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Abstract

Natural hybridization between genetically modified (GM) crops and their relatives is the first
gateway for introgression to the ecosystem and consequent environmental risk. Therefore,
we review the related information on transgene flow from GM crops to their relatives in
the Korean ecosystem, such as introduced traits, reproductive characteristics, endemic
relatives, and the gene flow occurrence of major GM crops. Besides non-GM cultivars, wild
soybean, seven Brassicaceae species, and weedy rice are distributed nationwide in Korea. The

'.) maximum gene flow rate from GM to wild soybean was reported at 0.292%. The maximum
- gene flow rates from GM oilseed rape to Brassica juncea and Brassica rapa were 0.076% and
updates 1.2%, respectively. The hybridization rate from GM to weedy rice was generally less than
0.05% but ranged up to 4.2%. Because there are no wild or weedy relatives of GM maize and
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A MAA o= GMAES] Al H f-5 27t S7Hel wet GMANE 2] 8 W& ARl A F7FSEAL ATt (Price and
Cotter, 2014).

Qg uk= ol A7HA] GMARE 2] AF A Aful7} 591E BE gloLt A Z- AR -AFI-E0 2 4905k GMAMEQ] i
7} S| S7koto] 2 Foll=mid 1349 E o2 45kl 1O B E(KBCH, 2021), GMZHE-2] S H&Eof| o3t =9
GAze] AefA| H QY oA A-G-EA] Zat) 59U GMAHE O] &4 F Y E]o] H|Q] =3 0 2 ShHtE L= A}
#|7}F 4k B %9 © H(Kim et al., 2006; Kim et al., 2016; Lee et al., 20092), 2017 A2 75 2 ¥AY3}H 0491 GM
2 4 gMHERe] SHEALLE A7 2 GMZAHEC] S 9lsh dol tigh 227t G4 2R =oAL Jlt) &

2o s EAl = AFA S EAIL A7 oA L A= QIS -7t Hot GMAEQ] 2 HHE ol wHE AJElA|
Wk} o] 2 QIS YEF THd A Tol7F 2 A Q= ol Th(Yook et al., 2021).

GMAES] BE Al AJefAlol st 7 2 gl 84 =9 K transgene)2] 0|52 SHE = S| §
B2 IS 4= Qlok. SAHSHIE e GMAE 2 ANE B4 R s s R 2T s A Qlof Q)
A4 a7} uiA I ZFA AJEfA] ol A2 sl Lk o &2 Ytk U s H|Ato) ofs gMAFES] /A
A7} 2 opYE e HE2E o St A9, w e HEo] =2 A3 (finess)= E53to] AEiA Ul A% 74
o] =obXIth(Liu et al, 2013). E=3t GMAFE2] =22 M=t o] 22T 79 AeiA W) A &/8S IA| =olAl Hct
(Mason et al., 2013; Londo et al., 2010). th2bA] £ 2] H==oj|Al= AJA] 4t GMAFER] F, 2404, G-l 2 Hstel = =
= A2 HE o2 AR 7R Ael 591 FAKS o[HEC] ol B U AefA ol Eaxsh= A mid

7hs 2% U BRI SHE FAHA0N 5 A7 23t 52 Fsle] o5 GMAR ST DA% 7ho) 33}

o E

T

A Y 5S-G EAH| A(ISAAA)S] To]EjH|o] Ao w2/, 39 GMAFES] &, S, F-l, Hat 2 HojjA]
Au-& 0 2 £01% o|HEL 2|42 0 2 Z7}5lo] 2022 10 AR 27470] Eoict 2 Al 591 A 4= GME
71 aka Wk 5774, 24074, 94 3571 2 B 77 £eo]th(Fig. 1, Table 1). At AHAl o W 7F GMANE

gl =
of ol EL A 0 7 F71519 S Wolujet A ZHolM = S71stT GMAHRS) 7] BRI AL W, WalET
e 24 Aed 2ol thgsto] A E ok Al M ol ALk Rol RS BAAA SUYAS ol 2
o 2
=2 1

FHo| ==
At (Fig. 2A). FA7HA] 8 GMAFE (T, 54, A, e} Bl H)ol| A Zel 591 274719] o[l E 5 A 24 Ul/d &
Zo] Lty oI E= F 2137102 2 o] Hl el A=A Q] glyphosate == glufosinate W/ - AFS L gHstal Q)
o, 71 Qo LAIAA| A2 dicamba, 2,4-D, PSIT A 14| 1 bromoxynil, ALS A3 1 sulfonylureal| 2} imazamox, HPPD
#3179 isoxaflutoleZ} mesotrione A ZA] WA SAAE == QITkFig. 2B). Bl A 2291 20100 0] £ 2= 7|5 H
Stof| tf-g5to] FFAERA WIS =oAL 229 7164 e Fetohs ko2 GMALEC] ZiEh-5RlE AL 9l
THISAAA, 2018). AlF-A Q1 =4 A o] T/ A= EAJ0l e} tha to|7} Qletll FAIA=ER] 32k fA19] B¢ A

2
N

- O

O 2 L=t o] T A=A W A2 7P AuiA Rl =P A =AM ZAA|IA GMZF=E AHiH 2 0] 4595 2
J
o

WA 248 2T oMIESL Z7bE|9 0P, B8] 2 S50 R SBY fE L U4 BB AHAE of
§3 42 274 Fo] W15 EYHISITHISAAA, 2022),
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Table 1. Traits and introduced genes of the major GM crops approved for cultivation up to 2022.

Crop Trait Transgene Year*
Soybean Herbicide tolerance to
Glyphosate 2mepsps, cp4 epsps, gat4601 1994
Glufosinate bar, pat 1996
Sulfonylurea csrl-2, gm-hra 2008
Isoxaflutole hppdPf4Pa, hppdPF W336 2012
Dicamba dmo 2012
2,4-D aad-12 2013
Mesotrione avhppd-03 2014
Modified product quality fad2-1A, fatb1-A, gm-fad2-1, Nc.Fad3, Pj.D6D 1997
Insect resistance crylA.105, crylAc, crylF, cry2Ab2 2010
Enhanced photosynthesis/yield bbx32 2013
Drought stress Hanb-4 2015
Oilseed rape Herbicide tolerance to
Glyphosate cp4 epsps, gatd601, gat4621, goxv247 1995
Glufosinate bar, pat 1995
Bromoxynil bxn 1997
Imazamox AtAHAS 2019
Modified product quality Lackl-delta12D, Micpu-delta-6D, OtD5E, OtD6D, Pavsa-
dglta—4D, Pavsa-delta-5D, phyA, Picpa-omega-3D, PiO3D, 1994
PirO3D, PID4D, PpD6E, PsD12D, Pyrco-delta-SE, Pyrco-
delta-6E, TcD4D, TcD5D, te, TpDOE
Pollination control system barnase, barstar 1995
Maize Herbicide tolerance to
Glyphosate 2mepsps, cp4 epsps, epsps, gatdo21, goxv247, grg23ace5, 1995
mepsps
Glufosinate bar, mo-pat, pat 1995
Sulfonylurea zm-hra 2009
24D aad-1 2012
Dicamba dmo 2016
Insect resistance crylA.105, crylAb, crylAc, crylF, crylFa2, cry2Ab2,
cry34Abl, cry35Abl, cry3Bbl, cry9C, dvsnf7, ecry3.1Ab, 1995
mcry3A, mocrylF, pinl, vip3A(a), vip3Aa20
Pollination control system barnase, dam, ms45, zm-aal 1996
Modified product quality amy797E, cordapA, phyA2 2006
Abiotic stress tolerance cspB 2010
Altered growth/yield athbl7, zmm28 2015
Cotton Herbicide tolerance to
Bromoxynil bxn 1994
Glyphosate 2mepsps, cp4 epsps 1995
Sulfonylurea S4-HrA 1996
Glufosinate bar, pat 2004
2,4-D aad-12 2005
Dicamba dmo 2014
Isoxaflutole hppdPF W336 2018
Insect resistance CpT], crylA, crylAb, crylAb-Ac, crylAc, crylG, crylF, 1995
cry2Ab2, cry2Ae, mCry51Aa2, vip3A(a)
Modified product quality dcs 2018
Rice Herbicide tolerance to
Glufosinate bar 1999
Insect resistance crylAb, crylAc 2004
Modified product quality crtl, psyl 2021
“Year of the 1st event approved for cultivation in the trait category.
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Fig. 1. Number of approvals for cultivation of major GM crops until 2022. The squares indicate the year
when the novel trait was approved in each GM crops. HT, herbicide tolerance; IR, insect resistance; Q,
modified product quality; PC, pollination system control; A, abiotic stress tolerance; G, altered growth/yield.
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Fig. 2. Proportion of herbicide tolerance events among major GM crops in global adoption area (A) and in
approvals for cultivation (B). HT events including singular and stacked traits, and most of non-HT in (A) have
insect resistance trait.
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Table 2. Current status of import approvals for major GM crops in Korea.

Commercial trait” Trait stacking Purpose
GM crop HT IR O PC A G Smgular Stacked Feed Food Industrial %
Soybean 24 6 7 0 0 0 21 8 29 29 0 29
Oilseed rape 17 0 0 10 0 0 7 10 17 17 0 17
Maize 82 72 3 0 4 1 28 65 89 93 90 93
Cotton 27 25 0 0 0 0 14 19 31 30 0 33

z HT, herbicide tolerance; IR, insect resistance; Q, modified product quality; PC, pollination system control; A,
abiotic stress tolerance; G, altered growth/yield.

=UlollX GM A-&2] Al 5 SHES g A 5l
£tz 2022 99 7|08 F 4,151710] Dot 3
U B 1AM 52 Aol tigh A7t RIggE| 11 Qlk. E5], 2 A=) et T tid e 2= U, A, W
A L U/ 5 ohRt &7 AE A U o] A7t S THKBCH, 2022)

T8 GMEES| uEHEH U I 2HE BX

FAA} o] U (introgression) 2t 7 AHE (gene pool)oll A THE: FHAER |2 PYA 0 2 FtE= 22 on
2tCH(Anderson, 1949). GMAE2] =27 YA 2 o] =] T H]¥H 3 (non-GM) AElF:-2ke] T wi} E=
S| 7t wE Fol A Ad S E AYAksliof gtk o] & fAsiAl= AAIA A (reproductive barrier)=
of oh=t| aHl T Ato] 2] 3F5Hd (compatibility), 712} A1712] S, 420714 50] Al 2. Q1o]th(Rieger et al., 1999;
Umurzokov etal., 2021). T4 £ GMAFEF Ak w o] HhYst 7HsAd o] 9l = =] BiE 5o R E 2|5}
o] Table 301 A A5}t

Z(Soybean)

ZHElB-(Glycine max; GG genome; 2n = 4X = 40y AHA]A] ZHE2 EFA]E0] 1% 0|7t 2 e lth(Carlson and
Lersten, 2004; Caviness, 1966; Poehlman, 1987). Z{Bla0] F+5+= 7ls} oF 24A|7F A E] 7lst & 48A7F 5ot S-S 4
&8 4 3o, 2R ] tiR-E-2 A8k HHOECD, 2006). Y5 Aol A= B (Apis mellifera)} Z=FEA e
(westem thrips, Frankliniella occidentalis)°] Z|Hl3-2] E}7H4=zoll 7]o{oh= 2 0 & BI| A Th(Chiari et al., 2005; Lee et al.,
2015; Nakayama and Yamaguchi, 2002). A8i3-2} LAY opr8391 =3(Glycine soja; GG genome; 2n =4 X = 40)2t YAy
HIoPF91 G. gracilis (GG genome; 2n =4 X = 40)= -2 Soja OF&50l] £351H GAA| 47} 5L 5lo] 31 mgbo] 7hs3)
Ch(Yook et al, 2021; Karasawa, 1952). A1) 2] 240 2 of 77| BE. 52 53 912, AR Y 2jalo} 25
Aol EZ3}31 9 O (Skvortzow, 1927; Lu, 2004; Zhuang, 1999), AElZ} S3-0] Z7F FJERR] G. gracilis = S 55
Hojja] EE thSkvortzow, 1927).

ol theret E50] AEo] AEn, opEo 2 e B0 BRHO R REFTHNIBR, 202), YyHH0
2 AufF et op T2 A7k do] f-AlstE R At wte] M7t ufe- e Zlo & e glovt 2 &
(postzygotic barrier)ol] 2J3F 41 2] A2]7} §l7] wiizol FXt wito] Aol 7HsAdo] F-ohH, o ' {2} o] 5o] |
A 7H A Ulell A Aobd-S 739 2HAlol ofsf A&l A = RS ZEHIIAIE AYaketm 7 IRE A4
227} ATHOECD, 2000)
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222(Maize)

S (Zea mays; 2n =2 X =20)= BRI A2 FE FO|E HAISY, $HE9] Fo] 2% shuollA] 18007+ ©]
i X

GO & ulle @i QoA Shte]] Eato] Wol F|= EA4J0] Qo] A2 o2 A FF-E Ale]Q] wgto] ui-e- 4t
(Kiesselbach, 1980; OECD, 2003). Zea £:0]] &= oA Z-2

| 28] (teosinte)2t & Sh=Hl, Sp= oS DA El
R AVEll(Zea mays subsp. mexicana; 2n=2X =202k 47 F7F w5kl WA Qle Fo SAS YAteic) Egholle &
S A9 Tripsacum ST, dactyloides; 2n =72, T. floridanum; 2n =36, T, lanceolatum; 2n =72, T. pilosum; 2n = 72)2} &7+ o
7Fssht 1 S T2k w2 H[ &2 EYojn fd3 02 EQMYsh 2 0 2 A=A Qlth(Mangelsdorf, 1974).

-2yt HAolA thefst EF0| S44E Aulistn g GMS47t AuEnhH FR0] vy S B33} A}
A wggo] HAE 7hs/d o] =t Ot S 44 3l o3t I S 55l ool M AER 4= Qe Y2 AL S5
SAbE o Aol G ) of 2] 9] ol o] Qlo] " do] F5] Hof /I7te] =2 glo] FAME FARAI71A] X517
w2 ol WS Eol 4z 5kx o AelAlol 2]45}7] of FHTHOECD, 2003). 3HH GME4-2} w3t 7hs/d o] Q= ok
TAZT2 ol E25HA] 2H=THNIBR, 2022).

N

or

il

S+H(Oilseed rape)

-2 (Brassica napus)= 38702] FAA|E 7HA= E28lA] AlE 2 AACCY] 72 AUl Q19H, B, oleracea (AA
genome; 2n =2 X = 18)2} B. rapa (CC genome; 2n =2 X = 20) 7+ 57F wgtol] oJ5] -4 A Y = 2|58l AQtof|A] 7]
et Aoz FAHE (L, 1985). fFAlle YA 2e 2AVIE A &2 S/EU EHE0] oF 2040%2 d35] =
S Aoz AA QtkBecker et al.,, 1992). 2] o] etz o 128 H =2 v gol Fulj 2 HAsHH, vig 2]of
= B 5 250 ot & ti7j = o] Fo|XITHOECD, 2012; Zhang et al., 2018a). 7317} &5t B} 3T} (Brassicaceae )=
3384 3709F o]/de] AlEEo] &alf Qlom F&7F wito] HluA RIHE 710 2 A i}, Q1342 e AR
ol A 2] 2t o] ofsff -gafeke] T2 wito] B H vl Ql= vljSa}t AlE-2 1950l Dol=t), Brassica £2) 8
Z(B. carinata, B. fiuticulosa, B. juncea, B. maurorum, B. nigra, B. oleracea, B. rapa, B. toumnefortii)*} 27+ wZto] By &1,
Diplotaxis £ 33(D. catholica, D. erucoides, D. muralis), Eruca sativa, Erucastrum gallicum, Hirschfeldia incana, Raphanus &%
(R. raphanistrum, R. sativus), Sinapis <5 235(S. alba, S. arvensis), Orychophragmus violaceus 5 1152} &7t zto] B E|Qlct
(OECD, 2012; Kim etal., 2018).

F7IEZAEES| 2 Ffoll= 384 10152 vlj51} AlE0] S H(Korea National Arboretum, 2022). ©] &
GMFAeE w3t 7hs/do] e AEE-2 80] ATh(Table 3). F4ih= 2-2luah YAk ofA| 9k Bk, 24 B /4]
£ 222 de| AEiE 3L 1o, ZHB. juncea), B2 (B. rapa), ZGHIS(B. oleracea) 2! FHR. sativus)= A4 AHE2 =t
2 0 & Au e}, vl 2, Zgul et Fe A £4474 718} o] Hof| £:8}o] ¢hg &|of GMAAeke] Wit 7hsAd o] 3]st
U fA1e] B A1 FA19] A= Fe] E-8EA Qlom 7k dB oyt of GMAAeE WAt 75/ o) ul-f- =T
AstA 2Rl Bado)(D. muralisy= AFEol| HYFOFHBI(R. raphanistum)= QFAFTF Q1 S&]of] A|gH 02 A 2|5}
T(NIBR, 2022), 2AH3 21 22120, violaceus) Q-5 HIE 53l 4 A4S 7= 2 TS AJ4kst Zlo] Bx

AcHKim etal, 2018).
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Table 3. Compatibility of major GM crops with their cultivated, weedy or wild relatives distributed in Korea.
Compatibility with crops Chromosome no. (2n)

Crop and relatives and genome Plant type
Glycine max Glycine max 40, GG Cultivated
Glycine soja 40, GG Wild, native
Zea mays Zea mays 20 Cultivated
Brassica napus Brassica napus 38, AACC Cultivated
Brassica juncea 36, AABB Cultivated, escaped
Brassica oleracea 18, CC Cultivated
Brassica rapa 20, AA Cultivated
Diplotaxis muralis 42, DD Naturalized
Orychophragmus violaceus 24,00 Native
Raphanus raphanistrum 18, RR Naturalized
Raphanus sativus 18, RR Cultivated, escaped
Gossypium hirsutum Gossypium hirsutum 52, AADD Cultivated
Oryza sativa Oryza sativa 24, AA Cultivated, weedy
Compiled from various sources: Kwon & Kim (2001), Shim et al. (2001), OECD (2012), Korea National Arboretum
(2022).
H3}Cotton)

E5}4x(Gossypium spp.)Ol = 2F 5001 Z0] &3] =6, 4552 2uljA]| o] 2L 552 4uf Aot 4712] ABNZ(G. hirsutum,
G. barbadense, G. aboreum, G. herbaceum)°| 582402 +35}%|Ql o, o] F Fu]of|A =3} o] Z4uiA]| zHuiE<] G.
hirsutum (AADD genome; 2n = 4 X = 52)2 XA S} AJ4ke] 95045 2HA|5HH, o] & HEF 2 GMRASH} 7= ]
o}, Hshs 2 A7 2ok T, J-et 270l s A9 R 7Hs 0, BHAE2 540% 0% R0
Zo| Ar}, Hake| -2 A1 FAH ot B 517 wj ol vighS w7l 2 9 22 7 2] JofubA] eh=ThKwon
& Kim, 2001; OECD, 2008). H3H(G. hirsutum)= TH= 4814 Z(G. mustelinum, G. darwinii, G. barbadense, G. tomentosum) Xt
A 2 wisto] Al Q= o FAE AYARITHOECD, 2008).

k= Syt Aol A Al 7hsotE 2 GMERte A it 7hs/d o] ok 12|y ) E35) Al A2 A
Tt A7 ol A agto] Yolidtt stof e FA L H3kE 0 & Feiato] Qlo g do] I35 o B g wike ol
AYEA ol F F517] ot TS GMRAStet At 7 o] Gl oY A2 = Uiol] 22 5FA] H=THNIBR, 2022).

B (Rice)

+ SejyetollA 7 F %t AHE = A AfuR A 1} ateo] got AFo] Bl It Oryza 42 28-2] AHiH(O.
sativa®} O. glaberrima; AA genome; 2n =2 X =24)2} 205-2] OB & 323} F 2230 & /=0 QT Afulj = o|3h4=
gohz B4 AYAL Qlof 7124 o g ZRAY AEolu (IS e 2/ W) 7 A wgto] Y& 7hsst.
Oryza sativa®} O. glabertima 7t AFA w2 -2 g 2 WA 71551, midol] ofsf A8 E F19] 3Ht-2 BUEC] =Tt
Oryza sativa2t 1 0P} 240 2 4217 O, nufipogon (AA genome; 2n =2 X =24) 7+ 1l 3H-2 AFA Aefof| 4] BhY 71550,
wgtol] ofsf ikl = Flo] 47444 Q1 9/d-& 7HITHOECD, 1999).

Sejuztoll= AREU7EEFRI L] O. sativaTh AHNE| AL QoM opH = F3E5HA] o= 0= A Ut ok Al
H o} ope o] F7F EAJZ 7HAl = 2/d HiQ1 AP (red rice, O. sativa)”F EANGHE 2 GMB 27E] 24 HZ Q-
27} o] 5 927} U th(Kim et al., 2004).
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M A

L MEHAIOM =2 GMEES| REXI0|SM 3t

EX} o7 FHxto|SH A

AJERA] ol A GMZFEQ] =GR SHE e = 22} e 2 0] % 753 TH(Liu et al., 2013). GME-44>2} Ha=
U0l 2w 7Hsst opYE e Ao BAEsHA| gal g Aol F5] W2 Ao Qlo)| SRS BE /At
ol 5ol oJsl SThE AJAitsto] EA = it 7hsAdo] Wg A0 = of FEm, AA 2 Iufjol|A] =3 ShEol of gt
FAAol B/ AT ARRIE ZokE 4= Itk T AE& 2 AlF-8-0 2 9% FAte] v]o 3 e HE-8 B E
P A7 BUE QT GMESaE 2 ALR-E 02 90 = o] FRto|M ALe7 7] 265 = A= H FAF
Hoj| A H|o] 4 o 2 SRt WA 9t S22 W = QI THKim et al., 2006; Park et al., 2010; Han et al., 2014). 4]
A|9] 7% tiAl 2 A 50] =sto] 4] Dol =2etA] okl 7] wlzol] AelA flai/d o] Y A o' mHEglo
% =

]

Lo N

15 S AL SOl W] 944 AufAI7F Qlo] R 7te] S o] AIE 27 SlekPark tal, 2010). GMTAZE EA}

1=|
T =
o

19,
).

S 42 E w2 T 2Holu St 571 oA BEAE] It (Lim etal,, 2021).

AEDES

.

ghE il RExf0|SY A4t

= Ujof| A w3 7He 3k A, A oY E e 20| REskE 5, A, H Y A9 o5 GMAE
of oJgt F2tol 5/ A7t T4 EALE] Uk Table 4). GME2] 3 vli7l §-4 7 o]5/d At AulE T
OP¥ER Eo= U & o] of A o] 7Hs o] AF A 02 FREQoH, witgo] thas 2ol = 3l
g 0 2 Aelrt Hold4E fAtol g0 Zhhdhs FA1E YR I ofe] 24 Adlol|l A GME-AHlE 1+ 2
AWZFEL20.15 m AZloNA 0.78%2 7 =0 H(Lee et al., 2018), 27 8 m (0.034%)7HA] A Aol 5-0] HHAY5}He]
(Kim et al., 2019). Lee 5:2015)2 "ol GMZ-AHulE 7t 337050l v 2| = s ui7iSe] Y2 Atsto] )
= 2712(0.15~1.05 myel| 412 GME S22 73S 72 A IS L, B2 H|3) E/do) ujet v w2
A3 my7HA] BHE-E o] 5 AIZE2 BsIgih U] ofel 27 Addoll A GME-=3 1F A g2 E 2k AH(0 m)
740141 0.296% = ZTHR 3L 2|7 8 m Aol A 0.025%2] w382 LFERHTH Yook et al., 2021). =3F GMZ-o8 - 7F
HEe FRIo] G2 vi-S Uiro] 7HA] HEZ GMFol| HIS SAHIAA, 234 2 FrA So] ZshE o
EjA| A-3-4J 0] A5 FokA|+= Zlo] RIE] i Th(Park et al.,, 2016; 2018; Yook et al., 2021).

B vl ol A 42t wgto] vl wA HIsst Ao 2 defx] 9lom, FufjollA = cheFst v S} 2HE Alo] <]
TE2 WY A7} o] R0 2| AL QITHKim et al., 2012; Lee et al., 2015; Seo et al, 2017; Kim et al., 2018). =W 542 =4

A

|t

T

lo po X
i
™oz Mo

£ 2

-

N

ox El

0.076%, 1.2% 2 0%2 2 1= A THLee et al., 2009b; Zhang et al., 2018b). Zhang 512018a)y 212+ 1} 4= (open pollination)
3} o2 (wind pollination) 2710 A] 720l T2 GMA-AH-ZAF 7+ -F7Rte] 52 7Fsto] vigol] ost Fuj&
152 5ol oJgt Fulige] Hl&-2 A 0= 115tk GMAA 25 H[HY fajet Zto 29o] 272 SHE v
ol Eol o5k Fulle] gto] o ZIoH, AAZ(HA 64 m 01/, 2t 32 m 0o)/) & o] 52 Fulle] o] tha 3
T} Lim 52015y AJEiA| U] A&/ 1k DAget /971 Ak Doheds/d B FHEA S B7Foto] GMAA-ZE 1t
o] xlof H|sl| =& TR A FE3P7Hs/d o] 3= st

3.

N
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ol 4] GME 2] Sh& o7l 52 7to] 54 At Al Fs A H(red rice, U E 02 433l A
o Ats F95PH GMB 9 AL U7} AfelE] Ato] o] 2kl m A
of| 25131 om, GMH-IT)7} AfuljH 7+ Zoh wA-E-2 0.009%, 274 712]= 0.9 m3L, GMH-
& =2 wzhgol Bl
3| -2} 0] 52 B3t thE AALo| A= GME-AHlE ZF Z T 0.151%,
GMH -2 B ZF 2] 0.139%2] -R-32F o5
Wl i 0 2 29l A oM 71 =2 7

420%, 7 mCTH(Table 4). |24 Adtako g 242} o] =2 7|5t Bae 5(2013)Q] ALollA] 7}

o, Al zA A Bl 2 A S 5

Aol 5ol HAYstT, ek7lo] WE MR B97 4 AL AL EE

=

2|t 2.20%, Ak algto]

it

A= 12m
xLiAsl H:]OﬂA—]‘:. 7¥7F

A

— 1

ol

£0] B 1% QTHLee et al., 2007; Nam et al., 2018). THH 2| 2] 0] v}29]

1} Azt E 72|17 B F4che 2 0 &2 Hol GMH 9] At 5402 T 4 52 714 240l = 24| 97
S H32-5 EQI5H3thBac et al., 2013; Han et al., 2015; Oh et al., 2017).

Table 4. Studies on pollen-mediated gene flow from GM soybean (Glycine max), GM oilseed rape (Brassica napus) and

GM rice (Oryza sativa) to their relatives in Korea.

Pollen donor Pollen recipient lgg,?é('(ie)ne ey ﬁa;éndelsfﬁirx E(}m) Experimental condition Reference
Glycine max G. max 0.034 (thrip) 1.05 Net screen house with insects Lee et al., 2015
0.015 (honeybee) 3
G. max 0.78 1.8 Field Lee et al., 2018
G. max 0.060 8 Field Kim et al., 2019
G. soja 0.212 0.15 Field Oh et al., 2020
G. soja 0.296 8 Field with honeybee Yook et al., 2021
G. s0ja 0.052 1 Field Kim et al., 2021
Brassica napus ~ B. napus (CGMS) 7.7 Field with honeybee Lee et al., 2009
B. rapaz 1.2
B. nigra 0.5
B. napus (MS) 3248 128 Field with honeybee Zhang et al., 2018a
B. juncea (MS) 21.95 128
B. napus 2.330 75 Field with/without honeybee  Zhang et al.,2018a
B. juncea 0.076 16
Oryza sativa O. sativa, cultivated ~ 0.151 4.5 Field Lee et al., 2007
O. sativa, cultivated ~ 0.0391 7 Field Chun et al., 2011
O. sativa, weedy 0.0240 7
O. sativa, cultivated ~ 2.20 6 Field Bae et al., 2013
O. sativa, weedy 4.20 24
O. sativa, cultivated ~ 0.1421 12 Field Han et al., 2015
O. sativa, cultivated ~ 0.018 0.6 Field Oh et al., 2014
O. sativa, Japonica 0.023 1.2 Field Oh et al., 2017
O. sativa, weedy 0.035 0.9
O. sativa, Indica 0.009 0.9
O. sativa, weedy 0.139 0.3 Field Nam et al., 2019
O. sativa, weedy 0.039 0.3 Field Nam et al., 2020
* Brassica rapa was denoted by synonyms B. campestris in Lee et al. (2009)
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