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Genome-edited foods - current status of research and development and regulatory system

Kazunari Kondo”

Genome editing technology is one of the very promising technologies and is being applied not only
in the medical field but also in the agricultural field. This genome editing technology is being used
to obtain new traits such as increased yield and resistance to plant pathogens, as well as to improve
breeding methods to shorten the development time of attractive new crops. Currently, to circumvent
the strict regulations on conventional genetically modified (GM) crops, genome editing (GE)
technology focuses on the functional deletion of endogenous genes that have undesirable functions for
the expression of new traits, without introducing foreign genes or fragments thereof. Many genome
editing techniques exist, including insertion and deletion of bases by double-strand breaks in DNA
(InDel), base replacement by single-strand breaks in DNA, and insertion and deletion replacement
of longer sequences. The technology used should be considered in the evaluation. The handling of
products derived from genome editing technologies is being considered by the MHLW, and some
SDN-1 and SDN-2 products are considered exempt from the current GM regulations, which require a
safety evaluation.

The prior consultation and notification system for GM-derived food products began on October 1,
2019, and three notifications have been accepted so far. It is expected that more technically complex
cases will emerge in the future, but until a certain number of cases are accumulated, it is desirable to
confirm GE-derived foods on an individual basis. Public understanding and acceptance of conventional
genetically modified foods have not progressed. In the future, it will be necessary to promote public
understanding through appropriate risk communication and to create agricultural products that are

attractive to consumers.

Keywords: Genome editing technology, Ministry of Health, Labor and Welfare, prior consultation,

Agricultural product
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5 (Fl 2 1X, EcoRIIZGAATTC, XholidCTCGAG) 72
FERYKT A, 7 AREBRICHV 5N N TEEHR
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X 1

regularly interspaced short palindromic repeat
(CRISPR) /CRISPR-associated protein 9 (CRISPR/
Cas9, M1) THH", BHLKI T TITLIWHHHER
BEMYomE, 75—y MW, RO, Arbo
FFICET WKW TTbhT& 72, F7%Cas9
AV b B 7z, Casl2a (BLi1Cpfl) ¥ %°Casl3a (LA
ifixC2C2)Y%%% %. CRISPR/Cas9id, 208#A 5 %
570 N ANR—H = & 33D 5 % ZPAMBLIC
X o Tr 7 4 LY EDDNARH 2 b5 I EER T 5.
Cas912i%, DNA2 KEHEEW T 54V P F VDb D
DAtIZ, DNA2 AFHD—T; DA% YW § %2nCas9 & X
7 V7 —EiiMar Rk wdCas90iH Y, M HMWIC
o U T &M 5. CRISPR/Cas9 ¥ A7 AT, WY
&9 %208 ORHNICBERE L TNGGE v ) BLH] (PAM
BeF)) 2 0L 525, TOPAMENX, 72& ziXe
N7/ A ECIIEEIC LT 5 72 ORI EY] O iR E
HERZENLR O 7 ) LY — )V Td % Zinc-finger
nuclease (ZFN) <%transcription activator-like effector
nuclease (TALEN) XD b @Ewv. Lo»L, #@ETE
BOBEERBHETIE, FICZOWMICERET50%
BHY, PAMBHNIEZGT LoBEEICRD 5 5. 22
T, PAMPALHI 2SNGDSpCas9-NGRLPAMPELH) ASNRN
DSpRYDSEFE XN T W ALY, HILHEE (base editor)
OBEFCEY, nCasicyF Vv, 7F/ V0773
F—EEFBEEEELLTETCRLT, A 5G~DNA
QA AYIN A5 L TIEEERTEL L)1k
720 2D, CHROCNOREDTREL %5720,
WHEBRL A LT T4 2fE1E, 1200 ofiE
i 4 & 40-803H I DIF AR K Z W HEIZ LTI AR/
RIS SN0 ERIE T 2R,
T 72, LM OCBE (cytosine base editor) (ZAP
lyase & T\ CHIBUE IR EZ1T) L bW RETH 2.
DLz A, Y IFLdDCas9 (SpCas9) ASEREL
BT OB RIS 2 A d I KWgE3 T
W5 729SpCas9 & HUMIFIH SN TV B8, 14122

CRISPR/Cas9 DEKiEE

NOIEREMER T T 4 AMEFH L 720 AN+ %
LEZLNS.

77 LDNA EDOIERH 2 Mk T 5720121, X7
L7 —¥& L THET ACas9 ¥ v 37 L IERELS % 3
%3 %7 14 FRNA (gRNA) % H\wC, DNA 2 A&§Y)
Wi, DNA 1 ARSHUIW, 5%, DNAYIK L & iisk:
WBHbLH. mDBIVTESNE DX, DNA 2 REFLIW 2 /i~ L
T ARKHFEE L ZENBZTFO /) v 7T 7 M TH
L. XD RELEHRRLIFAZIT) I, $HUDNA% B
B THCTHEMIEZ B EZ1T). T2, 22F (645
) e &7 ) AERIESR E WEYFELE RO 4V b
O %EKIC) vy 27 PEEEGAE L ESEOER
RERE L2 WEPH 5. Zos, HEDgRNA
FREEREZITINELLZ V. TOHFEELT, #HE
DIEEY & L TgRNAZ AW S8 513512, U67% LPol
I7u€—%—"FIZHCHILEHepatitis delta virus <
Hammerhead ribozymes% A T 1 D DWEY ) 5
BOgRNAZ AR S5 00 F R EEEICIRNAT O
vy vy ZENCTHERH S (K2) .

DX, T LEEBANIZIIE SRR TEDYE
L, TI6BONEELL TRV EAVEES
Nab. ZoZlid, 7/ AWEHMZISH L7850
itz b BT L. BCRTIEr  AmERMZ2I0H LT
DEWDHFE 0 VAR T 2 8a TR ZEAT
LIETELIFILVIBEEZR-ES, H5WIE, WEE
FEZAITHE 2 GMAEWFIZET 2058 b i b T
Wb IS0 E VAN REN T 5
T, REOEREDSD H/EWIH L CHIZTRET S
HObDERET L L) IhETONNLKIZLS
FRWRSEEOEZ TR L nwr—25H0 5 5.
WA BT 2 BInTUEBMRLFEICENL Z L]
FHELTWL ZEPRETHL. 2T, 7/ Ltk
Hoahi 2 )8 H U CTE S M7z IRVEY o) B R0 i AR -
I EE 2 O ISR T 5.
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Strategies to express multiple gRNA

sgRNAL

sgRNA2

sgRNA3 sgRNA4
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This produces multiple transcripts

sgRNA

| sgRNA1

sgRNA2

sgRNA3 sgRNA4

ribozyme/tRNA

2 HPOgRNAZER S EBHE
LB BROGEEYLE L TEK
T —2OEEYE L TERSETLS, ERIICHIRT

2. 77 AHEHROBES W TOINH

70 KRB O REW BN TIE, DTo
1) »5 4) OREESEEL 6) 2675 (8) OFHM
HEOURTHWONS Z EH %\,

(1) o -

2) mEom L

(3) I T AR

(4)  BRFECHIT A

(5) "7uaA F#HE (haploid induction)

(6) MEVEAEE (male sterile) ORELS

(7) BEAHIEME (self incompatibility) Fafik

(8) MEFEEARZAF 1 O (ET B 2

mnFEC RS R 2 A3 2 I oW I ER O
WRIC X ZHBHMOEMHIKE RBETH), Zow
BRI DREDSRBICH WS TWD, 728 21,
R BT R & R T UE R L DA 7)) v Ml
THRHWOLNEH, BRE R (genetic background)
HEET DDA RLEL 6~ 3O BAFM
PLETHL KBIHERNERAFR)NA—-ETH S
MATRILINEAL (MTL) OZEREAIX BT aA
FARE ZO/BBALICE ) 2o 7 av 2 % KIEIZEiE
{bTEBLIENS, PYETIVRIATHIEEINT
WBY, BIEE OB EICMiMe (Mitosis instead of
meiosis) % 4 L 72 B BUARRUH F-7E%K & BABY BOOM1
MAEF OB X 5 7 a— U R 2 E 5580
fibhTwna,

UE LWBEOEEICOWT, W&o EHB TR
YA M A = IEHALD72DDLOGLIRY A A A4 =
> i FEeytokinin oxidase/dehydrogenase (CKX)
Dy 7T MBS, BREAIM A2 Acetolactate

synthase (ALS) BT 17 3 /EHRI L {AThh
5. MRVERERRZIE, REREA ORI &S 2 R d
fZro/ v 77 MREFNHWOND, 728 21E, £ 4
I ZEAY 95 1 O TR K B Xanthomonas oryzae pv. Oryzaeld,
A RIEST B L SWEETHEIZ T OG22 ¢ %
END, ABETFOTOE—Y —FIRADOLETEAZ
X ) SWEET#EAT % BREARICT 5 2 & THF NPT
HEEESELY . FWEIC, ) &AW 2 Foff
HWiE o & A 2Pt % £112H# 9 % enhanced disease
resistance 1 (EDRI) ~OZEHBAIZX W iThhTw
5. BWEARICEDENDOTE, 1 F)AOUTHF LR
7 FFRANC X 27 7 U V7 3 FEAIH D707
AT X E WIS FEBIZTF TaASN2% ) v 7 77 ML
I AFRANVTNT TYHF AL LY ZAHDBHIEL T B
bouMembsgz v yE0aL hlnidh s,

B3 Cid, 20124 AR 3R & 72 SRR D f R >
5, HHENTWAEY ) AmEE, WWs X OHYw
DOAEYFEZ L OISHBIZR L7z, 77 AREHN T,
LARDI4%HCRISPR/Cas v AT L TH VY, TDOHTY
89%1ZCasIMH W HENT WD, WMEHD L W EYWH L
LCid, Mi<ida 2540%% 5, b~ b, TAF,
FyERIY, FAXRETHY, HYTRE 7=
MU BRI TH o 7z

3. BHAELHIEDF 7 A& EWNCBT % kg
HAIZ B 2Bk O #H1E, 201848 6 H15H 12 Bk
TR ENTMEA ) R=2 a VEBIEIZB VT, 7/ A
EHEMORHIZ L VRS NT2AEMDH IV & ~NF P EDOHL
PR AL ORI OWFEEARE D AE N2 2
EWZIEE 5. 20184 8 H, BREGA T RIRBIHRA S HIRER
Biib o din 7 2 Y FEEMBERSOMEAE T2 Mo
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Cas9-NG

xCas9

dCas9 Casl3 apple
grape

(Cas3, Casl0,

cotton

barley

rapeseed
potato

3.8% soybean

others

chicken
155 %

K3 7/ LREREMEZORAGOEE (2012-20215F)
7/ LREFMCRISPR/CasDAER
BT LiREEY O RRFEER
T/ LRESHYOMEFEREIR

HEimotk, 77 AWESM ORI L 156174
DIV E NFFELEOFEI R O FE ()] %k,
INTY w7 ARy NERT20194E2 A 147 AR
OFFIZE VRO NTAEYTH - THIV Y NFEITHE
SN BARTHER AW EIZH Y L 2 WA ORER NI
DWW (BREEEM) BREIN. T AR ESH
i, —RICKD 3 DI STt s 5.

(1) SDN-1 : 18 OEAYIE LRI 2 LW 2, HRIB
BOBICAER HEoXRE, WHALERR) 25%
5.

(2) SDN-2 : ALXZ L7 —¥&2EHIELEI,
T £ ORI SLRCH & AR 72 BEH o0 — 56 & 28 5
(1 ~Bhidk g, #HAIRE) SHE72DNA
Wrh (B 215 FMIIRNICR AT 5. BERYIE
BEH % GIit, A L7-DNAWH #85 L LT
YIBrER AL AMEIE S N BB, IR 721320
B EA SN 5.

(3) SDN-3: ALXZ L7 —Y¥&/EHIELEI,
T F OBENIEIEBCH & A 72 BLA o I Ab R s
FRMARAZZDNARK R (BlE) %5 FEMN
WCBAT A, MRS 2 Wk, BALZ
DNAWH % $8 & L CUIREA A H S N 5 B
2, REET 3 FOHEEWIEALIND.

Z ZC, SDNlidsite-directed nuclease® s CTOECD®

LE—=FTHDTHVLNHETH L.

SDN-1~3122W T, HIF~NFEEOBE R

WA~ DFEY4PEL, SDN-1DABHIIT, SDN-2, 31
JFHIBHI R E Sh: (M4). 7272L, 'tv77u—
U FFaTNF ALY ADEZIZL YSDN-2 T
INSGEFEADOLEIHRINEEZONL. 2Dtk

20194F10 H IS EEMROKEA S [IRMOKBEGBFICB 57/
LB ORI & 0 155 N7 Y O AW % ke
BT A HIRE O BRI 2 TR & 1o T] 2 A%
L7
JEAESEEICBNTD, 20184E 9 HH 57 ) AfmdEd:
i & R L <55 N - B0 & mg A LoRdkw Iz
DWW Tk 2SR s Nz, BAE, EE T2 W%
e LTHHT 37201 dic kol #4
VA Z Z T 2 HEND L. @i Tz aE, M
2 DNAEM 2 S L7722 Th 1, HIE 2 DNABIH
Eid TREREFEZ OO L OEMEGOBRIEICL - T,
DNA%Z DL EHbe -2 DNAG T2 ERL, Zh
ZAEMBICBAL, 2o, HMIELHEI] 2vw). 2
i, B3 A2EUDBRSRHIES (Directive 2001/18/
EC) IZBUIBEHRLIEANICFHLETH L. 7/ Atk
Bt 2 FIH L <R o2 ERSFOTER ICE§ 5 15594
TOMmIE, BE - AN EFESOPBS AT
KRR 2 SR AR T POISRIITb N2
FFEEMAATSTI DLW RIS & 5w DT
b7, BNEEREZOEETHEZENORENE
FHIZEHE D BEIC L 20TS, HRRA TR E 221 L A
JE DML 2 AT o 72RO W THERRT R X HIER Z 0 #
P, +7% =7y bOEZRT, Bio5E Lz EIZOWT
BHISE N7z, HARTHE, (ERk#ATFARRZ Eno%se
PHEARZEUD L) ICHW2EM (Fakax—2) #
HUMC LA 0, REEWORELEZE (Fuy s b
N—=2) LTHI L& #HEC#EETEaI—FT
LDNANRZ ¥ —% 7 ) MEBEABEN 0D, D
BOVER—=5 =BT OHA AL ) I REET %
B 7z 2 & HSEEGZICEE S N2 FRICO W TLEE THL
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wvejrﬁsﬁ} lzwwfgg ',‘Jmiﬁﬁi}
I?sm&;:ml ) o mmse E
5 R 8 mrLe
=] DNA By
&ﬂ;:m:. J MO RN A SBEEF A
SDN-2 SDN-3
Ana~FEEOBETFERAEY~D
[HiL&~F ZE25E21A])
sk cE W TREEINT Y 5 BT
Ho TERESRITRAE2E) TE
H5HOOFEICL VG h BT BT FA HEH 5 RN &R

TOFEUYEFTSHEY
[FEfTRAHE2%]

HlE, TANARIEIA B4 FIoEE
EBALTLYEREREBES Y, XAE
WEEHEABRE T HHMGH)

(HRBA AT @ LT, DEXLA—0sEF L oRCRY 2£YoBoAZ AL RS L hdaELF7sO—o » ),
EAREFCEFVTEIORT ;SEP Lo o cEEA BT 2EICRT £ oot BV BES(VhwE FFa T

N h e ZNERR <. )

(HE) RELAEARERFEEYFNREYHEZFR [7/ AFERMOFES0EEIC

2L T (FERETANR) TED, EEWE

X4 REHICHTBT/ LAREEYVOREL

W EME LGB b H L. DD, 7 L
EHAM 2 FH L 72 ERFOTHRNIOWTIE, B R
IEFVAR—ATEZTWL L &N EWNE
TOHIMO%, 20194121 A7) v 73Xy b &E
M, ZOMRER T 2 CHERME AR Tl
ZATvy, [4E 3 FICHESH - Ak a oM AR
A WSS (7 AmESM 2 L TR o &
oA EORFRWIcoOWT ] ZAB L. £
D%, 77 AR O R WEEH RO 25 s &
DR Z E DT, 201949 H [ 7/ &S B e &
o S OSEIN W o £ i e L OB | (KB B RN
ik - B R AERHREUOE, WHYUOE 20204E1223H)
MARFE, FLEI0H 1 B2 5, 7/ AfmESTIs H £ 54
DA EORARA IO W TS - ] EE A
HENTz 7 ARG 5 K ORI o £ 5
A EOREREFEoR T, 7 LmER &, THE
O GT5Z 2 HME LT, Jfafk o FiE
DYEIEBCH % Bk 3 5 EE x H\ T2 OB F ok
EDOFMLZWET LM LERLTVWD. BEATO
L MRS, 7 AL o i )i TSDN-1 %
HSDN-3 &L THE Y, SDN-2122oWTIdZ k7 —
ADREENDLZ L7 ) AREEMERE LTHD
NLEDPEIPET—ANA r—ATHWT5 L 37z
(X5).

INRFEFTI, Y FF vy 2y —FiPHEEL
g-aminobutyric acid (GABA) A% & IZHI#T 5 &in
FSIGAD3D 1 ¥a 34 A 2 v 7 7 MIZ X Y GABA®E

A b= DAR20204FE I AN TR A R COm N L X
NoxZ Iz, BAAT TR 3 mbzEsh
Twa. GABAEEA M~ Fo¥id, Friflikchih
TeBENBIAT O TR O 7-0 0, BH3SEE T/
L7z XRTONRT ¥ —fH§ T HN—F HPCR, I
WrTuy T4y rOF—5%, Bk 2HBEDin silico
V—=WIZEBF T8 =5y MERIBH &£ PCRIC X % T2
7—%, GABAROZALOMRR, BLOHERS < F
YHDGHT — %, iz kiiA M (open reading frame,
ORF) 2HHEM L) 25 v Ho@Mt - 7TV vr
PERFA 7 — %, FARICE 2 IR R EEOMRT— 5
e &%, FB MRS A THIR 2 A ERHES
WKBWTHRODO LIS ENTH S LHE S iz &
HioWa, ROICHFHATH Y, EREOBNT—5 D
PR ELH 722 LS, HEELLEBZHEETH 1
FERELI. Ok, 2o (54, FF77) B
MHZMENT. i, ThbLEOYE, [EkodEz
TR 2 A ORI T b B O T A AT o 7ok
BAs7e K, WANCE Z T OEIIT ) BENH D & Hh
520214F 2 HA 5 5 MU Tt fn T30 2 A A
KTz TV, W6 HIZ [7 7 AftEHaf 2 A L
THOLNTZABEHOTIRN I BT 2 EHE] 2) F &
Wi ZORBFEED LI, 2ftofarEbzEsh
oowIshdh, V—=YaFrnT 4y atitkbbo
T, gRNAYCas9®OmRNAZ W TIEH S, &7/
LIRNIC & BEEREEB X O 7 % — 7 NMENE, i
H“ORFDHER LA B Y VX EOFHM - TL VA Y
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|anpanascecs | |secwaLonasmn| | secHALERERE
EREBS sLTHEt. RE®5| | EasCLTERE®S
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\ DNARBELIS N :
N 6"“‘**—’*"‘“** U T amesoom RN ERET
N SO ‘Ittléﬂ’f‘ﬂﬁ' i‘SLDNAﬁ?—

[menstms
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o K gy > NN E - fiA-HR : SHEREFER
~‘v B
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FEEE ERFLEEZLRSFESNGIFARESRERLREE [7/ LEER
ZHALTEON-ERFORREEELOIEVICOVWT] o Ic—BHkR

X5 E&H@BEICHETIT/ LREEROBEV

PRl 7 — 7, SN EEROMET— 5 (77084
&, EMTHEEWEOERNSA BB L v T & O
F—%) REWERESN. B, T/ AfmEHISH
ol d, (77 2@EHENIC X > THONEY o4
WL —EBTH DA T, FPRBIET R OZEDO— A%
T2, 2, 1 »0EEEROLENTFASINZD D]
THhbHELTVE., TITEH IR MM,
EDOLNTBELT, TNXYVKELRRETH-> THIE
BIZT R OEO—MOBRAEDHER SN, PAREIHATKD
5 ZDMOFEIHIZ O WTHES LS R, B4 L EE
v LR S hAUX Y ) BT E LTHEbh S
LEZONDL. 0K, 20204121 7 7 2R IS H
ik LTI 2T 2B ORAEN Z SN2, §E
KSR 2R R B RO T X ) BN &b 7z il
WZoWTIE, FRHELEEIERO W & 2T 5%
RAHHE D IR A5 ERL S 7z
HANETOr ) AEEMEOIIFE N ITDO N T
X, EUR=2—Y—=9 VY FEBELELLDEIZBWT,
SDN-1 TE# S 7= 5 X PR O n TR 2 i %
OB ST 5 TH B, EUICBWTIE, 2018
FERMNFTEIRAFNICBWT, 7/ AmEZETHHER

FiEZOWTEAOBE R4 (Directive 2001/18/
EC) ZWo LT, 7/ AimEEMIIESIfiH I N
T RBRR RN & HFRE L CTHERoBE TRz &
MGMODHMANTH 5 (Case C-528/16), & D23
ENEBH ChEZFTHMERARY ) 2k &
O LWBEFREBENOBUTHIED b & TOAEMNT
GEYIAE D D) IZOWTHRERE Z1To 72, A #E
OERIDTOEY TH 5.
Hr ) A WEFMN (New Genomic Technique,
NGT) &, [EWoOBEMEZLET 5T AW
T, BInTHAMEZAEY (GMO) 2B 2 BT8R
WENZ20014FELIFRICIBL L 72, DV I SN
i | L EmEN, RO SN2 ) LA H M
(Established Genome Technique, EGT) & Xl L TH
WHNTWA, LT, NGT:% / AL DMEAERIZ
HDOEAODTN—TITHHEL TS
leAgiﬁwM%ibéﬁé(—
LTE T o D))

2. DNAZAKSHUIW &7 2mELTI H», —
REHODNAYIMr O A% JEE & 5
(EREWES T I 2HER L)

) 72 I
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History of use in

Technique plant breaading

technique exempted
from Directive
2001/18/EC

Involve recombinant Out of the scope of

. 4o
nucleic acid molecules ? Directive 2001/18/EC Potentially exemptible ?

SDNI1 without insertion of gene (transient
transformation, RNA, RNP (ribonucleo protein), Since 2010's No
null segregant

SDNI1 with insertion of gene Since 2010's No

SDN2 without insertion of gene (transient
transformation, RNA, RNP (ribonucleo protein), Since 2010's No
null segregant

SDN2 with insertion of gene Since 2010's No
SDN3 Targeted transgenesis Since 2010's No
Gene regulation using site-directed effectors Since 2010’ No

(activators/repressors /epigenetic factors)

Gene regulation (SDN4) using site-directed

. Being developed ~ No
nucleases targeting RNA

Random mutagenesis (radiation, chemicals) ~ Since 1930's No
Polypoidy induction Since 1940's Yes
ODM, Oligonucleotide-Directed Mutagenesis Since 2000's No
Cisgenesis Since 2000's No

No No Yes

No No No

No No Yes

No No No

No No No

No No No

No No No

No Yes exempted
No Yes exempted
Yes/No No Yes

No No No

X6 BMEESOHESEICEKBNGTEEM &BIFDEFIE & DREF

3. TET ) LEAEFRT S (FEE—F —HED
AF L% &)

4. RNAIZHEMWISEH TS (RNAHEIC L 28
THBURE 7 &)

ZO LT, RKEOHRTIE, W EEEH o PE &
EUNTOHE - 4 / R—3 3 Y& HET L0 EDRD
52 &, NGTIZHhm L RERMI AT LAD2DD
(el AE 2 BIZS HAS (SDGs) | ICHMT& 52 &, /M
SREHR (RERWALE) X7 AfRERZT TR
ROBFHEMRP T A FPF VAV L FTYATHRES
Z L, SDNEMiCHIEENLF 75 =7 v NERIINE
koBFREMcIRELZE, T2, BHAOREETD
HEHRNIERIEAERE L TV W & 12 X B IERATE S
NdhbHIE, FkERIERTHNED D 5 ESE 2R
NRETHDLH, LRRTWE. B, NCTHKFM & BEAF
DOPHIE L OBMRIZOVTUTFO L ICEHINTWS
(4 6)%.

FFRAYIZIE, SDN-1, 2 Ciltfa T DOWiF Off AN
b OE R 2 OBESNC R 2R B B &
ZzobNb. —J, EUZHER L7224 ¥ A1220214F 9
AARENC [EIE T EHM o BN 2 BUfF st | %
# LT, EUEIZEAICH ) AEEA 2 v 72 Hi
(BRI 2B OB G4 & § BT8R IR L 7.
5 ) DR THEPE S N A X B EREREREAD
V227, fERkoOBFEEMOEREFASETHY), BEXL

BORREDOT 75—y NERORED, SR LD
ERAERBEH L FREEORBELEZON, /2, EXL
T WAL {5 T35 A RRFRAT D S S N AW E R b
Px 52 28I, ZoRBEEH S v X9 2l
THIEDRETH B MmO, 72720, #Wico
WX, FRIEN BN OVER 7 & AN OFE A R 3
MLEEHBEOHND2DTH Y, B Z s LT
) DNEREBA A S B W REME DS D B 2 & h B R
BH Sz, 7X)ARhF 51, BAEOERED—
WBIER L2175 TWAD, T TREET S

4. SHOBARLIE
HARIZBWTIE, EHRE0T /) Mg

Hil @ & 9 1ZSDN-172* 5SDN-31247%, SDN-213 & %

KE Rl —ADPBEEIND 7207 — AN, r — XA Thath

7% 5 b DL REWHFEENLELDDIGIPND LEZ

TwWh. BETTIZIHor /7 AfmELNOEE b

N, WFRLFHIE LTRREME IO TH 72 &

BIZUTOL) X 0B r— A HESN, Tho

DPNZOWTARERELH L (K7).

RO YR OB & RIS E L 2 A
SDN-LIZF SN TEEWTFMIEIAETH 5 0Hh ?

- RELRETHRIZTFERD B VIZROARO—# % K&
ER78E 5SDN-1TH LD ?

- HLBEETOEENEZEE L TWED, ZEL0ik
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A
Cas9/gRNA
double strand break ,
| I | |
SDN-1 SDN-2 SDN-3 SDN-4
d\ﬁ“ insertion of short seq.
——— ——— E——
e —— —— — N S —
Aj 4 L 3
+ 8 —
——
small RNA

deletion/insertion/
substitution

fa

Nsc

substitution of nucleotide(s)

sgRAA_3

sgRNA_25
e chiX

O — e — — —

insertion of gene
(for gene regulation)

RERFEE

sgRba_1 sgRNA_T

————————————

S
e vt encoding gene A

—chrl2

—————— R R ped

—;‘—_:_Chr? —— A A AN
o (Com— large size deletion
) C—) chri2 (ca.5 kb or partial chromosome deletion )

multiple indels

integration of gene A seq., but homologous to
the genome except for several substitutions (red)

7 7/ LREBWMONER

A, BREBERRREYT/

LREFWMOAIE

B, ¥KiA#LVWEBEShBEM/NNF—>

52T E LTY, SDN-3&D0?

- B BEFEOBIZTHBIRE O 729012 & { JH W ELY % 1

AL7234 (SDN-4) 13L&V HEALED, ?
WL ODOR[IPEESIND.

72, REMOMERIZLERBIEMICONT, T
y7ay T4 7D Y GRS W B 2 E A8
% ook Y — 27 = — (NGS) Ol EH i
Hu#ERLTWDEDS, B LT — 7 BITERC BT
s REN— PV T 5. HIEER (SNV) %
T EWIFAKS: (InDels) 13DRAGEN-GATK® & 9
BT—=NVTFVARY v F— Ry — )& HuiudERE
OEEECHINTTRETH 505, KEBRRERT /) LHHE
BOMMAE N IZE L w0y — Vv EHH L%
255 % (Manual inspection) IZ§HEA 2 A H K&
W, FIRT V=R, AAEFNLEL, E
72, =20 — FEPEFICEL (kb~Mb) K&EZ&XK
RKRT ) APHEROMIBTTRECTH 7%, vy 7Y —FH
DN 7 v a—F— (variant caller) X5 IZH 2~
BOTREZ T Y) ANTWE Y a— ) —FHDOZ
5 (eg. HaplotypeCaller) (ZHARTEH L {7203

WP TFIEE TR T 2 LELH ), BE LR Wk T
DEACE FFHTY — IV THBIMICKRIE T 5 2 L IZAS Tk
v F, WS 237 AMEBMRE VD ONS
S, VXA EDARKRR ST LAFXD 6K, 4 F3
D 8Kk L, 7 KRERE OBRE R IO W TRT &
Z ORI EYNAT) S LA TEZD0HED
—DOTH 5. HFHELREE LY, TwiEkya—teno
Y7 = KOF— 5 2P L7 & s e it A
T&hLE26N5.

-

5. m%IC

INE TORMLETHIEZ MWL, FOREDbREN
A F TIZ100fE M AL OB K 2 B & FI16.54F D
HPBETH 72, T2, BInTHIEZ WO T
1¥Bayer®°Corteva Agriscience’s EWEID—ERAK T34
* T REOARPWETH 72, 7/ LHRESIHZ v
VEWE, SR THENRE & e IR SRS
R & T A N 2 KIGICHRCE 5. Z070, KFH» S
INELRYF v —REFTESAWRRTH D, 7/ Lk
B~OWFEERKE . —HT, 7/ AmEEAicEdk
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WL DOFEPHFAEL, KREAM 2R L TERS N
BN ORENEMER D WM TRV 05, —EDFH)
DEEINDL ETOMTr — AL r — A TOR LA WEE
EEZoND. WML REDORMEREL ) R=Y 3
VAIMABML LA MV.SE TV ZEPRERETDH
B, BRI BIT A A AREEM ORI BE, 2k
WHF > TOTHRICHBE L TV 2 BIET2HET 52 &
THLWEEZEHLLS L) EKETHL. LA L
CDX)BWNENEET /v 2T bOT Fa—FT,
2 RIE, BEY I VARDEA L ERERILE R £
RED T L3 BIEIER IS L., SRIE, 2
NEFT AL LTEY I VD32 EEICEHET S
v MABTE ST, SR OMRERZER L7z,
E RO BIE TR 2 i ~oB#IZ, ShETBTFLY
Bl hodz, 7 ARELMOBME, X EMIIC
BB 72D ON— RV L5 TWDHS, AL
CLERSTWE I HITEL L. LAl S, HRIE
RIIEINT 5 XD 12451218, HBEZFAY v FHEL
BWEHELWELE 25, MORBTFENRL, 7o,
HEE~NOWMHEZR XY v M3H D00 INLT L
HLIEND.

5HSTHR

1) Gasiunas, G., Barrangou, R., Horvath, P., and
Siksnys, V. Cas9-crRNA ribonucleoprotein complex
mediates specific DNA cleavage for adaptive
immunity in bacteria. Proc. Natl. Acad. Sci. USA
2012;109:E2579-E2586.

2) Zetsche, B., Gootenberg, J.S., Abudayyeh, 0.0.,
Slaymaker, .M., Makarova, K.S., Essletzbichler, P.,
Volz, SE., Joung, J., van der Oost, ]J., Regev, A., et
al. Cpfl is a single RNA-guided endonuclease of a
class 2 CRISPR-Cas system. Cell 2015;163:759-771.

3) Abudayyeh, 0.0, Gootenberg, J.S., Konermann, S.,
Joung, J., Slaymaker, I.M., Cox, D.B.T., Shmakov,
S., Makarova, K.S,, Semenova, E., Minakhin, L.et al.
C2c2 is a single-component programmable RNA-
guided RNAtargeting CRISPR effector. Science
2016353, aaf5573.

4 ) Hiroshi Nishimasu, Xi Shi, Soh Ishiguro, Linyi Gao,
Seiichi Hirano, Sanae Okazaki, Taichi Noda, Omar
O. Abudayyeh, Jonathan S. Gootenberg, Hideto
Mori, Seiya Oura, Benjamin Holmes, Mamoru
Tanaka, Motoaki Seki, Hisato Hirano, Hiroyuki
Aburatani, Ryuichiro Ishitani, Masahito Ikawa,
Nozomu Yachie, Feng Zhang, Osamu Nureki.
Engineered CRISPR-Cas9 nuclease with expanded

10)

11)

12)

13)

14)

15)

targeting space. Science 2018;361:1259-1262.
Walton, R. T., Christie, K. A., Whittaker, M. N. &
Kleinstiver, B. P. Unconstrained genome targeting
with near-PAMless engineered CRISPR- Cas9
variants. Science 2020;368:290-296.

Hess, G.T., Frésard, L., Han, K., Lee, CH.,, Li, A.,
Cimprich, K.A., Montgomery, S.B., and Bassik, M.C.
Directed evolution using dCas9-targeted so- matic
hypermutation in mammalian cells. Nat. Methods
2016;13:1036-1042.

Komor, A.C., Kim, Y.B,, Packer, M.S., Zuris, J.A.,
and Liu, D.R. Programmable editing of a target
base in genomic DNA without double-stranded
DNA cleavage. Nature 2016;533:420-424.

Nishida, K., Arazoe, T., Yachie, N, Banno, S.,
Kakimoto, M., Tabata, M., Mo- chizuki, M., Miyabe,
A., Araki, M., Hara, K.Y., et al. (2016). Targeted
nucleotide editing using hybrid prokaryotic and
vertebrate adaptive immune systems. Science
2016;353:aaf8729.

Gaudelli, N.M., Komor, A.C., Rees, H.A., Packer,
M.S., Badran, A.H., Bryson, D.I., and Liu, D.R.
(2017). Programmable base editing of A:T to G:C
in genomic DNA without DNA cleavage. Nature
2017;551:64-471.

Zhao, D., Li, J., Li, S, Xin, X., Hu, M., Price, M.A.,
Rosser, S.J., Bi, C, and Zhang, X. Glycosylase base
editors enable C-to-A and C-to-G base changes.
Nat. Biotechnol. 2021;39:35-40.

Koblan, L.W., Arbab, M., Shen, M.W., Hussmann,
J.A., Anzalone, A.V., Do- man, J.L., Newby, G.A.,
Yang, D., Mok, B., Replogle, J.M., et al. Efficient
C:G-to-G:C base editors developed using CRISPRi
screens, target-library analysis, and machine
learning. Nat. Biotechnol. 2021;39:1414-1425.
Anzalone, A.V., Randolph, P.B., Davis, J.R., Sousa,
A.A., Koblan, LW., Levy, J.M., Chen, P.J., Wilson, C,,
Newby, G.A., Raguram, A., and Liu, D.R. Search-
and-replace genome editing without double-strand
breaks or donor DNA. Nature 2019;576:149-157.
Lin, Q. et al. Prime genome editing in rice and
wheat. Nat. Biotechnol. 2020;38:582-585.

Wang, S. et al. Precise, predictable multi-nucleotide
deletions in rice and wheat using APOBEC- Cas9.
Nat Biotechnol. 2020;38:1460-1465.

Gao, Y. & Zhao, Y. Self-processing of ribozyme-
flanked RNAs into guide RNAS in vitro and in



30 EI VAN V2 ST I R O AT #1407 (2022)
vivo for CRISPR-mediated genome editing. J. 23) European Commission, DIRECTIVE 2001/18/
Integr. Plant Biol. 2014;56:343-349. ECOF THE EUROPEAN PARLIAMENT

16) Xie, K., Minkenberg, B. & Yang, Y. Boosting AND OF THE COUNCIL of 12 March 2001on
CRISPR/ Cas9 multiplex editing capability with the deliberate release into the environment of
the endogenous tRNA-processing system. Proc. genetically modified organisms and repealing
Natl Acad. Sci. USA 2015;112:3570-3575. Council Directive 90/220/EEC (2001). https://eur-

17) Yao, L. et al. OsMATL mutation induces lex.europa.eu/LexUriServ/LexUriServ.do?uri=CO
haploid seed formation in indica rice. Nat. Plants NSLEG:2001L0018:20080321:EN:PDF.
2018;4:530-533. 24) European Commission, COMMISSION STAFF

18) Mieulet D., Jolivet S., Rivard M., Cromer L., Vernet WORKING DOCUMENT - Study on the status
A., Mayonove P, et al. . Turning rice meiosis into of new genomic techniques under Union law
mitosis. Cell Res. 2016;26:1242-1254. and in light of the Court of Justice ruling in

19) Oliva, R. et al. Broad-spectrum resistance to Case C-528/16 (2021). https://ec.europa.eu/food/
bacterial blight in rice using genome editing. Nat. system/files/2021-04/gmo_mod-bio_ngt_eu-study.
Biotechnol. 2019;37:1344-1350. pdf.

20) Raffan S., Sparks C., Huttly A., Hyde L., 25) Vives-Vallés J. A., Collonnier C., The Judgment
Martignago D., Mead A., Hanley S.J. et al, Plant of the CJEU of 25 July 2018 on Mutagenesis:
Biotech J. 2021;19:1602-1613. Interpretation and Interim Legislative Proposal.

21) Chilcoat D., Liu Z-B., Sander J., (2017) Prog Mol Frontiers in Plant Sci. 2020;10:1813.

Biol Transl Sci. 2017:149:27-46. 26) Li J., Scarano A., Gonzalez N. M., D'Orso F. Yue

22) OECD, (2016). Report of the OECD Workshop Y. Nemeth K., Saalbach G. Hill L., de Oliveila M.

on Environmental Risk Assessment of Products
Derived from New Plant Breeding Techniques.
Series on Harmonisation of Regulatory Oversight
in Biotechnology No. 61. ENV/JM/MONO (2016)5.

C., Moran R., Santino A., Martin C. Biofortified
tomatoes provide a new route to vitamin D
sufficiency. Nat Plants (2022). https://doi.
org/10.1038/s41477-022-01154-6.



