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Abstract - Plant regeneration via organogenesis and somatic embryogenesis was investigated in Korean soybean cultivars
including Cheongja 3, Jinpumkong 2, Tackwangkong and Uram. Cotyledon, cotyledonthypocotyl and hypocotyl segments
of 7-day-old seedlings were cultured on MS medium containing various concentration (0, 1, 2 and 4 mg/L) of BA and TDZ.
The results showed that MS medium supplemented with BA 2.0 mg/L yielded the highest shoot formation ratio of 83.3%. In
4 cultivars, Tackwangkong showed the highest ratio of shoot formation. When various sizes of immature cotyledons (S: 1 ~
2 mm, M: 3~5 mm, L: 6~8 mm) were tested on MS medium containing 2,4-D 40 mg/L for somatic embryogenesis, the
optimum size for embryogenic callus induction was 3 ~ 5 m in length of immature cotyledons. In 4 cultivars, Tackwangkong
showed the highest percentage of embryogenic callus induction. The results indicate that Tackwangkong is the best soybean
cultivar for plant regeneration via organogenesis and embryogenic callus induction among the 4 cultivars.
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Table 1. Shoot formation ratio (%) from different explants of soybean (Glycine max L.) cultivars by in vitro culture”

Variety Cotyledon Cotyledon + hypocotyl Hypocotyl
Cheongja 3 0 (0/30) 33.3 (10/30) 0 (0/30)
Jinpumkong 2 0 (0/30) 53.3 (16/30) 0 (0/30)
Tackwangkong 0 (0/30) 83.3 (25/30) 0 (0/30)
Uram 0 (0/30) 56.6 (17/30) 0 (0/30)

“The explants were cultured for 3 weeks on MS medium containing 2.0 mg/L. of BA.
*(Number of explants with shoot/number of cultured explant).

Fig. 1. Shoot formation from cotyledon (A, B, C), cotyledon + hypocotyl (D, E, H) and hypocotyl (G, H, I) explants in soybean
(Glycine max L.) cultivars for 3 weeks culture on MS medium containing 2.0 mg/L of BA. Cheongja 3; A, D, G, Tackwangkong; B,
E, H, Uram; C, F, L.
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HABE EF0| 33,3%% A2GA Y A= ZEHR 2jo|7}
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7t 713834 9] 2fol=S K13k A (Arun et al,, 2014; Liu et al.,
2010; Zia et al,, 2010; Ma and Wu, 2008; Shan et al,, 2005,
Franklin et al,, 2004; Yoshida, 2002)3} -9-AFst Axtolc}, 1
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Table 2. Shoot formation by MS and B5 media in cotyledon +
hypocotyl explants of soybean (Glycine max L.) cultivars”

Shoot formation ratio (%)

Variety MS B5
Cheongja 3 333 (10/30) 30.0 (9/30)°
Jinpumkong 2 53.3 (16/30) 33.3 (10/30)
Tackwangkong  83.3 (25/30) 56.6 (17/30)
Uram 56.6 (17/30) 40.0 (12/30)

“The explants were cultured on MS and B5 medium supple-
mented with 2.0 mg/L of BA for 4 weeks.
Y(Number of explants with shoot/number of cultured explant).

2 o)A MS + BA 2,0 mg/L v X]7} B5 + BA 2.0 mg/L HjR| &
ohkmalich, BA] 4 B% 5 BT ) £ hE o]
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ol Al MS BiA| Ee} WP vl <] 7} B ¢Fasith= Hal(s, 2010)
%= QloJA] FE(genotype) I} 2 A A H K97 A H 24 7]
227} o 4= Stk A AAbel .
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AERAA 9 Frh Axg/del Al dRFE =AM
fI8ko] BS WA Hrt Al2 g o] FEHE MS 7|2l A of A7
A9 F5ok S gelsto] 3071 As L% 1 Pﬁ&% Az
o] FA& 2AKSIHTHTable 3, Table 4), 2 30 742

AA+u)Z 22 AH LS BAO, 1, 2, 4 mg/LE A7 }fz ujjz]o

Agsto] vioF 4 3 A2FA Ajolg WA 1 At
(Table 3, Fig. 2), Bl &0 A4 A2] 7kl A the E5ol
H|8f =& A2 g5 Urehiin, 2,0 mg/L BA A 2]ol| A 83%
27V E0kTh NE2% FE o5 FE2 vk, A
et A iEb‘j‘ow
£ 2.0mg/L BA A 2ol A B33, -, 2E2%, BT EF

33 EFo| HlwA o *1?1:0&*3?—0 =

Table 3. Effect of BA on multiple shoot induction of cotyledon+hypocotyl explants in soybean (Glycine max L.)*

No. of explant with shoot
from 30 cultured explants

No. of shoots per explant®

Variety S 1 2 4 0 1 2 4
Cheongja 516" 826)"  1033)°  7(23)" 1.6 + 055" 25 = 0.76 3.0 + 0.82 2.7 + 1.11
Jinpumkong 2 6(20) 15(50)  16(53)  8(26) 1.6 % 0.52 2.7 + 0.99 32 + 1.05 2.8 + 1.16
Tackwangkong 1860)  21(70)  25(83)  18(60) 1.8 + 0.55 2.5 + 0.81 3.5 = 1.10 2.3 % 0.69
Uram 9(30) 13@3)  1756)  13(43) 1.9 % 0.60 2.5 + 0.78 2.8 + 0.95 2.5 = 0.88

“The explants were cultured on MS medium containing 0, 1, 2 and 4 mg/L BA for 4 weeks.

*C: BA concentration (mg/L). *Average number of shoots per explant.

"All values are the mean + SD. (n=3).

“Percentage of shoot formation (%).
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Fig. 2. Shoot formation from cotyledon + hypocotyl explant of Tackwangkong (A), Jinpumkong 2 (C), Cheongja 3 (D) and Uram (E)
soybean (Glycine max L.) cultivars cultured on MS medium containing 2.0 mg/L BA for 4 weeks.

Table 4. Effect of TDZ on multiple shoot induction of cotyledon+hypocotyl explants in soybean (Glycine max L.)*

No. of explant with shoot

from 30 cultured explants No. of shoots per explant

Variety o 1 2 4 0 1 2 4
Cheongja 516 930)"  12(40)"  9(30)" 1.6 £ 0.55' 2.2 £ 0.83 2.5 £ 0.67 2.2 £ 1.00
Jinpumkong 2 6(20)  12(40)  14(46)  10(33) 13 % 0.52 2.4 % 0.67 3.5 + 0.85 2.2 % 0.63
Tackwangkong 1446)  19(63)  19(63)  15(50) 1.5 % 0.65 2.7 + 0.95 33 + 1.05 2.5 + 0.74
Uram 826)  11(36)  15(50)  13(43) 1.8 = 0.46 2.2 = 0.60 2.8 = 0.68 2.5 + 10.66

“The explants were cultured on MS medium containing 0, 1, 2 and 4 mg/L TDZ for 4 weeks.
YC: TDZ concentration (mg/L). xAverage number of shoots per explant. “Percentzpage of shoot formation (%).
YAll values are the mean + SD. (n=3).
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)
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FAEAE ol 2.0mg/L BA Xl 3502 AP WAL TOZE /RIS HiAol 2 55 9 3070 A4 + v 24
3, AE2E, AABE, 9T EF RO HRUR WAL B Aslo] HjoF 4 T AEFA oIS BAT AN Table

KR
BT, ARt A o Az o] 2,0mg/LBA Mol M 7 4, Fig, 3), BEEo] A Ae] ol A thE FEoll Blel tha
woron B, ANET, HABE, S FE Lo 727t A Yehda, 1.0mg/Le} 2,0 mg/L 2ol A 242} 63%E 71
3.5,3.2,3.0, 2.8 /%It 1.0 mg/L BA 22|} 4.0mg/LBA A E3kom, 4.0 mg/L AEoAl= 50%= Hadhe AFS B

el Hlsakst, o AR EHE S BRI 0B25 B vis) A2
Arun et al, (20142 3 AH WA BAZ RS T AL o] vl s etk Al Bl ARG 4SS Avu
ZF Aol EopHolel ST, A8 AZHAO] Yol B 2.0me/L Hele] A9 YT, S, WB2E, 3B BE &

A= o] AG-EIHKwon et al,, 2014 Zia et al., 2010; Dan O & Z}7} 63%, 50%, 46%, 40%2] A1x¥ &8-S VrER I
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Fig. 3. Shoot formation from cotyledon + hypocotyl explant of Tackwangkong (A), Cheongja 3 (B), Jinpumkong 2 (C) and Uram (D)
soybean (Glycine max L.) cultivars cultured on MS medium containing 2.0 mg/L TDZ for 4 weeks.
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Fig. 4. Effect of BA concentration on shoot length from
cotyledon + hypocotyl explants of soybean (Glycine max L.)
cultivars. The explants were cultured on MS medium containing
0, 1,2 and 4 mg/L BA for 4 weeks. Each bar represents the mean
+SD. (n=3).

mg/L X 2] | A= 2+ 50%, 43%, 33%, 30%= A 24L&
l AaskGint, TDZ §=of the F51t BAl 245 vl ag
Azt 1,0mg/L Aol Bt 2.5 )& BE EZo|A Z 2Jol7}
AR, 2.0mg/Le] AL AE2T Q) e LE EF0] k3 4 /|2
A Ve, S8 FE A BT 52 9F 2.6 7= HlawE
U et 135 % (4,0 mg/L) TDZ A 2] B 2.3 2 =
E Zxo||A u)ma We Azr) FAEh

o)) Axte} o] AAAA Ao o3t Az e

—|-‘

Oﬁk

Fig. 5. Effect of TDZ concentration on shoot length from
cotyledon + hypocotyl explants of soybean (Glycine max L.)
cultivars. The explants were cultured on MS medium containing
0, 1, 2 and 4 mg/L. TDZ for 4 weeks. Each bar represents the
mean = SD. (n=23).

BA A 2|7} Bt} a3} 0 2 YERHL, Shan et al, (2005)2 &
o] 214 AH ujoFol| A TDZo] A2 @ Aol ATFAYS K5l
7, ofe] A= AolA ToZ A 27} AL ol FRHolel o
A= (Yoshida, 2002; Bhagwat et al., 1996; Malik and
Saxena, 1992)0] H1E|¢ic}
MS 7]E8)2]o] BAZ 0, 1, 2, 4 mg/L A7}sle] 4 5 Az
o)2 2AR AiFig, 4), HFT Eo] A He) T4
ohe F3ol Hlsl AlzZol7F A ]lom, 2.0 mg/L BA A 2joflA]
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Fig. 6. Regeneration from cotyledon + hypocotyl explants of soybean (Glycine max L.) cultivars on MS medium containing 0.1 mg/L
TAA for 4 weeks. A and E: Cheongja 3, B and F: Jinpumkong 2, C and G: Taeckwangkong, D and H: Uram.

Table 5. Induction of embryogenic callus from different sizes of immature cotyledon in soybean (Glycine max L.) cultivars cultured

on MSD40 medium for 8 weeks”
S¥ S (1~2mm) M (3~5mm) L (6~8mm)
IX W \% u t
A B C B/A (% A B C B/A(® A B C B/A (¢
Variety (%) (%) (%)
Cheongja 36 1 2.7 96 59 3.6 61.5 36 6 2.6 16.7
Jinpumkong 2 30 0 0 0 377 132 2.5 35 130 12 3 92
Taekwangkong 49 3 2.3 6.1 155 102 4.2 65.8 105 12 3.3 114
Uram 25 0 0 0 211 82 3.9 38.9 101 3 2.3 29

*MSD40 medium: MS+2,4-D 20 mg/L, 3% sucrose, pH 5.8.

’S: size, "1:18 item, “A: Number of explant, ‘B: Number of explant with callus, “C: Average callus number per explant with callus,

‘B/A(%): Callus formation (%).

3emz 7H Ak, 95 F5 AABT F5ol Hlsl 2E2%
F50| Alzdol= FA ekt A2 sEERE 2.0 mg/L

BA 1111101]/\1 gdE, S, A48T, EZE%—&E Zzt
3.0cm, 2.6.cm, 250m230m93\_1_ 4.0mg/LoA=4 EF 1T
oAl Z¥zk 1.9 em, 1.3 em, 1.7 em, 1.6 ez Al o]7} ”‘0} At
MS 7|28l x]of| TDZZ 0, 1, 2, 4 mg/L A7}sle] 4 5 /s_lzsz___!
ol& ZARE AiKFig, 5), #EH vl = BET E50l
2.0 mg/L TDZ A jol|A] 2.9 emz 71 Alch, o= &5 4
3% F5 71E2% F5ol Il Al dol7t AA Uit A
2] FEEE 2,0 mg/L TDZ Aol A B g, -, FABE,

AEZ2G ZF 402 7ZF2F9 9cem, 2.7 cn, 2.3 cm, 2.3 cn$3 1,
4.0 mg/LOﬂH‘— 4ZZE REM Z42F 1.7 em, 1.3 om, 1.4 cm,
1.5 enz AlzZol7} gopgltt, Alx7F f e 22 HHS A4
4 FZMS 7|28 2]of| 3% sucrose2} IAA 0,1 mg/L-S 713t vY
A& Al wfeFsto] W2 fr=sk3lthFig. 6).

A Ze P S T8 AEA A

uj A< 2k AH2 1~2mn (S), 3~5mm (M), 6~8 mn (L)<}
371 Z7H R X|AFslo] Z7of| whE A uElE e x
(embryogenic callus) FAS HESH A3NTable 5), BjF & 2
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Fig. 7. The morphological characteristics of embryogenic
callus induced from immature cotyledon segment of Cheongja
3 (A), Jinpumkong 2 (B), Tackwangkong (C) and Uram (D)
soybean (Glycine max L.) cultivars (from left to right) in 8
weeks culture. G; globular stage, H; heart stage. Bars: 1 mm.

FFE A o] AL ui g 3 FAEE A ] 71
A2 e} gFal & (flat side) $loflA] el A €7]7F BE=| St
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e Ao 71 = A ettt 1~2 mof| A= e g4
o] W¥ota, 6~8 mojA= F2 HEPEYE A A(non-
embrogenic callus)7t A= SUTE FF 7t HloAl= €,
HABE, 2 NEQS FE L0 71765 8%, 61.5%, 38.9%,
35%RIL, HE FFONA S 2719 Aol 71 =8kt
1~2 mn o]sh= BFF FE0) 7P FFoHlaL, MF23et £
o F5olA e A AYart FEEA] ookt 6~8 mof A=
AT, HFT, XE23, S F5 0% 7171 16.7%, 11.4%,
9.2%, 2,9%5 JEPH L, 6~8 muof| A= A A3 vjeby g e
27Fopd wuAlY e A7t P =] QIeHANR AN, B
T, BT, 1E2s FE w0 &2 71744.2, 39, 3.6, 2.5
o s g s ) o e s B i v o R E e il B2 e e
H 22 0 27 7 FFo A 4= T (globular stage)

@A (heart stage) A2 HPEAYE e FAJS o)
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Fig. 8. Morphology of somatic embryos with cotyledonary
stage from immature cotyledon segment of soybean cultured
on MSM6+AC medium for 12 weeks.

"MSM6 + AC medium: MS + 6% maltose, 3% sucrose, 0.5% active
carbon, pH 5.8. A: Uram, B: Taekwangkong, C: Jinpumkong 2, D:
Cheongja 3. Bars: 1 cm.

91} 22 Anb= n]d s Aol ANl e
Ao a3}Aol2}= ® 3l (Hofmann et al,, 2004; Santarém et
al , 1997; Finer and Nagasawa, 1988) 2} n|<:*}¢1 9] 2717} 5
mn 7Y ol Al Ay g e FAdo] Fa itk Hal(Yang et
al., 2009; Ko and Korban, 2004)2} U5}t E3t 2 2%
o] u|<Abed vioF Al 1w (10~40 mg/L) 2] 2,4-DZ LGS}
MS vjx]7} a3&o]gl= H 31 (Hofmann et al,, 2004; Ko and
Korban, 2004; Rajasekaran and Pellow, 1997) 2} -S-AFst Ax}
£ W AESol e Eeld 4= qlqlch
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