Ho|27|E2= 0l
=l -9

g2 3

Current status and prospect of novel food materials developed by using biotechnology
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Abstract

Novel food materials can be produced based on
biotechnology such as genetic recombination, mi-
crobial fermentation, and enzymatic engineering by
utilizing living organisms such as animal, plant, and
microorganism or by applying the enzymes isolated
from them. Especially, exploration and development
of novel prebiotics and probiotics attracted great at-
tention worldwide in the food industry, of which the
research and industrial trends in food biotechnology
field are promoting the production of next generation
sweeteners and proliferation of beneficial bacteria
in gastrointestinal tract. Development and commer-
cialization of novel food materials by domestic bio-

processing technology have been sluggish due to the

GMO/LMO food safety issues. Meanwhile, the US
and EU do not perceive badly about gene manipula-
tion technology, and the research is most active in the
fields of crops and GMMs, respectively. Genetic scis-
sors, which are considered as next generation technol-
ogy, are notable since foreign genes do not remain in

final products.
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H 3 OMER EA 0|25 YEZA(p—Allulose) MAEZA(KIM 5, 2018),
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) ~ Z|ZpH 9.0, &2 45T, E..jH]-JZ‘— as
Rhodobacter sphaeroides (Zn>* 3} Cu* 0] 20| tist 735F EA3H A3
) o Z&pH 7.5-8.0, &L= 55-60°C
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¥ 4. 3|AS(rare sugare| &5 2 7|s4(Kim 5, 2018)

gz slag 7= 9l MREOF
(rare sugar) oo = Tlod
p—Lyxose Starter of anti—tumor
p—Arabinose Starter of anti—tumor, Precursor of mytansinoid and azinomycin
Pentose p-Ribose Inhibitor of Hepatitis B virus (HBV) and Epstein Barr virus (EBV)
p—Xylulose Inhibitor of glycosidase, Antidiabetic
L—Lyxose Starter of anti—tumor
p—Allose Immunosuppressor, Inhibition of cancer cell
p—Sorbose Starter of L—threo—2,5-hexodiulose
L—Glucose Starter of glycoconjugate vaccine
Hexose L-Idose Heparan sulfate synthesis
L—Talose L—Talofuranosyladenine
L—Sorbose Starter of L—threo—2,5—hexodiulose
Talitol Glycosidase inhibitor, Antidiabetic
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&= Monascus ruber) % — JA A 015.12 31/
10 T 2Hlo| QElA 0| YE(19%) — vk 2015.12 314]
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2% sRaEEmapy o)Al Cdopia inermedia) — 3% — Mol % 9 2017.06 789174

vk (Streptococcus thermophilus 337}) — v %F Hit
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H 6. DJMBHAIES! 0|2 AIZAXHO| MAH AR|(KBCH 2014)

T & PN 280|ME
EMFEA L. lactis
EYgEa Propionibacterium
T A2 & Candidaf X, A Z5} S. cerevisiae
oflgjAeE C. magnoliae M26
YU E, Sorbitol L. plantarum, L. lactis
Carotenoid A 2 A
23} AR Coenzyme Q10 an, Rhod.opseudom‘on.as sphaeroides
Agrobacterium tumefaciens
Vanillin E. coli®] tA58H4 KT
— Vitamin B12 Pseudomonas denitrificans, Bacillus megaterium, Propionibacterium
Riboflavin ANlat, &5, F3o|F
Lactic acid Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Leuconostoc,
P QOenococcus, Pediococcus, Streptococcus, Tetragenococcus
Succinic acid Anaerobiospirillum succiniciproducens, Actinobacillus succinogenes,

E. coil NZNI111 E. coil AFPI111

1-Glutamate, 1-Lysine

C. glutamicum

ofrleak Serine

C. glutamicum

Hith T EZYUFO AL ES 1-ALES
(1-kestose, GF2), U E A(nystose, GF3), 1-F 3
g EAYAEA(1-F fructofuranosyl nystose,
GF4)olm ]4tel] o]af Eall=| A Astadof <]
off Wl A grob thA7HA] maste] A nlE
g of o]- g rHKim 5, 2016).
AEst71&BT)o] W el ot |-
27|l 719 & Al At Z]EH S
2 S AL IthERsHAEY 1A A 3,
2018). =1 9] ¢ FAAA R &S o]85to
Aul-S53E SAE SAE-ANE AR E olE
HUE=E sto] A7k A

Z AR oA &F
AdS B7ske s -Oroﬂt& AEFOR AL
3} 4= 9l o o]E A 2 THYE A (genetically
modified organism, GMO) 2] 7}g|iLg|of|A HEZ

Felahal Qe S AR ZTHGM) 7| SL Ajr
3 7140] Whdkal A A BheS B o g Bl 4

fu

89| F7I= d3f A=k AHHER TEE0k

4 o ERofo)| A we 29

52l 7ot (@17 w 7|
3 21 4 %Hgene transformation) %!
J’J‘E]'E]—:-]_—@(OVCI'CXpreSSIOH) 7lese Y& s v
2o SRS U & WA KRN AELA
o) A Fg) A 8
52 0|83 ABAYY AN EE (6T
o] 75 AR} ool At Sl chaet vl RS
sto] A=l Qlth. Corynebacterium-- A3
A& AR e | WAl 2 7]l & stol of
0] =Ake) Aol BREE AL QLS BNt oy gl =
oA Bl At AAato]] AFLE]= GMA A 0] YAl A
& 5% otk E. coliv= 714, 22F thARE
= 5 A2 I A7 EE A= o
A2 EE S E o] &5k /Y o] &fof|l= ==
Candida & %@} A\ %3t Saccharomyces cerevisiaeS:
AFa3ho] AAto] 7R3}, Lee (2018)2] K110 u}

2 Leuconostoc lactis 2] 2] glucansucraseE A}

m‘?_{‘ m\l JOI
> oo O _4

l~>
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S S Sl Al 2EH B SFIARI=
£ LA} Sk gt HalE ‘E‘r.
AEEe71E9] FAA7EI(CRISPR), RNA
HEHARNAD 9 AAE SFaH) 715(NPT,
new plant breeding techniques) 52 7|43 &85t

GMO®| tst LMO £3} of &2 gl o149 H“ =7}
323 o= euteHEnt o2t AAAI A o= =
o7} A71E A @tk agolE B8l GMAHE,
GMs&, GMU|8Eof tigh A+t 9 A&7t g4t
= =AY v, Y v 23S o el GM

714 ol g AFELA ] AESH: of2 11 A
7k Ae] ARtk & 4= ik,
S GMAIZol=GMARE, GMUAE, GM4]

E471E0] ZghELh AR GMAES] 59l E5
< QA 19955 5 2h=0] 16955, ndEo] 6
2, AEU7HEO] UBBS Aok 5 AU

o2 GMArE| A-AHA e gufol= A4
GMZ=2] Aul 2] 7} glo] A = skar %%
o] th(A & 0ok kA A, 2019). o] GMZH

TR A== 2000 T ZHHEE] %Zﬂﬂdgi
7Fstgiet. aileAd e (S WA, S=
(HIEHIAA R 22, A7l A w=shd 28 2

25 ¥ e fFE A9 A e R A 7

_1>~1

ZiOFO

ruz
—VE M ofN F_R o

Tolw, 53 Mol TR ALY B HEATA
uo] A /)62 9] taA 7Y sl

= uv} it} 7FEAEA T 932 OsCDPK7,

1.2 (Saijo 5 2000; Kim 5 2013), o] dloj| = &
OTF/\ﬂ—E- | B. thuringiensisol| 4] -3-2|3F mCrylAcl 5
KA} tbsS ZEE|Q} pin Eju|Y|o]Elo] <3|
AR = AR G ol FAxekE a5
A Bt M= ALE|o] A} o 5ol gl B

233O £, 2017). T2 A7) WHe
= 7] O

#o] 9= tryptophan®] %< 913} tryptophan 4}
3HAJo]| o3} anthranilate synthase(AS) & 4~2]
alpha—subunit 3% OASA2 -FHA} FHof F124V
2 S126F/L530D o2 HEE SZRS o]85}o]
FAAAZ §AT GMHI 9] AT T3 tryp-
tophan AAF B SZ90] 7S4S B o9 tH(Jung
5, 2015).

FelA] pEle] SHANEIAFOR A

o] £21% GMUYEL 63&5 Mo|rh(3£7). 2011
L-ofehuie o o BtEAS AL SER
5 0|8 71%0] HE e F p-Ao] A3
olsiid A4 % % p-LYEoA-4-0l
SiEa A 7L AEE] )54 BRIl o
225, BrhE0) Alzo] AGHES Sol8 A
olt}. t}=tz 7199¢l Genencor, DSM, Novozyme,
AMFEPAR= Aspergillus niger, Aspergillus oryzae,
Bacillus  amyloliquefaciens, Bacillus licheniformis,
Bacillus  halodurans, Bacillus lentus, Talaromyces
emersonii, Trichoderma reesei, Trichoderma longi-

brachiatum, Leptographium procerum, Penicillium

CaMsrB2 S-AX}E o83t g2 A5 7|40 Haly] Sfuniculosum, Saccharomyces cerevisiae, Schizosac-
B 7.2 GMOME 521 318 (AEC|EQIXA, 2019)
kil o @+ EX 4 >0Y
1 FIS003 Corynebacterium glutamicum D-ZYE QA -4-0]|A5ta 4 AYAL AYAE 2018.08
2 DS00001-1 Corynebacterium glutamicum D-#o]FA-3-0]A3ta 4 AL AYAE 2018.03
3 SYG321-C Corynebacterium glutamicum D-#o] T A-3-0]AS}a A AJAF AYAE 2017.01
4 DS00001 Corynebacterium glutamicum D-#o] I A-3-0]AS}a A AYAL AL 2016.11
5 FIS002 Corynebacterium glutamicum D-#o| A -3-0|sta A AYAL YAk 2015.02
6 FIS001 Corynebacterium glutamicum L-o}giH] =0 A o] sl a4 AYAE AL 2011.06




charomyces pombe 5-2] T} st H#FE o] 8sto] &
A APAS S35t whd o] AR Fol| A= Cory-
nebacterium glutamicum©] FQslct. o S
GMU| &2 DuergollA o] &5= ARt 3l
2= GMOOHEA AA} 7132 317 v& 9 2
A—lH_J %_'E HE GMZL‘:'J_]_ X]—O] o%o] i.:_o _/’\_
9| g AR A staL 3101 2 A A
A el GMU]*“

u]=9] FDA(Food and Drug Administration)+= 4]
F Woll dxta oz ehdsirtal AAX = &4
AE7H9] AASE AARE S8 GRASE 591
A|7gskar AR ol mESketo] Ao AlEax
Ajoll thgk & BAskaL Qlet. -3 A%H(Europe-
an Union, EU)=¢] 7% 58 A A|&lo]| &A]5l=
LMO 3% GMOE =33l Al4t4% 3 H=E 9
21329012 % (European food Safety Authority, EFSA)
ofl Al gejstar glow, Aol tigh eFdS BASH
= =E3FE=(novel food) 559 A& U A2

£ Union Listo]] 3ZA]3}3L, GMO+= =E3FE=9]
—roﬂﬂ ZFelA] okl MR HEskal itk &

4 3 H]'O]-97]E—J R, Zad)o] gt
LE 55t BRIt A
= %‘EHE % TEP—E A, THsk= Al ok

] 27 ) A-g-Ste] wol 284

]% Fskar Qi
] = X}Ef Q=9 AAFHE daA1717] Sl
AeA|(sugar tax)E FaFot= 77} Foll shtol,
tl= W B2 AE3Ae A AR tiAE = e
ol gt s, 8-S =240 % o]FolX]

rﬂ'ﬂﬂﬂumhﬂ

T Qe TSl A9 GMAI4S ol gste] ke
2} prhEss) 2o slante] ol gl
7} o] F AL Qo T L1y} 2L 07 KWl
=31 QIATE GMO A1EQHA A o] BA| = 18] theF
gt 719 BE-2 Ft Al A8t o Sy
A gt gl Agolth, PERAL G| Tate
& Lyle AP} 424 AEHEE 0 2 2015 Dolcia
Prima A7} Allulose A& 7ldtof] AgslH o, &
29| mZTYALE 77kt sk Al f-5to] Astraca
Allulose A2 7&skATt.

Ags dAE drlaz 7P deet dEzel
A= AE|H|oK(Stevia)o|th AH|v]|o}e] Zim]AJE
Q1 2eu] &2 2| o eule] e A=AV}
FDA®] ©]gt GRASZ Q1= o] u]=t YjojlA g
A= o] AREEIL QU MAFEor A
AbEl= 2EH|E A= 29ko] AT o
o] Qlom, Z|L A99A9 Evovaile}l bl Cargill
A= AR =]J%E Saccharomyces cerevisiae'S:
o] g3l thg Aol AdEstitt HEt=o] A
& DMSAR= 20184 79 A H]&ZE|FAo]=9]
Avansya Reb(rebaudioside) MA| &S A& a1, 2}
A LEAA W] MAvER 7HEE AR
w]559] GRAS 9%, WA|39] AlokA] 528 9=
shelc WY,

Sl A8 S5 Guieael ne
A|e1e] Q- u|=ol| M= Escherichia coli( Assadi—
PorterS, 2000) o] 4707 EYUL B3 Hafgel
S| oy A IrE A 2E e Gy K
9 o] F&, u) ZAclMEAo] 9|3 Natur Re-
search Ingredients A= B E}A|Ql Thal S F74A}
Y23t 7|2 AYASE Cweet™el= A|Z 7o A
519101t o}4) FDAS] GRAS Q1%-& 17| 7lo]
o} ml=golut FRo Ak o]} o] nlo] 7] o]
£ Zho|chul 2] o] A)EolA A £o] B2 /\]ng/\]
of olehgol AR, 714 Hel e ) A%

d|
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1253 s

Sl
0 ¢ 5
9 Sclence ana W

AA F=she D ast e HgE PR S8R Ak HollA *
=9 b st

wioll A= GMu o] HH@gollA o]8-5=
=<

Ir

Ao Zezn| sl 587} Uy GMO Al Z|Loll&= - A719] 714 (CRISPR/Cas9) 2] 2HAt
A4 Aol Qe Sl FFGEDRE 5]-8-5]= vt ﬁr?‘%ﬂﬂ Al8%7]4(NPBTs)0] ]| 4525 YAt
H, vl=oluh §1, 49 A= AR Al FFE ZA vE 5 Sl leE S

== AAISHL Qlek. wl=2 GRAS Wfol we} X (KISTEP 2018). S-HA} A18-£7]4(NPBTs: new
T A AlE W GMu| =S| ZHRol R 7F 4 A7) plant breeding techmques)olﬂ- TN S AE S

o= g GMu|AE] A2 Foll ol O]Q 7k vkt 5% ]EEH 47\}7}14
AR EIQ oY HEAZ| EFER] = AL & 7]eS TS F 8 7S oulgith $Hx )
F GMu =2 AAPH Q] ol A ALl ) f8-2 A -.‘]713% SDN(site—directed nuclease) 740 %
Ag-Ao]-8 GMHE| A E(contained use of genetically ~— Q1 A|AEIO R 719] &&S sl vhl Ay} 2t

modified microorganism)of] thgt U= o] Qb 5 2] AES ol= ZE S 312‘40]':7 548 4
7F 9 AR 71 tigh e EERE Fol,  Ape| diske], AR A 714 DS Al A (dele-
A Z A gAY S Abe] Adle] A A HL37] =9] tion)3FA U AHQ] (insertion) 3o, &=-2] 0 2 = g}7
UHAES o] &5t g BAkE & Aol ot o] B 8% 4= glofAY, Yoke 3%
AAE AU ol WEE 4= ¢ % LMO?t & F7lste] A2 wAshA Heh f-AA71H)
A4 Brtels W] skl Atk §8e QPS Ve §AA RV IeRE Eee=d o] /4
(qualified presumption of safety) H-2-& A]Zo|A A HA7|&L AuF Sxlo) wlet 1A, 24T, 3
o] 7Fsst #+FE YERA positive list2, EFSAS] A& FEECHEER). 1MIHQl AP A 72 0]
Biological Hazards 1jj'd o] 2007\d %2 & 2} 35}o] Z(ZFN):= 20034, 24|t ¢l EF=4I(TALENs)S 2010
3duict ZgAleke T BE5E 3RSk qlok. QPS W, 3A|thQl 22| AT (CRISPR)+= 20121 0] 7HE =]
wE T 153F0] FAHEo] QLOM(EFSA, 2016),  Slth 53], A2AH= o) At 4414 7191R
o] QPSo| o]n] FAE 5ol ha A= GM7]zo] o AlZto] ¢ AFsirt= AR el ¥ Vs

H 8. RMATIRI7 &2 SF(Lee, 2018)

SrEICt] e Jlaol E4
ERE Al 12} 3l+= DNAY 92 single—guide RNA(sgRNA)7} Q14]81o] A2 vl
341 (CRISPR, Clustered Regularly o & A&o] 7FAEh theksl 9o thafsh SAGHAL FA|9 vEﬂ 29
—Interspaced Short Palindromic Repeats) = multiplexing—editing®] Z-8-0] 7=, 22 DNAZ} E9] 5] 9+-S DNA-free}

/Cas9 &0] 7o) Kt} go|3}
= TAL effector= A1 5 Y+ Xanthomonas7} A& A|32Q] 310 & FQ]x| o] A&
24} (TALEN, Transcriptor Activator LA o] L2 W E o A= EA Q1A 012]5}0] A& 749S Sl

-Like Effector Nuclease) I Q3 A B S A= B S X5 thilzl

DNAS] 54 Aol APk 5917} zine-finger Feho] FRE/A L e
A G- AR oI AR A G S| KL el
AWolE FET 23} ol Bt Fafo] RS S50 AL 4T

Yz BA o=

1% ,
e (ZFN, Zinc Finger Nuclease)




3 A gFoprt AA| F7Fekal QeHE=s=E A A
T4, 2018). o|HF FAATLY V&S o83l A
4bek Zhzof tisff ml=, ol i =7
FRAZ7EY] 710 A= 58l 54 YA
Kol glom, E3| nlat 5 (USDA)= <
FRAR BHo] HFARE FollA] 2 54
Z7E9) 714 718ke] o] AgHd W, A v
A 55 GMORE {1 AI8HA] ¢h=
#3517 = 3l THUSDA website).
AAll A GM7142] 7dat P =27t 71
Ao o]FolX w2 thE GMZHE Aui=
7kel Bl glS wf 7 g2 A A GMAES
Aulstal glom GMZAHEQl S48t tiF= Al
A =5 A JdF-ES AA|stal QItHKBCH,
2019). o] A ¥ GM7]& o] A& 9] 7fdro] &3}
v vl Y Hholer)s &
Y 9 A Abg o] AFA]Sh= H]E&0]10.8%0]

[e]
2% g

¢

tlo rlo

- 7 [e)
= A YRS

olH}-&-E| H|=2] %] (AquaBounty Technologies, ©]
3} ABT)= 1144 &H(fast—growing) GM&o] 2ol
ol 2019 39 ml=fjofl Ao Tl Q1S e
AquaAdvantage® salmon AZEH O T ZA|SHTH
GM<lol= dRka o) o] ARS717H31~367]E)e H]
aff 20l Hreo] o5 aak16~187§L)E Hebdlch
2015 FDAo|| oJsf F/d-E ¢l -2 o] % mf=;
213]7} GMEoj 9] & = 5 Pl WollA =
gho] QIIATt, X FDA= GMYo & AT d
gho] g2 At =4 AAE sAeh= S
QAekar Wh3E s THCNN site, 2019).

2012'd CRISPR7|zo] WatH oz -2 n|AY
A5 5= 4§ A7 Harslo] gkom, n
= W &9 =4 7|95 d+7]138 = CRISPR
ls= dseh Aol B2 R8s 7|eolal
2t} CRISPR7 |0 A8H a5 5 53] 2
FaxpgEo] EAEHA] ¢ ‘transgene free’
= vl=olA GMAbEe| EZIER| gfong
d AAREFEol A AlLjE Tt fAXEI &
F=oll it 2 vl= W A2 (9 &
o} A2 HY 72 ThE EvEE EX](Joint)
£ A|Aske] =8to] golotal &% F FA7HE U

N

22
e

48

)

# 9. RTXIZILICRISPR, TALEN)7|= 012 %i=0]| Cietol= USDALQ| 2| 52! 51242018)

o

A= Ex Target locus ALK} QUX}
=719] JointF-5-& Glof . .
o
EntE 2<510] go|ata 240 Helat JOINTLESS 2(J2) Florida University 2018.05
Northern leaf blight (NLB) i
AN
L 2544 Hof NLB 18 DuPont Pioneer 2018. 01
Double stranded
= 7VEA e Ho RNA-binding protein USDA-ARS 2017.10
(Drb2a} Drb2b)
ohut Lo Yield 10
LA o=F o3k ofm i o .
(Camelina sativa L.) &l o T3t ot Fatty acid desaturase(FAD) gene Bioscience 2017.08
_ Donald Danforth Plant
Setaria viridis N7 A Homolog of the Zea mays ID1gene ona i ano an 2017.04
Science Center
L op 2 HE] A EOLS 305 ZLaar Waxy gene(Wx 1) DuPont Pioneer 2016.04
_ ) p Ivani
H 4 T8 5 A L]0 2 WA Polyphenol oxidase gene ennsy’vana 2016.04

State University
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H

S5 AprEgion, of Yol 4% FLRUY  RAA MFE EL GMOoA A Y A E

(northern leaf blight, NLB)o]| AgA42 k=& 242 ]g stojof sttt AHEEl| 4L o8] &

7o NLBISR A B2 ARd AT olFtt o AR A7dolds 4w, Agas g

M RNA Z2gehe o] QHEHE Dib2ach Dib2b§ AL AJAISH=t] GMuBES o g5t glo

A BHOE ARG 7HEAFA F Fol USDA o], = =

o GRAAHYAER S Wtk e AYA  GMABI AZAE} o] 11 e,
=
[e)

A, A S7F 5= SlEl AR 71l 4 AESE71e9 SHAE S5 sAl 483t
|EaL §li=t| CRISPRE ©]-§5fo] A& AEd A~ HG Mﬂﬁoﬂ ek A =S AS 4= Q=
ghg-oll Tofdhs RS "X oZM A 71E2l ASE7s(NPBTs)2 2|5 7dE A&
FAS WAL, B I= 4, I, 7] FRE =9 & 41}7} ZA5HA] AR A E 54
e 04‘317]194 FRAAE HIAHe =N 2 S A= AES %}—g ﬁiol’# 7%= EUs= A
gam7|go] 4, the B w0l AME 9l o= 89 AsET]sS A5 SDN7 0|
o= AS 29l %E}(Blosafety 2018). 250 S857| /\]ZﬂLOP%/ﬂ European Food Safety

oo R 287 3PS o] stolof olF ZE  Authority (EFSA)Q] GMO ujd T1EoAL “A=

o] At AMS Akl S oE =5t o HRE St 54 DNATHE o|FUAdS A=
I glom sl=EoA GMAE A 248 1L I A9 FAHelE fFs AU 54 THIE
okl QITHKBCH, 2019). §82> GMAES] A S AYsts BE 7|EE S S 5to] SDNs7|&
Ala} g=2lo]| ti&l AurA oz oA FAE X3k 55712 st o A 7R 7 zine finger
st 9low, F2) GMAES §7 Y A#¢ly}t 32 nuclease (ZFN), transcription activator—like effector
2EZF o 27l o A GMQJ,\‘#(MONSN)UP% A nuclease (TALEN), clustered regularly interspaced
Higlal Y] giFiE Alggo2 4915131 Q1 short palindromic repeat (CRISPR)7]< ¥l o}y

CHLee, 2017). 5-H 73499 3](European Commis- EJ— g5 e Ao g Aty nE e E A2
sion)o]] T2 H GMZHEE2 EFSAZ R E ¢HAst & 71458 Z3681E= 319 tHEFSA, 2012).
= B71E dofof 51aL o] §|7k= 1097 f-&skY < GMO fA|eF wEske] f-3ol4+= CRISPRZ
10, M=E71&2| SF(KISTEP, 2018)

7128 7|19 EX
SDN DNA nuclease 7152 27 Tl BAIE ol 4510l 404 574 29/o] DNAZZEO]} 574 2
(Site-Directed Nucleases) AFQlS 85810 &4 Al&0] AL #3134~ )= HiH
) 5714 A% w7} 758K cross—compatible) Zo|A] S-eiE SAASE B9k 7|EeEA] Adh ulA/HE
(Cisgenesis) backboneo] A% o] B GAAE A
oz RNA interference 7|22 0]-83}] heterozygous 7§ A 2] meiotic recombination Waljslal &3
. ( @ Bro ) s 2800 Sl vieAE AR &, 2AMSE ol NeAl AR RS S o R A
Reverse Breeding 2 ThEL
4 OEl Aol AHEAE AP U GM A29] 271=e] Non-GM AZ(RHS
(Grafting) AEste] guo 8-S S5k 1 345 AHE2] non-GMOE &1
. . Az FAE ofazute 2l e-& wi7i= o]gste] E4 XAl 24 Zreste] ThAtol
5 Agroinfiltration

ol A UNHoR o] HES S 21

Agasta 4 692 (2019)



MIE], 2018)

7l& 20154 2016 20174 20224 HEH SEE(%)

RNAi 41.8 50.5 55.7 135.3 19.4
I ESH 48.1 49.7 51.6 65.7 5.0
TR 43.6 52.8 65.5 295.1 35.1

2 % glom § o)A So]
2008y 2k 19291 &, 1t} 0 & debATL 12395
2 ARSI A0 YehtsUpA B g

SR, 2014). G EI LT AF ALY &
MO R 2 AloF L SRR AR A9 AR
e}

GMzHE 7l ghesto] SR Aulsial Sl
GM 2= P8 dgks Fedhe AE 4=
Ajszof| Al sk AR 7]eE o]-8-5fo] vt
SITHR=H-5E3 A A4, 2018). oF4] o]
A= GMAHE, GMEE9] -8k AH|7E glen ]
FTHERE ojn] W2 ygholA GM7|& A&
A AFaA 7L SAE AR Hol g% ¢
ojgh= A& & 4 Qlrk wulie] B¢
GMO QHA/d AAF 7152 2FAIEl < A
o Feb= AR glo] ERbekal HlaE
3 AARE 8551 3lo] GM7 &= ©]
FaA] o] AR 591 9 AlES Lm0l
CrEe A, dughg ol A o] ik
u] A E-(contained use of GMMSs)1} Z-o] GM

l

J 1
=
i
L

=Y
_>‘i
1o
2}

%

X
» 1o
oX, JZHU
o o 2

-

RREHA] 4% 39 GMOAA A2t 5o

5

9] 7|=-& npAste] sk Qlot. X ] A%
A A GMO 4 At thigt 7hAe] B asg
o] AX|IL glo] vto] @ 7]&9] QbHAS T Ho]aL
AAH o= HAFBE 7L 73t WAt AAZE DA
Ho g utAE 5= QI7|E 7|t sl et

FHAC 2 FHAA 27| k= D transgene—
freeQl FFAAFAR7]&-2 o3 GMO $J8i4 =
T2 7T 5= Q= A7 Qlrk 2012190 vl
A A W37 Cas9 A7 &2 7129
FAAN 7 e ZpolE Hol=t 4+ 3
A= AT E AR &, XA
AGFAAID7EE 424 BERste] fax3%
2= (GMO), FHAAAYA=(GEC)ol2taL Let
W7 3tk Huang 5, 2016). @A o]=-S E3F
gt 49, 4, SF FolMe AR Ve
E5keE A28 5% 7)o s GMO 1A Z3
o o] thal =2lstal S W FaL otk vl=t
22018 3¢ I, AR 7S EERE AS
T 7]l diste] A= a5 (plant pest)o] ofL ALt
A& BlleS o]83sto i A7t oA Sf
A Algo] gith= S agict. 4, F1ol
A A 79, APRA g A FRARES 7)e 3t
e 24l EAol g 7] <% (mutagenesis)of T3]
GMOg®} 5d3t 1A 482 wrotof ghrhar ¥l o
M YR FHAATES] 7eS ol &l oF fAAt
9ol Gl A% GMOFA|oll ZFHAI7|A] o=
Fog A At Wi T2 oty EF ¢
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9 Soisnce and W2

ARG 7S TR A% D S Hok] Az
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