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(px330: Streptococcus pyogens Cas9,
Nm3: Neisseria meningitidis Cas9)

surveyor nuclease assay

Fig.18 AIFMI&{nFexon3-intron3|ZTH A LfzsgRNA L—H TR &
YIHTiE M (SURVEYOR Assay)

58



+ :Assay &+ DNA
— :AssayHi] DNA

witCas9+sgRNA (1, 2, 3, 4, Sug)

witCas9alone  DT4Q control
e @ @ @ ® ® @
— b —d =k eeh bt ek

100

sequencing f& 5

130 140

8 % 100 110 20 150 180 17 180 19
CTGTGTCCAGGTATACAAAACACTG AGGGAAAACAAGG AGAGATTCACCAGCC TCCCAAGAAAAGGAATCATCTCCTTICTOGTGGOTACTTIC CTGCAGTTICTGA

il Ul

ot "

el S S e e

Talget: GI'GTCACGACAGTCACTAC CGG

Fig.19 AIFMIE&{GEFexon3HERZTH A LTzsgRNA —HI TR &
Yl E T (SURVEYOR Assay)EA—4YMNMEE DL —V IO XFER

59



| Church’s group, Nature Biotech, 31, 833 (2013) | P P P ] R 1 2C gene

cell type: HEK293 (Human Embryonic Kidney 293)
target: AAVSI locus PPPIR12C (protein phosphatase 1, regulatory subunit 12C) (UCSC genome browser, GRCh37/hg19)

28 o}

scale

19l 5%,806, evei 55.610, 98] ¥5,818, 899l 56,629, 200} 85,624, 098] 85,630, 960} 83
UGS Genes (RefSeq, OenBank, CCDS, Kfam, TANAS & COMPArative Genowics)
10050 et 1 1 e & coesectrees el porit el i
PPPIRSRC - - e H # :
AT -+ i #
o ,
Refdeq Genes
Refsea Genes i H - s 2 H-
100 _ HIKRTAC Mark (QFten Found Near ACtive Reduiatory £lements) on 7 ceil lines from &
Lavered HIKRIAC o
| R U S —— o SRS BN SRS SRR S - B - sttt
DIigiTal ONASEI HYDersSensiTivity QIusters in 128 cell tupes from ENCODE
Orase Clusters TN MIENE 0 DO N AW U - ]
Transcr it ion FACtpr ChIP-3eéq frok ENCOOE
Txn Factor chif g =
OHasel My ans ity Un{form Feaks from ENCODE /Arialyx is
CMI2878 OMase & ® - *RE w W = . LL I I T -
Hi-hESC DNase w wne w » N . H * » = a5 wx |
. ] . = @ )
- " » " an = =
» » L LI
. = ks - *weuw .
. I ] » . » IR
» sxn 0w
% =n » = R |
» = » s ox
ONasel/FRIRE/CHIF %+ from ENCODE /00enChrom (DU /UNC /UTH)
GHIRBTS Sun Pk - [
HI~NESC Syn P BT §
KS8R Sun Pk 1 i
atin Dy ONagel HS from ENCODE/OpenChodhi(Ouke University)
GMI2078 P -’
GM12878 DF - Sy . L4
CM12078 05 5 Tt
HINESC i s— sectsron smrm——— -7 - *
HINESC OS SN 8 w €
HINESC oS |}
KSE2 P aise—
xs62 DS 0
K562 0%
*
s
Scate
aetsr 55,626,500 55.827. 000l 55,627,500 55,628, 008! 55,838,500 5,629, 009)
e aavs-s2 i =
RefSeq Genes N | ‘ AEVEas] ieoae szl
i 0, 196 x
aavs-s2 indel 70% ... aavs-s3, 4 1‘
aavs-s3, s4 indel 55-60% .. A—M_....
aavs-asl indel 20% bHage Clusters SETEOSIEITENT (MR D e O N S ]
Txn Factor enir fmmaro s S SO ——
OMI2876 Otiase w——— o — v—
e eiase ot e e
po— P
C CHase o [ s
3 DNawe TmeeeN anemaoux kil R il
ONage W Rid ikad ey
ONase s s ecane
+ OMase sy e s o
praze e o
LB ONase movsgene:
HHEK ONase P P

Joung’s group, Nature Biotech, 31, 822 (2013) and Nature Biotech, 32,279 (2014) | VEG FA gene

cell type: HEK293 (Human Embryonic Kidney 293)
target: VEGFA (vascular endothelial growth factor A)
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{ Joung’s group, Nature Biotech, advanced online doi:10.1038/nbt.2908 (2014) ? FH N C F gene
cell type: HEK293& (Human Embryonic Kidney 293)
target: FANCF (Fanconi anemia, complementaticn group F)
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cell type: HEK293& (Human Embryonic Kidney 293)
target: RAR A(retinoic acid receptor, alpha)
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Fig.24 human-condon optimized SpCas9: FI5 & ¥g &l
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BAGBREN R E (RiOREHERMEENTFTESE)
RN A AT 7 7 v =BG RS O L 2VERERIZ BT 5058
SE R EE

RPARAA FET 2 I LT £ DRBLRMHNT & BB DB %

WraeoiE  Pifase B ERSRSEENERT

WHREE

OWMARASA AN LD 5 SEE~OFEICET D098 - RN AL, 7 A
EDH B LG A EMCEEFOBASCKE R EOBETHEBE L (GM) 2 LT 5H—F
T, ZOXEIRBEFEBIECLD T ) A~DEEBICET2HRAITRSITE LN TV RN, £
T CAAFGE T RIS A FEIFZ AW TS/ A L ORFE D52 DNA ARSI (DSB)
T I RESOBETEEATDLZ LD, 7 A~DEER YT ) AREEHA OB
MO EREMEIC BT D RRIT 21T o 72, QWIS — o v — % L /- FiiR R KEE GM (Bt
HNEORES : T, GM HINREER D L0 | WAL THFORR b TIERDT 7
BN T MERSR—T 4 VT o iEE AW TTEICHTHEE TR S VRSN TE LR
EMRER GM E O BE~DRADPTEMEE /e o Tnd, 22T, ZEEELREEMER
TKER GM (B DR FINE DORESL % BRIIZ, 2011 FIZERNO A YII TR L D R SR
2MERAF GM 231 ¥ PRSV-YK REDBALZEREET L E LTRER S —F7 P —
CRERE L7 F A ZC GM ElF A2 fgat 3 2 FIEOBRE E1T o 7=,

A. BFSEERY N Z DEAED b T b3 FEA T O FEH~

OERMRNA A LD T/ DMEE~DE OEBEC OV T 21T~ T,

BB DTSR QU —F7 Y — 2 U 72 BT R AR
WAL FHINE, 7/ L EDOH D DY GM /EMBRAIEDFE

FTic BRBEAL BRI T OEAR EDER UTEE, B TFHEBEZ (GM) BARDBHER S

FEAFZARE L T 5 —F T EINOZ &2 S OL) RIS FHEMO R b3 9EkD
BICBETRIEICED2EY~OEEBIONT T7unsT U uESS—T 4 I VH ik
VEERAT DM T oL Tuevy, & 2 TARMIZE T, AW T EICHEE TR S SN RS
TALEN ZHH L TY7 / LAOREGITIC —ASEH  LEREMERARE GM E O RS ~DIRAD
gllr (DSB) K" non-homologous end joining — #&fEEE72->TD, DX 57 GM {EW
(NHEJ) (2L % DSB &, E£7ckkx 2fs Kk OEAZ K0 B « FEREICHRAT L, 2 0REM72
UEARDOBIEF 27/ LAOFENESI~FRE FHRE2ELZ2LPAROLNATND, £ T,
HIIZE A (homologous recombination [HR]) 3 2011 FIZERNO A ¥iINLER IV BRES
HTELED S AT MEEEIE NToKIKFR GM 2331 ¥ PRSV-YK Rt & T

e LT GM B Z RIS — 7 =40
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fREE T DRI RARE GM BATIE DRI 23R
N

B. WRFGE

OIS AEANC LD 5 DHEE~DE
BT DR

1) B

=0 b UMaiE, (h)E R ERT JCRB

Mg N7 ZOBA L= FU B U Sl

fatk DT40 (RifaE5:JCRB9130) K U*=U h
U RS LMH (A3 5-JCRB0237) Z FL»
72 DT40 MF L, RPMI 1640 medium, 0.05 mM
2-mercaptoethonol, 10% (v/v) fetal bovine serum,
5% (v/v) chicken serum % & H 3 HEER K T
40°C., 5% CO, Bi5E T CH#& 41T > 7=, LMH ##
F2iZ. Waymouth’s MB752/1 medium, 10% (v/v)
fetal bovine serum & & & 3 5K T37°C.5%
CO BRET CHR 21T o 7,
2) EFEAL GM RO 7 o— A1k
TAL effector nuclease (TALEN) % FHV N THE3E
M~ GM #EZ1T > 72, TALEN OFERIAL
L, =T U 4 FRAKO T 0 v BT
7 A% —DIa— K DNA fEIH (120,080,385
~12,080,440) & L7z, TALEN ® DNA #& K
A A CRERIEANL, RN,
5-TCTTTCATGTTCCACCTAC-3’, TNl
5’-TAGTGATTTCCAAACACAC-3*DZ L€ 4
18bp & L. ENEINDES % 85T 5 TALEN
FHAT Z— 2~ L7, TALEN IZX
% DSB A% OB T ARSI SV40 early
promoter & SV40 polyA > 7} /LI T CTHEL
THIT~A IR T A TR &
immediate early promoter of CMV & Herpes
simplex virus thymidine kinase polyA 2 F /Ll
T CHEBLT D AcGFP (dequorea coerulescens

green fluorescent protein) Ein T % ZLrakK 4.7
kb @ pAcGFP1-N1 "7 A X K (Clontech, CA,
USA) & L7z, Targeting <7 & —|Zi, AR
IO S RNPENC=D b U 7 SO R
ZEF (800 bp) ZAHAIAATS, DT40 FRIT=
L7 haR L —i 3 ¥ (Poring pulse 1 [E] : 55
175V, 7NV ATE 5 ms, 2NV AEE 50 ms.
JEEE 10%, Transfer pulse +Hii 5 [B]-48 5 [BIF
10 [8] : BEE 20V, 2LV ABE 50 ms, 723/ AT
f% 50 ms, JHEER 40%), LMHERIZY RT =7
HIRIZELD I AI FEfila~EA LT,
RS ~D GM BAEDOHERIL, Cell 7 vk
Ak, HIFREESE (HpyAV) THLRERIE, BEOY
PCRYEIC L VATo T,

WO LML, G418 & 2 mg/ml INx, 3
KT 2 IR 8528 L, =7 GFP &%
B oMz miEe B8R+ 5L Trm—
Ul AT, 7o, MR s a— ki,
DT40 #faiE 96 /)7 L— k& L= R A
R, LMH Mgz s van=—% U7
*-EDTA #LEE UHIRS 2 I3 2 FYEIC XL VAT
277,

3) U7 NHALPCRIZEDEETHEDE

=}

B
Bs-FEADERELS A D | 100 kb i f5
(ST DB OFBMEIIE, RT-U TV
# A I PCR ¥EZ Wz, 80%= 7 /Lo |
\CHER LTI A (5~10x107f8) Z[E L,
2HIfES> 5 RNeasy Mini Kit (Qiagen) Z VT
total RNA # #5#d L7z, DNA & RNase-free
DNase I (Qiagen) % W\ TEEIZHE(L &,
500 ng DFEH RNA Z i #RFEE3R SuperSeript 11
reverse transcriptase (Invitrogen) & oligo dT20
DT T A ~=—ZfEH LT 20 ul OSIEH T
HRE i 21TV cDNA ZA{ER L7z, 2 ul @



cDNA % #5512, exon-intron il CAT T A 20
THEMERESRICERE LT T4 ~v—%Hc &
5 QuantiTect SYBR® Green PCR (QIAGEN) %
W72 7u& A 5 PCRIEIZ K BT
DEEHIT>T, PCR IH#KIE. 20 pL /well
ELTHRB LT, ML TOERBY TH D,
2xQuantiTect SYBR® Green PCR master mix 10
b, XRTF T A~ —%ER (&7 TA~—,
50 pmol/L) % 0.2 uL &AL, cDNA #EHE
0.5 pL Z ¥ LIKEZAE K CaE& 20 pL 123
7o, BUSEMIE, 50°CT 2 4R, 95CT
10 ZoRIME L, €01, 95°C 15 #, 60C 1
D&k 1A E LT, 50 YA 7 VOEEIER
I By

4)  Chromosome conformation capture (3C) fi#
#r

10 mL B3R IR S 72 1x107 Mif % 2%
(VWTRIVLT I RTH 37 B -DNA OZEFEE
EEATV, 0.125M 7 U U2 RMT 5 Z &1
XV RS EEIESYET, £0%, PBS THllaz
Peyg L. MBEPAAEE (10 mM Tris-HCI [pHS.0],
10 mM NacCl, 0.2% NP-40, proteinase inhibitors

cocktail [Nacalai, Kyoto, Japan]) % il z #lAQ % &
fRSE o, IxHlIREERBEETIZ 0.3% (w/v)
SDS 2Nz 37C1 Bl A v F 2 — g3 U &
HH NI BEEEELEE, 1.8% (viv) Triton
X-100 Mz & 512 37°C1 BERIEUS S8 72, )
{2, 400 U Bglll/400 U BamH1 X} 400 U Mbol
%N % .DNA % 37°C16 BB L S ¥ 7-1.65°C
20 Sy REINENL . HIRREER 2 NG s, X
I 1L, 7 mL 1xT4DNA ligase buffer & 1% (v/v)
TritonX-100 [ZFABL L, 37°C1 BFA > F 2 ~X—
T3 %, 4000 U TADNA ligase # %z, 16°C
T4 BSOS S ¥ 72, ST, proteinaseK &
U'RNase TH /N7 G R TRRNA % F1VEN57

71

fift%, 7= /=) Jaar/V LB =X )
—/VILE E Y DNA DEIY - R ZITo72, 7
J b OEERRYTIZ 1L, TagMan Chemistry ¥5 % f#
BALEVTVEALPCR LV EEEITT,

QAL —F Y — A L 72 F AR
GM {EMtR FE DHESE.

BT VEMICIE, BREERKR GM 731
¥ PSRV-YK RHDIBA LTS3 YR DIE
11 7= DNA ZfEf L7z, DNA I illumina fi##7
R IPAERIA T v 7 A% TS| & ST
THETE—%TGA T —a itk T e —RE
KUKE L Y 400~500 bp DI &) 0 H Uk
2TV, THETH—PCR (2L 07 A &
HEWE X, Illumina Hiseq (Illumina, CA, USA)
BHERLY— v TR EIT T,

C. MR
OIS AEANC L DS DEE~DE
BT 298 -

WA A FEIC L D7 ) bREE~DE
BEMBNT 5720, =U UY@K 14 F
(GenBank accession no. UCD001) DEH| iz
FETAHI RV BEFI TR —D ¢ 71
EVBETE o Su e rBETFOMICEET
%3 =— F DNA fHI (nt no. 12080385~
12080439) Z1EHIZ DSB +% X 5 TALEN %
ek L7 (Fig.1), DSB~® HR X, =U h U
7 7 5@ DSB AZHIELS > & MR 800 bp @D
B 2R L. targetting «X 7 # — DF&FH AT
-7= (Fig.1B), Fig.2 i¥. #EH CREA IS
TALENFR 7 X / EgE5 % ~9, DNA &
RAAL T, 18 DFIERAA VINBRDBD
EEREL.ENEND RAAL ERED 1 BE
~OFEEMEER T L O REF L7z, LMH ARk




~~ TALEN FIR RH~_7 & — (£ 10pg) =L
7 haRb—va L ELVEAL, DT40 Hifa
R~ TALEN F/R BEA~7 4 — (% 1.6 pg) %
VRZ7 27 ZIELVEAL, Cell 7ok
A T DSB ###d L7z (Fig.3A), NHEJ &7
DT40 #faikiL, RAFRICL Y 7 o —Afk &
7 M L 0 SR L 7- DNA % HpyAV #iIfREE

BN s —Z A FERHEB LT, EOFE R,

so—r 12 &KL 54 FiI~T 0, 6-5 FILF
ETHo7 (Fig.3B) . HR IZ L U 1ERL L7= DT40
HIREAR I BRAA A RRIEIZ L 7 m— 1B L, PCR
FEZEY, 7a—r 1~3 FBEHB (Fig3C),
DSB HEREFIEL (70 kb) D4 ) LKEE &R
W4 572, 3C i z1T -7 (Figd,5), €
FEH. CpGislet Bi%1 (AdFIZ 5 45000) X, oD
7 e rBiarES] (BlF1E S 50200) IZHES
LTEY, oD /a8 i aA 712

ViBEFES) (BAIE S 54000) &AL T
WA ENRBENT, Fo, oD ViR
EFEINE. £ O RIS IEST D MRE KO
-ODHS &= 1B (AdFIE 5 26233 & 37000)

EREALTCNDZ EDURENTZ, EHIT, DT40
MR & LMH MR O [E S/ LRI D 3 YRIT
&I THEBL WD D THDEZ &N
TR ST,

DSB @ 100 kb iFFIZHFTET D NTEMEE T

(TFIIC, Loc425933, RHBDF1, MPG, ggPRX, =,
aD, o, TMEMS, P15, Axinl) @%ﬁfﬁ%@%%
RT-U 7V %A 2 PCR JEIZ 2 L7
aA & 1 & L7254, DSB 1%7\ L 7= Wil A7
15 n, oD, KU MPG OB FREBICT 10
~100 1% LR LizZ & &R LT,

QR —Fr Y — 2 U Fi AR
B GM {EMIRAIEDfEST.

PSRV-YK SRFEDEBN L7331 ¥R DFE

72

B 7~ DNA (226 ng/ul, Assonm/Azgonm = 1.82,
Assonm/Azzonm = 2.12) 1L, ¥ DNA #45 5149 bp
hHfE s TWnWDd I ERR®Ihk
(Fig.7A,B), FEH L7 DNA X, Y=/ — 1
> (Duty cycle  10%, Intensity 5.0 Bursts per
second 200, Duration 40 sec Mode, Frequency
sweeping Power 23 W, Temperature 5.5~6°C)
illumina AT Y o FIViBBIA T o A K T
BS & GieT XS — T4 5 —va %7
Ha— R EEIKEN L Y 400~500 bp DT A Y]
0 UKL A 1T - 7~ (Fig.7C), 7 % 7% —PCR
(&0 T LW a2 S
(Illumina, CA, USA) ZfEH LY —Fr v
BT AT 2Tz T DRER, T— 0 v AMRATHIA
7w hFT—& & LT 37.174 Mean quality
score C, 4,005 Mb, 38,747,994 (7 ¥ 75— k
U 7%, % of =30 bases: 95.64%) U — K
BEBT, 7 LEIEIEF/ N7 Plaza il T
RSN TNDE L3, Y5 Afiddl] (Nature,
452,991-996,2008) ZfEM L, /Hon7cY — K
D~y BT ETolcfiR .~y FEanic ) —
RFEL, 2V — FHD 47.5% 18,406191 TH
577, PRSV-YK & DBEAER 4 ECS 120 bp 1
bty b5 U—RiE—KbH/BoNLNhoT,
Local Blast C, 7334 Y NTEMEFE/3031 8
{5+ (GenBank no.: AY803756) @ contig 3 &
(contig_27841) %%z (Fig.8),

[llumina Hiseq

D. B
OWAAR S A A H Al
BT T
=T hY 14 FYEED o /' r VBB
T AH—(100 kKbIZAFIET S 11 FBEOBKET
(TFIIC, loc425933, RHBDF1, MPG1, CGTHBA,
7, aD, oA, TMEM6/8, P15, Axinl) D3I % HERR

kAT ) A E~DE




L7c& Z A, DT40 #k& LMH #k CTHEZ2 5381
INE— 2 BRTBE I aD DA TH -T2, 3C
EMTIEIC LY o eV BET 7 TAZ—0
7 MEEOMRITEIT o7& 2 A, oD BiET
DFEBESNC B CHAMRE TR D7/ A
BEEXEZE L TWDZ LR SN, £,
aD Bz FO T —F —L B 1 kb ICTFET
% CpG 74 v FICIERFICHREICES LT
HZERBELNERSTE, 2T, oD BisT
D7 1 E—H—0D TATA box & oD &1 D L
WZEET D n 7/ a2 BV BETO polyA tail D
DB % DSB 15 TALEN O EE1T\),
T LREEICKIETREIC OV TR 21T -
72o Cell 7 v A WONHIFRRES (L BRIC
X 0 FHHR U7~ TALEN OFF BiE 2 REss L, 12/
S ~E— T 4 v TR B — R EAT DT
IR LTz, BUfE, a R EVEBIRT S T A
S —DBETREOBNEFEME O GM A
T, ETEMIBICEAT HESNDOR SICE D
77 SREEI N R~ D BT DV TR
WEIT-> TN 5,

It

@b&t&ﬁ%—# VY — R U B OR K
i GM {EM AL DHEST. -

MITRHFOE LSS / L% illumina
HiSeq # HAWTH / ABEHIZfEMT$ 5 2 &1
BRth Uiz, £, okt Ry —7r o —
DT —Z 3, AR EINTND 20 Y7 ) LEL
Bl 77 LAl LTy B 7T %7
BEE Lz, Lol 231 PINT&&SF O GM
PR AL Y DEFGEND IR GM 233 THE
DI ET v TN TEEholz, £,
A¥ T AESIE~y BT IR T2
D2 < H BLASTn MR L VW N7 7 U 7 HIZK
DHLDTHDZ ERRBI NI, 5%, KR

FAVAY

73

Al —TRREATRIBEZ: GM 7331 Y OR

DDEP@%E%EE’\‘Z)$KEVG§)ZDQ
OWERAAL AHEIRIC LD F ) 2HEE~DE
BT AH%E

=T kU 3K 14 F (GenBank accession no.

UCD001) O/ rEVBinfd a/BEE
T ORICHEET 5 9E =2 — N DNA 835K (nt no.
12080385~12080439) ZHERJIZERFFL 72
TALEN % ffl L, DSB ¢ NHEJ & HR % FER
L7z NHEJ L7277 a— BRI DWW Tk, ~T
oik 2 R E RER RS, HR Lz
02— RRIZ OV T, 4.7kb DA 89— S
ZREA LT TG ¥R 3 i Z 572, B5 17 7 A
—PN? 100 kb FIZTFTET 2 NTEHEESE T O
KHEZHEK LZEZ A, DSB i TA
Y= PRV OBEGEFRE ALY NERIUTT
M0 nBIaT & oD 7 v v Em+ T 10~100
BORBED EARR OGN, £/, 4%, 7
J DEEEACEIRNTT DI04 70 B AR O
fazHER L. /e riBists 7 AZ—RELO
3CFRIT 24T o7z, £ DGR, DT40 Mifakk kO
LMH #AEERIZF\ T CpGislet & aD Efs1H
IZ1E, 5.2kb & 3.8kb DAL—TEIEALL TV D
ZEBHALMEIRoT,

QUMY — 7 Y — % U 7 FTE AR
GM {EMIR FE DREST -

7 LT A D DNA BT — 5 %2 ) 7 7
LY AL LT T ERTICHEET B RS
NIZDNA DT v 7Y a{Tol, T /VE
BRIZITL EMRIKFE GM 73231 ¥ PRSV-YK &
»ﬁ@&u)\ L7=3 A PIMLRS O81 7E)
R L, ZORR, iR —7 o A TR




FERIRE7RA Ty b T —4& & LT 37.174 Mean
quality score C, 4,005 Mb, 38,747,994 (7 %
THE— KU I T, %of =30 bases: 95.64%)
U— R B, 5% A2 %
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