SEQUENCE LISTING
<110> Juno Therapeutics, INC.

<120> CELLS EXPRESSING A CHIMERIC RECEPTOR
FROM A MODIFIED CD247 LOCUS, RELATED POLYNUCLEOTIDES AND
METHODS

<130> 735042015840

<140> Not yet assigned
<141> Concurrently herewith

<150> 62/841,578
<151> 2019-05-01

<1606> 131
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 12

<212> PRT

<213> Homo sapiens

<220>
<223> spacer (IgG4hinge)

<400> 1
Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> 2

<211> 36

<212> DNA

<213> Homo sapiens

<220>
<223> spacer (IgG4hinge)

<400> 2
gaatctaagt acggaccgcc ctgcccccct tgccect

<210> 3

<211> 119

<212> PRT

<213> Homo sapiens

<220>
<223> Hinge-CH3 spacer

<400> 3

36



Glu
Glu
Asn
Ile
Thr
65

Arg
Cys

Leu

Ser
Pro
Gln
Ala
50

Thr
Leu

Ser

Ser

<210> 4
<211> 229
<212> PRT
<213> Homo sapiens

<220>
<223> Hinge-CH2-CH3

<400> 4

Glu
1
Leu
Leu
Ser
Glu
65
Thr
Asn
Ser
Gln
Val
145
Val
Pro

Thr

Val

Ser
Gly
Met
Gln
50

Val
Tyr
Gly
Ile
Val
130
Ser
Glu
Pro

Val

Met

Lys
Gln
Val
35

Val
Pro
Thr
Val

Leu
115

Lys
Gly
Ile
35

Glu
His
Arg
Lys
Glu
115
Tyr
Leu
Trp
Val
Asp

195
His

Tyr
Val
20

Ser
Glu
Pro
Val
Met

100
Ser

Tyr
Pro
20

Ser
Asp
Asn
Val
Glu
100
Lys
Thr
Thr
Glu
Leu
180
Lys

Glu

Gly
Tyr
Leu
Trp
Val
Asp
85

His

Leu

Gly
5
Ser
Arg
Pro
Ala
Val
85
Tyr
Thr
Leu
Cys
Ser
165
Asp

Ser

Ala

Pro
Thr
Thr
Glu
Leu
70

Lys
Glu

Gly

Pro
Leu
Cys
Ser
55

Asp
Ser

Ala

Lys

spacer

Pro
Val
Thr
Glu
Lys
70

Ser
Lys
Ile
Pro
Leu
150
Asn
Ser

Arg

Leu

Pro
Phe
Pro
Val
55

Thr
Val
Cys
Ser
Pro
135
Val
Gly
Asp

Trp

His

Cys
Pro
Leu
40

Asn
Ser

Arg

Leu

Cys
Leu
Glu
40

Gln
Lys
Leu
Lys
Lys
120
Ser
Lys
Gln
Gly
Gln

200
Asn

Pro
Pro

25
Val

Asp
Trp

His
105

Pro
Phe
25

Val
Phe
Pro
Thr
Val
105
Ala
Gln
Gly
Pro
Ser
185
Glu

His

Pro
10

Ser
Lys
Gln
Gly
Gln

90
Asn

Pro
10

Pro
Thr
Asn
Arg
Val
90

Ser
Lys
Glu
Phe
Glu
170
Phe
Gly

Tyr

Cys
Gln
Gly
Pro
Ser
75

Glu

His

Cys
Pro
Cys
Trp
Glu
75

Leu
Asn
Gly
Glu
Tyr
155
Asn
Phe

Asn

Thr

Pro
Glu
Phe
Glu
60

Phe
Gly

Tyr

Pro
Lys
Val
Tyr
60

Glu
His
Lys
Gln
Met
140
Pro
Asn
Leu

Val

Gln

Gly
Glu
Tyr
45

Asn
Phe

Asn

Thr

Ala
Pro
Val
45

Val
Gln
Gln
Gly
Pro
125
Thr
Ser
Tyr
Tyr
Phe

205
Lys

Gln
Met
30

Pro
Asn
Leu

Val

Gln
110

Pro
Lys
30

Val
Asp
Phe
Asp
Leu
110
Arg
Lys
Asp
Lys
Ser
190

Ser

Ser

Pro
15

Thr
Ser
Tyr
Tyr
Phe

95
Lys

Glu
15

Asp
Asp
Gly
Asn
Trp
95

Pro
Glu
Asn
Ile
Thr
175
Arg
Cys

Leu

Arg
Lys
Asp
Lys
Ser
80

Ser

Ser

Phe
Thr
Val
Val
Ser
80

Leu
Ser
Pro
Gln
Ala
160
Thr
Leu

Ser

Ser



210

Leu Ser Leu Gly Lys

225

<210> 5
<211> 282
<212> PRT
<213> Artificial Sequence

<220>
<223> IgD-hinge-Fc

<400> 5
Arg Trp Pro Glu

1
Gln

Thr
Glu
Ser
65

Asp
Ser
Pro
Ser
Ala
145
Gln
Leu
Trp
Met
Ala
225
Val
Cys

Ser

Pro
Thr
Lys
50

His
Leu
Asp
Thr
Gln
130
Gly
Arg
Ser
Leu
Trp
210
Arg
Leu

Val

Leu

<210> 6

<211> 24

Gln
Arg
35

Glu
Thr
Trp
Leu
Gly
115
Ser
Thr
Leu
Leu
Leu
195
Leu
Pro
Arg
Val

Glu
275

Ala
20

Asn
Glu
Gln
Leu
Lys
100
Gly
Gln
Ser
Met
Asn
180
Cys
Glu
Pro
Val
Ser

260
Val

Ser
Glu
Thr
Gln
Pro
Arg
85

Asp
Val
His
Val
Ala
165
Leu
Glu
Asp
Pro
Pro
245
His

Ser

Pro
Gly
Gly
Glu
Leu
70

Asp
Ala
Glu
Ser
Thr
150
Leu
Leu
Val
Gln
Gln
230
Ala
Glu

Tyr

215

Lys
Ser
Arg
Glu
55

Gly
Lys
His
Glu
Arg
135
Cys
Arg
Ala
Ser
Arg
215
Pro
Pro

Asp

Val

Ala
Leu
Gly
40

Arg
Val
Ala
Leu
Gly
120
Leu
Thr
Glu
Ser
Gly

200
Glu

Pro
Ser

Thr
280

Gln
Ala
25

Gly
Glu
Tyr
Thr
Thr
105
Leu
Thr
Leu
Pro
Ser
185
Phe
Val
Ser
Ser
Arg

265
Asp

Ala
10

Lys
Glu
Thr
Leu
Phe
90

Trp
Leu
Leu
Asn
Ala
170
Asp
Ser
Asn
Thr
Pro
250
Thr

His

Ser
Ala
Glu
Lys
Leu
75

Thr
Glu
Glu
Pro
His
155
Ala
Pro
Pro
Thr
Thr
235
Gln

Leu

220

Ser

Thr

Thr
60
Thr

Val
Arg
Arg
140
Pro
Gln
Pro
Pro
Ser
220
Phe

Pro

Leu

Val
Thr
Lys
45

Pro
Pro
Phe
Ala
His
125
Ser
Ser
Ala
Glu
Asn
205
Gly
Trp
Ala

Asn

Pro
Ala
30

Lys
Glu
Ala
Val
Gly
110
Ser
Leu
Leu
Pro
Ala
190
Ile
Phe
Ala
Thr

Ala
270

Thr
15

Pro
Glu
Cys
Val
Val
95

Lys
Asn
Trp
Pro
Val
175
Ala
Leu
Ala
Trp
Tyr

255
Ser

Ala
Ala
Lys
Pro
Gln
80

Gly
Val
Gly
Asn
Pro
160
Lys
Ser
Leu
Pro
Ser
240
Thr

Arg



<212> PRT
<213> Artificial Sequence

<220>
<223> T2A

<400> 6
Leu Glu Gly Gly Gly Glu Gly Arg Gly Ser Leu Leu Thr Cys Gly Asp

1

5

Val Glu Glu Asn Pro Gly Pro Arg

<210> 7
<211> 357
<212> PRT
<213> Artificial Sequence

<220>
<223> tEGFR

<400> 7

Met
1
Ala
Glu
Lys
Phe
65
Leu
Gln
Glu
Val
Ile
145
Ala
Thr
Gln
Pro
Val

225
Asn

Leu
Phe
Phe
Asn
50

Arg
Asp
Ala
Ile
Val
130
Ser
Asn
Lys
Val
Arg
210
Asp

Ser

Leu
Leu
Lys
35

Cys
Gly
Ile
Trp
Ile
115
Ser
Asp
Thr
Ile
Cys
195
Asp
Lys

Glu

20

Leu
Leu
20

Asp
Thr
Asp
Leu
Pro
100
Arg
Leu
Gly
Ile
Ile

180
His

Cys

Cys

Val
Ile
Ser
Ser
Ser
Lys
85

Glu
Gly
Asn
Asp
Asn
165
Ser
Ala
Val

Asn

Ile
245

Thr
Pro
Leu
Ile
Phe
70

Thr
Asn
Arg
Ile
Val
150
Trp
Asn
Leu
Ser
Leu

230
Gln

Ser
Arg
Ser
Ser
55

Thr
Val
Arg
Thr
Thr
135
Ile
Lys
Arg
Cys
Cys
215

Leu

Cys

Leu
Lys
Ile
40

Gly
His
Lys
Thr
Lys
120

Ser

Ile

Gly
Ser
200
Arg
Glu

His

Leu
Val
25

Asn
Asp
Thr
Glu
Asp
105
Gln
Leu
Ser
Leu
Glu
185
Pro
Asn

Gly

Pro

10

Leu
10

Cys
Ala
Leu
Pro
Ile
90

Leu
His
Gly
Gly
Phe
170
Asn
Glu
Val
Glu

Glu
250

Cys
Asn
Thr
His
Pro
75

Thr
His
Gly
Leu
Asn
155
Gly
Ser
Gly
Ser
Pro

235
Cys

Glu
Gly
Asn
Ile
60

Leu
Gly
Ala
Gln
Arg
140
Lys
Thr
Cys
Cys
Arg
220
Arg

Leu

Leu
Ile
Ile
45

Leu
Asp
Phe
Phe
Phe
125
Ser
Asn
Ser
Lys
Trp
205
Gly
Glu

Pro

Pro
Gly
30

Lys
Pro
Pro
Leu
Glu
110
Ser
Leu
Leu
Gly
Ala

190
Gly

Phe

Gln

15

His
15

Ile
His
Val
Gln
Leu
95

Asn
Leu
Lys
Cys
Gln
175
Thr
Pro
Glu
Val

Ala
255

Pro
Gly
Phe
Ala
Glu
80

Ile
Leu
Ala
Glu
Tyr
160
Lys
Gly
Glu
Cys
Glu

240
Met



Asn Ile Thr Cys Thr Gly Arg Gly Pro Asp Asn Cys Ile Gln Cys Ala
260 265 270
His Tyr Ile Asp Gly Pro His Cys Val Lys Thr Cys Pro Ala Gly Val
275 280 285
Met Gly Glu Asn Asn Thr Leu Val Trp Lys Tyr Ala Asp Ala Gly His
290 295 300
Val Cys His Leu Cys His Pro Asn Cys Thr Tyr Gly Cys Thr Gly Pro
305 310 315 320
Gly Leu Glu Gly Cys Pro Thr Asn Gly Pro Lys Ile Pro Ser Ile Ala
325 330 335
Thr Gly Met Val Gly Ala Leu Leu Leu Leu Leu Val Val Ala Leu Gly
340 345 350
Ile Gly Leu Phe Met
355

<210> 8

<211> 27

<212> PRT

<213> Homo sapiens

<220>
<223> CD28

<300>
<308> Uniprot P10747
<309> 1989-07-01

<400> 8
Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr Ser Leu
1 5 10 15
Leu Val Thr Val Ala Phe Ile Ile Phe Trp Val
20 25

<210> 9

<211> 66

<212> PRT

<213> Homo sapiens

<220>
<223> (CD28

<300>
<308> Uniprot P10747
<309> 1989-07-01

<400> 9
Ile Glu Val Met Tyr Pro Pro Pro Tyr Leu Asp Asn Glu Lys Ser Asn
1 5 10 15
Gly Thr Ile Ile His Val Lys Gly Lys His Leu Cys Pro Ser Pro Leu
20 25 30
Phe Pro Gly Pro Ser Lys Pro Phe Trp Val Leu Val Val VvVal Gly Gly
35 40 45



Val Leu Ala Cys Tyr Ser Leu Leu Val Thr Val Ala Phe Ile Ile Phe

50 55
Trp Val
65

<210> 10

<211> 41

<212> PRT

<213> Homo sapiens

<220>
<223> CD28

<300>
<308> Uniprot P10747
<309> 1989-07-01

<400> 10
Arg Ser Lys Arg Ser Arg Leu
1 5
Pro Arg Arg Pro Gly Pro Thr
20

Pro Arg Asp Phe Ala Ala Tyr
35

<210> 11

<211> 41

<212> PRT

<213> Homo sapiens

<220>
<223> (D28 (LL to GG)

<400> 11
Arg Ser Lys Arg Ser Arg Gly
1 5
Pro Arg Arg Pro Gly Pro Thr
20

Pro Arg Asp Phe Ala Ala Tyr
35

<210> 12

<211> 42

<212> PRT

<213> Homo sapiens

<220>
<223> 4-1BB

<300>
<308> Uniprot Q07011.1

Leu
Arg

Arg
40

Arg

Arg
40

60

His Ser Asp Tyr Met Asn Met Thr
10 15

Lys His Tyr Gln Pro Tyr Ala Pro

25 30

Ser

His Ser Asp Tyr Met Asn Met Thr
10 15

Lys His Tyr Gln Pro Tyr Ala Pro

25 30

Ser



<309> 1995-02-01

<400> 12

Lys Arg Gly Arg Lys Lys Leu

1

5

Arg Pro Val Gln Thr Thr Gln

20

Pro Glu Glu Glu Glu Gly Gly

35

<210> 13

<211> 112

<212> PRT

<213> Homo sapie

<220>
<223> CD3 zeta

<400> 13
Arg Val Lys Phe
1
Gln Asn Gln Leu
20
Asp Val Leu Asp
35
Pro Arg Arg Lys
50
Asp Lys Met Ala
65
Arg Arg Gly Lys

Thr Lys Asp Thr
100

<210> 14
<211> 112
<212> PRT
<213> hmo sapien

<220>
<223> CD3 zeta

<400> 14
Arg Val Lys Phe
1

Gln Asn Gln Leu
20

Asp Val Leu Asp

35
Pro Arg Arg Lys
50
Asp Lys Met Ala

ns

Ser
Tyr
Lys
Asn
Glu
Gly

85
Tyr

S

Ser
Tyr
Lys
Asn

Glu

Arg
Asn
Arg
Pro
Ala
70

His

Asp

Arg
Asn
Arg
Pro

Ala

Ser
Glu
Arg
Gln

55
Tyr

Ala

Ser
Glu
Arg
Gln

55
Tyr

Leu Tyr Ile Phe Lys Gln Pro Phe Met

Glu

Cys
40

Ala
Leu
Gly
40

Glu
Ser

Gly

Leu

Ala
Leu
Gly
40

Glu

Ser

Glu
25
Glu

Asp
Asn
25

Arg
Gly
Glu

Leu

His
105

Glu
Asn
25

Arg
Gly

Glu

10

15

Asp Gly Cys Ser Cys Arg Phe

Leu

Ala
10
Leu

Leu
Ile
Tyr

90
Met

Pro
10

Leu
Asp

Leu

Ile

Pro
Gly
Pro
Tyr
Gly
75

Gln

Gln

Pro
Gly
Pro
Tyr

Gly

Ala
Arg
Glu
Asn

60
Met

Ala

Ala
Arg
Glu
Asn

60
Met

Tyr
Arg
Met
45

Glu
Lys

Leu

Leu

Tyr
Arg
Met
45

Glu

Lys

30

Gln
Glu
30

Gly
Leu
Gly

Ser

Pro
110

Gln
Glu
30

Gly

Leu

Gly

Gln
15

Glu
Gly
Gln
Glu
Thr

95
Pro

Gln
15

Glu
Gly
Gln

Glu

Gly
Tyr
Lys
Lys
Arg
80

Ala

Arg

Gly
Tyr
Lys
Lys

Arg



65 70

75

80

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala

85

90

95

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg

100

<210> 15

<211> 112

<212> PRT

<213> Homo sapiens

<220>
<223> CD3 zeta

<400> 15
Arg Val Lys Phe Ser Arg Ser
1 5
Gln Asn Gln Leu Tyr Asn Glu
20
Asp Val Leu Asp Lys Arg Arg
35
Pro Arg Arg Lys Asn Pro Gln
50 55
Asp Lys Met Ala Glu Ala Tyr
65 70
Arg Arg Gly Lys Gly His Asp
85
Thr Lys Asp Thr Tyr Asp Ala
100

<210> 16

<211> 335

<212> PRT

<213> Artificial Sequence

<220>
<223> tEGFR

<400> 16

Arg Lys Val Cys Asn Gly Ile
1 5

Ser Ile Asn Ala Thr Asn Ile

20
Ser Gly Asp Leu His Ile Leu
35
Thr His Thr Pro Pro Leu Asp
50 55

Val Lys Glu Ile Thr Gly Phe

65 70

Arg Thr Asp Leu His Ala Phe

85
Thr Lys Gln His Gly Gln Phe

Ala
Leu
Gly
40

Glu
Ser

Gly

Leu

Gly
Lys
Pro
40

Pro
Leu

Glu

Ser

105

Asp
Asn
25

Arg
Gly
Glu

Leu

His
105

Ile
His
25

Val
Gln
Leu

Asn

Leu

Ala
10

Leu
Asp
Leu
Ile
Tyr

90
Met

Gly
10

Phe
Ala
Glu
Ile
Leu

90
Ala

Pro

Pro
Tyr
Gly
75

Gln

Gln

Glu
Lys
Phe
Leu
Gln
75

Glu

Val

Ala
Arg
Glu
Asn
60

Met
Gly

Ala

Phe
Asn
Arg
Asp
60

Ala
Ile

Val

Tyr
Arg
Met
45

Glu
Lys

Leu

Leu

Lys
Cys
Gly
45

Ile
Trp
Ile

Ser

110

Lys
Glu
30

Gly
Leu
Gly

Ser

Pro
110

Asp
Thr
30

Asp
Leu
Pro

Arg

Leu

Gln
15

Glu
Gly
Gln
Glu
Thr

95
Pro

Ser
15

Ser
Ser
Lys
Glu
Gly

95
Asn

Gly
Tyr
Lys
Lys
Arg
80

Ala

Arg

Leu
Ile
Phe
Thr
Asn
80

Arg

Ile



Thr
Ile
Lys
145
Arg
Cys
Cys
Leu
Cys
225
Arg
His
Leu
Pro
Thr

305
Leu

<210> 17
<211> 18

Ser
Ile
130
Lys
Gly
Ser
Arg
Glu
210
His
Gly
Cys
Val
Asn
290

Asn

Leu

Leu
115
Ser
Leu
Glu
Pro
Asn
195
Gly
Pro
Pro
Val
Trp
275
Cys
Gly

Leu

<212> PRT
<213> Artificial Sequence

<220>
<223> T2A

<400> 17

100
Gly

Gly
Phe
Asn
Glu
180
Val
Glu
Glu
Asp
Lys
260
Lys
Thr

Pro

Leu

Leu
Asn
Gly
Ser
165
Gly
Ser
Pro
Cys
Asn
245
Thr
Tyr
Tyr
Lys

Leu
325

Arg
Lys
Thr
150
Cys
Cys
Arg
Arg
Leu
230
Cys
Cys
Ala
Gly
Ile

310
Val

Ser
Asn
135
Ser
Lys
Trp
Gly
Glu
215
Pro
Ile
Pro
Asp
Cys
295

Pro

Val

Leu
120
Leu
Gly
Ala
Gly
Arg
200
Phe
Gln
Gln
Ala
Ala
280
Thr

Ser

Ala

105
Lys

Cys
Gln
Thr
Pro
185
Glu
Val
Ala
Cys
Gly
265
Gly
Gly

Ile

Leu

Glu
Tyr
Lys
Gly
170
Glu
Cys
Glu
Met
Ala
250
Val
His
Pro

Ala

Gly
330

Ile
Ala
Thr
155
Gln
Pro
Val
Asn
Asn
235
His
Met
Val
Gly
Thr

315
Ile

Ser
Asn
140
Lys
Val
Arg
Asp
Ser
220
Ile
Tyr
Gly
Cys
Leu
300
Gly

Gly

Asp
125
Thr
Ile
Cys
Asp
Lys
205
Glu
Thr
Ile
Glu
His
285
Glu
Met

Leu

110
Gly

Ile
Ile
His
Cys
190
Cys
Cys
Cys
Asp
Asn
270
Leu
Gly

Val

Phe

Asp
Asn
Ser
Ala
175
Val
Asn
Ile
Thr
Gly
255
Asn
Cys
Cys
Gly

Met
335

Val
Trp
Asn
160
Leu
Ser
Leu
Gln
Gly
240
Pro
Thr
His
Pro

Ala
320

Glu Gly Arg Gly Ser Leu Leu Thr Cys Gly Asp Val Glu Glu Asn Pro

1
Gly

<210> 18
<211> 22

Pro

<212> PRT
<213> Artificial Sequence

<220>
<223> P2A

5

10

15



<400> 18
Gly Ser Gly Ala Thr Asn Phe Ser Leu Leu Lys Gln Ala Gly Asp Val

1 5 10 15
Glu Glu Asn Pro Gly Pro
20
<210> 19
<211> 19
<212> PRT

<213> Artificial Sequence

<220>
<223> P2A

<400> 19

Ala Thr Asn Phe Ser Leu Leu Lys Gln Ala Gly Asp Val Glu Glu Asn
1 5 10 15

Pro Gly Pro

<210> 20
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> E2A

<400> 20
Gln Cys Thr Asn Tyr Ala Leu Leu Lys Leu Ala Gly Asp Val Glu Ser
1 5 10 15
Asn Pro Gly Pro
20

<210> 21

<211> 22

<212> PRT

<213> Artificial Sequence

<220>
<223> F2A

<400> 21
Val Lys Gln Thr Leu Asn Phe Asp Leu Leu Lys Leu Ala Gly Asp Val
1 5 10 15
Glu Ser Asn Pro Gly Pro
20

<210> 22
<211> 10



<212> PRT
<213> Artificial Sequence

220>
<223> Linker

<220>

<221> REPEAT

<222> (5)...(9)

<223> SGGGG is repeated 5 times

<400> 22
Pro Gly Gly Gly Ser Gly Gly Gly Gly Pro
1 5 10

<210> 23

<211> 17

<212> PRT

<213> Artificial Sequence

220>
<223> Linker

<400> 23

Gly Ser Ala Asp Asp Ala Lys Lys Asp Ala Ala Lys Lys Asp Gly Lys
1 5 10 15

Ser

<210> 24

<211> 66

<212> DNA

<213> Artificial Sequence

<220>
<223> GMCSFR alpha chain signal sequence

<400> 24
atgcttctcc tggtgacaag ccttctgctc tgtgagttac cacacccagc attcctcctg 60
atccca 66

<210> 25

<211> 22

<212> PRT

<213> Artificial Sequence

<220>
<223> GMCSFR alpha chain signal sequence

<400> 25
Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15



Ala Phe Leu Leu Ile Pro
20

<210> 26

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<223> CD8 alpha signal peptide

<400> 26

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
1 5 10 15

His Ala

<210> 27

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 27
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro
1 5 10 15

<210> 28

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 28
Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro
1 5 10

<210> 29

<211> 61

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 29



Glu Leu Lys Thr Pro Leu Gly Asp Thr His Thr Cys Pro Arg Cys Pro

1 5 10 15
Glu Pro Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys Pro Glu
20 25 30
Pro Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys Pro Glu Pro
35 40 45
Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys Pro
50 55 60
<210> 30
<211> 12
<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 30
Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro
1 5 10

<210> 31

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<220>

<221> VARIANT

<222> (1)...(1)

<223> Xaa 1is glycine, cysteine or arginine

<220>

<221> VARIANT

222> (4)...(4)

<223> Xaa is cysteine or threonine

<400> 31
Xaa Pro Pro Xaa Pro
1 5

<210> 32

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge



<400> 32
Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5

<210> 33

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 33
Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> 34
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Hinge

<400> 34
Glu val val val Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> 35

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L1

<400> 35
Arg Ala Ser Gln Asp Ile Ser Lys Tyr Leu Asn
1 5 10

<210> 36

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L2

<400> 36
Ser Arg Leu His Ser Gly Val



<210> 37

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L3

<400> 37
Gly Asn Thr Leu Pro Tyr Thr Phe Gly
1 5

<210> 38

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR H1

<400> 38
Asp Tyr Gly Val Ser
1 5

<210> 39

<211> 16

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR H2

<400> 39
Val Ile Trp Gly Ser Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser
1 5 10 15

<210> 40

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR H3

<400> 40
Tyr Ala Met Asp Tyr Trp Gly
1 5



<210> 41

<211> 120

<212> PRT

<213> Artificial Sequence

<220>
<223> VH

<400> 41
Glu Val Lys Leu Gln Glu Ser
1 5
Ser Leu Ser Val Thr Cys Thr
20
Gly Val Ser Trp Ile Arg Gln
35
Gly Val Ile Trp Gly Ser Glu
50 55
Ser Arg Leu Thr Ile Ile Lys
65 70
Lys Met Asn Ser Leu Gln Thr
85
Lys His Tyr Tyr Tyr Gly Gly
100
Gly Thr Ser Val Thr Val Ser
115

<210> 42

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> VL

<400> 42
Asp Ile Gln Met Thr Gln Thr
1 5
Asp Arg Val Thr Ile Ser Cys
20
Leu Asn Trp Tyr Gln Gln Lys
35
Tyr His Thr Ser Arg Leu His
50 55
Ser Gly Ser Gly Thr Asp Tyr
65 70
Glu Asp Ile Ala Thr Tyr Phe
85
Thr Phe Gly Gly Gly Thr Lys
100

<210> 43

Gly
Val
Pro
40

Thr
Asp
Asp

Ser

Ser
120

Thr
Arg
Pro
40

Ser
Ser

Cys

Leu

Pro
Ser
25

Pro
Thr
Asn

Asp

Tyr
105

Ser
Ala
25

Asp
Gly
Leu

Gln

Glu
105

Gly
10

Gly
Arg
Tyr
Ser
Thr

90
Ala

Ser
10

Ser
Gly
Val
Thr
Gln

90
Ile

Leu
Val
Lys
Tyr
Lys
75

Ala

Met

Leu
Gln
Thr
Pro
Ile
75

Gly

Thr

Val
Ser
Gly
Asn
60

Ser

Ile

Asp

Ser
Asp
Val
Ser
60

Ser

Asn

Ala
Leu
Leu
45

Ser
Gln
Tyr

Tyr

Ala
Ile
Lys
45

Arg

Asn

Thr

Pro
Pro
30

Glu
Ala
Val
Tyr

Trp
110

Ser
Ser
30

Leu
Phe

Leu

Leu

Ser
15

Asp
Trp
Leu
Phe
Cys

95
Gly

Leu
15

Lys
Leu
Ser

Glu

Pro
95

Gln
Tyr
Leu
Lys
Leu
80

Ala

Gln

Gly
Tyr
Ile
Gly
Gln

80
Tyr



<211> 245
<212> PRT
<213> Artificial Sequence

<220>
<223> scFv

<400> 43

Asp
1
Asp
Leu
Tyr
Ser
65
Glu
Thr
Ser
Leu
Val
145
Trp
Trp
Thr
Ser
Tyr

225
Val

<210> 44
<211> 11

Ile
Arg
Asn
His
50

Gly
Asp
Phe
Gly
Gln
130
Thr
Ile
Gly
Ile
Leu
210
Tyr

Thr

Gln
Val
Trp
35

Thr
Ser
Ile
Gly
Lys
115
Glu
Cys
Arg
Ser
Ile
195
Gln
Gly

Val

<212> PRT
<213> Artificial Sequence

<220>

<223> CDR L1

<400> 44

Met
Thr
20

Tyr
Ser
Gly
Ala
Gly
100
Pro
Ser
Thr
Gln
Glu
180
Lys
Thr
Gly

Ser

Thr
Ile
Gln
Arg
Thr
Thr
85

Gly
Gly
Gly
Val
Pro
165
Thr
Asp
Asp

Ser

Ser
245

Gln
Ser
Gln
Leu
Asp
70

Tyr
Thr
Ser
Pro
Ser
150
Pro
Thr
Asn

Asp

Tyr
230

Thr
Cys
Lys
His
55

Tyr
Phe
Lys
Gly
Gly
135
Gly
Arg
Tyr
Ser
Thr

215
Ala

Thr
Arg
Pro
40

Ser
Ser
Cys
Leu
Glu
120
Leu
Val
Lys
Tyr
Lys
200
Ala

Met

Ser
Ala
25

Asp
Gly
Leu
Gln
Glu
105
Gly
Val
Ser
Gly
Asn
185

Ser

Ile

Ser
10
Ser

Val
Thr
Gln
90

Ile
Ser
Ala
Leu
Leu
170
Ser
Gln
Tyr

Tyr

Leu
Gln
Thr
Pro
Ile
75

Gly
Thr
Thr
Pro
Pro
155
Glu
Ala
Val
Tyr

Trp
235

Lys Ala Ser Gln Asn Val Gly Thr Asn Val Ala

1

5

10

Ser
Asp
Val
Ser
60

Ser
Asn
Gly
Lys
Ser
140
Asp
Trp
Leu
Phe
Cys

220
Gly

Ala
Ile
Lys
45

Arg
Asn
Thr
Ser
Gly
125
Gln
Tyr
Leu
Lys
Leu
205
Ala

Gln

Ser
Ser
30

Leu
Phe
Leu
Leu
Thr
110
Glu
Ser
Gly
Gly
Ser
190
Lys
Lys

Gly

Leu
15

Lys
Leu
Ser
Glu
Pro
95

Ser
Val
Leu
Val
Val
175
Arg
Met
His

Thr

Gly
Tyr
Ile
Gly
Gln
80

Tyr
Gly
Lys
Ser
Ser
160
Ile
Leu
Asn
Tyr

Ser
240



<210> 45

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L2

<400> 45
Ser Ala Thr Tyr Arg Asn Ser
1 5

<210> 46

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L3

<400> 46
Gln Gln Tyr Asn Arg Tyr Pro Tyr Thr
1 5

<210> 47

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR H1

<400> 47
Ser Tyr Trp Met Asn
1 5

<210> 48
<211> 17
<212> PRT
<213> Artificial Sequence

<220>
<223> CDR H2

<400> 48
Gln Ile Tyr Pro Gly Asp Gly Asp Thr Asn Tyr Asn Gly Lys Phe Lys
1 5 10 15

Gly



<210> 49

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR H3

<400> 49

Lys Thr Ile Ser Ser Val Val Asp Phe Tyr Phe Asp Tyr

1 5

<210> 50
<211> 122
<212> PRT
<213> Artificial Sequence

<220>
<223> VH

<400> 50
Glu val Lys Leu Gln Gln Ser
1 5
Ser Val Lys Ile Ser Cys Lys
20
Trp Met Asn Trp Val Lys Gln
35
Gly Gln Ile Tyr Pro Gly Asp
50 55
Lys Gly Gln Ala Thr Leu Thr
65 70
Met Gln Leu Ser Gly Leu Thr
85
Ala Arg Lys Thr Ile Ser Ser
100
Gly Gln Gly Thr Thr Val Thr
115

<210> 51

<211> 108

<212> PRT

<213> Artificial Sequence

<220>
<223> VL

<400> 51

Gly
Ala
Arg
40

Gly
Ala
Ser

Val

Val
120

Ala
Ser
25

Pro
Asp
Asp
Glu
Val

105
Ser

10

Glu
10

Gly
Gly
Thr
Lys
Asp
90

Asp

Ser

Leu
Tyr
Gln
Asn
Ser
75

Ser

Phe

Val
Ala
Gly
Tyr
60

Ser

Ala

Tyr

Arg
Phe
Leu
45

Asn
Ser

Val

Phe

Pro
Ser
30

Glu
Gly
Thr
Tyr

Asp
110

Gly
15

Ser
Trp
Lys
Ala
Phe

95
Tyr

Ser
Tyr
Ile
Phe
Tyr
80

Cys

Trp

Asp Ile Glu Leu Thr Gln Ser Pro Lys Phe Met Ser Thr Ser Val Gly

1 5

10

15

Asp Arg Val Ser Val Thr Cys Lys Ala Ser Gln Asn Val Gly Thr Asn

20

25

30



Val Ala Trp Tyr Gln Gln Lys Pro Gly
35 40
Tyr Ser Ala Thr Tyr Arg Asn Ser Gly
50 55

Ser Gly Ser Gly Thr Asp Phe Thr Leu

65 70

Lys Asp Leu Ala Asp Tyr Phe Cys Gln

85

Thr Ser Gly Gly Gly Thr Lys Leu Glu

100 105

<210> 52

<211> 15

<212> PRT

<213> Artificial Sequence

220>
<223> linker

<400> 52

Gln
Val
Thr
Gln

90
Ile

Ser
Pro
Ile
75

Lys

Pro Lys Pro Leu Ile

45

Asp Arg Phe Thr Gly

60

Thr Asn Val Gln Ser

80

Asn Arg Tyr Pro Tyr

Arg

95

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1 5

<210> 53

<211> 245

<212> PRT

<213> Artificial Sequence

<220>
<223> scFv

<400> 53
Glu Val Lys Leu Gln Gln Ser Gly Ala
1 5

Ser Val Lys Ile Ser Cys Lys Ala Ser
20 25

Trp Met Asn Trp Val Lys Gln Arg Pro

35 40
Gly Gln Ile Tyr Pro Gly Asp Gly Asp
50 55

Lys Gly Gln Ala Thr Leu Thr Ala Asp

65 70

Met Gln Leu Ser Gly Leu Thr Ser Glu

85

Ala Arg Lys Thr Ile Ser Ser Val Val
100 105

Gly Gln Gly Thr Thr Val Thr Val Ser

115 120
Gly Gly Gly Ser Gly Gly Gly Gly Ser
130 135
Pro Lys Phe Met Ser Thr Ser Val Gly
145 150

10

Glu
10

Gly
Gly
Thr
Lys
Asp
90

Asp
Ser

Asp

Asp

Leu

Gln
Asn
Ser
75

Ser
Phe
Gly
Ile

Arg
155

Val Arg Pro

Ala Phe Ser
30
Gly Leu Glu
45
Tyr Asn Gly
60
Ser Ser Thr

Ala val Tyr

Tyr Phe Asp
110
Gly Gly Gly
125
Glu Leu Thr
140
Val Ser Val

15

Gly
15

Ser
Trp
Lys
Ala
Phe
95

Tyr
Ser

Gln

Thr

Ser
Tyr
Ile
Phe
Tyr
80

Cys
Trp
Gly

Ser

Cys
160



Lys
Pro
Ser
Thr
Cys

225
Leu

<210> 54
<211> 12

Ala
Gly
Gly
Leu
210
Gln

Glu

Ser
Gln
Val
195
Thr
Gln

Ile

<212> PRT
<213> Artificial Sequence

<220>
<223> HC-CDR3

<400> 54

Gln
Ser
180
Pro
Ile
Tyr

Lys

Asn
165
Pro
Asp
Thr

Asn

Arg
245

Val
Lys
Arg
Asn

Arg
230

Gly
Pro
Phe
Val

215
Tyr

Thr
Leu
Thr
200
Gln

Pro

Asn
Ile
185
Gly

Ser

Tyr

Val
170
Tyr
Ser

Lys

Thr

Ala
Ser
Gly
Asp

Ser
235

Trp
Ala
Ser
Leu

220
Gly

His Tyr Tyr Tyr Gly Gly Ser Tyr Ala Met Asp Tyr

1

<210> 55

<211> 7
<212> PRT
<213> Artificial Sequence

<220>
<223> LC-CDR2

<400> 55

5

His Thr Ser Arg Leu His Ser

1

<210> 56

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

<220>
<223> LC-CDR3

<400> 56

5

Gln Gln Gly Asn Thr Leu Pro Tyr Thr

1

<210> 57

5

10

Tyr
Thr
Gly
205
Ala

Gly

Gln
Tyr
190
Thr
Asp

Gly

Gln
175
Arg
Asp
Tyr

Thr

Lys
Asn
Phe
Phe

Lys
240



<211> 735
<212> DNA

<213> Artificial Sequence

<220>

<223> Sequence encoding scFv

<400> 57

gacatccaga
atcagctgcc
gacggcaccg
cggtttagcg
gaagatatcg
ggaacaaagc
ggcagcacca
cagagcctga
tggatccggc
accacctact
agccaggtgt
gccaagcact
gtgaccgtga

<210> 58
<211> 18
<212> PRT

tgacccagac

gggccagcca
tcaagctgct
gcagcggctc
ccacctactt
tggaaatcac
agggcgaggt
gcgtgacctg
agccccccag
acaacagcgc
tcctgaagat
actactacgg

gcagc

cacctccagc
ggacatcagc
gatctaccac
cggcaccgac
ttgccagcag
cggcagcacc
gaagctgcag
caccgtgagc
gaagggcctg
cctgaagagc
gaacagcctg
cggcagctac

<213> Artificial Sequence

<220>

<223> linker

<400> 58

ctgagcgcca
aagtacctga
accagccgsgc
tacagcctga
ggcaacacac
tccggcagceg
gaaagcggcc
ggcgtgagcc
gaatggctgg
cggctgacca
cagaccgacg
gccatggact

gcctgggega
actggtatca
tgcacagcgg
ccatctccaa
tgccctacac
gcaagcctgg
ctggcctggt
tgcccgacta
gcgtgatctg
tcatcaagga
acaccgccat

actggggcca

ccgggtgacc
gcagaagccc
cgtgcccagc
cctggaacag
ctttggcggc
cagcggegasg
ggcccccagc
cggcgtgagc
gggcagegag
caacagcaag
ctactactgc

gggcaccagc

Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly Ser Gly Glu Gly Ser Thr

1
Lys Gly

<210> 59
<211> 20
<212> DNA

5

<213> Artificial Sequence

<220>

10

<223> CD247 (CD3z) target sequence 1

<400> 59
caccttcact

<210> 60
<211> 20
<212> DNA

ctcaggaaca

<213> Artificial Sequence

<220>

15

120
180
240
300
360
420
480
540
600
660
720
735

20



<223> (D247 (CD3z) target

<400> 60
gaatgacacc atagatgaag

<210> 61

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> CD247 (CD3z) target

<400> 61
tgaagaggat tccatccagc

<210> 62

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> (D247 (CD3z) target

<400> 62
tccagcaggt agcagagttt

<210> 63

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> (D247 (CD3z) target

<400> 63
caccttcact ctcaggaaca gg

<210> 64

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> (D247 (CD3z) target

<400> 64
gaatgacacc atagatgaag agg

<210> 65

<211> 23

<212> DNA

<213> Artificial Sequence

sequence 2

20
sequence 3

20
sequence 4

20
sequence + PAM 1

22
sequence + PAM 2

23



<220>

<223> CD247 (CD3z) target sequence + PAM 3

<400> 65
tgaagaggat tccatccagc agg

<210> 66

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> (D247 (CD3z) target

<400> 66
tccagcaggt agcagagttt ggg

<210> 67

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> (D247 (CD3z) target

<400> 67
agacgccccc gegtaccagce

<210> 68

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> (D247 (CD3z) target

<400> 68
gctgacttac gttatagagc

<210> 69

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> CD247 (CD3z) target

<400> 69
tttcaccgecg gccatcctgce

<210> 70

<211> 20

<212> DNA

<213> Artificial Sequence

sequence +

sequence 5

sequence 6

sequence 7

PAM 4

23

23

20

20

20



<2205
<223> (D247 (CD3z) target

<400> 70
taatcggcaa ctgtgcctgc

<210> 71

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> CD247 (CD3z) target

<400> 71
cggaggccta cagtgagatt

<210> 72

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> (D247 (CD3z) target

<400> 72
tggtacccac cttcactctc

<210> 73

<211> 164

<212> PRT

<213> Homo sapiens

<220>
<223> CD247 isoform 1 prec

<300>
<308> NP_932170.1
<309> 2020-03-28

<400> 73
Met Lys Trp Lys Ala Leu Ph
1 5
Pro Ile Thr Glu Ala Gln Se
20
Tyr Leu Leu Asp Gly Ile Le
35
Leu Phe Leu Arg Val Lys Ph
50 55
Gln Gln Gly Gln Asn Gln Le
65 70
Glu Glu Tyr Asp Val Leu As
85

sequence 8

sequence 9

sequence 10

ursor

e Thr
r Phe
u Phe

40
e Ser

u Tyr

p Lys

protein

Ala
Gly

25
Ile

Asn

Arg

Ala
10

Leu
Tyr
Ser

Glu

Arg
90

sequence

Ile
Leu
Gly
Ala
Leu

75
Gly

Leu
Asp
Val
Asp
60

Asn

Arg

Gln
Pro
Ile
45

Ala

Leu

Asp

Ala
Lys
30

Leu
Pro

Gly

Pro

Gln
15

Leu
Thr
Ala
Arg

Glu
95

Leu
Cys
Ala
Tyr
Arg

80
Met

20

20

20



Gly Gly Lys

Glu Gln
115
Glu

Leu
Lys Gly
130
Leu Ser Thr
145
Leu

Pro Pro

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

74
1690
DNA
Homo

<220>
<223> CD247
<300>

<308> NM_19
<309> 2020-

<400> 74

tgctttctca
agcagagact
gcctctttcet
gcaggcacag
ctacctgctg
agtgaagttc
taacgagctc
ggaccctgag
tgaactgcag
ccggagegesc
ctacgacgcc
tcaaaggcca
ggttcactct
ttagctccaa
cagggcttac
tcctggeggt
tgagtctgtt
gtatcactct
tcacctcctt
gcagaggesc
ggaaggtggsg
gcctcaggcec
aacagactga
gtgaataaag
gacaaaatca
ccagcggaca
tacagggcac
atttatactg
aaaaaaaaaa

Pro
100
Lys
Arg

Ala

120

135

150

Arg

sapiens

isoform 1

8053.2
01-13

aaggccccac
ccttttctcc
gagggaaagg
ttgccgatta
gatggaatcc
agcaggagcg
aatctaggac

atggggggaa
aaagataaga

aaggggceacg
cttcacatgc
gacctgcaga
tctcagccac
accttcacac
ggccctggcec
tcctegttct
ttgtaaagtc
gtgtctgagt
tcaaggtaac
agatggaaag
CggLECcagess
tctgtgccgc
ccttgatgag
tgctgcggag
tctttgtgaa
gtggcaggac
aggccatgga
gcatgctaaa

Gln Arg Arg Lys Asn Pro Gln

105

Asp Lys Met Ala Glu Ala Tyr
Arg Arg Gly Lys Gly His Asp

Thr Lys Asp Thr Tyr Asp Ala

155

Glu Leu
110

Ile

Gly

Glu
125
Leu

Ser

Gly
140
Leu

Tyr

His Met

precursor mRNA sequence

agtcctccac
taaccgtccc
acaagatgaa
cagaggcaca
tcttcatcta
cagacgcccc
gaagagagga
agccgcagag
tggcggagsgc
atggccttta
aggccctgcec
cgcccagatt
tgaagtattc
acagactgtt
ttgggccctc
ccctgggagg
cccagagaaa
ggcttcactc
tgtactgggc
gagcctaggc
agggtcagcc
accattgaac
ctgtgcacaa
caagaggagsg
ggcctcgcag
aggaaaaacc
tggaaaacgc
gccttectat

ttcctgggga
ggccaccgct
gtggaaggcg
gagctttggc
tggtgtcatt
cgcgtaccag
gtacgatgtt
aaggaagaac
ctacagtgag
ccagggtctc
ccctcgctaa
atgagacaca
ccctttatgt
gtccctgcac
tggtttgccg
cgggcgcact
gcgcagatgc
ctgctgtaaa
catgttgtgc
caggtgcaac
agggcctgeg
tgtaccatgt
agtggcataa
ccgttgattc
gaagacccaa
cgtcaatgta
tctctgctct
tttgcataat

ggtagctgca
gcctcagect
cttttcaccg
ctgctggatc
ctcactgcct
cagggccaga
ttggacaaga
cctcaggaag
attgggatga
agtacagcca

cagccaggss
ggatgaagca
acaggatgct
tctttaaggg
gtggtgcagg
gcctctcaca
tagcacatgc
tttggcttct
ctccctggtg
cagggagctg
agggcagegg
gctacagggg
aaaacatgtg
acttcacgct
cacatgggac
ctaggatact
getttttttc
aaatgcttca

Tyr Asn
Gly Met
Gln Gly

Gln Ala
160

gaataaaacc
ctgcctccca
cggccatcct
Cccaaactctg
tgttcctgag
accagctcta
gacgtggcceg
gcctgtacaa
aaggcgagcesy
ccaaggacac
atttcaccac
tttacaaccc
ttggttatat
agtgtactcc
tagacctgtc
gctgagttgt
cctaatgtct
gttgtcacct
agagggccsgs
caggggcatg
gagcctccct
ccagaagatg
gttacacagt
ttcagcgaat
ctataactgc
gctgecgtcat
tactgtttta
gtgaaaatgc

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
1690



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

75
163
PRT
Homo

<220>
<223>

<300>
<308>
<309>

NO_00
2020-

<400> 75
Met Lys Trp
1
Pro Ile Thr
Leu
35

Leu

Tyr Leu
Phe
50
Gln

Leu

Gln
65
Glu

Gly

Glu Tyr

Gly Gly Lys

Leu Gln Lys
115
Glu Arg
130

Thr

Gly
Ser Ala
145
Pro

Pro Arg

<210> 76

<211> 1687
<212> DNA
<213> Homo

<220>
<223> CD247

<400> 76

tgctttctca
agcagagact
gcctctttcet
gcaggcacag
ctacctgctg
agtgaagttc
taacgagctc

sapiens

0725.1
02-20

Lys Ala

5
Glu Ala
20
Asp Gly

Arg Val

Gln Asn

Val
85
Arg

Asp

Pro
100
Asp Lys

Arg Arg

Thr Lys

Leu
Gln
Ile
Lys
Gln
70

Leu
Arg
Met

Gly

Asp

CD247 isoform 2 precursor

Phe Thr

Ser Phe

Phe
40
Ser

Leu

Phe
55
Leu Tyr

Asp Lys

Lys Asn

Ala Glu
120
Lys Gly
135

Thr Tyr

150

sapiens

isoform 2

aaggccccac
ccttttctcc
gagggaaagg
ttgccgatta
gatggaatcc
agcaggagcg
aatctaggac

protein

Ala Ala
10

Leu

Ile
Gly Leu
25
Ile

Tyr Gly

Arg Ser Ala

Glu Leu
75
Gly

Asn

Arg Arg

90

Pro Gln Glu

105

Ala Tyr Ser

His Asp Gly

Ala Leu

155

Asp

sequence

Leu G1ln Ala

Asp Pro Lys

30

Val Ile Leu

45

Asp Ala Pro

60

Asn Leu Gly

Arg Asp Pro

Gly Leu Tyr

110
Gly

Glu Ile

125
Leu Tyr Gln
140
His Met Gln

precursor mRNA sequence

agtcctccac
taaccgtccc
acaagatgaa
cagaggcaca
tcttcatcta
cagacgcccc

gaagagagga

ttcctgggga
ggccaccgct
gtggaaggcg
gagctttggc
tggtgtcatt
cgcgtaccag
gtacgatgtt

ggtagctgca
gcctcagect
cttttcaccg
ctgctggatc
ctcactgcct

cagggccaga
ttggacaaga

Gln
15
Leu

Leu
Cys

Thr Ala

Ala Tyr

Arg Arg
80
Glu Met
95
Asn Glu

Met Lys

Gly Leu

Ala Leu
160

gaataaaacc
ctgcctccca
cggccatcct
Cccaaactctg
tgttcctgag
accagctcta
gacgtggcceg

60

120
180
240
300
360
420



ggaccctgag
actgcagaaa

gaggggcaag
cgacgccctt
aaggccagac
tcactcttct
gctccaaacc
ggcttacggc
tggcggttcc
gtctgttttg
tcactctgtg
cctcctttca
gaggggcaga
aggtgggcgsg
tcaggcctct
agactgacct
aataaagtgc
aaaatcatct
gcggacagtg
agggcacagg
tatactggca
aaaaaaa

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

77
1189
DNA
Homo

<220>
<223>

<300>
<308>
<309>

<400> 77

cgtgaggctc
tggggggags
aaagtgatgt
gtgcagtagt
gtgccgtgtg
gaattacttc
agtgggtgges
gaggcctggce
ctcgctgcett
tttttctggc

tttggggcecg
ggcctgegag
ctggtgcctg
tcggcaccag
aaatggagga
gcctttecgt
cacctcgatt
tatgcgatgg

atggggggaa
gataagatgg

gggcacgatg
cacatgcagg
ctgcagacgc
cagccactga
ttcacacaca
cctggecttg
tcgttctccc
taaagtcccc
tctgagtggc
aggtaactgt
tggaaaggag
gcagggegags
gtgccgcacc
tgatgagctg
tgcggagcaa
ttgtgaaggc
gcaggacagg
ccatggatgg
tgctaaagcc

sapiens

Jo4617.1
1994-

11-07

cggtgcccgt
ggtcggcaat
cgtgtactgg
cgccgtgaac
tggttcccgc
cacgcccctg
agagttcgag
ctgggecgctg
tcgataagtc
aagatagtct
cgggegecega
cgcggccacc
gcctcgegcec
ttgcgtgagc
cgecggcegctce
cctcagccgt
agttctcgag
agtttcccca

agccgagaag
cggaggccta
gcctttacca
ccctgccccc
ccagattatg
agtattcccc
gactgttgtc
ggccctctgg
tgggaggcsgsg
agagaaagcg
ttcactcctg
actgggccat
cctaggccag
gtcagccagg
attgaactgt
tgcacaaagt
gaggaggcecg
ctcgcaggaa
aaaaacccgt
aaaacgctct
ttcctatttt

EFlalpha promoter

cagtgggcag
tgaaccggtg
ctccgecttt
gttctttttc
gggccetggcec
gctgcagtac
gccttgeget
gggeegecegce
tctagccatt
tgtaaatgcg
cggggeecegt
gagaatcgga
gccgtgtatc
ggaaagatgg
gggagagegg
cgcttcatgt
cttttggagt
cactgagtgg

gaagaaccct
cagtgagatt
gggtctcagt
tcgctaacag
agacacagga
tttatgtaca
cctgcactct
tttgccggtg
gcgcactgcec
cagatgctag
ctgtaaattt
gttgtgcctc
gtgcaaccag
gcctgegagg
accatgtgct
ggcataaaaa
ttgattcact
gacccaacac
caatgtacta
ctgctctgct
gcataataaa

agcgcacatc
cctagagaag
ttcccgaggg
gcaacgggtt
tctttacggg
gtgattcttg
taaggagccc
gtgcgaatct
taaaattttt
ggccaagatc
gcgtcccagc
cgggggtagt
gccccgecct
ccgcttcccg
gcgggtgagt
gactccacgg
acgtcgtctt

gtggagactg

caggaaggcc

gggatgaaag
acagccacca

ccaggggatt
tgaagcattt
ggatgctttg
ttaagggagt
gtgcaggtag
tctcacagct
cacatgccct
ggcttctgtt
cctggtgaga
ggagctgcag
gcagcgggag
acaggggcca
acatgtggtt
tcacgctttc
atgggaccta
ggatactgct
ttttttctac
tgcttcagtg

gcccacagtc
gtggcgeggsg
tgggggagaa
tgccgccaga
ttatggccct
atcccgagct
cttcgecctcg
ggtggcacct
gatgacctgc
tgcacactgg
gcacatgttc
ctcaagctgg
gggcggcaag
gccctgetgce
cacccacaca
agtaccgggc

taggttgggsg
aagttaggcc

tgtacaatga
gcgagcgecg
aggacaccta
tcaccactca
acaacccggt
gttatattta
gtactcccag
acctgtctcc
gagttgttga
aatgtctgta
gtcaccttca

gggecgegegcea

gggcatggga
cctccctgcec

gaagatgaac
acacagtgtg
agcgaatgac
taactgccca
gcgtcattac
tgttttaatt
aaaatgcaaa

cccgagaagt
gtaaactggg
ccgtatataa
acacaggtaa
tgcgtgectt
tcgggttgga
tgcttgagtt
tcgcgectgt
tgcgacgctt
tatttcggtt
ggcgagegcegs
ccggectget
gctggeeegg
agggagctca
aaggaaaagg
gccgtccagg

ggaggggttt
agcttggcac

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1687

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080



ttgatgtaat tctccttgga atttgccctt tttgagtttg gatcttggtt cattctcaag 1140
cctcagacag tggttcaaag tttttttctt ccatttcagg tgtcgtgaa

<210> 78
<211> 25
<212> DNA

<213> Artificial Sequence

<220>

<223> human HBB splice acceptor site

<400> 78

ctgacctctt ctcttcctcc cacag

<210> 79
<211> 13
<212> DNA

<213> Artificial Sequence

<220>

<223> Human IgG splice acceptor site

<400> 79
tttctctcca

<210> 80
<211> 600
<212> DNA

cag

<213> Artificial Sequence

<220>

<223> 5' homology arm

<400> 80

agatcccact
agttaaccca
ccatcatttg
gagtaccatt
cggggctaac
ctcatctgct
gcggccacat
gggagagggt
tatttggtca

gggcctggct

<210> 81
<211> 600
<212> DNA

gtcctaggcg
gattctccct
acctattgtc
catccagacg
atggctggsc
cgececttgttt
ctgccgttgg
tgtgatcagg
gtcagtccta
gaccagcttt

ggagagtgct
gtcctagtta
tccctgtggg
tgaacatctt
ttctgctgca
ccacctcccc
tgccaatagg
ctgaggcatg
gtgccaccct
atctcttggc

<213> Artificial Sequence

<220>

<223> 3' homology arm

tggcactgag
actgtcagat
taggcctcag
cccgaggctt
gtggcaggag
tcccattgcc
ttttccagga

gggattggat

ggggtaatgg
acagaggcac

gaggcaggea
attgaaatga
agccacacac
ccagagttct
ctctgtgcac
ccaggttctt
gctggttgag
atagtctccg
ggatgtgttc
agagctttgg

gttgggggag
tctcatttga

ctcaggccag
tggttcacac
agagaacagc
tggccccaca
gtgggaggga
tgtcatgatt
tcgtcacctt
cctgctggat

1189

25

13

120
180
240
300
360
420
480
540
600



<400> 81

agagtgaagg
atgttcagag
atccaggagc
gcagtgtctg
acaagccgta
aaaggggctt
cctttctctt
ttttcacttg
gagattggaa
tctcaaccca

<210> 82
<211> 107
<212> PRT

<213>

<220>
<223> FKBP

<400> 82

Gly
1
Lys
Gly
Met
Gln
65
Ala

Leu

Val Gln Vval

Arg Gly Gln
20
Lys Lys Met
35
Leu Gly Lys
50
Met Ser Val

Tyr Gly Ala

Val Phe Asp
100

<210> 83
<211> 107
<212> PRT

<213>

<220>
<223> FKBP12v36

<400> 83
Gly val Gln Val Glu Thr Ile

1

tgggtaccac

gggccttggt
aaagcaagga
gctgagatgg
caaatgtgtg
acactcaggc
gaaaaggccc
gtgccttgca
gaatttagga
tttcttgttt

Glu
Thr
Asp
Gln
Gly
Thr

85
Val

5

Thr
Cys
Ser
Glu
Gln
70

Gly

Glu

Lys Arg Gly Gln Thr Cys

20

Artificial Sequence

Ile
Val
Ser
Val
55

Arg
His

Leu

Artificial Sequence

Val

Gly Lys Lys Val Asp Ser Ser

35

Met Leu Gly Lys Gln Glu

Val

tgggctttgg
cttggaaggt

ccagccaagt
acagggtagg
cacatcagag
agaggtcctt
tttcctcatc
gaccctggat

gtaaagggga
gaattttgga

Ser
Val
Arg
40

Ile
Ala

Pro

Leu

Ser
Val
Arg

40
Ile

gaggaggeca
ctcaagctcg
gtgtgccttg
agggagagcc
tgtcccaggg
ctttccaagt
tgtaactggg
ttcttcgtgg
gaatccagtc
ctttggcata

Pro
His
25

Asp
Arg
Lys
Gly

Lys
105

Pro
His
25

Asp

Arg

Gly
10

Tyr
Arg
Gly
Leu
Ile

90
Leu

Gly
10

Tyr
Arg

Gly

Asp
Thr
Asn
Trp
Thr
75

Ile

Glu

Asp
Thr
Asn

Trp

cggggtcccc
ggtggtgcect
agtgggctga
tggtgctagg
aaggcgatgc
gtgaatgaag
gagctgacca
ggctggtcat
ccagtcatca
atattttatt

Gly
Gly
Lys
Glu
60

Ile

Pro

Gly
Gly
Lys

Glu

Arg
Met
Pro
45

Glu

Ser

Pro

Arg
Met
Pro

45
Glu

Thr
Leu
30

Phe
Gly

Pro

His

Thr
Leu
30

Phe

Gly

cacttgatgg

ggggcttggt
ggaggaggtg
cacctccatg
tactggtgac
gccatgttag
gagcgtgggt
ggtgtgggca
cttcagtgct
tgaaaaacca

Phe
15

Glu
Lys
Val
Asp

Ala
95

Phe
15

Glu
Lys

Val

Pro
Asp
Phe
Ala
Tyr

80
Thr

Pro
Asp
Phe

Ala

120
180
240
300
360
420
480
540
600



50 55 60
Gln Met Ser Val Gly Gln Arg Ala Lys Leu Thr Ile Ser Pro Asp Tyr

65 70 75 80
Ala Tyr Gly Ala Thr Gly His Pro Gly Ile Ile Pro Pro His Ala Thr
85 90 95
Leu Val Phe Asp Val Glu Leu Leu Lys Leu Glu
100 105
<210> 84
<211> 16
<212> PRT

<213> Artificial Sequence

<220>
<223> human C-Src acylation motif

<400> 84
Met Gly Ser Asn Lys Ser Lys Pro Lys Asp Ala Ser Gln Arg Arg Arg
1 5 10 15

<210> 85

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> dual acylation motif

<220>

<221> VARIANT

222> (4)...(4)

<223> Xaa is any amino acid

<400> 85
Met Gly Cys Xaa Cys
1 5

<210> 86

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> CAAX motif

<220>

<221> VARIANT

222> (4)...(4)

<223> Xaa is any amino acid

<400> 86



Cys Ala Ala Xaa

1

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

<220>
<223>

<400>

87

20

RNA

Artificial Sequence

CD247 (CD3z) targeting domain 1

87

caccuucacu cucaggaaca

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

<220>
<223>

<400>

88
20
RNA
Artificial Sequence

CD247 (CD3z) targeting domain 2

88

gaaugacacc auagaugaag

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

<220>
<223>

<400>

89

20

RNA

Artificial Sequence

CD247 (CD3z) targeting domain 3

89

ugaagaggau uccauccagc

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

<220>
<223>

<400>

90
20
RNA
Artificial Sequence

CD247 (CD3z) targeting domain 4

90

uccagcaggu agcagaguuu

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

<220>

91

20

RNA

Artificial Sequence



<223> CD247 (CD3z) targeting domain 5

<400> 91
agacgccccc gcguaccagce

<210> 92

<211> 20

<212> RNA

<213> Artificial Sequence

<220>
<223> CD247 (CD3z) targeting domain 6

<400> 92
gcugacuuac guuauagagc

<210> 93

<211> 20

<212> RNA

<213> Artificial Sequence

<220>
<223> CD247 (CD3z) targeting domain 7

<400> 93
uuucaccgcg gccauccugce

<210> 94

<211> 20

<212> RNA

<213> Artificial Sequence

<220>
<223> CD247 (CD3z) targeting domain 8

<400> 94
uaaucggcaa cugugccugc

<210> 95

<211> 20

<212> RNA

<213> Artificial Sequence

<220>
<223> CD247 (CD3z) targeting domain 9

<400> 95
cggaggccua cagugagauu

<210> 96

<211> 20

<212> RNA

<213> Artificial Sequence

20

20

20

20

20



<220>

<223> CD247 (CD3z) targeting domain 10

<400> 96

ugguacccac cuucacucuc 20
<210> 97

<211> 96

<212> RNA

<213> Artificial Sequence

<220>

<223> exemplary gRNA complementary domain

<220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base

<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 97

nNNNNNNNNN NNNNNNNNNN guuuuagagec uagaaauagec aaguuaaaau aaggcuaguc 60
Cguuaucaac uugaaaaagu ggcaccgagu cggugc 96
<210> 98

<211> 104

<212> RNA

<213> Artificial Sequence

<220>

<223> exemplary gRNA complementary domain

<220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base

<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 98

nNNNNNNNNN NNNNNNNNNN - guuuuagagec uaugcugaaa agcauagcaa guuaaaauaa 60
ggCuaguccg uuaucaacuu gaaaaagugg caccgagucg gugc 104
<210> 99

<211> 106

<212> RNA

<213> Artificial Sequence



<220>
<223>

<220>
<221>
<222>

exemplary gRNA complementary domain

modified base

(1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base

<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 99

nNNNNNNNNN NNNNNNNNNN- guuuuagagec uaugcuggaa acagcauagec aaguuaaaau 60
@aggcuaguc cguuaucaac uugaaaaagu ggcaccgagu cggugc 106
<210> 100

<211> 116

<212> RNA

<213> Artificial Sequence

<220>

<223> exemplary gRNA complementary domain

<220>

<221> modified base

<222>

(1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base

<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 100

nNNNNNNNNN NNNNNNNNNN- guuuuagagec uaugcuguuu uggaaacaaa acagcauagec 60
@aguuaaaau aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu cggugce 116
<210> 101

<211> 96

<212> RNA

<213> Artificial Sequence

<220>

<223> exemplary gRNA

<220>

<221> modified base

<222>
<223>

<220>

(1)...(20)

a, ¢, u, g, unknown or other



<221> modified_base
<222> (1)...(20)
<223> n is a, ¢, g, or u

<400> 101
nnnNNNNNNN NnNNNNNNNN- guauuagagc uagaaauagc aaguuaauau aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cggugc 96

<210> 102

<211> 96

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary gRNA

220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 102
nnNNNNNNNN NnNNNNNNNN- guuuaagagc uagaaauagc aaguuuaaau aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cggugc 96

<210> 103
<211> 116
<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary gRNA

220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 103
nnnNnNNNNNN NnNNNNNNNN- guauuagagec uaugcuguau uggaaacaau acagcauagc 60
aaguuaauau aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu Ccggugc 116
<210> 104

<211> 47



<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 104
aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu cggugcu

<210> 105

<211> 49

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 105
aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu Ccgguggugc

<210> 106

<211> 51

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 106
aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu cggugcggau C

<210> 107

<211> 31

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 107
aaggcuaguc cguuaucaac uugaaaaagu g

<210> 108

<211> 18

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 108
aaggcuaguc cguuauca

<210> 109

47

49

51

31

18



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

<220>
<223> exemplary proximal and tail domain

<400> 109
aaggcuaguc cg 12

<21e> 110
<211> 102
<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary chimeric gRNA

<220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 110
nnNNNNNNNN NnNNNNNNNN- guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu uu 102

<21e> 111
<211> 102
<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary chimeric gRNA

220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 111
nnnNnNNNNNNN NnNNNNNNNN- guuuuaguac ucuggaaaca gaaucuacua aaacaaggca 60
Q@aaugccgug uuuauCUCgu caacuuguug gcgagauuuu uu 102



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

<220>

<223>

112
1344
PRT
Streptococcus

Cas9

<400> 112
Lys Lys Pro

1
Trp

Val
Ala
Arg
65

Leu
Phe
Glu
Glu
Pro
145
Ile
Asn
Asn
Glu
Leu
225
Leu
Leu
Glu
Phe
Leu
305
Ile
Phe

Val

Ala
Leu
Leu
50

Thr
Gln
His
Arg
Asn
130
Glu
Lys
Asn
Thr
Ile
210
Lys
Lys
Glu
Leu
Leu
290
Thr
Gln
Ile

Ser

Val
Gly
35

Leu
Ala
Glu
Arg
His
115
Phe
Lys
Phe
Asp
Phe
195
Leu
Leu
Leu
Glu
Glu
275
Ser
Val
Arg
Arg

Lys

Tyr
Val
20

Asn
Phe
Arg
Ile
Leu
100
Pro
Pro
Val
Arg
Val
180
Glu
Thr
Phe
Ile
Lys
260
Val
Ala
Thr
Tyr
Gln

340
Asp

Ser
Thr
Thr
Asp
Arg
Phe
85

Glu
Ile
Thr
Asp
Gly
165
Gln
Asn
Asp
Pro
Val
245
Ala
Leu
Lys
Asp
Asn
325

Lys

Gly

mutans

Ile
Asp
Asp
Ser
Arg
70

Ser
Asp
Phe
Ile
Leu
150
His
Arg
Ser
Lys
Asn
230
Gly
Pro
Leu
Lys
Val
310
Glu

Leu

Tyr

Gly
Asp
Lys
Gly
55

Tyr
Glu
Ser
Gly
Tyr
135
Arg
Phe
Leu
Ser
Ile
215
Glu
Asn
Leu
Ala
Leu
295
Gly
His
Ser

Ala

Leu
Tyr
Ser
40

Asn
Thr
Glu
Phe
Asn
120
His
Leu
Leu
Phe
Leu
200
Ser
Lys
Gln
Gln
Gln
280
Tyr
Thr
Gln

Asp

Gly

Asp
Lys
25

His
Thr
Arg
Met
Leu
105
Leu
Leu
Val
Ile
Gln
185
Gln
Lys
Ser
Ala
Phe
265
Ile
Asp
Lys
Met
Lys

345
Tyr

Ile
10

Val
Ile
Ala
Arg
Gly
90

Val
Glu
Arg
Tyr
Glu
170
Glu
Glu
Ser
Asn
Asp

250
Ser

Ser
Ala
Asp
330
Tyr

Ile

Gly
Pro
Glu
Glu
Arg
75

Lys
Thr
Glu
Gln
Leu
155
Gly
Phe
Gln
Ala
Gly
235
Phe
Lys
Asp
Ile
Pro
315
Leu

Asn

Asp

Thr
Ala
Lys
Asp
60

Asn
Val
Glu
Glu
Tyr
140
Ala
Lys
Leu
Asn
Lys
220
Arg
Lys
Asp
Asn
Leu
300
Leu
Ala

Glu

Gly

Asn
Lys
Asn
45

Arg
Arg
Asp
Asp
Val
125
Leu
Leu
Phe
Ala
Val
205
Lys
Phe
Lys
Thr
Tyr
285
Leu
Ser
Gln

Val

Lys

Ser
Lys
30

Leu
Arg
Ile
Asp
Lys
110
Lys
Ala
Ala
Asp
Val
190
Gln
Asp
Ala
His
Tyr
270
Ala
Ser
Ala
Leu
Phe

350
Thr

Val
15

Met
Leu
Leu
Leu
Ser
95

Arg
Tyr
Asp
His
Thr
175
Tyr
Val
Arg
Glu
Phe
255
Glu
Glu
Gly
Ser
Lys
335

Ser

Asn

Gly
Lys
Gly
Lys
Tyr
80

Phe
Gly
His
Asn
Ile
160
Arg
Asp
Glu
Val
Phe
240
Glu
Glu
Leu
Ile
Met
320
Gln

Asp

Gln



Glu
Ser
385
Gln
Glu
Ala
Tyr
Ser
465
Val
Tyr
Leu
Lys
Glu
545
Lys
Asp
Gly
Asn
Leu
625
Asp
Thr
Lys
Ser
Lys
705
Asn
Ile
His
Thr

Asp

Ala
370
Gly
Arg
Met
Asp
Tyr
450
Arg
Asp
Asp
Tyr
Thr
530
Ile
Leu
Leu
Thr
Ser
610
Phe
Leu
Gly
Glu
Asn
690
Glu
Gln
Leu
Gln
Asn

770
Ser

355
Phe

Tyr
Thr
Arg
Asn
435
Val
Lys
Lys
Leu
Glu
515
Glu
Phe
Met
Thr
Tyr
595
Lys
Glu
Leu
Trp
Ser
675
Arg
Glu
Val
Gln
Pro
755
Gln

Ile

Tyr
Phe
Phe
Ala
420
Gln
Gly
Ser
Glu
Tyr
500
Lys
Gln
Asp
Asp
Gly
580
His
Asn
Asp
Thr
Gly
660
Arg
Asn
Ile
Val
Ser
740
Glu
Gly

Lys

Lys
Leu
Asp
405
Ile
Asp
Pro
Ala
Ser
485
Leu
Phe
Gly
Gly
Phe
565
Leu
Asp
Glu
Arg
Lys
645
Arg
Lys
Phe
Ala
Ser
725
Leu
Asn

Arg

Glu

Tyr
Asp
390
Asn
Ile
Arg
Leu
Asp
470
Ser
Pro
Thr
Lys
Val
550
Leu
Asp
Leu
Lys
Glu
630
Glu
Leu
Thr
Met
Lys
710
Asp
Lys
Ile
Arg

Phe

Leu
375
Lys
Gly
Arg
Ile
Ala
455
Lys
Ala
Asn
Val
Thr
535
Phe
Glu
Lys
Cys
Ile
615
Met
Gln
Ser
Ile
Gln
695
Ala
Ile
Ile
Val
Asn

775
Gly

360
Lys

Ile
Ser
Arg
Glu
440
Arg
Ile
Glu
Gln
Tyr
520
Ala
Lys
Lys
Glu
Lys
600
Leu
Ile
Val
Ala
Leu
680
Leu
Gln
Ala
Val
Val
760

Ser

Ser

Glu
Ile
Gln
425
Lys
Gly
Thr
Ala
Lys
505
Asn
Phe
Val
Glu
Asn
585
Ile
Glu
Arg
Lys
Glu
665
Asp
Ile
Val
Gly
Asp
745
Glu
Gln

Gln

Leu
Arg
Pro
410
Ala
Leu
Lys
Pro
Phe
490
Val
Glu
Phe
Tyr
Phe
570
Lys
Leu
Asp
Lys
Lys
650
Leu
Tyr
Asn
Ile
Ser
730
Glu
Met

Gln

Ile

Leu
Glu
395
His
Glu
Leu
Ser
Trp
475
Ile
Leu
Leu
Asp
Arg
555
Asp
Val
Asp
Ile
Arg
635
Leu
Ile
Leu
Asp
Gly
715
Pro
Leu
Ala
Arg

Leu

Asn
380
Asp
Gln
Phe
Thr
Asp
460
Asn
Asn
Pro
Thr
Ala
540
Lys
Glu
Phe
Lys
Val
620
Leu
Glu
His
Ile
Asp
700
Glu
Ala
Val
Arg
Leu

780
Lys

365
Lys

Phe
Ile
Tyr
Phe
445
Phe
Phe
Arg
Lys
Lys
525
Asn
Val
Phe
Asn
Asp
605
Leu
Glu
Arg
Gly
Asp
685
Ala
Thr
Ile
Lys
Glu
765
Lys

Glu

Ile
Leu
His
Pro
430
Arg
Ala
Asp
Met
His
510
Val
Met
Thr
Arg
Ala
590
Phe
Thr
Asn
Arg
Ile
670
Asp
Leu
Asp
Lys
Ile
750
Asn

Gly

His

Glu
Arg
Leu
415
Phe
Ile
Trp
Glu
Thr
495
Ser
Lys
Lys
Lys
Ile
575
Ser
Leu
Leu
Tyr
His
655
Arg
Gly
Ser
Asn
Lys
735
Met
Gln

Leu

Pro

Gly
Lys
400
Gln
Leu
Pro
Leu
Ile
480
Asn
Leu
Tyr
Gln
Asp
560
Val
Tyr
Asp
Thr
Ser
640
Tyr
Asn
Asn
Phe
Leu
720
Gly
Gly
Phe
Thr

Val



785 790
Glu Asn Ser Gln Leu Gln Asn Asp Arg
805
Asn Gly Arg Asp Met Tyr Thr Gly Glu
820 825
Ser Gln Tyr Asp Ile Asp His Ile Ile
835 840
Asn Ser Ile Asp Asn Arg Val Leu Thr
850 855
Lys Ser Asp Asp Val Pro Ser Lys Asp
865 870
Tyr Trp Ser Lys Leu Leu Ser Ala Lys
885
Asp Asn Leu Thr Lys Ala Glu Arg Gly
900 905
Ala Gly Phe Ile Lys Arg Gln Leu Val
915 920
His Val Ala Arg Ile Leu Asp Glu Arg
930 935
Asn Asn Lys Lys Ile Arg Gln Val Lys
945 950
Leu Val Ser Asn Phe Arg Lys Glu Phe
965
Ile Asn Asp Tyr His His Ala His Asp
980 985
Gly Lys Ala Leu Leu Gly Val Tyr Pro
995 1000
Tyr Gly Asp Tyr Pro His Phe His Gly
1010 1015
Ala Lys Lys Phe Phe Tyr Ser Asn Ile
1025 1030
Asp Val Arg Thr Asp Lys Asn Gly Glu
1045
His Ile Ser Asn Ile Lys Lys Val Leu
1060 1065
Val Lys Lys Val Glu Glu Gln Thr Gly
1075 1080
Leu Pro Lys Gly Asn Ser Asp Lys Leu
1090 1095
Phe Tyr Trp Asp Thr Lys Lys Tyr Gly
1105 1110
Ala Tyr Ser Ile Leu Val Ile Ala Asp
1125

Leu
810
Glu
Pro
Ser
Val
Leu
890
Gly
Glu
Phe
Ile
Glu
970
Ala
Gln
His
Met

Ile

1050

Ser
Gly
Ile
Gly

Ile

1130

795
Phe Leu

Leu Asp
Gln Ala

Ser Lys
860

Val Arg

875

Ile Thr

Leu Thr
Thr Arg
Asn Thr

940
Val Thr

955
Leu Tyr

Tyr Leu
Leu Glu
Lys Glu
1020
Asn Phe
1035
Ile Trp
Tyr Pro
Phe Ser

Pro Arg
1100

Tyr
Ile
Phe
845
Glu
Lys
Gln
Asp
Gln
925
Glu
Leu
Lys

Asn

Pro

1005

Asn
Phe
Lys
Gln

Lys

1085

Tyr
Asp
830
Ile
Asn
Met
Arg
Asp
910
Ile
Thr
Lys
Val
Ala
990
Glu
Lys
Lys
Lys

Val

1070

Leu
815
Tyr
Lys
Arg
Lys
Lys
895
Asp
Thr
Asp
Ser
Arg
975
Val
Phe
Ala
Lys
Asp

105
Asn

800
Gln

Leu
Asp
Gly
Ser
880
Phe
Lys
Lys
Glu
Asn
960
Glu
Ile
Val
Thr
Asp
1040
Glu

5
Ile

Glu Ser Ile

Lys Thr Lys Lys

Phe Asp Ser Pro Ile Val

1115

1120

Glu Lys Gly Lys Ser Lys

113

5

Lys Leu Lys Thr Val Lys Ala Leu Val Gly Val Thr Ile Met Glu Lys

1140 1145
Met Thr Phe Glu Arg Asp Pro Val Ala
1155 1160
Arg Asn Val Gln Glu Glu Asn Ile Ile
1170 1175

1150

Phe Leu Glu Arg Lys Gly Tyr

1165

Lys Leu Pro Lys Tyr Ser Leu

1180

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

1185 1190

Leu Gln Lys Gly Asn Glu Ile Val Leu
1205

Leu Tyr His Ala Lys Asn Ile His Lys

1195

1200

Pro Asn His Leu Gly Thr Leu

1210

121

5

Val Asp Glu Pro Lys His Leu



1220

Asp Tyr Val Asp
1235
Val Ser Asn Phe
1250

Lys Ile Lys Glu
1265
Leu Ala Ser Ser

Pro Ala Thr Phe
1300
Thr Ser Thr Thr
1315
Thr Gly Leu Tyr
1330

<210> 113

<211> 1367

<212> PRT

<213> Streptococ

<220>
223> Cas9

<400> 113
Asp Lys Lys Tyr
1
Trp Ala Val Ile
20
Val Leu Gly Asn
35
Ala Leu Leu Phe
50
Arg Thr Ala Arg
65
Leu Gln Glu Ile

Phe His Arg Leu
100

Glu Arg His Pro

115
Glu Lys Tyr Pro
130

Thr Asp Lys Ala

145

Ile Lys Phe Arg

Asn Ser Asp Val
180
Gln Leu Phe Glu
195
Ala Ile Leu Ser
210

1225

1230

Lys His Lys Asp Glu Phe Lys Glu Leu Leu Asp Val

1240
Ser Lys Lys Tyr Thr
1255
Leu Tyr Ala Gln Asn
1270
Phe Ile Asn Leu Leu
1285
Lys Phe Phe Asp Lys
1305

1245

Leu Ala Glu Gly

1260

Asn Gly Glu Asp

1275

Thr Phe Thr Ala

1290

Asn Ile Asp Arg

Glu Ile Leu Asn Ala Thr Leu Ile His

1320

1325

Asn Leu Glu

Leu Lys Glu

1280

Ile Gly Ala

1295

Lys Arg Tyr

1310

Gln Ser Ile

Glu Thr Arg Ile Asp Leu Asn Lys Leu Gly Gly Asp

1335

cus pyogenes

Ser Ile Gly Leu Asp

Thr Asp Glu Tyr Lys
25
Thr Asp Arg His Ser
40
Asp Ser Gly Glu Thr
55
Arg Arg Tyr Thr Arg
70
Phe Ser Asn Glu Met
85
Glu Glu Ser Phe Leu
105
Ile Phe Gly Asn Ile
120
Thr Ile Tyr His Leu
135
Asp Leu Arg Leu Ile
150
Gly His Phe Leu Ile
165
Asp Lys Leu Phe Ile
185
Glu Asn Pro Ile Asn
200
Ala Arg Leu Ser Lys
215

Ile
10

Val
Ile
Ala
Arg
Ala
90

Val
Val
Arg
Tyr
Glu
170
Gln
Ala

Ser

Gly
Pro
Lys
Glu
Lys
75

Lys
Glu
Asp
Lys
Leu
155
Gly
Leu

Ser

Arg

1340

Thr
Ser
Lys
Ala
60

Asn
Val
Glu
Glu
Lys
140
Ala
Asp
Val
Gly

Arg
220

Asn
Lys
Asn
45

Thr
Arg
Asp
Asp
Val
125
Leu
Leu
Leu
Gln
Val

205
Leu

Ser
Lys
30

Leu
Arg
Ile
Asp
Lys
110
Ala
Val
Ala
Asn
Thr
190
Asp

Glu

Val
15

Phe
Ile
Leu
Cys
Ser
95

Lys
Tyr
Asp
His
Pro
175
Tyr
Ala

Asn

Gly
Lys
Gly
Lys
Tyr
80

Phe
His
His
Ser
Met
160
Asp
Asn
Lys

Leu



Ile
225
Ile
Leu
Asp
Phe
Leu
305
Ile
Leu
Gln
Glu
Thr
385
Gln
Glu
Lys
Tyr
Thr
465
Val
Phe
Leu
Val
Lys
545
Lys
Val
Tyr
Glu
Phe

625
Leu

Ala
Ala
Ala
Leu
Leu
290
Arg
Lys
Val
Ser
Glu
370
Glu
Arg
Leu
Asp
Tyr
450
Arg
Asp
Asp
Tyr
Thr
530
Ala
Gln
Glu
His
Glu
610
Glu

Phe

Gln
Leu
Glu
Asp
275
Ala
Val
Arg
Arg
Lys
355
Phe
Glu
Thr
His
Asn
435
Val
Lys
Lys
Lys
Glu
515
Glu
Ile
Leu
Ile
Asp
595
Asn

Asp

Asp

Leu
Ser
Asp
260
Asn
Ala
Asn
Tyr
Gln
340
Asn
Tyr
Leu
Phe
Ala
420
Arg
Gly
Ser
Gly
Asn
500
Tyr
Gly
Val
Lys
Ser
580
Leu
Glu
Arg

Asp

Pro
Leu
245
Ala
Leu
Lys
Thr
Asp
325
Gln
Gly
Lys
Leu
Asp
405
Ile
Glu
Pro
Glu
Ala
485
Leu
Phe
Met
Asp
Glu
565
Gly
Leu
Asp
Glu

Lys
645

Gly
230
Gly
Lys
Leu
Asn
Glu
310
Glu
Leu
Tyr
Phe
Val
390
Asn
Leu
Lys
Leu
Glu
470
Ser
Pro
Thr
Arg
Leu
550
Asp
Val
Lys
Ile
Met

630
Val

Glu
Leu
Leu
Ala
Leu
295
Ile
His
Pro
Ala
Ile
375
Lys
Gly
Arg
Ile
Ala
455
Thr
Ala
Asn
Val
Lys
535
Leu
Tyr
Glu
Ile
Leu
615
Ile

Met

Lys
Thr
Gln
Gln
280
Ser
Thr
His
Glu
Gly
360
Lys
Leu
Ser
Arg
Glu
440
Arg
Ile
Gln
Glu
Tyr
520
Pro
Phe
Phe
Asp
Ile
600
Glu
Glu

Lys

Lys
Pro
Leu
265
Ile
Asp
Lys
Gln
Lys
345
Tyr
Pro
Asn
Ile
Gln
425
Lys
Gly
Thr
Ser
Lys
505
Asn
Ala
Lys
Lys
Arg
585
Lys
Asp
Glu

Gln

Asn
Asn
250
Ser
Gly
Ala
Ala
Asp
330
Tyr
Ile
Ile
Arg
Pro
410
Glu
Ile
Asn
Pro
Phe
490
Val
Glu
Phe
Thr
Lys
570
Phe
Asp
Ile
Arg

Leu
650

Gly
235
Phe
Lys
Asp
Ile
Pro
315
Leu
Lys
Asp
Leu
Glu
395
His
Asp
Leu
Ser
Trp
475
Ile
Leu
Leu
Leu
Asn
555
Ile
Asn
Lys
Val
Leu

635
Lys

Leu
Lys
Asp
Gln
Leu
300
Leu
Thr
Glu
Gly
Glu
380
Asp
Gln
Phe
Thr
Arg
460
Asn
Glu
Pro
Thr
Ser
540
Arg
Glu
Ala
Asp
Leu
620
Lys

Arg

Phe
Ser
Thr
Tyr
285
Leu
Ser
Leu
Ile
Gly
365
Lys
Leu
Ile
Tyr
Phe
445
Phe
Phe
Arg
Lys
Lys
525
Gly
Lys
Cys
Ser
Phe
605
Thr
Thr

Arg

Gly
Asn
Tyr
270
Ala
Ser
Ala
Leu
Phe
350
Ala
Met
Leu
His
Pro
430
Arg
Ala
Glu
Met
His
510
Val
Glu
Val
Phe
Leu
590
Leu
Leu

Tyr

Arg

Asn
Phe
255
Asp
Asp
Asp
Ser
Lys
335
Phe
Ser
Asp
Arg
Leu
415
Phe
Ile
Trp
Glu
Thr
495
Ser
Lys
Gln
Thr
Asp
575
Gly
Asp
Thr
Ala

Tyr
655

Leu
240
Asp
Asp
Leu
Ile
Met
320
Ala
Asp
Gln
Gly
Lys
400
Gly
Leu
Pro
Met
Val
480
Asn
Leu
Tyr
Lys
Val
560
Ser
Thr
Asn
Leu
His

640
Thr



Gly
Gln
Asn
Glu
705
Glu
Leu
His
Thr
Glu
785
Glu
Asn
Ser
Asp
Lys
865
Tyr
Asp
Ala
His
Asn
945
Leu
Ile
Gly
Tyr
Glu
1025
Ile
Arg

Trp

Trp Gly

Ser Gly
675

Arg Asn

690

Asp Ile

His Ile
Gln Thr

Lys Pro
755

Gln Lys

770

Gly Ile

Asn Thr
Gly Arg
Asp Tyr

835
Ser Ile

850
Ser Asp

Trp Arg
Asn Leu

Gly Phe
915

Val Ala

930

Asp Lys

Val Ser
Asn Asn
Thr Ala
995
Gly Asp
1010
Gln Glu
Met Asn
Lys Arg

Asp Lys

1075

Arg
660
Lys
Phe
Gln
Ala
Val
740
Glu
Gly
Lys
Gln
Asp
820
Asp
Asp
Asn
Gln
Thr
900
Ile
Gln
Leu
Asp
Tyr
980
Leu
Tyr
Ile
Phe

Pro

1060

Leu Ser Arg Lys Leu
665
Thr Ile Leu Asp Phe
680
Met Gln Leu Ile His
695
Lys Ala Gln Val Ser
710
Asn Leu Ala Gly Ser
725
Lys Val Val Asp Glu
745
Asn Ile Val Ile Glu
760
Gln Lys Asn Ser Arg
775
Glu Leu Gly Ser Gln
790
Leu Gln Asn Glu Lys
805
Met Tyr Val Asp Gln
825
Val Asp His Ile Val
840
Asn Lys Val Leu Thr
855
Val Pro Ser Glu Glu
870
Leu Leu Asn Ala Lys
885
Lys Ala Glu Arg Gly
905
Lys Arg Gln Leu Val
920
Ile Leu Asp Ser Arg
935
Ile Arg Glu Val Lys
950
Phe Arg Lys Asp Phe
965
His His Ala His Asp
985
Ile Lys Lys Tyr Pro
1000
Lys Val Tyr Asp Val
1015
Gly Lys Ala Thr Ala
1030
Phe Lys Thr Glu Ile
1045
Leu Ile Glu Thr Asn

1065

Ile Asn Gly Ile Arg
670
Leu Lys Ser Asp Gly
685
Asp Asp Ser Leu Thr
700
Gly Gln Gly Asp Ser
715
Pro Ala Ile Lys Lys
730
Leu Val Lys Val Met
750
Met Ala Arg Glu Asn
765
Glu Arg Met Lys Arg
780
Ile Leu Lys Glu His
795
Leu Tyr Leu Tyr Tyr
810
Glu Leu Asp Ile Asn
830
Pro Gln Ser Phe Leu
845
Arg Ser Asp Lys Asn
860
Val val Lys Lys Met
875
Leu Ile Thr Gln Arg
890
Gly Leu Ser Glu Leu
910
Glu Thr Arg Gln Ile
925
Met Asn Thr Lys Tyr
940
Val Ile Thr Leu Lys
955
Gln Phe Tyr Lys Val
970
Ala Tyr Leu Asn Ala
990
Lys Leu Glu Ser Glu
1005
Arg Lys Met Ile Ala
1020
Lys Tyr Phe Phe Tyr
1035
Thr Leu Ala Asn Gly
1050
Gly Glu Thr Gly Glu

1070

Asp Lys
Phe Ala
Phe Lys

Leu His
720

Gly Ile

735

Gly Arg

Gln Thr
Ile Glu

Pro Val
800

Leu Gln

815

Arg Leu

Lys Asp
Arg Gly

Lys Asn
880

Lys Phe

895

Asp Lys

Thr Lys
Asp Glu

Ser Lys
960

Arg Glu

975

Val Vval

Phe Vval
Lys Ser

Ser Asn
1040
Glu Ile
1055
Ile Val

Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met

1080

1085



Pro Gln Val
1090

Ser Lys Glu

1105

Arg Lys Lys

Thr Val Ala
1140

Ser Lys Lys Leu

1155
Glu Arg Ser Ser
1170

Gly Tyr Lys Glu

1185

Ser Leu Phe Glu

Gly Glu Leu Gln
1220
Asn Phe Leu Tyr
1235
Glu Asp Asn Glu
1250
Leu Asp Glu Ile
1265
Leu Ala Asp Ala
Arg Asp Lys Pro
1300
Thr
1315
Thr
1330
Thr
1345
Leu Ser Gln Leu

<210> 114
<211> 1387
<212> PRT
<213> Streptococ

<220>
<223> Cas9

<400> 114

Thr Lys Pro Tyr Ser Ile Gly Leu Asp Ile

1

Trp Ala Val Thr Thr Asp Asn Tyr Lys Val

20

Val Leu Gly Asn Thr Ser Lys Lys Tyr Ile

35

Val Leu Leu Phe Asp Ser Gly Ile Thr Ala

1095

1110

1125

Tyr Ser Val Leu Val Val Ala

1145

Lys Ser Val Lys Glu

1160
Phe Glu Lys Asn Pro
1175
Val Lys Lys Asp Leu
1190

Leu Glu Asn Gly Arg

1205

Lys Gly Asn Glu Leu
1225

Leu Ala Ser His Tyr

1240
Gln Lys Gln Leu Phe
1255
Ile Glu Gln Ile Ser
1270

Asn Leu Asp Lys Val

1285

Ile Arg Glu Gln Ala
1305

Leu Thr Asn Leu Gly Ala Pro Ala Ala

1320

Ile Asp Arg Lys Arg Tyr Thr Ser Thr

1335

Leu Ile His Gln Ser Ile Thr Gly Leu

1350
Gly Gly Asp
1365

cus thermophilus

5
25

40

Asn Ile Val Lys Lys Thr Glu Val Gln Thr

1100

Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys

1115

Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe

1130
Lys Val Glu

Leu Leu Gly Ile

1165

Ile Asp Phe Leu

1180
Ile Lys Leu
1195

Arg Met Leu

Ile
Lys
1210
Ala Leu Pro Ser

Glu Lys Leu Lys

1245

Val Glu Gln His
1260
Glu Phe Ser
1275
Leu Ser Ala
1290
Glu

Lys
Tyr
Asn Ile Ile

Phe Lys Tyr

1325

Lys Glu Vval
1340
Tyr Glu Thr

1355

Gly Thr Asn
10
Pro Ser Lys

Lys Lys Asn
45
Glu Gly Arg

Gly Gly Phe

Leu Ile Ala
1120
Asp Ser Pro
1135
Lys Gly Lys
1150
Thr Ile Met

Glu Ala Lys

Pro Lys Tyr
1200
Ala Ser Ala
1215
Lys Tyr Val
1230
Gly Ser Pro

Lys His Tyr

Arg Val Ile
1280
Asn Lys His
1295
His Leu Phe
1310
Phe Asp Thr

Leu Asp Ala

Arg Ile Asp
1360

Ser Val Gly
15

Lys Met Lys

30

Leu Leu Gly

Arg Leu Lys



Arg
65

Leu
Phe
Ser
Asp
Thr
145
Ile
Asn
Ala
Glu
Leu
225
Leu
Leu
Asp
Phe
Leu
305
Ile
Tyr
Asp
Glu
Ala
385
Gln
Glu
Ala
Tyr
Ile

465
Ile

50
Thr

Gln
Gln
Lys
Glu
130
Lys
Lys
Asn
Ile
Ile
210
Lys
Lys
Asp
Leu
Leu
290
Thr
Lys
Ile
Thr
Asp
370
Asp
Arg
Met
Lys
Tyr
450
Arg

Asp

Ala
Glu
Arg
Tyr
115
Phe
Lys
Tyr
Asp
Phe
195
Val
Leu
Leu
Glu
Glu
275
Lys
Val
Arg
Arg
Lys
355
Phe
Tyr
Thr
Arg
Asn
435
Val
Lys

Lys

Arg
Ile
Leu
100
Pro
Pro
Ala
Arg
Ile
180
Glu
Lys
Phe
Ile
Lys
260
Thr
Ala
Thr
Tyr
Asn
340
Asn
Tyr
Phe
Phe
Ala
420
Lys
Gly
Arg

Glu

Arg
Phe
85

Asp
Ile
Thr
Asp
Gly
165
Gln
Ser
Asp
Pro
Val
245
Ala
Leu
Lys
Asp
Asn
325
Ile
Gly
Val
Leu
Asp
405
Ile
Glu
Pro

Asn

Ser

Arg
70

Ser
Asp
Phe
Ile
Leu
150
His
Lys
Asp
Lys
Gly
230
Gly
Ser
Leu
Lys
Asn
310
Glu
Ser
Tyr
Tyr
Glu
390
Asn
Leu
Arg
Leu
Glu

470
Ser

55
Tyr

Thr
Ser
Gly
Tyr
135
Arg
Phe
Asn
Leu
Ile
215
Glu
Asn
Leu
Gly
Leu
295
Glu
His
Leu
Ala
Leu
375
Lys
Gly
Asp
Ile
Ala
455
Lys

Ala

Thr
Glu
Phe
Asn
120
His
Leu
Leu
Phe
Ser
200
Ser
Lys
Gln
His
Tyr
280
Tyr
Thr
Lys
Lys
Gly
360
Lys
Ile
Ser
Lys
Glu
440
Arg
Ile

Glu

Arg
Met
Leu
105
Leu
Leu
Val
Ile
Gln
185
Leu
Lys
Asn
Ala
Phe
265
Ile
Asp
Glu
Glu
Thr
345
Tyr
Lys
Asp
Ile
Gln

425
Lys

Thr

Ala

Arg
Ala
90

Val
Val
Arg
Tyr
Glu
170
Asp
Glu
Leu
Ser
Asp
250
Ser
Gly
Ala
Ala
Asp
330
Tyr
Ile
Leu
Arg
Pro
410
Ala
Ile
Asn

Pro

Phe

Arg
75

Thr
Pro
Glu
Lys
Leu
155
Gly
Phe
Asn
Glu
Gly
235
Phe
Lys
Asp
Ile
Pro
315
Leu
Asn
Asp
Leu
Glu
395
Tyr
Lys
Leu
Ser
Trp

475
Ile

60
Asn

Leu
Asp
Glu
Tyr
140
Ala
Glu
Leu
Ser
Lys
220
Ile
Arg
Glu
Asp
Leu
300
Leu
Ala
Glu
Gly
Ala
380
Asp
Gln
Phe
Thr
Asp
460

Asn

Asn

Arg
Asp
Asp
Lys
125
Leu
Leu
Phe
Asp
Lys
205
Lys
Phe
Lys
Ser
Tyr
285
Leu
Ser
Leu
Val
Lys
365
Glu
Phe
Ile
Tyr
Phe
445
Phe
Phe

Arg

Ile
Asp
Lys
110
Ala
Ala
Ala
Asn
Thr
190
Gln
Asp
Ser
Cys
Tyr
270
Ser
Ser
Ser
Leu
Phe
350
Thr
Phe
Leu
His
Pro
430
Arg
Ala
Glu

Met

Leu
Ala
95

Arg
Tyr
Asp
His
Ser
175
Tyr
Leu
Arg
Glu
Phe
255
Asp
Asp
Gly
Ala
Lys
335
Lys
Asn
Glu
Arg
Leu
415
Phe
Ile
Trp
Asp

Thr

Tyr
80

Phe
Asp
His
Ser
Met
160
Lys
Asn
Glu
Ile
Phe
240
Asn
Glu
Val
Phe
Met
320
Glu
Asp
Gln
Gly
Lys
400
Gln
Leu
Pro
Ser
Val

480
Ser



Phe
Leu
Ile
Lys
545
Lys
Glu
His
Ser
Glu
625
Phe
Trp
Ser
Arg
Lys
705
Lys
Ile
Gly
Tyr
Glu
785
Pro
Leu
Asp
Pro
Ser
865
Val

Leu

Gly

Asp
Tyr
Ala
530
Asp
Asp
Leu
Asp
Asn
610
Asp
Asp
Gly
Gly
Asn
690
Ile
Glu
Leu
Arg
Thr
770
Lys
Ala
Tyr
Leu
Gln
850
Ser
Val
Ile

Leu

Leu
Glu
515
Glu
Ile
Ile
Lys
Leu
595
Glu
Arg
Lys
Lys
Asn
675
Phe
Gln
Val
Gln
Lys
755
Asn
Ser
Lys
Leu
Asp
835
Ala
Ala
Lys

Ser

Ser

Tyr
500
Thr
Ser
Val
Ile
Gly
580
Leu
Ala
Glu
Ser
Leu
660
Thr
Met
Lys
Val
Ser
740
Pro
Gln
Leu
Leu
Tyr
820
Ile
Phe
Ser
Lys
Gln

900
Pro

485
Leu

Phe
Met
Arg
Glu
565
Ile
Asn
Ile
Met
Val
645
Ser
Ile
Gln
Ala
Lys
725
Ile
Glu
Gly
Lys
Ser
805
Tyr
Asp
Leu
Asn
Arg
885
Arg

Glu

Pro
Asn
Arg
Leu
550
Tyr
Glu
Ile
Ile
Ile
630
Leu
Ala
Leu
Leu
Gln
710
Ser
Lys
Ser
Lys
Glu
790
Lys
Leu
Arg
Lys
Arg
870
Lys
Lys

Asp

Glu
Val
Asp
535
Tyr
Leu
Lys
Ile
Glu
615
Lys
Lys
Lys
Asp
Ile
695
Ile
Leu
Ile
Ile
Ser
775
Leu
Ile
Gln
Leu
Asp
855
Gly
Thr
Phe

Lys

Glu
Tyr
520
Tyr
Phe
His
Gln
Asn
600
Glu
Gln
Lys
Leu
Tyr
680
His
Ile
Pro
Val
Val
760
Asn
Gly
Asp
Asn
Ser
840
Asn
Lys
Phe
Asp

Ala

Lys
505
Asn
Gln
Lys
Ala
Phe
585
Asp
Ile
Arg
Leu
Ile
665
Leu
Asp
Gly
Gly
Asp
745
Val
Ser
Ser
Asn
Gly
825
Asn
Ser
Ser
Trp
Asn

905
Gly

490
Val

Glu
Phe
Asp
Ile
570
Asn
Lys
Ile
Leu
Ser
650
Asn
Ile
Asp
Asp
Ser
730
Glu
Glu
Gln
Lys
Asn
810
Lys
Tyr
Ile
Asp
Tyr
890

Leu

Phe

Leu
Leu
Leu
Lys
555
Tyr
Ser
Glu
His
Ser
635
Arg
Gly
Asp
Ala
Glu
715
Pro
Leu
Met
Gln
Ile
795
Ala
Asp
Asp
Asp
Asp
875
Gln
Thr

Ile

Pro
Thr
Asp
540
Arg
Gly
Ser
Phe
Thr
620
Lys
Arg
Ile
Asp
Leu
700
Asp
Ala
Val
Ala
Arg
780
Leu
Leu
Met
Ile
Asn
860
Val
Leu

Lys

Gln

Lys
Lys
525
Ser
Lys
Tyr
Leu
Leu
605
Leu
Phe
His
Arg
Gly
685
Ser
Lys
Ile
Lys
Arg
765
Leu
Lys
Gln
Tyr
Asp
845
Lys
Pro
Leu

Ala

Arg

His
510
Val
Lys
Val
Asp
Ser
590
Asp
Thr
Glu
Tyr
Asp
670
Ile
Phe
Gly
Lys
Val
750
Glu
Lys
Glu
Asn
Thr
830
His
Val
Ser
Lys
Glu

910
Gln

495
Ser

Arg
Gln
Thr
Gly
575
Thr
Asp
Ile
Asn
Thr
655
Glu
Ser
Lys
Asn
Lys
735
Met
Asn
Arg
Asn
Asp
815
Gly
Ile
Leu
Leu
Ser
895
Arg

Leu

Leu
Phe
Lys
Asp
560
Ile
Tyr
Ser
Phe
Ile
640
Gly
Lys
Asn
Lys
Ile
720
Gly
Gly
Gln
Leu
Ile
800
Arg
Asp
Ile
Val
Glu
880
Lys
Gly

Val



Glu
Phe
945
Ile
Glu
Ala
Lys
Phe
1025
Ile
Ile
Trp
Pro
Asp
1105
Pro
Asp
Val
Asn
Arg
1185
Glu
Gly
Gly
Lys
His
1265
Tyr
Gly
Asp

Gly

915
Thr Arg
930
Asn Asn

Ile Thr

Leu Tyr
Leu
995
Glu

Tyr

Leu
1010
Arg Glu

Met Asn

Glu Arg

Asn Lys
1075
Gln Vval
1090
Arg Gly

Lys Pro

Pro Lys
Val
1155
Leu

Leu

Val
1170
Lys Asp

Leu Ile

Ser Arg

Glu Ile
1235
Leu Leu
1250
Arg Lys

Tyr Ile

Lys Leu

Glu Leu
1315
Leu Phe

1330

Gln Ile Thr Lys

935

Lys Lys Asp Glu

950

Leu Lys Ser Thr

965
Lys Val Glu
980

Asn

Arg

Ala Val Vval

Pro Glu Phe Val

1015

Ser Ala
1030

Phe Lys

1045

Leu Ile

Arg Lys

Ile Lys

Pro Glu
1060
Glu Ser Asp Leu

Asn Val Val Lys

1095

Lys Pro Lys

1110
Ser Asn Glu
1125

Tyr Gly Gly

Gly
Asn

Lys
1140
Lys Gly Thr Ile

Glu Phe Gln Gly

1175

Leu Asn Phe
1190

Glu Leu Pro

1205

Met Leu Ala

Lys
Ile
Arg
1220
His Lys Gly Asn

Tyr His Ala Lys

1255

Tyr Val Glu Asn
1270
Leu Glu Phe Asn
1285
Leu Asn Ser Ala
1300
Cys Ser Ser Phe

Glu Leu Thr Ser

1335

920
His Val

Asn Asn
Leu Val

Ile Asn
985
Ala Ser
1000
Tyr Gly

Thr Glu
Ser Ile
Val Asn

1065
Ala Thr

1080
Lys Val

Leu Phe
Asn Leu
Tyr Ala
1145
Glu Lys
1160
Ile Ser
Leu Leu

Lys Tyr

Ser Ile
1225

Ala Leu
940

Val

Arg

Ala
955
Gln

Arg
Ser Phe
970
Asp

Phe His

Ala Leu Leu
Pro
1020

Tyr

Asp Tyr
Val
1035
Ser Leu Ala
1050

Glu Glu Thr

Lys

Val Arg Arg

Glu Glu Gln
1100
Asn Ala Asn
1115
Val Gly Ala
1130
Gly Ile Ser

Gly Ala Lys

Ile Leu Asp
1180

Lys Gly

1195

Leu Phe

Glu

Ser
1210

Leu Ser Thr

Gln Ile Phe
1240

Arg Ile Ser
His Lys Lys

Glu Asn Tyr

1290

Leu Ser

Asn Thr
1260

Glu Phe

1275

Val Gly

925

Leu Asp Glu Lys

Arg Thr Val Lys

960

Arg Lys Asp Phe
975

Ala His
990

Lys

His Asp

Lys Pro
1005
Lys Tyr

Tyr

Asn Ser
Asn
1040
Arg Val
1055

Gly Glu Ser Val

1070

Val Leu Ser Tyr
1085
Asn

Phe Tyr Ser

Asp Gly

His Gly Leu

Leu Ser Ser Lys
1120

Glu Tyr Leu

1135

Ser Phe Thr

1150

Lys Ile Thr

Lys
Asn

Lys
1165
Arg Ile Asn Tyr

Tyr Lys Asp Ile
1200

Glu Leu Ser Asp

1215
Asn Asn Lys Arg
1230

Gln Lys Phe Val

1245

Ile Asn Glu Asn

Glu Glu Leu Phe

1280

Ala Lys Lys Asn
1295

Phe Gln Ser Trp Gln Asn His Ser Ile

1305

1310

Ile Gly Pro Thr Gly Ser Glu Arg Lys

1320

1325

Arg Gly Ser Ala Ala Asp Phe Glu Phe

1340

Leu Gly Val Lys Ile Pro Arg Tyr Arg Asp Tyr Thr Pro Ser Ser Leu



1345

1350

1355

1360

Leu Lys Asp Ala Thr Leu Ile His Gln Ser Val Thr Gly Leu Tyr Glu

1365

1370

Thr Arg Ile Asp Leu Ala Lys Leu Gly Glu Gly

<210>

<211
<212
<213

115

> 1333
> PRT
> Listeria innocua

<220>
> Cas9

<223

<400> 115

Lys
1

Trp
Ile
Val
Arg
65

Leu
Phe
Ser
Lys
Ser
145
Ile
Asn
Gln
Asp
Glu
225
Gly
Phe
Lys

Asp

Lys
Ala
Ala
Arg
50

Thr
Gln
Cys
Arg
Asn
130
Glu
Lys
Thr
Val
Asn
210
Lys
Met
Gln
Asp

Glu
290

Pro
Val
Gly
35

Leu
Ala
Gly
Arg
His
115
Tyr
Lys
Tyr
Ser
Phe
195
Lys
Leu
Phe
Lys
Ser

275
Tyr

1380

Tyr
Leu
20

Asp
Phe
Arg
Ile
Leu
100
Pro
Pro
Ala
Arg
Val
180
Ala
Asp
Glu
Ala
Pro
260
Tyr

Ala

Thr
Thr
Ser
Asp
Arg
Phe
85

Ser
Phe
Thr
Asp
Gly
165
Asp
Ser
Val
Arg
Gln
245
Phe
Glu

Glu

Ile
Asp
Glu
Glu
Arg
70

Ala
Asp
Phe
Ile
Leu
150
Asn
Gly
Gly
Ala
Ile
230
Phe
Asp
Glu

Leu

Gly
Gln
Lys
Gly
55

Ile
Glu
Ser
Ala
Tyr
135
Arg
Phe
Ile
Ile
Lys
215
Leu
Ile
Leu

Asp

Phe
295

Leu
Tyr
Lys
40

Gln
Glu
Glu
Phe
Thr
120
His
Leu
Leu
Tyr
Glu
200
Ile
Lys
Ser
Ile
Leu

280
Val

1385

Asp
Asp
25

Gln
Thr
Arg
Met
Tyr
105
Ile
Leu
Val
Ile
Lys
185
Asp
Leu
Leu
Leu
Glu
265
Glu

Ala

Ile
10

Leu
Ile
Ala
Arg
Ser
90

Val
Glu
Arg
Tyr
Glu
170
Gln
Gly
Val
Tyr
Ile
250
Lys

Ser

Ala

Gly
Val
Lys
Ala
Arg
75

Lys
Asp
Glu
Glu
Leu
155
Gly
Phe
Ser
Glu
Pro
235
Val
Ser

Leu

Lys

Thr
Lys
Lys
Asp
60

Asn
Thr
Asn
Glu
Glu
140
Ala
Ala
Ile
Leu
Lys
220
Gly
Gly
Asp

Leu

Asn
300

Asn
Arg
Asn
45

Arg
Arg
Asp
Glu
Val
125
Leu
Leu
Leu
Gln
Lys
205
Val
Glu
Ser
Ile
Ala

285
Ala

Ser
Lys
30

Phe
Arg
Ile
Ala
Lys
110
Glu
Val
Ala
Asp
Thr
190
Lys
Thr
Lys
Lys
Glu
270

Leu

Tyr

1375

Val
15

Met
Trp
Met
Ser
Asn
95

Arg
Tyr
Asn
His
Thr
175
Tyr
Leu
Arg
Ser
Gly
255
Cys
Ile

Ser

Gly
Lys
Gly
Ala
Tyr
80

Phe
Asn
His
Ser
Ile
160
Gln
Asn
Glu
Lys
Ala
240
Asn
Ala
Gly

Ala



Val
305
Lys
Leu
Glu
Asp
Leu
385
Glu
His
Lys
Val
Ser
465
Trp
Ile
Leu
Leu
Ser
545
Arg
His
Ser
Ile
Ile
625
Gln
Arg
Ile
Asp
Leu

705
Lys

Val
Leu
Gly
Glu
Gly
370
Glu
Asn
Gln
Tyr
Thr
450
Glu
Asn
Glu
Pro
Thr
530
Gly
Lys
Val
Tyr
Leu
610
Leu
Phe
His
Arg
Asp
690

Ser

Asp

Leu
Ser
Glu
Ile
355
Lys
Asn
Phe
Leu
Tyr
435
Phe
Phe
Ile
Lys
Lys
515
Lys
Gln
Val
Glu
Ser
595
Asp
Thr
Ser
Tyr
Asp
675
Gly
Phe

Ile

Ser
Ala
Leu
340
Phe
Thr
Ile
Leu
His
420
Pro
Arg
Ala
Glu
Met
500
His
Val
Glu
Lys
Ser
580
Thr
Asn
Val
Asp
Thr
660
Lys
Leu

Lys

Gln

Ser
Ser
325
Lys
Ser
Lys
Glu
Arg
405
Leu
Phe
Ile
Trp
Glu
485
Thr
Ser
Arg
Lys
Lys
565
Pro
Tyr
Pro
Phe
Val
645
Gly
Gln
Asn

Ser

Ser
725

Ile
310
Met
Ala
Asn
Gln
Gly
390
Lys
Glu
Leu
Pro
Leu
470
Lys
Asn
Leu
Tyr
Glu
550
Lys
Thr
His
Val
Glu
630
Leu
Trp
Ser
Arg
Ile

710
Ile

Ile
Ile
Phe
Thr
Ala
375
Ala
Gln
Glu
Lys
Tyr
455
Thr
Val
Lys
Cys
Ile
535
Gln
Asp
Ile
Asp
Asn
615
Asp
Asp
Gly
His
Asn
695
Ile

Val

Thr
Glu
Ile
Glu
360
Asp
Asp
Arg
Leu
Glu
440
Phe
Arg
Asp
Asp
Tyr
520
Asn
Ile
Leu
Glu
Leu
600
Thr
Lys
Gly
Arg
Leu
680
Leu

Glu

Ala

Val
Arg
Lys
345
Lys
Phe
Tyr
Thr
Glu
425
Asn
Val
Lys
Phe
Thr
505
Gln
Asp
Phe
Glu
Gly
585
Leu
Glu
Arg
Val
Leu
665
Thr
Met
Lys

Asp

Ala
Phe
330
Leu
His
Tyr
Phe
Phe
410
Ala
Tyr
Gly
Ala
Gly
490
Tyr
Lys
Gln
Asn
Leu
570
Leu
Lys
Met
Met
Val
650
Ser
Ile
Gln
Glu

Leu
730

Glu
315
Asp
His
Gly
Lys
Ile
395
Asp
Ile
Asp
Pro
Asp
475
Lys
Leu
Tyr
Gly
Asp
555
Phe
Glu
Val
Leu
Ile
635
Leu
Ala
Leu
Leu
Gln

715
Ala

Thr
Thr
Leu
Tyr
Tyr
380
Ala
Asn
Leu
Lys
Leu
460
Gly
Ser
Pro
Leu
Lys
540
Leu
Leu
Asp
Gly
Glu
620
Lys
Lys
Lys
Asp
Ile
700
Val

Gly

Glu
His
Pro
Ala
365
Met
Lys
Gly
His
Ile
445
Ala
Glu
Ala
Lys
Val
525
Thr
Phe
Arg
Ser
Ile
605
Asn
Glu
Lys
Leu
Tyr
685
Asn

Thr

Ser

Thr
Glu
Lys
350
Gly
Lys
Ile
Ala
Gln
430
Lys
Asn
Ile
Val
Glu
510
Tyr
Ser
Lys
Asn
Phe
590
Lys
Ile
Gln
Leu
Leu
670
Leu
Asp
Thr

Pro

Asn
Glu

335
His

Met
Glu
Ile
415
Gln
Ser
Gly
Arg
Asp
495
Asn
Asn
Tyr
Gln
Met
575
Asn
Gln
Val
Leu
Glu
655
Met
Met
Ser

Ala

Ala
735

Ala
320
Asp
Tyr
Ile
Thr
Lys
400
Pro
Ala
Leu
Gln
Pro
480
Phe
Val
Glu
Phe
Lys
560
Ser
Ser
Glu
Lys
Gln
640
Arg
Gly
Asn
Asn
Asp

720
Ile



Lys Lys Gly

Val Met Gly
755
Asn Gln Thr
770
Ser Leu Glu
785
His Pro Thr

Tyr Leu Gln

His Asn Leu
835
Ile Thr Asp
850
Asn Arg Glu
865
Arg Lys Val

Arg Lys Phe

Ala Asp Lys
915
Ile Thr Lys
930
Lys Asp Asp
945
Lys Ser Ala

Val Arg Asp

Gly Vval val
995
Glu Phe Val
1010
Lys Ala Thr
1025
Ala Gln Lys

Lys Lys Tyr

Asn Ile Vval

1075

Thr Ile Lys
1090

Asn Trp Asp

1105

Tyr Ala Val

Glu Lys Lys

Ile
740
Tyr
Thr
Lys
Asp
Asn
820
Ser
Asn
Lys
Phe
Asp
900
Ala
Asn
His
Leu
Val
980
Ala
Tyr
Ala
Asp
Leu
1060
Lys
Pro
Pro

Val

Ile
1140

Leu
Pro
Gly
Ala
Asn
805
Gly
Asn
Ser
Gly
Trp
885
Tyr
Arg
Val
Gly
Val
965
Asn
Asn
Gly
Lys

Arg

1045

Asp
Lys
Lys
Met

Ile

1125

Ile

Gln Ser Leu Lys
745

Pro Gln Thr Ile

760
Lys Gly Lys Asn
775

Ile Lys Glu Phe

790

Gln Glu Leu Arg

Lys Asp Met Tyr
825

Tyr Asp Ile Asp

840
Ile Asp Asn Leu
855

Asp Asp Val Pro

870

Glu Lys Leu Tyr

Leu Thr Lys Ala
905

Phe Ile His Arg

920
Ala Asn Ile Leu
935

Asn Thr Met Lys

950

Ser Gln Phe Arg

Asp Tyr His His
985

Thr Leu Leu Lys

1000
Asp Tyr His Gln
1015

Lys Gln Phe Tyr

1030

Ile Ile Asp Glu

Thr Val Lys Lys
1065

Thr Glu Ile Gln

1080
Gly Asn Ser Ser
1095

Lys Tyr Gly Gly

1110

Glu Tyr Ala Lys

Arg Val Thr Ile
1145

Ile
Val
Asn
Gly
Asn
810
Thr
His
Val
Pro
Gln
890
Glu
Gln
His
Gln
Lys
970
Ala
Val
Phe
Thr

Asn

1050

Val
Lys
Lys
Leu

Gly

1130

Val Asp
Val Glu

Ser Arg
780

Ser Gln

795

Asn Arg

Gly Gln
Ile Vval
Leu Thr
860
Leu Glu
875
Gly Asn
Arg Gly
Leu Val
Gln Arg
940
Val Arg
955
Gln Phe
His Asp
Tyr Pro

Asp Trp

1020

Glu
Met
765
Pro
Ile
Leu
Asp
Pro
845
Ser
Ile
Leu
Gly
Glu
925
Phe
Ile
Gln
Ala

Gln

1005

Phe

Leu
750
Ala
Arg
Leu
Tyr
Leu
830
Gln
Ser
Val
Met
Leu
910
Thr
Asn
Val
Leu
Tyr
990

Leu

Lys

Asn Ile Met Leu

1035
Gly Glu

Met Ser
Gly Glu

Leu Ile

1100

Ile

Tyr

Leu

Arg

1070

Val Ser
Arg Glu
Tyr Lys

Lys Glu
800

Leu Tyr

815

Asp Ile

Ser Phe
Ala Gly

Arg Lys
880

Ser Lys

895

Thr Glu

Arg Gln
Tyr Glu

Thr Leu
960

Tyr Lys

975

Leu Asn

Glu Pro
Ala Asn

Phe Phe
1040
Trp Asp
1055
Gln Met

Phe Ser Lys Ala

1085

Pro Arg Lys Thr

Asp Ser Pro Asn Met Ala

1115

1120

Lys Asn Lys Leu Val Phe

1135

Met Glu Arg Lys Ala Phe Glu

1150

Lys Asp Glu Lys Ala Phe Leu Glu Glu Gln Gly Tyr Arg Gln Pro Lys

1155

1160

1165



Val Leu Ala Lys Leu Pro Lys Tyr Thr Leu Tyr Glu Cys

1170

Arg Arg Arg Met Leu Ala Ser Ala Asn Glu Ala Gln

1185

Gln Val Leu Pro Asn His Leu Val Thr Leu Leu His

1175

1190

1205

1210

Cys Glu Val Ser Asp Gly Lys Ser Leu Asp

Glu Met Phe

1235

Tyr Thr Leu
1250

Gln Asn Lys

1265

Leu Met Ala

Glu Thr Thr

1220

Ala

Ala

Glu

Phe

Ile

1300

1225

Glu Leu Leu Ala His
1240
Glu Ala Asn Leu Asn
1255
Gly Asp Ile Lys Ala
1270

Asn Ala Met Gly Ala
1285

Glu Arg Lys Arg Tyr

1305

Val
Lys
Ile
Pro

1290
Asn

1180
Lys
1195

His

Tyr Ile Glu

Ser Glu Phe

1245

Ile Asn Gln

1260
Ala Gln Ser
1275

Ala Ser Phe

Asn Leu Lys

Asn Ser Thr Ile Ile Tyr Gln Ser Ile Thr Gly Leu Tyr

1315

1320

Lys Arg Leu Asp Asp

1330

<210> 116
<211> 1082
<212> PRT

<213> Neisseria

<220>
<223> Cas9

<400> 116
Met Ala Ala
1
Ile

Gly Ile

Glu Pro
35
Val

Asn
Ala Glu
50
Ala Arg
65

Arg

Ser

Thr Arg

Phe Asp Glu
Ala
115

Leu

Leu Arg

Ala val
130
Lys Asn Glu
145
Gly

Val Ala

Phe
Ala
20

Ile
Pro
Val
Arg
Asn
100
Ala
Leu

Gly

Gly

meningitidis

Lys Pro Asn Ser Ile

Val Ala
25
Leu

Ser Gly Trp

Arg Leu Ile Asp

40

Lys Thr Gly Asp Ser

55
Arg Arg Leu Thr
70

Leu

Arg
Leu Glu
85
Gly

Lys Arg

Ile Ser
105

Lys

Leu Lys

Ala Leu Asp Arg

120
Ile Lys His
135

Ala

His Leu

Glu Thr
150
Ala

Asp Lys

Asn His Ala Leu

Asn
10

Met
Gly
Leu
Arg
Gly
90

Leu
Leu
Arg
Glu

Gln

1325

Tyr Ile Leu

Val Glu Ile

Val Val
45
Ala

Arg
Ala Met
60
Arg Ala His
75
Val

Leu Gln

Pro Asn Thr

Thr Leu
125

Leu

Pro

Gly Tyr

140
Gly

Leu Ala

155
Thr

Gly Asp

Glu Glu Gly

Gly Asn Gln
1200
Ala Ala Asn
1215
Ser Asn Arg
1230
Ala Lys Arg

Leu Phe Glu

Phe Val Asp
1280
Lys Phe Phe
1295
Glu Leu Leu
1310
Glu Ser Arg

Leu
15
Glu

Gly Asp

Asp Glu
30
Phe

Glu Arg

Arg Arg Leu
Leu
80

Asn

Arg Leu

Ala Ala

95

Pro Trp Gln

110

Glu Trp Ser

Ser Gln Arg

Leu Leu Lys

160
Thr

Phe Arg



Pro
Arg
Gln
Pro
225
Thr
His
Thr
Leu
Leu
305
Arg
Tyr
Tyr
Lys
Ala
385
Asp
Phe
Pro
Tyr
Pro
465
Leu
Ser
Phe
Asp
Val
545
Gln
Arg

Ser

Ala
Asn
Ala
210
His
Gln
Cys
Ala
Glu
290
Met
Lys
Gly
His
Ser
370
Phe
Arg
Asp
Leu
Gly
450
Pro
Ser
Pro
Lys
Arg
530
Gly
Gln

Leu

Arg

Glu
Gln
195
Glu
Val
Arg
Thr
Glu
275
Gln
Asp
Leu
Lys
Ala
355
Pro
Ser
Ile
Lys
Met
435
Asp
Ile
Gln
Ala
Asp
515
Glu
Glu
His
Asn

Thr

Leu
180
Arg
Leu
Ser
Pro
Phe
260
Arg
Gly
Glu
Leu
Asp
340
Ile
Leu
Leu
Gln
Phe
420
Glu
His
Pro
Ala
Arg
500
Arg
Lys
Pro
Gly
Glu

580
Trp

165
Ala

Ser
Ile
Gly
Ala
245
Glu
Phe
Ser
Pro
Gly
325
Asn
Ser
Asn
Phe
Pro
405
Val
Gln
Tyr
Ala
Arg
485
Ile
Lys
Ala
Lys
Lys
565
Lys

Asp

Leu
Asp
Leu
Gly
230
Leu
Pro
Ile
Glu
Tyr
310
Leu
Ala
Arg
Leu
Lys
390
Glu
Gln
Gly
Gly
Asp
470
Lys
His
Glu
Ala
Ser
550
Cys
Gly

Asp

Asn
Tyr
Leu
215
Leu
Ser
Ala
Trp
Arg
295
Arg
Glu
Glu
Ala
Ser
375
Thr
Ile
Ile
Lys
Lys
455
Glu
Val
Ile
Ile
Ala
535
Lys
Leu

Tyr

Ser

Lys
Ser
200
Phe
Lys
Gly
Glu
Leu
280
Pro
Lys
Asp
Ala
Leu
360
Pro
Asp
Leu
Ser
Arg
440
Lys
Ile
Ile
Glu
Glu
520
Lys
Asp
Tyr
Val

Phe

Phe
185
His
Glu
Glu
Asp
Pro
265
Thr
Leu
Ser
Thr
Ser
345
Glu
Glu
Glu
Glu
Leu
425
Tyr
Asn
Arg
Asn
Thr
505
Lys
Phe
Ile
Ser
Glu

585
Asn

170
Glu

Thr
Lys
Gly
Ala
250
Lys
Lys
Thr
Lys
Ala
330
Thr
Lys
Leu
Asp
Ala
410
Lys
Asp
Thr
Asn
Gly
490
Ala
Arg
Arg
Leu
Gly
570
Ile

Asn

Lys
Phe
Gln
Ile
235
Val
Ala
Leu
Asp
Leu
315
Phe
Leu
Glu
Gln
Ile
395
Leu
Ala
Glu
Glu
Pro
475
Val
Arg
Gln
Glu
Lys
555
Lys
Asp

Lys

Glu
Ser
Lys
220
Glu
Gln
Ala
Asn
Thr
300
Thr
Phe
Met
Gly
Asp
380
Thr
Leu
Leu
Ala
Glu
460
Val
Val
Glu
Glu
Tyr
540
Leu
Glu
His

Val

Ser
Arg
205
Glu
Thr
Lys
Lys
Asn
285
Glu
Tyr
Lys
Glu
Leu
365
Glu
Gly
Lys
Arg
Cys
445
Lys
Val
Arg
Val
Glu
525
Phe
Arg
Ile
Ala

Leu

Gly
190
Lys
Phe
Leu
Met
Asn
270
Leu
Arg
Ala
Gly
Met
350
Lys
Ile
Arg
His
Arg
430
Ala
Ile
Leu
Arg
Gly
510
Asn
Pro
Leu
Asn
Leu

590
Val

175
His

Asp
Gly
Leu
Leu
255
Thr
Arg
Ala
Gln
Leu
335
Lys
Asp
Gly
Leu
Ile
415
Ile
Glu
Tyr
Arg
Tyr
495
Lys
Arg
Asn
Tyr
Leu
575

Pro

Leu

Ile
Leu
Asn
Met
240
Gly
Tyr
Ile
Thr
Ala
320
Arg
Ala
Lys
Thr
Lys
400
Ser
Val
Ile
Leu
Ala
480
Gly
Ser
Lys
Phe
Glu
560
Gly
Phe

Gly



Ser
Gly
625
Thr
Phe
Val
Gly
Leu
705
Arg
Met
Phe
Lys
Ile
785
Asp
Arg
Ala
Ser
Thr
865
Glu
Asp
Ala
Gln
Ala
945
Leu
Arg
Asp
Val

Arg

Glu
610
Lys
Ser
Asp
Asn
Lys
690
Leu
His
Gln
Asp
Thr
770
Arg
Thr
Pro
Pro
Ala
850
Gln
Pro
Asp
Gly
Lys
930
Thr
Val
Ala

Ser

Ile

1010

Gly

595
Asn

Asp
Arg
Glu
Arg
675
Gly
Arg
His
Gln
Gly
755
His
Val
Leu
Glu
Asn
835
Lys
Leu
Lys
Pro
Asn
915
Thr
Met
Pro
Val
Phe
995
Thr

Thr

Gln
Asn
Phe
Asp
660
Phe
Lys
Gly
Ala
Lys
740
Lys
Phe
Phe
Glu
Ala
820
Arg
Arg
Lys
Leu
Ala
900
Arg
Gly
Val
Ile
Val
980
Asn

Lys

Gly

Asn
Ser
Pro
645
Gly
Leu
Lys
Phe
Leu
725
Ile
Thr
Pro
Gly
Lys
805
Val
Lys
Leu
Leu
Tyr
885
Lys
Thr
Val
Arg
Tyr
965
Gln
Phe
Lys

Asn

Lys
Arg
630
Arg
Phe
Cys
Arg
Trp
710
Asp
Thr
Ile
Gln
Lys
790
Leu
His
Met
Asp
Lys
870
Glu
Ala
Gln
Trp
Val
950
Ser
Gly
Lys
Ala

Ile

Gly
615
Glu
Ser
Lys
Gln
Val
695
Gly
Ala
Arg
Asp
Pro
775
Pro
Arg
Glu
Ser
Glu
855
Asp
Ala
Phe
Gln
Val
935
Asp
Trp
Lys
Phe

Arg

1015

600
Asn

Trp
Lys
Glu
Phe
680
Phe
Leu
Val
Phe
Lys
760
Trp
Asp
Thr
Tyr
Gly
840
Gly
Leu
Leu
Ala
Val
920
Arg
Val
Gln

Asp

Ser

1000

Met

Gln
Gln
Lys
Arg
665
Val
Ala
Arg
Val
Val
745
Glu
Glu
Gly
Leu
Val
825
Gln
Val
Glu
Lys
Glu
905
Lys
Asn
Phe
Val
Glu
985

Leu

Phe

Asn Ile Arg

Thr
Glu
Gln
650
Asn
Ala
Ser
Lys
Val
730
Arg
Thr
Phe
Lys
Leu
810
Thr
Gly
Ser
Lys
Ala
890
Pro
Ala
His
Glu
Ala
970
Glu
His
Gly

Ile

Pro
Phe
635
Arg
Leu
Asp
Asn
Val
715
Ala
Tyr
Gly
Phe
Pro
795
Ala
Pro
His
Val
Met
875
Arg
Phe
Val
Asn
Lys
955
Lys
Asp
Pro

Tyr

His

Tyr
620
Lys
Ile
Asn
Arg
Gly
700
Arg
Cys
Lys
Glu
Ala
780
Glu
Glu
Leu
Met
Leu
860
Val
Leu
Tyr
Arg
Gly
940
Gly
Gly
Trp

Asn

Phe

1020

605
Glu

Ala
Leu
Asp
Met
685
Gln
Ala
Ser
Glu
Val
765
Gln
Phe
Lys
Phe
Glu
845
Arg
Asn
Glu
Lys
Val
925
Ile
Asp
Ile

Gln

Asp

1005

Ala

Tyr
Arg
Leu
Thr
670
Arg
Ile
Glu
Thr
Met
750
Leu
Glu
Glu
Leu
Val
830
Thr
Val
Arg
Ala
Tyr
910
Glu
Ala
Lys
Leu
Leu
990

Leu

Ser

Asp Leu Asp

Phe
Val
Gln
655
Arg
Leu
Thr
Asn
Val
735
Asn
His
Val
Glu
Ser
815
Ser
Val
Pro
Glu
His
895
Asp
Gln
Asp
Tyr
Pro
975
Ile
Val
Cys

His

Asn
Glu
640
Lys
Tyr
Thr
Asn
Asp
720
Ala
Ala
Gln
Met
Ala
800
Ser
Arg
Lys
Leu
Arg
880
Lys
Lys
Val
Asn
Tyr
960
Asp
Asp
Glu
His

Lys



1025

1030

1035

1040

Ile Gly Lys Asn Gly Ile Leu Glu Gly Ile Gly Val Lys Thr Ala Leu

1045

1050

1055

Ser Phe Gln Lys Tyr Gln Ile Asp Glu Leu Gly Lys Glu Ile Arg Pro

1060

1065

Cys Arg Leu Lys Lys Arg Pro Pro Val Arg

1075

<210> 117
<211> 1368
<212> PRT
<213> Streptococcus

<220>
223> Cas9

<400> 117

Met
1

Gly
Lys
Gly
Lys
65

Tyr
Phe
His
His
Ser
145
Met
Asp
Asn
Lys
Leu
225
Leu

Asp

Asp

Asp
Trp
Val
Ala
50

Arg
Leu
Phe
Glu
Glu
130
Thr
Ile
Asn
Gln
Ala
210
Ile
Ile

Leu

Asp

Lys
Ala
Leu
35

Leu
Thr
Gln
His
Arg
115
Lys
Asp
Lys
Ser
Leu
195
Ile
Ala
Ala
Ala

Leu
275

Val
20

Gly
Leu
Ala
Glu
Arg
100
His
Tyr
Lys
Phe
Asp
180
Phe
Leu
Gln
Leu
Glu

260
Asp

Tyr
Ile
Asn
Phe
Arg
Ile
85

Leu
Pro
Pro
Ala
Arg
165
Val
Glu
Ser
Leu
Ser
245

Asp

Asn

pyogenes

Ser
Thr
Thr
Asp
Arg
70

Phe
Glu
Ile
Thr
Asp
150
Gly
Asp
Glu
Ala
Pro
230
Leu

Ala

Leu

Ile
Asp
Asp
Ser
55

Arg
Ser
Glu
Phe
Ile
135
Leu
His
Lys
Asn
Arg
215
Gly
Gly
Lys

Leu

1080

Gly
Glu
Arg
40

Gly
Tyr
Asn
Ser
Gly
120
Tyr
Arg
Phe
Leu
Pro
200
Leu
Glu
Leu

Leu

Ala
280

Leu
Tyr
25

His
Glu
Thr
Glu
Phe
105
Asn
His
Leu
Leu
Phe
185
Ile
Ser
Lys
Thr
Gln

265
Gln

Asp
10

Lys
Ser
Thr
Arg
Met
90

Leu
Ile
Leu
Ile
Ile
170
Ile
Asn
Lys
Lys
Pro
250

Leu

Ile

Ile
Val
Ile
Ala
Arg
75

Ala
Val
Val
Arg
Tyr
155
Glu
Gln
Ala
Ser
Asn
235
Asn

Ser

Gly

Gly
Pro
Lys
Glu
60

Lys
Lys
Glu
Asp
Lys
140
Leu
Gly
Leu
Ser
Arg
220
Gly
Phe
Lys

Asp

Thr
Ser
Lys
45

Ala
Asn
Val
Glu
Glu
125
Lys
Ala
Asp
Val
Gly
205
Arg
Leu
Lys
Asp

Gln
285

1070

Asn
Lys
30

Asn
Thr
Arg
Asp
Asp
110
Val
Leu
Leu
Leu
Gln
190
Val
Leu
Phe
Ser
Thr

270
Tyr

Ser
15

Lys
Leu
Arg
Ile
Asp
95

Lys
Ala
Val
Ala
Asn
175
Thr
Asp
Glu
Gly
Asn
255
Tyr

Ala

Val
Phe
Ile
Leu
Cys
80

Ser
Lys
Tyr
Asp
His
160
Pro
Tyr
Ala
Asn
Asn
240
Phe
Asp

Asp



Leu
Ile
305
Met
Ala
Asp
Gln
Gly
385
Lys
Gly
Leu
Pro
Met
465
Val
Asn
Leu
Tyr
Lys
545
Val
Ser
Thr
Asn
Leu
625
His
Thr
Lys
Ala

Lys
705

Phe
290
Leu
Ile
Leu
Gln
Glu
370
Thr
Gln
Glu
Lys
Tyr
450
Thr
Val
Phe
Leu
Val
530
Lys
Lys
Val
Tyr
Glu
610
Phe
Leu
Gly
Gln
Asn

690
Glu

Leu
Arg
Lys
Val
Ser
355
Glu
Glu
Arg
Leu
Asp
435
Tyr
Arg
Asp
Asp
Tyr
515
Thr
Ala
Gln
Glu
His
595
Glu
Glu
Phe
Trp
Ser
675
Arg

Asp

Ala
Val
Arg
Arg
340
Lys
Phe
Glu
Thr
His
420
Asn
Val
Lys
Lys
Lys
500
Glu
Glu
Ile
Leu
Ile
580
Asp
Asn
Asp
Asp
Gly
660
Gly

Asn

Ile

Ala
Asn
Tyr
325
Gln
Asn
Tyr
Leu
Phe
405
Ala
Arg
Gly
Ser
Gly
485
Asn
Tyr
Gly
Val
Lys
565
Ser
Leu
Glu
Arg
Asp
645
Arg
Lys
Phe

Gln

Lys
Thr
310
Asp
Gln
Gly
Lys
Leu
390
Asp
Ile
Glu
Pro
Glu
470
Ala
Leu
Phe
Met
Asp
550
Glu
Gly
Leu
Asp
Glu
630
Lys
Leu
Thr
Met

Lys
710

Asn
295
Glu
Glu
Leu
Tyr
Phe
375
Val
Asn
Leu
Lys
Leu
455
Glu
Ser
Pro
Thr
Arg
535
Leu
Asp
Val
Lys
Ile
615
Met
Val
Ser
Ile
Gln

695
Ala

Leu
Ile
His
Pro
Ala
360
Ile
Lys
Gly
Arg
Ile
440
Ala
Thr
Ala
Asn
Val
520
Lys
Leu
Tyr
Glu
Ile
600
Leu
Ile
Met
Arg
Leu
680

Leu

Gln

Ser
Thr
His
Glu
345
Gly
Lys
Leu
Ser
Arg
425
Glu
Arg
Ile
Gln
Glu
505
Tyr
Pro
Phe
Phe
Asp
585
Ile
Glu
Glu
Lys
Lys
665
Asp
Ile

Val

Asp
Lys
Gln
330
Lys
Tyr
Pro
Asn
Ile
410
Gln
Lys
Gly
Thr
Ser
490
Lys
Asn
Ala
Lys
Lys
570
Arg
Lys
Asp
Glu
Gln
650
Leu
Phe
His

Ser

Ala
Ala
315
Asp
Tyr
Ile
Ile
Arg
395
Pro
Glu
Ile
Asn
Pro
475
Phe
Val
Glu
Phe
Thr
555
Lys
Phe
Asp
Ile
Arg
635
Leu
Ile
Leu

Asp

Gly
715

Ile
300
Pro
Leu
Lys
Asp
Leu
380
Glu
His
Asp
Leu
Ser
460
Trp
Ile
Leu
Leu
Leu
540
Asn
Ile
Asn
Lys
Val
620
Leu
Lys
Asn
Lys
Asp

700
Gln

Leu
Leu
Thr
Glu
Gly
365
Glu
Asp
Gln
Phe
Thr
445
Arg
Asn
Glu
Pro
Thr
525
Ser
Arg
Glu
Ala
Asp
605
Leu
Lys
Arg
Gly
Ser
685

Ser

Gly

Leu
Ser
Leu
Ile
350
Gly
Lys
Leu
Ile
Tyr
430
Phe
Phe
Phe
Arg
Lys
510
Lys
Gly
Lys
Cys
Ser
590
Phe
Thr
Thr
Arg
Ile
670
Asp

Leu

Asp

Ser
Ala
Leu
335
Phe
Ala
Met
Leu
His

415
Pro

Ala
Glu
Met
495
His
Val
Glu
Val
Phe
575
Leu
Leu
Leu
Tyr
Arg

655
Arg

Thr

Ser

Asp
Ser
320
Lys
Phe
Ser
Asp
Arg
400
Leu
Phe
Ile
Trp
Glu
480
Thr
Ser
Lys
Gln
Thr
560
Asp
Gly
Asp
Thr
Ala
640
Tyr
Asp
Phe
Phe

Leu
720



His
Ile
Arg
Thr
Glu
785
Val
Gln
Leu
Asp
Gly
865
Asn
Phe
Lys
Lys
Glu
945
Lys
Glu
Val
Val
Ser
1025
Asn
Ile
Val

Met

Phe
1105

Glu His
Leu Gln

His Lys
755

Thr Gln

770

Glu Gly

Glu Asn
Asn Gly

Ser Asp
835

Asp Ser

850

Lys Ser

Tyr Trp
Asp Asn
Ala Gly
915
His val
930
Asn Asp
Leu Val
Ile Asn
Gly Thr
995
Tyr Gly
1010
Glu Gln
Ile Met
Arg Lys

Trp Asp

1075

Pro Gln
1090
Ser Lys

Ile
Thr
740
Pro
Lys
Ile
Thr
Arg
820
Tyr
Ile
Asp
Arg
Leu
900
Phe
Ala
Lys
Ser
Asn
980
Ala
Asp
Glu
Asn
Arg
1060
Lys
Val

Glu

Ala Arg Lys Lys

Pro Thr Val Ala

1140

Ala
725
Val
Glu
Gly
Lys
Gln
805
Asp
Asp
Asp
Asn
Gln
885
Thr
Ile
Gln
Leu
Asp
965
Tyr
Leu

Tyr

Ile

Asn
Lys
Asn
Gln
Glu
790
Leu
Met
Val
Asn
Val
870
Leu
Lys
Lys
Ile
Ile
950
Phe
His
Ile
Lys

Gly
1030

Leu Ala Gly

Val val Asp
745
Ile Val Ile
760
Lys Asn Ser
775
Leu Gly Ser

Gln Asn Glu

Tyr Val Asp
825
Asp His Ile
840
Lys Val Leu
855
Pro Ser Glu

Leu Asn Ala

Ala Glu Arg
905
Arg Gln Leu
920
Leu Asp Ser
935
Arg Glu Vval

Arg Lys Asp

His Ala His
985
Lys Lys Tyr
1000
Val Tyr Asp
1015
Lys Ala Thr

Phe Phe Lys Thr Glu

1045

Pro Leu Ile Glu Thr

1065

Gly Arg Asp Phe Ala

1080

Asn Ile Val Lys Lys

1095

Ser Ile Leu Pro Lys

1110

Asp Trp Asp Pro Lys

1125

Tyr Ser Val Leu Val

1145

Ser
730
Glu
Glu
Arg
Gln
Lys
810
Gln
Val
Thr
Glu
Lys
890
Gly
Val
Arg
Lys
Phe
970
Asp
Pro
Val
Ala

Ile
1050

Pro
Leu
Met
Glu
Ile
795
Leu
Glu
Pro
Arg
Val
875
Leu
Gly
Glu
Met
Val
955
Gln
Ala
Lys
Arg
Lys

1035
Thr

Ala
Val
Ala
Arg
780
Leu
Tyr
Leu
Gln
Ser
860
Val
Ile
Leu
Thr
Asn
940
Ile
Phe
Tyr
Leu
Lys
1020
Tyr

Leu

Asn Gly Glu

Thr Val Arg

Thr Glu Val

1100

Ile Lys

Lys Val
750

Arg Glu

765

Met Lys

Lys Glu
Leu Tyr

Asp Ile
830

Ser Phe

845

Asp Lys

Lys Lys
Thr Gln
Ser Glu
910
Arg Gln
925
Thr Lys
Thr Leu
Tyr Lys
Leu Asn
990
Glu Ser
1005
Met Ile
Phe Phe
Ala Asn

Thr Gly

1070

Lys
735
Met
Asn
Arg
His
Tyr
815
Asn
Leu
Asn
Met
Arg
895
Leu
Ile
Tyr
Lys
Val
975
Ala
Glu
Ala
Tyr
Gly

105
Glu

Gly
Gly
Gln
Ile
Pro
800
Leu
Arg
Lys
Arg
Lys
880
Lys
Asp
Thr
Asp
Ser
960
Arg
Val
Phe
Lys
Ser
1040
Glu

5
Ile

Lys Val Leu Ser

1085

Gln Thr Gly Gly

Arg Asn Ser Asp Lys Leu Ile

1115

1120

Lys Tyr Gly Gly Phe Asp Ser

1130

113

5

Val Ala Lys Val Glu Lys Gly

1150



Lys Ser Lys Lys
1155
Met Glu Arg Ser
1170
Lys Gly Tyr Lys
1185
Tyr Ser Leu Phe

Ala Gly Glu Leu
1220
Val Asn Phe Leu
1235

Leu Lys Ser

Ser Phe Glu

1175

Glu Val Lys
1190

Glu Leu

1205

Gln Lys

Glu
Gly

Tyr Leu Ala

Val Lys Glu Leu Leu Gly Ile Thr Ile

1160 1165

Lys Asn Pro Ile Asp Phe Leu Glu Ala

1180

Lys Asp Leu Ile Ile Lys Leu Pro Lys
1195 1200

Asn Gly Arg Lys Arg Met Leu Ala Ser

1210 1215
Asn Glu Leu Ala Leu Pro Ser Lys Tyr
1225 1230

Ser His Tyr Glu Lys Leu Lys Gly Ser

1240 1245

Gln Leu Phe

Pro Glu Asp Asn Glu Gln

1250

Tyr Leu Asp Glu Ile Ile

1265
Ile

His

Phe

Lys
1255

1270

1285

1300

1315

Thr
1330

Ala

1345

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

118
1205
DNA

<220>
<223>

<400> 118
cgtgaggctc
tggegggags
aaagtgatgt
gtgcactagt
gtgccgtgtg
gaattacttc
ggtgggagag
cctggectgg
ctgctttcga
tctggcaaga
gggceegeges
tgcgagcgceg
tgcctggect
caccagttgc

ggaggacgceg

Leu Ala Asp Ala Asn Leu Asp Lys Val

1320

1335

1350
Asp Leu Ser Gln Leu Gly Gly Asp

1365

cggtgececcegt
ggtcggcaat
cgtgtactgg
cgccgtgaac
tggttcccgc
cacctggctg
ttcgtggect
gcgetgggsc
taagtctcta
tagtcttgta
cggcgacgss
gccaccgaga
cgcgecegecg
gtgagcggaa
gcgeteggga

Artificial Sequence

EFlalpha promoter

cagtgggcag
tgaaccggtg
ctccgecttt
gttctttttc
gggcctggec
cagtacgtga
tgcgcttaag
cgeccgegtgce
gccatttaaa
aatgcgggcc
gcccgtgegt
atcggacggg
tgtatcgccc
agatggccgc
gagcggecees

Glu Gln Ile Ser

1290

agcgcacatc
cctagagaag
ttcccgaggg
gcaacgggtt
tctttacggg
ttcttgatcc
gagccccttc
gaatctggtg
atttttgatg
aagatcagca
cccagcgcac
ggtagtctca
cgccctgggc
ttcccggecc
gtgagtcacc

1260

Val Glu Gln His Lys His

Glu Phe Ser Lys Arg Val
1275
Leu Ser Ala Tyr Asn Lys

1280

1295

Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu
1305

1310

1325

1340

gcccacagtc
gtggcgeggg
tgggggagaa
tgccgccaga
ttatggccct
cgagcttcgg
gcctcgtgcet
gcaccttcgc
acctgctgceg
cactggtatt
atgttcggceg
agctgcccgg
ggcaaggctg
tgctgcaggg
cacacaaagg

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

Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile
1355

1360

cccgagaagt
gtaaactggg
ccgtatataa
acacaggtaa
tgcgtgectt
gttggaagtg
tgagttgtgg
gcctgtctceg
acgctttttt
tcggtttttg

aggeggescc
cctgctctgg

gcccggtegg
agcacaaaat
aaaagggcct

60

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



ttccgtcctc
tcgattagtt
cgatggagtt
tgtaattctc
agacagtggt
ccaaa

<210> 119
<211> 544
<212> DNA

agccgtcgct
ctccagcttt

tccccacact gagtgggtgg
cttggaattt gccctttttg

tcaaagtttt

tcatgtgact
tggagtacgt

tttcttccat

<213> Artificial Sequence

<220>

ccacggagta
cgtctttagg
agactgaagt
agtttggatc
ttcaggtgtc

<223> Eflalpha promoter with HTLV1 enhancer

<400> 119
ggatctgcga
agaagttggg
actgggaaag
atataagtgc
agctgaagct
gccatccacg
cgtccgecgt
cttggagcct
tctacgtctt
ctac

<210> 120
<211> 66
<212> DNA

tcgctccggt
gggagggstc
tgatgtcgtg
agtagtcgcc
tcgaggggct
ccggttgagt
ctaggtaagt
acctagactc
tgtttcgttt

gcccgtcagt
ggcaattgaa
tactggctcc
gtgaacgttc
cgcatctctc
cgecgttctgc
ttaaagctca
agccggctct
tctgttctgce

<213> Artificial Sequence

<220>

<223> P2A nucleotide sequence

<400> 120

gggcagageg
ccggtgccta
gcctttttcc
tttttcgcaa
cttcacgcgc
cgcctcecgc
ggtcgagacc
ccacgctttg
gccgttacag

ccgggegecg
ttggggegasg
taggccagct
ttggttcatt
gtgaaaacta

cacatcgccc
gagaaggtgg
cgagggtgss
cgggtttgcc
ccgeccgecct
ctgtggtgcc
gggcctttgt
cctgaccctg
atccaagctg

tccaggcacc
gggttttatg
tggcacttga
ctcaagcctc
cccctaaaag

acagtccccg

cgcggggtaa
ggagaaccgt
gccagaacac
acctgaggcc
tcctgaactg
ccggecgctcc
cttgctcaac

tgaccggcgc

960

1020
1080
1140
1200
1205

60

120
180
240
300
360
420
480
540
544

ggatctggag cgacgaattt tagtctactg aaacaagcgg gagacgtgga ggaaaaccct 60

ggacct

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

121
4107
DNA

<220>
<223>

<400> 121
atggataaaa
attacggacg
cactctataa
gccacaaggt
tacctgcaag
ctggaagaat

agtacagcat
agtacaaggt
agaaaaatct
tgaagcggac
aaatcttcag
cctttcttgt

streptococcus pyogenes

cgggctggac
accctccaaa

tattggagcc
cgccaggags
taacgagatg
tgaggaagac

atcggtacaa
aaatttaaag
ttgctgttcg
cggtatacca
gcaaaggttg
aagaagcacg

Cas9 codon optimized nucleic acid sequence

actcagtggg
tgctgggtaa
actcaggcga
ggagaaagaa
acgatagctt
aacggcaccc

gtgggccgtyg
cacggacaga
gacagccgaa
ccgcatatgc
tttccatcgc
catctttggc

66

60

120
180
240
300
360



aatattgtcg
aagctggtgg
atgattaaat
gtcgataagc
ataaatgctt
agacttgaga
ctgatcgccc
gacgctaagc
cagattgggg
ctgttgagcg
atgatcaagc
caacagctcc
ggctatatag

gagaaaatgg
aagcagcgga
gcaatcctga
gaaaagattc
cggtttgect
gtggtggaca
aacctcccta
tacaatgaac
agtggagaac
gtgaagcaac
tcaggggttg
ataaaggaca
ctcaccctga
cacctcttcg
agattgtcaa
gatttcctca
tctcttacct
catgaacaca
gtcaaggtgg
atcgagatgg
atgaagagga
gtagaaaaca
gacatgtacg
atcgtgcccc
gacaagaaca
aactactggc
acgaaagcag
ctggtggaaa
acaaaatacg
aagctggtgt
taccatcatg
tacccaaagc
atgatagcca
aacatcatga
ccccttatag
gctactgtga
cagaccggag
gcccgcaaga
tattctgtgc
aaggaactct
ttcctggagg

acgaagtggc
actctaccga
ttagaggaca
tgttcatcca
caggagtcga
atctgattgc
tcagtctcgg
tccagctgtc
atcagtacgc
atatcttgag
ggtacgacga
ccgaaaaata
atggtgggsc
acggcacaga
cctttgacaa
ggaggcagga
ttacattcag
ggatgacaag
agggtgcatc
atgagaaggt
tgactaaagt
agaagaaggc
ttaaagaaga
aagaccgctt
aagacttcct
ccctgttcga
acgataaagt
ggaagctgat
aatctgatgg
tcaaggagga
tcgcgaattt
tggatgaatt
cccgcgaaaa
tcgaggaggs
cacagctgca
tcgaccaaga
agtccttcct
ggggtaaaag
gacagctgct
agagaggtgg
ctaggcagat
acgaaaatga
ccgattttcg
ctcacgatgc
tggaatccga
agtccgagca
atttttttaa
agacaaatgg
ggaaggtgct
gattttccaa
aagattggga
tggtggtagce
tgggaatcac
ctaagggtta

atatcacgaa
taaggcggac
tttcttgatc
acttgtgcag
cgctaaagca
tcagttgccc
actgacccca
caaggacaca
cgatctcttt
agtgaacacc
gcatcatcag
caaggaaatc
cagtcaggag
ggagttgctg
cgggtctatc
ggatttttat
gatcccgtac
gaagtcagag
tgcccagtct
gctgcccaaa
caagtacgtc
gattgtagac
ctactttaag
caatgcgtca
ggacaacgaa
agacagggaa
tatgaagcag
caatggaatt
cttcgccaat
cattcaaaag
ggcaggttcc
ggtcaaggta
ccagaccaca
catcaaagag
gaacgaaaaa
acttgatatt
gaaggacgac
tgataatgtg
taatgcaaag
cttgtctgag
cacaaagcac
taaactgata
gaaagacttc
gtacctgaac
gttcgtatac
ggagattgga
gacggaaatt
tgaaacaggt
gagtatgcca
ggaaagcatt
ccctaagaaa
taaggtggaa
tatcatggaa
caaggaggtc

aagtacccga
ctcagactta
gagggcgacc
acctacaatc
atcctgtccg
ggggaaaaga
aatttcaaaa
tacgatgacg
ttggcagcaa
gaaattacta
gatctgaccc
ttctttgacc
gaattctata
gtcaaactta
ccccaccaga
ccttttctta
tacgtgggac
gagactatta
ttcatcgagc
cattctctgc
accgagggaa
ctgttgttca
aagatcgaat
ttggggactt
gaaaatgagg
atgatagaag
ctgaagcgca
agggataaac
aggaacttca
gctcaggtga
cccgctatta
atgggcagac

cagaagggcc
ctgggatctc

ttgtacttgt
aatagactgt
tccattgata
cctagcgagg
ctcattacac
ttggacaagg
gtggcgcaga
cgagaggtca
cagttctaca
gctgttgtcg
ggggattaca
aaggccacag
accctggcca
gaaatcgtct
caggtaaata
ttgcctaaaa
tacgggggat
aaaggaaagt
agatcatcct
aagaaagacc

ctatctacca
tttatttggc
tgaacccgga
aactgttcga
cgcgectctce
aaaatggatt
gtaacttcga
acctcgacaa
agaacctgtc
aagcacccct
tgctgaaggc
agagcaaaaa
aattcatcaa
acagggagga
ttcatctggg
aagataaccg
ctctcgcccg
caccttggaa
ggatgacaaa
tctacgagta
tgaggaagcc
agaccaacag
gttttgacag
accatgatct
atattctcga
agcgcttgaa
ggagatacac
agagtggcaa
tgcaactgat
gcgggeages
aaaagggcat
ataagccaga
agaaaaatag
agattctcaa
actatctgca
ccgactatga
acaaagtctt
aggtggtgaa
aacggaagtt
cagggtttat
ttttggacag
aagttatcac
aagttcgcga
ggaccgcctt
aagtgtacga
ctaagtactt
acggagagat
gggataaggg
tcgtgaaaaa
gaaactcaga
ttgactcacc
ctaagaagct
ttgaaaagaa
tcatcattaa

cctcaggaag
actcgcccac
caacagtgac
agaaaaccct
aaaatctaga
gtttggcaac
cctggccgaa
tctgctggcc
cgacgccatc
tagcgcatct
tcttgtgagg
cggctacgct
gcccattctc
cctgectgegg
cgaactgcac
cgagaaaata
gggcaattca
cttcgaagaa
ttttgacaag
ctttaccgtc
ggcattcctt
gaaggtgact
tgtggaaatt
tctcaagatc
agacatcgtc
aacctatgcc
aggatgggga
gaccatactg
tcacgatgac
agactccctt
ccttcaaact
aaatattgtg
tagagagcgg
agaacacccc
gaacggcaga
cgtagaccat
gacaagaagc
aaaaatgaag
cgataatctg
taagcggcag
ccggatgaac
gctgaaaagc
gattaataac
gataaagaag
tgtgaggaaa
cttttattct
cagaaagcgg
cagggatttc
aaccgaagta
caagctcatc
caccgtagcc
gaagtccgtg
ccctatcgat
actgccaaaa

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
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



tactctctct
Ccaaaagggaa
cactatgaaa
cagcacaagc
atcctggegg
cctattaggg
cccgeccgect
gaggtcctcg
gacctctctc

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

122
1368
PRT

<220>
<223> Cas9
<400> 122
Met Asp Lys
1
Gly

Trp Ala

Val Leu
35
Leu

Lys

Ala
50
Arg

Gly
Lys Thr
65
Tyr

Leu Gln

Phe Phe His

His Glu Arg
115
Glu Lys
130

Thr

His

Ser
145
Met

Asp

Ile Lys

Asp Asn Ser

Gln Leu
195
Ile

Asn

Ala
210
Ile

Lys

Leu Ala

225

Leu Ile Ala

Asp Leu Ala

Asp Asp Leu

tcgagctgga
acgagcttgc
agctgaaagg
actatctgga
atgctaattt
aacaagccga
tcaaatactt
atgccaccct

aactgggcgg

Lys Tyr
Val
20
Gly

Ile
Asn

Leu Phe

Ala Arg

Glu Ile
85

Arg Leu
100
His Pro

Tyr Pro

Lys Ala

Ser
Thr
Thr
Asp
Arg
70

Phe
Glu
Ile

Thr

Asp

aaatggcagg
tctgccctcc
gtctcccgaa
tgaaataatc
ggacaaagta
gaatataatt
tgatacgact
catccaccag
cgactag

streptococus pyogenes

Ile Gly

Asp Glu

Asp Arg
40
Ser Gly
55
Arg Tyr

Ser Asn

Glu Ser

Phe Gly
120
Ile Tyr
135

Leu Arg

150

Phe Arg
165
Asp Val
180

Phe Glu

Leu Ser

Gln Leu

Gly
Asp
Glu
Ala

Pro

His Phe

Lys Leu
Pro
200
Leu

Asn

Arg
215

Gly Glu

230

Ser
245
Asp

Leu

Glu
260

Asp Asn

Leu

Ala

Leu

Gly Leu

Lys Leu

Leu Ala

aagagaatgt
aaatatgtta
gataacgagc
gaacaaataa
ctgtctgctt
cacctcttta
atcgaccgga
tcaattactg

Leu Asp Ile

10
Tyr Lys Val
25
His Ser Ile

Glu Thr Ala

Thr Arg Arg

75

Glu Met Ala
90

Phe Leu

105

Asn

Val

Ile Vval

His Leu Arg

Leu Ile Tyr
155
Ile Glu
170

Ile

Leu

Phe
185
Ile

Gln

Asn Ala

Ser Lys Ser
Asn
235

Asn

Lys Lys

Thr Pro
250
Gln Leu
265

Gln

Ser

Ile Gly

tggccagcgc
attttctcta
agaagcagct
gcgagttcag
ataacaagca
cactcacgaa
aacggtatac
gcctgtacga

Gly Thr Asn

Pro Ser Lys

30

Lys Lys Asn
45

Glu Ala

60

Lys

Thr

Asn Arg

Lys Val Asp

Glu Glu Asp
110
Glu Vval
125

Lys

Asp
Lys Leu
140
Leu

Ala Leu

Gly Asp Leu

Val Gln
190
Val

Leu
Ser Gly
205
Arg Arg Leu
220
Gly

Leu Phe

Phe Lys Ser
Thr
270

Tyr

Lys Asp

Asp Gln

cggagagctg
tctcgcttcc
gttcgtcgaa
caaaagggtt
ccgggataag
tctcggagcc
cagtaccaaa
aacacggatc

Ser Val
15
Lys Phe

Leu Ile

Arg Leu

Ile Cys
80
Asp Ser
95
Lys Lys

Ala Tyr

Val Asp
His
160
Pro

Ala

Asn
175
Thr Tyr

Asp Ala

Glu Asn
Asn
240
Phe

Gly

Asn
255
Tyr Asp

Ala Asp

3660
3720
3780
3840
3900
3960
4020
4080
4107



Leu
Ile
305
Met
Ala
Asp
Gln
Gly
385
Lys
Gly
Leu
Pro
Met
465
Val
Asn
Leu
Tyr
Lys
545
Val
Ser
Thr
Asn
Leu
625
His
Thr
Lys
Ala

Lys

Phe
290
Leu
Ile
Leu
Gln
Glu
370
Thr
Gln
Glu
Lys
Tyr
450
Thr
Val
Phe
Leu
Val
530
Lys
Lys
Val
Tyr
Glu
610
Phe
Leu
Gly
Gln
Asn

690
Glu

275
Leu

Arg
Lys
Val
Ser
355
Glu
Glu
Arg
Leu
Asp
435
Tyr
Arg
Asp
Asp
Tyr
515
Thr
Ala
Gln
Glu
His
595
Glu
Glu
Phe
Trp
Ser
675
Arg

Asp

Ala
Val
Arg
Arg
340
Lys
Phe
Glu
Thr
His
420
Asn
Val
Lys
Lys
Lys
500
Glu
Glu
Ile
Leu
Ile
580
Asp
Asn
Asp
Asp
Gly
660
Gly

Asn

Ile

Ala
Asn
Tyr
325
Gln
Asn
Tyr
Leu
Phe
405
Ala
Arg
Gly
Ser
Gly
485
Asn
Tyr
Gly
Val
Lys
565
Ser
Leu
Glu
Arg
Asp
645
Arg
Lys
Phe

Gln

Lys
Thr
310
Asp
Gln
Gly
Lys
Leu
390
Asp
Ile
Glu
Pro
Glu
470
Ala
Leu
Phe
Met
Asp
550
Glu
Gly
Leu
Asp
Glu
630
Lys
Leu
Thr

Met

Lys

Asn
295
Glu
Glu
Leu
Tyr
Phe
375
Val
Asn
Leu
Lys
Leu
455
Glu
Ser
Pro
Thr
Arg
535
Leu
Asp
Val
Lys
Ile
615
Met
Val
Ser
Ile
Gln

695
Ala

280
Leu

Ile
His
Pro
Ala
360
Ile
Lys
Gly
Arg
Ile
440
Ala
Thr
Ala
Asn
Val
520
Lys
Leu
Tyr
Glu
Ile
600
Leu
Ile
Met
Arg
Leu
680

Leu

Gln

Ser
Thr
His
Glu
345
Gly
Lys
Leu
Ser
Arg
425
Glu
Arg
Ile
Gln
Glu
505
Tyr
Pro
Phe
Phe
Asp
585
Ile
Glu
Glu
Lys
Lys
665
Asp
Ile

Val

Asp
Lys
Gln
330
Lys
Tyr
Pro
Asn
Ile
410
Gln
Lys
Gly
Thr
Ser
490
Lys
Asn
Ala
Lys
Lys
570
Arg
Lys
Asp
Glu
Gln
650
Leu
Phe
His

Ser

Ala
Ala
315
Asp
Tyr
Ile
Ile
Arg
395
Pro
Glu
Ile
Asn
Pro
475
Phe
Val
Glu
Phe
Thr
555
Lys
Phe
Asp
Ile
Arg
635
Leu
Ile
Leu

Asp

Gly

Ile
300
Pro
Leu
Lys
Asp
Leu
380
Glu
His
Asp
Leu
Ser
460
Trp
Ile
Leu
Leu
Leu
540
Asn
Ile
Asn
Lys
Val
620
Leu
Lys
Asn
Lys
Asp

700
Gln

285
Leu

Leu
Thr
Glu
Gly
365
Glu
Asp
Gln
Phe
Thr
445
Arg
Asn
Glu
Pro
Thr
525
Ser
Arg
Glu
Ala
Asp
605
Leu
Lys
Arg
Gly
Ser
685

Ser

Gly

Leu
Ser
Leu
Ile
350
Gly
Lys
Leu
Ile
Tyr
430
Phe
Phe
Phe
Arg
Lys
510
Lys
Gly
Lys
Cys
Ser
590
Phe
Thr
Thr
Arg
Ile
670
Asp

Leu

Asp

Ser
Ala
Leu
335
Phe
Ala
Met
Leu
His
415
Pro
Arg
Ala
Glu
Met
495
His
Val
Glu
Val
Phe
575
Leu
Leu
Leu
Tyr
Arg

655
Arg

Thr

Ser

Asp
Ser
320
Lys
Phe
Ser
Asp
Arg
400
Leu
Phe
Ile
Trp
Glu
480
Thr
Ser
Lys
Gln
Thr
560
Asp
Gly
Asp
Thr
Ala
640
Tyr
Asp
Phe
Phe

Leu



705
His

Ile
Arg
Thr
Glu
785
Val
Gln
Leu
Asp
Gly
865
Asn
Phe
Lys
Lys
Glu
945
Lys
Glu
Val

Val

Ser

1025

Glu
Leu
His
Thr
770
Glu
Glu
Asn
Ser
Asp
850
Lys
Tyr
Asp
Ala
His
930
Asn
Leu
Ile

Gly

Tyr

1010

Glu

His
Gln
Lys
755
Gln
Gly
Asn
Gly
Asp
835
Ser
Ser
Trp
Asn
Gly
915
Val
Asp
Val
Asn
Thr
995
Gly

Gln

Asn Ile Met

Ile Arg Lys

Val Trp Asp

1075

Ile
Thr
740
Pro
Lys
Ile
Thr
Arg
820
Tyr
Ile
Asp
Arg
Leu
900
Phe
Ala
Lys
Ser
Asn
980
Ala
Asp
Glu
Asn
Arg

1060
Lys

Met Pro Gln Val

1090

Phe Ser Lys Glu

1105

Ala Arg Lys Lys

Pro Thr Val Ala

Ala
725
Val
Glu
Gly
Lys
Gln
805
Asp
Asp
Asp
Asn
Gln
885
Thr
Ile
Gln
Leu
Asp
965
Tyr
Leu

Tyr

Ile

710
Asn

Lys
Asn
Gln
Glu
790
Leu
Met
Val
Asn
Val
870
Leu
Lys
Lys
Ile
Ile
950
Phe
His
Ile

Lys

Gly

1030

Leu
Val
Ile
Lys
775
Leu
Gln
Tyr
Asp
Lys
855
Pro
Leu
Ala
Arg
Leu
935
Arg
Arg
His
Lys

Val

1015

Ala
Val
Val
760
Asn
Gly
Asn
Val
His
840
Val
Ser
Asn
Glu
Gln
920
Asp
Glu
Lys

Ala

Lys

1000

Tyr

Gly
Asp
745
Ile
Ser
Ser
Glu
Asp
825
Ile
Leu
Glu
Ala
Arg
905
Leu
Ser
Val
Asp
His
985
Tyr

Asp

Lys Ala Thr

Phe Phe Lys Thr Glu

1045

Pro Leu Ile Glu Thr

1065

Gly Arg Asp Phe Ala

1080

Asn Ile Val Lys Lys

1095

Ser Ile Leu Pro Lys

1110

Asp Trp Asp Pro Lys

1125

Tyr Ser Val Leu Val

Ser
730
Glu
Glu
Arg
Gln
Lys
810
Gln
Val
Thr
Glu
Lys
890
Gly
Val
Arg
Lys
Phe
970
Asp
Pro
Val
Ala
Ile
1050
Asn
Thr
Thr
Arg

Lys
1130

715
Pro

Leu
Met
Glu
Ile
795
Leu
Glu
Pro
Arg
Val
875
Leu
Gly
Glu
Met
Val
955
Gln
Ala
Lys

Arg

Lys
1035

Ala
Val
Ala
Arg
780
Leu
Tyr
Leu
Gln
Ser
860
Val
Ile
Leu
Thr
Asn
940
Ile
Phe
Tyr
Leu
Lys

1020
Tyr

Ile
Lys
Arg
765
Met
Lys
Leu
Asp
Ser
845
Asp
Lys
Thr
Ser
Arg
925
Thr
Thr
Tyr
Leu
Glu
1005

Met

Phe

Thr Leu Ala

Gly Glu Thr

Val Arg Lys

1085

Lys Lys
735

Val Met

750

Glu Asn

Lys Arg
Glu His

Tyr Tyr
815

Ile Asn

830

Phe Leu

Lys Asn
Lys Met
Gln Arg
895
Glu Leu
910
Gln Ile
Lys Tyr
Leu Lys
Lys Val
975
Asn Ala
990
Ser Glu
Ile Ala
Phe Tyr

Asn Gly

1055

Gly Glu
1070
Val Leu

720
Gly

Gly
Gln
Ile
Pro
800
Leu
Arg
Lys
Arg
Lys
880
Lys
Asp
Thr
Asp
Ser
960
Arg
Val
Phe
Lys

Ser

1040

Glu

Ile

Ser

Glu val Gln Thr Gly Gly

1100

Asn Ser Asp Lys Leu Ile

1115

1120

Tyr Gly Gly Phe Asp Ser

1135

Val Ala Lys Val Glu Lys Gly



1140
Lys Ser Lys Lys
1155
Met Glu Arg Ser
1170
Lys Gly
1185
Tyr Ser

Tyr Lys
Leu Phe

Glu Leu
1220

Phe Leu

1235

Asp Asn

Ala Gly
Val Asn

Pro Glu
1250
Tyr Leu
1265
Ile

Asp Glu

Leu Ala Asp

His Arg Asp Lys

1300
Leu Thr

Phe Thr

1145

1150

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

1160

1165

Ser Phe Glu Lys Asn Pro Ile Asp Phe

1175

Glu Vval Lys
1190

Glu Leu Glu

1205

Gln Lys Gly

Tyr Leu Ala

Glu Gln Lys

1255

Ile Ile Glu
1270

Ala Asn

1285

Pro Ile

Leu
Arg

Asn Leu Gly

1180

Lys Asp Leu Ile Ile
1195

Asn Gly Arg Lys Arg

1210

Asn Glu Leu Ala Leu

1225

Ser His
1240

Gln Leu

Tyr Glu Lys

Phe Val Glu
1260
Ser Glu Phe
1275
Val Leu Ser
1290
Ala Glu Asn

Gln Ile
Asp Lys
Glu Gln

1305
Ala Pro Ala Ala Phe

Lys
Met
Pro

Leu

1245

Gln
Ser
Ala
Ile

Lys

Leu Glu Ala

Leu Pro Lys
1200
Leu Ala Ser
1215
Ser Lys Tyr
1230
Lys Gly Ser

His Lys His

Lys Arg Val
1280
Tyr Asn Lys
1295
Ile His Leu
1310
Tyr Phe Asp

1315

Thr Thr
1330
Ala

1345

<210> 123
<211> 3249
<212> DNA

Ile Asp Arg Lys

Thr Leu Ile His Gln

1320
Arg
1335

1350
Asp Leu Ser Gln Leu Gly Gly Asp

1365

<213> Neisseria meningitidis

<220>

Tyr Thr Ser Thr Lys

1325

1340

<223> Cas9 codon optimized nucleic acid sequence

<400> 123

atggccgect
agcgtgggct
ctgggtgtgc
gctcgeceggc
cgecgctcgcec
ggcctgatca
aagctgactc
ctgagccagc
ggcgtggeceg
gccctgaaca
cacaccttca
gagttcggca
acccagcgcc
gagccagccg

tcaagcccaa
gggccatggt
gcgtgttcga
ttgctcgctc
gcctgctgaa
agagcctgcc
ctctggagtg
gcaagaacga
acaacgccca
agttcgagaa
gccgcaagga
acccccacgt
ccgccctgag
agcccaaggc

ccccatcaac
ggagatcgac
gcgegetgag
tgttcggcgc
gcgegagggt
caacactcct
gagcgccgtg
gggcgagacc
cgccctgcag
ggagagcegsce
cctgcaggcc
gagcggcegsce
cggcgacgcc
cgccaagaac

tacatcctgg
gaggacgaga
gtgcccaaga
cttactcgcc
gtgctgcagg
tggcagctgc
ctgctgcacc
gccgacaagg
actggtgact
cacatccgca
gagctgatcc
ctgaaggagg
gtgcagaaga
acctacaccg

gcctggacat
accccatctg
ctggtgacag
ggcgcgctca
ctgccgactt
gcgetgecgc
tgatcaagca
agctgggtgc
tccgcactcc
accagcgegg
tgctgttcga
gcatcgagac
tgctgggcca
ccgagcgctt

Glu Val Leu Asp

Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile
1355

1360

cggcatcgcc
cctgatcgac
tctggctatg
ccgecttctg
cgacgagaac
tctggaccgc
ccgecggctac
tctgctgaag
tgctgagctg
cgactacagc
gaagcagaag
cctgctgatg
ctgcaccttc
catctggctg

60

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



accaagctga
gagcgcgcca
cgcaagctgc
aacgccgagg
gagaaggagg
gagatcggca
gaccgcatcc
gtgcagatca
tacgacgagg
aagatctacc
ctgagccagg
atccacatcg
aagcgccagg
ttccccaact
cagcagcacg
aagggctacg
aacaacaagg
gagtacttca
accagccgct
ggcttcaagg
gtggccgacc
cagatcacca
cgccaccacg
atcacccgct
gagaccggeg
caggaggtga
gacacccccg
gtgcacgagt
cagggtcaca
cgecgtgceccc
gagcccaagc
aaggccttcg
aaggccgtgc
atcgccgaca
ctggtgccca
cagggcaagsg
ctgcacccca
gccagctgcc
atcggcaaga
taccagatcg
gtgcgctaa

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

124
1082
PRT

<220>
<223> Cas9

<400> 124

acaacctgcg
ccctgatgga
tgggtctgga
ccagcaccct
gcctgaagga
ccgccttcag
agcccgagat
gcctgaaggc
cctgcgccga
tgcctcectat
cccgcaaggt
agaccgcccg
aggagaaccg
tcgtgggcega
gcaagtgcct
tggagatcga
tgctggtgct
acggcaagga
tcccccgeag
agcgcaacct
gcatgcgcect
acctgctgecg
ccctggacgc
tcgtgcgcta
aggtgctgca
tgatccgecgt
agaagctgcg
acgtgactcc
tggagaccgt
tgacccagct
tgtacgaggc
ccgagccctt
gcgtggagca
acgccaccat
tctacagctg
acgaggagga
acgacctggt
accgcggcac
acggcatcct

acgagctggg

catcctggag
cgagccctac
ggacaccgcc
gatggagatg
caagaagagt
cctgttcaag
cctggaggcc
cctgecgcecgc
gatctacggc
ccccgecgac
gatcaacggc
cgaggtggsc
caaggaccgc
gcccaagagc
gtacagcggc
ccacgccctg
gggcagegag
caacagccgc
caagaagcag
gaacgacacc
gaccggcaag
cggcttctgg
cgtggtggtg
caaggagatg
ccagaagacc
gttcggcaag
caccctgctg
tctgttcgtg
gaagagcgcc
gaagctgaag
cctgaaggcc
ctacaagtac
ggtgcagaag
ggtgegegtg
gcaggtggcc
ctggcagctg
ggaggtgatc
cggcaacatc

ggagggcatc
caaggagatc

Neisseria meningitidis

cagggcageg
cgcaagagca
ttcttcaagg
aaggcctacc
cctctgaacc
accgacgagg
ctgctgaagc
atcgtgcccc
gaccactacg
gagatccgca
gtggtgcgcc
aagagcttca
gagaaggccg
aaggacatcc
aaggagatca
cccttcagcc
aaccagaaca
gagtggcagg
cgcatcctgc
cgctacgtga
ggcaagaagc
ggcctgcegea
gcctgcagca
aacgccttcg
cacttccccc
cccgacggca
gccgagaagc
agccgegcecc
aagcgcctgg
gacctggaga
cgcctggagg
gacaaggccg
accggegtgt
gacgtgttcg
aagggcatcc
atcgacgaca
accaagaagg
aacatccgca
ggcgtgaaga
cgcccctgcec

agcgccccct
agctgaccta
gcctgegcta
acgccatcag
tgagccccga
acatcaccgg
acatcagctt
tgatggagca
gcaagaagaa
accccgtggt
gctacggcag
aggaccgcaa
ccgccaagtt
tgaagctgcg
acctgggeccg

gcacctggga
agggcaacca

agttcaaggc
tgcagaagtt
accgcttcct
gegtgttcgc
aggtgcgcegc
ccgtggccat
acggtaaaac
agccctggga
agcccgagtt
tgagcagccg
ccaaccgcaa
acgagggcegt
agatggtgaa
cccacaagga
gcaaccgcac
gggtgcgcaa
agaagggcga
tgcccgaccg
gcttcaactt
cccgecatgtt
tccacgacct
ccgccctgag
gcctgaagaa

gaccgacacc
cgcccaggcc
cggcaaggac
ccgecgecectg
gctgcaggac
ccgcctgaag
cgacaagttc
gggcaagcegce
caccgaggag
gctgcgegcec
ccccgeccgce
ggagatcgag
ccgcgagtac
cctgtacgag
cctgaacgag
cgacagcttc
gaccccctac
ccgegtggag
cgacgaggac
gtgccagttc
cagcaacggc
cgagaacgac
gcagcagaag
catcgacaag
gttcttcgcc
cgaggaggcc
ccctgaggcc
gatgagcggt
gagcgtgctg
ccgcgagcegc
cgaccccgcc
ccagcaggtg
ccacaacggc
caagtactac
cgccgtggtg
caagttcagc
cggctacttc
ggaccacaag
cttccagaag
gcgeccctcect

Met Ala Ala Phe Lys Pro Asn Pro Ile Asn Tyr Ile Leu Gly Leu Asp

1

5

10

15

Ile Gly Ile Ala Ser Val Gly Trp Ala Met Val Glu Ile Asp Glu Asp

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
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3249



Glu
Ala
Ala
65

Arg
Phe
Leu
Ala
Lys
145
Gly
Pro
Arg
Gln
Pro
225
Thr
His
Thr
Leu
Leu
305
Arg
Tyr
Tyr
Lys
Ala
385
Asp
Phe

Pro

Tyr

Asn
Glu
50

Arg
Ala
Asp
Arg
Val
130
Asn
Val
Ala
Asn
Ala
210
His
Gln
Cys
Ala
Glu
290
Met
Lys
Gly
His
Ser
370
Phe
Arg
Asp

Leu

Gly

Pro
35

Val
Ser
Arg
Glu
Ala
115
Leu
Glu
Ala
Glu
Gln
195
Glu
Val
Arg
Thr
Glu
275
Gln
Asp
Leu
Lys
Ala
355
Pro
Ser
Ile
Lys
Met

435
Asp

20
Ile

Pro
Val
Arg
Asn
100
Ala
Leu
Gly
Asp
Leu
180
Arg
Leu
Ser
Pro
Phe
260
Arg
Gly
Glu
Leu
Asp
340
Ile
Leu
Leu
Gln
Phe
420
Glu

His

Cys
Lys
Arg
Leu
85

Gly
Ala
His
Glu
Asn
165
Ala
Gly
Ile
Gly
Ala
245
Glu
Phe
Ser
Pro
Gly
325
Asn
Ser
Asn
Phe
Pro
405
Val
Gln

Tyr

Leu
Thr
Arg
70

Leu
Leu
Leu
Leu
Thr
150
Ala
Leu
Asp
Leu
Gly
230
Leu
Pro
Ile
Glu
Tyr
310
Leu
Ala
Arg
Leu
Lys
390
Glu
Gln
Gly

Gly

Ile
Gly
55

Leu
Lys
Ile
Asp
Ile
135
Ala
His
Asn
Tyr
Leu
215
Leu
Ser
Ala
Trp
Arg
295
Arg
Glu
Glu
Ala
Ser
375
Thr
Ile
Ile
Lys

Lys

Asp
40

Asp
Thr
Arg
Lys
Arg
120
Lys
Asp
Ala
Lys
Ser
200
Phe
Lys
Gly
Glu
Leu
280
Pro
Lys
Asp
Ala
Leu
360
Pro
Asp
Leu
Ser
Arg

440
Lys

25
Leu

Ser
Arg
Glu
Ser
105
Lys
His
Lys
Leu
Phe
185
His
Glu
Glu
Asp
Pro
265
Thr
Leu
Ser
Thr
Ser
345
Glu
Glu
Glu
Glu
Leu
425
Tyr

Asn

Gly
Leu
Arg
Gly
90

Leu
Leu
Arg
Glu
Gln
170
Glu
Thr
Lys
Gly
Ala
250
Lys
Lys
Thr
Lys
Ala
330
Thr
Lys
Leu
Asp
Ala
410
Lys
Asp

Thr

Val
Ala
Arg
75

Val
Pro
Thr
Gly
Leu
155
Thr
Lys
Phe
Gln
Ile
235
Val
Ala
Leu
Asp
Leu
315
Phe
Leu
Glu
Gln
Ile
395
Leu
Ala
Glu

Glu

Arg
Met
60

Ala
Leu
Asn
Pro
Tyr
140
Gly
Gly
Glu
Ser
Lys
220
Glu
Gln
Ala
Asn
Thr
300
Thr
Phe
Met
Gly
Asp
380
Thr
Leu
Leu

Ala

Glu

Val
45

Ala
His
Gln
Thr
Leu
125
Leu
Ala
Asp
Ser
Arg
205
Glu
Thr
Lys
Lys
Asn
285
Glu
Tyr
Lys
Glu
Leu
365
Glu
Gly
Lys
Arg
Cys

445
Lys

30
Phe

Arg
Arg
Ala
Pro
110
Glu
Ser
Leu
Phe
Gly
190
Lys
Phe
Leu
Met
Asn
270
Leu
Arg
Ala
Gly
Met
350
Lys
Ile
Arg
His
Arg
430
Ala

Ile

Glu
Arg
Leu
Ala
95

Trp
Trp
Gln
Leu
Arg
175
His
Asp
Gly
Leu
Leu
255
Thr
Arg
Ala
Gln
Leu
335
Lys
Asp
Gly
Leu
Ile
415
Ile
Glu

Tyr

Arg
Leu
Leu
80

Asp
Gln
Ser
Arg
Lys
160
Thr
Ile
Leu
Asn
Met
240
Gly
Tyr
Ile
Thr
Ala
320
Arg
Ala
Lys
Thr
Lys
400
Ser
Val
Ile

Leu



Pro
465
Leu
Ser
Phe
Asp
Val
545
Gln
Arg
Ser
Ser
Gly
625
Thr
Phe
Val
Gly
Leu
705
Arg
Met
Phe
Lys
Ile
785
Asp
Arg
Ala
Ser
Thr

865
Glu

450
Pro

Ser
Pro
Lys
Arg
530
Gly
Gln
Leu
Arg
Glu
610
Lys
Ser
Asp
Asn
Lys
690
Leu
His
Gln
Asp
Thr
770
Arg
Thr
Pro
Pro
Ala
850
Gln

Pro

Ile
Gln
Ala
Asp
515
Glu
Glu
His
Asn
Thr
595
Asn
Asp
Arg
Glu
Arg
675
Gly
Arg
His
Gln
Gly
755
His
Val
Pro
Glu
Asn
835
Lys

Leu

Lys

Pro
Ala
Arg
500
Arg
Lys
Pro
Gly
Glu
580
Trp
Gln
Asn
Phe
Asp
660
Phe
Lys
Gly
Ala
Lys
740
Lys
Phe
Phe
Glu
Ala
820
Arg
Arg
Lys

Leu

Ala
Arg
485
Ile
Lys
Ala
Lys
Lys
565
Lys
Asp
Asn
Ser
Pro
645
Gly
Leu
Lys
Phe
Leu
725
Ile
Thr
Pro
Gly
Lys
805
Val
Lys
Leu

Leu

Tyr

Asp
470
Lys
His
Glu
Ala
Ser
550
Cys
Gly
Asp
Lys
Arg
630
Arg
Phe
Cys
Arg
Trp
710
Asp
Thr
Ile
Gln
Lys
790
Leu
His
Met
Asp
Lys

870
Glu

455
Glu

Val
Ile
Ile
Ala
535
Lys
Leu
Tyr
Ser
Gly
615
Glu
Ser
Lys
Gln
Val
695
Gly
Ala
Arg
Asp
Pro
775
Pro
Arg
Glu
Ser
Glu
855
Asp

Ala

Ile
Ile
Glu
Glu
520
Lys
Asp
Tyr
Val
Phe
600
Asn
Trp
Lys
Glu
Phe
680
Phe
Leu
Val
Phe
Lys
760
Trp
Asp
Thr
Tyr
Gly
840
Gly

Leu

Leu

Arg
Asn
Thr
505
Lys
Phe
Ile
Ser
Glu
585
Asn
Gln
Gln
Lys
Arg
665
Val
Ala
Arg
Val
Val
745
Glu
Glu
Gly
Leu
Val
825
Gln
Val
Glu

Lys

Asn
Gly
490
Ala
Arg
Arg
Leu
Gly
570
Ile
Asn
Thr
Glu
Gln
650
Asn
Ala
Ser
Lys
Val
730
Arg
Thr
Phe
Lys
Leu
810
Thr
Gly
Ser

Lys

Ala

Pro
475
Val
Arg
Gln
Glu
Lys
555
Lys
Asp
Lys
Pro
Phe
635
Arg
Leu
Asp
Asn
Val
715
Ala
Tyr
Gly
Phe
Pro
795
Ala
Pro
His
Val
Met

875
Arg

460
Val

Val
Glu
Glu
Tyr
540
Leu
Glu
His
Val
Tyr
620
Lys
Ile
Asn
Arg
Gly
700
Arg
Cys
Lys
Glu
Ala
780
Glu
Glu
Leu
Met
Leu
860
Val

Leu

Val
Arg
Val
Glu
525
Phe
Arg
Ile
Ala
Leu
605
Glu
Ala
Leu
Asp
Met
685
Gln
Ala
Ser
Glu
Val
765
Gln
Phe
Lys
Phe
Glu
845
Arg

Asn

Glu

Leu
Arg
Gly
510
Asn
Pro
Leu
Asn
Leu
590
Val
Tyr
Arg
Leu
Thr
670
Arg
Ile
Glu
Thr
Met
750
Leu
Glu
Glu
Leu
Val
830
Thr
Val
Arg

Ala

Arg
Tyr
495
Lys
Arg
Asn
Tyr
Leu
575
Pro
Leu
Phe
Val
Gln
655
Arg
Leu
Thr
Asn
Val
735
Asn
His
Val
Glu
Ser
815
Ser
Val
Pro

Glu

His

Ala
480
Gly
Ser
Lys
Phe
Glu
560
Gly
Phe
Gly
Asn
Glu
640
Lys
Tyr
Thr
Asn
Asp
720
Ala
Ala
Gln
Met
Ala
800
Ser
Arg
Lys
Leu
Arg

880
Lys



Asp Asp Pro

Ala Asn
915
Thr

Gly
Gln Lys
930
Ala Thr
945

Leu

Met

Val Pro

Arg Ala Val
Phe
995

Thr

Asp Ser

Val Ile

1010
Arg Gly Thr
1025

Ile Gly Lys

Ser Phe Gln

Cys Arg Leu
107

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

125
3159
DNA

<220>
<223>

<400> 125

atgaaaagga
attgactatg
gtggaaaaca
aggcacagaa
tctgagctga
tcagaggaag
gtcaatgagg
aatagcaaag
gatggcgagg
aagcagctgc
tatatcgacc
ttcggatgga
ccagaagagc
gacctgaaca
ttccagatca
aaggagatcc
ccagagttca
atcattgaga

885
Ala Lys
900
Arg Thr

Gly Vval

Val Arg

Ala
Gln
Trp

Val

Phe Ala

Gln Val
920
Val Arg
935

Asp Val

950

Ile Tyr
965
Val Gln
980
Asn Phe

Lys Lys

Gly Asn

Ser
Gly
Lys
Ala

Ile

Trp Gln

Lys Asp

Phe Ser
1000
Arg Met
1015
Asn Ile

1030

Asn
1045

Lys

1060

Lys Lys Arg Pro

5

actacattct
aaacaaggga
atgagggacg
tccagagggt
gtggaattaa
agttttccgc
tggaagagga
ctctggaaga
tgagagggtc
tgaaagtgca
tgctggagac
aagacatcaa
tgagaagcgt
acctggtcat
tcgaaaacgt
tggtcaacga
ccaatctgaa
acgccgaact

Gly Ile Leu

Tyr Gln Ile

Glu
Asp

Pro
1080

staphylococcus aureus

ggggctggac
cgtgatcgac
gagaagcaag
gaagaaactg
tccttatgaa
agctctgcectg
caccggcaac
gaagtatgtc
aattaatagg
gaaggcttac
tcggagaacc
ggaatggtac
caagtacgct
caccagggat
gtttaagcag
agaggacatc
agtgtatcac
gctggatcag

890
Glu Pro
905

Lys

Phe

Ala Vval

Asn His Asn

Phe Glu Lys

955

Val Ala Lys
970

Glu Glu

985

Leu

Asp

His Pro

Phe Gly Tyr

Arg Ile His

1035

Ile
1050
Leu Gly

Gly Gly
Glu
1065
Val Arg

atcgggatta
gcaggcgtca
aggggagceca
ctgttcgatt
gccagggtga
cacctggcta
gagctgtcta
gcagagctgc
ttcaagacaa
caccagctgg
tactatgagg
gagatgctga
tataacgcag
gaaaacgaga
aagaaaaagc
aagggctacc
gatattaagg
attgctaaga

Tyr Lys Tyr
910
Val Glu
925

Ile

Arg
Gly Ala
940
Gly

Asp Lys

Gly Ile Leu

Gln Leu
990
Leu

Trp
Asn Asp
1005
Phe Ala Ser
1020

Asp Leu Asp
Val Lys Thr

Lys Glu Ile
107

Cas9 codon optimized nucleic acid sequence

caagcgtggg
gactgttcaa
ggcgcctgaa
acaacctgct
aaggcctgag
agcgccgagg
caaaggaaca
agctggaacg
gcgactacgt
atcagagctt
gaccaggaga
tgggacattg
atctgtacaa
aactggaata
ctacactgaa
gggtgacaag
acatcacagc
tcctgactat

895
Asp Lys

Gln Vval

Asp Asn

Tyr Tyr
960
Pro Asp
975
Ile Asp

Val Glu

Cys His

His Lys
1040
Ala Leu
1055
Arg Pro
0

gtatgggatt

ggaggccaac
acgacggaga
gaccgaccat
tcagaagctg
agtgcataac
gatctcacgc
gctgaagaaa
caaagaagcc
catcgatact
agggagcccc
cacctatttt
cgccctgaat
ctatgagaag
acagattgct
cactggaaaa
acggaaagaa
ctaccagagc

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080



tccgaggaca
gaacagatta
aatctgattc
ctgaagctgg
gtggacgatt
atcaacgcca
gagaagaaca
accaatgaac
attgaaaaaa
atccccctgg
agaagcgtgt
tctaaaaagg
tacgaaacct
accaaaaagg
tttattaacc
cgatcctatt
acatcttttc
catgccgaag
ctggacaaag
atgcccgaaa
aagcatatca
agagagctga
attgtgaaca
aacaaaagtc
aagctgatta
actgggaact
aagtactatg
cgcaacaagg
ggcgtgtata
gaagtgaata
gagttcatcg
gtcatcgggsg
taccgagagt
gcctctaaga
gtgaagagca

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

126
1053
PRT

<220>
<223> Cas9
<400> 126
Met Lys Arg
1
Gly

Tyr Gly

Val Leu
35
Arg

Arg
Ser Lys
50
Arg

Gln Val

tccaggaaga
gtaatctgaa
tggatgagct
tcccaaaaaa
tcattctgtc
tcatcaagaa
gcaaggacgc
gcattgaaga
tcaagctgca
aggacctgct
ccttcgacaa
gcaataggac
ttaaaaagca
agtacctgct
ggaatctggt
tccgggtgaa
tgaggcgcaa
atgctctgat
ccaagaaagt
tcgagacaga
aggatttcaa
tcaatgacac
atctgaacgg
ccgagaagct
tggagcagta
acctgaccaa
ggaacaagct
tggtcaagct
aatttgtgac
gcaagtgcta
cctcctttta
tgaacaatga
atctggaaaa
ctcagagtat
aaaagcaccc

Asn
Ile
20

Phe
Gly

Lys

Tyr Ile
Ile Asp
Lys Glu
Ala Arg

Lys Leu

gctgactaac

ggggtacacc
gtggcataca

ggtggacctg
acccgtggtc
gtacggcctg
acagaagatg
gattatccga
cgatatgcag
gaacaatcca
ttcctttaac
tcctttccag
cattctgaat
ggaagagcgg
ggacacaaga
caatctggat
atggaagttt
tatcgcaaat
gatggagaac
acaggagtac
ggactacaag
cctgtatagt
actgtacgac
gctgatgtac
cggcgacgag
gtatagcaaa
gaatgcccat
gtcactgaag
tgtcaagaat
cgaagaggct
caacaacgac
tctgctgaac
catgaatgat
caaaaagtac
tcagattatc

staphylococcus aureus

Leu Gly

Tyr Glu

Ala Asn
40
Arg Leu
55

Leu Phe

ctgaacagcg
ggaacacaca
aacgacaatc
agtcagcaga
aagcggagct
cccaatgata
atcaatgaga
actaccggga
gagggaaagt
ttcaactacg
aacaaggtgc
tacctgtcta
ctggccaaag
gacatcaaca
tacgctactc
gtgaaagtca
aaaaaggagc
gccgacttca
cagatgttcg
aaggagattt
tactctcacc
acaagaaaag
aaagataatg
caccatgatc
aagaacccac
aaggataatg
ctggacatca
ccatacagat
ctggatgtca
aaaaagctga
ctgattaaga
cgcattgaag
aagcgccccc
tcaaccgaca
aaaaaggsgc

Leu Asp Ile
10

Thr Arg Asp
25
Val Glu Asn

Lys Arg Arg

Asp Tyr Asn

agctgaccca
acctgtccct
agattgcaat
aagagatccc
tcatccagag
tcattatcga
tgcagaaacg
aagagaacgc
gtctgtattc
aggtcgatca
tggtcaagca
gttcagattc
gaaagggccg
gattctccgt
gcggectgat
agtccatcaa
gcaacaaagg
tctttaagga
aagagaagca
tcatcactcc
gggtggataa

acgataaggg
acaagctgaa

ctcagacata
tgtataagta
gcceccgtgat
cagacgatta
tcgatgtcta
tcaaaaagga
aaaagattag
tcaatggcga
tgaatatgat
ctcgaattat
ttctgggaaa

Gly Ile Thr

Val Ile Asp
30
Glu Gly
45

Arg

Asn
Arg His
60
Leu

Leu Thr

ggaagagatc
gaaagctatc
ctttaaccgg
aaccacactg
catcaaagtg
gctggctagg
aaaccggcag
aaagtacctg
tctggaggcc
tattatcccc
ggaagagaac
caagatctct
catcagcaag
ccagaaggat
gaatctgctg

cggecgggttc
gtacaagcac

gtggaaaaag
ggccgaatct
tcaccagatc
aaagcccaac
gaataccctg
aaagctgatc
tcagaaactg
ctatgaagag
caagaagatc
ccctaacagt
tctggacaac
gaactactat
caaccaggca
actgtatagg
tgacatcact
caaaacaatt
cctgtatgag

Ser Val
15

Ala Gly
Arg Arg
Arg Ile

Asp His

1140
1200
1260
1320
1380
1440
1500
1560
1620
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
3159



65
Ser

Ser
Ala
Gly
Leu
145
Asp
Val
Leu
Arg
Asp
225
Pro
Asn
Glu
Lys
Val
305
Pro
Ala
Lys
Thr
Asn
385
Asn
Ile
Gln
Val
Ile
465
Glu

Arg

Glu
Gln
Lys
Asn
130
Glu
Gly
Lys
Asp
Thr
210
Ile
Glu
Ala
Lys
Gln
290
Asn
Glu
Arg
Ile
Asn
370
Leu
Leu
Phe
Lys
Val
450
Lys
Lys

Asn

Leu
Lys
Arg
115
Glu
Glu
Glu
Glu
Gln
195
Tyr
Lys
Glu
Leu
Leu
275
Lys
Glu
Phe
Lys
Leu
355
Leu
Lys
Ile
Asn
Glu
435
Lys
Lys

Asn

Arg

Ser
Leu
100
Arg
Leu
Lys
Val
Ala
180
Ser
Tyr
Glu
Leu
Asn
260
Glu
Lys
Glu
Thr
Glu
340
Thr
Asn
Gly
Leu
Arg
420
Ile
Arg
Tyr

Ser

Gln

Gly
85

Ser
Gly
Ser
Tyr
Arg
165
Lys
Phe
Glu
Trp
Arg
245
Asp
Tyr
Lys
Asp
Asn
325
Ile
Ile
Ser
Tyr
Asp
405
Leu
Pro
Ser
Gly
Lys

485
Thr

70
Ile

Glu
Val
Thr
Val
150
Gly
Gln
Ile
Gly
Tyr
230
Ser
Leu
Tyr
Pro
Ile
310
Leu
Ile
Tyr
Glu
Thr
390
Glu
Lys
Thr
Phe
Leu
470
Asp

Asn

Asn
Glu
His
Lys
135
Ala
Ser
Leu
Asp
Pro
215
Glu
Val
Asn
Glu
Thr
295
Lys
Lys
Glu
Gln
Leu
375
Gly
Leu
Leu
Thr
Ile
455
Pro

Ala

Glu

Pro
Glu
Asn
120
Glu
Glu
Ile
Leu
Thr
200
Gly
Met
Lys
Asn
Lys
280
Leu
Gly
Val
Asn
Ser
360
Thr
Thr
Trp
Val
Leu
440
Gln
Asn

Gln

Arg

Tyr
Phe
105
Val
Gln
Leu
Asn
Lys
185
Tyr
Glu
Leu
Tyr
Leu
265
Phe
Lys
Tyr
Tyr
Ala
345
Ser
Gln
His
His
Pro
425
Val
Ser
Asp
Lys

Ile

Glu
90

Ser
Asn
Ile
Gln
Arg
170
Val
Ile
Gly
Met
Ala
250
Val
Gln
Gln
Arg
His
330
Glu
Glu
Glu
Asn
Thr
410
Lys
Asp
Ile
Ile
Met

490
Glu

75
Ala

Ala
Glu
Ser
Leu
155
Phe
Gln
Asp
Ser
Gly
235
Tyr
Ile
Ile
Ile
Val
315
Asp
Leu
Asp
Glu
Leu
395
Asn
Lys
Asp
Lys
Ile
475
Ile

Glu

Arg
Ala
Val
Arg
140
Glu
Lys
Lys
Leu
Pro
220
His
Asn
Thr
Ile
Ala
300
Thr
Ile
Leu
Ile
Ile
380
Ser
Asp
Val
Phe
Val
460
Ile

Asn

Ile

Val
Leu
Glu
125
Asn
Arg
Thr
Ala
Leu
205
Phe
Cys
Ala
Arg
Glu
285
Lys
Ser
Lys
Asp
Gln
365
Glu
Leu
Asn
Asp
Ile
445
Ile
Glu
Glu

Ile

Lys
Leu
110
Glu
Ser
Leu
Ser
Tyr
190
Glu
Gly
Thr
Asp
Asp
270
Asn
Glu
Thr
Asp
Gln
350
Glu
Gln
Lys
Gln
Leu
430
Leu
Asn
Leu

Met

Arg

Gly
95

His
Asp
Lys
Lys
Asp
175
His
Thr
Trp
Tyr
Leu
255
Glu
Val
Ile
Gly
Ile
335
Ile
Glu
Ile
Ala
Ile
415
Ser
Ser
Ala
Ala
Gln

495
Thr

80
Leu

Leu
Thr
Ala
Lys
160
Tyr
Gln
Arg
Lys
Phe
240
Tyr
Asn
Phe
Leu
Lys
320
Thr
Ala
Leu
Ser
Ile
400
Ala
Gln
Pro
Ile
Arg
480
Lys

Thr



Gly
Met
Asp
545
Arg
Gln
Ser
Leu
Tyr
625
Phe
Met
Val
Lys
Ala
705
Leu
Gln
Ile
Tyr
Asn
785
Ile
Lys
Asp
Asp
Leu
865
Lys
Tyr
Arg

Lys

Lys
Gln
530
Leu
Ser
Glu
Ser
Asn
610
Leu
Ile
Asn
Lys
Phe
690
Leu
Asp
Ala
Phe
Lys
770
Asp
Val
Lys
Pro
Glu
850
Thr
Tyr
Pro

Phe

Asn

Glu
515
Glu
Leu
Val
Glu
Ser
595
Leu
Leu
Asn
Leu
Ser
675
Lys
Ile
Lys
Glu
Ile
755
Tyr
Thr
Asn
Leu
Gln
835
Lys
Lys
Tyr
Asn
Asp

915
Leu

500
Asn

Gly
Asn
Ser
Asn
580
Asp
Ala
Glu
Arg
Leu
660
Ile
Lys
Ile
Ala
Ser
740
Thr
Ser
Leu
Asn
Ile
820
Thr
Asn
Tyr
Gly
Ser
900
Val

Asp

Ala
Lys
Asn
Phe
565
Ser
Ser
Lys
Glu
Asn
645
Arg
Asn
Glu
Ala
Lys
725
Met
Pro
His
Tyr
Leu
805
Asn
Tyr
Pro
Ser
Asn
885
Arg
Tyr

Val

Lys
Cys
Pro
550
Asp
Lys
Lys
Gly
Arg
630
Leu
Ser
Gly
Arg
Asn
710
Lys
Pro
His
Arg
Ser
790
Asn
Lys
Gln
Leu
Lys
870
Lys
Asn

Leu

Ile

Tyr
Leu
535
Phe
Asn
Lys
Ile
Lys
615
Asp
Val
Tyr
Gly
Asn
695
Ala
Val
Glu
Gln
Val
775
Thr
Gly
Ser
Lys
Tyr
855
Lys
Leu
Lys
Asp

Lys

Leu
520
Tyr
Asn
Ser
Gly
Ser
600
Gly
Ile
Asp
Phe
Phe
680
Lys
Asp
Met
Ile
Ile
760
Asp
Arg
Leu
Pro
Leu
840
Lys
Asp
Asn
Val
Asn

920
Lys

505
Ile

Ser
Tyr
Phe
Asn
585
Tyr
Arg
Asn
Thr
Arg
665
Thr
Gly
Phe
Glu
Glu
745
Lys
Lys
Lys
Tyr
Glu
825
Lys
Tyr
Asn
Ala
Val
905
Gly

Glu

Glu
Leu
Glu
Asn
570
Arg
Glu
Ile
Arg
Arg
650
Val
Ser
Tyr
Ile
Asn
730
Thr
His
Lys
Asp
Asp
810
Lys
Leu
Tyr
Gly
His
890
Lys
Val

Asn

Lys
Glu
Val
555
Asn
Thr
Thr
Ser
Phe
635
Tyr
Asn
Phe
Lys
Phe
715
Gln
Glu
Ile
Pro
Asp
795
Lys
Leu
Ile
Glu
Pro
875
Leu
Leu

Tyr

Tyr

Ile
Ala
540
Asp
Lys
Pro
Phe
Lys
620
Ser
Ala
Asn
Leu
His
700
Lys
Met
Gln
Lys
Asn
780
Lys
Asp
Leu
Met
Glu
860
Val
Asp
Ser

Lys

Tyr

Lys
525
Ile
His
Val
Phe
Lys
605
Thr
Val
Thr
Leu
Arg
685
His
Glu
Phe
Glu
Asp
765
Arg
Gly
Asn
Met
Glu
845
Thr
Ile
Ile
Leu
Phe

925
Glu

510
Leu

Pro
Ile
Leu
Gln
590
Lys
Lys
Gln
Arg
Asp
670
Arg
Ala
Trp
Glu
Tyr
750
Phe
Glu
Asn
Asp
Tyr
830
Gln
Gly
Lys
Thr
Lys
910
Val

Val

His
Leu
Ile
Val
575
Tyr
His
Lys
Lys
Gly
655
Val
Lys
Glu
Lys
Glu
735
Lys
Lys
Leu
Thr
Lys
815
His
Tyr
Asn
Lys
Asp
895
Pro

Thr

Asn

Asp
Glu
Pro
560
Lys
Leu
Ile
Glu
Asp
640
Leu
Lys
Trp
Asp
Lys
720
Lys
Glu
Asp
Ile
Leu
800
Leu
His
Gly
Tyr
Ile
880
Asp
Tyr
Val

Ser



Lys
945
Glu
Glu
Glu

Asn

Gln
1025

930
Cys

Phe
Leu
Val
Asp

1010
Ser

Tyr
Ile
Tyr
Asn
995
Lys

Ile

Val Lys Ser

<210> 12

<211
<212
<213

> 32
> PR

7
6
T

Glu
Ala
Arg
980
Met
Arg

Lys

Lys

Glu
Ser
965
Val
Ile

Pro

Lys

Ala
950
Phe
Ile
Asp

Pro

Tyr

1030

935

Lys Lys Leu

Tyr Asn Asn

Gly Val Asn

985

Ile Thr Tyr

1000

Arg Ile Ile

1015

Ser Thr Asp

Lys His Pro Gln Ile

1045

> Homo sapiens

<220>
> Human IgG2 Fc

<223

<300>

<308

> Uniprot P01859
<309> 2008-12-16

<400> 127

Ala
1
Ser
Phe
Gly
Leu
65
Tyr
Thr
Pro
Thr
Val
145
Val

Ser

Ser
Thr
Pro
Val
50

Ser
Thr
Val
Val
Leu
130
Ser

Glu

Thr

Thr
Ser
Glu
35

His
Ser
Cys
Glu
Ala
115
Met
His
Val

Phe

Lys
Glu
20

Pro
Thr
Val
Asn
Arg
100
Gly
Ile
Glu
His

Arg
180

Gly
5
Ser
Val
Phe
Val
Val
85
Lys
Pro
Ser
Asp
Asn

165
Val

Pro
Thr
Thr
Pro
Thr
70

Asp
Cys
Ser
Arg
Pro
150
Ala

Val

Ser
Ala
Val
Ala
55

Val

His

Val
Thr
135
Glu
Lys

Ser

Val
Ala
Ser
40

Val
Pro
Lys
Val
Phe
120
Pro
Val
Thr

Val

Phe
Leu
25

Trp
Leu
Ser
Pro
Glu
105
Leu
Glu
Gln
Lys

Leu
185

Lys
Asp
970
Asn
Arg
Lys

Ile

Lys
955
Leu
Asp
Glu
Thr

Leu

1035

940
Ile

Ile
Leu
Tyr

Ile
1020

Ser
Lys
Leu
Leu

1005
Ala

Asn
Ile
Asn
990
Glu

Ser

Gly Asn Leu

Ile Lys Lys Gly

1050

Pro
10

Gly
Asn
Gln
Ser
Ser
90

Cys
Phe
Val
Phe
Pro

170
Thr

Leu
Cys
Ser
Ser
Asn
75

Asn
Pro
Pro
Thr
Asn
155
Arg

Val

Ala
Leu
Gly
Ser
60

Phe
Thr
Pro
Pro
Cys
140
Trp
Glu

Val

Pro
Val
Ala
45

Gly
Gly
Lys
Cys
Lys
125
Val
Tyr
Glu

His

Cys
Lys
30

Leu
Leu
Thr
Val
Pro
110
Pro
Val
Val
Gln

Gln
190

Gln
Asn
975
Arg
Asn

Lys

Tyr

Ser
15
Asp

Thr
Tyr
Gln
Asp
95

Ala
Lys
Val
Asp
Phe

175
Asp

Ala
960
Gly
Ile
Met
Thr

Glu

1040

Arg
Tyr
Ser
Ser
Thr
80

Lys
Pro
Asp
Asp
Gly
160

Asn

Trp



Leu
Ala
Pro
225
Gln
Ser
Thr
Leu
Ser

305
Ser

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

Asn
Pro
210
Gln
Val
Val
Pro
Thr
290
Val

Leu

<220>

<223>

<300>

<308>
<309>

Gly
195
Ile
Val
Ser
Glu
Pro
275
Val
Met

Ser

128
327
PRT
Homo sapiens

<400> 128

Ala
1
Ser
Phe
Gly
Leu
65
Tyr
Arg
Glu
Asp
Asp

145
Gly

Ser
Thr
Pro
Val
50

Ser
Thr
Val
Phe
Thr
130
Val

Val

Thr
Ser
Glu
35

His
Ser
Cys
Glu
Leu
115
Leu

Ser

Glu

Lys
Glu
Tyr
Leu
Trp
260
Met
Asp
His

Pro

Lys
Glu
20

Pro
Thr
Val
Asn
Ser
100
Gly
Met

Gln

Val

Glu
Lys
Thr
Thr
245
Glu
Leu
Lys
Glu

Gly
325

Human IgG4 Fc

Uniprot P01861
1986-07-21

Gly
5
Ser
Val
Phe
Val
Val
85
Lys
Gly
Ile
Glu

His

Tyr
Thr
Leu
230
Cys
Ser
Asp
Ser
Ala

310
Lys

Pro
Thr
Thr
Pro
Thr
70

Asp
Tyr
Pro
Ser
Asp

150
Asn

Ile
215
Pro
Leu
Asn
Ser
Arg

295
Leu

Ser
Ala
Val
Ala
55

Val
His
Gly
Ser
Arg
135

Pro

Ala

Cys
200
Ser
Pro
Val
Gly
Asp
280
Trp

His

Val
Ala
Ser
40

Val
Pro
Lys
Pro
Val
120
Thr
Glu

Lys

Lys
Lys
Ser
Lys
Gln
265
Gly
Gln

Asn

Phe
Leu
25

Trp
Leu
Ser
Pro
Pro
105
Phe
Pro

Val

Thr

Val
Thr
Arg
Gly
250
Pro
Ser

Gln

His

Pro
10

Gly
Asn
Gln
Ser
Ser
90

Cys
Leu
Glu
Gln

Lys

Ser
Lys
Glu
235
Phe
Glu
Phe
Gly

Tyr
315

Leu
Cys
Ser
Ser
Ser
75

Asn
Pro
Phe
Val
Phe

155
Pro

Asn
Gly

220
Glu

Asn
Phe
Asn

300
Thr

Ala
Leu
Gly
Ser
60

Leu
Thr
Ser
Pro
Thr
140

Asn

Arg

Lys
205
Gln
Met
Pro
Asn
Leu
285
Val

Gln

Pro
Val
Ala
45

Gly
Gly
Lys
Cys
Pro
125
Cys
Trp

Glu

Gly
Pro
Thr
Ser
Tyr
270
Tyr
Phe

Lys

Cys
Lys
30

Leu
Leu
Thr
Val
Pro
110
Lys
Val
Tyr

Glu

Leu
Arg
Lys
Asp
255
Lys
Ser

Ser

Ser

Ser
15

Asp
Thr
Tyr
Lys
Asp
95

Ala
Pro
Val
Val

Gln

Pro
Glu
Asn
240
Ile
Thr
Lys
Cys

Leu
320

Arg
Tyr
Ser
Ser
Thr
80

Lys
Pro
Lys
Val
Asp

160
Phe



Asn
Trp
Pro
Glu
225
Asn
Ile
Thr
Arg
Cys

305
Leu

Ser
Leu
Ser
210
Pro
Gln
Ala
Thr
Leu
290

Ser

Ser

Thr
Asn
195
Ser
Gln
Val
Val
Pro
275
Thr
Val

Leu

<210> 129
<211> 228
<212> PRT
<213> Artificial Sequence

<220>

<223> Spacer

<400> 129

Glu
1
Ala
Met
Gln
Val
65
Tyr
Gly
Ile
Val
Ser

145
Glu

Ser
Gly
Ile
Glu
50

His
Arg
Lys
Glu
Tyr
130

Leu

Trp

Lys
Pro
Ser
35

Asp
Asn
Val
Glu
Lys
115
Thr
Thr

Glu

Tyr
180
Gly
Ile
Val
Ser
Glu
260
Pro
Val
Met

Ser

Tyr
Ser
20

Arg
Pro
Ala
Val
Tyr
100
Thr
Leu

Cys

Ser

165
Arg

Lys
Glu
Tyr
Leu
245
Trp
Val
Asp
His

Leu
325

Gly
Val
Thr
Glu
Lys
Ser
85

Lys
Ile
Pro

Leu

Asn
165

Val
Glu
Lys
Thr
230
Thr
Glu
Leu
Lys
Glu

310
Gly

Pro
Phe
Pro
Val
Thr
70

Val
Cys
Ser
Pro
Val

150
Gly

Val
Tyr
Thr
215
Leu
Cys
Ser
Asp
Ser
295
Ala

Lys

Pro
Leu
Glu
Gln
55

Lys
Leu
Lys
Lys
Ser
135
Lys

Gln

Ser
Lys
200
Ile
Pro
Leu
Asn
Ser
280
Arg

Leu

Cys
Phe
Val
40

Phe
Pro
Thr
Val
Ala
120
Gln
Gly

Pro

Val
185
Cys
Ser
Pro
Val
Gly
265
Asp
Trp

His

Pro
Pro
25

Thr
Asn
Arg
Val
Ser
105
Lys
Glu
Phe

Glu

170
Leu

Lys
Lys
Ser
Lys
250
Gln
Gly

Gln

Asn

Pro
10

Pro
Cys
Trp
Glu
Leu
90

Asn
Gly
Glu
Tyr

Asn
170

Thr
Val
Ala
Gln
235
Gly
Pro
Ser

Glu

His
315

Cys
Lys
Val
Tyr
Glu
75

His
Lys
Gln
Met
Pro

155
Asn

Val
Ser
Lys
220
Glu
Phe
Glu
Phe
Gly

300
Tyr

Pro
Pro
Val
Val
60

Gln
Gln
Gly
Pro
Thr
140

Ser

Tyr

Leu
Asn
205
Gly
Glu
Tyr
Asn
Phe
285

Asn

Thr

Ala
Lys
Val
45

Asp
Phe
Asp
Leu
Arg
125
Lys
Asp

Lys

His
190
Lys
Gln
Met
Pro
Asn
270
Leu

Val

Gln

Pro
Asp
30

Asp
Gly
Gln
Trp
Pro
110
Glu
Asn

Ile

Thr

175
Gln

Gly
Pro
Thr
Ser
255
Tyr
Tyr
Phe

Lys

Pro
15

Thr
Val
Val
Ser
Leu
95

Ser
Pro
Gln
Ala

Thr
175

Asp
Leu
Arg
Lys
240
Asp
Lys
Ser

Ser

Ser
320

Val
Leu
Ser
Glu
Thr
80

Asn
Ser
Gln
Val
Val

160
Pro



Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr
180 185 190
Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val
195 200 205
Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu
210 215 220
Ser Leu Gly Lys
225
<210> 130
<211> 133
<212> DNA

<213> Artificial Sequence

<220>

<223> SV40 poly A signal

<400> 130

tgctttattt gtgaaatttg tgatgctatt gctttatttg taaccattat aagctgcaat 60
aaacaagtta acaacaacaa ttgcattcat tttatgtttc aggttcaggg ggaggtgtgg 120

gaggtttttt

<210> 131
<211> 347
<212> DNA

aaa

<213> Artificial Sequence

<220>

<223> MND promoter

<400> 131
gaacagagaa
cggctcaggg
aagcagttcc
tcagcagttt
ctgtgcctta
tccccgagcet

acaggagaat
ccaagaacag
tgccccggcet
ctagagaacc
tttgaactaa
ctatataagc

atgggccaaa
ttggaacagc
cagggccaag
atcagatgtt
ccaatcagtt
agagctcgtt

caggatatct
agaatatggg
aacagatggt
tccagggtgc
cgcttctcgce
tagtgaaccg

gtggtaagca
Cccaaacagga
ccccagatgc
cccaaggacc
ttctgttcgc
tcagatc

gttcctgccc
tatctgtggt
ggtcccgcecc
tgaaatgacc
gcgcttctgc

133

60

120
180
240
300
347



