B2 OB O O#EH
SF2E2H7TH

HEBEREETER (B) EEER Hb

EAEGBMEER - AEEERERLEEERY
BANBEEER - AR R E RSN ER

7 AREENAEBOWEEGETFEREANLASEORE - aEOEE
BHEICETAIWEE] OEMIIHVT

S, BIITBUE AR R GEFESCAEBIIBRBIN TV ARSZER L
BT, Bl 17 AREHTE AW BEFEERRLED NG - oM
DEBHEEBECMETAREE] ARV ELOONELEOT, ¥ LFEEEs
AOWTSBEFIEFEAMGSORBICEL, 838725k ), B8 THEELE
WL, EEFEVET,

B, AEHEEOE L d A ARRENE S 2% ORI TIEM L E
L, BB LREAET,




FJ LiERERERAV - REFARARREORE - B2
HEoERERICETHHEN



(1)
(2)

4.

(1)
()
(3)

5.

(1)
(2)

6.

BB oottt 1
T B ettt e ettt et 2
A R R D BRRE e 3
EEFREMBEDDAED )XY e 3
ENERRRICH T ARBE LG BIEFREY A e 3
T/ LRERNON RS T OREE BT OB, 3
T/ LBREY— NS E SN EEFTOEEEIE ..o 3
F/LREY—-ILEEEFREL MBS T2 EESRE ... 4
T RO R B e 6
R DB R oo, 8
T/ LAREEN AW EEFARRYSEORBEE 8
INVIVO 57 7 NBBEE e 11
BECBLWTERTAZERE (RU7AQ—Fy %) 12
oY o 1 OO O 13



1.

HEOBEFEHENCYN. XE. RETEIEPNLEME LTS/ Lk
£, 21OERNEAMICED DN, FEWBEEFAREE LT, TOER
LA I TS,

COEMABICEEShAERIZ. ChETOEGFABRIFLTEETE
Find B & THEAEAETADIIHL. ¥/ LAREL. BEOHEGFOMEE
Sl EEOBREA>TWAEGETFEREBELLYTHIEHTHE
ftth. RBOBETFAFRNETHEENAHDH LITL D,

o) LEER T ORAIL. DNA OBEOE~OZEHLIE (double strand
break : DSB) (DEA LEAAD L DIEEHEOFATHS, DSBOBERBLLT
(X IEMEE i 4E S (non-homologous end joining : NHEJ) & . tHHEMEERZ

(homologous recombination:HR) Z i L /=168 (homology-directed repair:
HOR) #$% 5. NHEJ [- & AEEEHMASZE L TRIANILENLERGT,
EAEICEKIFTHIE

HEOBAPLREEZH REDBET AR | (7 7 LB RIS BRIET B |
S HDHE | s TR wed | RTAGE
{E%Eﬁiﬁi:#li;ﬁ-@ g- IR T RN gy ¢ A 4 LR LU

‘ o |- gzl ol
AED.—AH. XL @ =
LTHBEANHO . | BEER e FY-DNA Pt

- T emae | EEMGT S e Y e

S/62 MIEE S HRE I RIBEH

HR{3] T 1L 48 R & 51l
EDMBRIZKDE | iemni
BHAEIY, EFE | esrsmrons

EFEIEEHE>TY | "I
T L— k DNA ZEA | e@ @EFoimmmrE |

LTHR %29 = o5
EITEYERBDFRR
o TWAEIEF 1 BEETAERELY / LRERITOEL
ERDOEFE ST

i A, £-. REFFBLTHEDS / LEEICEMNET L2EETFESA &
BT BLSUY/ LRELHEA DTS,

BEOEREEFIEENIZ DSB #BATELALRY L7—+ & LTHHICE
gaAnt-mA zinc-Finger nuclease (ZFN) [4] & transcription activator-
like effector nuclease (TALEN) [11TH /. LALEAL, Thib AIXY
L7 —BREOERENOREE T /0 BEIZE>TIT >0, FOAERIC
EEORTCERNEEL EXGERI M S —FOEERFE STz clustered
regularly interspaced short palindromic repeat (CRISPR) /CRISPR
associated proteins (Cas) [2]1Tlx, BEMBETFORERNBEE—REN 4
KRNA (single-guide RNA: sgRNA) [Z&YTF51=8. FOHRIIIEST. HA
LRETHA- LMD, AAOEBEFREREME LTARRICRRL: 5],
=R HENTIIBRECHA, B—EEFERBEERRICT/ LREZAVE
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EFARERREBRNIRESINTEY ., REURICChGEREFARRAULED
HAERTAEPBESMMTONSAEMEA DS, TLT. ThESH. BRICENT
LRBSBEDHREAE . ¥/ ARERERNZAVLERTABRRAED
RERURSHICHTIERF2BELTELERHD L Bhbh S,

FXEIX. BoIC. REREPOS / LARERMICHEOREFERL. &I
TOFERLETNEHRACERIZEAT S=0HOHMN (V—I) BRIZHF/ Lk
KOBMICE>THEL. FLTLOBEELEET S LRI, ¥/ LEEHEND
HUEZEFEARECREMTERVEBRICBSIT2RAVA 0—7 v JIZEY
SERBERZLELDLOTHS BB Y/ LREIHES YR VITHTHER
HERNBREOBHEVCEREIZL > TRLGSLEZ N, TOBKMAICEL
TIRYRIRRD 4w EZEBLERNORENLEICES. SBIT. 4/ LR
REMIRESRICESLTVAREO, XAEESHICALTEL. BEREL 1T
STENBETHD,

2. EE

ANETE., ¥/ LBEBF 2RV - EAEFAERBEREZUTOLLYE
895 (B2,
() in vivok /

LipkRER (H
- 40 Y SOBREE
%‘C ﬁg "E *’rﬁf Inivo %/ ARRHE | ?;fz‘?%mr SBoRS)
LEEEFS 1 | TAREI ] mmms fn PUERESVEY
&)@ﬂﬁ:ﬁ) PSR @ /:A / f‘ﬁn [i’ﬁ} &—-““_;) S
D7/ LREE | e O Ao *fmﬁai
EFiAEEE - £ ¢ Tm‘f‘m a
CRCYIN - ‘ | “’_’ﬁiwﬁh
RICBLWOE % B “:?*LSQ
ig 2//\°7§ _..---“'y:f?ﬁﬁgﬁw
(LT 45/ i
LRSS B2z 4/ LEERNSERSHE
EWNS)EHR

BEEDIVSMNARIE—NETIRI KR4 —5FHAET28R)

@45/ LHWRE nRNA RS (¥ / LIREMELZRRILH5 RN £2XHEHET S
%ﬂn)

QF/ LEEFI NV EER (5 LREBZEA IR LT HHE (sgRNA #
BEUBELH D))

(2) ex vivo5 / LIREE SR (F/ LERY—ILIZEVIENCEEFRTLE

HETHY., KRIZBRET SH-HO8G)

OF / LEEERMIER (Y AREY—NLIZEYEN CBEFREL-E
RN T8 &)



3. '/ LIRERNSEORA
) BiEEFREHRONAILEDYRY

&) LEEFHITAEOBEDEREFEEERNBRNICUIN. WE.HBET
2 ZHMTHAN. RCHEUCERERENZL DENAOBEETFOHEEY R,
ThbhbA T4~y MEBEOVRAIREET S, COFT7E2—45 v MERIC
L AERL LTHICBRISALION, HROSALTHD. A 74— v HEA
24 Y. BEAABEFOEELOAAMFBEFORFLIEC HEREES
By ET5) LAGEOEREFUTILKENLHNREL 5T 2O, TORKNE
FEXT 5.

Ft- DSB AFEET B4/ LBEEM CIIRBENWKICENST / LATREL
L=V . #XOFHEETCHBRHETELVEEEROXBERIE UMM E~DR
BN EFIOBANESLYTEYRTEHESIATNE I LMD, REKRE
IZEBRAEDOY RAZIZD2WTELREITHI2LENHS.

2) HFEMERSIC B ITABR LG LEGRFREY RS
invivo 7 LBETIE., BHMBALATON / LIRESL. BHEEFUND
BEFIHRENELTEH, FAOEHILEVERLEYT A EIIBEBTHS.
iz NELETETREROBREENRETD in vivor/ LRETIIERE
ﬂﬁﬂ@ %# Sxh. BETIESY/ LUHIESRBHREREZEDIRI %
BT A -1z, 7/AW%%ﬁTé EL L BEFREFITIFHLORTLE
HEINTNEA, RER~DOBGEHLEEEFTHIRHTILESH D,

4. /7 LGERHBOSELEFOREREICRYT SFE

1) ¥/ LIREV—IIZEADEEFTOEEEE
1) ZFN[4]. TALEN[1]

IFN L. BED IEREHNEZRHST D zinc-Tinger R VNIV BEF—T % 3~
6EEL. BRIETHERRFICHKSTLIRAM L, ONAUIIMBERTH D Fok
Inuclease ZBHEIEHEATIXILT7—ETHY. CODNAFEERNIED
MEHIZIIEEAREAEREND, —5, IINOEHSERE Lz TALEN (F. 18
WMEHEDGEERFTHLATALOM 7/ BMIOHIED 2a—A 1 IEEZRHE
FTAECEEFBLTAEY. A G C TOSEEZFAThEETLHIBREOTAL
T a—)LEERKTIETHMERRNZREL. BEORERNZUINYT
E TALEN Tz TAL TS 2~ L& 15~20#ESEH & TI5~20BOEEZR
BT EESCHRHSINDIIBENBL,

ZFN £ TALEN 4 Fok I A ZHREDNA DS H—FD INA SH L O EIER LAE L =8,
BR s T AU EIRATLERE THROBEERSIZS RMITH2OOANILEE
’e“:&"‘l"d‘é%%b\?iﬂ 1 WEFO DSB Iz B RBIERRIIE—DDATERS

M 2B 2 LY. FOMITI8~40EREELL DS, JODIBERE
ﬂwﬁﬁﬁﬁﬁ@%<\T??—?vbﬁﬁﬁﬁ:éﬁﬁmcmwwwwcbd
B ENTWA[I]ZFN S TALEN 28154 72 —4 v FERIE CRISPR/Cas9
FERESATUVELS, BEATHSSERAGOLATHLEVI &AL HE
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LEHMET SRELNH S,

2) CRISPR/Cas[2]

CRISPR/Cas 12 & 1T A FEDISEE S| DML, ZFN 0 TALEN B4 Y B
& 725 DNABLE| & 4B4HE975 sgRNA AB - TUvD, T 4d 5. sgRNA 1L 4k DNA
LOBRBELD 20 BHEEHEBNICHETEHC FRAE. FOEMERS| -
9% PAM (proto-spacer adjacent motif : o hAR—H—[iiEEFr—7) &
HIENDBENEFOVEND D, 0 seRNA & DNA “EHUIMEEE T H S Casd
PESKREZHEL . seRNA AR T 2B R BRI 25T A EGF £ T 5. — 4.
Z® CRISPR/Cas YA FLTlE. ssRNMAMNBRKSBEDI AT vF (AT £+,
G:CLU) Bh->TERETHENHON, BHIVEEFOUE ThizES
BMNRFIOBACKIENESZAF 74—y EBOTEEMSIZE < 4 2 [6],
~FH. ChETIZAT74—4y MERAAKRE Z2HEICET LB IAME (H D
MIT-9]. ZOFE, BV HEOMRTREISBEHEEOA 74 —4y MEBEE
BIFHEET AL LLVESIATILNS,

CRISPR/Cas A A —4w FERZERLTHA-HDOWMEAE LT, Ha4 R
RMADRSVCEHLT IRFIDIFEESOEENRESAT VAN, BEAT
R ERHAREIL L TWARETIRAWL, LER->T RIS Sh 381
HMEZHEIZ, seRNAZEE L. #7484 —45 v MEBAOHESEET A0ELH
5,

3 7/ LYMEITHENS / LKE[10, 11]

DSBICHS 7/ LOARRELEBFB IR D04/ LY ETFHIWY/ 4
WE (F737—F¥I2k3 1 BEER) SORLLY/ LRERNMEESH
T, COKITHRY/ LIREEINEZERATHHEESTEH. ED & S HlFIC
BVWTHII—5F v MERABRTZ 500 %, FFEXESOH. RBTHLEN
H5,

2} 7/ LRV RUVEGCFREL-EBRICBT2BESEE (B2

1) DANARNGA— TSRZI KR H

7/ LEREIZHWS ZFN 45 CRISPR/Cas % #BIAMIZEBAT 51=HIZFF/ 94
IWARTFTT/HEDAILZ (AA) EDHA VARG Z—~5 B -BEEREBAE
BEhTWA[12, 13], SO&IIL, 7/ LEEBREEFEESELE-91LR
NIB—DTZR3 KRG E—[14] £RANSEE. TOREEEIZE L TILH
EDEBEEFAERAEREEHOEZFINERAETHY . v 4—8lLg-lHT
PMEEELHEBITENICELAV IV RATFLOEBE L T OB MERT ST
EOBEEFARANRLABORELEERTAIRNETHS,

~F. . EROBEFARAHZTIE. BRI EODEMLEBDO-5H12
VANATAE—R—HEHINIEEHNE, TOTOT—2—mAARME
BEFAEEICIEBASNSZETHALELEBIUSIBZENBEENTINVS[S],
77 LWBEIZHE VT ZFN - TALEN - Cas9/sgRNA = IR A3 -pREEO TnT—
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E—RAVLNLESLHEN. BHFATEITOE—2—S0MARNADORK
EixtrN, —H T, AL TSR I KA DSB SicARENLEILT/S S
NTWBC EMD., ¥/ LAREEEFARBERIIAVTIREDERETER
AHSE FEEOEERERSHEMABELEZ SN D, iz, g CHEBERIE
2D TIE, £RAPAEZEOLFHENBEETH S,

K ) LIRS — L DMRERADEAEE LTIOMNLARIA—ERAVLEE.
REA M OBIEERSOBAN S TENETAHRTORGFRENEERVE
E L THENE LEVARTOEETFRENEERVEE ISOVLWTERT 2
EAHD, E5IT.F/ LAREHFRORENBRTILEL 75—y MEROR
BIEAKENT 2 L EBTRETH D . VAILARY ZI—ZRAVIEE
CILEflichT- > THRENIZYF / AREBRESRRT STERENSH Y. R2E
OEEHNDLY/ LAEERROREREHEEEML T (RENDB S,

2) mRNA

HIFEA T Cas. TALEN, ZFN &0 4 UINDBEERBTB=-0IZ, Chbia g
BHa— K42 nRNA OBBABAICTTSAEVRESATHSH3, 15,
16] . [EES. ERRRSOSE. BNERURSHOBREFICHT AR (E
#2) | ML TIE, mRNA ILEETFABRARGOTO NERFREARRR) L8
FhTAA, MBEFAEANSASEOSERURSMORRICET S8 IS
(£ mRNA D B RS CET R8T A L., BRELTR, 7/ LRRODE
LA TE MRNA ZEREVEESABEREATLSA, BHRAICENT, BRATL
FHEBERARREINHOEE, . nRNA EROEEPREFEICOL
TOEEEEBEICL TV HENH D, HIC. BIENTORERETERT -
Bz A FJUIE Cap ZEORABI A LMEREMZEMNZ 1z mRNA £FIAT 458 (CHE
wEppcan - BRG 2 M NELEI DNAHI EMS, nRNA OREEEY
RO Mz DL TSN O BRH B L+ HRKETS RO N
3. mRNA BLR B AEIc L > TEET HBAIRBERRICE L HAEE
OFEABETELMN, TSR FOPREMEHERE LT /invitroEBBITX
YESmT SHBSIzIE. BNOEETEHEOFMYMIZ OV TREEFTELE
Eli b,

3) BN pHE, A4 FRNA

ZFN 45 TALEN I2 & 25/ LIBEEHTIE. AIR 2 LT —EE 0V HZER
WMENIZEAT S L TEMOBREFRENTRTHS T, 18], Fi,
CRISPR/Cas Cl&. 244 DNA BLFII=4B¥RY7x sgRNA & Cas) 2 YINOBEDEESE
(ribonucieoprotein: RNP) ZH 5m LHTR L. HIRICBAT2HELBES
NTWA9, 20]., COBAEY/ LBES VAV EHEGICK SEETFERIE.
MEEE NSO ERITEEFEAT S EVI3EXROERFAROERICEITIE
Fo50, LALEMS ., BEFEEATIREGTFARLFAK. BHNOERET
AENETARBHROCINCESHEEROXKRNBESNL O, BEFER
Bt AEEFABRANSLEROREHENBETH D, LEA-T 7/ LR
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IRV EERLENEEFORELZENE L TRV LML I ML, ik
OEGEFARARNORAZRFEAT. AEOLE - REUFHEET5SLENH
Bo WH, TR F2 A 28 A TREShE: HEGFAESEIEENEIZE
O (TR 2T EREEFBHESTE M 2)) TRIOLIHAVYES
RBW=57/ LREBRN L EBEFBRRELLTESELTLS,

IINOTALEN G EDAIR LT —HE R V0 BOREF =2 TlE, /34
TEEROBBADIFHEPCPREETEICETS ICH HA K54

(GbA, 058, G6D, Q6B) H&E Lz Ah, £, 126 DNAERFIZFBBEY T sgRNA O &
BEHMEIS DWW, TREBEESOSEOERLFMIc SN TERETASTEIE S
DWT) (FRK30F9 A 2T BRELAEER 0927 £38) AeELHhd, X5
ITHBREMICEBA S5/ LREBRIZOVT, MR TOE OGO
REOFELLEELS,

4 7/ LEEYV-ILERVNTNILAEE FEBRNIES

ex vivoTH / LREL-MIEA LA MIBNISSDOBE. 2088
BLTEREOERFEAMEISLIE FMBENIRREFHEOEL HHE
RTED. ANV EZ—FAVIERITIE, FOEEIZHAT I RE SR & SMERT
WZENN VI VAT LOBEL OB ERITSIHXOR S L FAEOEEE
BRTAIRETHD, ¥/ LFEEMENINEOBEIZRL THHEHDEE
FEABRM,LGZSE MERENIER LREOEBEFEZSEEMALELEZ
bhd,

B) 7/ LIREDBNIZL A58
D BEFHIER[21-26] R UERMAMR R [7, 27, 28]

BEFHRIZEZENLTLBE8E. BNETIHBTOEEFRIEDEELE
FBEEFREOTFH—HICOWTEIHET 20 EMNH S, HIZIE. CRISPR/Cas %
RUVSIEEIL. seRNA DRETOBUIME EHRIATAIC. COLS3HEEFHED
MEOFRY—EIIODNTEDL SIS BREALENEDNETOHILENH D, B
FMRAEEN LT SEEL MO DB EERELIBT IR THAT-O.
FOFEUNABVES ERECIIEDETHEBRINS R D201, #MEIcL->Tit
TOMESMBEDTEWVMEENR DI LITBETAETHD. £1-. BEBERIO
REEHMET 2LENHY ., BEICE > TIHBRAMBII RS- MIADH» %8
RUCEBRICAWRILELBEShD, COLSITBIEFRE L -HIROET -
MILZITO2BECITOFEOBUEERTVENSHS,

HOR DG B ICITBEFHBRIA K+ —DNA ZEBATABRENH LM, —EREZ
& (single nucleotide polymorphism: SNP) @& 524U DNA OHKZ[30] T
T U LEREINOLREVCTROGHICHERZES £ D>—K VA single-
strand DNA: ssDNA) #BAT 5 CZ & CHEMBBANTERTHS, —F5. 428
VEZa- 95 BEGFL2H4% HR TERT IBAIL. #5457 TL— K
DNAELTTSRE RERWSHBANEL., COBARUBSEOLARVTR
Chl>THEREDOHRARIEZHD N+ —DNA £ BATILEAH LN 20
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B3 K+ —DNA OEREt & AR X D ROFMNEEICE S, o, ThE
T AHFEHRMR X FTEEZ: DNA 12DV T, DNA R &R A STICITEFELS TV ED
Bt AN, BRERIODBEICOVTIHY / LEOFELSHOTEELT

BCBESHD,

AE. EMOBEFERBCHELEY. HDVTHERMRIE S YBHRNIC
BlEfR T =0z DB £ 2EHICANEYTHIELHEABATNDON DB %
2 B EAN:-BSICERBAOEECREFOREGRABFRESRERL
PFENESNTEY ., BICHAKREICODVTRIEERTHERETHA] .

9 A LU EEDZUVBIETFHRE Dead Casd ¥TFF I F—HEHITLHIEY

BREkZE. DNA A F L1t - B A FILiE)

57 LIEED & AR RO - KBEREEHCFEE LT, DSBZEER
CAHRWS/ LEERTTORENTHhATE Y., B DNA B O —FHDIRDH
EUBT IR, TTIF—HI2&3 T RO AGEHR, SHIZILDNAD
AFIMEEDTIES TR TF 4 VI ERODEAENEALATHS (B 3. L

Liamtis, 2
nhoo DSB#E
BOIIEWNYT
J LIRS
[ZDWTE,
T DFREP
FITR—=Hy
FERAIZE D
AEBROW
BEELAH Y.
BiEFEER
BMEELTD
REPELEME
EANEL
EZZbhbd,
ZNi5&E. DB
B EHIT
5 LIRED

5 7 LRI XSG T YIER
RIEWTS 2~

SRR e BT
oA B HERBI

(F7Ef—t) RER
ymub—g = R

\CGACTAGAT 7

I8

g B AF AL DNAAFILILS e EIEFRINE
ATCTa BAFAE

TACTGA AGAT . GACTAGAT

B3 4/ LABEICESEETYREYS/ LAGHLEWT/ LRE

e L FEEIC. ML ICY /) LOBREOPHELCHRRENELYRBLC L. BT
L& YRESh-HIOES - SeELRECLD B REF@mEST
SHEMRHY. E5IHBEFUERFORNBICE CLRBEGETFEEAL
T, EATAHMTORYMEEHALETREZ ST,




5. ReMEEoERAS
) 57 LRERTEAVV L ERFARANRSOARERE
1) #72484—45v MR
F/LAREEBERAVVEERIZEAF 75y MEEOREFIRET A1
HIZ. EBNETHERFERINCEULE-BANOEFELRE /in silico@HIcEUF
AT HETTHEL, BEBMFEZZAWTE M/ LRKITHhEYF D=4y
MEFHY A FERBINT A EARETHSH[32-35], ERNEETAHIE—4 v
MEHES A FERRTDHHEELTIE. ¥/ LREOE. VIBTEI- & DNA O
RTEBAL., RTDEGARES ) L2EKITh->TIERRANBHT 25
(GUIDE-seq) [36]+. HIEEMDIBH L4/ LEBLTY/ LIBEEBEEIZLES
LR EIRERR AL # %% T 5 DIGENOME-seq[37, 381, CIRCLE-seq[39]. SITE-seq[40]
EOHENHS, ChoORFT TR, FIAIE. SABERBEF 4]0 SNV (single
nucleotide variant : —EEBWHE)) /Indel (insertion and deletion: ALK
%) LaE—3EE (copy number variant : CNV) EOTREHEET B - L EH
EZoND, InsilicoiRURBMERICLYBHIWA 74—y M E
YA MIBWT, ERICUPRESR S > THEANENEHEBET IFE L
LT, ¥/ LAREZREL-BBEOLY /L —H 2R (whole genome
sequence : WGS) MEEER[33, 3b14. B#EY A FEPCREEBELF1—To—4
A9 % amplicon sequence %[42] AEENS, ChOOMTFTIL, EER
Sz ENBREF(HFUNMNIL>TREBENEE S IMN, Rt —H T
L THME (next-generation sequencing @ NGS) DI T—4ED-HIZ. 0. 1%
LTORETE DA 75—y MeBZRET A2 EIBHTRRTH S
(F&1),

®1 7559 MEBORBRESE

HhFITY)— Hik 151 A y =13}
245/ Li— Hi-seqfi ¥ R &
TR B
in silico DNA B2 548 B5 TIERE

Btk E
Eo iy DNA T ZR§HtnD BLESS,BLISS, EBOHERA —ioimpaiE
(in vitroy WZREE GUIDE-seq TOHOIFXEY) TOHOHE
B
HERERN B R IG Digenome- [ HBRRET
: seq, CIRCLE-  SNP 4 X &1 A4
seq

CRISPR/Cas DA 74— v MERAEFREGR YERILT 27=0HIc1. szRNA
DEADPRLEETH Y. /nsilicoBNITE YD T /7 LBEBIZHERN O
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HLNVMERREZBNCENEETHD, LL. /n silicoBMTIEETOA 7
B—ity MEBEMLEFRTELRVTRELH S0, THITMAT /n vitro
B EHAEHEET 72—y FEBEBHLORERSCF 75— v MERADE
LAHEELZOREF*TELARETHELTECCENBRATHS. 21ZL /n
vitro B TlE. EEDICHEEICARRENEEFOERNED SHERERLASH
2. COEIENAEESYL FERLEZ DN BRICK>TIRvI Y
S5 REREELEINTY/ LREREICE > TREISBEFOEREFMET
BHELHD,

B LOBERAICIIE FEBMTEENGET LI ML, 7/ LIREIC
BltEF 74 —4y MEBIZOWTEHYWTHET A IR LEIA NS,
SO, BEBFO—EBE LT, £ MBRERW: in vitroBRBROPTE T
HeeiFy MEEDOREHECFH 79 —4 vy MEESE S LIERE N ZHMICHE
FTARERSHD, ex vivoF / LFEEDBE. 4/ LIRE L - H R ORKIERN
OEBEMNSA TE—Fy FMEBLFBERSKREEIZE. #2745 —4 v MERICL
AHEAEOY RS E, U ECFARARORSBICECETTREEZSALL
AL, BEIZELTZOEBGFREREOI O—F+ ) 71+ —BFNLER
BELHD, =K. invivoF/ MEEDBE. S OEREFO>BRILERER
W= in vitro BRI CIRERLEF— 8B oGV ETREE L H Y. PR ER
WHBIFEEETLEMNEELL, COEHERTO in vivo7 /) LRED
I8 —4y MEREZFMET 5702 iPSHIEC ES Mifad MRz AVS &
LEREEZOND, IPSHIAS ES BRI, £ FOREERROAF
AEHAEII I T ARG T 2BRITERG Y —ILIZE BEREENS L.

) ) AR - BRSMERIDIEA, REHFOIRE, FiL

&) LARETIEDSB OBEERRTH Kb IThi 32 XKELRECEE T OE
AL BEAELBIEMNBEEINTNS[43], £z, ¥/ LIREICERLIZVA
LARYS B—DEF ) LINAAZFOBEITBASATVAHLRESA TS [44,
451, chiZS/ LBEIZ LB EETFREN. DB IZLYEEShIMROYT /
LEEHEIEIZEBELTWAROT., EOLSIIF/ LERET L0 OHERE

UEEiEmM) ARE S TWAENT &(2&5[43], LIzA>T. ¥/ LIRRICK
UiEE S h - BERTRENY / LBRFIOKEEZ. TELHRITRRORNIC
SEUNVERS - i A B THMICRIF L THBRENH D, KITB~T X 512, DSB
CENTRABREBORESEFEEFROTIRAIMEHEShTEY (HIT 7/
Lk 2 WFRIZ DSB 2 BAT ABEIIEEICLBREEORKEMERT S L
AERE XN TN D[46-48], D=8, G/ > FEET® 0 /3 AR, BRUD S
— %A= multicolor fluorescent /n situ hybridization (mFISH). &5l
(LEEEEAY S g T H AL E—2 3> (comparative genomic hybridization :
CGH) E£FELT. 2BHRBRELMIFTIHENDH D, 12720, Tho DR
ICE—EORANHE L BRLTEBENH S, FIAIL G/ FEI®
WFISH CIE AR 72 —X (SEGE) ICHI2MBUIBITTELL, Ff. 6 FAN
© REIFIEZROMBE—EICBRT A EEET, REAREERETLT
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COEOMBMERZRETHILE# LU, —5, nFISH ZR A 226848 TO
BEQRECRBADOREGREAZRET IOITITEL TSN, ALEEK
ATOEMFFRHETEG L, SHIT CH THRELEEFOBIEORENE
COMRICEE TOHESICIHRETRETH B, BRI ISFY—1EHHD
BEC—HOMRTOAELE-REERETEIREZEL TWHL, Shb
BINEDOREE+RERLIZLT. ¥/ LREIZLIRBAREBED )XV ED
g 2 BBLH D,

3) 4/ LREMERIZHITE 53 E0Y / LEEEREFOER RS
ERMABRZBEERE LY/ AREICE Y EEFRE S M- ETAAN
WEETF p53 DERARE SN, 512 p53 BETFE/ v 7Y F LIERT
(LHR DDEA LR L OB|ENH H[49, 501, Shid. p53 TREHH>HA
HREOBEN SRS VI ERENREORESHBREEL ATV D, o
T, HHRAMRZICEZEEFEATIE p53 2L LHET R4/ LBEIZEST
PRFIHTIEETEROERERRT ILELNH D,

4) REMRRIZ L DALY R T DEL

¥/ LREISE TS T8—4Fy MEROERIZ. BEFEOEOERET
BEVWSRIZEWT., #EDL FOYALAARIE—DLUFHA ILIAAL A
—EDRBHMAABRY B—(2£ D YR LABLELBES LD, BETA
FRARARE S-S D, RBAEALBIRI Z—DYRY &£ LT EALR
12k BMRODALIEBRAOBEEE LTHIFSh, ER. X-SCID (X EEEREHE
ERETEAE) ©WAS (Wiskott-Aldrich FEMREY) FEMENMEIE FLV-BIE
FAEBIBVTL FOYALRRY 2 —EANVEEFEA TIE A MBS RiE
[BILI=t=8h, ThoDBEFABRTEIRBICHhE=274+0—7v IAREE S
RTNB, —F, ALREBHREAHEAY 8~ BUOBEFARTSH>T .
EMEFERUAOHAOEBEFEATENALIIBRESh TV,
ENEHRBEETFARICETAEEILOAAXLIE, YL AHETOE
=R /TN E—ERBORY F—HRBREOHFABRERETFEFE~EA
[51] Ehi=®LBAONATEY., TOE—F—PI N —FBENAENS
JLEERTIH, COLIRBARRICLAMIBERENE A LIEELS
MGV, =B RO LSS/ LIRETIE, BAOBEOREEFEBoVE
D120, RBAHEEIZLS Ber-abl D& SUNAFTASHE NI BENEL A5
BODAMFBEFFRES NS S EEMNYRD ELTEZ NS5, &1
HERMEMAZAETS / LRETIE. RO L 31T pb3 D& S AL A MEIEE
FISERAE CMIENENT 2BEN 5D, £/ ARRIIETLREHEYE
ORAMEBEFORIBEIZE BHPALY RS 22N TIE, BEA T+
SN TS ERFERLVA, BEFHNEORROEETFABRTOREE R
FRLE. SMBEBIIETINALY R EBT LLABEELEZRETREA
CHMELEMITOY R Y (3, BHBEEH ORMEAMERIZHATE YED L
FEAohd, #IZ, iPS/ES MMOEMMSHR T, ElMHEILIN QKRG
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[THARTIRIBBOEBESNS,

5) 4/ LRERERO RERE

Cas % /A0 BEDY /7 LREIZAL 5 5 DNA IR I MR MRS 23
OE-EEU~ ex VIVO%{%%;@%’C&‘)—DT%‘ }7‘-‘/ Aﬁﬁ%éhf:ﬁﬁﬁﬁﬁlfjix
GERRERRT HHACREANTRERR L LTRBINITRIENHS
(£2)., BURBTHEE FTOREREEFUTECLERBTHO O, 7
J LEEBRICHT B RERGIC L YBRNROBRBLTF 71 55 —%0
fEEMHIE L ZTEREBEL T, BRRREHET 2BENHD.

(2) in vivo7 7 LiR%E

1) ZeEETOREIZET SR E b
WEIN-IEMEEFOERICOVLWTALIADERERLOBEELHLHEIC

+. BCENEEFERE LB ERL POC BEBRICHE VT, BhRUTHEEE

BT ARES L LCENEEFOREICEELARNBECT2ECEAT

AEBIBLNAHAEELHD (KD,

%2 4/ LEEICALDKSDINAVEEBRORERE

e AMV-CRISPR ®T ™ R BHEEREH%, Cas) [THT HERER VBt RERNE
#EHT (Chew et al., Nature Methods, 2016) [53]

e b FIEAEMBULT 220 Cas 9239 BIFERE R LR . 65%IH splasy
ik 79% =B SaCas9 Hiik. 46%IZ# SaCas9 IEEE T HBRE % e
(Char lesworth et al., BioRxiv, 2018) [54]

e bt FHOMERED CasY THTHHEEEDEERSE LTWADOhE0MEE
& LT ELISA THRITE ; 2.5%IT#1 spCas9 Hifk. 10%i4#i SaCas9 ik
(Simhadri et al., Mol Ther Methods Clin Dev, 2018)[55]

GEREEORERT Ay 4—0mER. H5EK%, R5E, J0E-7-HKR
., BEF

2 ) LREBROR—TT 1 T EREDE

Invivo 7 LRETHRET 188 - MIE~OE—7T 1« VN BR[6]T
BY. EOL3HY LBEY—LERAWVDICE L, ¥/ LREEROEANS
HOHEEZE TV, BRE T AHBOCERE~0AHEIT TR, B E LALEA
ADHHEIMmLTHRENHD, £, ¥/ LRRBEOES - MR TOR
EHIZOVTHEE L TERENH D, BT, ERNSMARTEEMER~D
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DWHROONIBRIZIE, EEHEOEEFREDYRY [2DUNT, ICH R A#
MEEME~DBEFABRRARI 2 —OBERLEWMAARAAS Y XY (2H/ET 3
EODERNGEZH BT 2BEICEBERBRTOEEARDLN S,
Efzl invivo 7/ LBETIE, BMET H2HBOHEBTOSY ) LiEESEN
BN ENSTRUDREREBLEVTEEASHY ., ¥/ LEEDEEEH S
T=HDFRR EIEMRAFEASITHh TV B I Z 1. homology-independent targeted
integration (RITI} (X, '/ LOYVIESHAI B LB E FH—R4 4 —( i
EICANB I L&Y L LERF—REA DRI, inviveT
LtBVWHETON /) LEEXTEREZATILNS [58] . ZHhicwmLT
CRISPR/Cas # BRHIChH > THRBEASHLIEMNT M BT NoDBEELFE
BEATHE, FARMBTEBEVNETY / LGENTERETHILELEEIAT
W5[69] . —~A. BHIZHI=>T CRISPR/Cas B LEE(FZ L NS = ETE
BILSA~ADF 782 —4y MERPHOZE L A LVENSL TOEBEFREY
ATE3BCEDEVIBRENSH D, Tl invivoF ) LBETIE, ex vivo )
LERERGY, BNNDST / AREFEBETLETNEHR T I - LR T
HEAEICBETRETH D,

3) TDih

Invive 7/ LBERIZTOVWTR, BMERVERBREERLTEA 745y
FMERICET 5 FRUBERAB O AUEEEIIELD, /ns//icof@ifoE
BERW: invitrof@B TORBIZKY., RENTIEHI200, —ENES
HEBRABONBTREMENH D, LEN-T. invivoF/ LEEEOBRRTIT
CHMODAEZRVTEENGV R %@L LT, BREETOHBEIH
AARAMLBFEATEEICRKNREEDIVLENRH S,

6. BRICBEWTHEIARZEHE (RE74+0—7 v 7%)

T/ LREHMITIENL T I2BETFE2RETIHBTTHY . +0BANI LR
BEEAABRRI S —4AVV-HXOEEFAERMALAEOY RV EE2E
BELEEZEORB A 0—T7 v IMRETHD. —H. ¥/ LEEITEEFD
BEBLORERCEBEEFIFAZBEHE LELRETHI IO, A 74—%y FMEH
ICEHRERLOBEN NN, BEEFHEAAELEAS U4 ALEEOBE
FEBIYILREUBMEEALNSE., TO—FT. ¥/ LBEIZBLTILER
I ZITEY pS3FOY / LEEEEFOERRINEBESLZ LD DB Iz L
DRBHEED YR IMEREINATVAIENS, ChbCERTISEES
*HRT S+ O0—7 v THMERET HLENHS[60] FDA LTF guideline),

HE.ECEEOHB A 0—-7 v I7ARELShAINE. EHT Y/ LE
BEM BIAE SNV EELAERBAT I EICL BT OYIMIARS &
—ZRVBAWEFOEWN)., ¥—5Fy MU DMIEIE, ENET 2 8EF
FILE-2TRUBEEZAOND, REOBREFABRAESTORBRIREZ S
E. BITEMBHBENRE LESY/ AGETRASEROSE Y 275851
[0]EBESh. EREZEHEERH 7407 v 7HEEZRET 264
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EFLL,

Ft-. n vivoHJ LEETIXEMHNOBER - 8. HICEEMBICEBAS
NBYRIEFSEETIHENHY . I, EREBRICBVTERETHRE
OFEEEEMNH D BEITIE. RER~OFEXERT 51010, B ETHM
AT 2EONSEL ADENSS, FOBICIE, BESETHRONELE
EETOYRIESBOFELSEICTESTHAS561] (FDA Guidance for
IMwHwoitiﬁ%ﬁﬂmﬁwme¥l%ﬁ#mb EHEARDBILE
RETHZCEND, ZOEEIIOVWTHEELEM 7+ D—TF v IHARET
H5.

1. BhHYIcC

AYEHERATARDBEFABRFELY/ ARENEMRDOERERES
L. ¥/ LBERFHIZRAV-EETFARRURSORRICBVTERE LN
CERENFREMTHD, TRLEHRLTLAEROHRE. £z, Th
LOBEEFOBETEICLBEIILTWEE(ILEHET S, LALEN
5. 4/ LBENTTOREREL. Ba, S2FICESLTHY. BRI, TOER
BELIEAL. BeREEEMORRELEATLS, BATIIRNAY / LBSK
EHLEBLTHY. COLINEHAMRBIIRLTEERAXEITRLUAERS
FRATRELES L HILELONLA, TORKDAICEHEEIAFEEER
BELTWSZENBETHAEERD,
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