu Asp
430
Ala Lys Lys Thr Glu Lys Ala
445
Leu Ala Leu Glu Glu Phe Asn

460

Arg Phe Glu Glu Ile Leu Ala
475 480

Asp Glu Ile Ala Gln Asn Lys
490 435

Tyr GIn Asn Gin g%é Lys Lys
32 HOIX
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Asp Leu Leu GIn Ala Ser Ala Glu Asp

Leu Leu Asp GIn Thr Asn Asn
530

515

535

[le Ser GIn Ser Glu Asp Lys

545
Phe

Pro
Asp
Trp
Asp
625
Phe
|le
Phe
Leu
Lys
705
lle
Phe
Phe
e
Leu
785
Pro
Leu
Arg

lle

Tyr

Tyr Leu

Leu Tyr

Glu Lys
595

Asp Lys
610

Asp Lys

Asp Asp

Val Tyr

Phe Ser
675

Arg 1le
690

Gly Tyr

Asp Phe

Gly Phe

Tyr Arg
755

Ser Glu
770

Phe Gln

Asn Leu

GIn Asp

Lys Gin
835

Ala Asn
850

Asp Leu

550

Val Phe Glu Glu
565

Asn Lys 1le Arg
580

Phe Lys Leu Asn
Asn Lys Glu Pro

615

Tyr Tyr Leu Gly
630

Lys Ala |le Lys
645

Lys Leu Leu Pro
660

Ala Lys Ser Ille
Arg Asn His Ser
695

Glu Lys Phe Glu
710

Tyr Lys GIn Ser
725

Arg Phe Ser Asp
740

Glu Val Glu Asn
Ser Tyr |le Asp
775

Ile Tyr Asn Lys
790

His Thr Leu Tyr
805

Val Val Tyr Lys
820

Ser lle Pro Lys

Lys Asn Lys Asp
855

520

Leu Leu

Ala Asn

Cys Tyr

Asn Tyr
585

Phe Glu
600

Asp Asn

Val Met

Glu Asn

Gly Ala
665

Lys Phe
680

Thr His

Phe Asn

[le Ser

Thr Gin
745

Gln Gly
760

Ser Val

Asp Phe

Trp Lys

Leu Asn
825

Lys Ile
840

Asn Pro

907065GFS. txt

Asp Val Lys Ala Ile Lys Asp
525

His Lys Leu Lys Ile Phe His
540

{le Leu Asp Lys Asp Glu His
555 560

Phe Glu Leu Ala Asn |le Val
570 575

Ile Thr GIn Lys Pro Tyr Ser
590

Asn Ser Thr Leu Ala Asn Gly
605

Thr Ala |le Leu Phe {le Lys
620

Asn Lys Lys Asn Asn Lys le
635 640

Lys Gly Glu Gly Tyr Lys Lys
650 655

Asn Lys Met Leu Pro Lys Val
670

Tyr Asn Pro Ser Glu Asp lle
685

Thr Lys Asn Gly Ser Pro Gin
700

[le Glu Asp Cys Arg Lys Phe
715 720

Lys His Pro Glu Trp Lys Asp
730 735

Arg Tyr Asn Ser |le Asp Glu
750

Tyr Lys Leu Thr Phe Glu Asn
765

Val Asn Gin Gly Lys Leu Tyr
780

Ser Ala Tyr Ser Lys Gly Arg
795 800

Ala Leu Phe Asp Giu Arg Asn
810 815

Gly Glu Ala Giu Leu Phe Tyr
830

Thr His Pro Ala Lys Glu Ala
845

Lys Lys Glu Ser Val Phe Glu
860

[le Lys Asp Lys Arg Phe Thr Glu Asp Lys Phe Phe Phe
33 HIOIX
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865 870 875 880

His Cys Pro |le Thr |le 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
200 905 910

lle Leu Ser Ile Asp Arg Gly Glu Arg His Leu Ala Tyr Tyr Thr Leu
915 920 925

Val Asp Gly Lys Gly Asn |le |le Lys Gin Asp Thr Phe Asn lle lle
930 935 940

Gly Asn Asp Arg Met Lys Thr ‘Asn Tyr His Asp Lys Leu Ala Ala |le

945 8950 955 960

Glu Lys Asp Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys |le Asn Asn
965 970 975

e Lys Glu Met Lys Glu Gly Tyr Leu Ser GIn Val Val His Glu lle
980 985 990

Ala Lys Leu Val [le 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 GIn Val Tyr
1010 1015 1020

GIn Lys Leu Glu Lys Met Leu fie 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 GlIn
1045 1050 1055
Leu Thr Ala Pro Phe Glu Thr Phe Lys Lys Met Gly Lys GIn Thr Gly
1080 1065 1070

[le Ile Tyr Tyr vVal Pro Ala Gly Phe Thr Ser Lys lle 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 |le 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 {le Ala Ser Phe Gly Ser Arg Leu lle
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 lle Glu
1170 1175 1180

Tyr Gly His Gly Glu Cys |le Lys Ala Ala |le Cys Gly Glu Ser Asp
1185 1190 1195 1200

Lys Lys Phe Phe Ala Lys Leu Thr Ser Val Leu Asn Thr ile Leu GIn
1205 1210 1215

Met Arg Asn Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu lle Ser Pro
1220 1225 1230

34 HOIX
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Val Ala Asp Val Asn Gly Asn Phe Phe Asp Ser Arg Gin Ala Pro Lys
1235 1240 1245

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

Lys Gly Leu Met Leu Leu Gly Arg 1le Lys Asn Asn GIn Glu Gly Lys
1265 1270 1275 1280

Lys Leu Asn Leu Val |te Lys Asn Glu Giu Tyr Phe Glu Phe Val Gin

1285 1290 1295

Asn Arg Asn Asn

1300
<210> 12
211> 19
212> RNA
<213> Artificial Sequence
<220>

<223> 5'-handle BNA

<400> 12
aauuucuacu guuguagau

<210> 13

211> 1263

<212> PRT

213> Artificial Sequence
<220>

<223> d_mgCas12a~1

<400> 13
Me% Asn Asn Gly Thg Asn Asn Phe GIn A?B Phe fte Gly lle S?é Ser

Leu GIn Lys Thr Leu Arg Asn Afa Leu |le Pro Thr Glu Thr Thr Gin
20 25 30

Gin Phe lie Val Lys Asn Gly lle Ile Lys Glu Asp Glu Leu Arg Gly
35 40 45

‘Glu Asn Arg Gln 1le Leu Lys Asp |le Met Asp Asp Tyr Tyr Arg Gly
50 55 60

Phe Ile Ser Glu Thr Leu Ser Ser Ile Asp Asp |le 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 lle Lys Glu GIn Ala Glu Lys Arg Lys Ala lle Tyr Lys Lys
100 105 110

Phe Ala Asp Asp Asp Arg Phe Lys Asn Met Phe Ser Ala Lys Leu lle
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 |le Lys Leu Phe Ser Arg Phe
145 150 155 160
35 HIOIA
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Ala Thr
Ala Asp
Ala Glu

Asn Leu
210

Ser Leu
225

Gly Glu
Gly Lys
Asn Lys

e Ala
290

Glu Val
305

His |le
Asn Leu
Gln Lys
‘His Tyr

370

Val Lys
385

Asn Glu
Ala Glu
Ala GiIn
Leu Lys

450
Phe His
465
Asn Asn

Val |le

Tyr Ser

Ser Phe Lys

165

Asp tle Ser
180

I'te Phe Phe
195

Ser Asn Asp
Lys Glu Met
Phe Ile Thr

245

Val Asn Ser
260

Asn Leu Tyr
275

Asp Thr Ser
Tyr Gin Ser
Val Glu Arg

325

Asp Lys [le
340

Thr Tyr Arg
355

Asn Asn |le
Lys Ala Val

Leu Val Ser
405

Thr Tyr lle
420

Glu Leu Lys
435

Ala Ser Glu
Trp Cys Ser
Phe Tyr Ala

485
Ser Leu Tyr

500
Thr Lys Lys

Asp Tyr
Ser Ser
Ser Asn
Asp 1le
215
Ser Leu
230
GIn Glu
Phe Met
lLys Leu
Tyr Glu

295
Val Asn

310

Leu Arg
Tyr tle
Asp Trp
Leu Pro

375
Lys Asn

390

Asn Tyr

His Glu

Tyr Asn

Leu Lys
455

Val Phe

470

Glu Leu

Asn Leu

[le Lys

Phe Lys Asn
170

907065GFS. txt

Arg Ala Asn

Cys Phe Ser
175

Ser Cég His Arg |le Val Asn Asp Asn
1

Ala Leu Val
200

Asn Lys |le

Glu Glu 1le

Gly lle Ser
250

Asn Leu Tyr

265

Arg Lys Leu

280

Val Pro Tyr

Gly Phe Leu

Lys [le Gly
330

Val Ser Lys
345

Glu Thr [le
360

Gly Asn Gly
Asp Leu GlIn
Lys Leu Cys

410

le Ser His
425

Pro Glu lle
440

Asn Val Leu
Met Thr Glu

Glu Glu Ile
490

Val Arg Asn
505

Leu Asn Phe

Tyr Arg Arg
205

Ser Gly Asp
220

Tyr Ser Tyr

235

Phe Tyr Asn

Cys GlIn Lys

His Lys Gin
285

Lys Phe Glu
300

Asp Asn |le
315

Asp Asn Tyr
Phe Tyr Glu

Asn Thr Ala
365

Lys Ser Lys
380

Lys Ser [le

395

Pro Asp Asp

[le Leu Asn

His Leu Val
445

Asp Val Ile
460

Glu Leu Val
475

Tyr Asp Glu
Tyr Val Thr

Gly lle Pro

190

Ile Val Lys

e Lys Asp

Glu Lys Tyr

240

Asp 1te Cys

255

Asn Lys Glu

270
Cys

lle Leu

Ser Asp Glu

Ser Ser Lys

320

Asn Gly

335
Val

Tyr

Ser Ser

350
Glu

Leu e

Ala Asp Lys

Thr Glu Ile

400

Asn lle
415

Asn Phe
430

Glu Ser

Lys
Glu
Glu
Met Asn Ala
Asp
480
Thr

Asp Lys
Ile Tyr

485
Gin Lys Pro
510

Thr Leu Ala

36 0l Xl
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TR 1 010110

907065GFS. txt
515 520 525

Asp Gly Trp Ser Lys Ser Lys Glu Tyr Ser Asn Asn Ala Ite lle 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 tle Glu Gly Asn Thr Ser Giu Asn Lys Gly Asp
565 570 575

Tyr Lys Lys Met tle Tyr Asn Leu Leu Pro Gly Pro Asn Lys Met lle
580 585 530

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 |le Thr Phe Cys His Asp Leu I'te Asp Tyr Phe
625 630 635 640

Lys Asn Cys Ile Ala [le His Pro Glu Trp Lys Asn Phe Gly Phe Asp
6545 650 655

Phe Ser Asp Thr Ser Thr Tyr Glu Asp |le Ser Gly Phe Tyr Arg Glu
660 665 670

Val Glu Leu GIn Giy Tyr Lys lle Asp Trp Thr Tyr lle Ser Glu Lys
675 680 685

Asp Ile Asp Leu Leu GIn Glu Lys Gly Gin Leu Tyr Leu Phe GIn |le
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 |le Phe Phe Arg Lys Ser Ser
740 745 750

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

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

Arg Lys Thr lle Pro Giu 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 fle Val Lys Asp Tyr
820 825 830

Arg Tyt Thr Tyr Asp Lys Tyr Phe Leu His Met Pro lle Thr |le Asn
835 840 845

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

fle Ala Lys Glu Lys Asn Leu His Val |le Gly Ile Ala Arg Gly Glu
865 870 875 880

37 HOIX
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Arg Asn Leu |le Tyr Val Ser Val |le Asp Thr Cys Gly Asn |Ile Val
885 890 895

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

Leu Lys GIn GIn Glu Giy Ala Arg GIn [le Ala Arg Lys Glu Trp Lys
915 920 925

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

Ile His Glu lle Ser Llys Met Val lle Lys Tyr Asn Ata lle [le 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 Ite Asn Lys Leu Asn
980 985 990

Tyr Leu Val Phe Lys Asp |le Ser Ile Thr Giu Asn Gly Gly Leu Leu
995 1000 1005

Lys Gly Tyr GIn Leu Thr Tyr lle Pro Asp Lys Leu Lys Asn Val Gly
1010 1015 1020

His GIn Cys Gly Cys ile Phe Tyr Val Pro Ala Ala Tyr Thr Ser Lys
1025 1030 1035 1040

[le 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 |le Lys Lys Phe Asp Ser lle 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 |le Lys Arg Arg Phe Val Asn Gly Arg Phe Ser
1105 _ 1110 1115 1120

Asn Glu Ser Asp Thr [le Asp Ile Thr Lys Asp Met Glu Lys Thr Leu
1125 1130 1135
Glu Met Thr Asp |le Asn Trp Arg Asp Gly His Asp Leu Arg Gin Asp
1140 1145 1150

[le Ile Asp Tyr Glu lle Val GIn 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 lle Ser Pro Val Leu Asn Glu Asn Asn |le 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 |le Ala Leu Lys Gly Leu Tyr Glu |le Lys GIn Ile Thr
1220 1225 1230

Glu Asn Trp Lys Glu Asp Gly Lys Phe Ser Arg Asp Lys Leu Lys lle
1235 1240 1245
38 HIOIX
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Ser Asn Lys Asp Trp Phe Asp Phe |le Gln Asn Lys Arg Tyr Leu
1255 1260

1250

Artificial Sequence

210> 14

<211> 1275

212> PRT

213>

<2205

<223> d_mgCas12a-2
<400> 14

Met Gly Lys Asn
1

GIn Lys Thr Leu

20
Asn lle Thr Gin

35
Asn Arg Glu Lys
50

Ile Asp Ser Thr
65

Phe Ser Cys Met

Leu Glu
100

Ala Glu
115

Arg Glu
Lys Phe
[le Thr

130

Glu Arg
145

Thr Thr

Lys Leu
Tyr Asp
Ser Leu
Lys Ile

180

Ile Phe
195

Ile Ala Gly Leu
210

. Lys Glu

Ala Glu

Val Asp Gly Lys
225

Lys Ala |le Thr

Ala Val Asn Gln
260

Gln Asn Phe GIn
5

Arg Asn Glu Leu
Leu Asp Leu Leu

40
Leu Lys Glu Met

55
Leu His Val Gly
70

Arg Asn His Leu
85

Arg Thr GIn Asp
Arg Ala Asp Phe

120
Leu Pro Thr Tyr

135

Glu Ser Met Glu
150

Thr Asp Tyr Phe
165

Ser Ser Ala Val

Leu Gin Asn GlIn
200

Asp Leu His Gly
215

Thr Leu Lys Glu
230

GIn Glu Gly ile
245
Tyr Met Asn Leu

Glu Phe }le Gly Val
10

Ite Pro Thr Glu Thr
25

Thr Glu Asp Glu Ile
45

Met Asp Asp Tyr Tyr
60
Ile Ala Val Asp Trp
75

Arg Glu Asn Ser Lys
0

Ser lle Arg Ser Gln
105

Lys Asp Met Phe Gly
125

[le Lys GIn Asn Ser

140
{le Leu Lys Leu Tyr
155
Glu Thr Arg Lys Asn
170

Gly Tyr Arg lle Val

185

Asn Ala Tyr Asp Arg
205

Glu lle

Leu Asp Asn
' 220

Val Cys Ser Asp Glu
235

Asp Arg Tyr Asn Glu
250

Ser Pro
15

Thr Lys

30

Arg Ala

Arg Asn

Gly Lys

ile Phe
175

Glu Glu
190

|1e Cys
Thr Ala

Gly Phe

Ile
255

Ala

Leu
Lys
Gln
Val
Leu

80
Lys
Asn
lle
Ser
Phe
160
Ser
Asn
Lys
Tyr
Ala

240
Gly

Leu Cys GIn Lys Asn Lys Ala Leu

265

270

39 HOIX
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Lys
Lys
GIn
305
Ash
Asp
Gln
Tyr
Val
385
Asn
Trp
Glu
Asp
Asp
485
Phe
Gln
Lys
Leu
lle

45
Lys
His
Met

Pro

625

Pro Gly
275

Gly Thr
290

Val Tyr
Asp Leu
Met Asn

Phe |le
355

Tyr Ser
370

Lys Lys
Glu Val
Lys Vai
Leu Cys

435
Asp Glu
450
Val Phe
Asp Glu
Glu Ile
Pro Tyr

515
Ala Asn

530
Leu Val
Lys Pro

Ala Tyr

Leu Pro
585

610 -

Gln Phe
Thr Ser
Asp Ala

Lys Arg
325

Lys |le
340

Ser Lys
Asp Asn
Ala Val

fle Glu
405

Glu Ser
420

His Glu
Lys |le
His Ile
Thr Phe

485
Val Pro

500
Lys GIn
Gly Trp

Arg Glu

Ser Lys
565

Lys Met Lys Arg
280

Phe Asp lle Pro

295

Val Asn Ser Phe

310

Leu
Tyr
Lys
Leu
Lys
390
Lys
Tyr
tle
Ser
lle
470
Tyr
Leu
Glu
Ser
Asp

550
Glu

Leu
Val
Trp
Pro
375
Glu
Tyr
lle
Asp
Glu
455
Lys
Ser
Tyr
Lys
Lys
535

Lys

ile

Ala Lys Met Asn

580

Lys Val Phe Leu

Asn |le

Val Ala
345

Asn Leu
360

Gly Lys

Glu Thr

Tyr Val

Ser Ser
425

Asn Asp
440

Ile Lys
Val Phe
Glu Met
Asn His

505
Tyr Arg

520
Ser Lys
Tyr Tyr

Met Ala

Tyr Tyr
585

907065GFS. txt
Leu His Lys GIn |le Leu Cys

285

Lys Lys Phe Glu Asn Asp Lys

Thr Glu
315

300
{1e Val Thr

Lys Asn
320

Thr Gln Asn Ala Asn Asp Tyr

330
Asp Ala

Ile Glu

Gly Asn

Tyr Arg
395

Glu Lys
410

Leu Ala

Glu Lys

Glu Leu

Arg Val
475

Asp Glu
490

Val Arg

Leu Tyr

Glu Tyr

Leu Gly
555

Gly Lys
570

Leu Leu

Tyr Ser Met
350

Glu Cys Leu
365

Ala Lys Glu
380

Ser val Ser
Thr Gly GIn
Glu Met |le

430

His Asn Leu
445

Leu Asp Met
460

Asn Glu Val
[le Tyr Gln

Asn Tyr Val
510

Phe His Thr
525

Asp Asn Asn
540
Ile Leu Asn

Glu Asp Cys

Pro Gly Ala
590

335

I'le Ser

Leu Asp

Asn Lys

Gln Leu
400

Ser Val
415

Lys Leu

Ile Glu

Tyr Met

Leu Asn
480

Asp Met
495

Thr Gin

Pro Thr

Ala |le

Ala Lys
560

Ser Glu
575

Asn Lys

Ser Lys Lys Gly |le GIn Asp Tyr His

600

605

620

Gly Ser Lys Asn Phe Asp |le Arg Phe Cys Arg Asp Leu Ile Asp Tyr
630 635
40 HOIX

Ser Ser Tyr lle Val Glu Gly Tyr Asn Glu Lys Lys His |le Lys
615

640

PCRR 20187 010110



Phe Lys Glu
Glu Phe Ser
Glu Vat Glu

675

Glu Asp |le
690

Ile Tyr Asn
705

His Thr Leu
[le Val Leu
Ser Val Gln

755

Arg Thr Tyr
770

Pro Glu Ser
785

Gin 1le Glu

Cys Asn Lys

Asp Lys Phe
835

Lys Gly Asn
850

Lys Asp Leu
865

Tyr Val Ser

Phe Asn Leu

Asp Tyr Lys
915

Arg Lys Ser
930

Tyr Leu Ser
945
Asn Ala |le

Arg Phe Lys

I'te Ser Lys

Cys tle
645

Ala Thr
660

Lys Gin

GIn Lys

Lys Asp

Tyr Leu
725

Lys Leu
740

Lys Pro

Glu tle

Glu Tyr

Leu Ser
805

Ala Lys
820

Phe Ile
Asn Val
His Val
Val |le

885
Val Glu
900
Glu Lys
Trp Lys

Ser Val

[le Ala Met Glu Asp Leu Asn Tyr Gly Phe Lys Arg
965 970

Lys Lys
Glu Thr
Gly Tyr
Leu Glu
695
Phe Ala
710
Lys Asn
Asn Gly
Val |le
Thr Glu

775
Met Glu

790

Asp Glu
Thr Asp
His Leu
Asn Ala

855
Ile Gly

870

Asp Met

Gln Val

Leu Gin

Thr lie
935

[1e His
950

907065GFS. txt

His Pro Asp Trp Asn Lys Phe Asn
650 655

Tyr Glu Asp Ile Ser Val Phe Tyr
665 670

Arg Val Glu Trp Thr Tyr lle Asn
680 685

Glu Asp Gly GlIn Leu Phe Leu Phe
700

Val Gly Ser ;qr Gly Lys Pro Asn
5

Leu Phe Ser Glu Glu Asn Leu Arg
730 735

Giu Ala Glu lle Phe Phe Arg Lys
745 750

His Lys Cys Gly Ser I|le Leu Val
760 765

Ser Gly Thr Thr Arg Val Gln Ser
780

Leu Tyr Arg Tyr Phe Asn Ser Glu
795

Ala Lys Lys Tyr Leu Asp Lys Val
810 815

[le Val Lys Asp Tyr Arg Tyr Thr

825 830
Pro Ile Thr |le Asn Phe Lys Val
840 845

[le Ala GIn GIn Tyr lle Ala Gly
860

[le Ala Arg Gly Gliu Arg Asn Leu
875

Tyr Gly Arg lle Leu Glu Gin Lys

890 895

Ser Ser GIn Gly Thr Lys Arg Tyr
905 910

Asn Arg Glu Glu Glu Arg Asp Lys
920 925

Gly Lys Ile Lys Glu Leu Lys Glu
940

Glu 1le Ala GIn Met Val Val Lys
955

975

Val Glu Arg GIn Val Tyr GIn Lys Phe Glu Thr Met

980

085 990

Leu Asn Tyr Leu Ala Asp Lys Ser GIn Ala Val Asp

41 HOLX

Phe
Arg
Ser
GIn
Leu
720
Asp
Ser
Asn
lle
Lys
800
GIn
Met
Asp
Arg
Ile
880
Ser
Tyr
Ala
Gly
Tyr
960
Gly

Leu

Glu

R8I 010110
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995 1000 1005

Pro Gly Gly Ille Leu Arg Gly Tyr GIn Met Thr Tyr val Pro Asp Asn
1010 1015 1020

Ite Lys Asn Val Gly Arg Gin Cys Gly lle ife Phe Tyr Val Pro Ala

1025 1030 1035 1040

Ata Tyr Thr Ser Lys Ile Asp Pro Thr Thr Gly Phe |le 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 fle GIn 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 lle 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 130 1135

Lys Glu Leu Leu Asp Asp Ser His Ile Pro Tyr Glu Glu Gly GIn Asn
1140 1145 1150
lle Leu Asp Asp Leu Arg Glu Met Lys Asp Ile Thr Thr [le Val Asn
1165 1160 1165
Gly lle Leu Glu Ile Phe Trp Leu Thr Val Gin Leu Arg Asn Ser Arg
1170 175 1180
I'le Asp Asn Pro Asp Tyr Asp Arg |le lle 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 lle Asp Ala Asp Ala Asn Gly Ala Phe Cys
1220 1225 1230

lle Ala Leu Lys Gly Met Tyr Thr Ala Asn Glin lle Lys Glu Asn Trp
1235 1240 1245

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

Ser Trp Leu Ala Phe Met Glin Gly Glu Arg Gly

1265 1270 1275
<210> 15

11> 53

<212> ONA

<213> Artificial Sequence

<220> |

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

<400> 15
tcgtcggecag cgtcagatgt gtataagaga cagggtattt ctgttcagat cac

<210> 16
42 HIOIX]

PCUKR 20187010110

53



211>
<212>
213>

<220>
223>

<400>

gtctegtogg cteggagatg tgtataagag acaggeccat caattataga aagec

<210>
<211>
<212>
213>

<220>
Q23>

<400>

907065GFS. txt

55
DNA
Artificial Sequence

CCR5 Adapter primer sequence (5'-3")

16

17

53

ONA

Artificial Seguence

ONMT1 Adapter primer sequence (5'-3')

17

tcgtcggeag cgtcagatgt gtataagaga cagetgeaca cagcaggect ttg

<210>
<211>
<212>
213>

<220>
223>

<400>

18
54
DNA
Artificial Sequence

DNMT1 Adapter primer sequence (5'-3')

18

gtetegtgog ctcggagatg tgtataagag acagceccaat aagtggeaga gtge

<210>
211>
<212>
213>

<220>
<223>

<400>

19

28

RANA

Artificial Seauence

NbFTa14_1/2-2 criRNA sequence(PAM site)

19

tttgogataat ttgtactett gtcgatgt

210>
211>
212>
<213>

<220>
<223>

<400>

20
28
RNA
Artificial Sequence

NbFTa14_1/2-4 crBNA sequence(PAM site)

20

tttagtccac aaacagctaa geccacat

<210>
211>
<212>
<213>

21
20
DNA
Artificial Sequence
43 HIOI X

WIm2A1I010110

55

53

54

28

28
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<220> )
223> NGS NbFTai4_1 Forward primer

<400> 21

tgagctgaag atggattatg 20
10> 22

211> 20

212> DNA

<213> Artificial Sequence

<220>

<223> NGS NbFTal14_1 Reverse primer

<400> 22 ,

tcatgcttaa gataaaagag 20
<210> 23

<211> 20

212> ONA

<213> Artificial Seguence

<220>

<223> NGS NbFTal14_2 Forward primer

<400> 23

tcatgagett aagatggatc 20
<210> 24

<211> 20

212> ONA

213> Artificial Seguence

220>

223> NGS NbFTal14_2 Reverse primer

<400> 24

gtttaagcta aaagaactac 20
<210> 25

<211> 43

<P12> ANA

213> Artificial Sequence

<220>

<223>  LsXTbi2 crRNA #1

<400> 25

aatitctact aagtgtagat tcttcatcct caattccate ace 43
<210> 26

<211> 43

<212> RNA

<213> Artificial Sequence

<220>

<223>  LsXTh12 crBNA #2
44 HIOIX
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aatttctact aagtgtagat gcaagectgt aactctggaa gac

<400> 26
10> 27
<211 1504
<212>  DNA

<213> Artificial Seguence

<220>

<223> HSCCR5 Linear DNA

<400> 27
ggtagtgget

tcttcattac
ccagacatta
ctactcggga
totgagget t
tagtecttete
caggt tggac
ceecatcate
aaagcacatt
gcgagcaage
acacggactc
cacageetgg
gagggictaa
cccatcaatt
tecectteac
- tatatttaaa
ataccaaaat
gtaaatgtot
agtaaagaaa
actgacttag
gagaaggaat
ctgcatggge
aggacaagge
gcagggagat
aggatgagca
tctg

gtgtttgegt ctcteeccagg

acctgeaget ctecattttee
aagatagtca
atcctaaaaa ctctgetteg
atcttcacca
ctgaacacct
caagctatgc aggtgacaga
tatgcctttg tcggggagaa
gccaaacget tctgcaaatg
tcagtttaca cccgatccac
aagtgogety gtgacccagt
0ggtgggaga

tttatttgge

gctgggagty
gattcatcca
atagaaagcc aaatcaaaat
atgcatcaag ttattgacaa
agaaagcctc agagaattge
tatttcagaa atgtacaact
ttaaaacagg
catgtgtgat
aaccaggcga gagacttgtg
ttgagttgga tcatctattg
aagettggct gtagaaggag
tagatcatga agaaccttga
cctggttggt gttgcagaag

tttagggcaa ggagaccace

aatcatcttt
atacagtcag
ggtectgeeg
gtgtcgaaat
ttattttcte
ctttggecty
gactcttggg
gttcagaaac
ctgttctatt
tggagagcag
cagagttgtg
gotctttttt
atctotttaa
atgttgatga
actcteoctt
tgattcttga
ttttacctag
gctatggaga
ttceecteca
gcctgggaga
ctggcaaaga
acagagetgg
cggcattgct
gtttactctg

aacagccectc

accagatctc
tatcaattct
ctgcettgtca
gagaagaaga
ttctgggetc
aataattgca
atgacgcact
tacctcttag
ttcecagcaag
gaaatatctg
cacatggett
aaaaggaagt
agtagattag
aaaatagcaa
cactccgaaa
gtttagtgat
tacaaggcaa
gaaaagacat
aggtatggtt
gctgoggaag
cagaagcctc
t tgggaagac
ccgtcetaagt
tggccaaagg
aggtcagogt

45 HOl X

aaaaagaagg
ggaagaattt
tggtcatcetg
gacacagggc
cctacaacat
gtagctctaa
gctgeatcaa
tcttetteea
aggctecega
tgggettgtg
agttttcata
tactgttata
atcttttaag
cotttttate
gttccttatg
ctgaacagaa
catataggtt
gaatatgatt
aataagtttc
cttcttaaat
actgcaagea

atgggoagoa

catgagctga

agggtcagga

gaggatggec

PCUKR2019( 010110

43

60
120

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1504



<210> 28

1119
DNA
Artificial Sequence

<11
<212>
<13

<220>
<223>

<400> 28

getgeteteg
attacaggeg
ctcttcaaag
caaggatctt
aggogtgcaa
gggcct tggg
atgecgtacc
ccaaageccey
actgeectet
caggcgggte
tgagtgagtt
tcaggttgge
getcageagg
accgtttgag
tcagctgtta
caagtggcgt
taaaataaag
tggecaccagg
tcacatgtgt

<210> 29

1460
ONA
Artificial Sequence

<211>
12>
213>

<R20>
<223>

<400> 29

aactcctgge
tgagccactg
geccagtgac
gtgctggaag
tgcocaggtt
cctggatate
acegececctg
agagagtgcc
gggggtacat
acctacceac
gcacgtgtca
tgctggoctg
cacctgecte
gagtgttcag
acatcagtac
gacaccggge
gaggaggaag
aatceccaac

ggtacatggt

HSDNMT1 Linear DNA

ctcaactaat
cteccageee
ttgtggetgt
gattttgage
gtecteeate
cacatcagge
gccaaageca
tcaggtatag
gtgggggeag
gttcgtggee
agtgcttaga
geectggage
agctgceteac
tctcegtgaa
gttaatgttt
gtgttceoca
ctgctaagga
atgcactoat

gtttgtggee

HsSEMX1 Linear DNA

gtoggoacag aaggtctgga gectgecegty

cetecetgte cttgtetgte caaggagaat

tgaggagetg geacctgagg gacaaggece

gogtgggaga gagctacatg aggttgctaa

907065GFS. txt

ccacctgect
cacgigtett
ggagegagat
ccatgtgage
tgagcaggog
attgecctte
ttggcttgga
tggggtagge
ttgctggeca
ccatctttct
gcaggegtge
cgttteccete
ttgageetcet
cgttcectta
cctgatggte
gagtgacttt
ctagttctge
gttgtgtttt
ttagetgac

dagggcagaa
gaggtctcac
cccacctgece

gaaagcetce

tggecteeca
tgtctcaagt
gatgggccag
aggaccagaa
ctggcagtac
tececteoty
gatcaagcett
caggcttcct
cegt tttgog
caaggggactg
tgcacacage
actcetgete
gggtctagaa
gcactctgee
catgtetgtt
tecottttatt
cctecegtoa

taacatgtca

tgctgeecte
tggtggattt
cagctecage

cctgaaggag

46 HOIX

wimae o1 0110

aagtgctggg
ctttctgaag
ttggagggtc
cectteecea
acctgeecce
caggtgggca
tgtatgttgg
ctggggectg
ctctgggact
ctgtgaggat
aggcetttog
ggtgaatttg
cectetgggg
acttattggg
actegectgt
tccetteage
cceetgtttc

atctgteegt

agacccgett
cggactacce
ctetgatgag

accacacagt

60
120

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1119

60
120
180
240



gtgtgaggtt
ggcactgcete
ctgtatggaa
agatcatggg
tgtgaagaag
tccagagcect
cacageagcet
cactgtgtce
ctggtcagag
aggctctceag
ttctecatctg
caaagtacaa
gcteccatca
atgtcacctc
ctgctggeca
tggggagace
ggacaagcaa
ctgectgage
ccetittgtt
gatccccagt
catccagete
<210>
211>
212>
<L213>

<220>
223>

30
53
DN

<400> 30

ggagtctcta
ttgatataaa
aagagcatgg
aacccacgea
cgattatgat
gcactectce
ctgtgaccet
tcttectgee
gggaccecgy
ctcagectga
tgecectece
acggcagaag
catcaaccog
caatgactag
gacecctgeg
tggagtcatg
toggctgget
gggecegece
ttgatgcatt
gtceceectte

cagccccaga

11
A

gcagegagatt
caccacctcee
ggetggeccy
gtgggtcata
ctectecteta
accttggett
ttgtttgaga
ctgecateec
cctggggece
gtgttgagge
tcectggece
ctggaggaga
tggegeattg
ggtgggcaac
tgggcecaag
gceecacagy
gaggcctgog
gccaccgeag
tctgttttaa
cctatgggaa

Artificial Sequence

907065GFS. txt

ctgtgecece
tagttatgaa
tgoggtagtg
ggetctetea
gaaactcgta
ggctttoetg
ggaacaggaa
cttctgtgéa
ctaaccctat
cceagtgget
aggtgaaggt
aagggectga
ccacgaagea
cacaaaccca
ctggactetg
gettgaagec
accacttgge
ccteccaget
tttattttee

taataaaagt

All-in-one vector (HsCCR5)

cttecgette ctogetcact gattegetge geteggtegt

cagetcactc aaaggeggta atacggttat ccacagaatc

acatgtgagc aaaaggccag caaaaggeca ggaaccgtaa

ttttecatag getecgecee cotgacgage atcacaaaaa

ggcgaaacce gacaggacta taaagatacc aggegtttcc

gectetectgt tcegaccetg ccgettaceg gatacctgtce

gegtggeget ttotcatage tcacgotgta ggtatctcag

ccaagetggy ctgtgtgeac gaaccceceg ttcageecga

aggoatagtc
accatgececa
tccactttag
tttactacte
gagteccatg
gggctagagg
aaccaccctt
tgttagacce
gtagcctcag
gctetgoggg
gtggttccag
gtccgageag
ggccaatggg
cgagggcaga
gceacteect
€Qgggyccgee
cttctecteg
gctetecgtg
aggcaccact

ctctetetta

tcagetgcag
aggggataac
aaaggcegeg
tcgacgetca
ccetggaage
cgectitete
ttcggtgtag

cegetgegec
47 HOIX

WHR28(010110

tggctgteca
ttctgectet
gecetotggg
acatccactc
tctgecgget
agcetaggatg
ctctetagee
atgggagcag
tcttcccate
cctectgagt
aaccggagga
aagaagaagg
gaggacatcg
gtgctgettg
ggccaggett
attgacagag
gagagcectge
tctccaatet
gtagtttagt
atgacacggg

cgageggtat
gcaggaaaga
ttoctggegt
agtcagaggt
tecctegtge
ccttegggaa
gtcgticget
ttatccggta

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1460

60
120
180
240
300
360
420
480



actatcgtct
gtaacaggat
ctaactacgg
cctteggaaa
gtttttttgt
tgatctitic
tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacg
agecgcagaag
aagctagagt
gcatcgtggt
caaggegagt
cgategttgt
ataattctet
ccaagtcatt
gggataatac
€gggacgaaa
gtgcacccaa
caggaaggca
tactcftcct
cgaatcgooa
ctcttcagea
¢eggccacag
ggcatcgeca
gaacagtteg
accggettce
gcaggtagcee
cteggcagga
ccagtcectt
ggccagecac

ggtecttgaca

tgaatccaac
tagcagagceg
ctacactaga
aagagt tggt
ttgcaageag
tacggggtcet
atcaaaaagg
aagtatatat
ctcagegate
tacgatacgg
ctcaccggct
tggtcctgea
aagtagtteg
gtcacgeteg
tacatgatce
cagaagtaag
tactgtcatg
ctgagaatag
cgegecacat
actctcaagg
ctgatcttca
aaatgecgea
ttttcaattc
geggegatac
atatcacgog
tcgatgaatc
tgggtcacga
gctgacgega
atcecgagtac
ggatcaageg
gcaaggtgag
ceegetteag
gatagcegey

aaaagaaccg

ccggtaagac
aggtatgtag
agaacagtat
agcetcottgat
cagattacge
gacgetcagt
atcttcacct
gagtaaactt
tgtctattte
gagggettac
ccagatttat
actttatccg
ccagttaata
tegtitgota
ccecatgttgt
t tggcegeag
ccatcegtaa
tgtatgegge
agcagaact t
atcttaccge
gcatcttita
aaaaagggaa
agaagaactc
cgtaaageac
tagccaacge
cagaaaagcg
cgagatccote
gcecctgatg
gtgctegete
tatgecagecg
atgacaggag
tgacaacgtc
ctgcetegte

ggcgecectg

907065GFS. txt

acgacttatc
geggtgctac
ttggtatctg
ccggcaaaca
gcagaaaaaa
ggaacgaaaa
agatcctttt
ggtctgacag
gttcatccat
catctggece
cagcaataaa
cctocateca
gtttgcgeaa
togettcatt

gcaaaaaage

tgttatcact

gatgettttc
gaccgagttg
taaaagtgct
tgttgagatc
ctttcaccag
taagggegac
gtcaagaagg
gaggaageyq
tatgtcctga
gccattttee
gcegtegage
ctettegtee
gatgcgatgt
ccgcattgea
atcctgeccee
gagcacagct
ttgcagttca

cgctgacage

gccactggea
agagttcttg
cgctetgetg
aaccaccget
aggatctcaa
cteacgt taa
aaattaaaaa
ttaccaatge
agttagcetog
cagtgctgea
ccageeagee
gtctattaat
cgttgttgec
cagcteceggt
gottagetec
catggttatg
tgtgactggt
ctcttgeeeg
catcattgga
cagttcgatg
cgtttetoog
acggaaatgt
cgatagaagg
tcagceccat t

tageggtceg

accatgatat

atgetegect
agatcatcct
ftegettggt
tcagccatga
ggcacttcge
gcgcaaggaa
ttcagggcac

cggaacacgg
48 HIOI X|

gcagecactg
aagtgatage
aagecagtta
gatageggty
gaagatcctt
gggattttog
tgaagtttta
ttaatcagtg
cteeeegteg
atgatacege
9gaagggccg
tgt tgccgag
attgctacag
tcccaacgat
tteggtecte
gcageactge
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
cgatgegetg
cgeegecaag
ccacacceag
tcggcaagea
tgagcctbgc
gatcgacaag
ggtcgaatgg
tggatacttt
ccaatageag
cgeeegtegt
cgoacaggtc

cggeatcaga

FiRANEre10110

540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380

1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520



gcageegatt
agaacctgeg
atcagagctt
tttgcaggge
tgtccataaa
tetetttgeg
tcagcaccgt
tgataatctc
gtcattticg
ggccatateg
ttcacggoag
ceeegygegty
tttataggtg
atcgatgcgg
attaagttgg
attgtaatac
ccagtgtgat
aggaatcatc
tccatacagt
getggtectg
tcggtgtcga
tgtttatttt
atteotttgge
agagactctt
gaagttcaga
atgetgttct
cactggogag
agtcagagtt
agaggtcttt
ggcatctgtt
aatatgttga
caaactctee
tgctgatict

actttttacc

gtctgttotg
tgcaatccat
galccectge
ttcccaaccet
accgececagt
cttgegtttt
ttctgeggac
atgectgaca
cogtggctga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa
geetettege
gtaacgecag
gattcactat
ggatatctge
tttaccagat
cagtatcaat
cegetgettg
aatgagaaga
ctettetgog
clgaataatt
gggatgacge
aactacctct
atittccage
caggaaatat
gtgcacatgg
tttaaaagga
taaagtagat
tgaaaaatag
cticactceg
tgagt ttagt
tagtacaagg

cccagtcata
cttgttcaat
gecatcagat
taccagaggg
ctagctateg
ccettgteca
tggctttcta
tttatattcc
gatcagecac
tgcgecaget
acagcagacg
cactctgtac
actgecgtac
tattacgeca
gottttecca
agggcegaat t
agaattcgee
ctcaaaaaga
tctggaagaa
tcatggtcat
agaggcacag
ctcectacaa
gcagtagete
actgotgeat
tagtcttctt
aagaggetee
ctgtoggoett
cttagttttc
agttactgtt
tagatctttt
caaccttttt
aaagttectt
gatctgaaca

caacatatag

907065GFS. txt

gccgaatage
catgcgaaac
ccttogegge
cgececaget
ccatgtaage
gatagcccag
cgtgaaaagg
ccagaacatc
ttctteeeeg
ttcatceecg
tgcactggec
atccacaaac
gtataggetg
gctggegaaa
gtcacgacgt
gggcccteta
cttggtogtg
aggtcttcat
tttccagaca
ctgctacteg
ggctgtgagg
cattgtectt
taacaggt tg
caaccccatc
ccaaaageac
cgagcgagea
gtgacacgga
atacacagce
atagagggtc
aagcccatea
atcteccett
atgtatattt
gaaataccaa

gttgtaaatg

ctctecacee
gatcctcate
aagaaageca
ggcaattecg
ccactgcaag
tagctgacat
atctaggtga
agattaatgg
ataacggaga
atatgcacca
agggggatca
agacgataac
cgcaactgtt
0g9g0atgtg
tgtaaaacga
gatgcatget
getgtgtttg
tacacctgea
ttaaagatag
ggaatcctaa
cttatcttea
ctcectgaaca
gaccaagcta
atctatgect
attgccaaac
agctcagttt
ctcaagtggg
tggactaagg
taagattcat
attatagaaa
cacatgcatc
a3aaagaaage
aattatttica

tgtttaaaac
49 ol X

aageggccyg
ctgtctettg
tecagtttac
gttegettge
ctacctgett
tcatccgoag
agatcctttt
cotttttgat
ccggeacact
ccgggtaaag
ccatcegteg
goctctetet
00gaaggacyg
ctgcaaggceg
cggccagtga
cgagcggcceg
cgtetctece
gctecteattt
tcatcttggg
aaactctget
ccatcatgat
ccttecagga
tgcaggtgac
ttgtcgggga
gcttetgeaa
acacccgatc
ctggtgacce
atgggataga
ccatttattt
gccaaatcaa
aagttattga
ctcagagaat
gaaatgtaca

aggtctttgt

WIRA187010110

2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380

4500
4560



cttgctatgg
gatttccect
gtggcctagg
ttgctgacaa
gagacagage
tgacggeatt
aaggotttact
accaacagcee
cgoccgttac
tttectgtot
aagtgtaaag
ctgecegett

gcggggagag geggtttgcy

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

<220>
<223>

<400>

907065GFS. txt

ggagaaaaga catgaatatg attagtaaag

ccaaggtatg gttaataagt ttcactgact

agagctgogg aagettctta aatgagaagg

agacagaagce ctcactgcaa geactgeatg

gacatgggga
agtcatgagc

tagt tgggaa ggaaggacaa

getecgtota tgagcaggga

ctgtggecaa aggaggotca ggaaggatga

ctcaggtcag ggtgaggatg gectctgaag

tagtggatce gageteggta ccaagetigg

gaaattgtta tccgetcaca attccacaca

cetggogtoe ctaatgagtg agetaactca

tccagtegag aaacctgteg tgccagetge

tattgggege t

31

4926

DNA

Artificial Seguence

Alt-in-one vector (HsONMT1)

31

cttcegette ctegetcact gattegetge geteggtegt

cagctcactc aaaggegota
acatgtgage
ttttccatag
ggcgaaacce
gctctectgt
gcgtogeget
ccaagetogg
actatcgtct
gtaacaggat
ctaactacgg
ccttcggaaa
gtttttttgt
tgatcttttce

tcatgagatt

atacggttat ccacagaatc

aaaaggccag caaaaggcca ggaaccgtaa

gctecgecee cctgacgage atcacaaaaa

gacaggacta taaagatacc aggegtttce

tcegaccetg cegettaceg gatacctgtc

ttctcatage tcacgetgta gotatcteag

ctgtgtgecac gaacccceeg ttcageccga

tgaatccaac ccggtaagac acgacttatce

tagcagageg aggtatgtag geagtgctac

ctacactaga agaacagtat ttggtatctg

aagagttggt agectcttgat coggcaaaca

ttgcaagcag cagattacge gcagaaaaaa

tacgggotct gacgetcagt ggaacgaaaa

atcaaaaagg atcttcacct agatcctttt

aaatgacact
tagaaccagg
aatttgagtt
ggcaagettg
ggctagatca
gatcctggtt
gcatttaggg
ggcgaattce
cgtaatcatg
acatacgagc
cattaattgc

attaatgaat

tcggetgegg
agggoataac
aaaggecgeg
tcgacgetea
cceotggaage
cgeectttete
ttcgotgtag
ccgetgegee
gecactggea
agagttcttg
cgetetoety
aaccaccget
aggatctcaa
ctcacgttaa

aaattaaaaa

50 T 01Xl

tttcatgtot
cgagagact t
ggatcatcta
gctgtagaag
tgaagaacct
ggtgttgeag
£aaggagacs
agcacactgg
gtcatagetg
cggaagcata
gttgegeteca

cggeeaacyc

cgageggtat
gcaggaaaga
ttgctggegt
agtcagagot
tecectegtge
ccticgggaa
gtegtteget
ttatccggta

gcagcecactg

aagtggtoge

aagccagtta
ggtageggtg
gaagatcctt
gggattttog
tgaagtttta

PCUKR 2019 [ 010110

4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5311

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800



aatcaatcta
aggcacctat
tgtagataac
gagacccacy
agcgcagaag
aagctagagt
gcatcgtogt
caaggcgagt
cgatcgtigt
ataattctet
ccaagtcatt
gggataatac
€gggacgaaa
gtgcacccaa
caggaaggca
tactctteet
cgaatcggga
ctetteagea
ceggecacag
ggcatcgeca
gaacagttcg
accggettece
gcaggtagee
ctcggeagga
ccagtcectt
ggccagecac
ggtcttgaca
gcagcecgat t
agaacctgeg
atcagagett
tttgcagggc
tgtccataaa
tetetttgeg

tcagcaccgt

aagtatatat
cteagegatc
tacgatacgg
ctcaccgget
tggtcctgea
aagtagttcg
gtcacgeteg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgegecacat
actctcaagg
ctgatcttea
aaatgccgea
ttttcaattc
gcggegatac
atatcacggg
tcgatgaate
tgoagtcacga
getggegega
atccgagtac
ggatcaageg
gcaaggtgag
ceeget teag
gatagcegeg
aaaagaaccg
gtctgttygtg
tgcaatccat
gatcceetge
ttcecaacet
accgeccagt
cttgegtttt
ttctgegoac

gagtaaactt
tgtctatttc
gagggettac
ccagatttat
actttateccg
ccagttaata
tegtttggta
cccatgttot
ttggcegeag
ccatcegtaa
tgtatgegge
agcagaactt
atcttacege
geatctttta
aaaaagggaa
agaagaactc
cgtaaagcac
tagccaacge
cagaaaagceg
cgagatccte
geeectgatg
gtgctegete
tatgcageceg
atgacaggag
tgacaacgtc
ctgectegte
ggcgeeccetg
cceagtcata
cttgttcaat
gceatcagat
taccagaggg
ctagctatcg
cecttgteca

tgactttcta

907065GFS. txt

gatctgacag
gttcatccat
catctggece
cagcaataaa
cctecateca
gtttgcgeaa
tggcttcatt
gcaaaaaagce
tgttatcact
gatgcttttc
gaccgagttg
taaaagtgct
tgttgagate
ctttcaccag
taagggegac
gtcaagaagg
gaggaagegg
tatgtcctga
gecattttee
gecgtegage
ctettegtee
gatgcgatgt
ccgeat tgea
atcetgecece
gagcacagct
ttgcagttca
cgctgacage
gccgaatage
catgcgaaac
ccttggegae
cgececaget
ccatgtaage
gatagcecag

catgaaaagg

ttaccaatge
agttgeetgg
cagtgctgea
ccagecagee
glctattaat
cgttgttgec
cagcteeggt
ggttagectce
catggttatg
tgtgactgot
ctettgeeeg
catcattgga
cagttcgatg
cgtttetggg
acggaaatgt
cgatagaagg
tcagececatt
tageggtceeg
accatgatat
atgctcgect
agatcatcet
ttcgettgat
tcagccatga
ggcacttcge
gcgcaaggaa
t tcagggcac
cggaacacgg
ctotccacee
gatcctcate
aagaaagcca
ggcaattceg
ccactgceaag
tagctgacat
atctaggtga
51 HOIX

ttaatcagtg
cteecegteg
atgataccge
094aggaccg
tgttgccggg
attgctacag
tcecaacgat
ttegatecte
gcagcactge
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
cgatgegetg
cgeegecaag
ccacacccag
tcggcaagea
tgagectgge
gatcgacaag
ggtcgaatgg
tgoatacttt
ccaatagcag
cgceegtegt
cggacagatc
cggcatcaga
dageggecgy
ctgtectettg
tccagtttac
gttcacttge
ctacctget t
tcatcecagag
agatcctttt

PR 01 0110



tgataatcte
gtcattiteg
ggccatateg
ttcacgggag
cceeggegty
tttataggtg
atcggtgegg
attaagttog
attgtaatac
ccagtgtgat
aatccacctg
ccecacgtgt
tgtgaggcag
ggcceatgtg
atctgagcag
ggcattgeee
ccattggett
tgotgogatg
cagttgetagg
gceccatett
agageagyeyg
ggecgtttee
cacttgagee
gaacgttcce
tttectgatg
ccagagtgac
goactagttc
gatgttgtgt
geettgacety
cggtaccaag
tcacaattce
gagtgageta
‘tgtegtgeca
gocget

atgectgaca
cggtggetga
gtgotcatca
actttatctg
tcaataatat
taaaccttaa
gectettege
gtaacgecag
gattcactat
ggatatctge
cetiggeete
ctitgtetea
gatgatggac
agcaggacca
gggetggeag
ttctceecte
ggagatcaag
ggecaggett
ccacegtttt
tctcaaggog
tgctgecacac
cteactecty
tctggatcta
ttagcactct
gtccatgtcet
tittcotttt
tgeceteceg
ttttaacatg
acaagggega
cttggegtaa
acacaacata
actcacatta

gotgeattaa

tttatattce
gatcagecac
tgcgecaget
acagcagacg
cactctgtac
actgecgtac
tattécgoca
gottttceca
agggcgaat t
agaat tcgee
ccaaagtgct
agtctttctg
cagttggagg
gaaccettee
tacacctgce
ctgcaggtgg
ctttgtatgt
cctetogage
gggctctoag
ctgctgtgag
agcaggectt
cteggtoaat
gaaccctetg
gecacttatt
gttactcgee
atttccectte
tcaccectgt
tcaatctgtc
attccageac
tcatggtcat
cgageeggaa
attgegttge
tgaatcggcce

907065GFS . txt

ccagaacatc
ttcitecceg
ttcatceeeg
tgcactggee
atccacaaac
gtatagoctg
gctggegaaa
gtcacgacgt
gogeectceta
ctigetgete
gggat tacag
aagctcttea
gtccaaggat
CCaaggagty
ccecgggectt
gcaatgecgt
tggccaaage
ctgactgece
actcaggcgg
gattgagtga
tggtcaggtt
ttggctecage
gggaccgttt
gggtcagetg
tgtcaagtag
agctaaaata
ttctggeace
cgttcacatg
actggeggec
agetgtttce
gcataaagtg

gcetcactgee

aacgegeggy

agottaatgg
ataacggaga
atatgcacca
aggggoatca
agacgataac
cgcaactgtt
0ggggatgtg
tgtaaaacga
gatgcatget
tcgaactcct
gcgtgageca
aaggcccagt
cttgtgetog
caatgccceag
gggectgggt
gccaccgece
ccgagagagt
tctgggogta
gtcacctace
gttgcacgtg
gactgctgog
aggcacctge
gaggagtgtt
ttaacatcag
cgtgacaccg
4aggaggagg
aggaatccec
tgtggtacat
gttactagtg
tgtotgaaat
taaagoctgg
cgetttocag

gagaggeggt

52 MOl X

cgtttttgat
ccggeacact
ccggataaag
ccatccgteg
ggctetetet
9099aagagcy
ctgcaaggcg
cggccagtga
€gageggcecy
ggcctcaact
ctgcteecag
gacttgtggce
aagggtittg
gttgtectee
gtccacatca
ctggecaaag
gectcaggta
catgtggggg
cacgttegty
tcaagtgett
ctggeectag
ctcagetget
cagtctccgt
tacgttaatg
ggcgtgttee
aagetgcetaa
aacatgcact
ggtgtttgtg
gatccgaget
tgttatcege
gatgcctaat
tcgggaaacc

ttgegtattg

PEVKR 20191 01 0110



<210>
211>
212>
213>

32
52
ON

<220>
223>

<400> 32
ctteegette
" cageteacte
acatgtgage
ttttccatag
0gcgaaacce
getetectot
gcgtggeget
ccaagetggg
actatcgtet
gtaacaggat
ctaactacgg
cetteggaaa
gittttttgt
tgatctttte
tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacy
agcgcagaag
aagctagagt
gcatcgtogt
caaggcgagt
cgatcgtigt
ataattctcet
ccaagtcatt
gogataatac
cggggcgaaa

gtgcacccaa

67
A

Artificial Sequence

907085GFS. txt

Al l~in-one vector (HSEMX1)

ctecgeteact gattcgetge geteggtegt

aaaggcggta
aaaaggccag
gcteegecee
gacaggacta
tcecgaceetg
ttcteatage
ctgtgtgeac
tgaatccaac
tagcagageg
ctacactaga
aagagttggt
ttgcaageag
tacggggtcet
atcaaaaagg
aagtatatat
ctcagegatc
tacgatacgg
ctcaccgget
tggtcctgea
aagtagttcg
gtcacgetcg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgecacat
actctcaagg

ctgatcttea

atacggttat
caaaaggeca
¢ctgacgage
taaagatacc
cegettaceg
tcacgetgta
gaaccceccg
ccggtaagac
aggtatgtag
agaacagtat
agctcttgat
cagattacge
gacgctceagt
atcttcacct
gagtaaactt
tgtctatttc
gagggettac
ccagatttat
actttatccg
ccagttaata
tcgtttgota
cccatgttgt
t tggeegeag
ccatcegtaa
tgtatgegge
agcagaactt
atcttacecge

gcatctttta

ccacagaatc
ggaaccgtaa
atcacaaaaa
aggegttice
gatacctgtce
ggtatctcag
ttcagcecga
acgacttatc
gcggtgetac
ttggtatctg
ccggeaaaca
gcagaaaaaa
ggaacgaaaa
agatcotttt
ggtctgacag

gttcatccat

catctggece

cagcaataaa
cctecatcea
gtttgcgcaa
tggctteatt
gcaaaaaage
tgttatcact
gatgcttttc
gaccgagttg
taaaagtgct
tottgagate

ctttecaccag

tcgactacog
aggggataac
22aggecycy
tcgacgetea
ccetggaage
cgectttcte
ttcggtgtag
cecgetgegee
gecactggea
agagttettg
cgctetgetg
aaccaccget
aggatctcaa
ctcacgttaa
aaat taaaaa
ttaccaatge
agttgectgg
cagtgctgea
ccageeagec
gtctattaat
cottgttoce
cagcteegot
ggttagetee
catggttatg
tgtgactggt
ctettgeeeg
catcattgoa
cagttcgatg
cagtttctggo
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cgageggtat
gcaggaaaga
ttoctageat
agtcagaggt
tcectegtge
ccitegggaa
gtcgttcget
ttatceggta
gcagecactg
aagtggtgac
aagecagtta
ggtagegotg
gaagatcctt
gggattttgg
tgaagtttta
ttaatcagtg
cteeeegteg
atgataccge
00aagggaccg
tgttgcecggg
attgetacag
teccaacgat
tteggtecte
gcagcactge
gagtactecaa
gcgteaatac
aaacgttctt
taacccactc

tgagcaaaaa

MR8 010110

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



caggaaggea
tactcttcct
cgaatcggoa
ctcttcagea
ccggecacag
ggcatcgeea
gaacagttcg
accggettec
gcaggtagec
ctcggcagga
ccagtecott
ggccagecac
ggtcttgaca
gcagccgatt
agaacctgcg
atcagagctt
tttgcaggac
tgtccataaa
tctetttoeg
tcagcaccgt
tgataatcte
gtcatttteg
ggccatateg
t tcacgggag
ceeeggegtg
tttataggtg
ateggtacgg
attaagttgg
attgtaatac
ccagtgtgat
gtgaagggca
aatgaggtct
ceeeecaccet

taagaaagce

aaatgeccgea
ttttcaatte
gcggcgatac
atatcacggg
tcgatgaatc
tgggtcacga
gctggcgega
atccgagtac
goatcaageg
gcaaggtoag
ccegetteag
gatageegeg
aaaagaaccg
gtctgttgtg
tgcaatccat
gatcceotge
ttcccaacct
acecgeccagt
cttgegtttt
ttctgeggac
atgectgaca
cggtggetga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa
geetettege
gtaacgoecag
gattcactat
ggatatctgc
gaatgctgee
cactggtgoa
geceagetec

tceectgaag
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aaaaagggaa taagggcgac acggaaatgt

agaagaactc
cgtaaagcac
tagccaacge
cagaaaageg
cgagatcctc
gecectgatg
gtgetegete
tatgcageeg
atgacaggag
fgacaacgtc
ctgeetegte
ggcgeeccetg
cccagtcata
cttgttcaat
gccatcagat
taccagaggg
ctagetateg
cecttgteca
tgactttcta
tttatattce
gatcagccac
tgcgecaget
acagcagacg
cactctgtac
actgeegtac
tattacgeca
ggttttecca
agggegaatt
agaattcgec
ctcagacceg
tttcggacta
agectctoat

gagaccacac

gtcaagaagg
gaggaagcgg
tatgtcctga
gecattttee
geegtcgage
ctettegtee
gatgcgatgt
cegeattgea
atcctgeece
gagcacagct
ttgcagttca
cgctgacage
gccgaatage
catgcgaaac
ccttggegge
cgceecaget
ccatgtaage
gatagcccag
cgtgaaaagg
ccagaacatc
ttettecceg
tteatecceg
tgcactggee
atccacaaac
gtataggetg
gctggcgaaa
gtcacgacgt
gggeeeteta
cttgtgggga
cttectecet
ccctgagoag
0aggagtoga
agtgtgtgag

cgatagaagg
tcageceoatt
tageggteeg
accatgatat
atgetcgect
agatcatcct
ttcgettogt
tcagccatga
ggcacttecge
gcgcaaggaa
ttcaggacac
cggaacacgg
ctctecacce
gatcctecate
aagaaagcca
ggcaat tecg
ccactgcaag
tagctgacat
atctaggtga
agottaatgg
ataacggaga
atatgcacca
aggaggatca
agacgataac
cgcaactgtt
gggggatgtg
tgtaaaacga
gatgcatgct
cagaaggtct
gtccttotet
ctggeacctg
agagagctac

gttggagtct
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tgaatactca
cgatgegetg
cgecgeeaag
ccacaccceag
tcggcaagea
tgageetgge
gatcgacaag
gatcgaatgg
tgoatacttt
ccaatageag
cgeeegtegt
cggacaggtc
cggcatcaga
aagegaccgg
ctgtctettg
tccagtttac
gttcgetige
ctacctgett
tcateeggog
agatcctttt
cgttitigat
ccggeacact
ccgagtaaag
ccatcegteg
ggctetetet
999aag0gcg
ctgcaaggeg
cggecagtoa
£gagegacey
ggagetgece
gtccaaggag
dagggacaagg
atgaggttgc

ctagcagegg

YR 0137010110

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780



gttetgtgee
tcctagttat
ccotogaatg
ataggetcte
ctagaaactc
cttogetttg
agaggaacag
ceecttetgt
ccectaacce
ggecccagtg
cccaggtgaa
daggaaggace
ttgccacgaa
aaccacaaac
aagetggact
agggct tgaa
gggaccactt
cagectecca
taatttattt
gaataataaa
aattccagea
atcatggtca
acgagccgga
aattgegttg

atgaatcgoe

cccagggata
gaaaccatge
gtgtccactt
tcatttacta
gtagagtcecc
ctgoggctag
gaaaaccacc
gaatgttaga
tatgtagect
getgetetgg
ggtgtogtte
tgagtcecgag
gcaggccaat
ccacgagggc
ctggecacte
gccceggggcee
ggccttetee
getgetetee
tccaggeace
agtctctcte
cactggegge
tagctgttte
agcataaagt
cgcteactge

$4acgcycay

gtctggetgt
ccattetgee
taggecectgt
ctcacatcca
atgtctgeeg
aggagctagg
ctictctetg
cccatggoag
cagtcttece
gggectectg
cagaaccgga
cagaagaaga
ggggaggaca
agagtgetge
cctggccagg
gccattgaca
tcggagagee
gtgtctecaa
actgtagttt
ttaatgacac
cgttactagt
ctgtgtgaaa
gtaaagcctg
cegettteca

ggagaggcdgg

907065GFS. txt

ccaggeactg
tctetgtatg
gagagatcat
ctctgtgaag
gettecagag
atgcacagca
gececactgty
cagctggtea
atcaggetct
agtttcteat
ggacaaagta
agggcetceeca
tcgatgtcac
ttagctgetog
ctttggggag
gagggacaag
tgectgectg
tctecotttt
agtgatccece
gogcatceag
ggatcegage
ttgttatceg
gggtgectaa
gtcgggaaac
titgegtatt

ctottgatat
gaaaagagca
gggaacceac
aagcgattat
cctgcactee
gcetetgtoac
tectetteet
gaggggacce
cagctcagee
ctgtgeecct
caaacggcag
tcacatcaac
ctccaatgac
ccaggececct
gcetggagtc
caatgggctg
gacggacccy
gitttgatge
agtgtcecee
ctccagecce
tcggtaccaa
ctcacaattc
tgagtgaget
ctgtegtgee
gggegcet
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aaacaccacc
tgaggctgge
geagtgggte
gatctctect
tccacettgg
cctttgtttg
gcectgecat
cggcctggag
togagtgttga
ceetecetgg
aagctggagg
cagtggegea
tagogtgage
gegtgggcece
atggececac
gctgaggect
ccegecaceg
atttetgttt
ttccctatgg
agaaagggcy
gcttggegta
cacacaacat
aactcacatt

agctgcatta

PCIKR 20134010110

3840
3900
3960
4020
4080
4140
4200
4260
4320
4380

4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5267



