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genomic locus = - - i — - - B—---

genomic target

synthetic guide RNA
(SgRNA)

FIG. 1
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B

NLS SpC,asQ GFP
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RNase Ill mCherry NLS

FIG. 2B
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2xNLS-SpCas9 + + + + +

SpRNAselll - + + - 4

shorttracrBNA - + - + +

DR-EMX1-DR + - + + +
684bp »- |
367bp »
3170p >

indel (%): 47 5.0

FIG. 2D
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human EMXT ° ~
locus 3

wt crRNA

mismatch-
containing
guide
sequences
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. .CTGGAGGAGGAAGGGLCT

FEVRLEEEL LRI
- . .GACCTCCTCCTTCCCGRA

5"
mi
m2
m3
m4
m5
m7
mg

m1i

mi3
mi5
mi7

&

LUELETEL L TEECET
- GAGUCCGAGCAGAAGAAGAAGUUUUAGAGC . . - 3

GAGUCCGAGCAGAAGAAGAU
GAGUCCGAGCAGAAGAAGUA
GAGUCCGAGCAGAAGAACAA
GAGUCCGAGCAGAAGAUGAA
GAGUCCGAGCAGAAGUAGAA
GAGUCCGAGCAGAUGAAGAA
GAGUCCGAGCACAAGAAGAA
GAGUCCGAGGAGAAGAAGAA
GAGUCCGUGCAGAAGAAGAA
GAGUCGGAGCAGAAGAAGAA
GAGACCGAGCAGAAGAAGAA

mismatched spacers

protospacern)v PAM
MGMGGGCTCCCAT -3’

LT
CCGAGGGTA. . -5°

684bp »

367bp »
317bp »

indel (%) 56 75 88

human §'-..CT

EMX1

locus 3'-..GACC

right TALEN bindmg site

FIG. 3A-C
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TALEN ‘ chimeric RNA crRNA control

i > @ @8

367bp »
317bp »

indel (%) 36 38 45 11 74 86 22 29 25

FIG. 3D
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C

human EMX1
locus

HR Template

D

hSpCas9
hSpCas9n
HR template

2281bp »

1189bp
10920p &

HR (%) 0.70 0.46

#

i
il
i1
i
I%

%

T

AATGACAAGCTTGCTAGCGGTGGG
Hindlll  Nhel

FIG. 4C-E
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short tracrRNA

(89bp)

H, northern blot probe target =~~~ ~-. .

GGACGAAACACCGGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGG
CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT .

U6 terminator

PR
-

PR
-
-
-

long tracrANA
(171bp)

U6

-

Y S
-

. GGACGAAACACCGGTAGTATTAAGTATTGTTTTATGGCTGATAAATTTC
TTTGAATTTCTCCTTGATTATTTGTTATAAAAGTTATAAAATAATCTTGTT
GGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCA
ACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT .

ue terminator

SpCas9

long tracrRNA
short tracrRANA
SpRNase il
DR-EMX1(1)-DR

+ +
+ +
+ +
+ +

+ 4+ + 1+
+ 4+ + 1 4

684bp »

367bp p
317bp »

indel (%) 060 14 1

FIG. 6A-B



SpCas9

long tracrRNA
short tractRNA
DR-EMX1(1)-DR
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- SpRNase Il

+ SpRNase il
-+ o+
+ -+
+ o+ o+

o4+

+

180nt
170nt

150nt

120nt
110nt

100nt
90nt

80nt

70nt

60nt

50nt

40nt

-30nt

FIG. 6C
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indel

l rehybridize

l surveyor nuclease

a b

l gel quantification

% indel = (1-J1-(a bffa + b+ ¢) )*100

FIG. 7



17/109

g-v8 "Old

£ zzuzzzz_‘zzzzzzzzzzzzwoo,‘o c .8

..m- i€

.8

3HAM SN 6589dSY SN OV ny43 on
. o

+§'° IVYVYINNNNNNNNNNNNNNNNNNNNNNNNNNNNNN -
LR R T e e e
£ hczzzzzzzzzzzzzzzzzzzzzzzzzzzzzog ]

<<<<<0E000<00<t0<<<<0<005.<@0...Q._.<<<<QO.._.O.E.Q»owg<ooQGPE000<00<t0<<<<o<00<k<00hoh<<<<0UO -£

VOO, E.w wogouQhwm,uhsz_.whuth,ow<w<Eh@00 .5
&

.me 1sqg -

a

IHdM SN 658005y STN HVI4 0143 an
Xg

posul

aouanbas apinb

- 9MS uoipasu
“aouanbas-apinb

uasut
aousnbas. 18oedS

S uoIas U
ajusnbas isoeds



18/109

O-Vv6 'Old

 MVVOYNN

<9 8 A
€9 8 X
58 9 e
v9 L L2
23 z 02
<8, 9 61
wmn,@ 8. 81
9. 9 Lt
vL L 9t
89 L Gl
59 g vl
29 8 1
‘59 L L
99 2 o]
9 g o3
¥ 8 L
€9 g8 9
€9 8 S
L9 6 v
€9 8 e
9 g 2
49 B 8
Uepsw Jeipaw. 1yo

Env asuelsIp

dqg:90 11 Ues N

dago ueipail:

(MYYOVYNN) swoush uewny ureousinooo Wyd
4dSIHD 6:QWT SMIYoLLISE):SN00000IdE 1S

(dg);eoueisip
0P

dazgt Emw.mz.
dag wepap

AGGZV aWouab uBWNY UILOdU NG00 AVE
HdSI"O 1 @ m:mmgq snoo0201dons

ok

Sg'L

Sie

(s01x) Aouenbayy

(,01x) Aouenibay



19/109

A Streptococcus thermophilus LMD-9 CRISPR1

directirepeats

StCas9 St-tracrANA Cas1.Cas2:Csn2

hStCas9

B EF1«
C'KRNA 5' -- NNNNNNNNNNNNNNNNNNNGUUaUUGUACUCU - CAAGAUUUAUUUUU - 3
' R LU I B O
‘ AGAAACAUCGAAGACGUUCUAAAUUCAUUG -5
]
St-tracrRNA AAGGCUUCAUGCCGAAAUCAACACCCUGUCAUU
U LELE P L PR
3 AAUUUAUUGCUUU --UGUGGGACGGUAU
C human 22
Emx1 5§ —il  S— % - 3
locus =TT '

--------
.......
'''''''
“““““““
.......
.......

-
--
o
R e

TITTCI'AGTGCTGAGTTTCTGTGACTCCTCTACATTCTALI TCTCTGTGIT ILIbIATACTACCfCCTCC -3

IHlllIIIIIHIHHHII'HIIIIIIIHHIHIHIIlllHIlllHIIlIIIHIIIIIIIH
AA ' GAGGAGATGTARGATGAAGAGACACARAGACATATGATGGAGGAGG . .- 5*

v protospacer‘(iﬁ) RAM protospacer (15).

FIG. 10A-C
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SttractRNA  —  +
crBNA guide 16
crRNA guide 15: = -

+ + +
b ol

|
+

indel (%)

FIG. 10D
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Ué DR EMX1(1) DR

_‘_\.-_.--—"""““ northem blot probe target e
5'- .. TGAATGGTCCCAAAACGGAAGGGCCTGAGTCCGAGCAGAAGAAGAAGTTTTAGAGCTATGCTGTTTTGAATGG . . -3

— SpRNase i + SpRNase lll

SpCas9 - - - + o+ 4 - - - o+ o+

long fracrRNA - - - - - + - - - - . +
shorttracrRNA - - + - + - - - + . + _
DR-EMX1(1)DR - + + + % + -+ o+ o+ +

120nt
110nt
100nt

90nt

80nt
70nt

60nt

50nt

40nt

30nt

FIG. 12A-B
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human | Rl
PVALB 5 i ] e ¥
locus: . : N

5'... CTGGTCTTCCACCTCTCTGCCCTGAACACCCAATCTCGGCCCCTCTCGCCACCCTCCTGCATITCTGTT . . -3
ROV SRR O B L PR R R P T R T L T
3'- GACCAGAAGGTGGAGAGACGGGACTTGTGGGTTAGAGCCGGGGAGAGCGGTGGGAGGACGTAAAGACM L8

PAM ..protospacer.1
otospacer 3 .
protospacer.2’
. 1kb
mQUSB‘ 5 1 ] . - ——— 3
Thiocus: ' " & HH-+iH 'ﬂ"_.,_,_,,!§;~“

protospacer.2

‘protospacer.1 AN
5. . ACCCAAGCACTGAGTGCCATTAGCTAAATGCATAGGGTACCACCCACAGGTGCCAGBGGCCTITCCCAA

FOLLL LR ORI L E TP TR R FE VLR L R e
3. . TGGGTTCGTGACTCACGGTAATCGATTTACGTATCCCATGGTGGGTGTCCACGGTCCCCGGAAAG GGTT

AGTTCCCAGCCCCTTCTCCAACCTTTCCTGGCCCAGAGGCTTTCCCATGTGTGTGGCTGACCCTTTGA .3

HIIHIHHIHIIHIHIIIIIHHIHIIIHIIIIIIHIIHIHHIHH!IHHIII

TCAAGGGTCGGGGAAGAGGTTGGAMGGACCGGGTCTCCGAAAGGGTACACACACCGACCTGGGAAACT .5
) prot(mpacsr 3

FIG. 13A-B
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human ﬂ’.
EMXT 5 —i} e 1 3
locus  eee-tTTT T

-
-~
-

S~ . TTTTCTAGTGCTGAGTTTCTGTGACTCCTCTACATTCTACTTCTCTGTGTTTCTGTATACTACCTCCTCC.
HHH!HHIHIHIHIlHHIIHHIIHHHIIHIHHHIHH!HHHIHHH

3°- .. AMAAGATCACGACTCAAAGACACT GAGGAGATGTAAGATGAAGAGACA ATATGATGGAGGAGG . .
T protospacer (16) paM protospacer {15)

FIG. 14

-3



25/109

Genomic
Primer name Assay Primer sequence
Target
SURVEYOR ;
Sp-EMXI1-F ' EMX] AAAACCACCCTTCTCTCTGGC
assay, sequencing
SURVEYOR
Sp-EMX1-R ‘ EMX! GGAGATTGGAGACACGGAGAG
assay, sequencing
SURVEYOR
Sp-PVALB-F ‘ PVALB CTGGAAAGCCAATGCCTGAC
assay. sequencmg
SURVEYOR
Sp-PVALB-R ‘ PVALB GGCAGCAAACTCCTTGTCCT
assay, sequencing
SURVEYOR
Sp-Th-F ‘ Th GTGCTTTGCAGAGGCCTACC
assay. sequencing
SURVEYOR
Sp-Th-R Th CCTGGAGCGCATGCAGTAGT
assay, sequencing
SURVEYOR
St-EMX1-F _ EMXI ACCTTCTGTGTTTCCACCATTC
assay, sequencing
SURVEYOR
St-EMX1-R EMX! TTGGGGAGTGCACAGACTTC
assay, sequencing
Sp-EMX1- RFLP,
EMX1 GGETCCCTGGGTTCAAAGTA
RFLP-F sequencing
Sp-EMX1- RFLP, _ ,
EMXI AGAGGGGTCTGGATGTCGTAA
RFLP-R sequencing
Northemn Blot Not
Pb_EMXI1 spl , TAGCTCTAAAACTTCTTCTTCTGCTCGGAC
Probe applicable
Northem Blot Not
Pb_tractRNA CTAGCCTTATTTTAACTTGCTATGCTGTTT
Probe applicable

FIG. 15
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ue GBh  NLS SpCas9 bGH pA
' ~ chimeric: RNA ’ :

C A s

4
X4
»”

chimeric RNA architecture

guide sequence (20 bp)
5’ NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAGA
“TLETe THHD A
+54

AGUUCNWCUAUU@CCUGAUCGGAAUAAAAUU CGAUA
A GAA

FIG. 16A
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23/10Y

protospacer 4(PVALB) protospacer 5 (PVALB)

oo oA

chimeric RNA

\

3 183 49.9 25.1 397

FIG. 16C
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; - . . rgp‘g{xheu;al protein
s = Csnlfamily CRISPR-
g — _hypothatical prérai
N Lfamily CRispg:
L family crys
\teq'p,

P

Mo S
A
T
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SpCas9 mutation positions
hSpCas9
5 ATGGACAAGAAGTACAGCATCCGCCTGGACATCGGCACCARCTCTGTGGECTGGELLGTG
o 1 | | ) 1 I . ] 1 ] [l | ] 1 60
lllll"_lllll'vvllllllllll'vllllllvllllllllllllY"l]lY"'lll!l
° D10}
M D K K Y S I 6 L D1 6T N S V G WA V.
° 1 2 3 4 S5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
(]
5
° 120
(-]
I T D E Y K ¥ P § K K F K Y L 6 N T D R
1 T 1 i T I | ] | I 1 1 ] 1 1 ¥ I 1 1 1
° 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
(-]
5 CACAGCATCALGARAGARCCTGATCGEAGCCCTGCTETTCGRCAGCGGUGARRCAGUCGAG
o N Il 1 1 | l l 1 1 1 { 1 { 180
IIVI‘I|IIIIIIIII|II‘II|IIII|III\|Illl|llll|lIIl|IIIl[IIII|]]|lI
o . = ,,
H § | K K N L | G A L L F D S 6 E T A E
° 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 ST 58 59 60
o
g GUCACCCHGCTGARGAGARCCGCCAGRAGAAGATACACCAGACGCGARGARCCGGATCTGL
-]
Q S
A T R LU K R T AR R R Y T R R K N R I ¢
o 1 H 1 1 | ¥ ! 1 ] 1 T ] 1 1 -1 1 1 ] T 1
61 62 63 64 65 66 67 68 69 70 71 72 73 14 75 76 77 78 79 80
5 TATCTGCAAGAGATCTTCAGCARLCGAGATGGCCALGGTCGCACGACAGLCTTCTTCCACAGA
° R B e o B B S T 11
] 7
Y ¢t @ E I F S N E M A K ¥V D D S F F H R
° 81 82 83 84 55 8 67 86 8 90 91 92 93 94 95 95 97 98 99 100
[+

FIG. 24A
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hSpCas9
s CTGGRAGAGTCCTTCCTGGTGGRAGAGCGATARGARGCACGAGCGGCACCCCATCTTCGEC
o ....}.:..{....}....{:...}'..7.:}...;}::::{::::{:,:;{:;::{:::—:—NL
° e iy inspeass il

L. E E S F L V E E D K K H E'R H P I F 6
o 1 1 T L ) T T T T 1 1 1 T 1 1 T 1 i ) 1

101 102 103 104 105 106 107 108 103 110 111 112 13 114 115 116 117 118 119 120
° .
5 RARACATCGTCGACGAGGTGGLCTACCACGAGAAGTACCCCACCATCTACCACCTGAGARAG
° e o A B L e N e s B R L RN
[+ i % k A ) 4

N | v D E V A Y H E K Y P T I Y H L R K
° 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140
o
5 ARACTGGTGGACAGCACCGACARGGCCGACCTGUGGCTCATCTATCTGGCCCTGHICCAC
° L e B o BB ARL LA LA A o B 2 e e o o
. —— —

K L v D S T D KA D L R-L I Y L A L A H
° 141 142 143 144 145 146 147 148 149 150 151 152153 154 155 156.157 158 159 160
]
5 ATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACA_ACAGCGAC
o T o o T SLa e LA B B o B
o

M | K F R 6 H F L { E 6 DL N P D N S D
° 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180
o
5 GTGEACARGCTGTTCATCCAGCTGGTGCAGACCTACARCCAGCTGTTCGAGEARRACCCT
° B B AR R A e s na e
Q

v D K L F | QG L VvV O T Y N O L F E E N P
° 181 182 163 184 185 186 187 188 189 190 191 192 183 194 195 136 197 198 199 200
Q
5  ATCAECGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCARGAGCAGA
o ‘
(-]
o 1 1 I I 1 1 1 T 1 1 1 1 4 1 | T T 1 ] 1

201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217. 218 219 220
-]

FIG. 24B
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hSpCas9
5'p CGGCTGGRAARRTCTGATCGCCCAGCTGCCCGECGAGAAGARGAATGGCCTGTTCGGCAAC
. | et . | : l
R L E N L | A QL P GE K K N G L F G N
© 221 222 223 24 225 26 227 228 229 230 23 232 233 24 235 N6 237 238 239 240
[}
5  CTGATIGCCCTGAGCCTGGGCCTGACCCCCARACTTCARGAGCAACTTCGACCTGGCCGAG
° e
. B TS oR S
L I A L S L G L T P N F K S N F D L A E
© 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260
o
5 GATGCCARACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGECAACCTGCTEGCC
. .
(-] : .
D A K L @ L S KD T Y D DDL D N L L A
© 261 262 263 264 265 266 267 268 268 270 271 272 273 274 275 206 277 278 279 280
L}
5 CAGATCGGCGACCAGTACGCCGACCTETTTCTGECCGCCARGARCCTGTCCGACGUCATC
o R H S TR
© J: £ i i i G % b % 5 i i i ot
@I G D QY A DULlLF L A A KNUL S D A I
© 1 282 283 284 265 266 287 286 269 290 291 292 283 294 235 336 237 298 299 300
(]
§  CTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCARGGCCCCCCTGAGCGCCTCT
0
L L S D | L R V N T E { T K A P L S A S
© 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 313 320
[+
5 ATGATCAAGAGETACGACGAGCCACCACCAGGACCTGACCCTGCTGARRGCTCTCETECCE
° B e S e e LA A A B B e a2 B S 8 o oo S
e e e e
© 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340
(-]

FIG. 24C
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hSpCas9

g

CAGCAGCTGCCTGAGARGTACARRGAGATT PFTCTTCGACCAGAGCARGARCGGCTALCGCC

N RS PR PR B gt
B S R e na e

[l |
L S I AL B L BB B IO

~
*

Qa e L P E K Y K E I F F D Q'S K N G
B T 1 I 1 1 1 V. T 1 L T 1. 1 Al 1 1 B T
341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 36D

GGCTACATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCGATCCTG
PR | P ISP B | PRI EPRSE Y I i g L
LI I N SO S B L N L L 0 L L LB L

L !
| LI

G Y | D G G A S Q FE E F Y K F | K P | L
L] 1 T T T 1 L) T T N L} ¥ T
361 362 363 364 365 365 367 368 369 370 371 372 373 374 375 376 377 318 379 380

E K M D G T E E L L N R E D L L R

T Y T T L ™" T T T T T T T T T T T T
381 382 383 384 385 386 387 388 380 390 391 392393 394 395 395 397 398 399 . 400

AAGCAGCEGACCTTCGACARCGECAGCATCCLCCACCAGATCCACCTGGGAGRGCTGLAC

1 } 1 ! [l | ) Il ! | | M|
vv|1I|||||-|v|||||:,|-||||||||||||||1I|]||11||||||||x|||~||||

K 6 R T F D N 6 S | P H QG | H L G E L H
T 1 ,| LIS 1 1 1 1 l‘ 1 1 1 L ] j ¥ 1 i | I T 1
4D1 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420

GCCATTCTGIGECGECAGGRAGATTTTTACCCATTCCTGARGGACARCCGGGARRAGATC

PN EFCIEA VS B N
-ttt T

! | ! | PR BRI ST B R |
LS I I L B I O [ O B I

A { L R R QEDF Y P F L K D N R E K I
1 o 1 T ) e § . 1 . T , . L s
421 422 473 424 425 426 407 428 429 430 431 432 433 434 435.435 437 438 433 440

GRAGRAGATCCTGACCTTCCGCATCCCCTACTACGTGGEGCCCTCTGGOCAGGGGARACAGT

P
1T

[N B
LI ot §

L A R G N

E K I L T F RI1 P Y Y V G
T T 1 1 ] I I 1 1 1 1 0. T T 1 L Ll 1 1 1
441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460

FIG. 24D
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hSpCas9

5
o

(-]

[-]

AGATTCGLCTGGATGACCAGARAGAGCGAGGARACCATCACCCCCTGGAACTTCGAGGAR

PN PRI T ST R U] B P | [P IR SR |
LN A L B B L B L L L B B B |

b I e O B Speass TR SR R S

R F A W M T R K S E E T | T P W N F E E
L 1 | 1 T 1 1 I i 1 1 1 ) i T 1 I i | I
461 462 483 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480

GTGGTGGACARGGGCGCTTCCGCCCAGAGC TTCATCGAGCGGATGACCAACTTCGATARG

T B o B B B B LA o o o o

v V. D K G A S A 0 S F | E R M T NF D K
T L T T T T Al T T L 1 ¥ L 14 L] T L} T
481 482 483 484 485 485 487 483 489 490 491 492 493 494 495 496 497 498 499 500

N L ‘P N E K VL P KHS L L Y E YFT A

T T T T T T T T T T T T T Tt T T T T T
S01 502 S03 504 S05 506 507 S08 509 510 511 512 513 514 515 516 517 518 519 520

TATAACGAGCTGACCRAAAGTGARATACGTGACCGRGGGRAATGAGARAGCCCGCCTTCCTG

] ! L | | | |
=t e e

1

Y N E L T K ¥ K Y VT E 6 M R K P A F L
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hSpCas9
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Cas9 Expression.in Mouse Hippocampus (AAV)

Overlay

Cas9 Expression in Mouse Cortex (AAV)
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GFP DNA
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A
GAA repeat.expansionin FXNintron 1
GAA repeat: T T L
Transcription repression likely due to aberrant
o DNA structure or recruitment of heterchromatin
binding.proteins;to long.GAA repeals
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HA SaCas9
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Expression of SpCas9 & SaCas9 in N2a cells
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Purification of cell nuclei from brain

CamKII-GFP:KASH dissection of hippocampus

Nuclear membrane

H.GFP-+ US+CS GFP+ P3
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i intact nuclei pirification
density gradient FACS sorting
centrifugation
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pattern-
1 CCRNNNNNNNNNNNNNNNNnannonnnnnnnNNNNNNNNNNNNNNNNG GG
2 CCoNNNNNNNNNNNNNNNNnnnnnnnaNNNNNNNNNNNNNNNNnGG
3 OCk\NNNNNNNNNNNNNNNNmnnNNNNNNNNNNNNNNNNnGG
4 OCnNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNnGG
5 %NNNNNNNNNNNNNNNNNNNNNNNNNNNNnGG
6 (XkNNNNNNNNNNNNNNNNNNNNNNNNnGG
7 CCnNNNNNNNNNNNNNNNNNNNNnGG
8 GCnNNNNNNNNNNNNNNNNnGG
9 C&tNNNNNNNNNNNNnGG
10 CCnNNNNNNNNNNnGG
11 CCnNNNNNNNNNnGG
12 CCoNNNNNNNNnGG
13 CCnNNNNNNNnGG
U1 CCnNNNNNNnGG'
15 CCANNNNNaGG
16 CCuNNNNaGG
17 CCnNNNRGG
18 CCnnGG
19 COGG
0 GGCC
21 GGNNCC
22 GGNNNCC
23 GGNNNNCC.
% GGNNNNNNNNCC
Casy(WT) P Casg(WT) e
Cas9(D10A) + + =+ Cas§(D10A) + =+ +
left guide RNA  ~ L left guide RNA + -
rightguide RNA + + = right guide RNA
7 13 13
Pattern 2
CasB(WT) * « Cas8(WT). € +
Cas9(D10A) + + = Cas9(D10A) + +« +
left'quide RNA  + v+ F left guidé RNA  + + 4

right guide RNA + + right guide RNA- +" yos

Pattern 3 Pattern 4
FIG. 51
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20260
20261

20262

70263
20264
20265
20266
20267
20268
20269
20270
200
20272
20213
20274
20275
20276
20017
20218
20279
20260
20281
20282
20263

20285
20286
20287
20288
20289
20290
20291
20292
20293
20204
20295
20298
20297
20298
20299
70300
20301
20302
20303
20304
20305
20306
20307
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Reverse PCR primers for generating U6-guide RNA expression Cassette (pair with U6 forward primer)
AMAAAAGCACCGACTCGGTGCCACTTITTCAAGTTGATAACGGACTAGCCTTATTTTAACTYGCTATTTCTAGCTCTAAAACTCACATCAACCGGTGGCGCAGGTGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAMACTCACATCAACCGGTGGCGCAGGTGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACGAGGACAAAG TACAAAC GGCGG TG TTICGTCCTTTCCACAAG
AMAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACGAGGACAAAGTACAAACGGCGGTGTTTCGTCCTTTCCACAAG
AMMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGCTCTAAMACGTGGCGCATTGCCACGAAGCGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGC TC TAAAACCGAGBGCAGAGTGCTGCTTGGGTGTTTCGTCCTTTCCACAAG
AAAAAAGCACCGACTCGGTGCCACTTTTTICAAGTTGATAACGGACTAGCCTTATTTTAACTYGCTATTICTAGC TCTAAAACGAG TCCGAGCAGAAGAAGAAGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACGAGGACAAAGTACAMCGGCGGTGTTICGTCCTTICCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTYGCTATTTCTAGC TCTAAAACAGCAGAAGAAGAAGG GCTCC GG TGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAAGTCACATCAACCGGTGGCGCAGGTGTTTCGTCCTTICCACAAG
AAMAMAAGCACCGACTCGGTGCCACTTTTYCAAGTTGATAACGGACTAGCC TTATTTTAACTTGCTATTTCTAGC TCTAARACCCC TGGCCCAGGTGAAGGTGBGTGTTTCGTCCTTTCCACAAG
AMAMAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTC TAAAACTCCCTCCCTGGCECAGGTGAGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACGAACCGGAGGACAAAGTACAGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGCTC TAAAACAGGTGAAGGTGTGGTTCCAGGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTTGCTATTTC TAGC TCTAAAACGGTGAAGGTGTGGTTCCAGAGG TG TTTCGTCCTTTCCACAAG
AAAAMAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTC TAAAACGAACCGGAGGACAAAGTACAGGTGTTTCGTCCTTTCCACAAG
AAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGC TCTARAACCCCTGBCCCAGGTGAAGBTGGGTGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC TTGCTATTICTAGC TC TAAAACAGGTGAAGG TG TG TTCCAGGG TG TTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACGAGGACAAAGTACAACGGCGGTGTTICGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTIAACTTGCTATTTCTAGCTC TAAAACGGGAGGGAGGGGCACAGATGGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TC TAAAACCACCTTCACCTGGGCCAGGGGGTATTTCATCCTTICCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACACCC TAGTCAT FGGAGGTGAGGTGTTTCGTCCTTTCCACAAG
AAAMAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATT TCTAGCTCTAAAACCAGAGCAGCCACTGGGGCCTGGTGTTTCGTCCTTTCCACAAG
AMAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACCACCTTCACCTGGGCCAGGGGGTGTTTCGTCCTTTCCACAAG
AAAMMAAGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTICTAGCTCTAAAACCCCCATTGGCCTGCTTCOTGGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTTGCTATTTCTAGC TCTAAMACAT TGGCCTGCTTCGTGGCAAGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTC TAMAACTCC TCCTCCAGCTTCTGCCOBGTG TTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACCCTCCAGCTTCTGCCGTTTGGGTGTTICGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATT TCTAGCTCTAAMACATTGGCCTGCTTCGTGGCAAGGTGTTTCGTCCTTTCCACAAG
AAAAAMGCACCGACTCGGTECCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTC TAGC TCTAAAACGCAGCAAGCAGCACTCTGCCGGTGTTICOTCCTITCCACAAG
AAMAAAAGCACCGACTCBGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTIGCTATTTCTAGCTCTAAMACTTC TICTICTGCTCGGACTCGBTGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTTC TAGC TCTAAAACACCGGAGGACAAAGTACAAAGGTGTTTCGTCCTTTCCACAAG
AMAAMGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATITIAMACTTGCTATTTCTAGC TCTAAMACTCTTCTTCTGCTCGGACTCAGS TG TTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATT TCTAGCTCTAMACG TTGATGTGATGBGAGCCCTGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATITTAAC TTGCTATT TCTAGCTCTAAAACGGGCCAGGGAGGGAGGGGCAGGTGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC TTGCTATTTCTAGC TC TAAAACGG GAGGGAGGGGCACAGAT GGG TG TTTCGTCL TTTCCACAAG
AAAMAAAGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTTCTAGC TCTAAAACCCGGT TCTGGAACCACACCTGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTC TAAAACTCACCTGGGCCAGGGAGGGACG TG TTICGTCCTTTCCACAAG
AMAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTTC TAGC TC TAMAACTCACCTOGGCCAGGBAGBGAGGTGTTICGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAMACGTTCTGGAACCACACCT TCAGGTGTTTCGTCCTTTCCACAAG
AAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAAC TTGCTATTICTAGCTCTAAAACGGGAGGGAGGGGCACAGATGGRTGTTTCGTCCTTTCCACAAG
AMAAAMAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTTGCTATTTCTAGL TCTAAAAC GG GCCAGGBAGBGAGGGGCAGETGTTTCOTCCTITCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTTGCTATTTCTAGCTCTAAMACG TTCTGGAACCACACCTTCAGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTICAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACAGGTGAAGG TG TGGTTCCAGGGTGTTTCGTCCTTTCCACAAG
AAAMAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTAT TTTAACTTGC TATTTCTAGCTCTAAAACGAACCGGAGGACAAAGTACAGETGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTTGCTATTTCTAGCTCTAAAACCAAACCCACGAGGGCAGAGTGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTYCTAGCTCTAAAACGAGT TTCTCATCTGTGCCCCGOTGT TTCGTCCTT TCCACAAG
AMAMAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTC TAMAGGAGGACAAAGTACAAACGGCGGTGTTTCETCCTTICCACAAG

FIG. 52
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i {364 Fomene:
M1 s NG5 {mof.. AAAACCACCCTT CTCTGGCCCACTGTGTCCT ccmccc GCCATCCCCTTCTGTGMTGTTAGACCCATGGGAQCAGCTGGTCAGAGGGGACCC,
Framo LRI PIETR ICIIPL PLEIS L PALISLIIVAIEN [EMEXGIUATIA Q: LP
TTTTGGTGGGAAGAGAGACCGCGTGACACAGGAGAAGGACGGGACGGTA(‘GGGAAGACACTTACAATCTGGGTACCCTCGTCGACCAG CTCCCCTGGG!

® 10 F.] 12 140 13w 1% ] 480 130
EpagEn D
e bm.m.uesm ('G(‘CCTGGGG(_(‘CCTAACC("I'AT(‘TAGCCT(‘AGTCTT(‘CLATCAG(‘.(‘ TCAGC: TGA(‘-TGTTGAGGC(‘CCAGT(.GCTG(‘T(‘TGG(GG(‘C‘I’ T
YRESPOHGIIEATH PIEINGUPL PUEQEY SIS T B S AWAEGAR PR P
mwm G(.CGGACCCcGGGGA‘l"l“GGGAT:\CATCGGAGTCAGAAbGOTAGTCCGAGAGTCGAGTCGGACTCACAACTCCGGGGTCACCOACGAOACCCCCOGAGGA

% 2p 2 ' % %0 % 70 % %

AT K HEGE
C'ICAAAGAGTAGACAC GGGGA GGGAGGGACCGGGTCCACTTCCACACCAAGGTCTTGGCCTCCTGTTTCATGTTTGCCGTCTTCGACCTCCTCCTTCCC

%0 3 X0 k< ¥ % ¥ k] k- %

hEMX‘ TM(M CCTGAGTCCGA(‘("AGAAGAAGAAGGGCTCCCATCA ATCAACCGGTGGCGCATTGCCACGAAGCAGGCCAATGGGGA ACAT T(‘-’I’(‘ACCTCCAAT
PRERENL S RESRORY LEKGHGIAS! [ZENZR AW RETEIREAE T IKTIQUTAY 5 VAT
quumqi GGAC'ICAGGCI'CG'ICFTCTT(,'I’T(.CCGAG ¢ AGT(:TAGTTGGCCACCGCGIAALGGTGCv CG'ICCGGTTACCCCFCC (:TAGCTACAGTGGAGGTTA

“ 440 Q “w 4 H “ an “ -

hEMX\ TW_NGSM GACTAG (‘:G'PGGGCAACC (‘MACCCACGAG GGC AGTGCTGCTT G(’TGCTGGCCMJGCCCCTG C: GI'GGGCCCMGCTGUACTCTGGCCAC‘I CCCTGGC.
Ry AL G QA PR A EWETAT = LG
Ouml CTGATCC(‘M‘C(‘GTT(‘GTGTTTGG(‘TG(‘TC(‘("GTCT(‘A ACGAACGI\CGA(‘C(‘GTCCGGGGAC(‘CACC(‘GGGTTCGA(‘(‘T(‘AGI\C QGTGAGGGACCG

50 50 5o 5p 50 % 5% 5 S S0

hEMX‘ YMnua NGS (mod.. CAGGCTTTGGGGAGGCCTGGAGTC TGGCCCCA G! AAGCCCGGGGCCGCC TGA AGAGGGACAAGCMTGGG CTG GCCTGGGAC
A S S e AM A A T GRg SecToaeag
GTCCGMACCCCTCCGGACCTCAGTACCGGGGTGTCCCGAACTTCGGGCCCCGGCGGTAACTGTCTCCCTGTTCGTTACCCGACCGACTCCGGACCCTG

&0 510 & &0 L &0 60 LS L

“NEMX1 Tgotoois NGS(med.. CACT GG CCTT(.TCCT(,(:G GAGC! ‘TGct,TGCCTOGGC(-OGCLCGCLCG(,LA(,cacAuccchcAoﬁi gCECTCLGTGTCTCCMT cTCC.
Frama el S BERA 18T LGP A WEL AR G PRI PR ATD T A STATLE STV SR, WSQ
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Tet3

efficiency: 20.2% 304% 23.7%

Cas9 TETs gRNA  control animal

FIG. 59

Dnmt3a

Dnmt1
Dnmtéb
Dnmt3a
Dnmtt
Dnmt3b

effclency: 16.6% T60% 35%
Cas9 DNMTs gRNAs  control animal

FIG. 60
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Mecp2 Cas9/Syn GFP-KASH Mecp2 Cas9/Syn GFP-KASH U6-DNMTs gRNAs

FIG. 61
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hSyn_SaCas9 (HA) SaTETs2.15 gRNA

_SaTETs2.15 gRNA

hSyn_SaCas9 (HA)
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" .bGHpA b HY wvmamc 1Syregsn GFP K/GH bGHA
)R 3:400 bp TRE) DEAEIOIMR

ISpCas9-HA |



101/109

S0

¥
Q
-

equwug
u101d pioy abuueyd

v

uingny,

sl mm0s

egluug

HSVYX-d4D-

¥ =051

vH-6sedds’

egawug

'1UJUGVNE Xg

gsedds/egiuug
ploj abueyd

/658D

6sedds

FIG. 65



102/109

Dnmt3a

Dnmt1

Dnmt3b
Dnmt3a
Dnmti
Damt3b

160

110 Dnmt3a

60 =

Sun2

| Ponceau

efficiency: 186% '15.2% 3.5%
Cas9 DNMTs gRNAs  control animal

FIG. 66



103/109

FIG. 67

GFP-KASH
[Tubulin

18%: 14%,

12%



104/109

]

GFP-HASH

confocal

-

conifocal

o ven

€ SaCas9 SpCas9
cytoplasm nuclear cytoplasm: nuclear.
-+ -+ -+ - %
250 wm [
150 e
100 ==

37 ==

anti-HA

"l anti-Sun2

anti-Tubulin

FIG. 68 ' .




105/109

 45kb
] A

mR CMV »SaCas's_NLSl HA\bGHpA U6 sgRNA TR

AAV-Sa-Cas9 vector:
CMV-SaCas9-N LS#HA»U_G—ngNA

A3k

ITR TBG SaCas9NLS HAbGHpA UB sgRNA ITR

Liver-specific AAV-Sa-Cas9 vector:
TBG-SaCas9-NLS-HA-U6-sgRNA

| 4.1kb
i . i

ITR EFS SaCas9NLS HAbGHpA- U6 sgRNA ITR

Alternate AAV-Sa-Cas9 vector:
EFS-SaCas9-NLS-HA-U6-sgRNA

FIG. 69



sgRNA:

106/109

NLS-SaCas9 SaCas9-NLS

FIG. 70



107/109

A A b i oA b AR

v it

B P g -.lu

b4 Old

m<zm~

l'iez mxmoa
lzez eas0d
_mnwhmxwoa

B &

o

o 1

7

xcmmcww

T £ S A

lgez sas0d
19tz exsod

RO

A b ARSI S Wi

NI N AR AR i V€S8 g 2N

[REO—

s
B
4
%
¥
m
H
b
®
H

6%s9d
yzdsn:



108/109

231 232 233 234 235 236

FIG. 72



MLE

- 0.06-+

109/109

SpCas9 vs SaCas9 Genome Wide Off Target

) SaCas9

0.10-

0.08+

0.04+

0.02+

0.004rr ! + .
PO HYHDHUK dhhbbidebde Dbebedebebededededbide hix >

Num seed mismatch

FIG. 73



