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2xNLS-SpCas9 + + + + +

SpRNAselll - + + - +

shorttracrRNA - + - + +

DR-EMX1-DR + - + + +
684bp p
367bp »
317bp P

indel (%): 47 50

FIG. 2D
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. .CTGGAGGAGGAAGGGCCTGAGT.CCGAGCAGAAGAAGA.

RESIRRARRRRARRANRY
. .GACCTCCTCCTTCCCGGAC

T

5 .
mi
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GAGUCCGAGCAGAAGAAGAAGUUUUAGAGC . . - 3'

GAGUCCGAGCAGAAGAAGAU
GAGUCCGAGCAGAAGAAGUA
GAGUCCGAGCAGAAGAACAA
GAGUCCGAGCAGAAGAUGAA
GAGUCCGAGCAGAAGUAGAA
GAGUCCGAGCAGAUGAAGAA
GAGUCCGAGCACAAGAAGAA
GAGUCCGAGGAGAAGAAGAA
GAGUCCGUGCAGAAGAAGAA
GAGUCGGAGCAGAAGAAGAA
GAGACCGAGCAGAAGAAGAA

mismatched spacers

684bp »

367bp »
317bp »

indel (%) 56 75 8.8

EMX1

locus 3" -..GACCTC!

Ieﬂ TALEN bmding sute
human §'-..CTGGAG GCCT

&mVqMJCCCGGACTCAGGCTCGTCTTCTW

protospacer (1)

a5

9.7

GAGGGTA.

5!
-
»

right TALEN bindmg site

FIG. 3A-C
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TALEN | chimeric RNA crBRNA control
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FIG. 3D



9/109

g-v¥ "Oid

oAany

gt 9v €6 (%) epul

«dazie
<ddgsoge

-q dqygg

VNY Juswiyd
ugsends
gsends

SN ugseDdsy SN ©i43 VNY an
ouBwiyod



10/109

C

human EMX1
locus

HR Template

D hSpCas9 + -

hSpCas9n - + -
HR template 4 + "
2281bp »
1183bp
1092bp S

HR (%) 0.70 0.46

oy

E |

. 5‘ ;i : LA

AR AR
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FIG. 4C-E
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short tracrtRNA
”6i I (89bp)
"""""" 1, northern blot probe target =~~~ _

. GGACGAAACACCGGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGG
CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTITT..
U6 terminatot

long tracrBNA
(171bp)

U6

-

-
- -
-----
-

. . GGACGAAACACCGGTAGTATTAAGTATTGTTTTATGGCTGATAAATTTC
TTTGAATTTCTCCTTGATTATTTGTTATAAAAGTTATAAAATAATCTTGTT

GGAACCATTCAAAACAGCATAGCAAGT TAAAATAAGGCTAGTCCGTTATCA
ACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT ..

U6 terminator

SpCas9 + + + +

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

684bp »

367bp p
317bp »

indel (%) 0.60 14 1

FIG. 6A-B
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- SpRNase Il + SpRNase lil
SpCas9 - - -+ + o+ - - -+ + 4+
long tracrBNA - - - - -+ - - - - - +
short tractRNA ~ _ - + - O - - + - + -

180nt
170nt

150nt

120nt
110nt

100nt
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A  streptococcus thermophilus LMD-9 CRISPRT

P
-

direct repeats

StCas9 St:tracrANA Cas1Cas2:Csn2 -spacer
- EFia  hStCas9 U6 -
B L I\ StUraciRNA
CrRNA 5. ‘NNNNNNNNNNNNNNNNNNNGUUEUUGUACUCU - CAAGAUUUAUUULY - 3
I T RN T
AGAAACAUCGAAGACGUUCUAAAUUCAUUG -5
‘ u
St-tracrRNA AAGGCUUCAUGCCGAAAUCAACACECUGUCAUy
LR PEETEEE Y
3" - AAUUUAUUGCUUU- - - UGUGGGACGGUAY
C human .2.52
EMX1 5 —il — 1% - 3
locuss L eee=TTT

e
-
-
-
LTS
- .y
- -
- -
- -
- -
-

TFTTCI'AGTGCTGAGTITCTGTGACTCCI‘CI’ACATTCTALI}I(‘.lUuI(:lIILIbTATACTACCI'CCTCC -3
FOEEEPRERV RN LB LEEC B CE DR R TR EEEE R EEET ELEEL T

3"~.. AAAAGATCACGACTCAR

GACA GIGA GGWATE!‘A’AG’AT GAAGAGACK CARAGACATATGATGGAGGAGG .- 5
AN protospacer @ 6) CPAN protospacer (15).

FIG. 10A-C
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SpCas9

long tracrRNA
short tracrRNA

DR-EMX1(1)-DR
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Ué DR EMX1(1) DR

- SpRNase lll + SpRNase il
- - + + + - - + +
- - - - -+ - - - -
- + - + - - + - s
+ + + + + - + + +

120nt
110nt
100nt
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o
e

i
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FIG. 12A-B




A human
PVALB
focus:

B mouse:
Thlocus:
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5'... CTGGTCTTCCACCTCTCTGCCOTGAACACCCAATCTCGGCCCCTCTCGCCACCCTCCTGCATITCTGTT. . -3
PEORERLCT R T O e R R TR R LR L PR R R T
3'-.. GACCAGAAGGTGGAGAGACGGGACTTGTGGGTTAGAGCCGGGGAGAGCGGTGGGAGGACGTAAAGACM -5
pAM pro ospacer.1.

otospacer:3
protogpacer 2

1kb

-
L
" -
-'u
-
.-
o
-

protospacer2

protospacer 1 AR
5., ACCCAAGCACTGAGTGCCATTAGCTAAATGCATAGGGTACCACCCACAGGTGCCAGGGGCCTTTCCCAA

FORLE TRV EECCE I PR T RO PR G e
3. TGGGTTCGTGACTCACGGTAATCGATTTACGTATCCCATGGYGGGTGTCCACGGTCCCCGGAAAGGGTT

AGTTCCCAGCCCCTTCTCCMCCTTTCCTGGCCCAGAGGCTTTCCCATGTGTGTGGCTGACCCTTTGA J3

IlIIHIlllllllllHIIHIIHHHIHIHHIHIHHllHIHIIIHHIIHHIH

TCMGGGTCGGGGMGAGGTTGGAAAGGACCGGGTCTCCGN\AGGGTACACACACCGACCTGGGAAACT 5t
: protospacer 3

FIG. 13A-B
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human .223'

2 H
EMXT 5 = — ——]] 3
locus 00 L eee==TTT el

S . TTTTCTAGTGCTGAGTTTCTGTGACTCCTCTACATTCTACTTCTCTGTGTTTCTGTATACTACCTCCTCC. . -3
R AN
TCAAAG TGTAAGATGAAGAGACA TGATGGAGGAGG . . -5°

PAM proioépégéf (13) T pam prbtospacer (15)

FIG. 14
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Genomic
Primer name Assay Primer sequence
Target
SURVEYOR ;
Sp-EMXI-F . EMX] AAAACCACCCTTCTCTCTGGC
assay, sequencing
SURVEYOR
Sp-EMX1-R _ EMXY! GGAGATTGGAGACACGGAGAG
assay, sequencing
SURVEYOR
Sp-PVALB-F _ PVALB CTGGAAAGCCAATGCCTGAC
assay, sequencing
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 _ EMX! ACCTTCTGTGTTTCCACCATTC
assay, sequencing
SURVEYOR
St-EMX1-R EMX! TTGGGGAGTGCACAGACTTC
assay. sequencing
Sp-EMX1- RFLP,
. EMX] GGCTCCCTGGGTTCAAAGTA
RFLP-F sequencing
Sp-EMX1- RFLP, A
EMX1 AGAGGGGTCTGGATGTCGTAA
RFLP-R sequencing
Northem Blot Not
Pb_EMXI1 spl , TAGCTCTAAAACTTCTTCTTCTGCTCGGAC
Probe applicable
Northem Blot Not
Pb_tractRNA CTAGCCTTATTTTAACTTGCTATGCTGTTT
Probe applicable

FIG. 15
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chimeric RNA architecture
guide sequence (20 bp)

5’ NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAGA
JRIRRE AR
+54
GUUCAWCUAUU@CCUGAUCGGAAUAAAAUU CGA

FIG. 16A
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SpCas9 mutation positions
hSpCas9
5 ATGGACAAGAAGTACAGCATCCGCCTGGACATCGGCACCARCTCTGTGGECTGGGCCGTG
o | N | |- ] | N ] Ly 1 R VNP BT | 1 60
T 'l’l IIll'lllllIlllllllll—llllllllllllIl'l""llilllllll'
Tinscns
M D K K Y S I 6 L D1 6T N SV G WA V
° 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20
[+
5'
° 120
-]
I T D E Y K ¥ P S K K F K ¥V L 6 N T D R
™ 1 ) 1 3 1 ¥ 1 1 1 I I 1 1 1 1 I I 1 || 1
21 022 23 24 25 26 27 28 29 30 3 32 33 34 35 36 37 38 39 40
[+
5 CACRGCAT A RGRAGARCCTGRATCGRAGCCCTGCTGTTCGRCAGCGGOGAARCAGUCGAG
° A"v'_"“"l e 180
0 R nsp L S
H S | 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
Q
5‘
(-]
Q
A R. R A R R T R R K N R c
o 1 { 1 1 ] i I 1 1] } | ] ) 1 B I 1 ] 1 1
B1 62 63 64 65 66 67 68 69 70 T4 72 73 74 75 76 77 718 79 80
5 TATCTGCAAGAGATCTTCAGCARCGAGATGGCCARGOTGCGACGACAGLTTCTTCCACAGA
° ettt 300
. R T T
Y L @ E « F S N E M A K V D D S F F H R
o ) ) ) 1 1 I 1 1 1] 1 T T 1 1 I ) T 1 1 I
81 82 83 84 85 86 &7 88 83 90 91 92 93 94 95 96 o7 98 93 100
[+

FIG. 24A
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hSpCas9
5 CTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGC
. : , o .
° i Ay e nSpCasy) : el o
L E E § F L VvV E E D K K H E R H P | F 6
o I 1 1 i 1 T 1 1 1 1 1 1 T 1 1 | 1 i ) 1
101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118 119 120
° .
5 ARCATCGTGGACGAGGTGGCCTACCACGAGAAGTALCCCCACCATCTACCACCTGAGARAG
o =t
o :
N { ¥V D E ¥V A Y H E K Y P T I Y H L R K
T T T T T T T T
° 15’1 1'22 123 124 125 12'.’6 157 1I28 129 150 1:151 1::!2 133 134 1&5 156 1'.1'57 138 139 1:10
[+
5|
[+]
©
(v}
o
g ATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACA:”GAC
o L e B B e o I o o I o o o B o ottt
(4] e
M | K F R 6 H F L I+ E 6 D L N P D N S D
o T 1 ¥ I ¥ 1 T ¥ ) I 1 1 4 T | | T, 1 T 1
161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180
-]
g GTGGACARGCTGTTCATCCAGCTGGTGCAGACCTACARCCAGCTGTTCGAGGRRARCCCC
o iiii1|||||I|lliiiiiiiiiiiillllIll-:iiifi?illllilllliiiiiiiiii}
o % gy
y D K L F | Q@ L Vv Qo T Y N QO L F E E N P
© 481 182 163 184 185 186 187 1B8 189 190 131 192 193 184 195 196 167 138 139 200
Q
5 ATCARCGCCAGCGGCETGGACGCCAAGCCCATCCTGTCTGCCAGACTGAGCARGAGCAGA
0o PRSI RSN W (S WS U S WOV ST SN A AAVI S SIS SN MU (VAN YUY W NN U SN AN NN T WA FUVUNN VA S AN NS S N SN0 M S WV RN S |
llll‘llllll||]‘[[ll'lllll'llllr'lll]ll'lllI'I]Ill'lllll'l"'l
o ’
{ N A S G V D A K A I L S A R LS K S R
o I T 1 ) 1 T I 1 T I 1 1 L{ 1 | I T T ¥ |
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 CGGCTGGARXRETCTGATCGCCCAGCTGCCCGECGAGARGAAGAATGGCCTGTTCGGCAAC
o ﬂﬂﬁﬂﬁ—hhhhkh+khkhh+h}khh#f+rkhfhPkkk++#+f++++++++++++++++++++
o BE AT D LINSpCass . R o M T
R L E N L | A Q L P G E K K N G L F G N
T T T 1 ) T 1] | ) T Ll 1 T 1 T | 1 1 ) i
° 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240
[]
5 CTGATTGCCCTGAGCCTGGECCTGACCCCCAACTTCARGAGCAACTTCGACCTGGCCGA:
L I A L S Lt G L T P N F K & N F D L A E
° 2:‘1 2;2 2;13 2:%4 2:15 2*6 257 2218 259 250' 2%1 252 2%3 2154 2é5 2%6 2é7 2l58 259 2é0
[}
5 GATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCC
° o e B o . o A I a2 B B B O e o o o
o = -
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Cas9 Expression in Mouse Hippocampus (AAV)

Overlay

Cas9 Expression inMouse Cortex (AAV)
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GFP DNA
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(s) 5. CAGAAGAAGAAGGGC . .. ACATCGATGTCACCTCCAATGACAAGCTTGCTAGCGGTGGGCAACCACARAC . . CTCTGR0CACTCOCT -3
ssODN Hindlll
repair template or
(a) - GTCTICTTCTTICCEG, . TGTAGETACAGTGGAGGTTACTGTTCGAACGATCGCCACCCGTTGGTGTTTG . . . GAGACCGGTGAGGGA -5
Hindill
C HEK HUES9
Repairtemplate:  sSODN (s ssODN (a) Plasid . $50DN(s)  ssODN{a)  Plasmid:

Cas9: WT D10A - 'WT D10A

WT D10A - WT'D10A

‘WT D10A.

543
R

£

Ll
o

HDR(%): 20 24 27 10 43 018 22 6.0

FIG. 30A-C
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Repair Strategy'for Cystic Fibrosis deltaF508 Mutation

A

1. tjﬁman CFTR
genomic:
locus'

B

2Zhuman
CFTRdelta508
“targeting
chimeric guide
RNA

3irepair:
template
for-deltaF508

mutation

CFTR géne -

6 T I K E N I | 6V S Y DEVYURTYR 8

500 501 602 503 504 505 506 507 509 50 511 512 53 514 516 516 517 518 519

5'- NNNNNN_NNNNNNNNNNNNNNGUUUUIFXG.‘\’(;}CUA_G:A

SULLTES LTI
GUUCAACUAUUGCCUGAUCGGAAUARAAUU CGAUA™

AT
AL GAA

AAAGUGGCACCGA
el 1116
3'- UUUCGUGGCY

GTTTCCTATGATGAATATAGATAC. . .

. TAATTTCTTTTATAGTAACCGAAACAAAGGATACTACTTATATCTATG. . .

repair-template:

| K E N I | G F V S Y D E Y R Y
502 '503 504 505 506 507 508 509 510 511 512 513 514 515 516 517

FIG. 31
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A
GAA repeat.expansion in FXNintron 1
‘GAA repeal. U TP C
Transcription repression likely due to aberrant
i DNA structure or recruitment of heterchromatin
binding.proteins to long.GAA repeals

FIG. 32
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Dnmt
targeting vector #1

CbH-SpCas9

11.9%
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39

7%
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Dnmt
targeting vector #2
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HA SpCas9

N RN T RSO G S

HA SpCasQ

HA SpCasQ

HA SpCasQ :

FIG. 37

5,675 bp

5,246 bp
5,062 bp
4,987 bp
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HA SaCas9

R O O Y O L A

HA SaCas9

T T P

HA SaCas9

mMecp2

HA SaCas9

rMap1b

HA SaCas9

HA SaCas9

srMaptb

HA SaCas9 ok

FIG. 38
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Expression of SpCas9 & SaCas9 in N2a cells

SpCas9

anti-HA

anti-Tubulin

anti-mCh

SaCas9 St1Cas9

anti-HA

‘anti-Tubulin

anti-mCh

FIG. 39
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SaCas9 gRNAs

1MT%  14%

FIG. 40
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SpCas9
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Purification of cell nuclei from brain

CamKII-GFP:KASH dissection of hippocampus

Nuclear membrane

4

tissue homogenization ,
KASH GFP + US+CS_GFP+ P3

Aokt O,
debris O 27
Q. =
< I
0y No—
‘nuclei pall
8 3
: o . ,,,'_.,-..- -236
30 i intact nuclei‘purification
densnty,grad‘_nent FACS sorting
centrifugation

FIG. 48
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-_-GFP signal
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pattern-
1 CCnNNNNNNNNNNNNNNNNanrnnnnnnnnnnNNNNNNNNNNNNNNNNG GG
2 CCoNNNNNNNNNNNNNNNNrnnnnnnnaNNNNNNNNNNNNNNNNnGG-
3 O&\NNNNNNNNNNNNNNNNnnnnNNNNNNNNNNNNNNNNnGG
4 OCnNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNnGG
5 OCnNNNNNNNNNNNNNNNNNNNNNNNNNNNNnGG
6 (X)nNNNNNNNNNNNNNNNNNNNNNNNNnGG
7 (X)nNNNNNNNNNNNNNNNNNNNNnGG
8 OCnNNNNNNNNNNNNNNNNrﬂG
9 COnNNNNNNNNNNNNnGG
10 OCnNNNNNNNNNNnGG
11 CCnNNNNNNNNNnGG
12 CCnNNNNNNNNnGG
13 CCnNNNNNNNnGG
14 CCnNNNNNNnGG/
15 CCANNNNNAGG
16 CCuNNNNGG
17 COnNNNnGG
18 €CnnGG
19 COGG
20 GGCC
21 GGNNCC
22 GGNNNCC
2 GGNNNNCC.
% GGNNNNNNNNOO
Cas3(WT) I Casg(WT) IR
Cas9(D10A) + + =« Cas§(D10A) + <+ +
feft guide RNA  ~ L left.guide RNA + A
fightguide RNA _+  + right guide RNA  +  +
8 14 13 7 13 13
Pattern 1 - Pattern 2
Cas9(WT) P Casg(WT). &+
Cas9(D10A) + & = Cas9(D10A) + +« =+
feft'guide RNA left guidé RNA  + + 4
right guide RNA
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right guideRNA- +° + +

3 o 4 2 10 5
Pattern 3 Pattern 4
FIG. 51
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20260
20261

20262 .

70263
20264
20265
20266
20267
20268
20269
20270
20271
70272
20273
20214
20275
20276
20217
20278
202719
20280
20284
20282
20283
70284
20285
20286
20287
20288
20288
20290
20291
20292
70293
20294
20295
70298
20297
20298
20299
70300
70301
20302
70303
20304
70305
70306
70307
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Reverse PCR primers for generating U6-guide RNA expression Cassette (pair with U6 forward primer)
AMMAAAAGCACCGACTCGGTGCCACTITTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACTCACATCAACCGGTGGCGCAGGTGTTTICGTCCTTITCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAMAGTCACATCAACCGGTGGCGCAGGTGTTTCGTCCTTTCCACAAG
AMAAMAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TC TAAAACGAGGACAAAGTACAAACGGCGGTGTTICGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTARAACGAGGACARAGTACAMCGGL GGTGTTTCGTCCTTICCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTICTAGCTCTAAAACGTGGCGCATTGCCACGAAGCGGTGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGBTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTC TAGC TC TAAAACCGAGBGCAGAGTGCTGC TTGGATGTTTCATCCTITCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC TTGCTATTICTAGC TCTAAAACGAGTCCGAGCAGAAGAAGAAGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTC TAAAACGAGGACAAAGTACAMCGGCGGTGTTICGTCCTTICCACAAG
AMAAMGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGCTCTAAAACAGCAGAAGAAGAAGGGCTCCGGTOTTTCOTCCTTTCCACAAG
AAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAMAGTCACATCAACCGGTGGCGCAGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTIGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACCCC TGGCCCAGGTGAAGGTGGGTGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGCTCTAAAACTCCCTCCCTGGCCCAGGTGAGG TGTTICGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATT TCTAGCTCTAAAACGAACCBGAGGACAAAGTACAGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGCTCTAAAACAGG TGAAGGTGTGGTTCCAGGG TGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTT GCTATTTCTAGC TCTAAAACGGTGAAGGTGTGGTTCCAGAGG TGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACGAACCGGAGGACAAG TACAGGTGTTTCGTCCTTTICCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGC TCTAAMAACCCC TGBCCCAGGTGAAGGTGGG TG TTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTICTAGCTCTAAAACAGGTGAAGGTGTGGTTCCAGGGTGTTTCGTCCTTICCACAAG
AMAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACGAGGACAAAGTACAAMCGGCGGTGTTICGTCCTTTICCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTICTAGC TCTAAAACGGGAGGGAGGGGCACAGATGGGTGTITCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCCTTATITTAACTTGCTATTTCTAGC TCTAAAACCACCTTCACCTGGGCCAGG GGG TATTTCGTCCTTTCCACAAG
AAMMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACACCC TAGTCATTGGAGGTGAGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGC TCTAAAACCAGAGCAGCCACTGGGGCCTGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTY GCTATTICTAGC TCTAAAACCACC TTCACCTGGGCCAGG GGG TGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTICTAGC TCTAAMACCCCCATTGGCCTGCTTCGTGGGTGTTICGTCCTTTCCACAAG
AAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACATTGGCCTGCTTCGTGGCAAGG TGTTTCGTCCTTTCCACAAG
AAMAAMAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACTCCTCCTCCAGCTTCTGCCOBGTG TTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACCCTCCAGCTTCTGCCGTTTGGGTGTTTCGTCCTTTCCACAAG
AAMAAMAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTC TAAAACATTGGCCTGCTTCGTGGCAAGGTGTTTCGTCCTTTCCACAAG
AAMAAAMGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTTCTAGC TCTAAAACGCAGCAAGCAGCACTCTGCCOGTGTTTCOTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACTTCTTICTTCTGCTCBGACTCGGTGTTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTTCTAGC TCTAAAACACCGGAGGACAAAGTACAAAGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTTCTAGC TC TAAAACTCTTCTTCTGCTCGGACTCAGGTGTTTCOTCCTTICCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAMMACGTTGATGTGATGBGAGCCCTGGTGTTTCGTCCTTTCCACAAG
AAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTTCTAGC TCTAAAACGGGCCAGGGAGGGAGGGGCAGG TG TTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTTGCTATTTC TAGC TC TAAAACGGGAGGGAGGGGCACAGATG GG TG TTTCGTCCTTTCCACAAG
AAAAAAGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTT GCTATTTCTAGC TCTAAAACCCGGT TCTGGAACCACACCTGGTGTTTCGTCCTTTCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTT GCTATTTCTAGC TCTAAMAACTCACCTGGGCCAGGBAGGGACG TG TTTCGTCCTTTCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTC TAGC TC TAMAACTCACCTGGOCCAGGGAGGGAGGTGTTICOTCCTITCCACAAG
AAMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTT GCTATTTCTAGC TCTAAMACGTTCTGGAACCACACC T TCAGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TCTAAAACGGGAGGGAGGGGCACAGATGGGTGTTTCGTCCTITCCACAAG
AAAAAAGCACCGACTCGGTGCCAC TTTTTCAAGTTGATAACGGACTAGCC TTATTTTAACTT GCTATTTC TAGC TCTAAAACGG GCCAGGGAGGGAGGGGCAGGTGTTTCOTCCTITCCACAAG
AAAMMAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT GCTATTTCTAGC TCTAAAACGTTCTGGAACCACACCTTCAGGTGTTTCGTCCTTTCCACAAG
AMAAAMAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGC TC TAMAACAGGTGAAGG TG TGGTICCAGGGTGTTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTAT TTTAACTTGCTATT ICTAGCTCTAAAACGAACCGGAGGACAAAGTACAGSTGTTTEGTCCTT TCCACAAG
AAAMAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTG TAAAMAGCAAACCCACGAGGGCAGAGTGGTG TTTCGTCCTTTCCACAAG
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTICTAGCTCTAAMACGAGT TTCTCATCTGTGCCCCGOTGTTTCGTCCTT TCCACAAG
AMAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTC TAGCTC TAAAMAGGAGGACAAAGTACAAACGGCG BTG TTTCGTCCTTTCCACAAG
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AAV-Sa-Cas9 vector:
CMV-SaCas9-NLS-HA-UB-sgRNA

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

Alternate AAV-Sa-Cas9 vector:
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