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Abstract

As the cultivation area for genetically modified (GM) crops is increasing continuously, the
concerns about the environmental release of GM crops are also growing. Therefore, we
conducted this study to verify gene flow from GM soybean, B-carotene enhanced transgenic
soybean, to wild-type soybean and analyze the characteristic of hybrid soybean. The
hybridization rate between B-carotene enhanced soybean and wild-type soybean was 0.21%.
The hybrid soybean showed the highest value on stem length, number of branches and
number of nodes than the B-carotene soybean and wild-type soybean. The seeds of hybrid
soybean had intermediate characteristics between (-carotene enhanced soybean and wild-
type soybean in seed length, seed width, seed weight and seed coat color. The germination
time of hybrid soybean was faster than wild-type soybean while the wild-type was similar
with B-carotene enhanced soybean. The hybrid soybean showed the lower over-wintering
dormancy rates than wild-type soybean after 5 months, and the B-carotene soybean had
extremely low or no dormancy rates on all conditions. These results indicate that the hybrid
soybean has intermediate characteristics between their parents and will be useful for research
in management of GM crops and hybrid crops.

Key words: (3-carotene enhanced soybean, gene flow, germination, GM soybean,
hybrid soybean
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Mo

AIA 8 RS - 5H4Q1 F(Glycine max)S Y+ HIERRIZ} of] el o] AFelE At 5o] /g 8-S SRkl
Jom, A% Y 94 s} Ze|AEHE 3] st o o, BTk ol S 22 o] 02 QIE| MAIH o2 AH]
7} Z7fsta gl o, oo ule} Zo] AjulEF A A] Z7)5H= F 4| S H o] 1 QlTH(Natarajan et al., 2013; Thao and Tran, 2012).
20185 U T AYARFL 894 E0 2 o] = T thH| 44% 75t |0 o, ZHul T A Al 11.2% S5k 2F 513
E}2 2 A ICHKOSTAT, 2018).

ISAAA (International Service for the Acquisition of Agri-biotech Applications)] 2F3Eo]] whZFH AJA| GM (genetically
modified, AP ) Z-E-0] Aul M2 1996 0]F 201512 A 2J5kaL mid 2|42 0 2 Z7}s)gkch 2018 GM 2
S0 2juf A2 F 19 9,170t Slek=0]H o] = 20174 19 8,980 Rt AERZ E ) of pulint SlEL2 Z7)5k 422] o]k
(ISAAA, 2019). 19941 %]-2-0 2 /$E35HE GM ErFEZ}7HEHE 0] &2 GMO (genetically modified organism)2] /25 4!
FAH o] 8-S HH 02 o PAE A &H 0 & ZTslAL QL= F:A| o] THKim et al., 2008). 32 FA| GM 2HE-2] AfuiH
A F 50% o= A Aok 2 AER, Gt A Fofl v|a GM F-2] AHul T4 o] ef 4ufjof] SRHTHKBCH, 2018). 1992
| o] & 4o7He] 7oA Al EE L AFEE0 2 GM 2HE-S o83k lon, fEjuete] ¢ 20179 A EE £ &
%I GM &HE 5 GM3 0] 46%E AHA|oh= 5 =2 S EITHKBCH, 2018).

GM 22 233t GM ZHE2] Auli7} Z7Fstol| whah §47} o]5/d 1} ool whe AJefeha] 24 ol & a2 -2 2igt
THFst 50 A= QUTHLy, 2004). AFA W migo] Wrjete witol ot o0 29| 53} o] 52 AEA|
e AYeiA o A 5o BRI At e 4 Q7] whEoll GM 2HEa} opdF Atel 2] Ak W 1w 7Hs/3
of thgt -2 =2 /o] tiF= AATh(Lu, 2004; Mizuguti et al,, 2010). LRFA 02 2= ZF {77} o] &2 T o] 502
o] Qlot ol EEA| ZXt ol Eo] TAYR 4= QLo M Ryffel, 2014), P ZHEol| A= Hbgt} 25 5ol &Jsto] 4
Z20]E] Yol A & 25o] 7Hs3t 21 0 &2 B aTE o] QITHDale et al, 2002). T2 A7 H2-2 S 02 A2 QL A
HjE Zo] EPFRE-8-2 1% 0|5t Q- =5 LFERITH(Lee et al., 2018; Ray et al., 2003). SFAIRFE2 E750)| 4 2.5%
o| o] B4 R-8-2 Ho|= A7} B 1E ], oFYF(G. soja)oll A = H T 19%2] &L Epf-E-go] By E)7| = 5
At} (Nakayama and Yamaguchi, 2002; Ray et al., 2003). Park et al. 2016y GM 20| A8k o] Wl&2 79 = -2}
9] o5 gl xsto] ol5f FFYJelA)S LER 7Hs/d o] okl B et f-E|uets 23she FokAloh A9
opiZF o] atA| 2 o F o] A o 2 Bastal Qlo] op¥E It GM Feol st Z )7t o] £o]x]7] o] o]
02 opFaGM T 7He] mgto] -2 %)= A7 o] Th(Mizuguti et al., 2010; Wang and Li, 2011).

Hpo] @ Qbx A BAlE] o] B atof w2, 2017 ZUollA GM R GM W87t H] o] =2 o 2 3H WhEH Al 7t
H eI, HHE ] 73 2H iAol A GM HlFU o AL = 5 GM 222 8 W AR Mgl o}
GM ZHE-9] obdvhe]Hkot nfedo] 9 A|E] 1 QITHKBCH, 2018). GM 2HE- 2 K] o] 2}l 217 U H] o] =2{<] 2+
2ol 9t {2} o5 7He/d2 oPE T GM AHE o] AHH F1 A E B 5sto] o] & AlthE2] FaF E&fat YA
2of| we} IA| -t 2HEe] B4 582 sl 7HAle] A E YA Yol whel 3 7kE 4= Qi op¥F I GM &
7+e] §AA} o] Zof| tigh of2] A7} QYA GM F-O 2 EE] ML opF Ulo] £ §Ake] by Adat ATzt
AL B 25| B4 7 A= 719 o] Fol A A] &AL ATHGuan et al, 2015). GM F3} 0PI 7+e] w o tigh
27 Sl B7HE Holire TA 2/ 5t ot FH 5/do] 5835 7t @ Ao\t o] &= Fo] thE ARl A7k
Zhgo|o, mhehi] ek 220l H]sf Al 2ol mhe =9 fRte] 1EE 7HsAdo] wom, 2540 5245
Z2182S 28 §A8 4> Q17| wiEo|thPark et al, 2016). GM AHE-2] 7231 7154 A GM AHE-2] 212 9J4l o
F 291 F sttolct EG W ¥ Tkl &2 A 717ko] ZAA, B2 B0l A 2] % A& s2o] 2= 7
%23} 7hs/d o] okl whkel 4= QlthKoetal., 2016).
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B TS GM TORBE opyFoR0] SA WA ke A WE U 8 R WS e V2 AR HE 9
| -85l 9}, o5 913l e F2 R 25} B(Qinetal, 20157} o ko] MUFE Mdeto] % S vl 24
31 Y54 BT 71 S Eok o} U B4 242 ANt

a
Mz 3

GM3} o E] Wit 7hs/d 2 wihEe] A5 B4 2412 Iste] 7H2E| ol & g i {AARR] Phytoene
synthase (Psy)2} Carotene desaturase (Crtl) 27} 3-5 0.2 2P &= HeZt2 8 F2h3 (Glycine max) ™t 7350t
Wof| A o -2 PI483463 Al5-2] OPIZHG. soja)S It WAFEE floto] AFA] FATEH LMO (living
modified organisms) 2 2] ZZHRDA-7FAB-2013-041) Uil A eI 28 73t F3t oPIE-S 127F L E(Q]7 21.5 cm, W
73 18.7 em, 3°]16.3 cm)ol] T 7HA|1A o}E5E & OF 15 cm 7HA 0 = W} v Fsto] WA] Auisict. @194 Q1 wit-E 9
shopd Tt viet= e aka2] 71sh7| A1 Sloh Hiet=E Z3ta25% 319, 6% 74, 6% 144, 6% 214, 62
28Y 5 F 53]ol Ytro] kSl o dE] ZHet A8 129)3t fAFS 6 280l okt Hlel k= E A3kE (s
U 8 102y F2 22 1371712k oPF 12701 E 54 b Foto] nid § =& 3ot 3ichFig. 1).
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Fig. 1. The date of sowing and flowering in wild soybean and each B-carotene enhanced transgenic soybean. Soybean
groups in red line were used for hybridization.

wEE| MEH| MY 5 PCR AN

SFIEA|U|0] E(glufosinate) A 2Hd -FHARR bar FARE AdE0A = ARESH WS SIS IRt Al 2=A] A

& I, B0 R OFAF ISR ST AN S I AT 27 F090 T2
Hlo|E R EHIAEYS 79 1HA 0.2 23] H2|sto] A|2A| A/ 7S Adstitt. o] = ARk 7ol tistod

immunostrip 77 3! PCR 782 AAISIRITh 22 A 24 212] £ YE5 7)Ao chistod Hlet=d 3t Fo] mldh

2191 PAT (phosphinothricin acetyltransferase) tHl} 21 2] 7174 0] 7}H5SF LL Immunostrip kit (Romerlabs Inc., Union, USA)S AF-&-

Sto] 72 35kt Immunostrip 7178 A}, /g2 7ol thisiAl= A 222 E] genomic DNAE &5} PCR 7
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S Al . 0] ARE-H genomic DNAS] 32Z-2 DNeasy Plant Mini Kit (Qiagen, Valencia, USA)YE- ©|-&-5}0] o+

of me} FZotA 1, WE HAE ol bar %} E0]4 Zeto|H(F:5-TCTGCACCATCGTCAACCACTACAT3, R:5’
-CTGAAGTCCAGCTGCCAGAAACCCA-3) ¥ HEZI2E 7Jak3 o] &9l 8421l psy/Citl SIS 220 2 5 e}
O]H(F:5-ACGTTGCTGGTACGGTTGGGTTC-3", R:5-GCCCGACCGCCGGGTTTATC-3) S ARSIt T3t oRRIZ(G.
soja) 2t AHIEHG. max)2] 5 THHo)| 0]-85k= SSR (simple sequence repeat) IFH(F:5 -CACTGCTTTTTCCCCTCTCT3, RS’
-AAGATACCCCCAACATTATTTGTAA-3)E o] 85to] o] EA 248 A5t thCho et al, 2006). PCR A<
94°Col| A 55-7F DNA B4 2 94°C 30, 57°C 30, 72°C 3022] 710 2 353] HHE35t & 72°Cof| A 587HHH2519dth =
ZE PCRAMFES 1% O FRAZIS 0] 839 17|95/ 0= 2RlstlTt.

B S4B}
T2 % 4 IS 9Jsto] L SohE(hybrid F2) 2 529 veph2el et 33t ek 75 2o nE
Q1 BRHE Glycine max), WHES] LES) 0Py 717t wk55}0] 241 Lol ol S 5| oF2% F IMO A2

[} [e)
of| Aokt A =70 em X 30 cm©| Y 2., 3y AfjuHo] whe} 2fulistRict. ZF EE51 ko] S4o] ¢k
Tl= ARl ASZALE sl on, A, B85 A x, B4, A G AA E L SAkeol tis RALE
Alatelth BE g2 AR= ZF E3 1 107HA 0] el BHE 43851l et -5 Z o] thgt 54 2412 SPSS (23.0.0 for
Windows, Rel.23.0, 2015., SPSS Inc., Chicago, USA)E- 0]-8-5}0q p < 0.05 4201 A] Duncan test2t ANOVAZ Hw7+2] 52
A Bz AR o)

fU b ol
o)l r

I‘UE

=
WA Sl (hybrid F2) SAH] o} Bl YEi4] £/ H7H fIste] w4k oS (hybrid F2)2t B L2 & 743t
5, O3 EAtol tisl ok Y FAF A7), Fu M, HokL o] T RARE AAISHIT 4514 7 5F
Ao] 25 ¥ 3008 2] TAME TFEsto] LMO 2] 24 HollA] AS5l L, uks: 25 & Holdt 7] =& 5—/\};]'
okgZ SAoI3th oP3T 2] ¢ Tt Fu| 2 Qe 7 U Hokg ZAPFojH R EE SEHo R F

7sto] ARESIT FAe] FEiA B/ B4 flol 2 5 FA9] = A A4 Stel il SAke] ol et HH]
2 1008 5= SASIUTE AA| 8 T2 5 729 2 A A4 S ]’ 0ol EHOH Zolet HH|E AL, 100
B39 5742 103] BhE AAJSIT) 7F -5 Fuj o] M7z &Qko 2 mhdsto] ERagint SAke] ol £Lof
ot y7h= 7 25 Z 1007801 thsl] AT 1 E 2] t]4(100 mm X 40 mm, SPL life science, Pocheon, Korea)©l] Z E
|0] (90 mm, ADVANTEC, Tokyo, Japan)S Z 1L 5745 10 mL 7}Fsto] FAHE 10 €4 25°C] dx7dolA] st
AL, 2417k 7HA © &2 H QY (cotyledon)©] FAJH A2 75 S7oHAT opE -2l -9, o Q1941 Fu] A|A
o] AFA el = o] &5t
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WS G E5HoPYE 1271A1 S0l £ 3,769 Q] ZAFE 428519111, 0] F HE A 0 2 g7} A ZA| A B
ol= Aoz Uehgton whE-2 0212%2 BA =} Al2A) A% *o 1 87HA| S it O = PAT T Hof] chsh
immunostrip 7472 AA|SH A1} HE ZiA ol A F/dRHE-E UEFTHFig. 2).

GM soybean x Wild soybean

N/CP/C12345678

Fig. 2. Immunostrip tests to identify bar protein expressed in B-carotene enhanced transgenic soybean. N/C: Kwangan
for negative control; P/C: B-carotene enhanced transgenic soybean for positive control.

F7}2 AASEPCR 4] A}, A 871 Q] widgoll A SFZAIU|0|E A g fAAtet vet=d 3tE-o
225K 2191 Psy/Crtl A} 25 ZAE T A Ch(Fig. 3). Yol A £=3835F Yoshimura et al. (2006)2] E. o] wh=mH z{uf
T M3 g BA A Aol M 2 AR} vl gt A3HE LR AT 20019 5-E] 200487F2] 43]0]l A

s GM3- Atol 2] ZHAA Rl {7} o] 5 B ES A3 A 0.7 me] AHA| Aol A ZTh 0.19%2] wES Y
EFH AT Guan etal. (2015)01] 25 3 At Aol A= 2872 GMEd} oPdE-= et Axk, ZH2F 10071415 4=
25t0] 1371|129} 8714 9] mAFEo] ERlE|of mj-¢ W2 wAkEe] WAy HleS Bt £ AoA= 9 doE gt
S AL flof] o3 Tt et =Y ek 7isE Al7|E D|sto] f1tol] o] 8t Aoz, ANk AjHij oM =
Aeiz2] 7HStA 712k opEF-e] 7HEHA7]=2-35 o) Aol 7t e Ao ® A A Qlo] URFAQI A4 e UollA=
ojHTtE2 wiEZ B A2 AR HL
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opIZ I Al F2 EAHA T ni = ARG SSR Wl 9] 42, o Tt AfHlF o] 244 HhE 2719 i AE
E"‘-E’H ELS T2 4 Qle} Gt Hep LR E Zslgoll s 22 3719 'HE200 bp)7F HEE QoM of
*g%ﬂ WAE 870A A= 100 bp2] FLRHHIET}F S E of A 870A| 9] wE2 AP ESHA o= HEQl of
FP-o|| 717k 71 o 2 A =] QI th(Fig, 3). Park et al. (2016)T Lim et al. (2015)2] Elol| A= Z2h Fok-f-3] wzt
I5tof ol E44-& 7Rt A}, witEo] Wot £/o] F-2of Hls] 2} FARE 2oz SRlE Qi o]2{gt

A 9] pCR Ao} AFSh= 20 2 i Sl E(hybrid F2)0] 2T} SARGHAS EA W Hlol ES B
APYETHA 02 mgof| 7Pk B/ AU 7] iR A S 2 AtgEh Al opd Tt e k=Y
F2 g7 HI 52 SAd5to], & 37861 9] W ST E (hybrid F2) 2AFS |Z5191 0, o] & Z2}F EA 5ol
].
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KA GM WIT 1 2 3 4 S 6 7 8

-— TS T T G IS TENe SN eSS Do
et D T e e WS Ty Sy S PSY/Cri
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— G.soja

Fig. 3. The PCR results for detection of insert gene in B-carotene-enhanced transgenic soybean and for determination
of genetic diversity. KA. Glycine max; GM: B-carotene enhanced transgenic soybean; WT: Glycine soja (P1483463, Wild
soybean); PSY/Crtl: Phytoene synthase/carotene desaturase.

S S EAS AR A1 vep R ehEat adE, opdE7ke] 5-oJ3h Aol 7} =1 Rl ThP<0.05). i
AEo] HEQl vept2 8 43lao] A2 682168 cm, BA4E 5411270, A= 5.0+ 1770, @4 18111340
—’,\~—t—314.2i65 7RO ZALEQITE WkEo] mE O 2 o] &5 opF o] - Qofl= A 14131134 em,
A4 1.02007H, 4= 7711670, B4 1,041.1£339.770, AA| Ha= 1376242425702 SH=|QUTE wdE2] 3%
2 1923£47.6 cm, BA|4= 7.012.070, A= 8.613.07H, F4= 480.81306.17, A Ha= 487243123702 AL
Elo], F74e] do|, #2145 E A HEEo| H|g] 715k L, Pt Hame] A9 R o] S A S YER L 9L
o} Hiept=E Z8HEo] BEEQl FtEo] 42ol= e t=E 4ataat fARE S 442 Btk 5 EA4L2
oy ZollAl } =7 b, gotEat HeptEY Aete2 W 25 S4S H Q
SR HIEP IR 3 TR =2 =5 42 Bl TKTable. 1)

=
3 o
]@
il

38
i
5

N
i

o
o
ofl
H
)
rlr
1=

Table 1. Growth characteristics of soybeans in stem length, number of branches, number of nodes, number
of pods and seed production (P<0.05).
Stem Length Lodging score

No. of harvested

Soybean ( ¥ No. of branches No. of nodes No. of pods

cm) 09 seeds
Kwangan 63.80t4.8d 3 5.00+1.1c 4.50+1.5b 166.20+43.8¢c 241.30+71.5d
GM soybean 68.201+6.8c 3 5.40%1.2¢ 5.00£1.7b 181.10£34.0c 314.20+65.7¢
Wild soybean 141.30t13.4a 9 1.00£0.0a 7.70+1.6a 1,041.10+339.7a 1,376.20+242.5a
Hybrid F2 192.30+47.6b 7 7.00+2.0b 8.60+3.0a 480.80+306.1b  487.20+312.3b

Values indicate the mean=SD of replicates, n=10 replicates for each group.

Kwangan: Glycine max; GM soybean: B-carotene enhanced transgenic soybean; Wild soybean (P1483463):
Glycine soja; Hybrid F2: 3-carotene enhanced transgenic soybean X wild soybean hybrid F2.

a-d: Values with different letters in column means significantly different (P<0.05).
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F 55 T4 doke2 et =d Aoka it Fet3o] 95% o/ d o w2 WokeZ BN, o ugt =

o}
Bl 438t 7o) F2F EA S AN At F4t et BA| 9 Fal A BzolA] fofgh o] & BYlTh (P<0.05). o8 F2]
735 2] Zo)= 341 mm, FAFS] WH =256 nmE 7P 22 37|18 Bl o B AA] 114 g0 2 7P A2
Z UekiQich Bhi etz e 3852 22} Zo] 743 mm, ZARAH] 5.66 mmE oFAYZol| B3] 2ul o)A} 2 37
ZA =it 1 S Z(hybrid F2)2] -9 Z412] Z10]7}5.16 mm, A1) YH]7}3.89 mm, H7F2 239002 1t
Ql opiFat ol el t= |l kg o] F7t P& UeRIC He L2 Zstao] BEE<l Petael 7o
+ Hept2E Zatgat Take] FejAl 44 FollA] S0l E ALlstal 5249l Afo] & Ho|A] ¢t THTable. 2).
ZujMo| A Zzte] FFH R ZAst Afo]7t Btk o g A, HEpIREl eta-2 F34S vehdar,
b S ohE (hybrid F2)2 0] 59] S7Hgdolet Box|= A4S w]UTHFig. 4). Park et al. (2016)2] A% Z 1ol o]51H,
A 2EYA AP 4427 2UH GMB o gF 7o) WAt T (hybrid F2) A Fu] A4S v 25 S4B
oAl mREO] F7HYH S PRI o|2f3t ATtE B2, wE FAko] ez 5492 ot vetRE 7
stz B3t o) o] sl A== A o= AR HL]

A

ke hu

i)

Fig. 4. Seed characteristics in seed coat color and size of soybeans. (A): Kwangan; (B): B-carotene enhanced transgenic
soybean; (C): Wild soybean (P1483463); (D): B-carotene enhanced transgenic soybean X wild soybean hybrid F2.

Table 2. Seed characteristics of soybeans in germination rate, seed size, seed weight and seed coat
color (P<0.05).

Soybean Germination rate (%) Seed length (mm) Seed width (mm) 100 grains weight (g) Seed coat color
Kwangan 96.0 7.1510.4d 5.85£0.3c 13.00*1.1c Yellow

GM soybean 95.0 7.43£0.5¢ 5.66=£0.4c 12.9540.8¢ Orange
Wild soybean 80.0 3.41+0.2a 2.561+0.2a 1.14+0.1a Black
Hybrid F2 78.7 5.16£0.4b 3.89£0.3b 2.39£0.6b Yellowish-brown

Values indicate the mean=SD of replicates, n=10 replicates for each group.

Kwangan: Glycine max; GM soybean: B-carotene enhanced transgenic soybean; Wild soybean (PI483463): Glycine
soja; Hybrid F2: -carotene enhanced transgenic soybean Xwild soybean hybrid F2.

a-d: Values with different letters in column means significantly different (P<0.05).
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SO ot Lol A= L= | 743t 3t 3gRbEo] IA xfol& Kol x| Pkl opYF-2 A5 e £EE H
o, wiE-2 opF Rt HEP IR E Z3tgoll Ak 541 B3I ThFig. 5). 24417 o] Ujol] Eolst 4= % 100
g 5 17408 uggolx 7P wokoLt, /A7 et 28 48k} 3okge] Wokgo] IA 37kttt Hiet
B2 743} 3} orE-2 72A1%E o]l 60% o)) oke-Z Bl witE-o] A2 48%, o5 4%2] R Hokg:
< YEFT. Lindgren et al. (2003)2] 110 k=, 7= H A9 1}7gof) #ofSh= phytoene synthase -F-AAHE 2Ht
A1 o7 chol| A ME IR E &5 57 2 Woto] x| <do] ERIE|Qltt. uleta HelZtRE Sego] Z7HE HEFTR
& 73t5-0] Holr} gkl vlsh A|AE A 0= ol sl o, Auba o 2 Jotaat fARSH ot £ 5 H Ytk 12
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Fig. 5. The germination rates of soybeans under dark conditions. KA: Glycine max; GM: B-carotene enhanced transgenic
soybean; WT: Glycine soja (P1483463, wild soybean); Hybrid F2: B-carotene enhanced transgenic soybean X wild
soybean hybrid F2. a-c: Values with different letters in column means significantly different.
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WHFE 50% 0] RAR ol 8-S BYILk ofefd ATE Higo R WYFY BEHS GM Fol o) HYT £
IR} oH= PRSP B2 oI F ] EAol ufe} 2l A0 2 BEHEh

Table 3. Germination of the soybean in the different burying conditions.

Period of burying Depth of burying Germination rate (%)
(month) (cm) Kwangan GM soybean Wild soybean Hybrid F2

3 0 47 2 57 58

5 0 0 33 11

10 0 0 40 0

20 0 0 39 0

5 0 10 4 63 23

S 0 0 0 0

10 0 0 0 0

20 0 0 0 0

~1

Kwangan: Glycine max; GM soybean: 3-carotene enhanced transgenic soybean; wild soybean (P1483463):
soja; hybrid F2: -carotene enhanced transgenic soybean X wild soybean hybrid F2.
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