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1. Fif

BEDBRFEHERMICHIN, RZE. RECETIEHUNGRENT L LTY/ LR
17T, 210RENBHNES W, Fi-EEFARAELEE LT, ZOEH
EABF I TS,

COEMAIMBICEAShLIERIK, ChETCOEGEFAEGIHRGEGTE
HMT 52 ETCHEBEZABRTDIOICHL. ¥/ LREL. BEOBGFOREL
by, EROBRELG>TVWIEGRTEEXBELLYT S EMHRE
-, ZEOBEFLRERTEGAITEESDHL ZLITLD,

57 LRERMTOERL., DNA DISEDERI~D_EHYIE (double strand
break : DSB) MEA LMD L DEERBOFIMATHS., DSBOBERELLT
(ZIEMER G FH S (non-homologous end joining : NHEJ) & . #HREIMHEERZ

{homologous recombination:HR) ZFIfH L f={&1& (homology-directed repair:
HDR) A3, NHEJ [Tk A BEEMEEANEZEL TEC AR SNEMNLERIGT.
HEBICERETHIE

- BEOBAPREEH (7 LG Rk oM ET R |
SIEENHDT-HE | wer EREET RER  BRRET
EFREICFIATE RN vaLvE .L ‘;mﬁmzmcm
5@N.—A.EE <=3 g—rﬁm P N
LTcHiBEARO ) BeUR  wg -DNA AR
S/G2 Iz E B " ERAEE e .zzziw
HR[3] T (L +H & & 51 ' s RERETORE

DRI K AHE
ErREIY, EEE
EFERMNEHFO>TY
JL— - DNA ZEA
LTHR &9 2
LIk VEROEE

®RIZTFE IS S0 SBEE
e ZPRETFEARD

o EHRIETFORS A R aTe
=i A LD A

o HERFO MM EE

* RERE OO BT O RIS
(BILBEROS

© BREEFOTRE SEOREOHETHH

@ AL B RS B DR ETEA

S ERTORIMBGLT

s EEEHETE ERREFHTRIETEN
FEOERTERIIB TR

LS TIWNDEETF
EEOIERILtaRE
LA, - . HREZMABLTEEDS / LABMICENIE T 5EBEFFEA B
BeTbHL3485 LRELEALDN TN,

HEDEERISEEMIZ DSB #BATELIALIRX I L7—EL L THHICH
FENf-mh zinc—finger nuclease (ZFN) [4] & transcription activator-—
like effector nuclease (TALEN) [11THS, LHALAMRE, ThHAIXY
L7—FEREDIEREMNDEREI NI BICE>TIAS . TOMHELIC
BEORMEBHZEL. EXGERL IS —H AFEHAFK Iz clustered
regularly interspaced short palindromic repeat (CRISPR)/CRISPR
associated proteins (Cas) [2]Tl&, HMLELEFOIEERIIZHRET —RETA
FRNA (single—guide RNA; sgRNA) IZKUTT5 /=8, TORFEBESZT, R
LERETHZENS, ARAEOEWEEFRERHGE L CRFRIZREL 6],
HE GENCRBEECHA B—BEREFEREEFHWRICST/ LARELZHVE

B EETARENE S/ LRERFOEL
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EFARmRERARESATEY .. BFELUAIC IhoBEFARAESED
SUERGEREHFESTHhh O WSS H 5. TLT, ChEZT, BRIZENT
LRBAIRELSTRENE L. 7/ ARERHEZAVV-BEFARRESSO
MERVZERICETIFAHEBEALTCEBENH DL LBPNE,

AXEFE, BHIC, BERRPOS / LAFEHMIHAORBEZRF L. RIC
TOFELEThZMBADVENIZEAT HHOFI (V—ib) BIZS /2 LR
FOEMICE - THBL. ENThOBNEBET S L &IC, 7/ LEERENTO
FHEZRFALREPRERFEMRVERICET 3R+ 0—7 v JICET
DEBFHEFLORLOTHDL BE, 7/ AERICHES VR VIZHTHER
ARIAFEEDERCERRICL>TEUGLEFZON, TOBRKGAICEL
TIRYRI AT 4y FEBRELE-ANOFMmABEICLED, SBIC, ¥/ LR
SEMEIREARRICES LTV IO, AEERHEICALTHL,. BEREL#1T
DLENBETHD,

2. EE :
AXETHK., ¥/ LRESENEFAVWLBEFAEAAAS2UTOELEBYE

£95 (M2,

1y in vivo&x/
LIREHE (B
B BRICES | [nvive S aB88s
LTHRRHNTH/
LIREETS T |7sumRy— |

HDE) 05 . O
D/ LiREE * Paazk O‘ '
mFRERS * WRNA
B TIBE | % -
SEIZHWDE
F4 Dl‘;?"ﬁ . C yiLERER
(LR T/ e
LiREREE) M2 4/ LBEEGKLESFZ
EWI ) EH

HEEBZTANAADA—RETSAZI RRIL—FZTHS T HER)

@4/ LATRE nRNA 27 (7 / LIRERFEHRSES RNA 2/l ¢T3
%ﬂﬂ)

QY /S LMRER VIS ERR (F/ Afﬁ%ﬁ%ﬂ?’&ﬂiﬁiﬁ&#‘é%nn (sgRNA %
EHFEEELH D))

(2) ex vivo7/ LERESES (F/ LREY—ILIZE VKA TEEFHRELE

HMBTHY ., KRIZKES5T5-HOEG)
OF /7 LREMRMINSR (57 LREY—ILIZKY ‘HK%'CE&;?"B&E Ltk
FEfRmISES)



3. F/LEEBINEAORE
() BiEFREHBEONALEED IR

57 LREKHITHREOBEDBEFZERENSENICUIR., L. RET
= AHMTHLIN, AECELUOERRNEF+ DBMNDEGTFOEE) R,
Thbbd 24—y MEBOURIRBRERT S, COF74—45 v MMERIC
LEHERLELTHRIZBESShI00, iBOFNALLTHLE. T 72— v MER
&Y. EENABEFOZEEONAINFBEFORRLEIEC SATHEHED
HU.EY LAGEOEGTFUEIIKGMEMEREZ L5726, TOREHE
X XT 5, :

F7/- DB 2FBT L5/ LFERNCREBETRIZHEWS / LBNFRREL
LY. 0T MECIRETCE L NEAAD KBERIEOTHRRE~OH
BN EFORBANREELYITZURIVEREShTWHWE I LML, ZBHRER
ICEBPALDYRTIZCONWTEREFTHILENDH D,

(2) £FEMIRIZESIF2ERLBLEEFHREYRY
invivo7 /7 LRE TR, BRERUATOS / AREe. BREETFSIO
BEFERENELTE, FhoZBBELEYERLEY T A2 LIEHEETHS,
Wiz, MNAOEHEAREEHROBEENEET D /in vivoF 7 LRETIXAESE
HME~OEZENESZESh, RAETIEY / LUWIZESEBEREZEDYRI %
Blt5F-6HIc. F/ LUMENT L EHGBEFREZTSH-LEELH
FEINhTLWEE, RER~OBEGHNLEEFTHIBHT IHERDH D,

4. B/ LBEBHOSELTOREREICET 538

() 5/ LREV—NICEDINHEETOBESEE
1) ZFN[4]. TALEN[1]

IFN (%, BHED I BEBHINEFEHT D zinc-finger R VNI BEF—T % 3~
6EEL. HMETAEERIIEARTEIRAS L, DNAUIBRETH D Fok
Inuclease ZEESEHF-AIRXRILF7—ETHY, CODNAEEEZI/INIED
HAEXEELBRMAEREWS. — A, IINOEH SRR L= TALEN X, 1
MHEDEERFTCTHATALDM T/ BHLRIED 2 —NLN1IEREEHE
TAHEEERMALTHBY. A G C TOREBRFZFTLAThEHT L2 4EHOTAL
EDA—NLEEETAETCEMNEREMEREL. BEOBRERS UM
A.TALEN TIZTAL B A— L E 5~ EEES BB LT IH~20EDER %R
HTDELSICHE TN IBEEHNSL,

ZFN & TALEN £ Fok I A=A DNA OS5 5 —AD DNA 85 L iR LA Lz e,
B & T3 EHATERE TROBERENAZAH/T S 20O AIESR
HEETALENRHY 1O DB IZHEBELBRBEERIIE—DOAIEEN
S AEHO2EETY . FOMTI8~40EEBELLS, COE-HIEHRER
OEHBENEIE L., 775845 v MERAIIEZ HHEEL CRISPR/Cas9 & U
BnEEhTWOWAI]ZFINOTALEN (B34 74 —4 v +EAIL CRISPR/Cas9
FERESNTLAEOS, BESCTHAEEEATG LA TV AN &ML BEE
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ISFIG T o ELH D

2) CRISPR/Cas[2] . .

CRISPR/Cas IZH T H45 R DISHE A OEREEIL, ZFN A5 TALEN L B4 Y | Em
&75% DNABEA & 4B4EA0 7S seRNA AE - TvB, 375, sgRNA (&4 {4 DNA
TOEMELS 20ERLBMMICESTIHS FEIE. TOEMETIZRE -
9 % PAM (proto-spacer adjacent motif : O FRAR—Y—iEEF—7) &
FEEhAEMEEODDENHSD, Z0O sgRNA & DNA — =8I E<H B Cas)
PEEREREMRL.seRNA S EBT S1ERE N 2H I 2EEF LT 5. —A.
@ CRISPR/Cas L AT LTIL, sgRMA ARJFROSBOIRTvF (AT £f1E.
Gﬂﬂ%)ﬁ%o(%ﬁ%?éltﬁﬂ%h\ﬁ%%ﬁﬁ?@@%&%htﬁ5
HHARIDEAPRIENEELF T2 -5y MEAOTREMIXS <2561,
—hH, SRNETIZTA 72—y MERAASRC ZHEEICET IR UZHD
MI7-9]. TOFE., FIcAORNOMECEI2BEEDA D2 —4y MERAZIE
CREICEAET A EIFE LV EShT NS, |

CRISPR/Cas A 24—+ v MERZRFIT 2-OOWMMBAE LT, HA K
RNADERECHMET AEINDIARBEZFOZENRMESATWEIN,  BHEET
[+ EEMHEILL TODRRTEAL, LN > T, RIS S h 2814
MAEEHELIZ, sgRNA 2B5H L. 24—y FMEBOBELZE T 2HENR L
B,

3 '/ LUEETHEWS 7 LFEE0, 11] ,

DSBIZH S 7/ LADFRELREZERBSE S8, 5/ LIHETHLEVS /A
Wk (T7IF—HICLD | BRIER) FORLLYT / AREHHIFHEK S L
T, COKIUHMY / AREBMEEAT HHETEH, EOLSHRFIC
BWTH I~y MERAMEBTE 500 %, FHEEEE D, AT 2HEM
Hd.

) 57 LBEYV—LEVEGFREL-MBRICET28EEE (M2
1) PANARGA— TSRAIERHYH—

57 LEREIZALYS ZFN %5 CRISPR/Cas A #IBENICBAT 3 1=DICFPF/ 594
WRAPTT/HEEIANLA (AY) EODANAAY Z—FANEERRBAE
BehTWWa([12, 13], 2O&SIz,. ¥/ LAGREBZEEFFEBELEYI LR
RPF—DTSRAEFRy4—[14] ZRANVIBE. TOREERIZELTIEHR
kOEEFARAURLRFEOEZ ANFEAMNGETHY ., Ry 4—80E (/Y
SHEEHEFEHBERETICENNY Y VAT LDEEL FOS BT S IR
RkOEBEEFARRAEREAZOIHOZERT 22TH 5,

— A EkROBERFAERESTE. BH2 VA7 HOBENLETEOEHIC
DANRATAOT—F—RERILIBEEHNEL, COTOT—2—KHAMEE
BEFRBICBAShDIZETHALBLEIY S EAREESA T AIS],
57 LREIZE T ZFN - TALEN - Cas9/sgRNA # R B s € 3 -HREEO FTO0E—
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A—AENLhIBEELHLD,. BEBEATCEIOE—2-ZF0HAELSADHR
Eixty, —HT. BALETSR I KA DSB SREEIcflAAEhi=PlEBES
hTWaol Ehd, ¥/ LAREBETFAEAERICBVWTHIECEOERTFARE
RS L EROEBRESHIENABEL B IO D, £, HilaOlsiEmt
[Z2WTik, EHRAL T EEO-FEREETH . _
7 LREY-LOHBR~ADEAXELTOAMLARI2—EANSE5E.

B tb OMBERtOB AN S TBMET MR TOEEFRENEERUVE
El L& TEHELEVMTOBEFREORERVEE] ICTDOWTHRTT L
ERHbH. SHIZ.F/ LAFERZEORBENEET S LA T7424—F vy MEADRE
REHIEMNT A ELBEIRETHD . BIZ. VANARG 2 —FANEE
IZIZRHICh > TEEMICY / LAREERFRRT SAHEEAHY . KLt
DEEMSLY /) LFEEZORESHEEZHBHT L TELENH L.

2) mRNA

#BRAY T Cas, TALEN, IINS O A2 VNNV EEHEBT 51012, Chib R iy
Hxa— K325 nRNA OMIBAREAICTIT I FENREShTWLS[13, 15
16] . [EES. EEEBSORE. APMRURESHEORHGREFICET L (F
)] o ETiE. sRNA IDEGEFAERRARGODO NEEFREAERMA] T
FhTwad, NEEFAEAASSEORERVEZ2EOMRICEYT S84t I
(2 WRNA ) B OREMICEY AR|THL, BRELTE, ¥/ AREORH
A TH mRNA ZHEVEESARFE S TOLDA, BERICBLT, BRSTY
FEEEHRFERESAEZLOEEC, SE&. RN EGosUkvmEEEICOW
TOFMEZBAEICL T BELND S, BIC. BN TORERZHERT -
BHIZ A F AL Cap EORAR A LMERIEMEMZ F-mRNA ZFIA T 2B EI1CE
MEBHICHET AR THLLBEELEZILONDIEMNS, tRNA ORBEERD
LEMEMIC OV THENYPISRMEBET2TEMET O Z LHKRD 'o?h
%') mRNA ﬁznn’&‘[t%ﬁ- EJ?.L—J:Of%Lj—ébjAliﬁggE%nnLﬁbfwﬁt%
DFEHZIFHTELIMN, TIRI FOPRREVZERELT invitrodgEIC ol:
UE&REd 2BEIciE, BnoShETERAEDOTFYIC ou*caéiinﬂm\;z\
B,

3) BINDE, H4 FRNA

ZFNAS TALEN [2 & 24 /7 LIRERF TR AIRX VL7 — t?zn?ﬁé EiE
HMEBHNICEAT A ETHNOBEFRENTRETHS 17, 18], Ft.
- CRISPR/Cas TI&. 2y DNA B2 5| |- #84H8Y7% sgRNA & Cas9 4 UV B L DESWE
(ribonucleoprotein; RNP) 2H oM LOHHBRE L., HBRICEATIHELHRES
hTWLWA[19, 201, COELES/ LRESA VAV ERRICKLDHEGRTEEL.
[ARNOEFICEGFEAT D] LV REOEGEFABROERICEHTE
F5EL, LALLGAS, BEFEEATIEGTAELERK. BHAOEERTF
ARETIEBEDPTNICHSEEEZORENBESINI O, ERFiEE
B A2 EEFAERURLABRORERNENBETH L. LB >T. ¥/ LR
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EAVNRVEERIEMNERTOREZAME L THLLOWDL Z D, $E3E
DBEEFAERREROREZHEZA T, AFEOSE - REUFMEITOLELRD
5, BE, FR T F2 A8 28 HiF T THRESh: NEEFLREHEENRIZE
T 53R (FErK 27T ERAFHEETE 34 B)] TlRCOL 5G4 0n"vE%E
RAW=45/ ARERH L EEFARSLLTERELTWS,

IFNOTALEN %L EDATR 2 LF—EH RO EOREFRMIZ DN T, /181
TEEZOMBACIFHELCREERBICEAT S ICH H4 F35 14 >
(Q5A, Q5B, 05D, G6B) A'BE L1 B, Fi-. HER) DNA BRHI - HBHRZ sgRNA OO &
Bz oWTid, #BEESOMEOER LM BN TEE T RETEIHIC
DT (ERE30EI A 27 BEHFRAFERH 0927 £35) NB8ELLD, &5
fﬂﬁﬂl%kéht#/Aﬁ%ﬁ%Lamr RN TOFREOBREECE
EFEORMLHELLTS,

4) 5/ LAREYV-LERVWTMIUAEE MM IES

ex vivoTH/ LRELMEMSHIE HEEMIBZOBS, TORKEIC
BILCIEEROEGFEAMBALAIE MEBRMNTES L BAHEOZZ A E
RAT&4. ANV —%AVAERICE. TOREICET 2R EEE LB AR I
WIZEIN D VAT LOBEL ZOFEBRAZEREORER L RZOFmE
BHTLRETHD. ¥/ LEEAENISFZORESIZEL THAEEROBE
FEAMHRNA AL E FERMIRG L EAFROFBREREHTIMABELER
bhd.

@) ¥/ LAREOBMICEL D55
1) EEFHRIR[21-2600 RUHERER R [7, 27, 28]

BEERETHEZEMNET HI58F. BRET HHBCOBRFHEDHEELE
HEBEEFREORE—EICODOWTEHET 2BENRH D, HIZ 1L, CRISPR/Cas %
AULLIEE1E., seRNA ORETOB UM E5AT SBIZ. COL I WBEEFRED
MEOCTFH—EIZONWTEDRLSLBRHN G IAEIAEESDIVERH D, 18
Btz #BMET 558 WO DB EEMELZNRTIRETHL 0.
FTOFUNSVES HREFCHEMDETHEZAEC 52014, @RIk ->Tik
TOMEABOTEVMEENH L LICBETRETHD, Fi-. HRAERZID
HEZTMT 2HPERAHY ., BEICL>TITHEERI N EZ-BROHEE
RL. AEICRAWSC &%ﬁiéhéo=®$9[Eh%ﬂ%b#ﬂﬁwL%
MIEETS5EEIZIXTOFEOBIEERIDENH D,

HOR IS & ICILEEFRMEE K+ —DNA 2 BATIREARHHH, —EEE
% (single nucleotide polymorphism: SNP) & 574U DNA OHRTE[0] T
(. OB LLRRUTROBMAICHBIREFI EHD—KFE DNA(single-
strand DNA; ssDNA) 2B AT 5 & CHREHEBINTETHDS, —FH. 28
SBEEI—FT5EEFEAET HR TERT 25EIE, #H595F0TL— b
DNALLTTFSAZ FZEAHNBEBENRZL, COBESIUNMBHNOLAEVCTH
[Cht>THBEEOHERRENEEFE D FF—DNAZEATILNERH LN, F0
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BRI 4 K —DNA OERE & BRI X O EOTMABEICH S, /-, ChE
oA 2 AR DNA E1=5 L\ T, DNA & 8 2 31 IRAEA R L E D

HELHDIH

MEEBRZOPMEICOVTES/ LAROBEELEHTIHEL T
BLRBERDHSD,

HE. EROEEFFRBICHERELEY. HHVEHERMERZ & & YRERMIC
BIERITHEHIZIBE2EHMCANILYTEHIEEHAATNSN DB %
2 ERLUEANEBAICIERAROEBOREAFORESTRABAEENEEL
PFNESITEY., BISREFERICD

WTREEERT SRETHBH31]

2 5 Aﬂlﬂﬁ%{#bﬁt\ﬁ{n¥8&£ (Dead Cas9 757 I F—HFIC J:-éi[it)]
BroZE, DNA A F ik - B A FILE)
57 LREIZ K D E{RUIEOREE - Kﬂﬁk%%%&%ﬁ&bt DSB ##2

Z WS/ LRERTORRELST

ThihTE Y, &/ DNA EESID—ADEOH

EUHT ARG, FTPEF—HEI2L D C-TEBROA-GER, SHIZIEDNAD
AFNEZEDIED 3 T4 v I EROBAFESNHAA LGN TS (H3), L

Liads, 2
hio® DSB %
BIEHWLST
J LiRERM
22T+,
F DEERER
v B Rty
FMERIZEK D
FESHOT
HEHAH Y.
BinFEEA
HEELTO
REYESH
SEANE L
Zibhd,
ZDiza. DSB
A5l EREIY
5 LIRED

[Tk URESh-MROZER -
SENSHY,

7 AR ESRET

LB LR
TFxA—
PS4

g B AF LA

BETRHIE
DNAZ AU = i ity

R P,
(FFaF—4 ’ﬁg%
pavEs—g = R

DNAAFILAL o BEFRBHG
BAFAE

H3 ) LR L SRETONE 7 AU LGOS 7 Lk
Ba BRI, MECEICS ) AOREDOHEOCERENRTHYBSC L. BE

HILFEMEIZLDS I EFRHRICREEE M AT
SHICRBEEFRERMORNBICKE Ll L@T TRz AL

T, BATHROZHEEHALBThERGEL,




5. REWUFHEOELA
(1) 7/ LREEN AWV EEFARAARFOLESRE
D *o74—45vy MMEA
T/ LAEERMERWV-ERICLEZT 22—y MEEOELEIRET 1=
iz, ENET 5 EEFRIICEULERIIOERE /n silicoBiFIck YT
BT BETTHELS, RBMHFEZHENTE 5/ A2KIChI=UA 2824 —4Fy
MEWHY A FPEBEIRT L EABRETHSH[32-35], EBRMNFETEHIA—Fy
MY A FEBRBETIAERL LTE. S/ LAREORE, VISR EIZA K DNA @
RTEBAL, FTVOWMAHES/ L&KIChl->TELRINGRT S HE
(GUIDE-seq) [36]4>, fHREM LI L-4/ LZHWTY / LAREEFRICLD
YIdReT BEER L 2 $E %R 9" 5 DIGENOME-seq[37, 38]. GIRCLE-seq[39]. SITE-seql40]
FOFEDH L. ChoDBEHTTIE, PIA K, BSABEREF 4]0 SNV (single
nucleotide variant : —iIEEFER) /Indel (insertion and deletion: AR
%) HLat—#HEE (copy number variant : CNV) EOLEBRAZMIT A &M
BAbND, InsilicoBMRUERBMFRIZIYBEIAEA 74—y Mg
YA MIBOLT, ERCUBORENB > TWAILENE2RRTLFRLE
LTI, ¥/ LREZEHRL -0 25/ L—2 TR (whole genome
sequence : WGS) MEEER[33, 351, EHY A FEPCREIELTF s —F o —4
A9 % amplicon sequence £ [42] AEE TN B, ChoOEEFTIK, BERER
HNEEDEERLHTOUMIE > THRHEHBREAEE SQ DA, RERL—H T
LG HET (next—generation sequencing @ NGS) DTS —HEED-MHI=. 0. 1%
UTORECREIAFT 74—y FMERERHT I LEBHTRETH S
(T‘D, ' :

£1 42744y MEBEOREHAE

AFIU— Fik i Er am
245/ L — Hi-seq#n & IEFETE =xi
HITA {ERREE
in silico DNA E2 548 B5 TIEHE

Gl dd
RN DNA —RgHtn BLESS,BLISS, =Rl —SO#alE
(in vitro) BZERZE GUIDE-seq TOIKEY TOHAEE

573

HBREN (=978 Digenome- B BN RIET

: seq, CIRCLE-  SNP % X7 EY A

seq

CRISPR/Cas A 74 —4 v MR £ TTHEAIR Y ERIES 57 I(t. seRNA
DRABBLEETHY . /nsilicoITI=& YOS/ LAERIAERESI DD
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HWMEHRESEESNCENEETCHD, LML, insilicoBiClie<nd >
B hf sy MEFEEE PR TEHOVAEEREHD-H. CNIZIMAT /in vitro
BHFHAESHLELAT 72—y MEHBUOREPF 72—y MEBOX
LR2HELTOEEFTEHLTHEMLTBLL I ENBEHTHD, 2L in
vitrofB Gl BEDIZHRICBEARENTEEFOETENEC 2 8eENH
BT, COEIENY I TSSOV FRERELEZEBZON BEIZCK>TEINY ST
S URERFELSIVWTY / LAREREICKE > TREISERFOEEXFIES
ApELHD, .

7 LOERRIICEHE FEBMTRENAFET LI EMD, ¥/ LIREIC
Bita4 245w MEBIZOWTEWTHEMT 2 &ITHE L EZI NS,
D=, BFEFRITO—-RELT, £ FRERWE /invitrofdBROBTH T
BR—5y MREOREHEELAH D4 —4 v MEENRE T LIERE D] FSEMICHE
W ERELRHD, ex vivor/ LIREDOEE. ¥/ LGRE L E=EROREREN
DFREMPLFTA—F v MERAFERE INERIZE, #7042 —45 v FMERIZK
LHRAED) R 0%E, YEGRTFAEBEEROREHIZEZXTREELTSZAHD
#EHEL . HEICGCCEOEGFREMBO O—F U T 0 —BFVSHEL
BEbHd, —H. invivoF /) LEREDEE. ${OEEZHO>KiLiaka%=A
W= in vitro B CIXERLGT—20/GEohGVWAEERLH Y., AR ERA
WBFZEBTAICENEELL, CORDERTO in vivo T LRED
d 78—y MEAEFET 51-5IC iPSHIEOES Mk Efiaz HLNS Z &
HLPHEBAEEZ NS, iPS My ES MilamkMiaik. & FOIRERHEOAF
AESLMRICHT 2ERAEET 2BEICERGY -G LA EELSE.

2 5 LRS- BROSNEHIO/EA., LEBEAOERE, W4

) LRETIHDSB OEEBETCH K ITh-2XELRENLERFHREDE
AHRBELBZEAREShTWD43], Fh-. ¥/ LRBEICERALIzDA
WARG B—D4F 7 LA ZOREICHBASATOLSBERESh TN S [44,
5], Chids/ LEEIC KL HEETHREMN, DB ICkUFESh LMD ST
LBEBBICKELTWSLHT, EQLS5125/ LE2BET S0 0ERE

(BERRAE) REE>TWEWI &Ik B[43], LA T, ¥/ LREIZE
UIRESh-EMEGFEEDYT / ARNOKESR, TE5ETEROENIC
AR - B EROTEHMICETLCHCBEN DS, KITHR~ -k 512, DSB
W THRBEREEEOREEZFIZECT YR IOMEREENTEY . Kz, 5/
Lt 2 AFRIZDSB #EAT IBEIIEEICRAFLEORRESAERT L&
BEE I TIND[46-48], FDT=8. G/ FEHFASQ /3 RN, 5EBlHS
—ZBuLyvf-multicolor fluorescent /m s/tu hybridization (mFISH). & 51T
X85 7 g TYHALH—2 3> (comparative genomic hybridization :
CGH) F#FAL T, ZAREREZRFTINELNDH D, T-EL. ThoOEF
CIX—FEDBRAAHI L LEEBLTHECBERH S, BIXE, G/ FER®
mFISH Cid A4 7 x—X (SRS (CHIMEUMMEITTEAL, T 6
v EFRTIESHOMRE—EICBRTT A LITAM T, 2EREEEZETHT
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CAHHOHMERNZRET AT EEE L, —F, nFISHIZELZ 2 BEBTD
HBEOBRECEERORELGREEZBETIQICKELTLSA, RLEAEEK
NTOFMFTBRETELL. E512 C6H TRERDEEFOEIELRENS
{OMIBIZRZTWAIGEHICEBBERETH AN, BT LIZFY—ELRH D
BEC—HOMBTOAE CEEREZRHTESIBRERELTLEL., Chbd
BIEOBUZTAEELELT., 5/ AREIZLZEBREED YR Y X5
I 2HENHD,

3) 4/ LMREMIIZET S 053 BOY ) AEERETOERY RS
HREMERZBEERA LY/ AREIC L Y BEFRES M- BRTAAN
HEBIET p53 DERARE SN, 351 p53 BETE/ vo 7™ k LEMET
4 HOR OBHEA LR T B L D|ENH5[49, 501, Thik, p53 EREHOHM
MIEEOFENSNIC WS EBERZORERBEREEX SN TS, o
T. WA AIC & BREFEATE p53 21X CHETB5 AMEFICESET
BRFCHET IREFEROEREERT DRENS S,

4) EMNHRRICK S ALE R DEN

77 LRRICETEA Ay FMEROEER, BEFTOLOERET
HEVWSHIZENWT, #EOL FODAILARTZA—DLUFIAL ARG A
—HZEDEEEREAHABRI Z— 2L B YR EABKRELBEESNLDS, BIETFE
HERRMNBE - UEI S, 2BREAARRIZ—DURZELT. BALTR
&K BHMBEONACITRAOBES E L TEF L, 2B, X-SCID (X BT iEE
BEEARLA) O WAS (Wiskott-Aldrich EZE) Z0EMBMEE B IEE
FRBICEVLWTL FADZANLARNI A—FHWEEFEA CHLARBENRE
[BILf=F=8, ChoDEGEFAETCEIREICOEZ D+ O0—FyThHRAL S
hTWhad, — 5 RALEEFEAHEARY 4 -2V BEFARTH- T,
BRI OB~ OBEFEATCEAALERE S TR,
EMEREEEFARICBTAEREEOA DXL, 91 LABETOE
~ A=/ TN —FF IR 3 —NEAKEONABESEETFEE~EA
[51] Ehi=fbsLEIOATEY. JOF—424—PIToNnUY—FFHVEWS
JLBETE, COLSHUBAZRICLIMPIEEREN R I EEFELDL
hElby, — A, B D L3125/ ARETHEH., 2EAOEEDPREZIRECIYE
L51-8., LEFEEIZESD Ber-abl OLSERAFASAU NI EIELBE
20, NATIFHEEFAREESNLZ I EER YR ELTEZLNB[2], £
HEHBRZ #BHT 45/ LIEE T, @R & 512 pb3 O & 5 LA MFEE
FIZEENE LRI EMT BN HD. 7/ LAREICBHAL046EE
PHRAKERFOMIBEEFI-ZLB3BAEIAZIZONTIH, BESTHYIZEE
ficshTWBERFERZLWAD, BEFANMBEOUEEDBEFAECORBRER
F25E, BHBBICETANRALBY R ELTLLRAELEZDINETCIIN
{oHMELI-HlETO ) R 1&, BEEEF ODRSMEGMRBEICHRT R YENWE
FEABND, M, iPSES HIBE-CEMEME T, EmBEBELIN OGRS
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[THATYRINBWERESNS,

5) &/ AREBEORERM

Cas & LS5 BEDY / LREICHAL BN S DNA UINEE R ISR H%ES 2/
DETHY. ex vioBIRFRETH>TH, ¥/ LAREShHENT/ L
REMRERAET LS EERNTEEREL LTRBSh 3 TRENSH S
(%2)., BMRRTIIE FCOREEEEFATICLEIRBETHI 0, 4
J ARERRICHT 2 RBEREICL YBEDEORBOTF 74 55 —%0
GESHAL U ATENEEEL T, BRAREHETAHENHE.,

(2) in vivo5 / LIRE ‘

1) EBfEEFOREICEAT 224 M
WEShE-ERNBEFOERIZIODVWTHLHADREELDOBRIENHLIESIC
X. RILEMEEFENELE-EMER W POC RERICEBLT., $HXILHEsEE
ZRMTIFEE LK ICENEBEFOREICAEL AN B CE2EICET
HIEMABONLEEENNHD (R 2),

F2 7/ LEEICAV S S DNA YIEBE R O KA AT

® AAV-CRISPR 2 R BB E®. Casd 123 2 RMR GBS RERE
- iR (Chew et al., Nature Methods, 2016)[53]

e L MIFEEBANT 220 Cas9lxd HHIKREREARN ; 65%41 spCas9
Fulk. 7% -t SaCas9 Hifk. 46%I=Hi SaCas9 & T i % FEsE
(Char lesworth et al., BioRxiv, 2018) [54]

e b FAHMIEMHED Cast (2T 5HAZEOEERBFELTLWIONZMES
WM& & LT ELISA THEITE ; 2.5% < spCas9 ik, 10%Ic#n SaCas9 ik
(Simhadri et al., Mol Ther Methods Clin Dev, 2018)[55]

REFREORERT . A7 3—OMEE, 58K, RE5E, JoE—45—KE
. BEF

2) 5/ LREBEDS—5T 14 T L REHE

Invivo 7 LRETIEIHET 248 - HBE~DE—5F T4 LT HEE[B6] T
HY.EQLSLES/ LBEY—ILERWSIZE L. ¥/ AREEROEEAS
MO AT, B E T 280 EB~O2mE T TR, BRE LITWEREL
ADRHETFHLCTECRENRH D, T, ¥/ LIREBZOHE - HlaTOE
B OV THLEMLTBBELRH S, HiC. ERRS AR TEREME~D
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AAMNREOHLNIGARICE, FBEMBOBEFREDY A2 T, ICH RS
rEEfa~OBEFAEARIZ2—OER LA WEMAH Y R 20T D
ODEANGEEZA) T 2SECERKRABRTOFEENRD LB,
Fl. invive7/ LIRETIE, BME T 2HEGHBECOS / AREDHEMN
BLZEMSTREHBREHELLTWAEELABY., ¥/ LARGEDEEEH D
= DA EEHBER AT T S Bl Z (X  homology-independent targeted
integration (HITD) &I1X, 7/ LOYIBRE L & B L& % FH—A 9 4 —{Z#iA
ZIZANLZEICZKY, H/ LERF—ROZ—DEHICHIHEh, /nvivoT
FEVWNETCOS/ LARENTELE SN TWNAE8] . ThizHEBELT
CRISPR/Cas #RHlICh=»>TEBRIEI2HMNTAM Z2HINTChLOEBEFY
BATEE, EQRBRETLIEVGETY / ARENTETHIERESAT
LWA[59] . —K. E#Cif=->T CRISPR/Cas AR LEEIT A ELNS T &iTiE
MESADF 72— FMEBVHROEZE L BWLWENSPRTCOBETFHREY
AEBELBBENSIBENH D, Tl invivoF ) LRETIE., exvivo5 /
LRELERY, BN OY / LRENEBETEFhZHRTHZEARET
HBLIZBBEITRETH D,

3) Fih

Invivo 5/ WREIZOVTIE, BMERAVERBRERBLTEA 78—y
MERIIZET 2 ERLIERAE DR D TEIEELS, /n si/icoBATOE M
BRERWE invitro B TOBREIZEY, BENTEHI2EL00, —EDES
HEFBHRFONDERENLH D, LA 2T, invive5/ LREORRETIE
ChoDFEZAVTEENLGY RV 2FME LI LT, BREETOHFSH
SR LBEATEEICRKARZEDIDELDH D,

6. BRIZAWTHETAZER (Eio4+0—7v7%)

B LEEEFIIENET EEFERETOHEGCHY., TOHEM L
BRMAARRY A —52 AWV REOBEFARHERKEREDO ) RV EH%E
BELE-BAORM7A0—F7 v IRXNETCHDH,. —H. 5/ LRELEEFD
BERHEORECHEEFEAZBRELEENTHSL-H. #0425 v FEH
2L BB EOBEINT AL, BEFHAFTGENS V4 LEHKEDEE
FAHBRLVLREGHENEZAONS, TO—AT. ¥/ AREICEVLTITHER
HPZICEY pRIZDH ) LEEBEGETFOERYRAINEELZ LD DSBIZEL
HRBHEEOYRIMEHINTVWAZ AL, ChLlcEBETLIEEES
EERERILZ7+0—7 v THIMERTET HHEHAH S 601 (FDA LTF guideline),

HE,. FOBEORB O+ 0—7y IHARELESh I, FHT 5/ LR
BEMT (WAL, ARV ESEEEZEEAT D LK BWEOIAS AR A
—H#RAWEA - WEEDEWN) ., F—4 v FELLHEE, BRETHEEF
FHILk-TELBDEZZOND, HEDBEFARAESTORBLEBERD
. BICENBRAMERNZE LES/ ARETIHASEZRORBR YR 2 HE L
RBol&BREIh, EHREESHL-EH 7+ 0—7 v JeHEZHRETH M
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EELLY,

1=, invivoF/ LIRETEEMAOME - M8, HICAEBMBICEAS
NBYRLETHCEETIHRELRHY, FIC, EEHERBRICSVTEEFRE
DOTAEMESRHDIBERICIE. RERAOEEEEET 5261, BEUG BT LE
ZRETIEORNEELLLELRDHD, TORIZE, ERSEEEDNERE
BETOYRYEBDFELBEIZTESTHA 5611 (FDA Guidance for
Industry), E-4£EHECZREMOBEFICERNGTNEFHSDILE
RgchHdLns, FOREHDVWTIHMEELREN 4+ O—-F v THRLET
H5.

1. BbYylz
AXEEEBRATCARDELRTFAERELY / ARROEMROBREHESE
L. ¥/ LAfeEEERAWNV-EGETFAERASELEORRICEVWTER LG AR
KR ENERRMTHS, ThOZRAFLTWLREVLHER. £, Th
LOBEEFTSEBEICHLSEBICLTWEREL ZEZ8FHT S, LALLM
L. F/ LBEEETTORKE., B, 2FICESLTEY, FEFIC. TOEA
#sEBIEKL . AR OBERLHEA TS, T TIERNA 5/ LRk
EHM+HERLTEY., CoOL538HLAERICHLTHEEREICRLIEEZA
(ERAEREAGEYEHIEBDbhEN, ZOREBRICEHOEEZEZFZEER
BELTW ZEMRETHDEER S,
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