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1. Fif

BEDBEEFEHFERMNICUN, XZE. RETSLIEHNLGRITTE LTY / LR
EHM0, 20RESEANICED I, F-MBEFABRELE LT, TOXER
EAREAFEINTLNS,

COREMMAFIZEESNWAEAK. ChETCOREFAREIH-TEGFE
T3 ETHRBEZRBETADICHL., ¥/ LREIEX. BEDEGFORES
by, REORREL->TWIBEEFEREBELLY TS ENTRE
B8, BEBOBEFABERNE T2 TEMNHELITKD,

5 LRERHTOEXRILX, DNA DBEEDOEHL~D_EHIM (double strand
break : DSB) MEA LD £ DEEMEBOFRATHS. DSBOEEHIBELE LT
[XIERBERBELES (non-homologous end joining : NHEJ) & . EE#EME X

(homologous recombination:HR) % #IF L f=f&1& (homology-directed repair:
HDR) M% 5. NHEJ IZ &k 2 EEIEREAHEZEL TECARALEMNTRIG T,
AR RIETHIE

EDBAPLREZTH (77 LEM= £ BT A |

SIBAMNH DB | mer 1aeT ,  ReE  =ReET

{E-?ﬁ&f%l: FATE T LhOL LUF aay | ml.mmg:;awm

1. —H. XL @\ O N o o

LTHREHO , L e L

S/G2 HlIlc&E= 5 BRMGT  TEAET MEFD ¥

HR[3] < (48 F &2 31 RIS RN Samromn

EDMBANICK DB | Cirremnamromin U A

‘TgfﬁE - [') . Eﬁiﬁ o BHEBIZFEII%D @ B SR (BT M 2 m (1 (RIEOSEIEF R

EFEIEH T || ERiErosmsumenrT: | e PR AAGE TR R 73 B D3 LT3 A
=DAALDETEE © B BT SR i

FL— DNA £ A | |*SAEEFORMmEDH ki enini

LTHR &9 C .

ClzkYEBEORE { RIEDBET ,

LHE-oTWABETF H1 EEFEEEMES/ LRERKFTOEN

EEOEEILLTHRE ‘

LB, - . HREZFBLTHEEDY / LRLICENET HRIEFEEA B
T EHES5GYT/ LIRELRALDNTLS,

HEOEEEHIFRMIC DB 2BATEDIAIXILT7—EE LTHHICH
FEshi-=-0Oh zinc-finger nuclease (ZFN) [4] & transcription activator-.
like effector nuclease (TALEN) [11T&HB., LALEMNS, CABAIXY
L7 —FIEBEDEERINOEBES VNV BIZCE>TIIH. TOMEHIC
EEORNNEEBZEL EXLTEREL IS —FEFERFE STz clustered
regularly interspaced short palindromic repeat (CRISPR)/CRISPR
associated proteins (Cas) [2]1 T3, BEMBREFOEREMRIZERE—FEH A
K RNA (single—guide RNA; sgRNA) I2& VTS5, FDHRETIIBST. R
LRETHA ML, AAKOBLEBEFRERME L TRFEICHERL[5].
EE BN TEIBEAECHNA, BE—REFEBREEZNRICY / LIREEZRAVE
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EFARERBERNIRESNATEY . REURNIZCh L BREFARARREFD
HERFTRBRENMTONLSTHEEAH D, LT, ChERT, BRITENT
AR EITRENEC. 7/ ARERBTEAVBREFARARNEEFD
GERUVRLEICHTIEAFEZBELTE(RENHD LB,

AXEIL, BHIC, RERRFOS / LRERWICHAOBREZIRRL, R
ZFOFREThEMIEACHERICEAT S0 (YV—L) WRIZT / Lk
ENEMICE>THEL. ThENOBELRET 5 LR/, 7/ LIRERND
B ERFA-RECReMFERVBRKICETIRHEI+r -7 v JICEY
ZEERBEEELDIOTHD BHE. 7/ LERRITHS YURIITHTIER
FIEIRBREEOBECEREICL>TRADEEZA LN, ZTOBRKICAIZAEL
TIRURIART 1y b EZERLE-ERNOFEABEICLE D, oIS, 7/ Lk
ERMIIREDEICES L TVE O FERFRICEHLTH EEREL 21T
SCENRETHS.

2. EE

AXETIE., ¥/ L GEERT 2RV -EEFAERASRELZUTOELEBYE
295 (B2),
() in vivo5/

LiRER S (B :

. ARNIZES | Invivo ¥/ LBERS |

LTHRATY ./, |

LEEETS 1= || Z/hamron ]

HDR ) 2R

D5/ LRkl | ot O S o ”9 oias
EFABRAE | oo AR
:Il:ll:l (72/ Aﬁ .”I,,'l"f?ﬁ “ ;
£ICHW5E s
%9 :/I\OOE - LB ER
(L. TH5 -

LiRERR ] M2 4/ LEENREREHE
EWS.)EH

BFEEBIZIANINARGEA—RNETSAI KRV A—%FHA LT HER)

@4 / LR mRNA 8% (5 Aﬁ%ﬁ%’&%ﬁéﬁ% mRNA =X &3 5%
)

@Y/ LRERAVINVEHR (5 LREBRE IS \t"?‘%}ﬂnn (SgRNA %
BETEHEELH D))

(2) ex vivos/ LIREEE (77 LREY—)VICEYFN TEREFRELL

HBTHY., FRICKETEH-ODOHR)

DY/ LiREMIRMIAR (T / LIEEY—ILIZKY Wﬂ"CJﬁ{K?'F&I Lk

h#AREAN T8 &)



3. T/ LIRKBENFEDORE
(1) BIEFREMBEONALLFEDY R

77 LREBRITEHEOREDRIEF L IEERIIFRMIZYE., WE. KT
FHHIMTHAHH, FRICELDEERINZH DEHNDBEFORE) R,
THbhbFI758—5y MERADY R IMNEET S, cOF 75—y MERIC
SOBWRELTHIZBEIAL0N. BOVALTHS. A 72 -5y MER
2k V., EENSABEFOEELONAMGBEFORFELIEC HETREEN
HY.,ELT/ LREOEGFREFKFUEHRED 0920, TORIRE
THEKXT S

F1-.DSB 2FHT 57/ LRERM TR BEYICHENST / LBVTREL
L=V, REEOFHEZLTEIRETELVRBADOKRERIB CUHBL~DB
MABRINOBANRELYTHIVRIEBEShTVSI NG, RBHEE
[Z&BMNAEDYRIIZOVNTHRETIVENH D,

(2) £TEMRRIZH ITHAER L VVEEFHREYRY
invivos J LRETIE., EZHHRBEUNTOY / LRES. BREEFUID
BEFHENELTH, FhoZHRELEVEKRLEYT A EEIEBTH S,
HIZ, DMNROCETECTREERD BB ENRET S /n vivoF /) LIRETIXLENE
HEAOEENREEIN, RAETEY/ LURIZHESREFERED IR %
BITEEOIZ. 5/ LYFEN TR EGREFRELZ TS H- LML
HINTULEN, RUR~ADBRENLTEEEZTHICRETIDHELH S,

4, ) LRERBOSEEFTOREHEICET 5RE
1) 5/ LREY—ILVIZLBPEEFOEESTE
1) ZFN[4], TALEN[1]

ZFN (%, BED JIEREANEEHT S zinc-Tinger R VIV EEF—T % 3~
6MEEL. BHMETHERRIIHEETHRAS L. DNAUIBRTH S Fok
Inuclease ZEfESE-AIXIL7—ETHY. CODNAEEZ/INVED
BEHZEBELABEMNEREINS, — A, IINDEHSEZRR L= TALEN (L, 4
YWHXODESERFTHAITALOMFTI/BIOLIED 21— 11BEERH
FTEHELEEFRALTEY A GC TOREBEEEZ TN TIEBHET S 45EED TAL
EOA-NEERKTSZETENERRNEZREEL. FEOEERH ZUIMNT
B.TALEN TIZTALES 32— )L Z 15~ EESEEH LT I5~20 BNEEER
BT AESICBRETESNBIBAENSZL,

ZFN % TALEN % Fok1 A= EE DNA D 55— D DNA S5 L 1Bl L7 LVi= 8,
B T HUMEBEERATLERETROBEREREN 2ZHIT 52 2DOAIESR
ERHTHIHLELRDHY 1 ARTODSB ICHEBELEBIERRENIEI—DDOAIBRNL
BT AMAD 2{ELLRY ., FOHIT18~40EHBELLD, COE=HIERE
HOREEREEIEL. F72—4y MERADLEZ H58E(L CRISPR/Cas9 &L U
BNEEINRTWAB]ZFNSTALEN (zE1H5A4A 742 —4 v MERIE CRISPR/Cas9
FEBESINATLELS, REATHAREBRABOIATVVIENWI AL, BE
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[CEHES 2 HENH S,

2) CRISPR/Cas[2]

CRISPR/Cas =T 2 4EENEEMANDREIX., ZFN 5 TALEN LBV, Ry
& 755 DNA B2 %) & fR4dEY7s seRNA MIB - TULVS, T 445, sgRNA (L4 DNA
TOEHELD 20 R LBBNICEST 24, FEEII & .. TOEMEN (ZHE
33 PAM (proto-spacer adjacent motif : 7O FAR—Y—[{IEETF—7) &
FEENDENNEFEONEAH D, — D sgRNA & DNA ZEHIMREEFR TH 5 Cas?
NEAREHA L . seRNA NRE T A ERERIEHT L BEFEUNTH.—A.
Z @ CRISPR/Cas YR TFLTlE, segRNA ABEKOSBEDIRTYF (AT £f1&,
G:CLU) MNp-TLEETHIENHMON, BRISMEGEFOUIEZNIZHES
BHNEFIDBAOCREBNEEZ ST I74—45y MEBOTREMRITE < G5 [6].
—F. ChETICHIS—4y MERRREZH2HEICETIBXHAHZHD
AM[7-9]. F O, HICOBOMBRTEZ 2 BHEECH 75 —5y MERAZIE
BICEMT S &F#gLLVEShTNS,

CRISPR/Cas MDA 74 —4 v MERZEBRILT 2=HOMMBAE LT, HAF
RNADESPEMNET IEIDIFEEEOEENMRFHSATULSLIN BEFHRT
(F+ DML L TOARRETIXAL, LER-> T, MERIFT S84
MAEH LT, sgRNA Z8]/ETL. 245 —45y MEROBEZTET 2ELH
b,

3) 7/ LUIRETHENT / LRENO0, 11]

DSBIC#S 4/ LOFREREZBEBREE S0, 5/ LUFHETHEWVS/ L
wE (TTIF—EIc&? | BERE) FOKALT/ LREEHNFHER L
TW3, SDKSTHRY / LREEMZERATHHEETH. EDQK S GHFIC
BWTHI74—5y MEANEBRTEL00 %, FHliEZ &Y., BAT HIBLEDN
H5.

Q) 4/ LREY—ILEVRIEFREL-MBICEIT2EEEE (M2)
) 9ANLVARYB— TSRAZI KRy 42—

5 ) LAREIZH LS ZFN X5 CRISPR/Cas ZfIFANIZE AT B 1=HIZF7 T/ 94
WROTT/BEEILILR (A) EOIAIIARY 3 —FZ BN ERRARNE
BEhTULWA[12, 13]. COESIZ, ¥/ LREEBFREFEREBHL-VAILR
REB—PTSRAT KR 4—[14] #AVSEE. TOREEEICEHL T
EOBEFAERARGERAEOEAFNERTRETHY ., NV 4 —8E(ICHET
HEEEELFERALERICELAV I ORATLOBE L ZOSERITEER
EOBREFABRAMREFABROFEEZERAT IRETH S,

— 5. EEOBEBEFAEARRTIX, B2 VNNV EOVEMNLGRED=HIC
YANLRATOE—L4—HLHEBEHILIBENE., COTAE—2—IHAEE
BEFEEIHASKIZCETHRALEEIYSI ST LRFESATLNSISB],
) LEREIZHUNT ZFN - TALEN - Cas9/sgRNA £ RIS B 5 -HRBEO IO E—
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A—HEVLINZIBEELHEIN, BEATEIAE—F—FORARNADER
(XL, —H T, BALETSZXE KA DSB SpIciHAENT-HlEHBES
NTWAIEAD, ¥/ LAIREBEFARBERKICBVTIHERORETFAE
BARR L AROEBREEMEENAVELEZ Dh b, Tz, M CHEBIERE
22T, EFERSHESHEENEETH D,

5 LREY—ILOHBRA~ADEAZLELTIMILARIA—5AWSIEE.
B OpaERMOBEN D TBRNET 2B TOREFRENEERVIE
El&TENELBZVWERTOREFREDEERVEE] ITOVWTHAT L
EAHD, LI F/ LREBRORENBHR TS LA 75—y MEADRE
BEAEMTEIELERETRETHS . BIC. VMILARIE—ZRAVEIESR
[CIZERIChT-> TEGENIZS /) LREBZHSRET SA8EEAHY . ReH
DEENS LY/ LREEBZORREHREZHEITL TE(RELNH S,

2) mRNA

#MRE A T Cas, MENﬂW%@@JA7E§%ﬁT%L&k~uﬂb@/ﬂ7
BE%a3—F32 mRNA OMBERNEBEAIZCTITS AENBRESATLS[13, 15,
16] . [EXR. EERBEZOAE. AIERUREMHOBREICET HEE (B
k)] OLTIE. RNA (ZBEFAERARNKOPD NREFRTARMM] T8
FATWAA, MBEFARANAENRERUVREEORRICET 5188 (<
[ mRNA D @B ORI AR, BIRELTIK, ¥/ LEREORE
LS T4 mRNA 2B VVEEEARESIA TSN, BEKICEWLT, BRSTL
FHEERFRESINE-EDEF4C, 5%, iRNA HR0HEOREEFE(ICOL
TOFMEZAREICL T ZENDS. HIC. MIENTOREREZHERT ST
BHIZ A FILE Cap EOXRRE TR LMEREMHE A - nRNA ZFIAT HHEICE
LFEHIETIREUFMILELEZIONS I ENS, mRNA OREEEP
?éﬁﬁﬁLOUTﬁ%M%#bﬁﬁéﬁ&+ﬁ&ﬁ&5ﬁ5:t#*wbh
%, MRNA R EIEE¥ERICE > TREET IIESERBREERICEL-ERE
DFEENERTESLN, TSRS thRE%Eﬁithnwﬁmk%L
YERT HBaIzIE, ﬁM@%ﬁI&E%@*ﬁ%IOMT?QEJﬁ#%
LB,

3) RISV HE. A4 FRNA

IFN O TALEN [2 & B4/ LIRERMTIHX AIX I LT7—E R VNV EXEE
WIANIZEBAT A ETEHHNDOBEFRENTRETHAH[17, 18], Ff-.
CRISPR/Cas Tl 4=#4J DNA B2 5 IZ#B#EB78 sgRNA & Cas9 2 /R B L DEEK
(ribonucleoprotein; RNP) ZH oM LOFR L., MRRICEAT I A ELHES
nTUA19, 201, COHLY/ LEES VNV EHERICK HBIETFARREE.
TR CEKICEBEFEATS] EVSHEDBEFAROERICEHBTIE

Eo5HL, LALEAL, BIEFEEATIRETFARLRIK. BRI OEEF

ERETIRBECTNICHESAERRORBENBE SN L0, REFERE
AT AEETFARAYREARORENENBVETH D, LEN->T. 4/ LR
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KNV EHRLENBEEFOREZEME LTRHLGIAS I EMD, HEXK
OEBREFARARMOBRERFEAT. ARORE - REMFMETILELH
Ho BH. T3 F2 A 28 AT THRES W= DLEEGEFARFHKRHZICE
T 58 (FM 21 EFREEFBEETE 44 5)] TRIDLSGF V1NV EE
RW=7/ LiRSEETLBEEFARFELTEEL TV S,

IFNOTALEN G EDAIR Y L7 —ER V) EORERMEIZ DT, /N1
TEEROMBAVIFECREEERICET S ICH HS FS514 Y

(Q5A, Q5B, Q5D, @6B) MBHE L7115, ET-. e DNA EZHIIZHB#HEY7E seRNA OO &
BEHEIDWLWTIE, TRBREEKOKBOERLFMICEVTERTAEERIC
DWTI (FRI30E9 A 27 BETRAERER 0927 £38) AAEELLGDH, &b
[CHIEERICBASAES/ LHEERICOVT, HRATOFEEORFREOR
 RFOFH@LLELLS, -

4) 5/ LEEY—ILERWNTMILEE MEREMISGS

ex vVivoTH/ LRELT-HENSLEAE FMERENIBROBE. TOREIC
BLTEREEDBECEFEAMBEMASLRSIE FMERMIEREREKOERHHIE
FATES. RVEZ—FRAVLHERICIE. TOREICET 5 REEE L EMRITIE
CIZEWNV D DR TLOBEL ZOSEBRITESEROE R L RO FEE%
BHTEIRETHD. 7/ LIREHRNIVNZOBRSICEBLTHHEEOEIE
FEAMEMIASESE FIBEMIRG ERABOEBRETZ2ME@MALELEER
bhd, :

@) &/ LiREDHMIC X 29048
1) BIzFHIE[21-26] R VBRI 2 [7, 27, 28]

BEFHIEZEMNETIBAE. EMNET 2B TOREFHIEOHEECR
FLBEFREDTFY—HIZOWTEMET 2L ELH S, HZIE, CRISPR/Cas %
AL 5iF& 1%, seRNA DERETOBELIMZHAT S, 2D &L S HBIEFHRED
MEBEORY—HICOVWTEDLSBRENLEEINEIAEEHIVENDH S, 1
Ff#ER A 2B ET 584 . MO DSBIEERIBELZFRBETARIGTH D=0,
ZOEENFVES HEETEIXENETHBRZIAEZ S [29]15, MRIZE>TIX
ZTOMENMBOTEWMEENH LI LICHETRETHDH, -, HAERID
HEZHMTI2LEAHY . BAICL>TIHERERINABE -0 %E
RL, BEICAVWSZELBEEShD, COESITRIEFRE L F-HEDER -
WIEZTSBAICKZFOFEDEYEZ2TIVLELD S,

HOR OIS EICITBIEFHBEZ B FT—DNA 2B AT H2RENHLIN, —EEZ
Bl (single nucleotide polymorphism: SNP) @& 5745 L) DNA DR ZE[30] T
.U L-EBIOLRRVCTROEAICHB/ZES 23 D—48H DNA (single—
strand DNA; ssDNA) # AT 3 L CHEMBINTETH S, —F. 28
HBHa—FT 5 EEFLFEE HR TERT ZBSIX. #5327 FL—*
DNAELTTSAI FZRAVSEBANEL, COBSIVHSEOLEREVTR
[Ch=>THEEEDHRENEZFE DO FTF—DNAZEATINENRHIN, FD
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BRI(E F+—DNA DEEE EHERER A DD EROFENEEICLE S, Tz, ChFE
TIZHERAAR X AT REZE DNA RIZ DUV T . DNA R E AR A ShERICITMEEN R L&D
HELHIHH, HERERIOMEIZOWVWTIZS/ LROFELEHTHBELT
BRENHS. '

HE. BHEOBRETFERBFICHELEY., HHVIHERERZ E &Y HEHNIC
BIERITIHOICDBE 2EAICANIZYUTEIZLIRHALNTLSH,. DB %
2 R EANTBRICHEBRDEEORRENRELGREBERESREL
PFVEINTHEY ., HICEBAREICOVTRNEZERT S NETHH31] ,

2) 7/ LYIREEDLEVVEEFRE (Dead Casd T 7 2 F—HEHFIC L SHIEY]

BRI, DNA A FIL1E - B A FILE)

57 LIREIC & DR EFYMOEE - KRERKXEH CFiEE LT, DSB ZiE2
TRV LRERTORREATHhhTE Y. R0 DNA B DO—HDEHDFH
EUHT AREO. T7EF—HEI2k 5 C-T EROA-GCER, S SICXDNAD
AFNMMEZEDIED R T A VI ERODBAFNHEALNTINS (B 3). LA

LN, =
hi>?d DSB %
EBCIQWS
J LiRERI
[TDWLTH.
Z D EHHES
Fo24—Fy
FMERIZK D
EEBRODOT
HEEMENDHY .
RIzFAEA
MRELTOH
mErREREH
EAREL
Ezibhb,
—Dig&. DSB
5| &Y
¥ LIRED

7/ LRRIZLHRIZTF VIR
RFIZIMES 2~

e

- RIEF R
DNAZZRGHENMR = gy
5 ) LI LGNS, LR %
o, LITOH—
ol 7/ 1L W7=/1E
Grer—y) o RER
yavtr—t = HERZ

_IIxi5—
e AF L DNAXTFJLAES

e BEFRRHE
AT AL

1

B3 4/LGKIZESREFUNES LUMLEWNT / LIGK

BELAKIC.HMEIEIZT/ LOREOHELHRRUENEDLY RS L. BE
L& UHREShI-HERDER - MEFLLEITLG S L EHRICRERE LT
SRENRHY. ELIZHBEEFRERMOARICH LmBRETFEZAL
T. FATHIRITOZUEEHRAL B TLIEESEL,



5. ReMF@DERA
() 7/ LiREFRMEAVNV-BREFAERANAFOXESEHE
N *#2%5—45v MER
5 LRERNERWV-RARIZKEZFI75—45y MEBAOBHEZIBET 51

HIZ. BHET2BIEFENICEBL-BIDEEE /n silicoBFIZEYF
BT AEITTHLS, EBUFEZRAVTE M/ LA2KICHIEYA72—=4Fy
MM FEBIRT SNV ETHH[32-35], RBMFETH 22—y
MEHY A FERRTIHEELTIE, ¥/ LIREOKR. VIBEGLIZ& B DNA ©
BE5EZBAL. 8T0BAAES / LAEEIZHE>TEERNBIRT 5 5%
(GUIDE-seq) [36]+°, fRaM LM LI=4/ LEZRAWNTY / LRERRICLD
Y] Bt =T RE R 4SL Eﬂ#?% DIGENOME-seq[37, 38].CIRCLE-seq[39]. SITE-seq[40]
Z0FELRBHD. ChoDBEATIX. HIAIX, KAABEEREF 411D SNV (single
nucleotide variant : —¥5EHE!) /Indel (insertion and deletion : @A PR
g2) O E—EEE (copy number variant : ONV) SENLTEREHRT A EEM
EZbhd, InsilicoffiRUREBHMFERICKYBHINEFT742—45 v ME
WHA MIBULWT, EERICYHORENAEZ >TWINELNZHERT HF%L
LTI, ¥/ LEEEZEHELE-HBROES /) LY —9 T VX (whole genome
sequence : WGS) DFEEE[33, 35]%°, {X#Y A FE PCRIEL T —F—47
VA3 % amplicon sequence %[42] MEEIND, o DB T, BEE
FEEDBREFLEUMNIE>TRERENEGE SN, RERC—I T
S U ST (next—generation sequencing @ NGS) DTS —3FED=HIZ. 0. 1%
UTOHEETECZSFT 75—y MERZRETSC &(iﬁ&)‘ciﬁffi)é
(&1

®1 A5y HMERAOREA X

hFdy— Ak 11 R PR
) Li— Hi-seqii & ErEM B
HITUR B
in silico DNA &2 5|18 B T IERE
Bt &
il DNA —A#§% BLESS,BLISS, =EEn#ilalN —HoHAaiE
(in vitro) MR#%ERE GUIDE-seq TOHOIZKIEY TOAEHE
oy
HEREN BRERIE Digenome- BRE RN RS T
seq, CIRCLE-  SNP £ X7l [F7RLY
seq

CRISPR/Cas A 274 —4y MERZETEEZIR YIBERILT 51=HIZ1&, sgRNA
DREAMPNRLEETHY., /nsilicof@rIck Yin4s / LEEICERESID D
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HWERFENZBIACENEETH D, LML, /insilicolBIRTIEETOA D
A=y MRBELZFRTERVAREMELH L6, THITMAT /n vitro
B EHAEDLERA 784 —4F Yy MERBRLOBRELFT 72 —45y MERADE
LAHELEFOEELZTELRITRMELTESIENERTHS. 1z1ZL in
vitrof@ITTIX, IBEDICHBICBAREN T BREFOEENEC HTEELNH
5120, ZO&I3HNRYIITIOVFERLEZA SN . BRIZK>TRENAY YT
SURZERZELSIVTY/ LAREREICE TR IPBEFOERZFET
DWELHD,

7 LOEEBRINICITE FEEBMTERENFEETLI LML, 7/ LIRKIC
BI2F 75—y MEBIZOWTHYTEMET 5 L XR#EEZ SN D,
D=8, HERFO—BELT. £ MEBBERW: /invitroBBORTH D
B—5y MREDEEHEEOCAH 742 —4Fy MEEN B E IERES #5HICHE
W ORENDD, ex vivoT 7 LIREDIZE. 7/ LIRE LB R OSIEER
DEREMSF 72— v MERANERINBICIX. 7F74—45 v MERICTL
ENAEDY RV E, YREEFAEEBAROREHICECETEEEEA SN
%ML, HEICKHLTEOREFREHRBOI O—F ) 714 —BHASBLELR
BWatHd. —AH. invivoF ) LIREDIZEE. < DEREH O>WILlR%EH
W invitro@WTIXERAGT—2RBohZLAEEHY . IRERER
W= EEETICENEELL, CD=HENTD /in vivo5 /) LIRED
FI74—4y MeBEEMET 51012 iPSHIRIXOES #Ra R EMEEALND Z &
LEREEZDNS, iPS #REOC ES MAEHRMAEIX, £ FORBEEMBEOAF
AR THRICH T A2EREFET 2BEICERL Y —ILICHE S A REMEAR L,

2) 5/ LR%k - BRISMECFIDIEA, £BADIRE, HiL .

5 LIRETIZ DSB DIEEBIETH kb ITh- 2 XK ELREOCBEIEZFIF DIE
A HBEAELDZENRESH TS [43], F=, ¥/ LIREKICERLEVA
IWARSB—DF ) LINARFOHBEICTHRASHATULAHEMESINTINS [44,
451, ThiZ¥y / LREICLDBEIEFREMN., DB ICKYFEESh @RS/
LEEBEBIEKELTVWSEDT, FDELSITH/ LEHEETHIO0NDIERNY

(BEERAYE) NEE>TULWARWNIEIZKS43]. LEA-T, ¥/ LREICEK
VIRESh-BHREFEFEDOYT / LEFIDOKEEZ, TEHETEROEMIC
JEUNERE - MR A LT MICERIT L THE S RENH S, LTl T=k 5=, DSB
[T REBAREGEECREELZSISECTVRINEHIATEY. . BIZ. ¥/
Lt 2 HFRIZDSB 2 BAT ABEIXEEICRBAEEORBIRENERT LS L
MRBEITHhTULNAD[46-48], FDT=8O. G/ 2 FEFOCQ /Y FEHF., FUHS
— %@Lz multicolor fluorescent /n s/tu hybridization (mFISH), & 51
[XEEAS /) LinAd TYHALHE—2 3> (comparative genomic hybridization :
CGH) £ZHMALT. RBARERELZHBIFTTI2HENAH S, =EL., ThioDfiEif
[ZIZF—TEDOBRRLAHICELELBELTHEDENDH D BIZIE, G/ FREFS
mFISH TlZA SR 7z —X (HEDE)) IZHLHMBEULIERTERLRL, =, G/
v FERZIZHEOMBEE—EICEITT AL ISHEET., LBEAREEFTHD
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CAOBoEREmRERET A LFB LWL, —7, nFISH ZRG S EBHEMTO
EEORECEBFORELREERBETHOICETELTLASA, RLEEREK
ATHOFMZIFRETELL, S5IC CH TIIRELBIEFORIBORELS
COMMICEETVIBEICIRETTRTH LM, MRILISTE—ENHD
BEC—HOMBETHOAEL-RELZRETESIBEIFLTLEL, Shd
RITEDIHFEE+AERLIZLT, ¥/ LREICEHREHEERED YR =65
i H2BENHSD,

3) 4/ LIREMICE D pS3HFEDY / LEERETFOERYRY
HAEMRZEEENALELY/ LAREICE Y BRIEFRES AR TAHA
HIEIRF p53 DEERNBRHEEh, S5ICph3EEFE/ vI 7V bLIHRT
(L HOR DFNEA LR T 2 & D|ENH H[49, 50]. Thlk, pdb3 EREFOAMN
HMBEEOFHENA SNV ERENTORELEREEZ A TS, -
T. HRAMBARRICKZBEFEATIE pS3 2R LHETHS/ LEEICERET
SEFICETHEGCTFEROARERR T ILENH S,

4) EHMEIZEBENALY RO DEL

5 LREICBITA2A 78—y MEROREIX. BEFEDIDERET
BEVWSEIZBWT., EEDOL FODANNARGA—=HBLIUFIALINART R
—ZNRBHFRAHABRS) Z— 2 kD) RV LAKELEESNS, BIzFiE
BEERMNBE > YN S 2BFEAABERIZ—DY R ELT BAZR
2k AHBEDNALITRRDOES E LTEFLh, ERE, X-SCID (X EHEEE
ESREFLE) ©OWAS (Wiskott-Aldrich fEIER) Zo:EMmEMR%E R -RIE
FHREBIZBVLTL FOYAMILARY 3 —ZRALVEEFEATIELENRIE
BlL7=1=6. ChioDBEFABRTCIRBICHI-27+0—T7 v ITHNELS
hTWw3, =4, ALEEFEAHBRS 4 —FRHLVEEFAETHOTH,
EmBMARUNDOHBADBEFEATIINALITHRESATULEGL,.
MBS HARETFARICBITAEEIEDAD=_XLIX, D1 ILAHETAOE
—B—/ TNV —EFEOIR A —NEaFLOARABREBEFEE~EA
[51] ahi=fHh&EZONATHY, TOE—2—PITUNYH—ZRAVENS
JLRETIE. COLSLBAZTRICE2MREBERENR DI ELIFTERL
nEWL, —F, D &S24/ LRETIE, LEAEDEECREFIEZYH
518, RBIFEEIZLS Bor-abl OKSHBMNAFAZTREUNIBENEL DR
0. AAMGIBREFNBIEIADZ I EENVRIELTEALOND[B2], F:
HEHERZ EBIETY / LRETE, FRD & 512 pb3 O & 5 EHAMFIERE
FITEENEC-HBENENT IBENH D, ¥/ LREICBIT22BKEE
BRI BIEFOBRIEZIZEAINALYRZIZDOWTIE, BEBERATHDICEE
fichTLSEFEAGLA. BEFAMEORRORETFARTORBREH
F22L. SHEBIZHTINALY RV EBTLEFAZEEERERETRY
(. HMELT=#BTO Y R (X, BIEREZRHOER M EHRICHARATIYENLSE
Ez5h3, #IZ, iPS/ES g L& MMM TIE, EmEMARLIS DOAERE
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[CHRTYURINFGWEBESN D,

5) 5/ LiREBRORERME |

Cas # v/\H BEDY ) LREICAVLSN S DNA Ul EE = ITHMERFE SR /8
HETHY. ex vivo BEFARETH-TH., ¥/ LREShEHENS/ L
REBRRZERTIBAICIIERNTERENRRE LTRB I STREENH S
(F2), BMRRTIEIE FTORERMEZFRATICLIIERETHL-O. 7
J LAREBRICHTIRERGICEYBEMNRDBECTF 714 5F—%0D
GRESUMAELITMHRNEEZEEL T, BERRBZHETILENSH S,

(2) in vivo# 7 LiR&%E
1) BHEEFOREICEHT I2RLMEEM

HE SN -EREFOERICOLWTHLADREELDBENH HIHSIC
(. ACEMBGEFEZREL-EMZERLV:- POC BRERICELNT., B XXIXEsE
ZEMTIBRESEHICENEEFORZTICEHEL -ANBREOREEICET
HIEBN/ONDITEEMENHS (K 2).

K2 H/LEREICAVLONS DNA UIREER D RIERE

® AAV-CRISPR DT R EHHIRE%. Casd ITHT 5 ER VI ERENE
%M - (Chew et al., Nature Methods, 2016) [53]

® bt FMFEZRALT 2 D0 Cas9 I IR REEZ MM ; 65% #n splas9
ik, 79%Z#1 SaCas9 Hifk. 46%I#1 SaCas9 &M T MR FEER
(Char lesworth et al., BioRxiv, 2018) [54]

® bt FAHMIEHERED Casd (I THIMBFELZENEBERAELTLSOLNXMFE
xt& & LT ELISA THITE ; 2.5%I<#H1 spCas9 ¥ifk. 10%I=#1 SaCas9 Hifk
(Simhadri et al., Mol Ther Methods Clin Dev, 2018) [55]

REFREOREEF: AV 5 —0mER, R5RK. REE. T0E—3 KR
., BXF

2) ) LREBREROR—TT1 0T EWREME

In'vivo /) LRETIZRET 548 - M~ —5TF 1 VI NEE[56] T
HY.EDESBYT/ LREYV—ILERWBIZE L, ¥/ LAREBZEOEFRS
FOEMZEITL, BHE T HMBOCHBBADHHEITTHRC, BB E LAVER
ADRTEFELTHEDLEND S, £-. ¥/ LREBZOHEE - BIETORF
BT OVWTHHEL TE S BENH D, BIo. EANLFRB CEREMABA~D
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AAHRBOSNFEEICEK, EERROBEEFRED) XV IZDULVT, ICH RfE
[EREMRE~DBEFABRARI A —DER LA WVEAFAH Y R ZIZXHET S
-ONERNLEEZE] B11Z28EBIZEEREKRRRTOREEARD N B,
£, invivo5 ) LRETIX, BHET ZHMICEBTOS / LRESHEMN
BOWSENSTREHDREEHRELLVTREENHY., ¥/ LREDEEZED S
= DHE R BHEMARERNITHOA TS HI X X, homology-independent targeted
integration (HITD)EZ. ¥/ LOVIRE L E R LEBMNE F+—RO 2 —(ZHM@A
FIZANBZEICKY, ¥/ LE FF—RIF—DEBKICHIHREh, /nvivoT
LtBLVMETOT/ LRENTREE A TINS[B8] . ChITHBLT
CRISPR/Cas ZREAICH->THIBEIELSHNT AV ZRLNTIh L DEEF%E
BATEHE, FARABTHIELETY /) LIRENTRTHI E|ESNT
WAB[R9] , —AH. BEICHT=> T CRISPR/Cas RNEIBMLEEITH E LS Z &IFE
BIUSNADF 72 =4y MERAPHOEE L { BLEMEL TOREFHREY
ARI7E3BLBBREVNSBENH DB, T invivoF 7 LRETIX. ex vivo5/
LIRELERRY., BHNDY /) LIRENRBETEEFNEHR TS EAEET
HAHICEICHETRETHS. )
3) 0t

Invivo? ) LEEIZOWTIE,. B ERAVWEREREEEL T4 74—
MERICEE T 5 FRFERAF oM B RTREIEIE LN, /n s//ico @ E M
BZRW= /in vitro B COREHICK Y, BEMTIEHZIE0D, —EDEE
HAHFEENBONLZTEENA DS, LI=A>T, invivo5 7 LREDORFETIX
ChoDHFEEZAVWTEENGY RV ZEMLI-LT, ERAKETOHFIL
5ERELREATHEICRERREZEDIVENH S,

6. BERICBVWTHEETREZEE (R#i7+0—7v7%)

7 LIRERNIEMNLE T2 BEFEHRETIEMTHY ., T0HEHAILHE
BEHEAARARN A —2AV-REOEBEFARRAMSLFAZED ) XV EEE%E
HELEZBEORHIAO—TF7 Y IHRVETHD, —A. 7/ LREILEEFD
BESMORECREFHEAZBRELE-EHTHL=H, + 74—y FMER
L& ZREUELDBEALTITNIE, BEFHAHIBENS V5 LLBEEDEE
FRAEBRLYIREGREMEEBFAONDS, TO—AT. ¥/ LREICEWVTITHERA
R ICKY PR3 FEDY /) LEEREFOERIVRAINEESZEH.DSBIZK
LEEHEEDY RVMEREIATNE I EAL, ChEICBET2HEER
HRTH57+0—7 v THMERET HHEMNHS[60] (FDA LTF guideline),

BE. EORBREOHB 7+0—T7 vy THhREL ENEIMNE ERBTE5/ LE
ERM BIAL. FUoNVEEZEREATAICLICKEIBELIANILARG A
—ZRAV-EA - BEZEDEL), F—7y ML DMRE, BENLT IREF
ZHICk->TRRBBLEAOND., HEDBEFAEAERTORRIBERS
L, BIoEMBHEBENRE LY/ LRETITEEEROHKR) RIHNF L
[BOlLBESN, EHREZSOVELEHIAO—T Vv THEERET SN
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EELLY,

Fil=. invivo5F 7 LRETIZEMA O - MR, $HICEBEERICEAS
NDVRVETRICERTHRENHY . IS, EEHEBICEVTRIEFHE
DTEREMENH BHEEICIE, RER~AOFELXEET 51012, BT EITRAM
ERETHIEONGELIDENDH D, TORICE. BEEEEF ONEMLE
BETOYRIVEEDF XL SEIZTESLTHAS[61] (FDA Guidance for
Industry), E-AEHEOCZHENOREFICEEN TN LERARS LI
B¥THEIZ LN D, FOEEIIODVWTIHEELRP I+ 0—T7 v THRET
H5,

1. 8hYIZ

ANETEBATEROEGEFARAESLY/ LREODEMAROEBRETHESR
L. ¥/ LfRESHIERAVV-BEFARARREORBICBVTEREGSHR
CHEBRESNhEBREYTHS. ThoEZRELTULILEECHESE. £/, Th
LNBEEZASIBEEICLSEICLTWVERLECIEEZHHT S, LHoLas
5. ¥/ LIREEMORHEIZ. B4, REICESLTEY. RFIC. T0OEA
gEEIEAKL. HALEERMTORELEA TS, RETIEZRNA S/ LIRS
BTt BRALTEY. COLSHHE-ARRATHLTHIEARAXEICTRLEZEZR
(X BERATREHESEHZIEBOIEN, TOREFRICEHLEEAFELEER
BELTWZENRETHDEEZ D,
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