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ERROBHEZSR L, KHE T

2. BHEATOMEZ R,

(3) NPBT ¥ fff o g

O 7/ rimBEEIN

. F

O 10 DEMFICOVWTERY &=, UT

BaE, EBEMICEDIASERISNTWS Y ) AREHIITIL. ZFN, TALEN,

MY CRISPR VAT A ETH D,

AT APRERER>TWVD (K 2),

DNASEBFRAMERILT—ER AU DRMEER

IO b, FEVNLT I 5, CRISPR/Cas &

TALENs
3 TALENS
DNA -
T 5
XGLTF—HER A
DNASE &R AL,
ZFNs DNASEB R AL, ZEN
ROLT—HFAL S
5 3
DNA 3 5

DNALF R RITERNAS FEDNAYI BT 2o A2 E (D48 & 1A (CRISPR/Cas)

DNALTETEE SR (Cas9)

DNA

X 2

CRISPR/Cas

RNAGF

7 LAmEDOEE

TALENs (X 1 X % 1 £FF—7 T, ZFNs X 3 k% 1 £FF—7 TR+ 5., —F.
CRISPR/Cas Tix. RNA# L DMMENEBH I D,
(K WEIC BT 5 B E Ml (NPBT : New Plant Breeding Techniques) ®Hifk &

PRE AR 2014 4)
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@®—1 CRISPR

CRISPR ¥ A7 AlX RNA # A4 K (gRNA) FT® DNA #KEIZE S HLDOTH
D, MiE D CRISPR/Cas HEWICHT 2R ZISA LI DO THDH, T D RNA-
DNA fHAEEMIZE Y, O-2 XTO-3 T/RT ZFN X° TALEN v A7 A XD $ %%
BICULHMED & <. Zffi 7 HiE CRPIFFREZHRIT 52 LNTE D, SHIT,
NABEwA RIS Cas BAEKOERICL Y, WA A v F o 7 EEFR 85 i 18
KT Z2MAPAALTEY ., BIRBEMZNZTZVT52 LT, 7/ LAREOY —LF
v EREESHh TS (F2),

X7 LT —EAREM(L Cas9 (Cas9 OFERIEMEZ NG L2 D @ dCas9) 1T,
DNA U 24 U5 Z £/ < ., gRNAICL > THFEIN7- DNA BAI 2128 &3
% Cas9 OFEAZFHEIZT D, dCas9 & HEEHIH| K+ S IXIE ALK+ & OFE &I
L0, BBETREAZEMHTLH22OOBEIEATRERY —AVRERTE S5, EHIT,
Cas9 L7 7 I+ —FoO@AIF, C-T K A-G HEEHR (R—2A=F X —L L
THLND) ICAEHTODZ ERREINTWNSHIZ,

WEA CRISPR/Cas9 Y AT A E LT, 7T 4 AfRE] V— b EIF 5518,
ZOT7T7u—F Tk, HEGEEFE (RT) 2 Cas9 =y W —E LA L, gRNA B
RT {EVED 72D IZ#H A RNA L EE SN D, Tk, BB ERY %12 &
L. 858 DNAMEL C—EICHBOEEEZRET 22 LB TE L,

# 2 CRISPR system O )& 4 12.13.14

AT L B=E

Base-editing AT/ LENMTEIEEL T/ LEEET HFIEIC base-editing B H b, VO UIBEET
T 44— (CBE:cytosine base editor) [, XOL7—EEHEERELIz dCas9 41\ V B (X
X, —FKREOAHUFETEESICHEEINT Cas9 Zvh—E)EVFPUTTIF—HICRHAESIES
CEITE TSNS, PAM BRELIEKD INSHIRE DAV R VRN TOFOUEDYDUICERTE,
TDH. DU VIFERYBREEIZEOTFIDVIZERIA . CHALT(RIEGCHADA)ANDEER
5|ERIT, RERIC, 7TT-VIEREITT 12— (ABE:adenine base editor) (. 7T/ %4
JOVICEBRTEESICHKHASATEY. A/ VIFABICE>TI7/o0DE312HFbh. AdD
G(RIFTHIhSC)NER%E5IELF,CBE I, TLF AR tHYERID ., VAAMXFXF
BETHRENHD.ABE FALFX AF. VAAMRXFRF . 7ISTFLRETHRENLHD. ChioDiE
EITFT42—IZ. PAM B IGEETSEREICHEVIA VR ITHEITSIRIICHRGFSATLEA., &
YEWREIAVFITRBEVWARIMLO—ERZEFXZERTIEMEMAESIA TS,

Epigenetic Epigenetic &I&. histone modification. DNA methylation. DNA demethylation. gene
Editing imprinting. chromatin remodeling & . DNABFIICFE MR BB/ LERETDHE
9. 2hi>®d epigenetic modifications (X, W TIEX—BHLELEDTHD. HlZ (X,
Gallego-Bartolomé 1%, dCas9 Y RTFLEEN DNABRAFIILIEEBER (TET1cd) Z@BMAL T
FWABEF(F/LRIYVRAAZZITTVESEEFT.DNAAFL—2avDETILELTHASA
B)ERZEMEL. FWABGEFHENEBEAFILEICKY. ZORBEZLEFIE,. D04 XFTXTDTE
DEREEEEL=, THEHLE.DNADOBRAFILIL A AFILLITE>THENO T/ LEIES TR T
AV ITHEL.ZHWDO DNABAFLIEEERL. TEREFIEVSRBELHAK L. 5D IE
CIRTAvIHEMIT. ROD /R TEHTESIAT,

1220214 3 A CRDS-FY2020-FR-04 #fFBAFE OMFHEE T4 79 A4 = 2 - BIRESESH
(2021 4F) 2.4.4 77 L% - =7 ) AFREE https://www.jst.go.jp/crds/pdf/2020/FR/CRDS-
FY2020-FR-04/CRDS-FY2020-FR-04_20404.pdf (2023.10.12 7 7 & &)
13 https://bio-sta.jp/development/1660/ (2023.10.12 7 7 & X)
14 Kantor et al. CRISPR-Cas9 DNA Base-Editing and Prime-Editing (2020) Int J Mol
Sci 21 6340, https://www.ncbi.nlm.nih.gov/pmec/articles/PMC7503568/
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VAT L M=

Prime-editing  [Prime-editing [&.Cas9 —wh—H LB ESHRDEESAR LT IF RNA(pegRNA: —fiFf %

gRNA EE27Y  DNA LEETHEEBICMA T, BHOBERZEMESEL:- RNAXFIEZED)
EHABDOEEIY—F RV ITIL—RABEIICE>TH /LERBITRETIHLVY / LiRERIM
ThHd, Prime-editing VAT LIX. FF—FToTL—r2ELET . DSB(ZKRELIH) D E K
BLIC.HA.RERULTOEEEREETILENARETHD, THENF. T/ LEED

ShEEZEIFHIETHY. COBHDIHIZ. prime editor 1., prime editor 2, prime editor 3
EVWSEDODXELRMEARNERSAZ EPTE. ILFX . AR, FPEQRIL T prime editor
DFAICHILTVWEN, BEIHENDBELIAL TS,

CRISPR/Cas ¥ 27 AZI%, MiE & HHMEOMEE T >0 7 72 (7T 1
EOX7 7 A1) BEFEEL, TRHIE—HOMAEMNTH< Cas =7 =7 X — 0
HREMEICL > THEINATWD (R 3, £ 4), FiIZ, 77 ATDY AT AT,
Bixle Cas "7 2 7 X —DBEAEEKRICL o THRINDZ Ea2E®EL, 7T 211
DYAT AL, =D 7 =27 X —Cas XU NI EEFHAT DI EEFHELT
Wb, J7I7ATEZTAINIFE, EHICARODDEA T (XA 7 1~VI) IZHEIN
Do JITAIVATAIZZEATL, UL, IVEGZEN, 7T AT AT LTFED
D3IFAT (I, V. VD) BDEERD (3, £4), ThboDorb, AT 1T
T AREDENRENTED, Kb AP SN TWD, 7 T AL CRISPR/Cas &
AT LD 90%E HDDLN, VAT ABEMRTZDHENR DR T AREICE

AENDHZ EI1TITE AL RN,

# 3 CRISPR/Cas VAT AD4E (1)

VAT LA

B=E

95X 1

A4 1, 01, IV

ISR 1 M35, 247 | CRISPR/Cas VAT LI, B D Cas 2> VBN BEERLT.
CRISPR-associated complex for antiviral defense (Cascade) & ff o - & KER
BT 2. 34T | VAT LIE, — R DNA SB35 ATP EREUEXILT7—HEEMRE ATP K
FEHAVA—EEREZRTEIVNIEEI—FKT S Cas3 LS HMMAEBEFERE D,

247 11l CRISPR/Cas VAT LIE. HTE2L4T A~D BHY. B TH2A4T B (L. RNALEZMET
HIEMNTES, Cas10 BIEFEHDOILEHMLL. Cas10 [F. CNEDVRATLTRESAIZT
TV —BERDSHL, RKELGEY Ty rEHERLTWLS,

447 IV CRISPR/Cas VAT LI, FSAIFLEIZHY . TSRIFEBEDHEEMERBICK BB
SATLEBELTLS,

92 11

24711, V, VI

Class Il @55, 447 1l CRISPR/Cas VAT ALIF. EHMEICKEELLEL, — A . HES /LD
HE5%ICHEEL.BIC. REAEIZCEHFEET D, 247 11 CRISPR/Cas VAT LDHEEEIX, Cas9
BEFORBICKY. S5 DNAZEZMELTUBM T ATILFRAMC AU NIBERBETHILICH
%, Cas9 LIFRIIZ,. 2TDRA47 Il CRISPR/Cas &EZFEIL. Cas1 RV Cas2 BEIzF1EA
TW3, INLDBEREFIF—DOXIEZDOTHY. ZDEFITLY tracrRNA EFF(EN 45574 RNA
RENERSND ISR T DEA4T I RV I &, CRISPR/Cas &Iz FICHE T S Cas TUKY
HRXIL7—+H M CRISPR BIERE S (K (pre-crRNA) ZHIM 50, ChEFERY .. 45X T D4

AT N IFRAEKED RN 77—+ Il &tracrRNA ZF| L T pre-crRNA 24183 %,

15 fE KZOFHE S, 20204, 7T A1, A4 712 EN 5 CRISPR-Cas (Cas3+Casl0)
N, EERKANTOY ) AREICIERATE A L &R LT,
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# 4 CRISPR/Cas AT ADO4HE (2)

Class Type Pre-crRNA Effector Protein(s) Target Target
Processing Cleavage
| Cas6 Cascade complex Cas3 dsDNA
(Cas8, Cas7,
Casb, Cas6, Cas11
and Cas3)
111 Cas6 Cas7, Cas5, Cas10 Cas10 dsDNA/ssRNA
A% Cas6 Cas7, Cas5, Csf1 A BR dsDNA
I I RNA Ill/Cas9 Cas9 Cas9 dsDNA
\% Cas12 Cas12 Cas12 dsDNA/ssDNA/
ssRNA
\2 Cas13 Cas13 Cas13 ssRNA

CRISPR ¥ AT AiX, hUEway HAX UHX abx A3, FTHX,
F~h, NFFRE FLEALEOFEEMNEBRFHEBRIMED TERIIEHINT
Wp, Shic, Vra, Avry TR Ty TTU ay e EoRET
x> Dendrobium officinale (7 ). Ipomoea nil (7% H 4). Petunia hybrid (%
F =2 =7)., Torenia fournieri (7 4 v ¥ a2h—>r77U—) 2 EOBEMDIEIC
LA S TWSHI8, CRISPR ICX > THROLNDIEEIL, BN, FOR
A BREHIM M, WA, BARER E | WIEWSEIC KA TN D,

ZFN

ZFN (%, Zinc finger #1542 i &L L7 DNAGRBEY = — L & Fokl X7 L7
— D DNAUIWr KA A L DO@MERTH D, Zinc finger X7 L7 —€1X, =K
8 DNA OHEIES 2B L T, 7/ A EOFFE DN Z U3 2 e & FFo A
Lo 7E (BF) ThdH, ZFN PR 2 HERINE, EEICERAD Z LN
TX %, F£7-. repair template (short template) & FE{XiL 5 5\ FLEL S0,
stretch of DNA & MEEN 2 HF X —2H O SO DNA Z FfiE O AL IR AT
LZLEHHETH D,

ZFN O Z O Z R T 52 & T, 7/ A LOFEDOE RS 2385k % ., Yk,
DO WITHEREILRIIZF > DNA Wh A+ 52T, BERLcE:FH
Az Y (AP RAERAER) 21FRT 20N TELIHEHIRTH DL, ZOENIT
R&EL, =2 bh b,

ZFN-1: fr@EoOBSI O, Mz DNA BEEEMKICLVEREZITS 2 & T,

16 Miladinovic et al. (2021) Targeted plant improvement through genome editing: from laboratory

to fi

eld. Plant Cell Rep 40,935-951.

17 Costa et al. Breeding next generation tree fruits: technical and legal challenges.(2017)
Horticulture Research 4, 17067.

18 Sirohi et al. (2022) CRISPR/Cas9 System: A Potential Tool for Genetic Improvement
in Floricultural Crops 64, 1303-1318.

19 Petolino (2015) Genome editing in plants via designed zinc finger nucleases. In Vitro Cell Dev

Biol

Plant.51(1), 1-8.
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HOWRERCHEAZEZ L, Z2REZEAT 5D,

ZFN-2 : HrE O/ TUIM#% ., repair template ((EEDOES]) Z H W7 (EHE
BITOELZ LT, WERELRTERZEZ ZH5,

ZFN-3 : HE OB TUIK#% . stretch of DNA CEALZWEGFREEH
W EE) ZiTh¥ 52 & T, MR BEFEALIT,

Y E P OISR NEATTN, EWICBT AL HREI N TS,

Shukla & (2009) 2%%, 7 4 F U BEANKER TH D IPKI Bz F2E, b
W T IPK] B F 2T 5 L RIS, BREFMEELR T O PAT 2ffiATE 5
ZEEFERMICIEH L, ZENEXSEY THISHAAIEETH D Z L2 LT LT,

ZFN 7 AR, P~ FOWE, A X077 R, VorTdeA TV 70
MERERAPE, # A4 XD RNA A LU VEIETF. aLXDAIFVY ) o Zk
FAIM O 5% e 2 REBICES T 5NEEREBREFHREZICHNYOR TN D
2L LN S, ZFEN OBEGFHIKIRE U CTHEME CHINMICHEE 2 7 v & R %
IR, TOAMENLELITEWVW L HH 02 BHEREINATWVWDLIH O
YT B 722

TALENs

ZEN L [AICATXZ L7 —¥ToHh D TALENs BER T %, TALENs I,
I T 40— RAAL DI YT, transcription activator-like effectors
(TALEs) &9 DNA A FAA 2O THERBKAZ 1TV, ZNF LRI T L
Fokl X7 L7 —¥ T DNA Z Ui+ 5, TALENs (X, #i#HEE CTH DV b
£ F A (Xanthomonas) MHH A I, ¥—F v bR MM iERT (DNA) I
RIS L, BRT2H#ET 22 ERHLNITRSTEY, 2 OREHEN
A ST,

TALENs /%, 34D 7 I JBBIKEN LK H T F KO TALE 2= h R X T
LAUE—FLTWDLHEELFF D, &= =v L., Repeat-Variable-Diresidues
(RVD) ELMEEN D2 (2 73 /7 Bikkk) 2Ff-oTnb, Z® RVD 24
ZHZETA, T, G, CIZHRNZ 4TEO TALE2 =y b2 ER$T 52 L8 T
X5, flx® TALE VE— MIHE —~OX 7 LAF FEEMRETIHD, L0 FK
IREERIRREE A ATHBIZ 22 D . ZFN IZ K > T TE 2 b 0 & ik L TIRTER 72 1%
HIEBAL OB AT 5. TALENs 12X 255 ) AL, v rA XFXF, Fo3ia,
TIXRT AL, AFLFXF, V¥ HAF, b~ YU XFE, T~ T&X%,
AR A, hUERaY, aAFTHREINLTND 2L,

Calyxttt D@ A LA & A4 X%, TALENs ZFH L7286 DT, 201942 ki
ENTWD 22

20 Shukla VK et al. (2009) Precise genome modification in the crop species Zea mays using zinc-
finger nucleases. Nature. 459:437-441.

21 Zhang et al. (2018) Applications and potential of genome editing in crop improvement. Genome
Biol.19, 210.

22 Tuncel et al. (2023) Genome-edited foods. Nature Reviews Bioengineering 1, 799-816
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@ Oligonucleotide directed mutagenesis (ODM)

HALRr RINERFRIE, 7/ L EOEBEOBBETOEN—ZADFHAD 5V ITE
- GIBRAZATHO 2 LI KD, FEICHRKOT I VBEIOERZEANT HHIET
D, NIWIZER LAY IX 7 LAF R (20~100 base) #, PEG{LE, =L
JhuR—Lb—vaihk RN=FT 4 I ANHEREEROCTHNIZEAL,
fIDOFFSBEEEEICL > TT /) JMCERZEAT D, BALLZWERF OS] Z
Ml FF D, £ ICAEREZGALEHK (BF. 1~4 X7 VA F RFDOI A~ v F)
AMHBPIAALTAHY AR VAF FERFTLHILICE-T, HEOHNMICER %L
BATLHIENTED, 7/ AICHEAISRIEERIT, RIERICHAKS DD, A
G ARFIZHIENICH BIAALTE AV X7 VAF REoMEnTLEI> LD, &
HRICHAR SN D Z & ERy, £, ZOFEE, MREMN TOEREANTH D
e, ARMEAEREE, BoSETHMEKZELLEND D,

Ehafle LT, PyEravICBRERA IFXVY ) o~ EMAET D
WIZ, T bhe FexvBakiE® (AHAS/ALS) OKRA v b a—TFT— 3 v
EHE LN H D (Zhu et al., 2000), ZHiE, FUER I AN RIC/NN—T
AINHTEHYIX T VAF REEAN LR, BREEEZHS LI T, BREA
Mt ryvEnasz2B-b0Thbd, £, AILAIFY U U RBREAZ oo
2ANT7a st 5ERE LT, a4 Rz hriR—Lb—v 3
A0 AV IX I VA TF REEANLCERKEZE-HH H D (Beetham et al.,
2009, Ruiter et al., 2003), TN H LTI HZ < OHEWITHEX R B THRIH &4
TW5,

2023 FIZDIZFEHEL L 72 Calyxt #hZ E UL L 7= Cibus fh1X, ODM % zh# B < HH
WZE N3 5 F15 (Rapid Trait Development System™ / RTDS®) #BA% L., A/
BR=NT LT REOA IFY Y ) CREBRERMMED 7 Z X 2 FH L T 523,

@ Cisgenesis and Intragenesis

VAV =RV A LW HEEIL, Schouten B (2006) T Lo TEHAINTZ LD
T, TOMHAK, XZOFEEERNO R ATREAREORICHKRT 2854 H
WY O Bs FRB 2 EERESINTWVWD, BAINDIEREFIE. 7/ 22N
SNLOIRGBRAE—THY, Ay XAT 47T RE—F— F—IF—
F—%BHEOE AT TEOERBERTCHDL, AV 7 V=X ATIE, A
SNTBERFTHLA Y T V= FEEIENICEES T 2867 — LV
WCHXTH5HbD0THDL, AV NI V—iF, RR2BETFBBTEORRDL
HE—H IR — I R — X —HIBIC Lo T s G L2, "M T U v R
BIZFCThHD, HAZHL. DNA BAIT, BREREOF - RESNZFMEL, O

23 https://cibus.com/our-business.php (2023/11/21 7 7 & &)

24 Schouten, H. J., Krens, F. A., and Jacobsen, E. (2006). Cisgenic plants are similar to
traditionally bred plants: international regulations for genetically modified organisms
should be altered to exempt cisgenesis. EMBO Rep. 7, 750-753.
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FER. HFET AL THEEMICHEESNTZL D L7222 (Salonia et al.,
2020) 25,

VAV =R VA, RO, T, MRS I ARKAFIE L T
WD EIEFAEELRT Y A @+ (cis gene) 2 E AT 582 iz
L, ERBEREIZBNTHRMEIC I VEANARET, BB FHEME X HIFE W2 <
THRKOBEFEANAIRREINNEEZEL NS,

ATV 2RV ADOERIF, T —F —RF—I X=X —DMAEENED
L, Thbb, AKX, A 7ot —F—+A a—FT 4 VITHEHBETHoTZHL D%,
A7TRE—F—+B a—T AV IHEBOLIREFEZMES, DL, A FrE
— 4% —+RNAi ZHH L L Ca—FT 4 v 7HEBOWREVWS KHZar AT
7 b5 D,

VAV 2RV RASA T 2 R YRR LT, RO B R 2T, M
FREREYEY . MAEMICH KT 28I F. ERERTFOEANITOILL B D
ThO, T ARV ALEMEIND,

@ RNA-dependent DNA methylation (RNA #K7EH DNA X F 1 {L=RdDM)

RNA K17/ DNA A FL(bid B BGOSR Y] % F1Z small RNA % A
L. T EMFEZ DNA (77 &) (HBEIEF) 2 AF T 52 &Ik,
HIEE T2V A Ly 7T 5N (A Fubic X288 M) Thod, F<
Ollr S v7c ARS8 RNA (siRNA) Wrf Eo KR INICHE > TA F b3 e,

small RNA OFFNIZHFI TH D Z EBEEELE D700, HAUFRATHY . F
7o, TEYV X T 4 v IR THL I ENnD, T A EDOEBEE TR 2 AL S
HHZ e, BBEITRAZHBE TCEZD2HB/FA L MERD, ZTO DNA A F )L
LR Ix, WHRIC B R S5,

BRIZCBWTATFUERERFSALTWDH Z &G, EAIZ RADM & IZH
Wlea AN MEGERVWRREERK T HZ LT, HHOBEREFIZATF VL
WAECTIEMB A ZEHT 52 LN AEE 75, RADM IZXk o TREL AT
e, bbb EHFELIEATFMALEZRNT 2 Z L IZNETHY . RIDM FH =
VARG ENRBRESNIZRRTIE, MROBFRCHERINTHEY & OXRBIA D
URVATA

® Grafting (Transgrafting)
HENF 20 AT T 7 b 3 —m vy NICHEAI L, EBE 30 R TAKS
HmE o, BEEAMEMIZ., b~ b (Solanum lycopersicum), A-A % (Citrullus

25 Salonia F et al. (2020)New Plant Breeding Techniques in Citrus for the Improvement of
Important Agronomic Traits. A Review. Front. Plant Sci., Volume 11 - 2020 |
https://doi.org/10.3389/fpls.2020.01234

2 Y RrT 47 A (HFE : epigenetics) &iX, /7R~ TF U ~DOBRKPREMICE Y BETHIE
BRSNS Z EICERTLI2BEEBEEZL 2WVWIED FAEMFZOMESE TH D, HFE, 28V =17
47 AR BB FRECHES L TV LIFEALZHRESND I ICR-TETKY, F
EMFELO—REREZERL>22oH 2 FHOHETH D,
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lanatus) ., A 2 > (Cucumis melo), 7 A (Solanum melongena), ¥ = 7 U
(Cucumis sativus), k7 # 7 (Capsicum annuum) 72 & ORFEEPEICHEH S
NTWVo, KEOIRETIE 10 AU EOEZE R M~ EBAEH I, 6 HTADEH
AN TWD EHESNTVD, X~ =X LEFEE~OEHE, fkx
7% abiotic 78 A k L2 (low water availability and drought, flooding, nutrients
deficiency, high salt concentrations, heavy metals toxicity, and low or high
temperatures) ~OMHPEIZISH STV D2,
%Hﬂﬂ@ﬁi@é\ﬁi%%ﬁZ)‘IZ/V?*‘Eﬁ%?E?iﬁ@%ﬁ%?ﬁilﬁ LTWs, #—F

VVHEORNEOBEIZLY MBOFEBENMESNA TS (=% T
YAR—=F=NHEE), mIIZ ﬁﬂ”ﬁf”’xi))ﬁ/ﬁkéﬂ’b WBRAEREZHD T, RENOR
N5,

B A Z D ICHBEBE AR ZH v D | BEARFEIO IS AN
NPBT & LCHHEHENTWD, B rMHBxHEMEEARE L, BERIXIEMB 2
MEMRWD, LIERo T, BANLHEOLN D REIZIIANAKELS FITE TN,

ZOEMIZ OHAE, RICH LT 4 VA EAMAET D201, v W
AFE, 7Ry, Any, vA, FavlRhFICHVWLATWS, £/, IBROKDY
ZRLST DRI MM AKEL (Vorad, XT0 7)) AFRE (Arr),
REBEFHGHHR (FLry) RELHMLNATWD, fl2iE, ARKICROED 2 R
< L. LGB ICx L TEPMEZE> GM i 2 A viiE, I o BN & B 45
TAHZENTED,

LAl b, ARIE GMO THY, RE~OXELZETLILE D D, R
b%ﬂﬂiﬁw\@%gwﬁ‘_obvc UTAEfRNT 28 7+ . small RNA (RNAi) <
KNy AR DS LT@?‘TLTD\%} ENRHL NI TV 5B,
Lo T, m#%%ﬁLtGMﬁ%m%5/ﬂﬁ IR FER LICEMT 5 R
HHEZOND, £72, AR RNAI ZHVLNTWEHE, RADM 12 X » THE
KOG 7 DZAF MR EEXDAEEGS D, L, BRICHEILDZZED
HY . iR RADM & FERIZ KB D72,

@ LA RFRF MBI EMEIR TR W+ E ST e E R BRI,
RNA fifi & & BEBE W 5% I L 2 B S RESEM OB S B HIN OB 5 & D |
2 =—7 72 NPBT DR & 3 # L7228,

FEARLEY (Tr )57 y) OL) REFEISRERELZ AT 2 EHEYE O F
FEEHS OB TWER, 2o OMEOFEERITEHE %8 L THBEHAMIZ
FEHE@mXE SN TV X U 7B RNA 1T T ERHALNE R TET,
ZZT, FHEIE, ZomXtEEsISH L, BEOBEMGER (RNA) %2 X0 ik
$%T%é/XTA%%%L TOREMNEG LB ZERICEERT L2 LI

27 Tsaballa A. et al. (2021) Vegetable Grafting From a Molecular Point of View: The Involvement
of Epigenetics in Rootstock-Scion Interactions. Front. Plant Sci. 07 January 2021

28 Takeo Harada (2010) Grafting and RNA transport via phloem tissue in horticultural plants
Scientia Horticulturae 125:545-550
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L5, BAOHBMER BB 2B Uiz, AREMNORBKIE, BEF O R HE 2
HEHICHERTEL L, o, M BEARZA L, FARICIEEA DNA BFEL
Rtz ERREIC X Mk BETFORMMELZ 2 VT L, BIEEZRD D
LT, BHOM» D R OLEEREHRT DL LICRI LT,

® Reverse Breeding

MEZAEELTOEECL s THERBERED —2IZ, WHICTES SADERIZ
B A2 germplasm (BIEER) Z#F o0z onsd, Eastto % R,
M&A Z# 0 KT O L EHFEE SO F D germplasm OFELEST HZ LN H
BD—2 ko TWND,

germplasm DO Z LT 7200, FE 4RI, RSO iR L INET D
iz, REzHBYELTERICEAERTOMERICE D TVD,

L2, RERMEEL LT, KETHALERRPEIZ., A7 VOERICHE-
THERTHEET 2720, ML LTEESELIDICEZ OREME FRR 11D Z
ERBEFOND, FBHEAMAIT., CNOORBZEHNT 2 XKERARENEZENRT
Wo, v—A—z2FMALEEMR LI, HFEMT L EFEREIE SV, GMO
RS DR 2pliR E VR D,

Reverse Breeding (M &) X, HZET BB EFRFOREEASEROH ZM
. BHFRERFREFF MY ORI E D RNAL & Qe AR50 5% 5 /F HH H i
ERHAGOETERT 2 HETHY, Mz BRET2RE-T. 2T 28O H
MG ons HiEL LTHEINTL, ZOHEMREZHITEDLELZ &L T,
HOBEF M EFFO~T oA (F1) 2B 5208 TEL, Ny 77 mr AR
B CORKAZLEE LW, THETEY b RIFBIZEWBIK T, #kLz
LR CBIEFREROEBERRA~AToEGRKELE I A X MBI N TE
Do

Reverse Breeding (FFEARMIZITIR D AT v 7 LV KV E->TWD (X 3),

OEFR~TuEGRELRS, ZORBTEALEATREAGERKZHE TS Z
ENTEDLONRARBEIMOFRA b CBARREMNHEEL TWD FlHKRL, £
DEFE, BAEKLE FIERICHATE LN, ARAOEH LB IEINT-HE
WX, REDOBRBEPFHFETERNI ENEL, RENORFHENEHTE
%)

@ EATRH D meiotic recombination (J#EK 7y &MELZ) % dmcl <° spoll
MEZRNAICE S THA LV 7325282k Ml+2 (Zhboi
BT, BEBAHFEOMMZIZEHEL TS ZERMbENTEBY, Zib
DB EZIMEN T2 MBI BAELCITLSLSRD),

Q@ BBATEA~ATOEAELOHEA (n) ThH D microspore CRAJEMIR) 2455,

@ FHARRE £ (doubled haploid) 12XV @% 2 AL L THEHAK
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(2n) OMMEZRF S,

®@@EEFLT, 2MEFOEMEEHT S,

®©nbDohnb, $A VYU ITRICEALEBERTFEZRTZT. o, &
iﬁLtb\/\TI:&A{ZIW),H/\J@%VEME)%M*% BT D, ODMAHEDYE
ABRAUTHITEDEDL ZLICED, OTRALEAT v ESKEHET L Z
EMTATRE L 7R %,

=]
BEREKLD. NEEAKORRME L (EE1)
HH X SRORER (2n) EREE (2n) SBEUIRBIEHIE (n)
BIDAAS N : SSEEFORA
”Buﬁ‘ﬁfd%)
" S EERCED, %E)ﬁzd)ﬁrk’&l%
Y = (WA UHSREET) ’
B UTZRBIEAE (n) @ :
(RIS DVE L TLVRLY) !
,-, DN @) *‘*
nl an ®
HH EE uu uu ERA (2n) SEREOHEE HH
@ EREFEORE
a b o] d e
\ ]

T

w .

dx e THRBILFDASRRMERBERZIZSNS.

R U REZFDER !

X 3 Reverse Breeding DA K
(a) % OWE R TIE, FEEOMHEx 2K EBEFRNRLD FRAERICAL
%, (b)fi# z 23 = %@uwﬂ“<RNA1(fzn/P)iﬁE@#ﬂK{CHLz%%ﬁ%/yj
nERL (@), FEENL 2H/EEEZMERTLZL [@W, B®] T, ®5MERTERML
LR (O] 28HFL52en”TED [O],
(M : Wijnker and de Jong, 2008) 29

Reverse Breeding #1729 720 I21d, RN 12 LN THDLZ L. o, fF
MEFREH/RONDIBETHLILERD D (REAKENZVETIE, FRF X
doubled haploid DE G 2 TW < 72®), £72, doubled haploid O {EHLIK <Y A
VUV T DAT y S TCERNEE DZAREEDLHETE R,

@ Agro-infiltration (agro-infiltration “sensu stricto”, agro-inoculation, floral-
dip)
BETZEHEATLIMHEBSCS A NT 7 MITX Y| agro-infiltration (X =20 %
A TSN D,
a. [Agro-infiltration sensu stricto] : MR LI (FI2HE) 1T, R Ik

29 Wijnker E, de Jong H (2008) Managing meiotic recombination in plant breeding. Trends in
Plant Science 13:640-6466
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WA ANT I NEELT /o T U LAERESELILICLY, R
SHEZ Y T7OATRFTWICEANERBRFRREAT L4447, MW7 ) LMITE
BT DHAAEND Z &1 720,

b. TAgro-inoculation] or [lagro-infection] : AEFEMIABLIAL (FITHE) (T,
BROUANART B — A KRBETEMAAALTE O 2 ERE (&) S+
52T, 2FMNOBKBTRIAEZITI XA T, M2V 4V AEZFAT L L.
Y BRITTEEER SN D 2 &R,

c. [Floral dipJ : WMl (FITfE) ZDNAa AT 7 MaegieT 7N
77TV UAIRTILET, WIMROME~DEEEHREZITH, £ OEAITE
EDAT—=VIZB W T, EHKAZIT 5, Floral dip 1%, HRZEX TLZERE
Bim e 5522 EREHME LTINS,

Seed Production Technology (PHI)
FIl A7 Uy FEERT I, GMO Zi&HF TS b oo, WAL To
AR TERETHZET, MOVFEHOFEFITETIEMBmIAKR LD, P AEERED
FIWCERIEAV y bR HL DT, BRERROWEEBZIZAY vy FRHDL D TR,
KERHAR, A=A M7V 7 TEHEAMMZEZZTRWVWEWVWSIERDNEGEONTZZ LD
xR~ DI A B LT %30,

TR hyEwavOonS, T Uy R, BEREEMRHKEZ H DEE T~
ThE %, MERMOMERE A GIW 52 & T, MEEREZHEHOL LI TOE TARE
ENTW5D, LU, MEELHEFORIIAEERNICES S225202 80 b,
REOFFAEFEZITOMBE L LTE, ZRRTFNDERELMLES TRER ST
Wb, 22T, EHDOTERVWRMAZ BB HIZIEDS Z L TE X, MR
ELTHIATE, RELREMBE 0D, E, EHOTERWRETFZEDL L4
FEITMER M AR T2 N TERLS D, ZOMKTLHBEELMILIE 2 0EE
WY, ZTNETIZEOPOEMMAHIE SN TE I, fIziE, VAXZ LT —F
EEREAIMMEOMAEDEIZLD | BREALHE TEZK > - oBEEE (GMO)
DHNIVARX T VT —BERALBEEARTRERD2MEMAERD D, ZOHAIX,
GMO ThHLZ b BEMEENLELRD, HDHWVIX, BARR» O HEELSTR
L HBIETEENERIET2EEBETFEZRSTHLT, IGHLZE (F2x) b
bbb, ZOHBEIE, BRADPOLASDTHTOICEZ OF hanEmEE Lz, KK
. ORI RERARFEOT AV v FEYERT L BB A X BRI
T 50, BEEMILGMO TRWVW—RM L FIFE -2 AEET 52 HNTE AL Ik
Eifictd b,

*EERTERFAEHDOTZD DA T =L ZODBIEF L, & (EE) Off

30 Wu Y et al. (2016) Development of a novel recessive genetic male sterility system for hybrid
seed production in maize and other cross-pollinating crops. Plant Biotechnology Journal
14:1046-1054
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WIHE & A oI 2R D,
*EPEARFR R A (msd5) 28K E T 5,

MS45 B TAHEANTLHZ & T, HEMEATRAEIELEH? 33 1 0FEGTTE
5, LML, MS45 L 0-T X T7—ERV 27 LTEBY, {EMITFEL2LOD, 3/4D
M ZBILTFE2E-TERIE, T 7o BoMENTHE R EETTHIET S,
EEXESTIERIE, ETCEABLBFERZRVI RS (1/4 OEIE), Z 0t
MNHD TCE 1L, msd5 THY, 2 THEEARRERS, 29 LT, HEERR
DMERFEEMERFTHZENAREE R D,

TN—, BANEBFEZREOMNZH LS AT, FEFIZ DsRed2 #BI5 1 O
BETERITSDOT, Y=F—THERT LI LN TEDH, ZNITE>T, 0%IZ
TWHERT, BB OEFE2EHT N TE 5,

@ TMSERREE

fEERESKIE, MR THEME L TWDHEKTIED —D T, EIREZHEL Y
RLTERBEFEZEMLLY ET08ELZVN), HELMIELAEL R NV TR
VOB THE SN, BICHEEEDIZISHSh TE T,

F TR D RS AA 2 B ECER L L. RO AR TR o FH B AZ B B 2R
RMEZAT D, ZORMMA 283 LT, JHR, RoMRIZH > THRERO®EEK &
RHEL 2V IRL TV, fEERESRICITRIVE G L, — RS T 6 )78 &R gk 4k
B, FEMAERINERE, MRERBRIEREDRD D,

HIEMEEM CTH 24 X D% EIE, BEEZREREZVIC< W, 22T, B
TR 2 B 2 O TR A R 2B L . BRI SRR 2 1E 5 £l 25 TMS
R E R & T st

\\| # MIME T ALY FTRVLD &
’?Vﬁ Hﬂ”ﬂﬂ”ﬂm—‘ BERHEA L B ERD,
?‘;ﬁ COIMEFAEIMERBHELO—,FTIZEA
FARENRE | BEREBE
‘ JOE—45—
BREFIEE || BOLEGET | MEEET

lﬁ{ﬁ? (e.g., ribonuclease) (e.g., ribt)nl.u:ltease)I

e

REXTMEEETF BEHERRtEEE FEMEEET
htvk Fhtubk yaR ]

B4 TMSHTERBHROBLETFHEAAL AT

31 Tanaka (2010) Transgenic Male Sterility Permits Efficient Recurrent Selection in Autogamous
Crops. Crop Science50. 1124-1127.

24



(Hh . BFEMEED O B Ea R Rk E ML (TMS a8 & )12 D T82)

a. EEARTRBIE T (Ms) 2~7 a2 TRSZLICKY, msms L O ITHDOET,
HAZ Msms & msms 25 1 : STHEL . ;%.0)4: TR & 72 D

b.b&ﬁfﬁ%@%%ﬁum’ﬁ“@i@yj?‘é;k z . HEYEAR TR B R (Msms) % %4k
T&ED (fIEIz L 7/ A@ﬁ‘\ﬂi@iﬁﬁ U, WHIHARICZERERET D),

CHEMDOBIBERFEZRIAIEHLZ LIV, HABEB T Z RO KILHE
T2, TACKY, MIETY ) AOMBMINE D BV R o 72 AR
DO, NRBIEFERFRTERZWVEKDOAEZKRD (FANBEE T E o R
E. HEMEARTRE LTROBHICHA T2 Lbic, MABLBFEZRTERVD

T, ERAEKIL. REKELEDRDOBENEELZED D),

® v AEHOHREESN

U4V ATE A OMRAEEE ML, K A B GE LMY 4 v A (ALSV) X
7 H—x P SARBEFEEDIKRICHEBIE D HIET, —WBRAKRELEFO
FELHNEEE T ORBREMEICHACTE, FIEE CRKFMZ2ES L REHOR
WL Z ATREIC T HHIFCTH D,

HEDIT, VY IEERIRY L2 (ALSV) R X —F WA FITDY 4
IVAFHFFBAL (VIF) IO THEL TSRS, T, v /L A% EEE G
FH ALy (VIGS) OEFNEZTLHLX I VEF REeRFET L2207 70
77 4 VA (TRV) X7 Z—% W= ALSV X7 X —%Z/ER LT\ 5, Ik
TDT 4 VARG K T DB TH D VIGS ICXk V| FFEDOELE T DOREN
MAZoN2BEE2FMAL, VIF 258 L TA F ITOAERMR 28/ 2 2 &Ik
%waéJmA?4wXT%éAMVN75~iﬁ%®%%%&ELTH
W7 7 DMZEDIAEND Z LT <, Mg —@mrEIC L& L2 neo)
BEELPOELNTZRERBEDICBITT 22 L ITIEEALER Y, 4%:®ﬁAm
{ERLPIRER IZ &S T D ALSV R ZMBICA FADRTHMIND Z L PRI S
nicEHELTND,

Fiz. HINS (2014) X, i RNA U 4 LV AXRT Z—DFRIZDWTKRD X
I RTWNDH34, ALSV 7/ La WAL THE LT ALSV X7 Z— 3, —ilaiy
RAKRB IR F ORBLCWNIEME B FORBIMENFIHTE 5, ALSV [ZHEH T/

LDIZWMVIAEND Z & id e FBEEEIPOHE LN RIERIED DIZ L AL

BT L2V, ALSV X7 2 —HifiaFH L THHYOMELZLZE L TH .,
(77 AfRER EDGR) ZOFRITESDR A IHEDITITEY Ly,

32 https://www.affrc.maff.go.jp/docs/commitee/nbt/attach/pdf/2nd-1.pdf
(20240129 7 7 & A)

33 Li C et al. (2019) Virus-induced gene silencing and virus-induced flowering in
strawberry (Fragaria X ananassa) using apple latent spherical virus vectors.
Horticulture Research 6:18-33

¥ EHNS (2014) M RNAD 4 VAT 2 — %R LB OB F LN, JATAFF ¥ v —J 12

85
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(4) NPBT OB ENH

Eckerstorfer B (2019) 35/, 2011~2017 4= % T?D NPBT O & Hiifi O £ M5 % o
fri, BRILRWEEICONT, FTROFIKRZLigathiLlize, 22T TELLEZETO
nGM (new genomic modification) (X, #x R ¥ A T LHEOEX L2 WELEZ 725
TAREMENH D0, TORMREEN, EMLARZWERBOKRM & HERA#E 7 5 ATREEN
bHHELTWD, 20, BELA2WEZRFELTLD, ZE LI RV RERFRE
FINI2NZ LR LTZ0 T 57008725 1 Rk JM%EU NGM D/ — A [E A D
THRATY A7 i 2 T 20BN H D EBRXTWDH, FF- M Lz#iiE, L Fo LB
Thd,

1) R OFRLE (base editing) ZH H7=7 ) A H I
(CRISPR, TALENs, ZFNs % & i¢)

2) ODM

3) RADM BEFHBEO T EY = X T ¢ v 7 il

4y VAV ZRVAELEL VR T VR VA

5) NFURTITTT 47 HEERIZEITDH GM EARDOFIH

6) 77T 4N L — g

7)) —EERFEROCHEERE, BHREEAT L2 XETHDICHBE I
fii7e &

TROFIX, 2011 05 2017 FlZ»F TERERI N, SHEIICE T 25 20 H o
FRICE EDH O T, CRISPREIICET 2L ONERAICEZ N2 ENTND,

F5 2011~2017EIZRBINT nGMs OEE 4 725 HICET %353 35

~— ~_nGMs Genome editing RdDM CG 1G TG* nGMs to support breeding

Applications CRISPR*  TALEN ZFN MN QDM Al HI

JAN. 2011-DEC. 2015

Total number n.a. 10 17 5 1 [ 7 4 n.a. 14 9

JAN, 2016-JUNE 2017

Total number (172) 114 8 T 1 1 1 2 4 23 4 T

SOM—1 99 5 4 - n.a m.a. n.a. n.a. rn.a. n.a. n.a.
SDM-2 5 — - - n.a. n.a. n.a. n.a. n.a. n.a. n.a.
SON-3 4 3 a3 1 na. n.a. n.a. n.a. na. n.a. n.a
Baze editing 4 - - - n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Other types of genome editing 2 na n.a. n.a n.a. n.a. n.a n.a.
OBJECTIVE OF APPLICATIONS (JAN. 2016-JUNE 2017)

Method development ie 1 2 1 - — 1 1 6 — K

Basic research 22 1 2 - - - - - 7 4 1

Applied developrment 20 &} 3 - 1 1 1 3 10 - 2

e was only scraaned for the time perod Jan. 2076-June 2017,
ime periads.

> of CRISPR-hased systems for genomea editing and transgrafting
cate fotal numbers of publications for naividual nGMs for the

35 Eckerstorfer et al. (2019) An EU Perspective on Biosafety Considerations for Plants Developed
by Genome Editing and Other New Genetic Modification Techniques (nGMs) Front. Bioeng.
Biotechnol. 7:31. doi: 10.3389/fbi0e.2019.00031
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AL T, TNETOLEZARBEANTY AZFMEINTMEI NI ENLTH D,
e BT 23R/ AR+ 0 THDIZ NG, F¥— AR Y 27 3l ES
WT, NnGM DN, F =TT 4O 0D RNz FEfi & L EELTE
D, UTFTOBEREZMAALLE r —AZRELTND,

(i) BARSNE-BEOMEE,

(i) BASNTZHZED T HE R,

(iii) FEEIR 2 BE T 2 R P HE 7 R R

(iv) #ERED HBH T 5 REHEDOEE

(v) SR ERETEA S8BT X IROFE

(vi) REMEZELZRIITTRALOOLA 7 X —F v A

(vii) Z D DOEX L WBISH AL O TR & FEAG T 2 72 o B 72 4y 5 M F Al

(VIIDFFED nGM IZBET 2 H o5 LY RV RJBEICEET I RXT XA —4 % H
KRB BR T 5 72 o 0 K FA B P T4l

MEDBICFEMEZ T2, MR -WELEZEHGXDOEED (2) NPBT DU X725V T
@WEB #®&Ic L %8, (98X—Y) o TE LD,

FAO (2022) Ix. 2022 #|Z Gene editing and agrifood systems3S & @ L7- LA — &
HRLTNWD, 7 ARELEBEM L AT AT IR FEEEMIZE SN Z 0@ LT
I, B PO, B FORRE, RO EME, BE~OZE, #BiEat, SR o~o
WRRE, T AREORDEERMEICONTANT VAD ENT@ERmMAITHIL TV
Do HERRELRFEHRFIEO B, AER 2 MBS & T3 F X LB o R &
DY BT o, AJLE & REEM OB SO 3EE L &FH A EH I TWD, £
o, ffk, BEMI AT LAOEE LTS DO T 7 ARENEDO LI ITAHIND
HWEEMEND DI DONWT, a2y T U IFRERINT,

ZIT. T AmRBECEVEHEN BRSO Y A FEERTE D,

R6TITIVIZ—FRVRATAIBFBRT /) AREBEWOISHA 3¢

9@ | BE | s

BERRUSAHORERL

Camelina |[Improved fatty |[[1] Ozseyhan, M. E., Kang, J., Mu, X. & Lu, C. 2018. Mutagenesis of
acid the FAE1 genes significantly changes fatty acid composition in seeds

composition of Camelina sativa. Plant Physiology and Biochemistry: PPB, 123, 1-7.
https://doi.org/10.1016/j.plaphy.2017.11.021

Lettuce Increased [2] Zhang, H., Si, X., Ji, X., Fan, R., Liu, J., Chen, K., Wang, D. &
vitamin C Gao, C. 2018. Genome editing of upstream open reading frames
content enables translational control in plants. Nature Biotechnology, 36(9):

894-898. https://doi.org/10.1038/nbt.4202

Oilseed |Improved fatty |[3] Huang, H., Cui, T., Zhang, L. et al. 2020. Modifications of fatty
rape acid acid profile through targeted mutation at BhaFAD2 gene with CRISPR/
composition Cas9-mediated gene editing in Brassica napus. Theoretical and Applied
Genetics, 133: 2401-2411. https://doi.org/10.1007/s00122-020- 03607-

y

36 https://www.fao.org/3/cc3579en/cc3579en.pdf (20240129 7 7 & X)
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Potato Reduced [4] Clasen, B.M., Stoddard, T.J., Luo, S., Demorest, Z.L., Li, J.,
acrylamide Cedrone, F., Tibebu, R., Davison, S., Ray, E.E., Daulhac, A., Coffman,
formation A., Yabandith, A., Retterath, A., Haun, W., Baltes, N.J., Mathis, L.,
Voytas, D.F. & Zhang, F. 2016. Improving cold storage and processing
traits in potato through targeted gene knockout. Plant Biotechnology
Journal, 14: 169-176. https://doi.org/10.1111/phi.12370
Soybean |[Improved fatty |[[5] Animal and Plant Health Inspection Service, USDA. 2022. Plant-
acid Trait-Mechanism of Action (MOA) combinations that have been
composition determined by APHIS not to require regulation under 7 CFR part 340.
https://www.aphis.usda.gov/aphis/ourfocus/biotechnology/permits-
notifications-petitions/confirmations/moa/moa-table
Tomato High content [6] GABA-enriched tomato is first CRISPR-edited food to enter
of y- market. 2022. https://www.nature.com/articles/d41587-021-00026-
aminobutyric |2.epdf?no_ publisher_access=1&r3_referer=nature
acid (GABA)
Wheat Low gluten [71 Sanchez-Leén, S., Gil-Humanes, J., Ozuna, C.V., Giménez, M.J.,
content Sousa, C., Voytas, D.F. & Barro, F. 2018. Low-gluten, nontransgenic
wheat engineered with CRISPR/Cas9. Plant Biotechnology Journal, 16:
902-910. https://doi.org/10.1111/phi.12837
[8] Wheat can be made gluten safe for people with coeliac disease
by using gene editing. 2019. https://www.wur.nl/en/newsarticle/wheat-
can-be-made-gluten-safe-for-people-with-coeliac-disease-by-using-
gene-editing.htm
Wild De novo [9] Zsobgén, A., Cermak, T., Naves, E.R., Notini, M.M., Edel, K.H.,
tomato domestication (Weinl, S. & Peres, L.E.P. 2018. De novo domestication of wild tomato
— High using genome editing. Nature Biotechnology, 36(12): 1211-1216.
antioxidant https://doi.org/10.1038/nbt.4272
content
Brewer’s |Flavour [10] Mertens, S., Gallone, B., Steensels, J., Herrera-Malaver, B.,
yeast improvement [Cortebeek, J., Nolmans, R. et al. 2019. Reducing phenolic off-flavors
in fermented through CRISPR-based gene editing of the FDC1 gene in
beverages Saccharomyces cerevisiae x Saccharomyces eubayanus hybrid lager
beer yeasts. PLoS ONE 14(1): e0209124.
https://doi.org/10.1371/journal.pone.0209124
BEREORLE
Alfalfa High yield [11] Editar el genoma de la alfalfa para aumentar su rendimiento.
2019. http://ria.inta.gob.ar/sites/default/files/actualidadimasd/3-
editar_el genoma_de la alfalfa _para _aumentar_su rendimiento.pdf
Banana Fungus [12] Dale, J., James, A., Paul, J.Y. et al. 2017. Transgenic
protection Cavendish bananas with resistance to Fusarium wilt tropical race 4.
Nature Communications, 8: 1496. https://doi.org/10.1038/s41467-017-
01670-6
Protection [13] African scientists urge use of gene editing to improve crops.
against 2019. https://allianceforscience.cornell.edu/blog/2019/09/african-
bacterial wilt, [scientists- urge-use-gene-editing-improve-crops/
fusarium wilt
and banana
streak virus
Protection [14] Developments in Delegations on Biosafety Issues,
against bunchy ENV/CBC/MONO(2021)19. 2021.
top virus https://www.oecd.org/officialdocuments/
publicdisplaydocumentpdf/?cote=env/cbc/mono(2021)19&doclanguage=
en
Cacao Protection [15] Fister, A.S., Landherr, L., Maximova, S.N. & Guiltinan, M.J. 2018.
against fungal [Transient expression of CRISPR/Cas9 machinery targeting TcNPR3
disease enhances defense response in theobroma cacao. Frontiers in Plant
Science, 9: 268. https://doi.org/10.3389/fpls.2018.00268
Cassava |Reduced [16] Genome editing of the staple crop cassava to eliminate toxic
cyanide levels |cyanogen production. 2020. https://innovativegenomics.org/projects/
genome-editing-staple-crop-cassava-eliminate-toxic-cyanogen-
production/
Virus [17] Gomez, M.A., Lin, Z.D., Moll, T., Chauhan, R.D., Hayden, L.,
resistance Renninger, K., Beyene, G., Taylor, N.J., Carrington, J.C., Staskawicz,
B.J. & Bart, R.S. 2019. Simultaneous CRISPR/Cas9-mediated editing of
cassava elF4E isoforms nCBP-1 and nCBP-2 reduces cassava brown
streak disease symptom severity and incidence. Plant Biotechnology
Journal, 17(2): 421-434. https://doi.org/10.1111/pbi.12987
Cherry Virus [18] Song, G.-q., Sink, K.C., Walworth, A.E., Cook, M.A., Allison, R.F.
resistance & Lang, G.A. 2013. Engineering cherry rootstocks with resistance to
Prunus necrotic ring spot virus through RNAi-mediated silencing. Plant
Biotechnology Journal, 11: 702-708. https://doi.org/10.1111/ pbi.12060
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Citrus Protection [19] Peng, A., Chen, S., Lei, T., Xu, L., He, Y., Wu, L. & Zou, X. 2017.
against citrus [Engineering canker-resistant plants through CRISPR/Cas9-targeted
canker editing of the susceptibility gene Cs LOB 1 promoter in citrus. Plant
Biotechnology Journal, 15(12): 1509-1519.
https://doi.org/10.1111/pbi.12733
Cucumber |Protection [20] Chandrasekaran, J., Brumin, M., Wolf, D., Leibman, D., Klap, C.,
against Pearlsman, M., Sherman, A., Arazi, T. & Gal-On, A. 2016. Development
multiple of broad virus resistance in non-transgenic cucumber using
viruses CRISPR/Cas9 technology. Molecular Plant Pathology, 17(7): 1140-
1153. https:// doi.org/10.1111/mpp.12375
Flax Herbicide [21] Sauer, N.J., Narvdez-Vasquez, J., Mozoruk, J., Miller, R.B.,
tolerance Warburg, Z.J., Woodward, M.J., Mihiret, Y.A., Lincoln, T.A., Segami,
R.E., Sanders, S.L., Walker, K.A., Beetham, P.R., Schopke, C.R. &
Gocal, G.F.W. 2016. Oligonucleotide-mediated genome editing provides
precision and function to engineered nucleases and antibiotics in
plants. Plant Physiology, 170(4): 1917-1928. https://doi.org/10.1104/
pp.15.01696
Grapevine [Drought [14] Developments in Delegations on Biosafety Issues,
tolerance ENV/CBC/MONO(2021)19. 2021.
https://www.oecd.org/officialdocuments/
publicdisplaydocumentpdf/?cote=env/cbc/mono(2021)19&doclanguage=
en
Maize Fungus [22] Shi, J., Gao, H., Wang, H., Lafitte, H.R., Archibald, R.L., Yang,
resistance M., Hakimi, S.M., Mo, H. & Habben, J.E. 2017. ARGOSS8 variants
generated by CRISPR/Cas9 improve maize grain yield under field
drought stress conditions. Plant Biotechnology Journal, 15(2): 207-
216. https:// doi.org/10.1111/phbi.12603
Oilseed Herbicide [23] Wu, J., Chen, C., Xian, G., Liu, D., Lin, L., Yin, S., Sun, Q., Fang,
Rape tolerance Y., Zhang, H. & Wang, Y. 2020. Engineering herbicide-resistant oilseed
rape by CRISPR/Cas9-mediated cytosine base-editing. Plant
Biotechnology Journal, 18(9): 1857-1859.
https://doi.org/10.1111/pbi.13368
Potato Disease- [24] Dobrovidova, O. 2019. Russia joins in global gene-editing
and sugarjresistant bonanza. Nature, 569(7756):319-320. https://doi.org/10.1038/d41586-
beet varieties 019- 01519-6
Rice Salt tolerance ([[25] Farhat, S., Jain, N., Singh, N., Sreevathsa, R., Dash, P.K., Rai,
R. & Rai, V. 2019. CRISPR/Cas9 directed genome engineering for
enhancing salt stress tolerance in rice. Seminars in Cell &
Developmental Biology, 96: 91-99.
https://pubmed.nchbi.nlm.nih.gov/31075379/
Fungus [26] Li, T., Liu, B., Spalding, M. et al. High-efficiency TALEN-based
protection gene editing produces disease-resistant rice. 2012. Nature
Biotechnology, 30: 390-392.
https://doi.org/10.1038/nbt.2199https://doi.org/10.1038/nbt.2199
Salt tolerance ([27] Duan, Y.B., Li, J., Qin, R. Y., Xu, R.F., Li, H., Yang, Y.C., Ma, H.,
Li, L., Wei, P.C. & Yang, J.B. 2016. Identification of a regulatory
element responsible for salt induction of rice OsRAV2 through ex situ
and in situ promoter analysis. Plant Molecular Biology, 90(1-2): 49-62.
https://doi.org/10.1007/s11103-015-0393-z
Sorghum |Increased [28] CRISPR-edited sorghum could provide needed protein to 500
protein content|million people in sub-Saharan Africa. 2019.
https://geneticliteracyproject. org/2019/11/21/crispr-edited-sorghum-
could-provide-needed-protein-to-500-million-people-in-sub-saharan-
africa/
Striga [41] Mallu, T.S., Mutinda, S., Githiri, S.M., Odeny, D. & Runo, S.
resistance 2021. New pre-attachment Striga resistant sorghum adapted to African
agroecologies. Pest Management Science, 6: 2894-2902.
https://pubmed.nchi.nlm.nih.gov/33576100/
Soybean |Nematode [29] Evogene and TMG Announce Collaboration to Develop Nematode
resistance Resistant Soybean through Genome Editing. 2018. https://www.
evogene.com/press_release/evogene-and-tmg-announce-collaboration-
to-develop-nematode-resistant-soybean-through-genome-editing/
Tomato Bacterial [30] de Toledo Thomazella, D.P., Brail, Q., Dahlbeck, D. &
resistance Staskawicz, B.J. 2016. CRISPR/Cas9 mediated mutagenesis of a DMR6

ortholog in tomato confers broad-spectrum disease resistance. BioRxiv,
064824. https://doi.org/10.1101/064824

Provitamin D3
enhanced

[40] Li, J., Scarano, A., Mora Gonzalez, N., D’'Orso, F., Yue, Y.,
Nemeth, K., Saalbach, G., Hill, L., Oliveira Martins, C., Moran, R.,
Santino, A. & Martin, C. 2022. Biofortified tomatoes provide a new
route to vitamin D sufficiency. Nature Plants.

https://doi.org/10.1038/s41477-022- 01154-6
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leukosis virus

EWiE ®E Hi gt
Wheat Fungus [31] Wang, Y., Cheng, X., Shan, Q. et al. 2014. Simultaneous editing
protection of three homoeoalleles in hexaploid bread wheat confers heritable
resistance to powdery mildew. Nature Biotechnology, 32: 947-951.
https://doi.org/10.1038/nbt.2969
HYnEiE
Applications |Protected [32] Koslova, A., Kucerova, D., ReiniSova, M., Geryk, J., Trefil, P. &
in Chicken J|against avian |Hejnar, J. 2018. Genetic resistance to avian leukosis viruses induced

by CRISPR/Cas9 editing of specific receptor genes in chicken cells.
Viruses, 10(11): 605. https://doi.org/10.3390/v10110605

Dairy cattle

Hypoallergenic
milk

[33] Edicion génica en animales para la produccion de leche
hipoalergénica2. 2021.
https://www.argentina.gob.ar/inta/tecnologias/edicion- genica-en-
animales-para-la-produccion-de-leche-hipoalergenica

tolerance to
cold

Polled [38] Carlson, D.F., Lancto, C.A., Zang, B., Kim, E.-S., Walton, M. et

al. 2016. Production of hornless dairy cattle from genome-edited cell
lines. Nature Biotechnology, 34: 479-481.
https://www.nature.com/articles/nbt.3560

Fish (tiger |Increased [34] Japan embraces CRISPR-edited fish. 2022. Nature

puffer and |[growth Biotechnology, 40: 10. https://doi.org/10.1038/s41587-021-01197-8

red sea

bream)

Goat High-yielding |[39] Li, X., Fei, H., Xiao, H., Hui, W., Bai, D., Wang, X., Liang, H.,
cashmere Cang, M., Liu, D. 2019. Generation of TB4 knock-in Cashmere goat
goats using CRISPR/Cas9. International Journal of Biological Science, 15:

1743-1754. https://pubmed.ncbi.nlm.nih.gov/31360116/

Salmon Sterility and [35] 10 Unusual Applications of CRISPR Gene Editing. 2020.
disease https://www.labiotech.eu/best-biotech/crispr-applications-gene-editing/
resistance

Swine Double [39] Li, X., Fei, H., Xiao, H., Hui, W., Bai, D., Wang, X., Liang, H.,
muscled Cang, M., Liu, D. 2019. Generation of T4 knock-in Cashmere goat

using CRISPR/Cas9. International Journal of Biological Science, 15:
1743-1754. https://pubmed.ncbi.nlm.nih.gov/31360116/
Increased [36] China’s CRISPR push in animals promises better meat, novel

therapies, and pig organs for people. 2019. https://www.science.org/
content/article/china-s-crispr-push-animals-promises-better-meat-

temperatures |novel-therapies-and-pig-organs-people

and leaner

meat

Protection [37] CRISPR immunizes pigs against PRRS—deadly viral disease that

against swine
fever

costs $600 million annually. 2019. https://geneticliteracyproject.
org/2019/06/26/podcast-crispr-immunizes-pigs-against-prrs-deadly-

viral-disease-that-costs-600-million-annually/
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37 Lema, M. 2021. Regulatory assessment of off-target changes and spurious DNA insertions in
gene-edited organisms for agri-food use. Journal of Regulatory Science, 9(1):1-15.

38 Seyran E and Craig W (2019) New breeding techniques and their possible regulation.
AgBioForum 2018; 21(1): 1-12
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Broothaerts & (2021) 3°%Z. NGTs (new genome techniques=NPBT) D %72 1EH
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v AEALEFET S, 4) RNA IR RANICEMN T 2 80 (RNATRSE) 40, %7
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TELEMELEBICHHIND L EBIC, BIRRATORMICHBIT2EKLARWATREMED
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39 Broothaerts W, Jacchia S, Angers A, Seidor MP (2021) New Genomic Techniques: State-of-the-
Art Review. JRC Technical Repot JRC Technical Repot 121847
40 David B. T. Cox DBT et al. (2017) RNA editing with CRISPR-Cas13. Science 358:1019-1027
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intended Type of
Purpose  [sequence  [Type of NGT nwanismi Donor template [Modification Comments
alteration g
Mostly CoT or AcsG ﬂ.ddit_itl:ll‘lal base substitutions are possible with
Base editing |P,A F.B |No with some specific technigues. Requires a PAM, and usually
e exceptions changes all identical bases (e.g. all C's) in the
targeted region
Site-directed All base Substitution is result of error-prone repair
nuclease P, A F.B [No substitutions PrOCEsSES, whlth may generate rancom
(SON) possible sequence variations at the targeted site,
including base substitution(s)
5?1’5““""0“ oligo- Oligonucleotide donor may cantain one or up to
of one or a i
evomss [octosde- | foborucoue 070 A v e cewaly ot b e i
directed P4 E B |(DNAor ; ' ) . get sequ
mutagenesis ' DNA/RNA) defined by donor low efficiency. Creation of a nearby double-
(+ SON) template strand break by a SON may increase the
Sequence substitution efficiency
correction No DNA Extended guide RNA is reverse transcribed into
template, but E;;s;;uij::: base oligonucleotide DNA template for insertion.
Prime editing |P, A, F extended guide defined by Rllwm Specific substitution of all bases possible, even
RNA functions donor template when several identical bases are present in the
as RNA template targeted region; relaxed PAM requirement
ligo-nucleoti
E;EIEE;U;:UME Replacement of Precise replacement of target sequence, flanked
Site-specific PAFB |recombinase short target by recombinase recognition sequences, with
recombination| """ recognition I donor sequence, often leaving one copy of the
cequences recagnition sequences behind
) - ssOMA or dsDNA Recombineering in bacteria using recombinase
?:;:ﬁ:gfon flanked by g:ﬁ?::ﬁ;ig: systems involving several proteins (e.g. & Red
homology arms o system)
S;Jbstih.ll‘.il:‘ln 4sDNA, flanked Sequence replacement by homologous
a - i
contiguous Site-specific PAF by recombinase |Replacement of recumt_:!pamn at target site deﬁned by short
; binati , A, it d recognition sequences (present in the genome or
sequence ecombination recognition onor sequence inserted previously), often leading to their
sequences duplication
Site-directed dsDNA template Renlacement of Sequence replacement by homologous
nuclease P, A, F, B |with homology duﬂﬂr recombination, following a double-strand break
(SOM) arms sequence at the target site
Donor template is flanked by transposase
dsDMA recognition sites and contains the sequence to
) - transposon with be inserted. The transposase sequence
f::_:p?;::n B, (&) transposase :;Eutl::euf donor isprovided on the transposon or on a separate
sequence andfor plasmid. Site-specific insertion is guided by a
Insertion of other sequences DMA binding protein (e.g. Gald, SON) and co-
disruptive introduces the transposon recognition sites
Sequence sequence in Site-directed _ _ _ Duuble-_strand breaks generated by a SDN may
disruption? coding nuclease PAFE |No Deletion or insertion |be repaired by error-prone processes, resulting
sequence or (SDN) e of random basepairs |in short random deletions or insertions of 1 ora
promoter few bp, occasionally up to over 100 bp
region
N Sequence replacement by homologous
:E;:::de'j P AFB dwsi&N;D:;rI:late SET;E:::“t b recombination leading to insertion of reparter or
(SDM) Y arms o ;?mr 'sequen:: selection gene, following a single double-strand
break at the target site
Precise replacement of target sequence, flanked
Site-specific g:rnr:ctrﬂgi"r:sde Sequence by recombinase recognition sequences, with
recombination P, AFB recognition replacement by donor sequence (e.g. reparter or selection gene),
sequugences donor sequence often leaving one copy of the recognition
sequences behind
14y (P) . e hEZE@Hy (A) . EELXOEER (F) . MK (B)
2 WHREFSOMEIX, ¥R Ea— FEINIEIEa FUo2AE L S 2R EE (BLAIHE
EHER) O bHWEZ Y oAFy FICRERTAEALD D,




Intended Tvpe of
Purpose  |sequence  |NGT ¥Pe OF h nor template |Modification Comments
alteration organism
Two site-
d‘im srt: Use of a pair of SDNs or two sgRNAs targetted
nucleases or P, A F B [No Sequence deletion  |to the ends of the sequence to be deleted
Deletion of a|tW® SgRNAS removes the intervening sequence
Sequence |partial or Extended guid
deletion  |whole gene Rme'i]nclu 3:; : Sequence deletion, [Specific deletion of sequence up to 80 bp has
sequence  |Prime editing [P, A, F donor RNA defined by RNA been shown in human cells, relaxed PAM
template donor template requirement
dsDNA, flanked Precise replacement of target sequence, flanked
Site-specific PAEB by recombinase gsf?lnz;t;vdii‘:?n by recombinase recognition sequences, with
recombination| """ '~ [recognition template (shorter or empty) donor sequence, often leaving
SegUEnCes one copy of the recognition sequences behind.
Site-directed dsDNA template |Sequence insertion, fequer';li:eaitr_lser:i::n t;‘v I:ornol_n gul.;: )
nuclease P. A F, B |with homology |defined by donor ecombination lor cther repair pathwaysj,
(SDN) arms template Fallnwng a single double-strand break at the
Sequence Insertion of target site
linsertion | dsDNA, flanked Sequence insertion Precise insertion of donor sequence at target
SEQUENCE |gjte-specific b A g |PYrecombinase |4 efined by donor " |sequence, flanked by recombinase recognition
recombination| " " "~ |recognition template sequences, often leaving one copy of the
sequences recognition sequences behind
Extended guide |Sequence insertion, (Insertion length limited by pegRMNA sequence
Prime editing |P, A, F RMNA functions  |defined by RNA length (shown up to 44 bp insertion); relaxed
as RNA template |donor template PAM reguirement
DNA PAE |No :wﬂ:aflrz;";:":l Demethylation may not be specific and can
demethylation promoter region affect other genes
::tnI:atlon of :;Er;e P A B No Ez;ch:t:;tHo;KET at \Variable effect in different cells and different
transcription |acetylation target site targets
:zﬁs;;p:un P.AF No H3K27 acetylation, |Duration of the effect is variable and not wel
(CRISPRa) H3K4 trimethylation |understood
Gene De novao addition of
lation DNA B AB N methyl groups to Effect may not be specific and can affect other
regulatio methylation e e gene promoter genes
region
Histone . "
Repression  |Hzk27 P A B No Removal of acetyl |Variable effect in different cells and different
F ) i groups from H3K27 |targets
or gene deacetylation
transcription
Histone H3K4 PAB N Removal of methyl |Variable effect in different cells and differen:
demethylation| " o groups from H3K4  [targets
CRISFR i o . £ the effect | iahl d
interference [P, A F No H3KS & HSKZ? tri- IFL:crjahc:n nd the effect is variable and not well
(CRISPRi) methylation, . |understao
S:bw.tu?m ANA b E:ai:?il::ldlyDN " Deamination of Efficiency variable and may induce significant
ga:esi:g € editin ase A ali ﬂnflcleotide adenosine or |off-target alterations. Requires continuous
RNA oA 9 o oA cytosine in RNA  |administration for lasting effect
sequence g
correction . ; [
;U;L::un;?q A E::rf:ce A No Eﬂ:ﬁ' .Inuno;mm Exon inclusion or exclusion depends on the
splicing manipulation mature mRMA positioning of the splicing effector
Based on Type Il (Cas9), Type Ill or Type VI
(Cas13) CRISPR-Cas systems, some of which
RMA RNA RMA require a PAMmer oligonucleotide. Also
knockout  |degradation |interference P.AB No Cleavage of RNA chemically-stabilised oligonucleotides or small
interfering RNA (siRMA) may have the same
12Ffe:t3
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K8 HRaEM~IEHIN NGTs OHEE 3°

Mew Genomic Technigue Planits Animals Fungi, Yeast Bacteria
Homing endonuclease (HE) x b4 X X
Zinc Finger Nuclease (ZFN) X X X

Transcription activator-like effector nuclease (TALEN) X X

CRISPR-Cas® X X X X
Oligo-directed mutagenesis X X X X
Base editing x b X X
Prirme editing x X X

Site-specific recombination X X X X
Site-specific transposition X X
Epigenetic modifiers X X X
Epigenetic activators/repressors X X X

RMA base editing X

Oligonucleotide-mediated RMA interference X

CRISPR-Cas-mediated PAM-dependent RMA interference X

CRISPR-Cas-mediated PAM-independent RNA interference X X X
RMA splicing alteration *

* Clustered regularly interspaced shaort palindromic repeats-associated protein
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(1) ¥R LI MDn

WA THEBEEE] WO SENMEDND X2 hoT-, Bz X, (WX Ry i
DR % HFE 9 Good Food Institute (GFI) 44X, [THEXRE:] 22U TFTOLIICERKL
TW5b,

R T, MAEmE Tt TS & UCTHRIA L, FiE OB ITERR 73 & 18 D Bk 72 58 B 05 14
Thh, FoR"I7E, ©xIv, BE, RRCHE, BREEZELIZLENTE, HMEELD
MR PE B O R R, BERERRRME R E o L S D Sl E R B 2 EES D Z &R T
5D,

BAE T, BRI, TERBMORERE, NA 4~ A%BE, MOKBEBREEL WY ZS>OfE
W CEm T dmngE Rohnsd (BlziX, Tengetal., 2021) 42,

GFI T, REEHKORS K ORELZFA LML ZX 6 (38 X—Y) OLHICHHE
LTW5s,

z HERT
&
8
<
W
B
X T= M. RERE 523
g Eo=>
D R, 8%
=
]
| BEs
Z SME>) D
X
l\
2
& IAAZRR . GERNR
) R R
g I1ITOFA> 5 X
% I
QH
ik
MR OWBERED

6 REHXOHMBERUORBREZAALEZZELOREN
(B : 2022 4FJEERF M LA — F Y~ Y —h (Good Food Institute) ) 43

GFLIFE 7 v 7 HEROER Z B8 J BB 2 R, 2023 4 6 Hic (—4) ek
WFoepétE (JACA) & HAZGOMB THRERES (Wb d IEERN] %) 250 %F Y
BoOoTEERSEL-DOHNIBEMREE 2L THE, JACA X, MatkaEMBE DA% — b
Ty IRTATIT, ERNOEFEEETLE 50 L E (3%2023 4 6 A 13 BEFR) OFKIC LY HE
SNDHWUIEMME T, ARICEBNTHREELORBIRERTA FIAL IOV TOREZHEL
TWna,

42 EMBO reports 22: €52680 | 2021,
https://www.embopress.org/doi/full/10.15252/embr.202152680 (2024.3.11 7 7 & &)

43 https://gfi.org/wp-content/uploads/2023/01/2022-SOTIR-Summary-Japanese.pdf (2024.3.11 7
7t )
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O BRI
T 2k DRy % S O & Z T UEM O B KMETE(L Z R L CAET D5/
IRFEWEIT, MAFORK L BIK, B LI REMLEFFORLAZ LT, flL L
TIX, R MG E Rhizopus “HEA L TH A A2 RESHETIEL T 3 £k
2 RAMEEHEA L TREST 2F -3 =7V 3D D,

@ NAA~AREE

NAF < AEEETIE, 2L OMAEMORERRELERGWE VRV EEREZF
LT, REDODZ VNI EENRENZAEET D, WMEDASA I~ XKD &
L CHEEE L, MR B8 T e/ NBRICALBE L 72 RAEC . Bl 21X, Miflez 45/ L C
HEILELEZH EIEED, BICHEWX U RIEERECRME LV T LN TE
Do TONRAFv AT, BEOEMRTE LT, XTT L FLZEHOEERS
D—o& LTHIET D, XA A~ AHEEOH & L TIEL Quorn t1 (A F YU R) 44L&
MeatiFoods = (CK[E) 08 G283 H 5, Quorn fLIFEE O —F CTH 5 KK HE
Fusarium venenatum %I W, ~f a7ur AV EZAEL, ZThad Ekn &
L7285 TQuorn) Z#K5E L TW %, MeatiFoods fhiZM A OE R K Z ik E ST,
HARARBMEEORELFHHONBERT vy 7 ZEEL TV D,

® HKERE

FEOWREMER D ZAEET D700 Ml TE] & LTMEDNEEZHENT 2,
BAEMMAY A LR RBEERE (v 2 I8 Na RSBEERE) O L¥EM
CTOREBEIL, ZREEHLVHEDOTIERY, BRI HNOMEMEHESTZT
a—L@E, IMTREMOEFRME LT, MAKHHAINTEZ, £ L TEF,
WMAED > T FEWE . A FREH, BEFR, Z N7 E ., BEIEG 2 KRB
W5 LEMBELE L TCRBEZET C&E, 7 /8, Bk, AKE, iEDE
EOEBIEMEYE ., SR, S AR~ =B, BREoRENZDO—HFIThH
2o

D OBEREMER Y ITEE . mWMELZLEE T LN, EERITD RV, EE
BE®DLOIC, WEOLETH 2MAEMICH L TERERBEDD A7 Y —
=T, EENE RO DT DOEREM ., BEEOREAPRAE LN TE T,
AR TIRBEG AR, 7 AmESRIN, B LEENEHN S, BEIC
Afa G20 LT, ERLB R/ INDENERLE 2> T, 2
OO EMNED BEESFIEE LT [HEEHEE] (Precision Fermentation) & )9
PO BEERFLDOH D,

—H TS OFEEEMIT. YN — 2 0BG TR A O R R R O RE Y
FrrEo@HBEICHFM S TnD, fle LTI, HiIHAZ— b7 v 7% Perfect
Day ft CKE) O I VT Z /N7 E | ClaraFoods f. CKE) OINZ X7 H |

44 https://www.quorn.us/news/how-is-quorn-made-introduction-to-quorn-and-mycoprotein
(2023.11.10.7 7 & R)
45 https://meati.com/ (2023.11.10 7 7 & X)
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Impossible Foods f: CKE) ORBEOREKR Lk ThHoH~NLZ o RXI7HEDE
PER N DD, FERM T, R, &k, v I, RAREFE. KOENbL A
FETHZLNTEDL S,

FEEHRBELE WO HFEIEIH LVWHETH L7200 DI WA GRAEYT & B &
Thd, GREMFIDFAEMFELHERT, B+ T35, @ THREOMA EK Tl
FIERZEDTWVD, AWM AT L 27 L LT HEWTHY . A Oz 5
LB R EC A MME LA Bl LENRISHR 2SN TWD, L LAMREY
F O M IT RN, D2 X —HR L W o LR A WA RE S DA, TR
Bl EWO RRITREETIEON TE &M - EMOLELZ-MEL THEDODNAL Z LN
(AN

RBRERERBICROND Lo RMAEwE N WIicgam i og 24K - it 925 2 &
FLAREI BT TE T, B2, F— A2 E2RICHA 2 RESEL2DIEbND
FREEDOL XYy FOERSTHDLFEL U EMAEMIZL > TELE, I LAIAT
D FIENPHIE S, 1989 IR TEAL SN TURKE, A TEIEHN ATV D,

(2) BERXRBZERNRX2ER

MAEME RO ERESIEHIL TS RE LT, THhamin) & THimA
BTl BEFLND,

MHEMERLE LT, BREME~OBLOBZTV RS D, Bz, SENHTEEDE
A AIE, GHGHEHER D 14.5%% HH 5 L bbb TEY , T HENH & HzErsH
FTRICIEET S, £, DI AARNT—DEEICB N TX, HEOLDOHFKREER ED
RENFET D, SHICKRBELZHOMFERICE TV 27 0Hm T, BREORZEREDN
HEHEN TS, 2O LX) T, REREAM CRH AR BMAEEDED FHKRD
b TW5D,

AR, A LRICB N THEMMAZRBEN L O, DNA Z3AEET 532 MK
MEIZ TN o C&Ele, BlZIET 7 AN 2 2 MIRER S —F7 OB X - T 2000
AL bREE LT 2021 AEEERE T 1/100,000 LA FIZIR F L, 7/ A& G Z EREH T/ - T
&7, S BHIZ CRISPR/Cas9 ¥ 27 ADELIZ XD . DNA ELFI Z il ja N CHE EE = < B
AT LT ENAREICR D . DNA % [ELS ) BHERM ELE, ZoHEffolERE L
BWEST, KRBT ) AT =2 55T 2EWEREVEREL, 7/ AT —XDIE
HOMABNRBED EEBITEREDFLREL TET,

FOXI R, ZNHOEWTFW - SRAEMTFHRENRER N THMED R EDPDLR
MREMAEED & RBREARM T, o [40F L) TRROEM - REYMORS &
ALUbDONTE, MEOEHWT = AL T7 ) —RENRTELLNIZ2ANAEENT, £2
TR RERAEETFE L LT TREREE) W HENEFhERREE > TE T,

46 Myers S.S. et al. Annu.Rev. Public Health 38.259-277(2017)
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(3) BERBIZIDA /) N—vary

BT OFBIZEID . RS ZFHICHET D720 08I & U THERBEEN
B LZZ &E, BRAEBICBIT MO CEERBE CTHDH, BERBIL., HNS 13
%é&@kw@z&%&~kLTE%%@@%%E%%@%?%%@T%D\%%i%
Yo R E N ORES N TWESESERELEROMEICHKERBENFH IS HE
BN Z TWD, T X)) flFop & LT, ko Perfect Day f CKE) 2L 2
ST EUNRTEOMIZ, Geltor tE CKE) L2 BT F o0&, Evolva-Cargil #h
(AA ZAKEH) DA NRN=TF, 77 VKOV AT A — LEFEAR, Conagen ff (K
E) k5727 b7V ROk EEARETLND,

— 5. BRAEYFIE, Bl TV A HEoMmE b, MENDELB T LFE~DFR
ﬁ®@@%bﬁk@1% FHEAIZ M AA AT, BaFLFO#K., WE, XA ME2A
Hib+oZ&iC VBT LFEOMELE LTRE 20 FllbZoTREBLTCE 2, A&
A W 1T ﬂﬁ@ %ré:tl:ixb“(% B 7w 77 17 RERE LY, AHL
i\DwxéW&Tﬁ/7j\:/t; I XERGEBOFEERN R T T —F Th
D, L, BEFLFICBWTHREOEBEFORRLIBEZEZ T, EAKGEZ 72
TH L WER FEED OFERICE TRE,

BEOL D ICHEBREN SR BRSO EE~DICAEZIRSETCWDZ i, &
ﬁi%?@Lﬁ®ﬁ&@ﬁ%?%D\WAEW&EEAWZX%@ﬁ@\&U
CRISPR/Cas9 72 ED 7/ LftEY —/VOBRFEIC L » TRES N, EhbERITLY,
BIPEY) DAL E /DRI Z e b, TRIHMEZRETOY /—275>EE@0){K%%%$
PET DI EN D AMMIA LY ORFHCHITIEESRATRICRL EEZEZLN
5. EEE. BRAEDT L REEREEEIT. KEE?{W:%#P@\ ER 7 UN }\Di%bm:oto’Cﬁ%'JKE
SNTWVDHIRHARRESLEEE SO NFHOKFZIS L, Frfe iz 57U &k 2 k4
L., BEZEREZHETZDHIIICTIEZSZONTNS,

(4) BERBEORKRE

Bk, 421y, REREMEORREDZ ORBBIRINDIZ., MAEMDOREIZL > T
EREND, Bl LT, VARZ7IE L XITEH I B21%, Ashbya gossypii &\ 9 B
WX DHEBEIZL > TAKESNS, A L7eTF—X®EHDO LRy b O FERMBIRILE
R MECHDL, ©F I CILBI(E, #E Pantoja agglomerans & [F U < A
Aureobacterium ([Z X 2 FBE L, B2 H{LFAMOMAE ORI L o TEEI LTV D,
BEOILAEWE REICEMICEET 22D OEMEREIL, ARRhERCEMELELLE

2L ORIFEWHAER L, EEDENMET L, THROBRMAREECR D, BT
FEHLOMEAINTEN, REABOKE 2 REM L BEROATEENFEL TS,

47 Recent developments in fermentation technology: toward the next revolution in food
production(2022) https://doi.org/10.1016/B978-0-12-821292-9.00026-1
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TIZTIE, BERERBEORERBZICIOVWTELD D, BEHKOFENSH LW Z X
7B, B R AEA LS ET, BEORB VAT ATORHANATETH
Do TONAFTT 47 AREHRARIEEEZAT 2 RBERMT., BECB AN LEE
LWH D ThH D,

Flo, "A T ABBICLY, ENRNRBY ORI HERE LT, XUy EEED
ZREHL, METALDODANLXZRERFAPLRS 2N TELARBEND D, £
7o, ZEOFEENRLTDIEICLDIBEBRE~DT T AOEELH D,

MAEMOGHRENERMAT 22 &Icky, L, K, BIHOFEEEZEHO L2235 1’
BB ADOPH L IBEYREHIT 52N TE5, £2, WERBICIIBEDS O
FIAIZEY, BRERAMZFERO =X Z2HT-TIZED D W 5 oy & LM K
AET DT ENATREIC R D,

AT T8 & LT RERAEBEEZRLTWDAN, TEEAxR 172 ¥
— NV EBHRAEMTFOEANELORERBICL > TORAREICRD EEbhb,

(5) K REEDRMRIRE

F— A N7 U T HEREFEEN IR (CSIRO) @ Terefeld, FEREBEOFREIZ OV
THROLEIIZELDHTND Y,

O HBEIER, BFEKX OIS BRI E =7y P LTHNDEE DA
=R T v E, WEENMI AT —UNREL, FBIERNREE > T 5D,

@ WEEZR ROV TKALFELTHNIT., MERBEHEKML THD Z LI1X
HREShAanZ b, HEHICEHELTLLIEDOHBELEAMELILETH
Do

@ MHEMAREBLS : OREVWFNRT 7a—FIZBWVW T, BEHER LV XY
., THLWAEMOEK) IZEWZ s, MEMNBENRAEL D, £, BE~D
JEOHIE CE R WIHEIEZR St T AR EMHENLE TH D, BRI EIEY B
KRB EAMAEWICEE R L2006, FIZELEORZ~OEENRETHY |
BEFENPODIRET A2FIR A LA T ILEND D,

@ HdlmE : HEICE L TE, BIE. REBMITOA T2 ENEZ L, HiTOREIZE
WD WIBRER D D,

® KEEXEBEETFTRICBTA2MLNTE D AN  EMFORREEREO AL
N, KERBEEDOR N XAy 7 ERBENH ., BERM~ORENLEN
a3

KRBERBZHBIZHOWT, Za— N )oa— ) a7 —70k KIS T8
i E PR ICBW T TO X Il T 548

BAE, A TEBM L TV ARERMIZ 61,000 Fu Yy MLl i3h, o5bLERHBICHEHRAIN

BRETCAVESERREICS T DHMEEBEOTREE &ML Vol.58 No.4

42



DRBITIDOT ) 2,000 Fx 2y bV THDH, MAEWHKDO X NI HEAFE T, 2030 FF T2
1,000 iU v M DEFERANLEICRDLERESNTEY, CTNIZBREDAFER D 100
BUETHDL, FOLIRTBTHN, SBITZA V7 IREMENDZENRNERARERD,

—F . BRI L ARELEROAEEIZ O TITHED 2, Ml — 2o AEL K
DEFEIZBWTIE, EEaRXAINDREWVWI 0D, FREERECTOMIEEMRICH D | B
T RO RFELRICE A O RR L REE G2 DD F X7 B 2 WA E L
TR Z X7 BIZHRINT 5 2 LT E - T 54950,

ELIBAEDICEANRBMEDOAFEIITELELEZOBRENE->TWVD, AW TE
28T %5 CRISPR F¥#DILHIZEI L T, Peters & (2016) X, B. subtilis D& ToDO WA
BIEFEZ /vy 7 XU LTRBEMEZFREL, 20T —F B[RO HBD T2 D RAI K e
KR RFFTR T L — 2T — 7 T 250 5 7 AR AEEZ R Lz, —
77 Bilal & (2022) 1X. Kluyveromyces marxianus Z /(2 & V. K. marxianus 723 pE 2
NAFTT 7 )ay—0OBERARANTH DI, K. marxianus (2 X % B 3 2 (X5 PE ) e
HEDAD=ALCHAT2RERMEELHBD-0IE, BB, HRK., EERBEE,
FOHREICET 2M@EOXy y 72T 52 ENEHEETHD LB TV 552,

(6) MilERIZONT

THER B3] &y D HIGEEIE, 2015 FIREICAMZELS S 3 87 ¥ — 27/ —7 New
Harvest D=7 8¥ 7 7 47 T 4 L7 X% —Th 2 Isha Data KIZCL > THD THEL T,
MIEREEL WS TNV TIZHFE LN DEBERN R RORGIIE, ik LFHIC ko THEE
SN ERNL I, Mz DNA BESINICEI s TAEEISNTZRELINAR EDOH)
Wk NG END,

INLOEIPRRBT S Lo, MikEETaE., FHIhHEEXicEZ ST Zo
DA TINS5,

—OHIE T TFHICESSHMBEZE) LI LOTHY, AXT0D (it
WHT L) SnbMilzsBL, 2 b oMz REE L CHIE OB & 551k % HIl
LCIEREZERTHHOTHSL, HROMY 47 (ROLAE XMW EEN., EoE
XEER L) OREREWLT,

ToBRIX TRER—ZAOMIBEZE] EMENRD O T, MRAIIIMAEY O BRI

49 High-level secretory production of leghemoglobin in Pichia pastoris through enhanced globin
expression and heme biosynthesis Bioresource Technology Volume 363, November 2022,
127884

50 BERPICBI L CIX. 2020 4 12 A IR THIH T GOOD Meat th23 v v AR — /L THKW O R %
Pl4s L. 2023 4121%, Upside Food fh& & b2, KE OB F S RFEFF AT 25T D,

51 Peters, J. M. et al. (2016). A Comprehensive, Crispr-Based Functional Analysis of Essential
Genes in Bacteria. Cell 165 (6), 1493-1506

52 Bilal M et al. (2022) Bioprospecting Kluyveromyces marxianus as a Robust Host for

Industrial Biotechnology. Front Bioeng Biotechnol. 10:851768
53 https://new-harvest.org/what-is-cellular-agriculture/(2024.3.11 7 7 & X)
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ZNEEND, M2 DNA ZE AL EEAZIEY  BEEASMP CRESYE
HEEWYTNERSND, TOK, TNEMLLTELSLKEREOHIT /285 %2 N
A3 777V r—var+5ZELENTES,

R —ZAOMBEREICEAL X, ZORBHREIITF—AoREBEBICHENIND T¥E
BIZERESNTE LYy Ry MZETHDL I ENTEX S, Ly NI, 19904k, &
WILBEE SN BEaM»r bR ENTFEREORDYIZ, M x DNA Eif&HEH L T
X, 2L, ZoOHEMEFERAL WS A - —TMREEL N HEEZHEALTES
F.OFHEMREE I =T A NTRY EFsn TRy, FEEIC, "=V ok
T ==l E MM THERICAERIND OB BIIREEAHEH L CRET
EON, INHIRBAEE T RICHBEEEL LTHBEI TR, [REE— 2D
JafEE] 2oV T, ARINTER TITES EEREE) L oFEICITfn s Tni
WIR, TONKIRERETHLLLEEALND,

(7) 77 ARBEREZRA L RBENICRIERR (LE2—280)

ROIWKHEBREL Y ) ARECEOLDIH LD A NERL, TNEFNEELEbNLD
LI OWTHELZF LT,
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R BEREELS ) LARERECELIWIXDOY X b

No WX AALIL (FOER) EEY MEAMEY Fil A Bl

1 Yarrowia lipolytica M &G FimELEE Yarrowia CRISPRIi(CR
FREHRMICEITIES LR lipolytica ISPR Fi%).

EREYME.
RBEIE. B
BEY/IHR

2 Bacillus subtilis 5> DEEAFF /> - |[EFZIY KT Bacillus CRISPRi R U

THEEIZBIT2ES (AFF2-7) subtilis CRISPRa(CR
ISPR JEH1E)
AT L

3 MEMMBEITIHIZH TS CRISPR DS A: microbial cell |CRISPR . ft
FILBERMSRERYEID—VBTOY factories WMIF. &GS
SIVTET ol 1

4 ARUREBEMEOST /LRE BENGEN (20N VE FatE T/ LmE. R
ERAMEELY—IL Methanotroph |#t T %

(AR REM
=)

5 Cas9ZRHW=EILO—XZRMKIPEHD Issatchenkia |[Cas9 "—X
FARED=HD Issatchenkia orientalis DY) LiFRE
orientalis Dt #H T2 KRB ITE

6 TONAFTTAORAMEOS /LRE /K |FanA4+T49 |FOonNA44+F4%5 |CRISPR/Cas
LEE R AMEY SRTAh

7 EENAATIV/BS—DBELGRAML |TEMEERE |Kluyveromyce |CRISPR/Cas
TOEWIEE Kluyveromyces %./\(A4 x4/ |s marxianus 9. R#F I %
marxianus —JL. ey

NOE, Jandg
TTAVR. T
Jb—X.TFVk
FUIRE.DOF
>

8 CRISPR-Cpfl L MAZZHAEDHLESZ |[L-EXFIY E. coli BINTS5R=
ET.RXBROY /LIREERAENDHE FEEFHRE
Bz 77o AT L

pEcCpfl/pcr
EG.RH I
9 EENAATH/A—(2HITH CRISPR [L-k)TrT7>, |Aspergillus CRISPR/Cas
HOLYRBICELWVEZETAER haF/4K,. %5 |niger, 9. BFRI%
T B . 1,3-70 |Klebsiella
RKOSH— L. T pneumoniae
IZJILIR/—
L. ROTLY

10 |lcewine RETDOIAVEBERICHITHTY TARIAL 8 |CRISPR/Cas
tO—VRHYAADEBEHEZRET 5= 9
D CRISPR/Cas9 ¥/ LwmEDFEA S. cerevisiae

K1-V1116

11 |CRISPR/Cas9 77A—F[Fk. TR/—J) |/NfATHB/—)L |S. cerevisiae |CRISPR/Cas
DEEZRET S5-I GPD2, FPS1., SCGFA 9. KH T
R U ADH2 #XR %k &+ - Engineered
Saccharomyces cerevisiae ZH#EL -

12 |CRISPR/Cas9 4/ Lim&EIC K E mEEE |EH Aspergillus CRISPR ¥ X
ICEAd 58 & FREN sojae T L

13 |Saccharomyces cerevisiae fif@ Ti5®D S. cerevisiae |CRISPR/Cas
MAFEDI=HD CRISPR/Cas9 ¥R T L 9 > XTA4

14 |Corynebacterium glutamicum IZ& 145 |L-EXF DV Corynebacteri
L-EXRFOUOMENLBERDI-HDIY um

EFRITZLBVNRIBEIFERBIZE

glutamicum

45




No. WX AALIL (FAER) EEY MEAMEY F A H i

15 |HEMTILR/IAMFEEOROORBIEBE EYWTILR/AF |Lavandula RB#IE
EREMEEE FHIN-HBE (#5=#4—). |angustifolia

BESs=7— L. % |(BES~VE
S—.vkaHR | 7). FUFIY
5.3 ra%S5— |Z(Antirrhinum
L E) majus)GPPS-
SSU. E. coli.
S. cerevisiae

16 |TIRIAREEDI=OHDITINITIT | TULRIARAL |PFT/NITVT7 |REITZE
BE~ADWEY Z73Y—TPSHOIVCZF |VYILY.B-T7x
oy SVRLY.T7

Lt TEIL
27T RY
TLUGE)

17 |y - 73/BBOBRIOES SBFHEV |y-73/KEk E. coli RBLZ
RERE. EBRUVAHER (GABA)

18 |/ OE HRBENLEARIZED AN (LY |Pichia FEIKIZTIL
Pichia pastoris ICEITALIAES OE |AESHOEY) pastoris(*%/ |Fa—ART
CDBLANILBERE —VEILLER) |LegH ZBRAt

v % A A H
19 (Ao NOEEED O D Aspergillus OB |22 /1\0 & Aspergillus FILmEEEN
HIZBTAREDES A RIL—TF vk
A==y
TSubTA—
N
No.1

Advances and opportunities in gene editing and gene regulation technology for
Yarrowia lipolytica (Yarrowia lipolytica DBz F#R%E & B FRE BT IC BT 5 S
L# <) Microbial Cell Factories volume 18, Article number: 208 (2019)

Yarrowia lipolytica X, #kx REEHBMTONRNAL FWETZ v b7+ — L8 L TH
LT 5%, ZORMERMERORH LHIL, ko FEETFLYY — L E2ELT
¥ -7, £ LT, CRISPR/Cas9, hT7 ARV TALEN R EDEIETIYT /) LiwE
VAT LADREOHEAICT LY Y. lipolytica DA AW FE. R T, MY ) 27 R
DI RIEIZHER L TW5D, Y. lipolytica TV T\ % CRISPR/Cas9 D g #) D 45
I%. Schwartz 1Tk > THEELINEZS, ZOHZE TlL. sgRNA O FEFL A CRISPR/Cas9
EHEESIRT 2O E LTRIESI N,

Y. lipolytica IZ35F % i {5 1 % 3 O A i

CRISPR T# (CRISPRi) (X, N9A ¥ (N HI0A Z£ ¥ % 4+ % Cas9 (dCas840) & . Fr &
DEAR T Z M O &+ 2 sgRNA ZRBHL$ 25 Z £ I2L > T, V. lipolytica THFE =1
7o, FAFMME 2 2 #ET 72012, CRISPRI il 7= IS OEM N EIR S iz
(KU70, KU80, DNL4, MIH1, zZDS1, STT4., SIN3, TUB1 X (* TUB4) ,

Y . lipolytica (281} % ifs T ietE & REHE 04 % DR

54 Yarrowia lipolytica \ZA ML TH D n-7 A o LMilG EONRE ZRFEFRL L ORI F—|
LLTHMAFT 22 =2 R ha oM E:

55 Schwartz CM et al.(2016) Synthetic RNA polymerase III promoters facilitate high-efficiency
CRISPR-Cas9-mediated genome editing in Yarrowia lipolytica. ACS Synth Biol. 5:356-9.
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LU EmWEEE LB PAM BRI EZ i 2 7 BE S/ Cas9 N U 7 v M, &7
J AEERORILDEYNEEN ST HOICEN D, ZhE, RSB EE R —
& imENCHEBL L7V, NHEJ (non-homologous end joining, FEFHFEKEAES) = oK
— X FEAT L2l —a LT A ETERTE S,
Y. lipolytica D% ) A A — VT2 LHEEEY 7 I 7 A

BERE S I 7 AWPZECIL, KRB ERHICHBEIE L Z LN TELRMBEMNDT /) A
EEROPEMDO LN ERNLETH D, Patterson H56/F, 534,000 ##B 2 HMIL L7~
VA A NT AR L (HTn;Addgene 113332)% % A &2KICT VX DALz, =
WAANT VARSI VI ATZ YV —%HLT, MiEEOTALBRKOFERDO L%
HWETHZLICEY, I va—AXF 7V ke —LokEICHnAE, ¥ (LC) KD
FHEMHEDOBEIFZ2NE LT, TOHE. Y. lipolytica DEIEFDIFIE 22% 0N S5
v, 93N NREHENLATHY ., 67.8%MNIEMLHATH ST,
BHREY ) S 7 R EHF ) DA — )L LR DG RO S

REBEREEICBTI BRIV AEAMEICETDE ) v I T 9N IAT 7V -7V —=2T7 DO
PLakiX. CRISPR/Cas9 O HRISH TH S5, [AAEKIZ., CRISPR/Cas9 / v 7 7 U T A
T2V MOFERREARBMOR Y )V —= v ZIIRRT 5 2 E RSN D,

No.2

Advances in Enhanced Menaquinone-7 Production From Bacillus subtilis (Bacillus
subtilis 225 DR AT X/ > - 7T EEICB T 5HESR)

Front. Bioeng. Biotechnol., 19 July 2021 Sec. Synthetic Biology Volume 9 - 2021

Bacillus subtilis (5B ) NOHAEGREINTEE X IV KT OV T XA T ThHDH AT F
J =T (MK-2) 28, EROILZEAREMEDD BHEMICAEEIND Z ENFEH S
7z MR 2 OG0 K O AR T MR IXE A R 2 &9 2 2. CRISPR/Cas9 IX 13k
DT AREHMOR S EMETHAEERD D, ZNOLOHENSL, 5B O T
X, MK-7 FMEREEI1CEBI1F 5 CRISPRiI (CRISPR T#) K& 1" CRISPRa (CRISPR &M
I£) AT LOBIEFREY —LOISAERET HLERH 557,

Bacillus subtilis ®&1{x 1wt~ — /L O R ke E

B. subtilis BE B ZHE T 572010, RODOEE I NN BBIERF S
TWE%, v~— I —DRNZINLDBIEFREILY AT L%, CRISPR/Cas9 ¥ X7 L3R
WTEDLAREMEDN B B, ITAE. B. subtilis ® DNABH, FHEIR 7. W ICE T 5158
EEDRONDT —HXR—ANH 5, CRISPRICas) v AT Llt, T OFEWMAEERL T,
TEEOHMLEOBIEFHEME CHIZ F LR, 2R, XIHATLIZLENTED, ZDA

56 Patterson K, et al. (2018) Functional genomics for the oleaginous yeast Yarrowia lipolytica.
Metab Eng. 48:184-96.

57 Commichau, F. M. et al. (2014). Overexpression of a Non-native Deoxyxylulose-dependent
Vitamin B6 Pathway in Bacillus Subtilis for the Production of Pyridoxine. Metab. Eng. 25, 38—
49.

58 Popp P.F. et al. (2017). The Bacillus BioBrick Box 2.0: Expanding the Genetic Toolbox for the
Standardized Work with Bacillus Subtilis. Sci. Rep. 7, 15058. doi:10.1038/s41598-017-15107-
zZ
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B3 = XK XV, CRISPR/Cas9 ¥ A7 A B. subtilis 7/ ARED K —LF =P v —
278> 7,

Lu 5 (2019) X, CRISPRa & CRISPRiI O Z —7T 47 0 4 v KU &ERE
L., %7228 61 OB & RFICIEEE I ET 258 B0 gRNA 2% 5t4+ 5 2 &
ED, VAT LEH—DOD~AZ—L X2l —F—LLTHEATEL2ZLZIFEHL -
OO, AR T eE—F—F A7 ) —= 7 L THEEBREB AN E, 7 g
— MRy JIHELZEML TRIEZ &KELT S22 LN TES, CRISPR XAV X7 1
FFRT == v R—=2DF v —4 -y v 7 U7 (OAPS) BB Z @A L 7=
MAEBREL TS, AAKREKO®EMICE L TiZ, OAPS % dCas9 /" L7=£& FflsE
A =74 AN kﬁ’:ﬂ%k/a\zbﬁf\ B. subtilis ® BLA (Bacterial liquefying « -amylase, #fHF&
WAL o-7 X7 —8) EAZ 260 (51N 7,

%E@ﬁn%%mﬁm\cmwm&UCRmma ANIEF IR TH Y, B—#Eix
T w7 U ATIEH LA O EEE TEEAZ ) —=v ZICHEHA T2 2 L 25EH L
oo AW LFIZEIT D CRISPR T OB E 2 G I, Peters & (2016) 12k - THEERE
NTEY ., B. subtilis DETOMEBLE % /) v/ XU LTERABMEREL, 20T
—ZIXMKOBBDTZ O DRI RIPER 2R T L — LU — 7 ZHf L T 580,

Dong & (2020) I, ¥ B —RAICX»>7T CRISPRI ZZ#E L., ILe-n-x 4T bT
A —A (LNnT) O EAZEITHME T, L7 > 7T, CRISPR/dCas9 ¥ X7 A,
MK-7 PR TR b IR REBELRFREY — A D =225 LW IHIRH AL TTWD

61

o

No.3
Applications of CRISPR in a Microbial Cell Factory: From Genome Reconstruction
to Metabolic Network Reprogramming (#$4&##ifa T3H 21 5 CRISPR DR 7
J LEBRMPORBRY NI B RS TIVTET)
ACS Synth. Biol. 2020, 9, 9, 2228-2238

WU SN MUE M T8 1k, & O R Al RE TER R ICE L FERE N
EENE - N ﬁmﬁ@ﬁf%i&‘Jgﬂ%%m:ﬁﬁ\CRBPR&I%CRBPRC%:/XTA
2. REMREOCEEMIR TS ) AREKR OCBETRE 2T D0y —n e LT
B SNz, LTER-oT, TNH6OY —iE, 7 AEFBEET LT Tl REx
NI =0\ T w7 I T 528 io’(%ﬁéz%%ﬁiﬂ’ﬂi%%%%@?‘é@&:&j
D, ZOLEa—TiE, MEGRMEDMIL TS OFEFKICKIT D CRISPR # 1l 0 it @
EE@L%&@E%@@%;OVTEﬁLTPéOé%L\CMWRN—X®V*w®
HELT T 7LV —RICETLFROBEIZOVWTHHHAL TS,

59 Lu, Z. et al. (2019) CRISPR-assisted Multi-Dimensional Regulation for fine-tuning Gene
Expression in Bacillus Subtilis [J]. Nuclc Acids Res. 47 (7)

60 peters, J. M. et al. (2016). A Comprehensive, Crispr-Based Functional Analysis of Essential
Genes in Bacteria. Cell 165 (6), 1493-1506

61 Dong, X. et al. (2020). Crispri-guided Multiplexed fine-tuning of Metabolic Flux for Enhanced
Lacto-N-Neotetraose Production in Bacillus Subtilis. J. Agric. Food Chem. 68, 2477-2484
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No.4

Genome Editing in Methanotrophic Bacteria: Potential Targets and Available Tools
(AFURBME DS 7 DRE EBENHREN LFATRERY —N)

Microbiology volume 91, pages613-630 (2022)

Methanotroph (4F5ME A # R FEME) 1T, %5"/%:{%{[:?5&“~77‘£E%?2)‘5"/
B)AXTTF—BERDL, A UCERERE LTS, ZoRFEANIZED, AXUE
AR 2 X 7 B K OR 2 TR BRI ARG E 4 O A2 PE 1T ﬂﬁﬁﬁ‘é;k%ﬁﬂ’\]k L7z A
77 7 aTv—Hi&iZE o> T, methanotroph [Tk /1 ekt L 7> TW0W5DH, ZiuH DN
AT 7 /Y —~OBREORALOFmEVILZ, RARTADEH G ThH D A X LRk
HEET BB ATERINDIANA T T AOFEERAMEICL > THES L TWD, 5%
methanotroph (XA PHIREE & JE /I TRA X U2k T D720, A X 2% £k & 7o A il 54 5
WCEBRT D200 RAROMBB LS Lo TWnE, AXFIRICESIANMET 7 /vy
—DHERDLHFEIIE, T ARESNZEAL T, fFEErSE LA EKERGT D%
ERdH D, £V, methanotroph O L O IT, 2 6 OReEOMRHFMELE Z 1
SOMBEOEY PNOEESIZL > THIF BTz, AFTIE, A X RBEEMEO
R LFEDHICBTOEMORREBMBLL., ZhDDWMEMD T /) LFRED = O DAL
IR E BERI A TR Y — V2R ET D, 2L OHEHINIZ, XA AT 7 /) rmv—IC
B 2 K52 OB R 2 L. 4% methanotroph o X5 &5k 0 FEHE 72 BF 98 &2 1T
o AlREME & B <

No.5

Cas9-Based Metabolic Engineering of for Enhanced Utilization of Cellulosic
Hydrolysates (Cas9 2 AWkt r o —XZMASBEHOF BRED - DD
Issatchenkia orientalis @ A T%)

J. Agric. Food Chem. 2022, 70, 38, 12085-12094

WAL 2R BREE SIS LT WM ME A2 1 Issatchenkia orientalis (/01— 2 43 fif g
DIFRVEERE) 1, BEMESME T CTHRBEEER Z &t — KGR SR R DR
FTHEERET L OOFERNH LFIEFETH S, 1. orientalis DERHY — IV ITAF
ET 208, ZNOIERBEREEREERZLELT 50, HEKROBERILR 1L T
5. ZH S, EE D | orientalis ﬁ%?ﬁ%f’ﬁﬁ‘é?‘:&)@ﬁéﬁl M P i A 7 (CloNAT) X —
ADYT ) AREEZRBE L, ¥ —ARBEOTLOIHKA Y — AL oS L.
orientalis ¥k Z % &t L7z, EAKMIZIX. Scheffersomyces stipitis DF v mn—2R Y X7 X
—€, ¥vI b= TEe Relsr—8, EKiFraxf—E%, Cas9X—ADYJ /) A
WMEZMN LT, WoD 1. orientalis ¥ (SD108, 1021, 1045, KX 1046)D H 1D Y ik
BT EICHA Lz, 55N 7-EK(SD108X, 1021X, 1045X, KLY 1046X)1E, pH L
BRLOBRWNP 2 ThEA = ZR B O I m—ZRDOMKG YD DRI
Z )= )VEEE L, TNDLITRBRLIBEHENZ R LD, o — X RINKG Y
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AL CTBREI R MY E 28G5 121X, 6 lorientalis KO BRIV EE TH -
7=

No.6

Genome editing of probiotic bacteria: present status and future prospects (7 a2/
AFT 47 ZAMEDY ) LRE BREEBH)

Biologia volume 77, pages1831-1841 (2022)

TRNAFT 4 T AMER O E Y = X T v 7 RBEIL. BNOWMAEY#E OBKRER
HRHEERL, TOORRRHHEORBEZLICES T 5,

BYEMFET ) I A TOREBIL, MEYW LY ~DEEH =, CRISPR-
Cas R EDF 7 ARy — O MBUL, EISE D@L, FLERME, KON S EES
~NDOIEADTE S DT aNRA FT 4 7 ACBT D8 ETLEOFLVARECEME b -
L7, AMTIE, BRNMEEOZEY S ) ATRIIBIT D7 7 AREOBIR E ., £H
CRISPR-Cas ¥ A7 L DEENZSDWTikim 3 5, CRISPR/ICas Y AT LD7 7 r—v
avid, BEFRAZHEEIL, TEONRMEDEZERT D72DDT a4 FT 4 7 A%
EWELRETHEDICHAT22ENRTEL, ZLOHME, R LF~OH LWT
Tur—FEHALNIL, RTOREGHREBEOMIANPMHTE L, EHIC, ZhbDY
— L OfE RO Bl Uik, IBRMERE G EOMOMEENEZR S -0IC@EH+T 5 Z &
MTE, LIERosT, HLWERRIEOBBICHEKT 22 R8TE 5,

No.7

Bioprospecting Kluyveromyces marxianus as a Robust Host for Industrial
Biotechnology (E¥ N4 F T 7 /) eV —DBELRKRARAMNLLTOAEAYRE
Kluyveromyces marxianus)

Front Bioeng Biotechnol. 2022 Apr 20:10:851768

Kluyveromyces marxianus X, 77 ¢ 78, BEALRS, WHEEXDO TK, Y.
YA PIVROER EDSHARERBMND —RGICHEES L TS, ERE TR L
WEMZ L RO TH L, REOKE, WMEAME, EENWEE A~ hv (Tb
L.~ R—ANKDMRY, ¥ u—A -7 T A dv =R H T
F—R, R/ b=, Wi ny THEE, tnAd—X, ROBREE) REDARKR
BEOax=—27ty MZEV, ZOBBIEIHEAREBLRLONAFT 7 /) n Y —FEHET
DOHBIZE > THCHE DM 7298 E L 72 > T 5, Saccharomyces cerevisiae & (3%
I, K. marxianus BRDIZ E A XA LMY 7 7Y ) — @2 THh 5o, RN R
2RO, IR Va3 — VREEIZI 2 2 v i3y, 2k, EE L RVEIEY
ELTOZE ) — VOB RS T CHBES NG D DT, NA 4~ AT B E

62 FERFDIRZEMEWIC K - TINVa—AD—FEBNIRBIT AL KIZRD I LEENAY — VIR L],
TNa—2ZADFEEIC L > THRIBEELRIMHE SN, TILVa— L EBERAEXIHASEE2 77 7YV -}
EES, FHI7 77U RITHAFREE T TCoOT Va— L RBEOHBLEEXZIND,
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TOERYOKBRBEAELSKICE > TEETLWERACTH D, Z 2 TlE, K. marxianus
W, BN RIROF AR Ok 2 7o THEMBEEER, XA 4%/ —/ gy 37
B, a4 FT 4 A TNVI N—A, 7F3 7 NAV AW UIFUOELEET LD
OERIEERMIE T L L CORBENRARICET 2BEAEDOREIZ OV THEmT 5, I
B, XA AT 7 /P —0DUBEHFLWOALLT 7 Juy—Y— LOR%, HiZ K
marxianus ® CRISPR/Cas9 X#RIC K 2 K% 7/ AREICOWVWTHNT 5, KEZIC, Bk
DA FAT 7 7 my— fhn, Sk, I T T 2 K. marxianus O R ] #iPH & 45K
THREOOETHTOMRE, Eim, KOFRORBEBLLMENICHEEIN TS, i
L T, K. marxianus (Z X 2 BT 2 RBEWPEA D A = X LT 5 R 7RIE % 15
D0, Biaf, R, EERBE, KOWMENICET 2 Mo ¥ v v 7 % #fig
TAHZENEHEETH D,

No.8

Combining CRISPR - Cpfl and Recombineering Facilitates Fast and Efficient
Genome Editing in Escherichia coli (CRISPR/Cpfl t##ax 2 AEDLE B Z & T,
RKBEDT / LREBEREP OZRIITIT D)

ACS Synth. Biol. 2022, 11, 5, 1897-1907

CRISPR X—2 D5/ AREHEMIZ, (K= X b, @m&E, MELEBEE. XKOEHOK
BROFRIZEY | Fkx RAEMTIEEHINLTWD, RBFZ TIEL, CRISPR/Cpfl Z
— RN, L ORBERE TNVT T AI RS ) MRS AT A pEcCpfl/pcrEG %
Escherichia coli THZE L/, £, 100 EEHD PAMERICE VT, Bl 1+ / v 7T U
NEMIABRZNREERAE LTz, £0%, BWEEREEL RELL, 2OV AT AOBIET/
v 77U N XIXBEFHRIABDOHFEEZLK 21%I2m E S+, E. coliBL3 (DE1) o7/
AZERBA 2 AATZ N TE 2, 72, 77 A K pEcCpfl ORI 2 R % E
2D TUAT AERBEILL, 00X LAF R —AET T4 ~—Z2 AT, Lk
R R A — IR — X —fA, Ya— b —F U RBA, XT@EEBETF S v T
U N EENFETIEITTE D pECCpfTH 2B L=, 52, BEOEE T % R HE
TAHZLENRTED, WIZ, 216 ZDODY AT LEMOE. coli BETEIEL 7=, KEIT.
TV r—varb LT, TOVATLAEMEMLT, #fESNHKICBIT S L-E AF Y
COARMEMEHF LT, IBED T T AaAFOL-EAF VOl 7.16 g/LIZEL .
E T R & e L C 84.1% M L7z, L7722 - T, ABFFEIE KIS E O RH T3 A %)
Y — v ERE LT,

No.9

CRISPR-Made Greener Products and Processes in Industrial Biotechnology
(BENRLAT 770V =BT CRISPREDIVBRECELVRR L 7k X)

Genetic Engineering and Biotechnology News (GEN) April 3, 2023
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CRISPR/Cas9 % / LA#REIL., TOWE | KE . LAME 0., TEMAEWERE LS
BRICARAI R —VICEEIZR Y 525855, CRISPR | \%ﬁiikﬁ%&%%ﬁb
THEENAFTT 7 70V —0Fr RKiglcmbEsgdszencts, BB IRLTY

%)o
CRISPR: ' — A2 %% x5 (game changer) Y —JL
CRISPR/Cas9 7 / AfmEFHINOpEET & ~D S AT . EEMAEMFITEB W TAT

RIRY = &7po TS, FHLT, HIET /) LI ﬁ30@$AﬁL%%77X§*
ﬁﬁiﬂfﬁb\30@&@5%%%%3*bbfwéﬂ%ﬁ#%éoCM&R&%QE
B LFE, DEAECAEDHEATE 2MEDKROTETHC L, 20 ORFREE D
%<%kﬁﬁ$?’%bk@$’#é’k*iof t%ﬁﬂ%f%é’ﬂ%@%%@
HIH AR L TWD, EEASLLTT 7 /0P =085 Z 0o gErEix, FE L
é%%m%szb\M@W@@%&ﬂm7u?z%%ﬁ&ﬁ%?@@f%ék@
RO FREMEZ RO TV 5,

F- %72 CRISPR/Cas9 & fifi 4= & Al %

CRISPR/Cas9 7" / LimBEid, AL OCEERIEWE., KOHE MR X > THRICE
EINOFHRELOAERELET 2872 FIETH D, CRISPR EfififildzfEH L
ThEESNTWad by b EWmICiZ, htas ) A K, 7 Ui, 1,3-F a0 V4 —
IV, Tx= )V B ) —)b AT TVLVURENRDD,

AvaT A RE, xR HEMICARICEENDIHE, ALY, ROAETH

%, CRISPRICas BHER T A 77V —F, huTF7 /A FEACBTDL LV RO RERE
BRERETIEOICEHAIN., BRICB T 20T /A REEN 1L FSEI 758,
J T UBIBIHEROREMICHRICEEN TV DN, BUEAAISLERLE LTCHEAT LD
WCHEEERHE M ARE S TW5b, CRISPR/Cas9 1T, = HAEMESH TH 5
Aspergillus niger DAEERREZFHO LT OIEH SN TN D,
CRISPR Z¥72, R ~v—REOHBERMKERTHD 13- m v VX — NV DOEFEL
b L, BRa e TEMBORE L L THEAESN TS, CRISPR 2l LT, Zofks
MOREAT, BNMER O 7 7 AEMERE . Klebsiella pneumoniae (23 TIEIE 50%
v,

Zx=x g —iE, BERRERICERNIALSFVOL W T AL ThH D,
CRISPR (X, BERFD A MU AMPERRIZ L 2 ZDHEDOFHF Y O 7 = =)L & ) — )L Ol 5
RBeRiTr2-0icfAILTVWS, FUEKAZHERAL T, 208X N THOBEEL
EMEERTHENTE H0,

P AFFMICKRBECEENDILAEMTHDL A T L L, LHEROE Y THY . U I F
y@7ynﬂyhkbfﬁ%éMéocm9Rm\&w:~xm%x&7v/%%%$
THAETHIIICHMEAXET A0 HI., KV REELzYR— ML T

63 Jakocilinas, T. et al. (2018). CasPER, a method for directed evolution in genomic contexts
using mutagenesis and CRISPR/Cas9. Metabolic Engineering, 48, pp.288-296

64 Li, M.et al. (2021). CRISPR-mediated multigene integration enables Shikimate pathway
refactoring for enhanced 2-phenylethanol biosynthesis. Biotechnol Biofuels 14, 3 (2021).
https://doi.org/10.1186/s13068-020-01852-3
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VY585,
CRISPR %ﬁﬁwkﬁ#?%l%

PESENAAT 7 ) aY—IZBIFTD CRISPR O XL HBEO —2iF, BETLHETH D,
CRISPR-guided DNA R VU X 7 —F %, ERERFHEOLZDIZX 7 VAT REEHIZT
LA TE, FEFICHWVIEMERELRM L, BEKREBICAR CTHLDL AIREEDH
DR IHIRAEREZEANT S, 207 7a—F X E.coliTHAINTEY, 7/ BE
RICBEGT 28 LWBHEOT =TV 712k, L-F) T F 7 7 OEENK 40%
BN L 7= 06,

CRISPR (X, BEIEFZHIbR, /v 7 XUy, ITWMEHRBE T L LICL0 . BRI
T Ao bERTE S, BB H TIL., CRISPR/Cas9 # i ] L TEERE DR
IR A FERRBE DN DO DBAR 2 RIS H . BH CHERENBEOEEL 30 fFlc#ns &
77

T 7 a—Fi2ix, Bx 2L EMOEAZRET D - OICHEH S TE iS5 I
mRmmn%ﬁmbmeﬁéﬁ%%//75?/¢5 ENREEND, TOT T r—
FOREIT, EHETI2EETFOMAEDLEIIGC THHOMEIEZERETEHLTH
%

FERIC, B5IEE/L(CRISPRA)ZEMA L CEBIE 27 v 7L ¥ a2 b — L, EELZH
MEwE25Z N T&5, CRISPRI ¥ L CRISPRa iz &b b b, MR HEICH T D HE K
D %I % R R B 9% T % % multiplex engineering ICHEFEICHATH 5,
ZLDOEENINEFIHLGED TWD, Bl 21X, ﬂél%m,ﬁkﬁ‘é Gingko Bioworks %t
X, WIS Af A — T — bhER S LR Z O8I e Bl O A A R O AT HE
@%%ﬁ#ékw\Cm&mmmg_;D%Ewamﬁﬂ@%&%bfwéo

No.10

The Use of CRISPR/Cas9 Genome Editing to Determine the Importance of
Glycerol Uptake in Wine Yeast During Icewine Fermentation (lcewine BEH DU
A VERBCBTZ7VErn—RYVALOBBEELRET 272D CRISPR/Cas9 7/
LimEDOEH)

Fermentation 2019, 5(4), 93

Icewine juice IZ& £ 5 mIEEOHEIX, FEET % Saccharomyces cerevisiae ([Z5f1Y A&
ML REBIEEZ L, MENKSZ RN, A XBMNT 5, BRI, 7V ko — 1%
BT LHEDOFEREEZT ) B —VIREEEELT I Lo TV ERrR—LDON
HREAZENEE, 2L 7Vt — L ZRENOMBNICERICHET S 2 LICE-

65 Park, J. et al. (2019). Heterologous Production of Squalene from Glucose in
Engineered Corynebacterium glutamicum Using Multiplex CRISPR Interference and High-
Throughput Fermentation. Journal of Agricultural and Food Chemistry, 67(1), pp.308-319.
66 Wen, X. et al. (2017). Production of L-tryptophan by Microbial Fermentation. Progress in
Applied Microbiology.
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T, ZOARNLVAEZRHIRTLZENTEDL, HIIZ Vo — Ly v R—X—6TThH D
Stllp X, BFEA NV AFEIZE b LT, 7‘»::%x;crnﬁ%umﬁmﬁmm&;é &
DARMIC R U T BTz, lcewine BEEIZ IS IT 5 Stllp & FIZ HICHET 272
sne%ﬁ<—ﬁ%@mwwm%i3¢wwmwKLVMﬁ@%%%%#ék@@ﬂ@@
H—75 Z I F CRISPR-Casl X— A D47 /) ARtEEZHIE LT,

Icewine J8E%E TiX., ASTLL1 BRIZEIMK & LB L CREEMERENME T L., 7V e —/L L& B
DEFENEM LU, 25O EIE, Stllp ICL2 7V —LORYIARN, 7Lz
—ADE T X alb—va rOafEEicb rnb b T, KLI-V1116 D25 1A I K
72 lcewine BEAICB W THEREH L RT L2 RLTWD,

ZOWFFEIL. CRISPR/Cas9 7/ AN, O U A4 VR KL-VI 28T %
Stl1116p 12X B 27 Ve — VIRV IALDEREZHET DD DONEH Y —NVTHDH
LERLTWD, BB EN 7= CRISPR/Cas9 7/ AfmtEikiL, @H. EBRABRECTO
B EINDREME XA FZ2ENT 2B AHMAT 52 Lic X, R LT HIE

BIZT 5, K1-V1116 1%, 7/ LAEFIERDL U A VEEEFHEE R AR L TV DI
HLnb b, REFNREE IRV b o7z, lcewine BEEICB I AR ESINT
K1-V1116 &48 STL1 o ffi Fi%, Stllp 238 E; 72 @iz & E S T CoRE E kI %57
HEWNWIBRELFFTOEERT — X EAER LT,

No.11

CRISPR/Cas9 Approach Constructed Engineered Saccharomyces cerevisiae with

the Deletion of GPD2, FPS1, and ADH2 to Enhance the Production of Ethanol
(CRISPR/Cas9 77/ m—F ik, =% /) —NVOAEELZEET DT GPD2, FPS1, Xk

N ADH2 % R% & 7= Engineered Saccharomyces cerevisiae Z##4 L 7z)

J Fungi (Basel). 2022 Jul; 8(7): 703

7V kwm— e AEBoOBRRERT, LEMY ) —VEEOBBTEZY ) — LG
HEOWVEZ5 X Lz, A TIX, CRISPR/Cas9 7 Ve —F 2 HW\WT, =% /) —
WEFEORFEOZDIZ, GPD2, FPS1, &K' ADH2 ® R ’KIZ X % Saccharomyces
cerevisiae TR AEME L=, RNA V=7V 7 RN NT VA7 U T b — MfidT % H
WT, B FRICHTI2EBERFREDEBELZTM T, ZOHE. GPD2, FPS1,
ADH2 %[RRI R & S 7= S. cerevisiae SCGFA X 23.1g/lLD =¥ /J — %4k L, 50
gILDO 7 Nva—REHE L LB ARKE i LT 0.18%# MM L 7=, SCGFARKIX, 7=
—21gH7c 04629 DX ) — VEWELZ R LI, £/-, SCGFAHT D7 U tr—/,
M., HEle, a7 BoG AR, BAEAKLKHELTEZAEN 22.7%. 12.7%.
1.19%. 8.1%. 19.9%. 20.7%J8 /> L 7=, Kyoto Encyclopedia of Genes and Genomes
(KEGG) frick s &, 7o 7L Xalb—varShlaFiEime., s, 15
B, RORFZMRHA SCGFA DT Z ) — VAPEICKBE L G525/ RENH DL &R L

67 v >R — b (symport) X, MilafE/ b0V VIEERICHIEEEMN X o R B N LT, HED
NTERLFIAACERFACTET I2EBECHL, SELb 0, YU FR—FE2ITIREL R
I8 v R —4%— (symporter) FmldLEEAE L NS,
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77, T/ SCGFA I NA F =X ) — LDOEFEICBWTRKRXARAEREMEEMO T,

No.12

CRISPR/Cas9 genome editing for comparative genetic analysis related to soy
sauce brewing in Aspergillus sojae industrial strains (CRISPR/Cas9 %7 / A#R&IZ
X 2 EMBE BT 2 LBOR B FENT)

Bioscience, Biotechnology, and Biochemistry, Volume 87, Issue 10, October 2023,
Pages 1236-1248

Aspergillus sojae IF{afEAVICE MEEE ICEH S TE 72, A sojae TIXEEFHH %
BN HESL SN TV DN, xR EEKR~OBEAIZINETHS, ZNETICH A. sojae
DiEIEFHEDT-® D CRISPR/ICpfl Y AT A&PELCEEN, WHAMOEHWKED
T2OWIEZB DT ) AREV AT NN ETH -7, £7-. A. sojae TlX CRISPR v AT
LERAWEREN SR BE TG EIIMSL S Ty, A#FZETIE, CRISPR/Cas9 v 27
LT, A sojae DZEIRERFFEH | AR T K IIMIA B Ge AR IR O K& KK %R
Lz, £, 7 ARET 7 AI REBHINIC) A 70T 2 HIEICK D2 KERRER
FEEIZ I Lic, F7o, MRS ICBE T 288 82 OB A sojae L¥EMKM
THELEDLZZEEWALNIILE, 2D OERN DL, CRISPR/Cas9 v A7 A& W72 AF
D FiEIL, A sojae DBIRTFTHEIWCAI Y =NV ThHDHZ ERRINT,

No.13

CRISPR/Cas9 Systems for the Development of Saccharomyces cerevisiae Cell
Factories (Saccharomyces cerevisiae fifld TH DB D7~ D CRISPR/Cas9 ¥ X7
L)

Front. Bioeng. Biotechnol., 19 November 2020 Sec. Synthetic Biology Volume 8 -
2020

Saccharomyces cerevisiae & pcEEREAIIL T8 1%, KRHE e TR O &AM E
DEFRMEAEMICIELE T, xR EZ/REMNICHRGET272D0EBREY ) 2 — 3
CERBERT D, ARAEMTIT. RERESETHICHES L., BIESNLINETH D,
7 J AL —{b &4 7z CRISPR/Cas9 ik, BMAEMF DD DRI DT /) Lk
il LTBE L-, &IT. B4 72 CRISPR/Cas9 > A7 L D A, — i i fEfR
. LES ) ARE, BEREG., RKOF ) LA —LOEMO - OBERE L5045 BT
FTIHRENTND, ZOLI RV AT AOEST, LDl g SN
TEE TR N0 MlEET & A PORMRE /O T,

CRISPR/Cas9 N— A DY — /L, BInFH#IESLE AT OO OHFHH TIHMED &
W Ty R T xr—btEZLNR TS,

gRNA DG & FHIL, BRETHOMENRICRAN R BEL 5 A L5HERERTH

Do BRZONHHHBDO—DX, gRNA O _RKEEDOEK T D AlREMENH H, Wi, %
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OMDGRNAZH LWH —47 v MZOWTT AT HMERSH DL, LrL. % gRNA D
EEZNRZ LT 5 Z &k, BEOLN 7 A ThHD, TR WRERREIXZ., 425
WENNLETHD, OOV 7 =T —b, TAITY XARESLINTWS
(ffl 21X, Zhang Lab Guide % &t VU Y — x68  CRISPR direct’®, CHOPCHOP, }K O\f#F}
MME D gRNA Y — /L7072 ) |

CRISPR VAT LADOHR LT 7V r—a U EdlRT 28 OEE/LRMEIX, FFlz~vL
FHA MEBLET ) LA =N P =T ) IR OEEOREHmRBNRTH D,
A ZANKEL, HHAEND FFT—DNA OB 2 % & FRICHRIC A % ATREME N
KL<, 7 AREDCTZOOBEET T L — ORHABFIRIND ATREERDH D, F
7o, X0 ZL< DR —DNABRMIIZAD Z ENTEHE, CRISPRIZE » TRIEI LD
MBIABN B E@mODHLZI ENTEDLZE LI o7, WE S 7 HI-CRISPR
L ELBHATREREAMIE NN — 22— F(MAGESTIC)Z HWim~ AT 7L v 7 2L
BT 7 AfREIL. EB 65 H HDR R —%—20D 77 XA KND gRNA & b
EREONDUT, @R T DNA EZEARIET 572D O A7 ils 2 42 ik L 7=,
CRISPRaICHAERA SN TV AIEMIL R A A ix, K L0005 ETT v 71X ab—
NENTmREZFFOFEMET v —F — L LT, RoNIEMEI LRI TE e h
S, LI oT, KRR RIEEI N AL 2 A7 ) —=0 7 ATEAET 200,
BT E2EEA T2 00H LWEBIEEZHE T OLERND S,

HIBR X %54, CRISPR ¥ A7 ADBRBEIIRME WL 7 7 AEIEO B R 2 EHH L
e ®BNT 77 M) =2 V=T YD DBTL A4 7 v (BREWMFDE 2T7) T
X, BERAT v FITHEBN N D M, CRISPR 77 /Yy —I2L W o7 ak AnNE
L72, CRISPR/Cas9 Y AT LA&HHTH L, LM T8EIDY ) AMEEEITH Z LN T
XDHMN, UENEE T35 £ TICKBEB N> TWiz, CRISPR Y AT A, 7/ AAF
—VORPFETANLFALEFH LOVRFRARHEE 2R Y F 2T A0 5 DA e /L
AT aremadse, k. KV@BORY —NITRDAEEDRD D,

No.14
Combinatorial Protein Engineering and Metabolic Engineering for Efficient
Synthesis of I-Histidine in Corynebacterium glutamicum

(ZVRNTTFVTL TN EIDLIBITS FERFVUVOHEHERDOTDD 2
EFRITAEUORIBETZEERFLE)
ACS Synth. Biol. 2023, 12, 4, 1275-1286

68 Bao Z. et al. (2015). Homology-integrated CRISPR-Cas (HI-CRISPR) system for one-step
multigene disruption in Saccharomyces cerevisiae. ACS Synth. Biol. 4 585-594.

69 Billingsley J. M.et al. (2016). Technology development for natural product biosynthesis
in Saccharomyces cerevisiae. Curr. Opin. Biotechnol. 42 74-83.

70 Biot-Pelletier D., Martin V. J. (2016). Seamless site-directed mutagenesis of
the Saccharomyces cerevisiae genome using CRISPR/Cas9. J. Biol. Eng.

"I Lian J.et al. (2018b). Recent advances in metabolic engineering of Saccharomyces cerevisiae:
new tools and their applications. Metab. Eng. 50 85-108. 10.1016/j.ymben.2018.04.011
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AR TIX, L-e 2AF O AEEGHK O 7= D Corynebacterium glutamicum
KM Z RRAREEE L7272 £ L-EXTF VT 40— Ry IHEEEMT H7-0, ATP
HRARY RV k7/x7::7 YA IR HisG & T235P-Y56M 23+ Ry & v 7 L ong
AN—T NAT Y == ZTIZHESNTHEE L, 083 g/ LOL-EXAFTVURNEREIN
72, I, HisG %a@é@ﬁ%%% B 5 3 S H 72 T235P-Y56MPRPP o > 7 % — ¥ L i
ARBO pgi ElEFE /) v 7T TR L, L-E AF D UREAL 121 g/ LTINS,
o, EMERBEREL LA T SE, ATP Offifiiziibd 2 2 ik > TR F—
WHEZ (L L, L H 7T A2 T3.10 g/L O HMMICE L, KM BRIT, Bt
EWECALFFEFN R/ T D272, 3LAAM A YT/ X —T5.07¢g/LDL-BEAF
CUEAELE, BEFELT, TOMEIF, ST NI T X R ETEERGH T
FILEDL-ERATF VU AERKOIZD ORI TEEZRE L,

No.15

Metabolic Perturbation and Synthetic Biology Strategies for Plant Terpenoid
Production—-An Updated Overview (¥ T VX)) A FEEO =D ORHESR L ERAE
WEEREE RS i 8l

Plants 2021, 10(10), 2179

TR AR, —RER(7 4 b=, I LEOYXV Y TaT AR
BFERRE)VERVEENDH LN, MOT VL) A RITHEO — K7 RN EYM TH
2

TR, TARCVERGHRICEDL 2BBECHEIRNFZ2a— N o28EFRAERLIH, 20
T LAMIEREBAN, RMELRENRHIENTWDE, T A gL, IPP
(f Yy XvTF=rnl) @) EEORMEESATFLT I LERY B (DMAPP) @ 8
DDOHBEEN DL AR SN D, TAXRCEGHIT, ZDOOMIL L7 AG KR % & T4
MAN=ZALTHD, MG AR (MVA) BEIZ, LA C0BEBAY (2T
OWAFE, W oOMRE Y VKR har R 7 BEFE) « @, KO—HOME I
Roivsd,

MEMIZBIT LTV~ A4 RO T

MEP D — oDt L 2 25+, T/ 5H DXS & DXRAWMBEIHKITLH FTF A
=y 7N aBRfEiEn, ZO/RR. TNENE S TAX)A REEAXRT AN A
FoVFue— LtV AF7 40 LoOEH&ENEMLT, Agrobacterium tumefaciens (Z
LD T A 2= I Ny B EZORBIEX, AV XTFALTHRANRTT (IPP) A VX
T—EBEROPYEXCARMERBLCAFICLDBEERZENL, SLXILOT X AR
PE/E % 725 L7, Lavandula angustifolia (BIEZ X2 ¥ —) (28BIF 5 HMG CoA L
2y —POBRFIRBRIL, L0l Fo—EEE LS LT, BIOFZETIX., %

2 o) R B, C.glutamicum (X L-7 V4 I VEERERBMPICHEH T 2MAED E LT 1950 FRICH
KToHBEs T,

73 Noriega, P. Terpenes in Essential Oils: Bioactivity and Applications; IntechOpen: Rijeka,
Croatia, 2020.
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> % 2 Y v (Antirrhinum majus)GPPS-SSU A b~ FRETHBE RIS, ¥ 7 =4 —
W, FT=T =, 2T YERXT VAR RT—AREDE )TN NEE
ST,

B OMEFETIL, Perilla frutescens (== <) VERX T Z—BRZ N affiylligaA
SN, NTZUV AV =y JHEWOBRELMBE Y VTY ERX BRI Sz, X
Faz=7 T, S-V T un—LERBEOBREIICLY, LKLY Fr—1
DETIRUEEN L SN,

TN A4 ROEREYSE

ERED IS EMEOLFEAEE DR S K< MO TW DAL, 96 £ D KiEk
D, T.77HJ) Escherichia coli & /X B#E:To % Saccharomyces cerevisiae TH K S 4L
T~ TZ VTETALTI=V VDORIBE T LT LTIV VB THD, S HIT, E. coli
T E—RXT 70T 4 AGPPEMERK NNy I A Y E X G EEHRERFA2 LRBL S
HLHZEICE0, FHRRYVERXVROXY U AT Vv a— L8 27 A% LT, &
WA T EREREICEL Y, 35 mg/lL DU EX AR ELRT,

No.16

Engineering plant family TPS into cyanobacterial host for terpenoids production
(FNAR) A REEDEDDYT ) NI TV TEE~DHEH T 7 I Y —TPSOT V=
TV VT)

Plant Cell Reports volume 41, pages1791-1803 (2022)

TN A R, ZRIRHBEDE L THEBICE > THRICEKR S, L CHEMERE
EERDL, A A= X — &, ki, EERICERORRRH L, I X
W, A4 Y7Ly, B-T7=xTF 2 RLby, 773y, 7TELT VT ATT LV
REDT NN A ROEEITMERHD ., 0 OEEFTFEITIMDIRIZ T TlIm-+ 2
ERTERWY, ZTNDIE, MWICHEETHIATF ALY XY b= UERE (MEP) &
O AN m R (MVA) 20 L CERSNLD, BEFLPOHEB L EMAEDT LN
WMTRICBT DRI OKRIZELY, T4 ROWMAEWAERMBATREIL ST, 7T/
NRI7TFT VT, KB E CO2MALT, ZOOOAEREETHDL I LERL T
Do YT INIT VT, TN A FEROFIRIKEZ LT D7D MEP ## %
STWN5D, TN A4 REMIZ, MEP R4 mEIHEL L, MVA RIEBRFZ8IET S
LI E o THIET A ENTE D, TEDT AR/ A FiIZL X, WM RICRE DT
NRUEGHBEEREZ T /N7 T Y TICRYIAER TN, M T8 e L THEH
THLEMERITHIE., MROKREXS TN, #7727 ABRENTY T2
REDRENDHD, ZOLE=2—TiX, MEP &KL MVARKEOE, ZbDORKKED
RE L EHICIREICRBELT 27D 0O EZ R L LTS,
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No.17

Recent advances of +y -aminobutyric acid: Physiological and immunity function,
enrichment, and metabolic pathway (y - 72 VEBOREOES ABZH R VORE
BERE. IRME KR OMUETRRRR)

Front. Nutr., 22 December 2022 Sec. Nutrition and Food Science Technology
Volume 9 - 2022

y -7 2 e (GABA) OIRAEMREBEO MM ONTEIT., FICEM GABA DEPEIZK
MEZEHT 2 Z L ICEBAE Y TTWiz, 4., Lactobacillus (FLEEH) . Aspergillus
(#7¥) . Saccharomyces (FHRE) 72 &0 XV 22 AEWMHN GABA B OHEIZIA <
fEREN TS, MAEMBHIZL > TH LN GABADEFEIZ., MPICE TN RE
X Hm<, 0.191~22.373 g/ L O#iPH TH U . Monascus (N==a2 7 I h¥) BEEN K
m O & & FLEk LT,

TNEI VBT INRFT T —E (GAD) (X, 5'-V @YU R¥#— (PLP) {KFF
PHEEEE 7 7 I U —IZ® L. L-Glu ® GABA ~D iR % it 3 2 GABA &k O EE /¢
##ETHDH, GAD 2 GABA Il 25 7 ut 2T, 3EMICHTDLZLNTE D,

(1) EEOIEGFEETTIE, e-NHy vy 7HE L EFFEA L TCHET LT E FA 2
HiE AT 5,

(2) L-Glu DEIEPEAR 7 >~ MZAD & PLP & a-NH, BfEH L THE 7 LT B R
AIVEBHK L, T K> THRBENOSZIEHEL L T 2 CHREEZERT 5,

3) F/ UHHEEIIMENICALETHY, T<IC PLP &AL TT AT E FA
VHEEEER L, GABA 2t 5,

DFEVMFHFIEDORERIZAEN, 2L OHMMAEN T gad Bl FRA7r—=v 7 X
., TOFREANKAESLNZ, E. coli »5 gadA LN gadB @07 n—=r7 8T
Wb, bv O GABA IR DO EE/ZRK 7 Tdh S SIGAD3 L. RNAI Hifflz X - TIH
E ST, SIGAD3 OEFIRI L, KA L E RO b~ FEFED mRNA L~ L% 20-
200 fFICHEMSE, ZOFER, GABA EENARICHIN L2, RESCKERE ORE
MICEEIIR LN hoT-, ZRICHESNT, C RIFIC 87 XZ LA F RRAKRBL,
SIGAD3 @ = — KA A2 H T 52 REHRN T et — 4 — 2 WEIREA ST, ERIX. B
—® SIGAD3 W FH B2 AT HERKEEBEL T, LT ) LRENFREARKA L~ k
BEDOGABAGREZFICUET DL LB LT,

No.18

High-level secretory production of leghemoglobin in Pichia pastoris through
enhanced globin expression and heme biosynthesis (M7 v B B L ~NLEGK
IZ & B Pichia pastoris iZEBITFTAVI~NETa DR VNV SUWERE)

Bioresource Technology Volume 363, November 2022, 127884

74 Besse Aet al. The GABA transaminase, ABAT, is essential for mitochondrial nucleoside
metabolism. Cell Metab. (2015) 21:417-27. doi: 10.1016/j.cmet.2015.02.008
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Balp~LDER/L NI, FFl~T 7 ey, e RhMAEwEERL CEESH
TUWH75:76  HEEEERE(Saccharomyces cerevisiae) Tlk, 7 v B U ¥ U X7 H O L
NLEAEREOT =T U s (HEM3 OBFREIRHELRE) ORT U AE2 L5 L
T, E FNEZ B ECORE VLR EERMN S N7 ERIRDK 3~4%IZF BICHE
Ehi-7s,

BERF DO NLDAEBHRBREKIL, S Fa v RU T TRV U UHIBRIETH D 5-7
L7 Y (ALA) BRY 272 =L CoOADLLAREN, Z U2 Hemlplck» T
AREND OGN BHEE > TW5D, ALA TR ICEE S, Hem3p 12Xk » T
RFEY =5y (PBG) ARSI, TD#%, 2 551 ® PBG BT I /(LI i,
Hem3p ICL o> TE Ra¥ v AFAET UNEBRIND, 27l LT 20 =52 1l
MHNL~DRED 3 EEO T v 7%, Hem2014p, Hem2012p, K& U® Hem2015p (2
Lo TtISN2 = >OHEEMNRKISEZHN LT, I bhar RITTERAET S,

ARV T ~ETrE L, RBEICAORKE ALY 52 2HEBELRAEMBNYTH 5,
DLRTOBFZE Tlx, ~AREEE O~ OmEI 5 B4 L T, Pichia pastoris (X ¥ /
— VEALEERE) DIEMEARY — NNV F R E =P O N e BT B LN TEPI,
P. pastoris TII~LRKEZ LV KHICHMBER T OLERH L LR REINTND, 22
TIX, BEFEREEOREIE ~LREOEEICED | BREELIZI~ErE V&5
INE THW T 5 P.pastoris tKZBA% L7, Z OWFEIX. &l 72 51 BEAE 2 S K A9 3N
T5HZ L7 < . LegH OESMWMFELED - HIZ P, pastoris ##{E+ 25 2 LA HBE LTV
5, £F, FEMToE—F - LR T T —F —OWFOHIE T T, BEEmHEELE Y
X — IR (PTVA) & () CRISPR/Cas9 #/ L7=%7 / LAfmEEZEH L C. P. pastoris ® %
BRIC~w L Fa b —FA T LegH BBty FEMBAALT, FHEMERB & HERORED
DA EDLFIZLY, VLIANET o OEANKEIZR ST, RIZ, ~LELGKRRE
iG22I bE CRERBE S, LegH O WEBEEZHENSEZ, 2 b0
THHEIRIC LD, VLI AAEZ o OpWElT 83 FLLEHML, XKLV I ~ET 1
Bl E ~LFES T E T 3.5 g/L & 93%IZE L 7,

No.19

Recent advances in the development of Aspergillus for protein production
(BRI BEEEDIZD D Aspergillus DBIRITE T % BT DEH)

Bioresource Technology Volume 348, March 2022, 126768

Aspergillus (32 2 % > N7 EHO TEAPEICIASHERH IR TS, 24tk L mmanik

75 Arredondo-Peter R. et al. (1997) Molecular cloning of the cowpea leghemoglobin II gene and
expression of its cDNA in Escherichia coli. Purification and characterization of the
recombinant protein Plant Physiol. 114:493-500.

76 Liu L. et al. (2014) Balanced globin protein expression and heme biosynthesis improve
production of human hemoglobin in Saccharomyces cerevisiae Metab. Eng. 21:9-16

77" Krainer F.W. et al. (2015) Optimizing cofactor availability for the production of recombinant
heme peroxidase in Pichia pastoris Microb. Cell Fact. 14, Article number: 4
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BRHARZ MV A T, ZORRNLFREEM & RS2 57 X7 o Wae T,
TEAFEIIBTLOENTZ NV EAEMBR LG 2B T 20O RERFNERD D,
L7 L. Aspergillus DB {n FHIFOH L & B8 2 N7 BEORI L)L OE
Wid, TOERDLEAELISHZY T TV, &I T, CRISPR 7/ AfRE L A AL
— 7 NAI V== 77Ty b7+ —LDBZIZL . Aspergillus & O g Jm W E fifi &
ISHOBRBENRRD otz —FH, VT4 I 7 AL EALEBG T LFET, RN
R~ A = T ERE L TE T,

X 52, Aspergillus (%, R x R ZMMi7e A A~ A2 L CRBEICKE & OVEHH
TX 570, TEAEDO R N & KIFICHIE TE %, A. nidulans, A. niger. A. oryzae
REO—HoMEIL, KEAEMLERLF(FDA)ICE > T—RAICLE(GRAS) LFE D b
TEBY, LEAEIIBITDE b~OREFEHZHIZL T D,

BAE, —# o T¥EM Aspergillus #RiX, ZARLRBFELELE T LFIC Lo THEIN
Tk, TEMRVCEEMABEORBICHERKZEH ZRTZLTWVWDS, LirLl, TEA
EDORBRIZ, IRMELS | WE R PEESRMFITH T DMPERTH V72D LEEHE CE 8
RN Z EITIEEAER Y, T2, Aspergillus BOMIRE X X7 E L BFEHX X7
BOREBEORA—HLEECERWEETH D, £72. Aspergillus HFFEIC BT 5 EIn+
BEAEIL, LR & FRIN 02720, @I ROZ N T EREB Y AT L~DRHTE L
B A ) = X ADRHTAE L BiF bt T,

WA, AT &N CRISPR, A7 Ay —F v/ JUONA AL—T v bk
A7V —= 7 HifIE, Aspergillus BE RO ED = D@72 — L E ML Tn
5. Lu B (2020) 1%, ~AVFAI AT e —FEHERAL T, KBESMETCTORE
PEAEICBIE T 5 A, niger OFBIAEIE A B = X 5 & BFFE L, Aspergillus i T3 0 & R HY
RERE LA O R A R LT, BRERFERL ATV —= 7k, BB R EES
R 20T HALRBOZO DM TR REIETH L, RORXRT ) —= Tk
TE, A7 V== T DAL—=Ty b ERRPENTZD, BN ERKZ BHIZHD Z
EMNTE 72, T, Aspergillus EIZHR L CTid, /EROBEM EFITONMWD AT Y —=
YT EETRT D720 BODDORRWIpNA AN =Ty P AT Y — = TIERB T
TN TS,

78 Comyn, S.A., Magnuson, J.K. (2020) Molecular and Genetic Strategies for Enhanced
Production of Heterologous lignocellulosic enzymes. In Grand Challenges in Biology and
Biotechnology, edited by H. Nevalainen. 281-313.

79 Liu E. et al. (2020) Process optimization and scale-up production of fungal aryl alcohol
oxidase from genetically modified Aspergillus nidulans in stirred-tank bioreactor Bioresour.
Technol. Volume 315, 123792

80 Beneyton T. et al. (2016) High-throughput screening of filamentous fungi using nanoliter-range
droplet-based microfluidics Sci. Rep. 6, Article number: 27223
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3. BE -INELEXBOELD

(1) ®3E

#£ 10 I THmEXREZH W, T—F_X—2 L LT JDream III Z W T, NPBT (27
LHimXEMmBE L, TOME, BREEMEET 2,588 ey L, 2095256, fAx D
NPBT i oW THEEK > THRKELTZ, aETIL, BHoHiEMI "o, EE

LTWLbD0bdH 5,

& 10 BRFEMWR

JDreamlM DK FHER

ERAT—2R—RX:JSTPlus(1981-)41,458,830 {4, JMED Plus(1981-)11,316,051 #(2023.06.20 E#T
IRFEEFE 11 @)

BREEX |(Ht#E):or LRALC. (nW):BTRTFEIEEYTHEIC n XFLURH>TELERWVL . /AL BREEIIEZHE.
ek, REIE./ALE - BRREEMNALICTSALTEEEZE., ZEDE
XES EEEN EvhHE EE

L1 & & H i /AL or ("Breeding Technique" or "Breeding 2,588 SEE
Techniques" or "Breeding Technology" or "Breeding
Technologies" or (NPBT or NBT) and plant)/ALE or Rt
Bz FHEBARIM/AL

L2 L1 AND (JPN/CY or JA/LA) 1,820 BRICBRE

L3 L1 NOT L2 768 BN (BR%E

fR=&)

L4 L1 AND (¥ / LIRE or EEFHRE or ¥/ LI T4T4V7)IAL 266 ¥ )LEE
or ("Gene Editing" or "Genome Editing" or "Genomic
editing")/ALE)

L5 L1 AND (AVIRILFAFR|FUITRILAEA W) EE|HERA| 5 AY3axXHL
BRIESIGH|IAIHEGBW)ERE/AL or "oligonucleotide- s 4
directed mutagenesis"/ALE) ;;héaii

(ODM)

L6 L1 AND ((Y RV zxzx¥Y R or A1VF5PTHRY X)/AL or 17 SR IRY

(cisgenesis or intragenesis)/ALE) RAVRST
IRV R

L7 L1 AND (RNA(IW)IRZF|HER|IERIES|FE|ICXDH(2W)DNA 18 RNA & &FMH
AFILIE|IDNAAFL—L 32 /AL or (TES /L or TES/SY
A)IAL or ("RNA-directed DNA methylation" or epigemome DNA A5 L4t
or epigenomics)/ALE) (RADM)

L8 L1 AND ((¥ K or #EXK)/AL or (grafted or grafting or 42 BEXK
graftage)/ALE)

L9 L1 AND (# &BFE/AL or ("reverse breeding" or "inverse 6 wEE
breeding")/ALE)

L10 L1 AND ((F¥BA2T4)LbL—3Y or BE£25 or B2EE 5 74 24
or B¥%2%5B or B%;28)/AL or (agroinfiltration or agro- 8, s
infiltration or "agro infiltration")/ALE) L g

L11 L1 AND (2 F 4 E/AL or ("Seed Production Technology" or 14 Seed
"Seed Production Technologies")/ALE) Production

Technology
(SPT)

L12 L1 AND ((fB%®#E1k or HMEAF)/AL or "transgenic male 38 TMS & I& &

sterility"/ALE) ik
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L13 L1 AND ((HAR 1R or &S or HKER or HAERE or 4 YoILRTEHA
£ #%5)/AL or ("generation advancement" or "generation N
advance” )/ALE) AND (( 1L R or %4l Z)/AL or 0) 4% {2 £ B
virus/ALE) i

ET—<IlHOWT, JAAXADODTF =7 a LTk, £ 11~F 20cF LD, AL
R ON, VRAZFEHMICETAIEREL DD DI ONTIE, [LZEMEICHO VT ORI

SkLT=,

ABBRIL, SMS5HFE8H2ABICHEIRHEAZEBL, SM64 1A 12 HIZE 2HE %
EiL72bDOTHDT 7 AREIZELT, 240 LT 6@R®EzEMLE, TOMDOEINIZ

BWTI, AHZRERIIME TE o T,
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79

ORRN - §:

11 7 LRE+V X7 ORER
12 R4 B | R=D |RTF |EFZHAL FIEH & kS ZEMEIZTDONT

Genetically Biological 55 1-14 (2022 Pablo Institute for HAFORFNIL—LIT—VIZ & |F/LHREIZLKDIEVORFO#EAH»D

mOdifi,ed Research Rozas et Biolqgical and FHREEVMOEELT /LHREY— L | BRKZERF.ZEED GMO HRFIIZH LT,

organisms: (Web) al. Medical DELEEDLSITE/IZANDD | REMFMEHEIN-WIAZERTE

adapting Engineering, | (ppgs py)) MERSh-EHEERTHNICE R,

regulatory Universidad

frameworks for Catolica de . _

evolving genome Chile,Chile EEO)’?/A*E%{’F%@E‘ ﬂiﬁﬁ

technologies CEEL-REBEBAE~NDOKAICDONT

RCEL

The Generic Risks |Plants 10 2259 2021 |Kawall Fachstelle EHEINEEMRUOY /LRBETOE |[SDN-1ZRAWNES/LAREREMFIZCEYE

and the Potential |(Web) Katharina |Gentechnik und |z OEEDEHEEEL- LT, Haht-. x— yhrEROEWIZDOLNT.,

of SDN-1 Umwelt, SON-1 ERBXRENOr—RIZHEL [3ERISHE. BEBISOVTIHBNE

Applications in Germany EUROEEOBEEER LI, (B8 L.

Crop Plants £Y) SDN-1 THESAF- ML, K1 GEH
LHLNTWAREZEDLN ., FHILLER
MESRTRELTWAO. XIET H1EH
BEFHINELGLIECELIBERIEIHEE
EREHTAAEELHDI-H. KEDX
FRAOHEHER —HRTELRL, SDN-
1 CHESNZEMONERIL. 7/ LI
ERLTEGCFEEZSATHEY. .Y/ LER
EHEYDOYVRIEMICIE, TOERERR
HNEOMAICETIT AN ELIZLE
i,

CRISPR for Frontiers 13 99920 (2022 [Sharma Sustainable FILEEEYDORFIREICONTHR |CRISPR/Cas 2, @B TOHE

accelerating in 7 Kiran K et |Agriculture R T/ILREEDOTERLREE BICELE-BEZI OV /LREEMER

genetic gains in Genetics al. Programme, M HEBLELTEZIZEENIEMH |

under-utilized (Web) The Energy and HKEOELLES CHLLESEEL]

A Resources BT CEERET B, (BEREY)

Progress and (TERI), India

prospects




S9

BE M4 B | R=U |®GF |EEHEL FME#ES kS REMEITONT
Gene-Editing Frontiers 13 85943 | 2022 |Baloglu Department of BRFICEBDY /LRERHFHIAE=-F
Technologies and |in 7 Mehmet Genetics and HPYEEELGBSLLED, ZOXARIC
Applications in Genetics Cengiz et Bioengineering, BWT.EUEXBEIZE A5,/ LEE
Legumes: (Web) al. Faculty of HBE O R HI B O L BRISO L THIR
rogress, ngineering < .
Evolution, and and Ctzo (#8R&Y) -
Future Prospects Architecture,
Kastamonu
University,
Turkey
Precision Genome |Agronomy |12 565 2022 [Chattopad |Pulses FILGEICEETAI)RIEEHIE. ] im0 BRESEE. HEA@mOEEIZOL
Editing Toolbox: (Web) hyay Research HEHE. EHELEYMHRANRIZHTS | TER,
Applications and Anirudha Station, EHMIBIR AEBAIALRYE L
Approaches for et al. Department of EEMRTIEOOEEIESEYST
Improving Rices Plant £ (?’“ﬁJ:U)_
Genetic Pathology, SD e MIFE
Resistance to Agricultural
Pathogens University,
India
Applications and |Agronomy |11 1359 |2021|Tabassum |State Key BEFREARICEETZIREABRY |-V EEFIEICEAOEKE OB
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. FIEFEBRE. KOXBAEOR RN, FEAER TR EAR—ATHLEEZD
NTWb, EU DERIT, HICZL OEREMRIZL > T AXR—2ATH D LILL
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Revisiting Risk Governance of GM Plants: The Need to Consider New and Emerging
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REVIEW article Front. Plant Sci., 21 December 2018 Sec. Plant Biotechnology
Volume 9 - 2018 | https://doi.org/10.3389/fpls.2018.01874°8
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PIZOWTORAMRERERNTWD, Zok7varid, £, HLWIEMMESE
IREBRFREM NS4 U 2% > ERA (Environmental Risk Assessment) (22T,
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bDOThHD, ECIDEEIZED & HLWHFCHELEM ORI IT4 T GMO (25
ENDTD, ZORMANEDLIICEMINDEZONE W) BB ELTHD, T,
HMLVELCFREEMPOA LI DOFMEY R— T 57DICHTA X A E DX
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PEZHIWT 3 2 — DO IE, FFICHRZRIC X > TREMICHt Sh TWwW 2 ERICE S %
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fFRR (FAEFEKEELEOHEBOLER R E) NEBINZ2WIRY . WFHEEEE - REED
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AT UABMETH D,
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New plant breeding techniques and their regulatory implications: An opportunity
to advance metabolomics approaches (FFLWHEMBTREENR L ZORBI~DFE . 2 ¥
AaI AT 7u—FEAiEIEIHY)

Journal of Plant Physiology 258-259 (2021) 153378°°
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CTATEHRRFEOAENAEALLRVWE S, BRbEBEBEIA TS, ATl Eis
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U.S. FOOD & DRUG

ADMINISTRATION

April 13,2023

Dear Manufacturers and Developers of New Plant Varieties:

The Food and Drug Administration (FDA or we) is aware that some companies are exploring the transfer
of genes for proteins that are food allergens (including major food allergens) into new plant varieties used
for food. For example, a developer could add the gene for an allergenic animal protein to a new plant
variety to provide a non-animal source of the protein for use as an ingredient in another food. This could
result in the presence of an unexpected allergen in that food. Because adverse reactions to food allergens
can be severe or even life-threatening, including when the allergen is present at low levels, we think it is
important to reach out to manufacturers and developers now, while such plant varieties are still in early
research and development stages. We are not aware of any foods currently in the U.S. market from these
types of new plant varieties. Like all food producers, developers of new plant varieties containing an
unexpected allergen have a responsibility to ensure that the products they market are safe and lawful. In
addition to the food safety risks, if unexpected and unlabeled allergens enter the food supply, this could
have other consequences for food producers, such as needing to recall the affected products.
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protein, Interna |4 ANV EOTUVILT VR | BRIV INIE(RFP) 7731
DsRed?2 tional, WNEDNAF AV THIT4|—IZBT B,

(AYEX>F %9 |Inc. 9 R L8 DsRed2 2> /X9 EBRH1)—=
Discosoma 2)in vitro BiH LR ER VR —h—ELTHAT R
sp. Mo BB 3)DsRed2 EEFE. HA |IT&Y. . EXRBEFOEEPIC
*LT:BDSRed ] LEEOERE D $;§;ﬂé‘ﬁﬁﬁﬁ'ﬁ#§?€—:ﬂ:§b\
A BIE | AAAAVTETT oA | DD BELREL. HEMER
) # BLASTP 7 LI X L #T%échRed*Z AR ]
FAVWT.BRMDEY /Y b‘ﬁ:‘fﬁ/ﬁﬂﬂ&lﬁ%ﬁ%ﬁﬂ%l?%
E#%L DsRed2 4u /Sy (AT A EBTF RSN T .
B R 51 0D 4 ) 14 48 DsRed2 2V /Y BIZIEESHh
HEBEEIFFEEICEL,

5 |glyphosate Pioneer |7 L JL¥ [1)GAT4621 2V /INVBED |rSU RS Tt=vHEYIZEI1+5 2007,
N- Hi-Bred |— & % |7I/BENEEMDIY | GaT4621 480 B8O HE (- |02.05
acetyltransfe I!'nterna i /EOETI/)L’T‘/_EEEJ:‘:G) S REEOBREH S A
rase tional, NAFT AT T4UALL X
GAT4621 Inc. i —hbIIRHTEIMELFTOIASD,

( Bacillus 2)in vitro B R UG L3t |GAT4621 /XU HIE. TR
licheniformis E& H—rERELTCEBRENERE
Mo gatEIEF 3)GAT4621 BH®D N | N PEFIL T YRy —rELE
#on—=—>4 EERFYa VLR Kd5,
L.DNA vy 4)gatd621 B FIREE GAT4621 Ao & X EW
IV ERY AXIFBEEDOERED M OMEYICEBET DD N-7
BLTRH/EEER =4 NAFTAVITAITAIARAR EFILrSVRTIS—FIZES
) F BLASTP ZILTURL Iy zmzRBELTHY . RE
FRAVWT.BRHDORY/RY MEEF—JELTEEATLS
HHERE GAT4621 BU /X | GNAT T7SU— (4. 16, HE,
RRINCHAUERR gy mE. wE. . M8E80
ETOEMIZHERT S,

12 |5- Atheni |7LJ ¥ |EPSPS ACE5 #>/\9 & |EPSPS ACE5 &, YA+ —K~|[20009.
enolpyruvate |x — F R OF7I/BEIH O FASTA|MME S-T/—ILEIE LS *5|10.07
shikimate-3 |Corpor |f% BREZ7LIYVILOE-3-VBYY2—F
phosphate ation BLASTP 7IIYRXL%EHA |(EPSPS) BXTHD. XAD
synthase WA F 42T+ T4 |EPSPS GRG23 AV /&M
(EPSPS A L. lERMEELLY NNV BEIE
ACE5) M YORIZHEITE 14 BEO (BREERALTCEFEESNE. &

101 https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=NewProteinConsultations
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BUINDE

NPC i o] NPC
No. | (BB lggge [ HE FH % A
#H&ETHD XABRELEBELT,. JUKRY
Arthrobacter —hiZRHTEE VT EES L

globiformis BMEERT,
hoEBEESINT BEMICBRERI SRS —HI
cE;';ZPsta ) HToHMMEES XD,

AN o =
DEMLEEX EPSI?S ACES ANV &%+
nEEE) VADIZYHOrOERQQAVTHE

Bt 1,

EPSPS ACES5 (. #4. #
BH.EEHBICHXBEOERISR
THd EPSPS EBEFREL THEE
TEHIENTRSA . BHMOTL
WU EREDEZELE
By,

17 |isopentenyltr [Arcadia |ZL I X [1) IPT 3NN BDOTE/ |AIYRYTZIRSI U RTTS5—[2017.
ansferase Bioscie |— 3 % |BE5ID FASTARR7ZI [ EIX. MBS RERETDHEY |04.03
(IPT) nces, % TYXLOBLASTP 7T |RILEVTHE YA bAAM=ZUD
( Agrobacteri|Inc DALERWENAFT A | EERICETIERERRIEE
um TAITAIRDH B3,
tumefaciens D)VBEBMBERICEBITHHEERE PSRV =y aALF A2
BHED7T= & A0 IPT 3R\ 7BDOLAR
IWEBAYRYT NPT ARV BOT )| VIE. BERVEFHEB S TEL
=ty [ N D VIVIEE N EREERFILXTDET
I7—EEBHR) M BMEHRET —FIR—X 2.0|0.30pg/g EREEE)RERRE

(ATDB2.0)#E AL/ |ZTR--TWWIEDL MY

AFAVTHITAIRAGHH [RPIZv I HEYTHERENS
IPT 2V OB NELOEHYIC
HLTRLMEDOHEESIEES
SHWIEEZTHBLTLS,

18 |AC1 Agrivid |ZLILF |1)ACL TNV AF—ER /N (#HEDOHSD NSP(AIEMIETY (2017,
glucanase a,lnc. |—FR|VEODT7I/BERINO | TOLHEEINE{EETNDF|[10.05
(DNA 34735 % FASTA BAT AV AV (MM LEESN-FAHTEEE
J—M o BEREL FILIVXLERAWENA MOBHREDHLEOHEE
1= FAVITARTAVRDH BO.RKEROHLEDETH
GralNzyme® D)BBMBERICBTLELELHE | EOBEEETL-6T, HILE
AILKRERS— B BRESTIEHITTLAFT—ER
+ AC1 B %) 3)AClL EEFROMEAX | EOBRZHAMELTHERT S

IFBREOREE®FH CERERBINTLS,
=4 BLASTP 7/ Iy X L% |Agrivida® GralNzyme®H ff

AL NCBI OFEHA
VINIVBET—EAR—RE
ACl OTI/BEND/NA
FTALTHI T4 RALE

FERALTACLY LAFT—EE
EFEHRBRIDILSICEMESH
fboE0TERET.BEWLY
SLHi=Y 2~400 BEEDT L
hr—EEEEERT S,
B#LET—4LBERICESL
T.AC1 By 9B HMERZTL
L¥—RIGZESIESEITATHEHE
IFIES. ERRIEEI YA ERLT
LFEETHLAHEMHEITEL LS
BrL7=o
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4. HAEHOREMFMOFHICHETIHRE

(1) &E - #IKICHBiT 5 NPBT OBRBEWICET 5 EH

HWINEON R L LT, TRICALCHMEMEICT 782 L, £EBICHOHT,

NPBT & Fudl\\ic

ODOWTHEAFEM L=, & 2412, BAET 5914 PO URL 2T & &

HiZ, KE, #ilko NPBT ORI W EFHEFEIZODWTE LT,

# 24 £H - #RiZBIT 5 NPBT OBREWICEET 5 EH

xR % E

NPBT @ E#k LY

R R
% B
(WHO)

EEE
|
|

# R R@%E (World Health Organization:WHO) DH A +TIX.EFDS / LAREIZET
HREBEHo-EOD. BRICEALTY /LARBREEMEZHZ - LEHEIRETIEEYILTULE
Ly,

EEES
BRER
i i
(FAO)

2022 12T Gene editing and agrifood systems1&REL =B (issue paper) % 1T
L.BGFHREBNIVPEERRVATLOEEICEDLSIICEBMT AMICONTESLE, £
N%.FAO T EGCFRECHETIBEHAREOMELEMY LI(F.2023 £ 4 AIZTGene
editing and food safety |12 &7 L. COXZERL . EGCFREZBEREEICERTIE
NDEGTEZOBBEIIOVT. REKDOLEL—2RTTS. F. EEDEEFHREERLOR
FIREOBMEL, BRRLFMICHETLBED Codex XEDHEAMBEMXIZTOLWTOLER
—1EL . BRRL2FHEETHREORFNLBEN . EEFREBXROBERICHTIBERLR
HEEZREL. ERTI-DNEELEEFTEERTINTHD.

IBiotechnology IO A HTHRA-HARSAUEERLTLS, #EWICEALTIL CXG 45-2003
NEZETEHIC, CCICR AV VBEORLMFMICE T 55T H S (Paragraphs 34-43,
Annex 1)M NPBT [T DRHIEHWL, LD FAO XEIZEWT.BEDHARSA>D
EHRAATEEEICDODLVTHLETLS,

EU BN & B

2021 % 4 A 29 BIZ. TEU % (Directive 2001/18/EC. Regulation (EC) 1829/2003,
Regulation (EC) 1830/2003. Directive 2009/41/EC) D FTO HLL\F / L fif (Novel
Genomic Techniques:NGTs) DRRICETIAETMEIELTUTELARL TS,
COMMISSION STAFF WORKING DOCUMENT - Study on the status of new
genomic techniques under Union law and in light of the Court of Justice ruling in
Case C-528/16

CORBIZETVT.EC F. EMEREERFERVUIVRADIRVRICKYEHENI-EY
(plants produced by targeted mutagenesis and cisgenesis) [CB 3 2B EHEE (i &l
L)zMLiz. T0®. BERNGEEDIREProposal for a REGULATION OF THE
EUROPEAN PARLIAMENT AND OF THE COUNCIL on plants obtained by certain
new genomic techniques and their food and feed 1A%, 2023 £ 7 BIC ARSI =105,

BHE.EUMNSEEBRLE-EEE. MBICY /LREEDERGANTIEEEREL. 2023 K 3 A
ICTEEFEM(BEEE) R A I RBEILT-,

BEikICEDE, BME# T (Food Standards Agency:FSA) (&, 2023 &£ 11 BIZ. B & - £
HRATORBREZEEEYICHTIF-ARMNEEAERELEL,

102 https://www.fao.org/3/cc5136en/cc5136en.pdf

103 https://www.fao.org/fao-who-codexalimentarius/sh-
proxy/en/?Ink=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex %252
FStandards%252FCXG%2B45-2003%252FCXG_045e.pdf (20240131 7 7 & &)

104 https://ec.europa.eu/food/system/files/2021-04/gmo_mod-bio_ngt_eu-study.pdf (2023.10.17

T Ik R)

105 https://food.ec.europa.eu/system/files/2023-09/gmo_biotech_ngt proposal 2023-411 en.pdf
(2023.10.17 7 7 & R)
106 https://www.legislation.gov.uk/ukpga/2023/6/contents/enacted (2024.2.26 7 7 & X)
107 https://www.food.gov.uk/news-alerts/consultations/consultation-on-proposals-for-a-new-
framework-in-england-for-the-regulation-of-precision-bred-organisms-used-for-food-and-
animal (2024.2.26 7 7 & X)
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X B & |EFSAIE.TORDIRVARVAVIS DRV RICKYFFESn-E®IICEALT, 2012 FIC
RE2HE|THREMERE (2012 £ EFSA BERE)IZHRL TV, COEREICDINT, 2022 £ 10
(EFSA) |BIZ.#HLWS / LH T (New Genomic Techniques:NGTs) ICEAT 2RAEDRKMAKEEA
FARELHMBEZEBEBL T, EFH M IUpdated scientific opinion on plants developed
through cisgenesis and intragenesis 1'% A& L71=,

Fr . HMMEERNNGTs ICETHIRFEZRETHICAHLY  [BEHEEFHK. VAP RIX
BUAVESI DRV RADT / LBEMICEYEESALERICONT, ETAREGYRVFHmE
ZEICHATHEFSANERELZERT AL OIBEHBLI-CLEZIT. LEDOEHFRERELZOM
DR %HEIZ, ICriteria for risk assessment of plants produced by targeted
mutagenesis, cisgenesis and intragenesis J1°°Z A& LT,
—H.EFSAF.EVICEHZ2ERTEDOYRVFMHEEELT.GMO OBREBICETEIREN
AFVREERLTLNS, GM HEYHRERICEHIIEREMAAMIVAEUTTHY. COFT
ANV BOFEMIO>VNTHAN TLVS, TGuidance for risk assessment of food and
feed from genetically modified plants J11°

ZTOM. AVNRVEORLEFMICEHETIERDLDNIBEMA AL URELT, LTHEIT
Lbhd,

[Guidance on allergenicity assessment of genetically modified plants 1!
lExplanatory note on the determination of newly expressed protein levels in the

context of genetically modified plant applications for EU market authorization |
112

'Human dietary exposure to GMO food J**3

KE KREE. . TN AAFT0/B0— 12 L TCEEOHLWEREZRELGEWVIEVLS>AH T . HOSKOELITEL
PHHENT7TIO—FEFRALTVWS. RIETIE.2019F 6 AICTRBENAFTI/BD—HIGORFLEH
M1k (Modernizing the Regulatory Framework for Agricultural Biotechnology
Products) JIC& 2 K# 84 (Executive Order:EQ) BHEh . F/LRELEDHMICHEESAE=ED
ICEAELT.BENAFTHO/BP—I2ETHBVRVERITOVTEBEDRFISERTEHLII2. &
BEICHLIERAH ST,

202259 A. NAATH/AS—DA/R—=2aVEMEL. BERE.BE. IRXLF—2ETHEHOLFIC
DE>TREDONAATA/Z—EHREIEDHIILEEZBMELT. KEFEER (EO) 14081 THigAETE £,
RIDENAATA/E—ICATENAAARZAT7IFXVTENAATHI/AS—DA/R—=23> D H#
EIDNREEGINTZ HFITEO 14081 [F. HBFLURVIZE DIV, PRIMETHEMNTEHAMED H 5 R
DRTLIZERIAIDHEFHZHBERVCEELETIILIZKY. N(FATH/B0—DRELGFERAZYR—+T
HIEEFEHMELTWS, 2022 F 12 B. RTA NI ABEZEMBERB (OSTP) (X EPA. FDA., USDA
CEHEELT.RIIHRONAFTTO/AS—RQICEHELL. N ATO/B0—KEORERBHITE T
PHFOEHERS, Fr vl RIEFAEEURERETIDICRIDI—RRAT(EECHET —4LEHRE
RODEFZEToM,

108 https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.7621 (2023.10.17 7 7 &
Z)

109 https://www.efsa.europa.eu/en/efsajournal/pub/7618 (2023.10.17 7 7 & X)

110 https://www.efsa.europa.eu/en/efsajournal/pub/2150 (2023.10.17 7 7 & X)

111 https://www.efsa.europa.eu/en/efsajournal/pub/4862 (2023.10.17 7 7 & &)

112 https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/sp.efsa.2018.EN-1466 (2023.10.17 7 7
)

113 https://www.efsa.europa.eu/en/efsajournal/pub/5802 (2023.10.17 7 7 & X)

114 https://one.oecd.org/document/ENV/CBC/MONO(2023)29/en/pdf (2023.10.26 7 7 & X)
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KEBH|USDAIF. 2020 &K 5 A. 4479 /02— A (7 CFR Part 340) D & RAISERKEL
B oo RIRADTTIE. TR B R ER (Exemption) ITHRH X T—2XEE (Regulatory Status
(USDA) |Review) ITE# @ (Permitting) IO =R NH 5,
TRFIBRBRIOATI)—DO— DI T/ LRBERMICIYIEHSNATZSTHITAIEREDOE
BRMICE S THESNG-REED IDOERER-TLOLNHDL. T/ LFEEAROEND
SHELROVWTNHDBBEOEEN—DOATHNTLIEMIE. AFHORERNTHS,
1NBOSBERTUVIL— P BEASALNIGEEDER DNA YIICK S MMMEEICER
T5EL,
2.EZMEMETHO—EENER,
SHEYMOELRFT—ILTHEETIIENMONTVIEEFOEA. RIFZTDLS3HER
FOBRMOMIMEEFOEGCFI I TRIZIENBRICHONA TS EELTILICHAY
T BHEIS,
EBIC USDA [, #%ATTY—ICBLT 2023 £ 10 AICEBMTAESORNEHDIRE
FAW.BRRE~ATTHELTLS,

M [FDAICK2ESRBRFORBNELT. [ESHAMM(BRICERMIZHAEMNEINDLD) 112D T
B|ETRNABINDETCHD. TCT . NAATH/B—2FALTCEESAEEZRICTIIFE
(FDA) TROHONTLWENWERFMPIAEFTATVEEEF. TRAARZEORNRELS, =150,
BEOBERIVC. BRICEMENIMECH-TLEINETORBIASI—RITRELAHS
h3+H£D (Generally Recognized As Safe: GRAS) JIZDWTlk. ZDOX &4 TH S,
FDAIZ. NAATH /00 —HEYHERRIZODVWT,. FAOARETEEMELDOTHDILE
HBRTEHEHOD. HRXELOBEIHMAREIOY S5 L (Consultation Programs on Food
from New Plant Varieties) ##EL T3, COTAJTSLIZEVLTIX. EMFRENE
DEIEAETHESN-N(REXFRE. ECFHBIEN. Y/ LHEEEM I2L57 . &K
MERRIOVWTORERNTHON S,

fz1ZL.FDA (£ 2024 £ 2 BIC. ¥R AIFTH A4 > XTFoods Derived from Plants
Produced Using Genome Editing ! A XKL, &7 /LIREEYVEHRXROERIRIN
TBEmamHERAET#E (voluntary premarket consultations) IO RIZZLLEWLN(E S
RELORBMOBRHNLOBEENECHITAEHREENEN) LHBSN-IGEEOIYBEZHFERLL
T.TEBEMNEHIRETSEE (voluntary premarket meetings) |Z&%ELT=,

FL . FDAR.FROAVAVEB(BRETEAGVLD)ICELT. R (FAXKMEERE) ICHE
T57Rn4 5 LTEarly Food Safety Evaluation Program (New Protein
Consultations) IZBREBLTHY. 2006 FITHA TV AEHTLTINE120,

RKERE|2020F 10 AIC. RELLTOEFREHRV (RB)HFBREORRERETSIERINOHED
"R # T|PIPSUEMEAREFZEBRITHSEMT. IHLLRKIFTICHEKTIHED PIPs DERK
(EPA) (Exemptions of Certain Plant-Incorporated Protectants (PIPs) Derived from
Newer Technologies) IICBT AR EZRELEZ. COREQORAIE. N4+ FTH/0D—
(F/LRERWTLEEDHLOVEMEZEL) ICLYIEHENRHED PIPsITDWWT. TEPA D
REEHWZEHE LTS PIPs KYZKRELGVRIEL-OELRWITHRHEEEICEI>THERL
/THIEWSFHEBFETRYE ., REAINRBREINDENS3D0OTHS, FIRERAIL 2023 F
5 FISB#EIEEh, FIFRAGERERA - REH - REAHFE) CEOEREM, RU FFDCA
(EHBEGEERLEHERB)ICE AR - AHEBYOHBTEGHHIOERTI-ODRE
(40 CFR 174 OWE) A HIE S =121,

115 kAl R E YY), USDA-APHIS (X TSECURE Rule : Sustainable, Ecological,
Consistent, Uniform, Responsible, Efficient (SECURE) Rule] O£ HEH W TV, %
DHEHNWZRNZ L LTAKXY A 2B HHIBRL TV D,

16 7 A Y mEMHe (2020) DREBFIC K 28EFRBZEVORK LED AT 7 /) nY—
BB 4 2 K EEH A OB LA (SECURE /b —b) |

117 https://www.aphis.usda.gov/aphis/newsroom/stakeholder-info/sa_by_date/sa-
2023/brs-340-exemptions (2024.2.26 7 7 & X)

118 https://www.fda.gov/food/food-new-plant-varieties/consultation-programs-food-new-plant-
varieties (2023.10.25 7 7 & X)

119 https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/guidance-industry-foods-derived-plants-produced-using-genome-editing

(2024.3.8 7 7 & A)

120 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-

industry-recommendations-early-food-safety-evaluation-new-non-pesticidal-proteins-produced
(2023.10.25 7 7 & R)

121 https://www.epa.gov/pesticides/epa-finalizes-rule-accelerate-use-plant-incorporated-

biotechnologies-protect-against (2023.11.02 7 7 & X)
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AFE (A FFHR|2021 E3AIC.HC . EEFHREHMZFEALTCHEINLDZED. LOEMEREH
7 L RO HRBRELTCTHRATBMNEZLDELT EINEHABEICTIEH. FLLAAT R (R) &%
(HC) BLtze COHAAFVR(E) I, RTYyHIar I THEEONEERZEICBEAMZON .,
2022 f£IZTNovel Food DR &M FFMICET 5HA1KF5 4> (Guidelines for the Safety
Assessment of Novel foods) 1(2006 &) ® Appendix | ELTEMEI =122,

Fh. BRAICHRESA LY /LREEMTH->T. Novel Food IZEZ L% L (Novel Food
DEEEBEIBVEO  TRAIBHEOMRIZEESAMBDITOVNT. BENEEMTOL
ATBERAME A= 7T147 (Transparency initiative: T1) JZE AL TWL3, HC (. fEHLT=
HRICEHITIEREEREREBETILIOARBFICHREL, AZBEREAVSIOT—HRART
%)1230

=R |A—RLS |[FSANZ (. 7/ LHBELBEDHLLEEHM(INBT) OFAICKYBLAERERIZHL. ED
SUTFT |7 =2 |KSCa—FEERAITIHERNT 0. 2017 FEIMSGLE2—(REL)ZBBLEZ. T0
Za—P | =V —F|HELLT.2019F 12 AIcHZ¥HEEIReview of food derived using new breeding
—5SVUF |V K & & |techniques I**# AR BMEETEH. BERUHBROBEFTI/80—ICHIEL. &Y
HEERE AR DEVICHIETELILIC. HUADERERERUVURFIETEIILEINRESINT,
(FSANZ (2020 EUE,.FSANZ (A =R+ T Za—C—F FBREERN (Code,. a—K)IZH
) FATEEFEMEFEALTAESNEZRER IRV EEFEMIOEZREBET HIREICRY
HATHY. 2021 FE 10 BIC. TIREP1055-BIEFRINEHFLLVERRMTOER 11520 K
Lize 3—FIZCEFTE2GM BRDOEREZRIT-EHITHILICKY. EDBED. HITHLWLE
EFHHTO—MBEFERALTEON-ERN . AHEMNO GM BERTHINEINEZHIEIZT
H5EEBEIRLTLWAS,FSANZ (. 2021 EXRICE 1 EDAATYyHavHLT—avizEE
L.AEEOERREICHLTHFEON 74— FNR\vIERFFLER. BELSEMEERLT
W52 2@B®D/NNT)yHavHILTF—2avDERBIFERTEY., 2024 £ 2 ABEATIHE
2024 £FBH I ERAFEFNTND,

EES BHKE|-F/ LA REAHSZOREESX. YZEFORNBEMICERKESICEMARET.

F12m128, | EBBOKELF, UZESLSBEH  T2EIAOVTIhOFRICH LTI~ E. BREITKELT

129 EMROERZENV-LTHKT S,

CBHICERUTEEHHIN-EE. HEEEIXERKELIZCEHZL. ENKELEEIZDOIE
WEDIITHARZDART S,

CREBBNDELYHIN-EAE. EEEMBEZSICBVLWTERZIND,

EE5@® | -7/ LRERTCAERFOREE L. AZLERORBAICEEFTBHEICETNEARETS.

oot | LEAEFHET. AHERNEH REUBEOVTIhORNRICHKLETINEEMROER
EEEWN-ETHET S,

EEMICEARREIREROBEREM CTHEDTLWI2HEBENDODEGFELOLDITESL. T
NEBROIEGRFELDIDIREHBEORREL S,

X BEICIELCTEORRVWAEEIIODVWT. BERREEES~EHITIEE1H 5.

CEHEHIH SN . RAEECEIEEFBEICHL. BHETS. EEFBAT. ARE
BEILBEEN-BRO—FBEEEFBEDIIIHALTRART S,

" REMBELYEEIN-EE(FEAENTHIRZ DNARMICAERIIRE) . BERRE
ZEERTHOEMBRZEFMZERD.

122 https://www.canada.ca/en/health-canada/services/food-nutrition/legislation-
guidelines/guidance-documents/guidelines-safety-assessment-novel-foods-derived-plants-
microorganisms/guidelines-safety-assessment-novel-foods-2006.html#a5 (2023.11.02 7 7 &
2)

123 https://www.canada.ca/en/health-canada/services/food-nutrition/genetically-modified-foods-

other-novel-foods/transparency-initiative.html (2023.11.02 7 7 & X)
124

https://www.foodstandards.gov.au/sites/default/files/consumer/gmfood/Documents/NBT%20Fina
1%20report.pdf (2024.2.26 7 7 & R)

125 https://www.foodstandards.gov.au/food-standards-code/proposals/p1055-definitions-for-gene-
technology-and-new-breeding-techniques (2024.2.26 7 7 & R)

126 https://one.oecd.org/document/ENV/CBC/MONO(2023)29/en/pdf (2023.10.24 7 7 & X)

127 https://www.maff.go.jp/j/syouan/tikusui/siryo/biofeed 22.html (2023.11.02 7 7 & X)

128 https://www.maff.go.jp/j/syouan/tikusui/siryo/attach/pdf/biofeed 22-12.pdf (2023.11.02 7 7
+ 2)

129 https://www.maff.go.jp/j/syouan/tikusui/siryo/attach/pdf/biofeed 22-13.pdf (2023.11.02 7 7
)

130 https://www.mhlw.go.jp/content/000709708.pdf (2023.11.02 7 7 & &)

131 https://www.mhlw.go.jp/content/000549349.pdf (2023.11.02 7 7 & X)
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(2) EU:HFHLWF AHMN (NGT) HHlER (MY)

RN Clix, IEFEOBRAL AT 7 /v — ORI S FH LWHMTOBRE T L.
EDXITHIETRENIIOWVWT, ZHETHRFPERLNLTE T,

2018 4 7 H . FRINFiE# K AT (European Court of Justice) 7% [ A% 228K 28 B4l

(mutagenesis) MR+ 5, BREEMMIES (Directive 2001/18/EC) | D IERI(L
AT ICOWTH B %2 F L7 (Case C-528/16%32) = & 2. BN H H &
(European Council) (X 20194 11 A, HLWF  AHMICBET 2R 22455 XK )
WcJNZ B4 (European Commission) (ZZEE L 7=,

TOMAEMBE L LT, BRMNEER ST 2021 £ 4 A EU & (Directive
2001/18/EC . Regulation (EC) 1829/2003 . Regulation (EC) 1830/2003 . Directive
2009/41/EC) O FTOHF LWT /7 LEF (Novel Genomic Techniques : NGTs) DRt
CET s ERE 1% 2aR LK,

FROBRICESHNT, MMZERIT, HEHORARLZEFREML O AP =22V AT X
DAEH S 7= 4E¥ (plants produced by targeted mutagenesis and cisgenesis) | (ZBd9
LiEdMb 2B L, 202347 A5 H, [HRED NGT (New Genomic Techniques) 2 &
DELNAEMICET SRR ZRIRLE,

AL, EU ® [Farm to Fork strategy®3®] & U8 [Biodiversity strategy for 2030138
DEWEMEZ XET HNERNNy 5=V O 8, EWVWINMNESTICR>TN5D,

BESNEZHABZ, ACED» O OEEME %2 &MY (ERERERER) . b
DWVIERMEARRED NS OBEMEEECHEY (A P IV XV REFLRV AT
XVA) ERGLEL, Znb0fY (NGTHY) BT 286l zEDbDTHD, b
TUAV =y VY (RHERAREREN L OBEHE &L D) X, RO FE 5
THiE GMO EHHI O R LD,

132 Judgment of the Court (Grand Chamber) of 25 July 2018.

(https://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1578450700192&uri=CELEX:62016CJ0528) (2024.3.11 7 7 & &)

133 COMMISSION STAFF WORKING DOCUMENT - Study on the status of new genomic
techniques under Union law and in light of the Court of Justice ruling in Case C-528/16
(https://ec.europa.eu/food/system/files/2021-04/gmo_mod-bio_ngt_eu-study.pdf)

134 Commission proposal on plants obtained by certain new genomic techniques

(https://food.ec.europa.eu/plants/genetically-modified-organisms/new-techniques-
biotechnology en) (2024.3.11 7 7 & X)

135 Farm to Fork (https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy en)

BV AT L AP TREMNTRECELVLO (FRTERLD) T2 L2HEME LE
[European Green Deal (BRINZ U —2F 4 —/b) : 2050 £ £ TR EDR T A OMPEH EEZE R
2o, BHEAMANOUIVES A ERERELZRZB, CARANBEARBFOE]MD ZIESR0] ©

R & 2 T EE (2024.3.11 7 7 & R),

136 Biodiversity (https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en)

2030 FE TN DAY L REMEZ BIEHEICRE S Z & 2 B 7T, [European Green Deal (FKJN
TV —=rF 4 —))] OFEE 2 TEKE (2024.3.11 77 & R),

137 Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on
plants obtained by certain new genomic techniques and their food and feed, and amending
Regulation (EU) 2017/625 (https://eur-lex.europa.eu/legal-
content/EN/TXT/?2uri=CELEX%3A52023PC0411) (2024.3.11 7 7 & R)
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EC . NGT iz —>0Oh 7 IV — (7Y —1, B73V—=2) ZHEL, Th
FNICB DT HERAOT e A ZEATLHIEEREL TS (F 25) , 7Y
—1ICHKET L AE. BATO GMO ERH (CLeftat, &ox, FL—YEUT 1)
DO ESND, ATV =2 TS T HEEE. BAITO GMO JEHH o {2358 H &
N5,

# 25 ECRRBIZIXANGTHMEFLHRATHEDOHO Tk X

ATFTY—10ONGTHEY : |BEHID Annex | TEESNE-HECEDSDWTRIIFIE
BREEXIHEXRBTEICL | OXRELHD,

STHRETHHEEMEDOH | LREOEEFFH-F NGT EMEIREXDEY EBRIZHKD
%5 NGT % N, GMOZDEH( LSRR INZ Z EIZH B,
ATTV—10ONGTHEMIZETLIHERIE. BFOIRNILE
R, DET—AIAR—X, RUEYREOEEA IO EE
CTakEIhd,

ATV —20O NGTHY : |BHITO GMO ZFZOEHHLABERHIN, MBICHRASIN DA
LERUNDETONGTHEY | VRAIVFEMERBTORNEREL D,

hilE,. GMO & LTEH. IRNILRTSINDS, £, &
EFHBRZOBEMERTIZOOFEEDSRNILERTT S
EELH 5.

JROEM. BEAE. EZFUVIDELENHKLRTUR
g7a77A4 LI LTERESINDS,

Bt BEICEmM TETS5¥EEHA - NGTHEMIZIX.
R LA v T THRFEATREIZKE S,

AREEERBA P ERE L UL T 2100, FEEES KONGRS ICH W TN E R
WT 5, EWVWOIBEDONEFREDITONDL Z EITRD,

20242 H 7 H, BINGES B W TAREBREBANCK T 25 155 (15 reading) O
WRtThbi, MBEEAEEORWE2ED S L OS2I Bk 307 2., Kkf 263 %, 3
ME 41 ZE) L7218, BRINGERIE. NCTHEMIC ZH>DORR 507 Y —& 2 oK% 3%
F2EWVIREBEHANCEKR L TWDH, #7TY —1 NGTHMAE kY L RETHD
LENDEYE (KWEDOH A X, i F 28 BR) TOVWTIFREHAOBEEEZHLAL T
Wb, A% BINESIE., REOR2ERCEL TNESEELEORBZED L TETH
%

DI T, RS EBAlIC W Tl EZ £ LD 5,

O ®R’BHRA DR
REBRANT 4 BELRO=Z20MBETHEE I, F 1 BECTIIHR0HM. 2N
REN, HB2ETHT AU —INGTHY, FIETHT I —2NGT HEWIZEAT
LIRENREINTWD (£ 26),

138 https://www.europarl.europa.eu/news/en/press-room/20240202IPR17320/new-
genomic-techniques-meps-back-rules-to-support-green-transition-of-farmers
(2024.3.8 7 7 £ R)
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& 26 HEBFAOHEK

B1E —KEHE
EL1E R
F2%& #HHE
E3IE TR
FA4E NGCGTHEHUOLTUNDEMNTOERMNBMERULNGTHED LT

F2FE ATFTIYU—INGTHYPRUADTIY—1NGT ®HE

ERES

56 5

7%

#

8 %
9 %
10 &

11 &

oM W W

HhTF31—1 NGT HEYDELE I+

EHUSN OB TOERMBKEBEIZKRIDHATIY —1 NGTHEHD L
B TICET IRIEFHRE

NGT EFZDLEFIZHIDOHTI—1 NGT #EHOREMITICET
HRIAFHE

MBE. MIMNEESR. EFSABITOERXBLIRAT LA
ATTYV—1INGTHEYOEEMTERART H5T—FIN—X
ATTV—1NGTHEMERHH (BEMHED) OXT

ME R

F£3F HATFTIY—2NGTHYPRUATIY—2NGT &S

F12% HATITV—2NGTHYRUVATIY—2NGT ZRKDHME I+
F1H HATFIJU2#EPOLFTUSNDENTOERMKEH
% 135% 5 2001/18/ECE 6 FICHRBE N TLIEHMOAS
FE28H BR-@AEUNOITIV—2HIOLET
£ 14% #H 2001/18/ECE I3 FKIZHEHINTLWHIBRTDORNE
FI15% HHBRICRIFEFE
16 F£23%F (ABFHFDAHTIY—2NGTHEY) ITEILLERFE
FI7TE FBHEREORIBOHMEM
£33 BRL-HAHAROATIU-—2NGTHEYERUVATIV 2B -FAHOLT
%18 % &#HE
% 19% 3HEH| (EC) No 1829/2003 MESERUFE 7 RIZEHEHIN TSR
REFICRIBEERE
£ 20% EFSAQERICRIBESLHE
FT21% EHRORBOEMEM
F48 ATITV-_2NGTHEYMERUATI)—2NGTREDHBRE
F22% HHUICEHETIREZEISHATI)—2 NGTHEHRUATIY
—2NGTH#HE~ADA T 1 T
¥F£23% EARBFHFOHATITIV—2NGTERZORT
F245% HATTV2HEYPOERLLBEWVWEAZHCHE
255 HE
EA4E RKEHE
F2605% EEODTHE
E2T & ERES
E28% HMMNEZEEROFH
F20% HAF52R
®E305F EHR-HE - TE
331K MOEUKIZBITSER
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F32F THEE
% 33%& 8| (EVU) 2017/625 MIEIE
¥ 34% EMBRUER

MEZE I NGTHEMDHRRIEME DRI EFEHEDRAE
MEE 1 ATFITY)—2NGTHEHYPRERUVATIY—2NGTEZNDY R4
MtEE 11 Aot oTaJICEETSHRE

@ F1E: G, @#H. EH
AHANL, NGT o EHils o BEY (B4R &) TOREKIM 2,
NGT fH KO/ - et Ed, NGT B KO & & - kA0 G o |
HicoW<T, HAIZEDL2 DO THD (FH 15,

AHATHWL NS HEIT, B3IKICHESND (F 27),

NGT HE¥) L RZFICHKT 28T, Y54 NGT ¥, T sR&kchr =
U—INGTHY TH S L EE (declaration) SN7=-b DO, IT T VU —2NGT H#
ML L Ci&ZF (authorisation) ZZJ7- LD THALABICRY . BEXHKEH 5

WEEHETLZENnTED (F4%),

#27 RFHAUCKIDESR

FIFE TE

ABRAZEWTE, LTOERZERAT 5.

(1) $5 4 2001/18/EC IZHE S It TE ¥ (organism) 1 . & X 8K H
(deliberate release) 1 ®BRU Tk (placing on the market) | D E &
Al (EC) No 178/2002 ICHE Stz BRI MM OEE
#R 8] (EC) No 1830/2003 ICHREShf= TFrL—HEUT11 DER
PRMEES - BELMRA (EVU) 2016/2031 IZHE ST THEY (plant) | DEE
TEU ICEIT2EMERMBOEE - REICEITIMMES - BEXHFNICET S
ZEEDREI ICHESINS THEWETEHME (plant reproductive materiak) |
DEE

(2) INGT #4% (NGT plant) | &, BHMERZEREFEXFI ARSI RVR, H5
WEZENhoDHAEDLEICE>THOMSIECTFHBAENEERT 5, =1
L. NGT #EYORERIC—HHICEASNI-AHEHEOHD. BERDELFT—
LONBICHRXRT 5EGUMENEFNA TGV LEZEHKHET S,

(3) NEEFMBEZAEY (genetically modified organism) | X[ TGMOJ &%,
54 2001/18/ECDE 2 F2)ITEEZINMTWSECFHBZIEYMEEKRT %, 1=
L. 6% 2001/18/EC OMBEEZE IBICV R FEN TV S EGFHBA KM EZEL
THRoNn=EYMERL,

(4) TMEMEREZES R (targeted mutagenesis) 1 &, £PDY / LD EFEL
MEICDNABRIDKREZL oI RAEEFTREBEMEZEKRT 5,

(5) 'YX PR (cisgenesis) | &lF. BREROEGEFIT—ILOFICBRICHFRE
TEHLETCYEZ. £YOT /) LICTEAT LI EGFREBRMEEKRT 5,

(6) [BERDEEFT—IL (breeders’ gene pool) | &lF. —DDERUVELE
XETELHhONEFME (CAICIEERE., FEEHE. TV ORXHELED
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(7)

(8)

(9)

EELEMEERATAILICLIXRBEBLIEEND) CEVWTHATELLERE
WEEKT 5,
A5 31 —1 NGT ## (category 1 NGT plant) | &, UTOWLWTFhhD
NCGTHEMEE®RT 5,
(a) MEZ 1 (Annex |) ICHRESATVLWEARKEDEYMEREORELZF -
Yo
(b) (a)f=& L7z NGT VMO FHTH D, C*LIZIQR TDELEOBHEYHDR
BIC-TRon=FHETEL, =2 L. 85 2001/18/EC X IR Bl
1829/2003 DHREH D L S 1F, E?&éaﬁz*b\at\ tErEHET B,
FTA531)—2 NGT 4 (category 2 NGT plant) | &Ik, A5 31 —1 NGT
HEYMUND NGTHEMEEKRT S,
TEM& A NGT #% (NGT plant for food use) | &1E. BRRIIEREERK &
LTHERENS NGTHEMZEKRT 5,

(10) TEIH A NGT #4% (NGT plant for feed use) | &, SR ITEAHEERY &

LTHERASNS NGTHMEZEKRT 5,

(11) TINGTHEMIL LEE SN S (produced from a NGT plant) | &1F. 2K XIE—

A NGT HEMICHET AN, NGTHEMEESETH WV /NGT Y THERINL TG
Wl EEEK®T S,

(12) TINGT # & (NGT product) 1 &1, NGTHYEEL /NGT HEYMTERIN D

B fHUSORE, LIS, NGT #EMZEEL /NGT EYMTHER SN D S
NCTHEMMCEESILIER - AHEEKRT 5,

(13) THFIY—1 NGT &G (category 1 NGT product) | &lX, ZREGZNED

SEDHEREHERT S NGT YN, 73 —1 NGT EMTHIRRZEKRT
5, Ff=. B - FAMDBEIZIFE, hT3Y—1 NGT #EYMEESNTWVELEH
mbZET D,

(14) THFI1Y—2 NGT# 5 (category 2 NGT product) | &lF. ZOEENED

SEDHEREERT S NGT YN, hT73T)—2 NGT HENTHLIRGMEEKRT
5, T, BR - AHOGZEICE. hT7TY—2 NGT E¥MIhoEESATLELH
mb&ZET D,

(15) T/ %¥ (SME : small or medium sized enterprise) | &1, RMEELH

4 2003/361/EC OEKDEHFHIZH(+5 SME XZEKT 5,

® HEL2E: ATTY—1NGTHEHDOBERFE

H2 WL, THEMERERFENTI AV o x VAL > TH L NGT Y
N, BRICHDWIIHERBEREBEIMNICE > TOIEHENB =N E I 0] &2, MEE
WCHUE S 7o AL uE (R 28) AW THERR (verify) T2 FfE a2 HEL TV 5,
CORWETIT, HESNESHEOKEZ 20 UNORETCHIT Z2EAIC, BT
Y —1I NGTHEWmE SN D,

BTV —1 NGT HEWIZx L CTIHEEFDO GMO Rl o BN EH T (56 5
). 72U —1 NGT #iixitkfimicEf S 2 EDONL L L THb D,

173U —1 NGT W O iR EFE (verification request) FHcid, Efibisto
By (B4 B2 L) ToBRMKEOSLA (58 6 &) IKHaTET 2 MEE
DYEJFIZ, NGTREO EHAOSEE (5 758) 1 3WIN &ML 2B (European
Food Safety Authority : EFSA) &, TN Z M EOEFERHZRTT 5,
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EFSA (3, i %# L Thb 30 BEEALINIC, 5% NGT MR AT 2 —
1 DEMEZGMIZ L TWDINEIDOHBFRZEY, ToFBAEZH L%, EC
T30 BEHUNIZ, #7 32U —1 NGTHM THLINE I MOV TESET DR
EXFZER L, REOHMEIZ SOV TITE#H (Official Journal of the European
Union) TAXRT D (575,

EC ¥, #7 3V —1 NGT WL LizcbDz ) X MET 57 -4 X—2%
EL, AT 5 (9%,

A7 FY—1 NGT Wz & A, H=F0FHMH T& 5L E (plant
reproductive material) 1%, B HWSRFHHEO SO Thiv, 72 A HEHE
BB BT, Tcat 1 NGT) OMFEE NGT P OB E S 2 LR R %x L
mIFER SR (B 105K, Zhboh 72 —1 NGT WM EHL, AHEE
WHWS Z i cEwy Bs5H),

% 28 Annex I : NGT M OHERMEY & DR M0 K1
NGTHEWIEZ. LYETY MNEBEHMEDERN., BMHHLEIELUMEEEE T 5 DNAE
5| (INAA AV ITHAITAAY—=IIZE>TFRARELZED) IZTEWVNT, ()M B(5)T
ERLESATOBGHREIZCOVNT 20 BZBALEVWIDTHIBAIC. HEDEY &
REThdEHHEEIND,
(1) 20X LAFRUTOEBRXIZHEA
(2) EEOHOXILAFRORE
3) BEFHEBAICLIYANEUHEGFIABITOAGEVWIEEZEHLETIUTOLED
(a) BRERDEEGEFIT—IICHEHLET HEHKLI- DNABRIDZMEA
(b) N DNABSE, BRRDEGEF T —IVICHEET 5EHKT 5 DNA E 5
EDEWE
(4) FEOHODXYILAF FEIDEZENIEIN-YEREE
(5) #HRLLTHELOND DNA BINERROEGFIT—ILDOBIZCEIZCEELTWLS
(BEIZEIYMDRVIXRIFQ)TREOONT-REZHESELHD) CLa&Hs
T35, FEDODHLARXDFDMDODEMNHE

@ FLIE: BTV —2NGTHEHOEREW
HF3EIEL, ATV —1 OEEERELI T, ZORDE 2 BIZED LIV T
WZIEZY LW NGT fE# (27 =Y —2 NGT ##) 1Tkt L CT#EH I D Bz
HELTWD,
BT TV —=2NGT MR OH T 2V —2 NGT ®HI2ik,. ABRANCEB W TR &
NRWIRY . BEFO GMO BilENEH S s (5 12 %),
FoUE (B 13%%) : BRSO ER (B4R ) TOBRKM R EHICEL
TIx, 545 2001/18 /35— B O Tt % ji H .
B2 Hi (5 14~17 &) - &an - RN O RGOSR AICE L TX, B
2001/18 D /3— k C O Fe % 1t H
F3E (55 18~215%) : GM &b - S Bt MG AITBE L Tk, Al (EC) No

>
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1829/2033 @ Fi5¢ % 6 .

2B, BEFO GMO BEilEO@EA X, NGTHWICHEE T2 L 9 I L TfT
bbb, TOWEDOERLLDIX, UTOLEEBY ThHD,
> U A7 FHE. ARBAIOMEE I ICHE-> TTT 9,
> BRHE - FRBNE - EEREARMET LI ENARTREARL AT, RHEOHE
IS 27200 F2 ) T 4 205,
> BFEOV R T a7 7 A VEREM, L EHE R B O LB O W TR,
VB TRWIEEIZIIIEEMN & 325 2 L2Vl hE,

PR E T Part 1 U X M SN2 BE (Rt rl et O BLA O M O MEEEIC
HRT 2O H2EE) 263587 3V —2 NGTHEMIZx L Tidk, Ml Lk
DAy T o 7REAIND (F225%), 2720, MESE I Part 11 U X M
B s e BRERME) 268725605,

B7 A Y —2 NGT ¥y - ®ihiZ, BEFO GMO BB T2 bL—H% VT 1 K
ORFELONGE LD, BEFHEICLEY 720 S EBEICOVWTERT S
ZEbTED (23 %),

B4 2001/18 TRO LN TWAMEEO B EE LN TO GMO FHEHEGHEIZ D
WL, 7Y —2 NGTHEWITITEH S e (8525 5), SMBEEIX, A
E® - BATEMHRIC 7 2 Y —2 NGTHEYABERETRAT D Z L 2 REET 572
DOEFHEEEZRE ORI NIE b0 (5 24 5,

(3) KE : 2023 EFBETFHM FBEFM) 15 L BLHIRHE

O BEBETEWN FEEE) &

SR IL, 2021489 29 BT, [4S T 505 0 BUBHIC BT 5 B 0 J ) 190
EREL, AH%O [EECBTIMAFOER B AEY (GMO) il ok
WL TBNA#tE R LI, 2O T, 17 AfREEINSCEOMOENRIZ L -
THEEINTZEMDO S L, HERBFREIZCE-STHLHEINEDLI LDIZOWTILER
T A OB BERANT DR, B FoEREZREST, £, b0
EHIC B ERBGEEEZ R T 2.0 LW0WHI T e —FRRR I,

EROT7T o —F o T, BEICBIT LY/ LARESIFHEROMRE T,
B it (& EM) 5% (The Genetic Technology (Precision Breeding)
Bill) | 7% 2022 % 5 AICERICRH I N, @EmARINTEL, ZOERIT. B

139 https://www.gov.uk/government/consultations/genetic-technologies-
regulation/outcome/genetic-technologies-regulation-government-response (2024.2.26
T R)
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BEME (75 ARE) SNTEEMEAOCERSHY (b F2kR<), TRICEh S %
MAWTHBESAZES - WL ZGRE LT, ZROORF - THEAZES
T, K0RILL7-HRGHEZEAT LI LEARELIZLDOTH D,

ZOHERIL, Tt (EERPBE : House of Commons) & OV EBE (& #&PE : House
of Lords) TOFEFHAM T, 202343 A 23 AT 12023 FEETHIF BHEFHE)
% (LU, PBYELRI#HD) | M0L LTHIES NI,

PB ki, 5 &8 48 TR S 4L (R 29), —HOBIEZ RV T 2023 4F 3 A 23
AxblifTshng (5 48 f). £, —HOBELZRWTA 77 FEORY =
— NV ADHRIZEMEND (Zay T RERGIALT A VT & RiZBRSS) (B 475%),

# 29 2023 FBLETHN (BEEME) & (PBIE) OFRK

FTL1E (Partl) HEEE: T

E S BEHELEY
H2% ME®m1 T8H1 OEK

H 28 (Part2) MWEBEEY  BHEKE. Eh. U R HE

¥ 3-4 % REKRH

¥5-16% Lt

£ 17 & 1) R 4 FF Al

%18 & o

F19-21 % EHRUER

¥ 22-25% REBRERUVLEMICET LS —MBREFE

FI3H (Part3) HBEFELEYLLEESIAE-ERL - 8N

%26 % REFAREYMICEESLERG - AIHORH
¥ 27 & B fANOLEMmHASE B85

¥ 28 & ¥ 3EDEFH (Part 3 Obligation) DERERUVELRE
%29 % lPart 3 Obligation] @&k
%30 % 5 3 BB D AR AR

E 48 (Part4) #W4T
¥ 31-32% BEEITLIEROHIT: —BEKIE
% 33-37 % #HITEM

% 38 & [
E 58 (Part5) —fBRE
% 39-48 &

PBIEDOEKH OB S LI FIZie## T 5,

L

B ER

140 https://www.legislation.gov.uk/ukpga/2023/6/contents/enacted (2024.2.26 7 7 &
Z)
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WBEBRAMDOERZ ., F 30 1KLL, BEBRAD L 2SN 55041
HILE2HIZRIN TS,

£ 30 PBERIBIIRETFEAYWOEE (B 15HKHR)

F1x KREEREEY

(1) COZEBIZBEWVWT., THREEFEAEY) LT, RETREEVMXXIIBREZEETETIYME LS,
) XAEDBERIZCEWT., UTZm9EZEIC. £9E THEFEILIZ] tOTH D,

(a) 7/ LD HIE. BRD/NAAAT49 /02— (modern biotechnology) O i
kYt dhf-40TH5.

(b)) BMRONAA T /00—DFARICEYE-6ENhBS5/ LOBEHEOETH., &
EFLTW3,

(c) BRONA AT o/ 0P—DFERIZCEYIE-6TNBE5/ LDHo 55EFHIE,
BEBHTEDHBTHSIDENEHLLT, ETOELRADHICLEH>THLELE
-toThH b,

(d) 7/ LlE, WEONAATH /82 —=LURNIZIE, WHAEBZIAAHNRERTOER
IC&-oTHrEoSInizHEEEEE L,

(3) BZEIZHWT TRRONAATH /02— LT, EGEFHEBEZEY (ERMKHE)
3R 8] 2002 (S.I1. 2002/2443) MO#HRAI5 (1)(a)X (L (b)ICEE b HFEMBELS,

(4) EYOT /7 LOEHRIE. AHERETHNESELEETOHN. TOEYNERET 51U
BHEAGRETHNIE TRE] LTWS,
(5) MDY/ LOBEEARETOELAILLELEIDTHINE SO ZTHET HEEIC
F. UTZEFBELGEL,
(a) TOHHDIE—H
(b)) TEDzRT 1 vV EIKEE
(c) 7/ LFDEuE
(6) CHIEEIZEWVWT., TRETOER] LIE. UTZEHKRT 5,
(a) EBIZDOWVWTIE., UTFTOWT hh,
(i) BHEZHE (i) BRAERZE (i) ABREAIHE (iv) E8EOFR
(v) EEEE  (vi) BEEKR (vi) BRRAZEESH
(viii) EEYVEZ2XBT I ENATETIEYHEOEDHED., (DAL (Vi)IZTEE
N37O0ERICLIHAMERERITHEBHME
(b) BMIZDOWNTIE. UTFTOWT hnh,
(i) BEZHE (i) BRERLEE (i) AIBHE (v) K9 2H
(v) BRHE (vi) EHMHFE (vi) BEEBEMABOEIE Vi HE
(7) TABMHBZESM] &I1X. 1990 FREBEFRELSE 6 WOEKOTHBHAICE LT, BEF
RIEZFDMDECHEZANEMIIHRET I ENTEIRMELS,
(8) - (11)
(B&)

B2H  KEEMAYORE K, bdi, U X7 §Ef

FEERAMORE KWL - EHA4T 25 81%. TEOHEE (notification) - fi§
#@ (precision bred confirmation) Z{THO 72T ILR b (B3 5%&, #55%),

FHKE (Secretary of State) X, Z AL H D Jm M55 2 F0# L 72 5% B Fl B Gk i
(register) ZAER L., #MFTL2HBELA S, UEBFHEIT, EFHOFRICLY
DRPVEFETT 7 A TELR LT E bR (518 5%),

BZ, 477 REWNIZHET TIRA, XIEA 277 2 FENICB W TS
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SNOREBRAEMIZONT, BE~OKH - EfiaiiciRE U X 7 54 o F i 2
KDDL HAZHEST L ENTED (F 17 %),

53 BT b O R S R G - b

W EEAEMNOAEEIS N/ - ST, EBRKEOKREFHF A (marketing
authorisation) #5372 L CEMi+2bD & L, ZORBEFAIOHFE - KB 7T vtk
A ZRESL T HDAERRIT B ML HEST (Food Standards Agency : FSA) (25 %25 (&
26 52), £, EHT2BICE N —H YT 2HRT OO0 EFEZHRT

(% 26 &),

Fo. HAEM - FEORTIHFANICET 2T EOFEH 2L L 7 B8k E O FERK
- MERF - ABHIX. FSA DMT S (5 27 5%).

%48 BAT

BUFIE, PBIEICESS BHEOET LA T 57290, A (notice) 28V BLR
Floxt L CiES#EST (compliance) . Hf & O 5 &y 0 25 1k (stop) X 1% &l &
(monetary penalty) Z @ U5l (55 33 £~ 35 5) #7563, HAl%
HET D,

@ FSAZXZHRBMEDORRE

bk &0 FSA X, PBIEICK Y, && - BN T OKEETREAEY

(Precision Bred Organisms : PBO) (ZxF 9 5% L\ LT RIAGR 7' 1 & R % fifg 37
L. IRFIEFF A 2157 PBO IZBH9 5 A& #E (public register) A {ERK « HEFF
LMERZEINTND,

TG T 2 EIE, FSA (A7 70 R, vx— X, Jb7 A
NT v REEHE) /A3y b7 FRMIEME)T (Food Standards Scotland : FSS)
DIEEREZDBIER LT, AT TR, Uz— VX T ANVT U R, Aay b
7 FOABIRBUNBERE., FBMOFFRAKRERE L bWELIToT, £,
By s 503, AN - 7ok 2% ZEZBE%S (Advisory Committee on
Novel Foods and Processes : ACNFP) 226 OB E % 157141,

INOORERERE Z T, FSA 1L, 2023 4F 11 A 8 HIZ, H7-RBM A DRE
EARL, N7V v s ar s —va ik LM,

O NT =2 a ry TORED I L, T EHRIARS AT L) KO THRE
KRB A& T TR g - SRS PBO D AR ERE ) (BT 2RENEL, UTICE

VLFSA G DOIMEDKEIZK L. ACNFPIZ3H DM (20224 9 A, 20234 1 A, 2023 47
H) %3%F L7, (https://acnfp.food.gov.uk/Statements : PGT Statements, 2024.2.26 7 7 &
A)

142 https://www.food.gov.uk/news-alerts/consultations/consultation-on-proposals-for-a-new-
framework-in-england-for-the-regulation-of-precision-bred-organisms-used-for-food-and-
animal (2024.2.26 7 7 & X)
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EOl (BWyaNOEFILZ. BEGHOFORHLES),

i) &L - R T PBO @ B RIAR Y AT A
ACNFP 25 DS LB 2B S - FSA 13, Ml 7 7o —F OB E2E ST 5
e, MEBREICEWTHEH L2 HITIZ DWW T OBLE DR 78 B R 1B
T 5B E 2T 5 L9 ACNFP [CHE#E L 7=, ACNFP O &= 1 £ iy il i
(PGT) IZHFHE LTe/NEB SN ZOFEELHE LT, ZOR K% ACNFP K
ZEZICHEL, TOMEK, ZOMFEEICEHLT 3 RoFHARELI N,
(8.7)
FERHOBELRIZ, 310X IChosTWD,

# 31 PBODOHHI TS o —FIiZB 32 ACNFP OFBHDOE

% 1@ ACNFP =B (202249 A) BEWNTYRIEBEBDIT

> ACNFP (. TPBO AXEMIZ TBO KYELBEMRTHA IEWVWSIENITIZ OS>
fz1 LEELE, LAL., CORRIZTKEEBFDTIV/ O —DHoKRIREEENEGELN
LAEEMNHDIELRHBLTHEY. FD-H ACNFP X 2 BRE7Z7JO—F 2HEL
=, (8.8)

% 2@ ACNFP =B (20234 1 A) ) 7—CERERBHE

> ACNFP . BEm-fAHMAITELTRESINI-2TO PBOIZHLT., TEBELLHHEEDN
MENMNESH, TOHEPBONEDEMICHFEINDIRNEN] ZRETH-ODD Y
T— EMEHEELRZ, (8.9)
> FUT7T—PEBERBIE, UTICERZSTTLVS, (8.10)
R (Novelty) : HEZ PBOA., FREFELTOFMELELT 5h,
#EX (Composition) : &M%, XERKE. FUILXF—FHHEICELT, B& - &A8
NDREMVRVICEEZE5EZDHBICERLGELLLNH D H,
FOHDEELDES (Other safety concern) : ERDFHBPUELCHERICET 5E
BEEEUMNIZ, PBO DXREMADEZBICEHLTERLGLIEEENHDI<<F
NES>SH—RITEWT, BLIRFADE-ODEFZRETHILEZEME
LTWL3h,
> FMUT7—CEBERADORECELRIBENDLETHSIENTEINIZIGEA. PBO [& Tier
21298 Ehb, ThLUNDIE) RS PBO [E Tier 1L IZHhESHh B, (8.11)
Tier 1: PBO D55, BENKTEMHURINAEEINATILNS TBO ITEHEICHTL
5HDIE. BEHICK LTz (bespoke) ZEMTMABBELINSERIERE
. MEBE~ANDQDLKYBELBZIL—LAHDIEA5,
Tier 2: T—ADBHLIZNMARLELRELZED PBO, EARMICIL., FRME. MK
Tk (BHE-7ULX—FRME-XEDE - REICEEZE5Z50H8HMED
HHLD) OH5H PBO., TDMDZRLMEICEHTIES (BAEMNLER - &
HOREHEVRIVICOVWTERIBRANMDBELELD) OHS PBONEEFNL
b5, ChABH® PBO IZDWLWTIX., PBO OEFMHD L YVEEHMLRRZED. &
B2 L1z (bespoke) BREMFEM TR AN ThHhh b,

% 3 B ACNFP =B (2023 &% 7 A) T—2EH

> ACNFP X, T—4EH (B& - fi¥lEITO PBO DX EMTFMEEMITS1=HIZ FSA
NERITRET—4F) ZREL. Z20BEMEBEETIL (UT TModel 1] RV
TModel 2] &8E) 2RELz, BRESNEZETILE, @ELAZKICHIZY ., K&
MICEDETILZRETDOINIDODVTIE, VRV ZEBTLHDITAMIAHYES EER
bNENEEELT. FSABESARET DL S5FNLRoNT, (8.12, 8.13)

> Model 1, Model 2 DWFht, UTOBERILERSIND, (8.14)
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VEEGEFEEOMELEM
VEBRETORDICERIAE-AE
VEYOEGEYENERLLEWVWEIL (Whd THX274—45y R ) OAEN
ERIMBICHZAE=-HI2THbnd 04 - FIE
VER EHELTOERZENELEHAEZTOREDEE
vEEREORR - AHORELEADES
VHBRRUTZLILX—FREEICHITIEEOFTASINIEE
VTFaAa—TUPIVAD—BRELTHEENEET S, UZEBEOBRMDODNYF—F
Bl RERERF. 8F. FLLHFULHE) OkE
> Model 1 & Model 2DFEHREWVWIE., BERAT—2RZHETHEHIZ Y T7T— DB
TEESNDIERT—%NDETHD., (8.15)
Model 1: ERLE-ECFELICHETIEAMNLBRLE) A VDIFIFER BT
flic SHICIE., ERLE-EKEE (BER - AHOREXEREHICEHAET
5158) NERINFZLEHRITE2-HDOVHT—9LPDLETHD. &
HLEZEEAEDLSITRELED, RUBR - fAHOZRLHICET S %
EAKET HAREICODVTOERIALELL S,
Model 2 : Model 1 TRHRELFERET—FICMA T, HRICETHIEMDIL—F >
T—A4HLWMEBIZHD (BWEICRLTERER  -RMEXER. ¥, 7LLF
—BHEELE) . ThIZKY, FUYBVLWLRILOZREENRIEESN DS,

ARG S AT LA O  FSA 1&, &dh - ST O PBO OFHIIX L T,
EHHIAR AT LOT T —F 2 RET D, ZOMRMABITIL ZIRSIIED W
LD, B e PBO ICk->TALD Y A7 2Hfif - BT 572
D, ACNFP ORETHHEE T — 2 BHICES W2 2 BEFEO S 7 7'a —
FEEET D, (8.20)

FSA (X, MU T7—VEMETO PBO ODMBEAT — X AEZIRETDHLODT —
Z L IO T, ACNFP N2 E T 25 Model 1 28T 52 L 2 8RE
T 5, (8.25)

EHRTAR T e 2AOME L, & 32 KUK 7I25T 5,

# 32 FSAPHRRERT S LELHRAR S e EXOME

Tier 1 PBO (8.26)

v B -fAfmT Tier 1 PBO (X, FSANDBEHNNVLETH S,

v BEEZBEX., FP)T—CEBTACNFPEEZFRLT TierZ¥IE L. Tier 1125
LI 5B - fARRAIT PBO % FSAIZEHT %,

v FSA (XBEMZEZELECEEZRML. PBONER - ARANDFEAZETEINS &
SEBKEICENET S (8.38, 8.39 #8MH) ,

vV BR-fAHORZERIEMEINT Tier 1 PBO OBAREEX. FSAMLEFDED
BHMZEZZITERY. FSAIZIPBO 2 AMBHBIZEHET S,

Tier 2 PBO (8.27. 8.28)
v B - fA#EIT Tier 2 PBO I, DB HIMREFZ ERBHRIZC FSANDHEIDE
LB B,
v BE&EEF., FVT7—CERBETACNFPEEZERLT TierZ#|IE L. Tier 2 (25
LT EZBH - fAMHET PBOICEALTIX, RONBEZLEHEL-HFEZHFIRHEIT S0
EAH D,
- ACNFP H42EF % Model 1 TEXRIN DB, Tier 2 AT—2ANEDKS I
HEENF-IERTT—4
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-PBOMNTier2 ELTHIESN-ZR (FHHAME. B, TOMOBEEEIE) (C
BETHEHFICH L= (bespoke) WRIVFMIIHELLLAREMENDH B
MmTHEIAhE=T—4%,

v FSA IE. VR SHMITOERIZHK > T, BHICIKE LIz (bespoke) RV EHE %

EfTL. MOWTUVRIVEBEZETT %

vV ZO7O0tERDETH%. FSA FEHEKEICR L. PBO "B &R - fAR~OFERA%
(FRAEHEOAEICEDLLT) BAINdIRNEH, BAINEIRETHLLEZSH

&9 5% (8.38, 8.39%5HMH) .,

V BR-HIHORTEARZEME SN Tier 2 PBO OREEX. FSANMLZFDED

BHEZZITHRY., FSAIXPBO Z22MBHBEBICEEIT 5,

WA XA FSA VL, ot XA0@EHICET 2 FGH - SN A X o X & ERk
3%, PBO ® Tier 1/Tier2 U 7 —JICMBERT — X OMEL, BRAIC L
5 HOWE (self-determination) % XET HEXTRIHINNT A X A %
REL., FIFBAFRE L ORB#ELRTAKRT D, PBO M Tier2 &HE I D A]
REMED B 2K EIN CHrfME, Mk, ZoMmBETHE) CLBELE SR EBNT
— ZZOWTIE, FHNZIG U7z (bespoke) xfIts &2 BN, HA X2 ATIE
EHIZX L TPHAIRER b DO ZRET S, (8.30)

FHWE - g - SRR PBO 1 THIHIE R8G5z, BMREIL FSA U
=7 WA MTH D TH M G55 F G S &k (Register of Regulated
Product Applications) | TJaH (Tier 1) K OHEE (Tier2) ZMET 52 &
MTEDLHLEOITRD,

b - fEHE T PBODJEH - HEEIX, FHIEEL T 2T A (Case Management
System) THH - B AGETHY | HEZFITVWOTHEBRNAZHET 52
EMWTE D,

HR 58 5F 7l & BUf% L 7= & dh - AT PBO (X, FSA ME BT 5 AR BEREIC
BikS o, (8.31)

W 5e 7K R A i 7o 3 B - PB IEDE 26 SR(3)HITIE. B - fEFA T PBO @ RIE
KRERITT DD T REBE M EHET 2 ZRILEICOWVTRHRLTWY
%, FSA X, WOEMHE2THIZT LD ZIRSBICBWTHET L Z & 24
E+ %, (8.40)
v ETRIKEEOXM R E I 5L, Defra KEIZLY PBO Th D Lk
WEINTWD (LR I PBO D& TR TH D),
v KB O T TPBO B AEEI &N - fEHI, B L@ oIS
R A RIE X0,
v MR - WEORE FIENEEE RS TR0,
MR - BB OAENRRICEEEL 5 X0,
v MR R E, RBERDZENAEMICTEREIND /M - i
BFORDYVICERLTH, B MR REEFAH AR ZH S 720

AN
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i) B - FEHE T PBO 0 2 B B bk i

EREOEF - MMOHHIE. & Rk, HEE, ER, BT RE2E0H LD LFE

BRENPFATE 2 AMBRELZH T LI THY . ZHICIEMHE (Tier)
IR ETOPBOEZED LRI TH D,
THEFE AR ORI WFIERRE L OXENS ., HEE X, ABEREIL.,
BIMERECR DT OIWTAE(E L, B &L - SBHA T PBO A2 RAJICHHI S TV D
TLEEBRIETRETHLLEMIEUE TV DI Enmanz, ¥/, WEDOH
B (DFEV, AP EETEINAZER) BT E®RE. BET 222
AT O FEM A BEBICEDHEIRETH L LERMINT,

R FSA X, ThZEno/ b - ki PBO 2250\ T, LLFOEHZ 2 7-
NE B EE (BEEPERTIEREZGD) 2RITDHDIEEZRET D,
(8.50)

v PBO D4

AR R

WRED R B

AR H

EKBOSEME (B BMAORG L L ERE L TIRRTRELD)

KR I N4 PBO ICEADZME S (URN), (ZHidmRiEex

BiiF 2 ERIFIC, RERMMFETNIEI O URN R CEICTET

HTENTED,)

v PBO AT — % A% HEid ¥ % Defra BixfEICB T 2= U ~D
V>

v AR PEREAN O FE A

AN N NN
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FRRENVBNTHDOPBONE DREBICHE T 20 2 EEICHTIIHTHE

D £

BHEMNFSAY > T4V R—KIILEHET BHEMNFSAE v T 4 R—KIILEHET
[fEH (notification)| #12H [E855 (application) | #Z1EH
H H
FSAN 58 % 5240 FSANSZEZRAL. BFEEELEFz v 7
(BESEHNEL WV L ER-RT HT-0IC .
EEF v 2RI BENHDY) ¥

BREFEED O OB [ FSAXSERICE L7
WEIGLT) |-y R2MFTEE R

:
1
r r
FSAB KB~ DENE %M - 1ERL .
; ° FSAH U R o BEAEM L. B1E 4 ES
i H
KERE PR— FSAN A ~EheE
H H
& 17-PBO EZR X N 7-PBO
e ’ T © 1 Tier 20BHEICHLT B LHIE SN FPBOK,
H H Tier2iICZ LA 5t Tier2BHEzE7AERD
FSAZ'BIRE ICBAIL || Fsaprmss@m EUE BT BEL D D,
L PBOA B SHE
NSENI

7 FSAMBRET AR - FAEMIT PBO © EHRIAR T v XK
(fiz# : Consultation on proposals for a new framework in England for the regulation of precision
bred organisms used for food and animal feed, Annex A, p.3)

EAM
B \@RAEPBOICET 2 U TDIERIZ. FSARR Y A b (food.gov) F7-3RFHEMEESD VT
THARTHYTAVRBENDATEELH S
(WFh b BEEZIBRITER O

B fad (Notification) /H35 (Application) DOIEE : FSAD RIS R BB/ ERE ICIBH
RPEELOKRETT | £FERNKRVESR

FSAZ 24 ST mE

EREFADOED - ARMITPBOICEE T 2188 : AFEHFEICIBH

(4) FSANZ : F—A TV 7 + =a—V—S5 V FELEEHRHOKIERE P1055

FSANZ (X, BEAF « BB - RO B FHEIFIC K > TEES LD BT XV EE)IZE
JETED L DT, 2017 FEHALREL (LE=2—) FEEZITo /R, S EERN
(Food Standard Code : = — K) ICBITL2EXRLLVHAMICL, EHITHZ L 2REL
TW5, 20214 10 HIZ B I N LESR PL05514® (£ 33) 1, a— RicBIF 5 [#EER
A L CAE SN/ (food produced using gene technology) | KO &
=7 H1if (gene technology) | DEXRFZBEETLHIHETHDL, TNOHLDOERICELD, =
—RFOTFTTCELORMMNERLRTFHIEELZ (GM) AL LTOEINI LR RED,

143 https://www.foodstandards.gov.au/food-standards-code/proposals/p1055-definitions-for-gene-
technology-and-new-breeding-techniques (2024.3.11 7 7 & X)
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# 33 RHEERAOEKER (P1055) o=

FSANZ QO TIX. A— A S 7 - Za2a—C—S U FEREERY (3 —F) 0
TBEFIZ RU IEGEFIFZHFRALTCEESINIE-EBR]I OBREDEZEZRD LS IC
BETIDLENHD :

o [EEFHEMI ICHTIZTAOELAR—ANDEELTHRE -HBELT., HEEXBEZRE
TOEGEFHEBAFEZEEZOEHICED 5,

o [EERFHMZERALTEESINI-BR] OFRZHREL. BEDESZTRITOZR
2HAMEVUGCGMEBERELTORENSKRNTHIEMT, 759 FR—XDEKH
BREEEZTRICEDD, BETLI2E2TOBRNEEZF -LTVWEVERIE., 5l &HKi=
FSANZ ~ADBHEILIDLETH D,

FSANZ OFFECTIH. RE2LHEANELRZRODREOBREFUERVIYRINRAETH
5138, NBT BRERUBERZEI—FEHNDO GM BRATH>TRELHEL, GM B
T, HEATSNEEEDOT CTHRAMNOREMHFMERRZEZSIEMELEL L. KBS
GMERIBADORTONREL D,

CNODBRFNDEEL., BHREESORICHTHECERICIIEREXXETSD
DHELVWASAFTOZAEHORELGE., FERFMBEICLE > TXBEEINDIENREEINT
L\éo

2RELT, COT7TE—FRUTZETI>LDTH S,
® HLULERMICK - THEESNECGMBRARETHIEVLWSHREZRHT S,
o RIMDEEICHL., RHEBHEOX v v TOAEREEHET 5,
® WMEXNDEBRERALEMNZEZHL. KXDBRAFIYIXERUVRIZLELSIHBVERE
BRLWT. URVIZHYES DD ET S,
® BEROEMHICESVNT, UTZHLIMRNEEEZERET S :
ZDESLEGNBEITENEERICEDTAN—SNHEICEETSHITHS
SHETLORENE ONZEET S,
REDHEHMAN—AD GMRTEH#HIZEELTW D,

20214 10 A~12 HICER SN 1BIAD AT Y v 7 2% 15— 3 T, FSANZ
IFRIERMAE ICR L, P1055 TIRELEZT 7o —FIZo0nTaxr b5k oRD7,
ikt L, BRENSAF L7136 HFDISENH - 7,

FSANZ 1% 2022 4 11 A, ##HHIC X s TEHINT/AME 2 A2 N 2T LHF
BfRE 74— Ry 7 L AR — 2 8B L 72144,

FEHEINT-ERIZ, ZRERMEICOWTIRIAW T A > M 24 L TE Y, FSANZ X
BEISNEHEA L O TFERT —< It/ r—7{k L7 (K38) .

144 https://www.foodstandards.gov.au/sites/default/files/food-standards-
code/proposals/Documents/P1055%20Stakeholder%20Feedback%20Summary%20Report.pdf
(2024.3.11 7 7 & %)
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X 8

BIRIANTY) v 7 a3 s —2aryTEMMPOERSET—=

T4 =Ry I BonERERIT, 77—~ LIR30 HIICTEHNIND,

* 34

NIV ravy LT —aryTEbN-EREERE

R

R

HROEHR

1R ERE
t

1

NBT BERDUARIPZEMEL,. — D NBT ERZHRATL 2 M
NEBNTBEAYYRZDNTIR. BERASIANL TS,

2. 35 % o A 28

2

RHEOXRSHIT. O—FEFHEGFRMIRVIERFRINEHE
ALTEESNE-BRIOBEEDERDOHTEXHFLTLS, LML ME
EFEMIDEREHBRITRENEINZED . EREZEDLIICHETT
RENTODVWTREEERATANL TS,

TEEFHMIOEZERVERA—XOBRNEEIZHNLTREREINEESR
RENPETHELBEOWILIZOVWT. REFOIALZCDBESHERESL
f=o

w

R L5 o R

i

RBEBEIBMLTERAAMSI O REHOERZXIBELEZN. BHZESR
(advisory committee) DHERAMEICOVTHSEDRHEENBSRUEE
MZEZEL.CNICEBFHLOBEIMNEXRTEIOTEEVALEVSIBENE
FNTL =,

4. BUFF DB R

ETONBT BAICHIIBFOEENOLENLEL, —4D NBT BAZEH
RATZEMTMmMACRNTHIENOBREHNRVZOMOF R DATHEMEIC
DT ERASAMANTILS,

5.2 0t 0 FHE
il

GMBERDORTIE. BAORREZTHELLZV—HORHEEIZELTEIE
MEEECHMETHS. CNoDRHEIT.NBT ZFEALE-EMAICH GM
RTZERATAHIELRODTLS,

Z<OREEBRF . A—RFSVTOREEENERMAHREF HEHEL.
BEZDMBEZEAREICTAEOIC. ERNATORFMOANOEERZSI=
ﬁ%gﬁ%ﬁbf:o

AVTSATUREBITOBEBEANSIL—HEYTFA DR EE)RIIZDNT
TERAIANTINDS,

(5) Al Z6 DFRE

35 ICHAE - MIICK T DFHMESEMOME 2R Lz, R 36 (2 OB 7251461
DIKES « HERRARPLZ R LTz,
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# 35 £E - HBRICBTIEMEROBRE

E-this | 5T 1 25 15 D B =
EU Bl B R RSB |NPBTICEATASEMEFTRHE=-5%0,
(EFSA)
*E KEEHKE(USDA) |#BRHEZE (Confirmation of Exemption) & U iR &l 4k 5% & & (Regulatory

Status Review:RSR)DEFFICxd 5. USDA-APHIS OEZIX. ThTh
LTOYRRZH/EEL TS,

-Confirmation Letters %5 -Regulatory Status Review Table 148
BE.BERFUNCBTIIUIO. AHRKIOERZ(FLWEbE) I HE
ZEIZOWTEHUTOYRMIBEHIATHS(F/LHEERBELED),

-Regulated Article Letters of Inquiry?®*’

B & E ¥ & B |lConsultation Programs on Food from New Plant Varieties JIZ& ULV T
) BELFPETLERBE. T—IR—XRIIBESINTEY. I7I1ILEE (NAFT
2/ —@HI7A4ILES biotechnology notification file number, BNF
No)IZKYMBEHANL TS, 1994 EICRVDENNNAATH/BP—ICH
TE5HMEETTL.2019 &£ 2 A4/ LREEYDRBE(FLAVEBOLARILY
ML HESAZFIAXIRE)ICETIRDOMBEELET T LI, 2023
£ 6 AICIEBNF No.186 FTOARXNEFHR B L1185,

X ERERETEPAFT.EVPOEREERSTHIEME AREH (Plant Incorporated
(EPA) Protectants:PIPs) Z# & F2#EREZAL. ChITLYNAFTH/ RO —HG
DRHEIT>TLS, NPBT 2 REICHRAOHBENTTHIA TS,

2020 &£ 10 AIZ.EPA B BELLTOEREHRT (KRB FAEICETS
EUHICHEEDOPIPsERBRTSEMT. THLLEMICEXTIHTOENE
AR EH (PIPs) M % & (Exemptions of Certain Plant-Incorporated
Protectants (PIPs) Derived from Newer Technologies) JICE9 % %5 8l
EFERELEZ. ZLT.RELCHLTEFEON AT Yy AV RERELIZE.
2023 F 5 A 25 HITHREKRAUEZLRLTWLS,

ZTOHE. OMMIZE S T 5 (sexually compatible) iR ICRoh bE G
FLEH(match) THLIBEREFERAXIRESIN-LD. QBEFIES
AVEHRZEICKLYEEFOEENETRXEBRESA. ThICLYEDRSICH
LTERMEZ2ET L3230 EBRAERINS, ONHZEE. PIPs
HETBEHD PIPs " RBROMETHAHIELIZTDLNT EPA OFERIBMAIC
WEIZREEN. QDIEE.PIPs AREEBIXRBRAERINENESINEB S TH
g BIEMNTESHY,

h+rs AT RESE (HC) BEMAEEMTOERXTEHEME A= F7T17 (Transparency initiative: Tl) J
NEASNTEY FAHEEN HC OREYEE-FEHRI =y (Submission
Management and Information Unit:SMIU) [CIRHELETI & REHRI+—
LIZEREHEIN-ERICEABENEVEZEE . HC X EEFHREEDERBICHET
ZEGMNFREOEVLDTHILVSHAREOERICRAETHANESAZH
T2, AETHHEE.TI BRICEHITIBFROBEN ERAENEREDOFEFH
B S R (List of non-novel products of plant breeding for food
usels0) JIcAREh B,

Corteva #t A B FELT- CRISPRIEE 7 ¥ —a—2IF 2020 &F 2 AIZ. TH#R
EREWN I ZOBRFOREEIMEZTILEEBTVEDOHETE CH KYRIT

f=151,

145 https://www.aphis.usda.gov/aphis/ourfocus/biotechnology/regulatory-
processes/confirmations/responses/cr-table (2023.11.03 7 7 & &)

146 https://www.aphis.usda.gov/aphis/ourfocus/biotechnology/regulatory-processes/rsr- table/rst-
table (2023.11.03 7 7 & X)

147
https://www.aphis.usda.gov/aphis/ourfocus/biotechnology/Regulated Article Letters of Inqui
ry (2023.11.03 7 7 & &)

148 https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=NewPlantVarietyConsultations

(2023.10.25 7 7 & R)

149 EPA Finalizes Rule to Accelerate Use of Plant-Incorporated Biotechnologies to Protect

Against Pests
(https://www.epa.gov/pesticides/epa-finalizes-rule-accelerate-use-plant-incorporated-
biotechnologies-protect-against) (2024.3.20 7 7 & &)

150 https://www.canada.ca/en/health-canada/services/food-nutrition/genetically-modified-foods-
other-novel-foods/transparency-initiative/list-non-novel-products-plant-breeding-food-
use.html (2023.11.03 7 7 & X)

151 https://cban.ca/wp-content/uploads/GM-Waxy-Corn-Corteva-product-profile-CBAN.pdf

(2023.11.04 7 7 &£ X)
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https://www.aphis.usda.gov/aphis/ourfocus/biotechnology/regulatory-

E-hi | REE

FEmEGDOBE

F—RE3
y7.=a
- -3
VR

F—R+SYTF-Za—
S—SURAREER
B (FSANZ)

NPBT [CBAT M EFIEX R LBi=540,
NBT BRITHAKRDOWHEBEBICHY . A —A ST EZ2—D—5UFRTIEER
HEAITNBT BE&HIFAE (2021 £ 10 A E#H) 152,

BAE

BRWKES

7/ LREFNRUVAMNENYOANRE EORKREBEIICEIE, FATH
RERALETEHOMRICELSTHEHHENILT/ LAREFNRVEHEMT
m¥yiE.2023 £ 11 A 2 BR#E.6 RETHA™ BlctmshTdmB
F.HFTvI—FHERXEH DO GABA BRI U—DaFiLoqrvyiakk
XEHDABHEEITIIRUVERRINSTITH D,

EEH@a

FILRERWCARRRUAMPOERFLELOBMKREBFICEIVTES

ENEESGRUAMYE. LEOERKEEDO—ERLEALABTTHD .,

# 36

HFEOT 7 AmBEEYE O BB 2K - #RRNR

* EHAERINZLOE, HOOF FEATHNAT7448(2022 4 10 A BLIE)

& - thig =7 E]

®E
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