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Weed & Turfgrass Science was renamed from both formerly Korean Journal of Weed Science from Volume 32 (3), 2012, and formerly
Korean Journal of Turfgrass Science from Volume 25 (1), 2011 and Asian Journal of Turfgrass Science from Volume 26 (2), 2012 which
were launched by The Korean Society of Weed Science and The Turfgrass Society of Korea founded in 1981 and 1987, respectively.
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Characterization of Soybean Hybrid Seeds Resulted from Natural
Hybridization between LM Soybean and Wild Soybean

Hae-Rim Park, Min-Jung Yook, and Do-Soon Kim*

Department of Plant Science, Research Institute of Agriculture and Life Sciences, College of Agriculture and Life Sciences, Seoul
National University, Seoul 08826, Korea

ABSTRACT. With increasing LM soybean import, the concern about unintentional gene flow from LM soybean to wild soybean
and consequential weedy risk has been growing. Therefore, we conducted this study to characterize seed traits including
germination of hybrids resulted from gene flow from LM soybean to wild soybean in comparison with their parents, LM soybean
and wild soybean. Pollen-donor LM soybean seeds were much greater and heavier (about 15.0 g of 100 seed weight) than F2
hybrid (5.7 g), while pollen-recipient wild soybean and F1 hybrid seeds were smallest and lightest (about 2.5 g). F2 hybrid was
brown, intermediate between yellow LM soybean seed and black wild soybean seed. These findings indicate that F1 hybrid seeds
show similar characteristics with wild soybean, while F2 hybrid seeds show intermediate color and size between two parents. F2
hybrid seed showed intermediate traits between two parents in germination and dormancy rates, which were 35% and 65%,
respectively. LM soybean showed no dormancy, while wild soybean showed greater than 90% dormancy. This finding indicates
that F2 hybrid show intermediate characteristics in seed germination with high dormancy trait, suggesting a potential weediness of
hybrids resulted from gene flow from LM soybean to wild soybean.
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A-l = (Kim et al,, 2006; Lee et al.,, 2009) o|Z A H] Qx& O
2 {25 IMAEC] Yo E fA o]solur Fx
A AAA 2 FHAAHE (living modified; LM) 2H=2] o]l thgt At A Y Al=H o] glok oA LMZA}

AeiE A 22 MRSl A A A7 58 1996 =0 ¥ Ae F2 VIE AEEdel AR IS
d ol% Zlstar ez Frtete] 20149 LMARES] Al AR Vles E8 =she el AEH e
HA2 19 81507 haofl @3Fal Qlth(James, 2014). =+ o, LIMAE27E LAF B opYFo2 {44 o5
o= LMz A4 A7t Sold ARl glevy, 4 FAAF ol gl AR o] o] w} FuiFe] ST o=
§ Ee ARELR #UHA 3o fEEe M FE ST 5 e AHA 2 sl tidt A=
Bl = Ql & 27 =oAL QIHH(KBCH, 2015). vl A|gha{olrt.
2009 AVAFA LMEES] fr&o] Td o2, 2013 A} WY T2 AA 4 Y A= S skl
doll= A= 1871 A oA 217]9] LMzHEo] WA= gle o, LMAE ez o] of 50%E AAISkL Qlet. AfulE
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(Glycine max L)} Y AAY ofAF 2l = (Glycine soja)
A& Glycine &, 21 Fol| A2 Soja oFol &abm ¢ AA|
T7F FY5to](2n=40) F7F wFo] 7HsSeH(Lu, 2004). T
H T2 At AEolng IMF o 1F w1
Al (F1) ZHAI7F Al Wl A Aobds -5 A2l 9
off AlgsiA =Y RS IRt FHE A H o
AEfA o IS of7| A1 = ATHGepts and Papa, 2003).
A7 AAARCZ IMF 2R o4 LMF2 op8F
o WS o] A Ay E A= floy IMF oz
g ooz (AR} o]5L 6 m7HA| WA 73 Ao
2 HiE] ‘}i.J—_’_(MiZuguti et al,, 2010), AujZ1} ofYZ 2]
FUHBEHE He= AA 28F(Glycine gracilis)o] =71 Y
ol A AR tHWang et al,, 2010). ©]= LM3-o] Aul
EHAY v EH o g f&d A9 Qo] RSk Q=
opFT RO FAAL o H AAwsY SoiE Aol 7t
oIt A& AlARRIT 53] gt Z37E FokAok=
o] AR = A o Fo] A=A o e kil glo] A
v 2 o F AR} o] s i wAt FE A Tk
ol Bt =5 Ao g o4 fE7] olof B3t A7t Al
3Ith(Yu and Kiang, 1993; Lee et al., 2008).

U FAAEHANA LM HZE LMAES Aol
F714 B A B Fo AfujAl7|¢] 5L 1097t
A ki (pollen)oltt FA}(seed)d] FEj= AR F&
H 5 Utk okdF Y S T A 1F9] A7t 4k
A FollA Fxste o] skl loug F 7k {f3A; o]
& 7FsAdol EAR opFE E717F 25 olal Fit
ASZo2A AAZHE ol gt 2-8/do] AufF et At
Aoz v wrh 3 AujFat vlaste] A o AEe
A FA7E wow, 9ol il FAL FaE AUl

%= 5 (Hymowitz, 1970; Ohara and Shimamoto, 1994) %}

oftl of

28} 7HsAo] 2 54 AU gtk R 7Fs Aol &
o opE] AZAY A AR 5 ABA A3

ol LME =] SA4 FE/L waych
Ast7) - ofele W7t @ wak ohet ool AR
e ASAIZ Sk ek B3] g S FA7t A
A AgeANA B Q= FA4 Fe2 Etel Tk 3]
A Aok HS A%, ol FREE AL B B4
2 QAR del Al Aol AWE ek BrlE
5] wjs) £ G} M L A2 G
A Aok e 4 qlek. o] HE LMEI} opyF 71 i
A FohEol AeA Held AEsT AthE 224717
S 271 ATl Fpe] B % wolFE S4e] v

=
AL IMFORRY YT OR 7% of
! FiF0] W2} 71sH S

Slo LMB} B 2 AALYF] FAEA Wobgw

zAINE

LM opige] WAFYEE 54 S4S B
L3l AERER] B E (Glycine max L. cv. Kwangan, 2n=40)
off 4 AEHA A FAAR] ASIZE =90% LME(S)
I} =3 (Glycine soja cv. IT 182932, 2n=40)($)2] AA w2t
o2 AL w3} FYE(FL F2), AuiEel Fets= A8t
ek AT IMF FAE sottitaolA 24 gt
Hl LMF2] 39 ASIZ 32 7RI E Wof] AddmbA =
A|zA| glufosinate A3+ 3R} (bar-gene)7t AF Y = At
ST AT ISt AT Ao A BeF A 20139 5¢
FE 10E7HA] Al 2 At Adse] LMO
AP ZAoA IMTS SHE Ttz 532 She -84
2 Adafsto] EFollA e 1A (F1) T4 &
UTHIMO SHHEAIY 51 A2013-088%). 2 Lol 4]
AR IME2 =9 A DY copy2 EA SRR
o] Fg o] wet F1 Jde] 50%5ko] = F xS
Eotskal Qleh, weba] o5 ShEE Wikl FISAE o
doz AlzA ~3eEd %W PCR A4S T8 =UA
7} &1E F1 w3ES 20159 5€EE 109714 LMOZ
22 A A7kaeiste] w24 (F2) T4 2Hstkel
CHIMO SHRFEA19 ¢ A12015-002%). S F2
e W FA Ao wet 75%7F =R AANE Edetal
25%= =ARAAZE EASHA] = Y /AR A
dog FAgEo] qlrk Fl wfE Ad 9l F25A) shee}
AT A7)0l FeHE, IMB T 53 = LMO:EFof A7
sho] Z7bae] AlA 119 AF sEsto] T4 54 9
o5/ B7F Aol A&kt

M=M 232|d % PCR #HE

Glufosinate A3 SAA} bar SRAA7F AFQlE Z3(9)
x IMF(8) w3t I (F1) 7HAE EHs7] Qs =32
LMZF el 7iAo]l glufosinate-ammonium (Basta, Bayer
CropScience, Korea) #|2] & ME/NAE Adstal, bar 7
AR % mefo|ul ol &4k PCR A4S UAISIGTt &
FollA ket wRold Mt FAH9] B TAF S40]
£33 BBl BAL $98 AT YonR ey
Flelbg ANt kel Y $48 AEE A
27 200 THEEE ulEskal Al 132G 7] glufosinate
2 09gai ha'e] ko Mg T 7eIxfo] AEAR
whe AlsheTh AEAIA ol DNAS 255 F bar
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LAz} Eo]2 Zalo|w(F: 5°-CCGTGCCACCGAGGCGG
ACAT-3; R: 5-TCAAATCTCGGTGACGGGCAGGACC-3’)
£ Al#s PCR HAZE AAsHanh 12a F WA 54
A} (Lectin) Z2to]H(F: 5-TCTTGGGATTTGGCCAACAA
TA-3; R: 5-TTAGATGGCCTCATGCAACAC-3")2 F4
X0 & ARGt MEo] F4H R PCR HA o] H 9]
=A] &8kt PCR AAL 95°Col| A4 22 7F DNA o]
AL A7 B, 95°C 30%, 64°C 303, 72°C 30% 9]
AL 308] HHESlT 72°C 559 A0 2 23859}

7] PCR AHES 2719 53k] A olH 2 SR8
=g

o>‘

F

BXto| e 59 @It

MBI ShiolBol ne EFael wd T 54
of Wel B4 wWskE Wols] flstol WeAE, LMT, B
F 2ol A UL 0] FAe) A4S Al
o] digital caliperg ©]8-3f] £} Zo](seed length)2} =&
(seed width)S =335}t ZH2ke] EAJL 1084 302 O
2 AASkc) 1008 22 B4 e 10088 22
2 Asio] Mo R BAS 2S00, FR8L
Bt e

e

Sxte| woisy W}

WA o) FAe) wobs 4 wats Blel) Sis)
o £7 43145 WOl AN FLEAke) A7)
W S R A4St gRE Yo, IMF, B3 £
Z]—— 20159 11€0)] =8} 2% AxE} 50 Lo} ZF4> 100 ml

§ Bik] 249 574 L5z 300 35 AU
> g sEeitiae] o7 g 2T %
g 3ie) A4 ¥ wu HAFE) 200848 TiEe
33 2 grsl el Ajste] 25°C e
A ASEOn ol % 209 Bt RS A
Z27) ufE AL 15311 e E 12470t} A eEo] 4=
22 FFelch 1% F 2020 2A $20] 2mm o]4F
LRt S48 WolEl 0.2 1hslol Wolg 2Af)
Stk 7 - 2090] WolkshA] ok FAe] FE A7)
3}l 2,3,5-triphenyl-tetrazolium-chloride (TTC) 822 #

3T 9L ATAA W (embryo)e] AZHASE Bl
3218 77k5}2lcHLakon, 1999). Wols}A] ohe 7 7
g 4713 TICH o 2 ZA8go] slold 42 FH £
ZF(dormant) 2, 1 Z] 98 E21E APEERH(dead)E 7HE
sttt

A2

Bk oA EAe] Weja B4 HAHEA(ANOVA) 1

Duncan®] T4 (DMRT)S £3f 524 afo| ojH S

Aok 48] 3% T AZHYe] T2 A “‘Okg(y)~
ol#] 9] Gompertz HElo]| AEA|7|= H|AFYI|HEAS &
3f F43} tH(Gompertz, 1825; Kim et al., 2006). == &£
AlE4L2- Genstat (Genstat Committee, 2002)2 ©|-8-5}o] Al

AT A

B =27] ?7}%(‘:‘*01%41—4 71&7]
=g & A
M =2t} =2 wol&(C)2] 50%0] Egshizt] AR =
71zt
Aoy na
NN Sy
Ol IMBE O mEFQ HbF, ml ¥ U W

T FdiEe e 544 vt Ay, k] dojet
H|, W mEofA & 7+ 208 2lo]& B ¥} (P<0.001).
LM3 2 b, =5 gt I (F1) E449] Fejs &

2 w9 AR AgS Belon g 2A4d(F2)<] 7

T 259 S0 54 AYar )i tH(Table 1, Fig. 1).

Table 1. Seed characteristics in seed coat color, seed length, seed
width, and 100 seeds weight of parental soybeans and hybrids.
Mean values followed by the same letter are not significantly
different between the tested species at 5% level according to
Duncan’s multiple range tests. The values in parenthesis are

standard deviations of 3 replications.

Seed Seed Seed selé)c?s-
Soybean coat length width weicht
color (mm) (mm) (g%
Kwangan- Yellow 7.22a 6.21a 15.38a
kong (0.31) (0.25) (0.03)
soLli\;[ an Yellow 7.45a 6.24a 14.60b
h (0.25) (0.28) (0.11)
(M
Wwild
4.12c¢ 3.20c 2.2e
soybean  Black (0.21) (0.19) (0.01)
(%)
. 4.16¢ 3.15¢ 2.57d
F1 hybrid Black (0.31) (0.23) 0.12)
. 5.94b 4.70b 5.73¢
F2 hybrid Brown (0.28) (0.20) (0.08)
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Fig. 1. Seed characteristics of parental soybeans and hybrids A: Kwangan-kong; B: LM soybean; C: wild soybean; D: F1 hybrid; E: F2

hybrid, respectively.

a0 A9 IMEI FebFo] weta, BT} F1S
AR AL F2 FAE 1 F7F A7 324 (yellow-
brown)& Wit Exhe] A7) (o] W Hu]) elA] wjsgt
opAFe WATh. A0 2] LMEO| 7.45 mmz 714 2
Aon] WIF, B2, Fl 4 208 dojglon 53 54
£ 42 mm 7 2 ghe etk Fxhe] 1 oA
LMZo] 624 mme 7P AT FOLE, B2, B3 A2 &
oron] 744 2-e Fl £410] YulE 315 mmE LMZ-|
Ayl S0l gleh. WY ES HebFo| 153882 7P Ao
W LMFo| 14.60gC 2 1 FE Wxtor, F1} 532 7+
7} 257, 228g9) A FLe HYTH B2 £X0] MYF L
573go® F7H4Ql B4 AdS SRlssrt.

7} go| 4 B4l diste] dxe] BRI U
A3}, 95% 0] Szoll4 EA4F dolok vy mE LMz}
Bk 7k folF Aol7h QAo FWAME getow
317] olele A GAIAT) o2 e Aol =]

A AEHA AR S ASIZZE IMBO] FA} 271
o] 2 ek wlAA] S BIak 4= ol
sl B2 B ol F2} 2710 folgt Fol 7t 912
o, a4 oA ARales gob @zt el B4 =
e wrol ols) AREE BRI 4 9lgleh i, Wy
BE Fo| folsl] the Ao vepid) ol w
F3jol7h Wi Agl7] wjEel Aew sj4Hrh F2el
AR BE Fdo] LME-URFE, B2-Fl 150 %

E4g Bl £X0 FEd B4 wid o
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oSy
=

TRl IMEI O BEFQ b, BEQl B3 W o
H FdiEe] wot W S-S vt Ay}, M3 3
QFE2 w5 1Akl ofn] 50% o) Fe] FAp7L otk
R 27} v 16, 15U3k0] #2] olgo] 100%C]
=gte] fdo] A9 glee oeld 4= gtk vk &
TL oA F FRAIER 20U 2T A wokg
o] 8.5%l E¥sto] LMFol Bl o vjg w2

ot AUm 9leS Selstgt LME % 5 W
T B2 FAE YO WolB L Syt At
W, A3 2 Wolgo] of 35% £EOE P F
2129l B2 bk (g 2).

AIRES F39] LM 3 3okl of 07U = vf-9- Zjtar
BEQ FF2 oF 2142 Fof vsf 3wl o)A 21 ARt
of 225 rk. w3} FHF F2= FHEokee] 50%0l
Egshetl oF 1.8Y0] 285 JOR JSHo ETE
O =2 YoAlE Blou IM3ol visiA X w2
dhobAlE X ch(Table 2, Fig. 2).

FAe] FUSA WIS 99 7t Fo| Wobg, Fg 2
AR ee vis) & A7 AEIME D BRI 5
W F20] o] el vhvlolAickFig 3). LME T %
Qg FAH WOPAHAN BE S} Woks}el] uho]
F 0 AEEAS WA 5 A9 o vl ST §
B 900%0] Folglon ABEAL U SelE e,
F2 SR WoluE £2 A 1 ¥ 202 Aol ot
Sl 3t FA1E Qe R ST TIC A4 BE 5
A7k FAEE A Ao AT FA FUE]

100 XXXXX!
g0l Aei [y e
é e : \'I:\gld soybean
E 40 Il
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© 4
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0 5 10 15 20
Days after sowing
Fig. 2. Cumulative germination rate (%). A: Kwangan-kong; B:

LM soybean; C: wild soybean; D: F2 hybrid seeds. The curves
represents the fitted line with the Gompertz model.
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Table 2. Summary of non-linear regression analyses for fitting observed seed germination to the Gompertz model. The values in

parenthesis are standard errors.

Parameter estimates
Soybean C M B R?
(Cumulative max. (Days required for (Slope of
% germination) 50% of C) germination curve)
Kwangan-kong 94.99 (1.20) 0.708 (0.116) 0.853 (0.106) 0.839
LM soybean (L) 92.41 (1.14) 0.699 (0.112) 0.876 (0.107) 0.843
Wild soybean (W) 8.06 (0.30) 2.105 (0.249) 1.479 (0.719) 0.535
F2(WxL) 33.88(0.84) 1.789 (0.189) 1.272 (0.365) 0.697
100, Fe S 220l A% HEuols, ok, F
g He & HolFHEA BRoA ngsdjEe F g &
b~ 7] 4
E3” 79 B4 AU glom mEgl 225} vr) o §4F
2, g ISt Bl FAEY, 5o P S4L
3% mo ofa A4 o] A LMEH E39 §4
S A 29 BIE ®Y) YA E B2 FA19) B4 25T
cc — L
8% 17} o, Y UEDS] B¢ B4 Aol As
§--S 20 1 ;ger:’ninated LM%L —%’—zj}(]—?,] E?:}% Q’?lg- ‘/l\" %‘}\Q‘Ei %—O}‘é‘r%%}\é
1 3] ea
& | coman 7} Al AT B oA AL F2 BEES LM
R — wid 2 T mdpAAe] A7 EelE FI 48R A7t
kong soybean soybean hybrid

Fig. 3. Proportion (%) of germinated, dead and dormant seeds of
Kwangan-kong, LM soybean ( 8" ), wild soybean ( %) and F2 hybrid.
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