Last coding exon

a FBLlocus i
No DSB
xttegag acggactpgat
/ \Targan allele
At bt oral i s s mate

’ ot
mNeonGreen-24-Puro

CRIS-PITCh vector [(:'

No DSB

b Cc

5'junction tcacaggccaccccacagat

#B4 t.C
#C11 tec
#D10
#E8

3’ junction caagcccggtgectgacea

B4
#c11
#010
is

4. CRIS-PITCh#izk %t b FBL BnFE~DEMLT / v 7 A > (Nakade et al., 2014)
a. CRIS-PITCh X7 % — L EEREETFEE~D /) v 7 A >, b. BRFIENT. c. IR
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BEAEFBREMREMHE (BEOLEHAHEENIEERE)
(RHERAA AT 7 v P—F AR REOZEIETRERICET D)
SAR R EE

AR F R 2 BITIC B4 5 RETSE

WHe ot Rk
WA tE I8
WHZT R
BHDOZE R

ESRVALSE Siroh iV AU 5 e o ke i
[ S7E 5 B dn R AT 2R - (LS
ESZEFE R SR A IERT - ELAEED
@ﬁ@%uuﬁ&%?iﬁ%ﬁﬁ * Efﬁ?g‘ﬁ

WreE s

TR 2 il O AR Y T OBRRTE AR L CAh iRl B O RSN 2 B D &
L7248 RNA 7 A L R & =051k, a2 BAROE AR L 2FR~OME %2/
L7 RNA VA Lo v v 558, & - fi -~ TALEN, CRISPR/Cas9 HilF DA 7 EHEA T
W5, A% INLOERN, BESFICBOTHLIHEINAZ ERTFRIENTWALOD, 2 )
L TEH S7e GM A DR EMIC OV T ORI I Ty, 22T, Z2ENH6R%
B2 BR Z 1TV, ZORBERE S LRI FRoRMITEICET 2REIBSE L 2o TV 5,
AWFFETIT, BEICE R L TWD 7/ ARERIT TALEN, CRISPR/Cas9 (22T, fZRERAL T
f = AUWIERR off-target DEEEER/NZ — 1 | & ) A FICTEZ BZRICHOWT, HILEMIEE v
THET L7z, SN OHEIROBIERRT v VER LN T 272018 TKI Bl F2EEIC LT
A BLOES ) Ay — 0 U AT R AT o TR RE R RKIZEY TRKIBRTHS =%V
VU HERETE ST AR, A H XY LT —F I-Scel 35 L U CRISPR/Cas9 Ti& 10475 105
TH o7, £/, CRISPR/Cas9 #LHE Tix I-Scel MAEICH kb 525 10 3% kb DK & 7a R LD B4
Enrm, = bo—Lfila, I-Scel, CRISPR/Cas9 ALERAINIS L OV ARSI & DG, A
v 7T RTRE 281k, AR X UMM ERIC Y/ A EOEEFRIIOEIZ DV THRET L
Too Fio, LFAEEITO & & b2, FERORMARE 7ML X B2 A2 Y ORF R FR
PLRHRENR T DWW TEHE ST 7.

A. HFSEERY

R, BB L (GM) Bl SlIC g
B L. ZFN (Zinc-Finger Nuclease) (Z45F ¥
2010 FEEEIZE Y L7= TALEN (Transcription
Activator-Like Effector Nucleases)., & 512,
2013 FEIZ#HE &7z CRISPR (Clustered
Regularly Interspaced Short Palindromic
Repeat) 72 & DO REARE R 2 B,
RABMER E ORI EO LR 6T R
THHINDE LR o T, Fin, #EE
A< RADM (RNA-directed DNA Methylation)

DOWEEHWBEFTA L 7Ly,
7 N ETOUREEITOTICHEBRZ AW OE
A FIREIC 72 » T & 7z, TALEN X CRISPR
EEHic, BT LOEERSIE N TR OE
A E LR A ET Z & M x A&
), EMIBMERFTRE TH B Z &b, Thb o
MBZEZEOX IO EFdERTHI L
Wit DFEFAEL LTRD LN TS,

D OWRMRE G R X BT ICE, AT
X7 L7 —E¥ThHs ZFN, TALEN, CRISPR
EOIED, RADM 082 EARIZ L 5 RNA #ikl



IABIRTH ALy 2Rt o fY
RNA VA VAERAN =L DR ENRFEL, £
NHIZDNT, T S ICEHE L, 2O
TERBEE | ER O TEIE R b A O/ R
AR CTOERNLHE LN FBRE R, GE
% OB TEIIDOEWL EEFRE - AFE L T,
EDIHI BRI ENPFESNLD, ED LD
BB (GM) & LTS 2, GM
ELTHYBEICH IR EEREIIMZ 5
HEEZHDMN REEEBEXDNERS D, T2,
WA ARE S FAEER 2 T2 TR E N7
AL, EZETRENAIRED E D 22T
LRFTEIT) ZEBMLETH D,

T DERERNT ) K5 2D
T, EAELSI TR X 28I ORE (RX) ©
NE = F LT, FEFFRA N (offtarget
BhR) NEDBRERE D0, EOBREDOKET
BHIVUZ BRI L KRIT 2 OMN A DWW TRETT
HWENRH D,

ARHFFE T, B R T B 2 HfitoF T,
BIZESBZLWST ) ARERHITTH D
CRISPR % F.0ZAZRYERS5EIK (on-target)
DI 21T 5 & & BT, HIREER TH 5 I-Scel
DFER & BT Lo, —MRIT, 7/ LEESP
DNA UIWHEE HAE 1 ZEERE D O FLIE & TR
B L SREFESNTWD, 207, RERTIE
7 LBEFEERNEE THOT —F L O
LESGTHO T FEDZ ARSI TVD
b MfaEzfLE LTHWS Z LT LT

7 AREBRE B TUEERIT A
W2, bBREIND Z L offtarget UIETTH
Do TDIH, ZIVE TITR IR RBREH
SNT&E7=, EECY] (on-target) 7 5H#E
EIZA= v F2HHEF72 L on-target Bl )>
HHEW XN B offtarget B D IE AT,

-
—

EEOU

24

on-target BiFI & IZEEMED 22 Wb H R
A T AD I off-target AT DS HE STV 5,
WG, DNA2 KU E & - &l &
OO R TE SRR A AR L TRty — o =Y —
TEDOBEIRDHENTTHHDOTHD, Z11b
DFiEE AW IO T & 2HEIR. #ih
1% (B/h 0,1%) 713l EOEE Tl &
LETHDH, TNETIC, EHEE T, @
MR CIT 1 SRR, F7003 10 S AR E
DRIBLIOBEEOWARE HE(LTH
HZERRESNTVWD (BEECTEEZLE
).

L L7203 b V2 Mo r iR D &7
LRBEEEIC LD REEET LI NS
Zbhb, ZOD, 7 LARENRRD EE
Z HAVA R (BRE D55\ VEIK & IR B IEMED S
VR 7R &) ISR LT, R AR E L TR
FEE TR & 2B R ARY — U OENT 21T o 71,
Flo, INFETIERBEETEE 2ERIZONT
VIRAT S 72 2 & AV e, EEAGERNL T H LR
HARECTH DN BETE RV THRELL
BEE. 2T ) by— 7 = AN UM
XREETH L0, MEHEEIRSEL 2V, 207k
D7 SRR OBTER 222 1 2 b 2T
T A ARBE TR E 2ZE{bic oV THH
EMZTHZ EEHMIITo T2,

X BHlZ, Cas9 BRENESEME - 7LV A Ut
S DT DD F XD fRIERBREIT O 7o
2, Varverr hFZ oo 2fRE L, Cas9
DNLEERF CONREREIT o7,

BFRNE CIE RIS NIZER F T R
=y 7 EYOXEMAEEITo T,



B. ®FZET#E
1. 77 LfmEHINIC X 2 EaVE S O Yl
ENO/RN- Y &2

(1)=v FV.k F 7 v hEROH(DT40,
TK6, PC12) # AT, EAESNICR LT 3
WELINOD I A<y FESINERLED T/ L
BIFELRVD Dl &bz Y IS
FEE L2\ & 5 IZ3% R L7z CRISPR/Cas9 %
F T DNA2 REEIBr D/ % — it 247 -
7=, GGgenome (https:/gggenome.dbcls.jp/ja/)
& CRISPR design tool (http://crispr.mit.edu/)
EBEICHRET LT,

HERYELSIIE, DT40 #ifa <l AIFMI &=+
=% v 1, PC12 #lifd Tt Rosa26 {81, TK6
ff Tl TKI B FE2ERE LT, E0LEN
2 fE¥EH D CRISPR/Cas9 D gRNA % {ERL L 7=,
CRISPR/Cas9 D 7"Z X I NiX addgene 7>
SEEALZH O (pX330, pX458, pX459) (24
A K RNA (gRNA) ERYESI & TA AT,
B TFEAZ, PCI2 MfRICIZ Y RT7 =27 v a
1 (Lipofectamine 2000) T{T- 7z, DT40
BLOTKG fifaiL, 2D L7 bR L —
23 ¥ (Amaxa nucleofector II, Lonza AG
7213 NEPA21, R > /Xv—0) ZHERL T,
BASHNZ B AZDEDOEI T Amaxa & HV Tz,
AT GFP ~y Z—%ar ba—/L [
WTCHERR LTz, BT E KV ESICT 272012,
DT40 3 L OV PC12 Mg TIE, Bl FEA 24
BRI E 2a—V <A Nl kD B FEA
R DOBINAATV N, 72 BRI MR 2 [ L
7=, HIRa7A>5 DNeasyBlood and Tissue kit

(Qiagen) ZHWTHIH L7245/ A DNA %
BN U CLUERBLA = ek 2 HighFidelity
AU AT —EBCTPCR¥EE, an=—fbL7#%
(Z illustra TempliPhi DNA Amplification Kit

25

(GE ~WVATT) VT — 7 = AT
EiTolc, £, Milao s n—AbLizb oo
I T AR, Ko n—r &
QuickExtract (Epicentre) T DNA HhitH L7z
LDE— T T AT LT,

(2) TK1#&{EF=xY 40T LV

(allelA) CEEZF->vt b TK6 Mifalc, &
5—FHDT L (allel B) =% Y 5 Bk
80bp 12 I-Scel "1 % &¢r 31bp ZEA LT
TSCES5 Hifax# EBIZ Az, I-Scel ¥4 &
ZIE[F— D EHC CRISPR/Cas9 DIERYH 1
N&2ERE L, I-Scel & & 12 DNA2 R DI
EREITo7z, TK 7 v EAICHW A HifaH o
TRV B REEEFOMIEE BRARIERRE LT
Ny 7 750 FERBHEMZ D120, H5
22U 2 BHLULE HAT @43 %17 - 7=, Mutation
frequency (MF) ZHE T 572012, 1 0HHEE
H1= Y 96 X7 L — FERKA 30 Hez VT
U7 nvdaF IV UoEAEK (TFTD) 2170vw=—
¥V 5 DRE LT E SHEL T,

(3) (2) OEBRTHBELMBANG, 7/
2 DNA % LT, Nanodrop CTHEEEE
FEHUEE 2 TR L 7214 (260/280, 260/230 7% 2
LI E). Quant-iT dsDNA assay kit T 2 A
DNA OREZENXIEICEIVEE LT, IR
B— BT DI FERES &2 & 7 kb
FaiciEla: PCRIRL T, £ON 0 FamE
55 F DNA B » 7 % VT Agilent 2100
Bioanalyzer THAT L7=, £7=., 7/ A DNA
1, kit —27 = % —Illumina
Hiseq2000 TEY / M 1T T2, o7
LBHT-0 11 Y — K (1100 BEE) »Eoh
. Honm—7 2 A7 —# 1%, lllumina



Isaac fig#T >/ 7 & (Issac aligner 33 & Of caller)
Tv v B 7 BIOEE 22—/ (SNV, Indel,
SV, CNV) %17~ 7=, CLC genomicworkbench
(ver8.0.1)® clc mapper Z iV THt b7/
Ly BV 7 E BB ATV LT,
¥ 72, HumanOmni2.5-8 v1.2 %\ 7=
BeadChip (2 XA E—XT7 LA BT TV = /

H AT %{TV SNP X CNV (copy number
variation) D E{To7-, = v B 7T —
Z 131GV & 721X Tablet % F VT ELEGHRMT L 7=,

(4) 7T LT R X OEEIZ SN TOHRIA
EAFD IO, RIBE ) OIER Ui 2
Cas9 # VT, NLBRLIRIZ X 5 itk
BE1To7=, £72. Cas9 BnFRa— RT3
NRTFROT LT AOFREIT> T,

1) #A#ex Cas9 OVERL & iEMERIE

HAH 2 Z T OFEBL BRI OVEMERIE X
SZETH) OFEICESNTITo 7,

Cas9 (25nM) & A K RNA (gRNA, 25
nM) ZUi ANy 77 —HT3TE, 1657 L
A Fax—F LI ENLELTOTE F AR
—H—2 77 ZI K (5nM) M2 THIL%
BAsA L7z, 3047, 60 wBEICH 7 U7 LT
T A0 — A7 VEKVKENT X o Totr Lz,
LAS4000mini & Image Quant TL (GE ~/L
ARG T Vx0T A—R—a A VA
V=7 —Bo75 23 ROEIGERDT,
gRNA OFEF1X : 5° -AUAACU CAAUUU
GUAAAAAAG UUU UAGAGC UAG AAA
UAG CAA GUU AAAAUAAGG CUA GUC
CG-3’, 71 hAR—H—2 FF 2 FIZLLF
DOEcH % pUC19 @ Sma l A MIHAIAA
72 . 5-TTA TAT GAA CAT AAC TCAATT
TGT AAAAAA GGG TAT TGG GGAATT

26

CATTA-3. % AT 472y ha—LOERIZ
X, 7 A=Y —2 7T 2 FobYiZ
pUC19 #ff~ 7=,

2) Cas9 O NLEKRH T ooy fith s % Lo
TOX ST o7, FAERBRES 1k, pH1.2 (B
#{kZ Cat. No. 11500-76) 1T 0.32% <72 >
7 & BREER S (/=T KU »F Cat. No.
P6887-250MG) WML CTATLEIKRE L,
Z 242 Cas9 M AT 50 ul ORISR AR L
e ZNE STETA ¥ a—hL7T,1,3,7,
15, 30, 60 Y7 Y 7 L, Na2C03 i
MAZ TR ZEIED T, 0 ZIZ OV TIEATLER
£ Na2C03#%1ZCas9 &Mz 7=, 21 5% CBB
Gutt Cofr Lz, /o, 2 hr—)LERRE L
T, UVMET VT I (BSA, v 7~) LB
Ty N7y () AW TCEEER
EBREIToI,

3) T —HR—=RERNWET LILF UEOR
RET-1-, & MAIC=2 Pkl L
Cas9 X7 LA F REINIZE LM 206157,
Z DOEeF % GENETYX Ver. 12 # v T7 2
J RSN R IR U e, BRROZ T 6 LT, &
VAENO AT ) =T 4 T T L — A

(ORF) 1-3 #1587, Cas9 13 ORF1 IZFEY7
D, T TR AEND ORF4-6 2757, T
LIVF AL D 5 T F RELTT I /B
FRE 20 mer L EOR S OYEBRATE, 728,
BRtG= N2 ATG 25372< Th Kwnve L,
Sliding 80 mer window search (& Structural
Database of Allergenic Proteins (SDAP,
https:/fermi.utmb.edu/SDAP/sdap_who.htm
) ZRIALTCHEER —35%LL 2Bt L

7=, 8 mer exact search {% Allergen Database



(http//www.allergenonline.org/databasefas
ta.shtml) Z#H L7, 6 mer exact search I%
SDAP #FIf L7-, TN HDOMRBTHMEL 72 o
TSN BT VLT AR DB &R
TR T—NHLBE BRI,

BN

1) Jinek M., Chylinski K., Fonfara 1., Hauer
M., Doundna J.A., Charpentier E. A
Programmable Dual-RNA-Guided DNA
Endonuclease in Adaptive Bacterial
Immunity. Science (2012) 337, 816-821

2) Mali P., Yang L., Esvelt KM., Aach J.,
Guell M., DiCarlo J.E., Norville J.E.,
Church G.M. RNA-Guided Human

Genome Engineering via Cas9. Science

(2013) 339, 823-826

(5) CBFEA (HH# 2 BW)
- AEBICHWET —F N2
3 O>DFT —H~—RA (SciFinder, Google
Scholar, PubMed) ZF|H L 7z, AEIT 2011
FICRR SN ICOR R 2t Lz,
F—T— FZ2ONT
PubMed : transgenic animal, GMO
SciFinder, Google Scholar : transgenic ¥ 7
12 GM 7° 7 2 ERIDOEM4 (pig, cow or cattle,
chicken, fish, goat, sheep, rabbit, quail,
horse, shrimp, prawn, octopus, devil fish,
squid, crab, soft-shell turtle, shellfish),
ZA MVEBEENLRET D CRR T
R EEBHE LT, BADH D WDITHERET. A
ENE., BFRE, BETHREER EOEREY £
LOT—EBREER LT,
DT T4 IR LT —E (LT
ZFN). TALEN, CRISPR 23%I|H &1 CT1ERk

SN 2 BT OV T DR SRR A
SciFinder, PubMed Z#FIH L TiH-~<7=, 2010
FELIBEIZRE DRI E G & LT,

(6) RIARE I FHEIRZ BT ORBN SN T
DOFEEDIRINAE
ARG 2 F AT O BANT B89 5 H R & X
E£9 57201, EU fiEZEoMic, MY
(Central Committee on Biological Safety
(ZKBS, AWsHLetEiclIoHhRER
2)), A—A U7 (Bundesministerium fiir
Gesundheit ( # M fr & & ) B L O
Umweltbundesamt GEHERERF)), 47 &
(The Netherlands Commission on Genetic
Modification (COGEM, i#fxF#A#E 2 1ZB3
HEEZ))., A XU A (Advisory Committee
on Releases to the Environment (ACRE, %
BRI BT 5F6MERR)) A —A T U T
(Food Standard
Australia New Zealand (FSANZ, & f5hE%E
W) ORVvarLR—bh BLOSTH
(Canadian Food Inspection Agency (CFIA,
BAARETT) & Health Canada (HC, fREA) ) .
7 AU 71 (Environmental Protection Agency
(EPA, ®RERET),
Administration (FDA, &&mERLR),
Department of Agriculture-Animal
Plant Health
(USDA-APHIS, BBESEYRER)) O
HEMRET DL EBIT, 2014 F 10 HETO
Nature, Science 72 & OFRVZHEZE D & A
R BINICBET 2 3mC A A L CHATRY 70 8
HEMBEAZHALIC L, £70, BREAHE
2 B 2 RO T AR E OB F R OWNT
T,

—= a2 —Y— 7 v F

Food and Drug
US
and

Inspection Service



C. WMIERRBLUELE
1. 77 MERELTIC K HIRRYELSI OBl L

ONT /) iz 58

1) BERSRE— 2 DT

AR TR % B fiT oo o ¢ BUE IS FIA
SNTETWDT / LfE%E (ZFN, TALEN,
CRISPR/Cas9) 1ZoW T, FDiEHeA4 7 ¥
—7y MIBIZ DWW T ZNE TICE L O#FE
WHY N T ADIRNFT 2 —5 > Mg D
WD ERECS D S ITHER T E 2O D
RHNATWD, TIT, 7/ LMRERIROFR T
Y VERIAT A1 OREEIT o7z,

DT40 #ifa ALFMI BinFE—Tx Y %1%
BINZT A L7 A R RNA (gRNA#3, #7)
DOH T, UIWETEMSEEZ R L7 gRNA#T 13,
CRISPR design Tool % FAWT»/ /J A E®D
off-target ZR¥E L7z & Z A, 220 EATTE/E L.
Z 05 BBET LICiT 39 EETFEET 5281
ZREABEI R~y FORDERNESND
TR SN LEH TIIREEITHVEBION
7z (Fig. 1 and Table 1), R/ XZ — > OfEHT
b, 32 fEH 3 AR LD 26 E, 4 HEEXK
2 1A, BES LETHo 7=, REKEZ, VT
b ATG Bith= R OREES -1k 7 L—L
7 MIXYBMERTFD ) v XU NGE
<&/ (Fig.2), &z, PCl2 #ifa% VW&
BF/ w4 DE—Fy N LTHLILD
~ U A Rosa26 F8[E A EERECSNIC L CE
RO ERZIT>7, gRNA % 2 FHpTa%et L

(Figs.3 and 4). &M%~ L7- gRNA#21 12
21T CRISPR design Tool & VT4 / A L
@ offtarget ZMRE L7 Z A, Him LoD
off-target V-1 MI£S / A kiZ 323 BFTfE(E
THN,FD)BBETEICHD DR
7= (Table 2), ZEHE \Z— KT 6 BF AT

28

X7 BLU 103 EEDREDIT 1 £72
BEOBADR G (Fig.5), TK6 #H
falz >\ Cix, TK1 B1isT OERIESE D
EEMNGEE SN, 728, TK6 Hilax Az
FRATIZ, LD TK 7 > A & BHEd 5 72D
W Thd. LEOFERNL, EF 7 DNA &
EHREBERELIMBEE AW EE1T,
CRISPR/Cas9 iz L » CFHFEINAHUIW & —
EFEI 2~ BERKDBFLTHY . T A
WELSLT W (HDWEA—T 7 u~vTFy)
FEIR T, SRR E KK (100 HERE)
R1ELT2HEEFAG —EOHER N,

Az

2) TK7 vE&A

TK6 #fa D F 7 LAd=F® Y v 5 il
I-Scel ¥ b+ %&#E A L7= TSCE5 #if@izxf L T,
1-Scel & iFIEF UALE(Z CRISPR/Cas9 D
gRNA % 2 fEz%5t L7- (gRNA#S, #17,
Figs.6 and 7)., CIEHEMEDFED DAL/
gRNA#8 i%, CRISPR design Tool % F\V T4
J b EO offtarget ZMRE LT E ZAH 2T/
2RI 131 @7, £ 0 5 b#sF BT 11 &6
off-target 4 FBFIEL, 1T AEN A E
DI A=y F TR SN 5 AREEN RV S O
TH o7z (Table 3),

7 MRER T 7 A X K (pmaxGFP, I-Scel,
g RNA#8, #17) Z8 A, 48 FFf#ILL BiE&E L7
. 96 NEE T L— RZ 20,000 cells/well |2
BRBEEICHEE, P T AT I VU (TFT)
BHRLARNDS 10006 12 AR L Can=
—BR ST, 2 b —/L (MELEE) | GFP,
I-Scel, CRISPR W D =2 1 =—JERL ¥ = )L
B, BN ED Y N UTERRAER

(MF) #BH L, K7 v&A Tid, FEHERA
KiufEa (NHEJ) (2L Y 80bp BLEDKRKIZ

in



£V =F%Y > 5 non-functional IZ72~>7- %
O (TKI) ORBPBEHEND, TO/ER, A
SRR CZ ORI Z 0 X ) 7B H N &
DRESLIT 107 L)L TH Y | I-Scel LB &
5 DNAGIT CHE SN 2B EITRAR 104 L
NEREEMLUT, £7-, CRISPR/Cas9 4L
B3 4 X 107 L~UL T NHEJ 2 X ¥ 80 bp
U boxE Bigx s LRz (Fig.8).
£ 72, Fig.9 (Z2iZ I-Scel 3 L U CRISPR/Cas9
I~ X DEREGERAL COUIET N7 — 2 BTR LT,
10kb LEDREB RO, ZHE TOHZE
T, on-target RSN OHIEREI A~ v FOH
B & 57, FHITE B offtarget 1 h Thil
TRV ZRLS OB TI DX H 72K
& 72 off-target LIRS & 7235612, ROT7
FTEERETHDEEZDBND,

3) TK7 vEAIZEVEGNTZ, control,
I-Scel . CRISPR/Cas9 %L C TKI (-/-) IZ
ol EED T ORIER Y —7 = —IC
KV ET ) DT EATOERITT TH 223, 6 —
AT LA FEATRER D> 5, T-Scel ALEEMfE CIE
1.9Mb ® LOH (~7 miEgEsek) 73,
CRISPR/Cas9 4Ll Tl% 3.4 kb (loss) @
o B AR CNV MEE I,

2. Cas9 OFEM « T LA AOBSB LIV
A

1) Cas9 D5yt

7 ) L% ToH % CRISPR/Cas9 ¥ A7 L
WD Cas9 % U X7 BEOFMERT LILS v
MEBRFTT D70, Vare g b Cas9 &
ERLCEEEZRIE L, 78 F AR—H%—2
TIAI REESEE. 304 TDNA2AE
BHEMT S TY =7 —BDNY F550.8%7

29

a =27 VEKKENZ &> ThRE S,
ay ho— e LT pUCLI 2 - 7=3BAIC
1602 TY =7 —BBBmHENT, A—x
— A NVEIDBH N E 72 (Fig.10), 2D
FEEMND, ERRL LT Cas9 mEMHZREFL T
WABZ EWRHER SNz, Cas9 DATEET
B L7=L 2 A, Cas9 it 1R CHfES
NT RSN hosToar ha—b
FEBr L LT, BSAIZ 0555 RECTHESH
T, B-F7 h7a7 U id16 5 THHES
N7y - 7= (Fig.11), Cas9 1 XA 5 2 L+
THfESND Z EXVHIA LT,

2) Cas9 Blo¥Na— RT5X7F R 07T
VLG DT

Cas9 DT VAT MEET LG T —H N
—AzHAWTHE L, KL LT BBRT U
NTEDS8T R EBREEERL 80T I Bk
U4 FU & L72fR (8 mer exact match
& sliding 80 mer window search) L7-& Z
A, BETHODRIFELR N>, £ T,
FHEREILTE T I/ BEE—HTHREL
Tl A, MoFAHgELEEDET1T/EE v b
L7z (Table 4),

3) XBMHFAE (FF AV ==y 788

@© 2011 FFEEDRE YT D53, Fraff72 £ 0¥
LLFO#Y, v 24, £ 208, 7 F 17
W, YXSH, =V LY 8H, YV TH,
UYX 38, &5 87#H (Table 5),

@ BAREIEEMICRERS Mo T, 87 Hf
61 |m%E HDT,

@ BABETELTUILUTOMNELL b
TWi S FRZF v fat-l, VY F—L4,
Z7 b7z, RERLVEL,



@ 7 AREENEFBAL-ERA N RV
= = 7 BT OV THEEE DR ELIE
DFm 3 FFRFAS 8 Hdh - 7o, ZFN, TALEN,
CRISPR/Cas9 »3F|ff 4T 7z, (Table 6),
Table 6 H DO 3CHk 6 TiE, TALEN #FIf L

TARTNT I VEETFD 629 X7 VAT R

ERRC/ 777 RLTHEY, Z0=T k]

WZHRT AW ENERD PCRIESRY TLZ A L

PCR E##EMA L THRAT 2 Z LiIxFETH

LEEBEZBND,

3. AR TR X F T OBHIZ DT
DFEINE ORI A

EULH, A—RXAF7 VUV T7T—=
R 7T &7 E ORMEREETREHE 2 B2
THHMEEZFE L=, EU L, HED GMO ©
Bt DT EDO IR BIE B AAE L
TRHFZRIZR DO EFER L TWDHEZA
Thd, FEELA) IXT LATF RIEAAE
FE A (ODM) 1%, 1 £k 2EEREDE
e An=H0—28 DNA (ssDNA) OA %
AWEHEIZE, 7/ LEED X 97 DNA2 K
BHEIWTHE L2VRY ITARR TR E 584
TR El 1 AL RE NI L DHHE
BEELARATRDONDZ LD GM #
IR D EEBEZ HGND, VAV 2 RV A
X, MAEMICR T AL T s a—= ST F
2T NVF T L AL ERRTH 505, EM LIS
TIEGM & WO EBZXHFNEZNWEEZ LD,
T AU AT, RHERTRE 7R L FE F SR O BELE D A
MB7Ro TV TS, BARFITIITFE L2V ES
GEATHSE LERE]) & b oA v b T VxR R
BHERIEN L LTW B, FRUAOE T
GM AN EEZ HiLd, bo & HYIETEE L
WOIE, BIERIRICE R L TWA Y ) AR

a—U—T

30

fif¢& % TALEN, CRISPR/Cas9 Th 5, /)
A, 1~3EEREORKIZLD ) v 7
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CRISPR design for disruption of AIFM1 exonl

Guide#3{exon1-3}

| NSRS

galGald ATG
) SIS 5
Guide#7(exon1-2) <

score sequence
Guide #1 88 CGCTCATCGCGCGCCGCTCCCGG
Guide #2 88 CGGGAGCGGCGCGCGATGAGCGG
Guide #3 B CECCATETCETCETECCaERTER
Guide #4 B2 ACCECECTECACBRAGCTERCES
Guide #5 78 GCGCGAGGTCGGACCGGGAGCGG
high quality guide Guide #6 77 GGCGGCGCGACCGCROTECACGE
Guide #7 76 GECCAEGLGEUAGCIACELERATCR
Guide #8 71 GACCGCGCTGCACGGAGCTGAGG
Guide #9 68 CCGCGCTGCACGGAGCTGAGGGS
Guide #10 67 CCCCTCAGCTCCGTGCAGCGCGG
Guide #11 63 GCTGAGGGGGCGCAGCGCGGCGG
Guide #12 53 CECGCTGLACGEAGCTRRAAGGEES
Guide #13 49 GCAGCGCGECEGCEECCABELEE
oo ey i Gu%de #14 16 CEACCTCACGECECCTASCCERE
Guide #15 43, GCECGCAGCRUEEOGECEGCCAGE
Guide #16 1 GRECEECCGLABCECECCEBEORE

Fig.1. CRISPR design of guideRNA for disruption of AIFm1 gene by CRISPR design tool
(http://crispr.mit.edu/). Guides 3 and 7 were used in this experiments.




sequence score mismatches UCSC gene locus

GGCRAGGCGGCAGCAGGACATGG 1.7 2MMs [4:16] chrl1:+60961248
GGGCAGGTGGCAGCACGACGCAG 1.4 3MMs [3:8:20] chr7+155748768
GGGCAGGAGGCAGCACAACAGGG 1.2 3MMs [3:8:17] chr3:+134337027
GCCCAGTCTGCAGCACGACAGGG 1.1 3MMs [2:7:9] chr5:-77828788
GACCAGGCCGCAGCACCACAGAG 0.8 3MMs [2:9:17] NM_ 000875 chr15:+99478446
GTCCAGGAGGCAGCACGGCACAG 0.7 3MMs [2:8:18] chr17:-78700065
GGCTGGGCGTCAGCACAACATGG 0.5 4MMs [4:5:10:17] chr2:-31189620
GCCCAGGAGGCAGCAGGACAAAG 0.5 3MMs [2:8:16] chr18:+22379255
GGCCTGGGGACAGCACCACAGGG 0.5 4MMs [5:8:10:17] chr9:+137258402
GGAACGGCGGCAGCACGARAGGG 0.5 4MMs [3:4:5:19] chr6:-170863670
GCCCAGGGAGGAGCACGACAAGG 0.5 4MMs [2:89:11] chr17:+72228080
GGCGAGCTGGCTGCACGACACGG 0.5 4MMs [4:7:8:12] chr15:+88800357
GGCCTTGTGGGAGCACGACAAGG 0.5 4MMs [5:6:8:11] chr8:+8307434
GGCCAGACAGCAGCACCACAGGG 0.5 3MMs [7:9:17] chr10:+133783921
AGCTAGACGGCAGCACAACAGAG 0.4 4MMs [1:4:7:17] chr2:-121304402
TGCCAGAGGGCAGCACCACACAG 0.4 4MMs [1:7:8:17] chr9:-134102664
GGCAAGATGGCAGCACCACATGG 0.4 4MMs [4:7:8:17] chr11:-75996432
TGCCAGTCGGCAGCATGACAGGG 0.4 3MMs [1:7:16] chr10:+126073227
GGCAGGGCGGGAGCACGACGGGG 0.4  4MMs [4:5:11:220] chr16:-88937064
GACCGGGCTGCAGCACCACAGGG 0.4 4MMs [2:5:9:17] chr3:-42747491
GGCCAAGAGGCAGCACGGCACGG 0.4 3MMs [6:8:18] chr15:+91493993
AGCCAGGAGGAAGCACTACAGGG 0.3 4AMMs [1:8:11:17]  NM_001007231 chr2:-69044936
GGCCGGTCGGCAGCAAGACAGAG 0.3 3MMs [5:7:16] chr21:+34524988
GGCTTTGCGGCAACACGACACAG 0.3 4MMs [4:5:6:13] chr17:+5497128
GGCCAGCTGGCAGCATGACAGGG 0.3 3MMs [7:8:16] chr8:-140803424
GGCCAGCAGGCAGCAAGACAGAG 0.3 3MMs [7:8:16] chr17:437376233
AGAGAGGCGGCAGCACGTCACAG 0.3 4MMs [1:3:4:18] chr17:-79694680
GGGGCGGCGGCAGCACGTCAGGG 0.3 4MMs [3:4:5:18] chr5:+175874447
TACCAGGCGGCTGCACCACACAG 0.3 4AMMs [1:2:12:17] chr5:+1322689
GGCCAGGCCCCAGCACGGCATAG 0.3 3MMs [9:10:18] chr18:-19821565
GGCCAAGGGGCAGCAGGACATGG 0.3 3MMs [6:8:16] chr6:-915829
GGCCAGCCGGCATCACAACACAG 0.3 3MMs [7:13:17] chr16:-16070849
GGCCAGGTGAAAGCACAACAGGG 0.3  4MMs [8:10:11:17] chr5:+105993014
AGCCTGGGGGCAGCAGGACAGAG 0.3 4MMs [1:5:8:16] chr7:+25261446
ATCCAGGGGGCAGCAGGACAGAG 0.3 4MMs [1:2:8:16] chr18:-44777024
TGGCAGGGGGCAGCAGGACAAGG 0.3 4MMs [1:3:8:16] chr1:-53928889
GGCCAGGCACCAGCAAGACAGAG 0.3 3MMs [9:10:16] chr15:+90458307
GGGCAGCCTGCAGCACCACACGG 0.2 4MMs [3:7:9:17] chr4:+8820152
GCCCAGGTGACAGCAGGACAAGG 0.2 4MMs [2:8:10:16] chr3:-152148444
GCTCAGGCGACAGCAGGACAAGG 0.2 4MMs [2:3:10:16] chr7:+150967346
GGAGAGGCGACAGCAGGACAGAG 0.2  4MMs [3:4:10:16] chr6:+34510087
GCCAAGGCGGCATCACCACATGG 02  4MMs [2:4:13:17] chr6:-158061065
GGCAAGGCTGAGGCACGACACAG 0.2 4MMs [4:9:11:12] chrl1:-126727819
GGCGTGGTGGCAGGACGACAAAG 0.2 4MMs [4:5:8:14] chr20:+35509443
GCCCAGTGGGCAGCACGGCAGAG 0.2 4MMs [2:7:8:18] chr4:-1311698
GGTCAGCGGGCAGCACGTCAAGG 0.2 4MMs [3:7:8:18]  NM_001012994  chr9:+115632626
GCCCAGGAGGCAGCACARAARAG 02  4MMs [2:8:17:19] NM_001130004  chr14:+69387635
GGCCAGCCAGCAGCAGGACATAG 0.2 3MMs [7:9:16] chr17:+37799847
GGCCCGGCGGCAGCACGGGAGAG 0.2 3MMs [5:18:19] chr4:-146403582
GTCCAGCTGGCAGCAGGACATGG 0.2 4MMs [2:7:8:16] chr15:+67213794

Table 1. Top 20 genome-wide off-target sites of guide#7. There are total 220 off-target sites
(39in genes, all >4 mismatches).
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ATGAGCGGCGCCATGTCGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGECATLGT=~=GCTTEETGETCGETGCCGGCGCCCTGGCTCCCCT
ATGAGCGGCGCCA=-—CGTGCTGCCGCETGCGECACCGCCGCGCTGCGCCCCCT
ATGAGCGGCGECA-5CGTGETGECGECTGEECGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA-==CGTGCTGCCGCCTGCGECGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCATGT---GCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGLEA-=7CGTGETGEEEEETECECGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA--=-CGTGCTGCCGCCTGGECGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGETGECGCETGEGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGEECA-—=CGTGETEEECEEETEGEECGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA-—-—-CGTGCTGCCGCCTGGTCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA--=-CGTGCTGCCGECECTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGEE===sEETEETEECEGECTEETEGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGTCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGLER===CETEETEECECEETGEEEGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGEEA:=-CEREETGECEECTEEEEGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCATGT---GCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCATGTCGTGCTGCCGCCTGGCCGCCGCCGCGCTGiGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGCCGCCGCCGCGCTGCGCCCCCT
ATGAGCGGCGCCA---CGTGCTGCCGCCTGGTCGCCGCCGCGCTGCGCCCCCT

323 =—f28a 0 =—|ZZ #(deletion/mutation)
deletion patterns:

CGGCGCCATGTCGTGCTGCCGCCT X4
CGGCGCCATGTCGTGCTGCCGCCT X1 (mu 1)
CGGCGCCA***CGTGCTGCCGCCT X 23 [A3]
CGGCGCCATGT***GCTGCCGCCT X3 [A3]

CGGCECC****CETGCTGCCGCCT X1 [A4)]

Fig.2. DNA double strand breaks by CRISPR/Cas9 (guide#7).
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Mouse (Dec. 2811 (GRCm3S/mmi)) Alignment Het
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rat Rosa26 locus (chr4: 208,311,500-208,312,0001 i)

Guide#22

Guide#21 pummmm)

rnS
o
scoré sequence
Guide #1 88 ACTCCAGTTGCAGATCACGAGGG
Guide #2 80 CACCCTTCTCAGGACGGGGGAGG
Guide #3 80 TGTCTTCTGAGGACCGCCCTGGG
Guide #4 79 CTGTCTTCTGAGGACCGCCCTGG
Guide #5 79 GGAGTGTTGCAATACCTTTCTGG
Guide #6 77 ACCCTTCTCAGGACGGGGGAGGG
Guide #7 75 GACTCCAGTTGCAGATCACGAGG
Guide #8 72 CTTCCCTCGTGATCTGCRACTGG
Guide #9 69 GAGTGTTGCAATACCTTTCTGGG
Guide #10 66 CCCTTCTCAGGACGGGGGAGGGG
high quality guide Guide #11 62  CAGGGCGGTCCTCAGAAGACAGG
Guide #12 61 TCTGAGGACCGCCCTGGGCCTGG
Guide #13 59 ATCTGCAACTGGAGTCTTTCTGG
Guide #14 59 TTGCAGATCACGAGGGAAGAAGG
Guide #15 58 AGTCTTTCTGGAAGATAGGCGGG
Guide #16 57 TCCCCTCCCCCGTCCTGAGARGG
Guide #17 56 GAAGGGAATCTTCCAGGCCCAGG
Guide #18 55 AAGGGAATCTTCCAGGCCCAGGG
Guide #19 55 GCAGATCACGAGGGRAGAAGGGG
Guide #20 53 GAGTCTTTCTGGAAGATAGGCGG
Guide #21 51 GGRATCTTCCAGGCCCAGGGCGG
Guide #22 50 GGCGGTCCTCAGAAGACAGGAGG
Guide #23 49 CCCCTCCCCCGTCCTGAGRAGGG
Guide #24 49 CTGGAGTCTTTCTGGAAGATAGG
Guide #25 48 GCAGCAGAGAACTCCCAGARAGG
Guide #26 44 TGCAGATCACGAGGGAAGARAGGG
mid quality guide Guide #27 37 CAGATCACGAGGGAAGAAGGGGG
Guide #28 35 AAGGGGGAAGGGAATCTTCCAGG
Guide #29 35 TCACGAGGGAAGAAGGGGGAAGG
Guide #30 30 CTGCTGCCTCCTGTCTTCTGAGG
Guide #31 28 CACGAGGGAAGAAGGGGGAAGGG

Fig.3. CRISPR design of guideRNA targeting rat Rosa26 locus by CRISPR design tool
(http://crispr.mit.edu/). Guides 21 and 22 were used in this experiments.
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# specificit Rat (Rattus norvegicus) genome, RGSC 5.0/rn5 (Mar, 2012)

# start end strand sequence GC Tm hit 20mer __ hit 12mer hit 8mer
5 27 — CCCGCCTATCTTCCAGAAAGACT 45 70.2 1 25 4602

6 28 - CCGCCTATCTTCCAGAAAGACTC 45 68.02 1 16 4002

9 3k = CCTATCTTCCAGAAAGACTCCAG 45 69.07 1 43 6325
17 39 - CCAGAAAGACTCCAGTTGCAGAT 45 69.42 1 46 6179
24 46 + GACTCCAGTTGCAGATCACGAGG 55 72.48 1 5 1187
25 47 + ACTCCAGTTGCAGATCACGAGGG 50 72.48 1 9 840
28 50 - CCAGTTGCAGATCACGAGGGAAG 55 72.93 1 6 3568
32 54 + TTGCAGATCACGAGGGAAGAAGG 50 72.42 1 14 24451
33 55 + TGCAGATCACGAGGGAAGAAGGG 50 72.42 1 16 22093
34 56 + GCAGATCACGAGGGAAGAAGGGG 55 72.83 1 22 30064
35 57 + CAGATCACGAGGGAAGAAGGGGG 55 72.61 1 355 21126
39 61 + TCACGAGGGAAGAAGGGGGAAGG 60 78.3 1 1728 23674
40 62 + CACGAGGGAAGAAGGGGGAAGGG 60 7755 1 435 21914
51 73 + AAGGGGGAAGGGAATCTTCCAGG 55 76.41 1 21 4870
57 79 + GAAGGGAATCTTCCAGGCCCAGG 60 77.43 1 67 10552
58 80 + AAGGGAATCTTCCAGGCCCAGGG 55 77.48 1 42 8136
61 83t GGAATCTTCCAGGCCCAGGGCGG 65 80.14 1 83 7215
69 91 - CCAGGCCCAGGGCGGTCCTCAGA 75 85.47 1 23 8993
74 96 - CCCAGGGCGGTCCTCAGAAGACA 60 78.51 1 3 720
75 97 = CCAGGGCGGTCCTCAGAAGACAG 65 78.51 1 6 631
76 98 + CAGGGCGGTCCTCAGAAGACAGG 65 78.51 1 78 10927
79 101 + GGCGGTCCTCAGAAGACAGGAGG 65 78.51 1 71 9759
85 107 - CCTCAGAAGACAGGAGGCAGCAG 60 76.23 1 106 8620
101 123 + GCAGCAGAGAACTCCCAGAAAGG 55 74.9 1 18 9005
114 136 - CCCAGAAAGGTATTGCAACACTC 40 67.34 1 25 6067
115 187,= CCAGAAAGGTATTGCAACACTCC 45 69.01 1 5 3789
135 157 + TCCCCTCCCCCGTCCTGAGAAGG 70 83.29 1 9 9700
136 158 + CCCCTCCCCCGTCCTGAGAAGGG 70 82.72 1 13 10219
136 158 - CCCCTCCCCCGTCCTGAGAAGGG 70 81.46 1 53 6034
1377 159:— CCCTCCCCCGTCCTGAGAAGGGT 65 81.47 1 21 2710
138 160 — CCTCCCCCGTCCTGAGAAGGGTG 70 81.57 1 14 3263

Fig.4. CRISPR design of guideRNA targeting rat Rosa26 locus by CRISPR direct ( http://crispr.dbcls.jp/).
Guides 21 were highlighted in yellow.
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sequence

score

mismatches

UCSC gene

locus

GGAGTGTTCCAGGCCCAGGGCAG
GCCCTCTTCCAGGCCCAGGGTGG
GCARATCATCAAGGCCCAGGGCAG
AGAATCTGGCAGGCCCAGGGTGG
GGCTTCTTTCAGGCCCAGGGTAG
GCACTCTTCCGGGCCCAGGGTAG
GGAGTCTGCCAGGCCCAGGAGGG
TCACTCTACCAGGCCCAGGGAGG
ARAAGCTCCCAGGCCCAGGGGAG
AGCATCTCCGAGGCCCAGGGAGG
GCAGTCTCCAAGGCCCAGGGCAG
GATATCTCCAAGGCCCAGGGAAG
TGAGTCTTCCAGCCCCAGGGCAG
GGARACTCCCAGGCCCTGGGAGG
GTAAACTTCCAGGCCCAGAGAAG
CGATTCCCCCAGGCCCAGGGAAG
GGAATGCTCAAGGCCCAGGGAAG
AATATCATCCAGGCCCAGGGAAG
GCATCCATCCAGGCCCAGGGCAG
GAGTTCCTCCAGGCCCAGGGTGG
GGAGTCACCAAGGCCCAGGGGGG
TGATTGTGCCAGGCCCAGGGAAG
GGAATTTTTAAGGCCCAGGGTAG
GGGAACTGGCAGGCCCAGGGAAG
TAATTGTTCCAGGCCCAGGGCAG
CGAGGCTTCCGGGCCCAGGGAAG
AGATGCTTCCTGGCCCAGGGGAG
AGAATTTGCAAGGCCCAGGGTAG
TACATCTTCCTGGCCCAGGGCAG
AGTATCTTTAAGGCCCAGGGAAG
GGCATCTCCCAGGCTCAGGGAGG
TGATTCTTCATGGCCCAGGGCAG
TGAGTCTCCCAAGCCCAGGGGAG
TGAGTCTCCCAAGCCCAGGGGAG
GTAAACTCCCATGCCCAGGGCAG
ATAATCTACCAGGCCCAGGCTGG
TGTCTCTTCCAGGCCCAGGCAGG
AGGATCTGCCAGGCCCAGGAGGG
GGAACCTCCTGGGCCCAGGGGAG
GGTACCTCCCAGGCCCAGGATAG
GGCATATTCCAGGCCCAGAGAAG
GGCATCTCCTAGGCCCAGGTGGG
TCACTCTTCCAGACCCAGGGAAG
CCACTCTTCCAGACCCAGGGGAG
CGCAGCTTCCAGACCCAGGGTAG
GGATTCCCGCAGGCCCAGGGTAG
GGRACCTTCTAGGCCCATGGAAG
GGAGCCTTCTAGGCCCTGGGTAG
GCRACCTTCCAGGCCAAGGGAGG
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3MMs [5:8:17]
3MMs [2:5:19]
4AMMs [1:4:7:8]
3MMs [6:7:10]
4MMs [1:22:37]
AMMs [2:4:5:7]
4MMs [2:3:4:7]
4MMs [4:7:8:10]
4AMMs [1:4:6:8]
3MMs [6:9:10]
4MMs [3:5:8:9]
4MMs [1:2:4:6]
4AMMs [1:4:5:11]
4MMs [14:5:11]
4MMs [1:6:8:10]
4MMs [12:3:11]
4MMs [1:3:9:10]
3MMs [3:8:15]
4MMs [1:4:10:11]
4MMs [1:4:8:12]
4MMs [1:4:8:12]
4MMs [2:5:8:12]
4MMs [1:2:8:20]
4MMs [1:3:4:20]
4MMs [1:3:8:20]
4MMs [5:8:10:11]
4MMs [3:5:8:20]
3MMs [3:6:19]
4MMs [3:8:10:20]
4AMMs [12:4:13]
4AMMs [1:2:4:13]
4MMs [1:3:5:13]
4MMs [4:7:8:9]
IMMs [5:10:18]
4MMs [4:5:10:17]
3MMs [2:5:16]

chr16:-3669120
chr8:-62026765
chr4:+42277661
chrX:-34719637
chr5:+149692756
chr13:+57002062
chr1:-81052654
chr7:-12891626
chr20:-11779959
chrl:-105875132
chr2:-222692585
chr2:-113818525
chr8:+93714492
chri8:+59174220
chrX:-39658190
chr12:+50745771
chr19:+65423564
chr15:-11556081
chr16:+82610884
chr19:+30398533
chr7:+128055030
chrl:-171221514
chr12:-25922373
chr7:+135307125
chrX:+153741637
chr10:+81799839
chr13:+41363540
chr16:-87209693
chr12:-52632230
chr5:-118477529
chr3:-62091741
chrl:=-17605345
chr1:+49258443
chr1:+49258921
chr3:-132084083
chrl:+225713244
chr18:+32650681
chr10:-64057218
chri:+227829047
chrl:+171119260
chrl7:+53628022
chrl1:35309879
chr13:-118104055
chr10:-86863108
chr3:+63556086
chr2:+44444903
chr14:+81410726
chri4:-84339927
chr5:+173667523

Table 2. Top 20 genome-wide off-target sites of guide#21. There are total 323 off-target sites
(0 in genes).
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1-67
1-37
1-82
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52
1-103
1-101
A=t
1-92
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1-116
1-19
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13
1-24
32
1-56
1-68
1-108
1-46
1-16
1-76
1-22
41
1-89
37
1-4
1-12
1-115
1-73
1-108

WT

GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGGAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA
GGGAAGGGA

ATCTTCCAGGCC

CA GGGCGGTCCT

ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CAAGGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ARETTICEAECRE Eot e o —— ——
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCCCACA GGGCGGTCCT
ATCT ===t CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CA GGGCGGTCCT
ATCTTCCAGGCC CARCGGGCGGTCCT

GGGA-GGGAAATCTTCCAGGCC

CA GGGCGGTCCT

GGGAAGGGA ATCTTCCAGGCC CA GGGCGGTCCT
GGGAAGGGA ATCTTCCAGGCC CA GGGCGGTCCT
GGGAAGGGA ATCTTCCAGGCC CA GGGcaeGaTCCT
27an=——Hfean =—|ZZ % (deletion/mutation) WT
X 21
deletion X 2 [A7], [A103]
insertion X 4

Deletion/insertion

Fig.5. Effect of DNA double strand breaks by CRISPR/Cas9 (guide#21).
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Fig.6. Scheme of TK1 assay.
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, CRISPR/Cas9-@(#17) §  crispr/Cas9-B)(Guide#s)
——GCCGGAGTTGTCAGATCCATTACCCF‘GTTATTCCCTACTCTCGAGGATCTGGCAGCGTCTTCGCTGG——

‘ I-Scel
v VAR il
chri7:TKl————————— *'DP“‘ e e o RO
81bp
.
hgls
B
PR
<mmmmmm  Guide#17

score sequence
Guide #1 92 TATCCCTACTCTCGAGGATCTGG
Guide #2 91 ATCTGACAACTCCGGCCATTTGG
Guide #3 89 GATCTGGCAGCGTICTTCGCTGGG
Guide #4 88 TCCTCGAGAGTAGGGATAACAGG
Guide #5 87 AAGAGTTACTCCGGGCCAARATGG
Guide #6 86 CTGCCAGATCCTCGAGAGTAGGG
high quality guide | Guide #7 86 CCCTGTTATCCCTACTCTCGAGE
Guide #8 85 GCIGCCAGATCCTICGAGAGTAGS
Guide #9 85 GTTACTCCGGGCCAARATGGCCGG
Guide #10 81 ATCTGGCAGCGTCTTCGCTGGGG
Guide #11 80 GGTAATGGATCTGACAACTCCGG
Guide #12 79 ACAACTCCGGCCATTTGGCCCGG
Guide #13 76 CCTCGAGAGTAGGGATAACAGGG
Guide #14 72 GGAGAATTAAGAGTTACTCCGGG
Guide #15 69 GGGAGBATTAAGAGTTACTCCGG
Guide #16 66 GCETCTTCECTEEREGCTCCAGRS
Guide #17 60 GAGTAGGGATAACAGGGTAATGG
Guide #18 58 AGCGTCTTCGCTGGGGECTCCAGE
Guide #19 46 GGATCTGGCAGCGTCTTCGCTGG
Guide #20 34 GGCTCCAGGGAGCTGCTGCTGGG
mid quality guide = G4 421 98 CCACCCCAGCABCAGCTCLCTER
Guide #22 26 CCAGGGAGCTGCTGCTGGGGTGG
Guide #23 35 GEECTCCAGEEAGCTECTGETER
low quality guide | Guide #24 16 GCTCCAGGGAGCTGCTGCTGGGG

Fig.7. CRISPR design of guideRNA targeting TK1 locus by CRISPR design tool
(http://crispr.mit.edu/). Guides 8 and 17 were used in this experiments.




