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MAFH LA B KAEMIDREB2ASE £ E1E#k

=EH%, BF, T¥F
JEHRAL A A R AR, B AR R S LRS00 %, MR R IR 5% %, JLR 100083

BWE O IECH R RS GUSHE KA AL 2 e SR RS &, ALK E (Glycine max) i Fi R R B0 L HILIK R, SA
PR @ FIMIDREB2A., 45 1R, KGR 7RI E, NaClOE LS Cl A 2L 2575 YR 4 515 $1)98.67% 1
93.33%. T M ivkEE GUSHE K 4H 4314k 2 Y (1,28 (68.33%) it 3 1y T T M F17:(14.00%) I IE 427%(0.67%) (P<0.05). F-FHi K
5%, AT # (Agrobacterium tumefaciens)t 7% J¥25°C, ODgo=0.9, Fi5IR5K M GUSHEN T M1 ik mi572.00%,; &
HHFR5R, BT BB mg-L™). SkEME544(200 mg-L ™) FIFR 75 55 2 (300 mg-L )ik % L GUSEE R AN 52 2 i %
93.33%; ALK AL AR R AL N1.11%, HMIDREB2AZE R K 5 42 R SO MR R IN%5 42, FARK FEAMIAR
i i 2 T 6 IR (P<0.05), TFESEMIDREB2AZE R B A (il K GAR RAEKIIER, MR ZERIET KSR T M E

TSI AL T BRI

X®IW KE, BEEILK AL, GUSEE, MIDREB2ARK, HAKRE
REH, BFE, FHEF (2018). b TH AL E § K S MIDREB2AK L RE K. Y% 53, 59-71.

K5 (Glycine max)if g T # [H, J51& A3 EF
K 45 1 (GBX 4] 45 RN 25 B9 %6, 2004), & SAE Y B E
i e %2 FhE 3R i (Hao et al., 2011), & Z [k
FARE/EY)(Wang and Xu, 2008; Z£#%:, 2015). T
B % 5 ) R 52 R A i Jo P B IR R 3R 2 — (Tran
etal., 2009; ¥4, 2017). DREB2A (Dehydration
Responsive Element Binding Proteins 2A)3& X1 v
T8 e, R AL R Rk, S SR B PR
(Liu et al., 1998; Shinozaki et al., 2003). H §i C.4H
4% M\ #0174 7+ (Arabidopsis thaliana) (Sakuma et al.,
2006). jHi=%(Brassica napus) (Gao et al., 2002). 7K
#E(Oryza sativa) (Dubouzet et al., 2003). L K(Zea
mays) (Qin et al., 2007)F1¢ [ i (Fraxinus penn-
sylvanica) (Xiu et al., 2016)%& {4 70 [ 35 15
DREB2AKJHIREE R, EATH 2 T R A is s HYS
YRR ARG . ARSI % T RHE ) 9% 22 1 1E
(Medicago truncatula) #' 3¢ [ 3k 43 MIDREB2A 3
(GenBank’ 35 : DQ908959), %3t [K H A7 o 4r 4%
JEE IR 2 25 ) 1 R AR AR IR L R T T 14 1 D) B (Chen
etal., 2009). K MIDREB2AH T K E &, LAHIE

Wk H 3. 2016-12-23; #:52 H#: 2017-05-04

B E 0B HTR (BB SE, 2011, E A MAE,
2014; FLIEWNASF S, 2015) K4 i oK L R
Jfi(Seo et al., 2012).

KRG FAL 2 Z MR R IR, AS[F K AL
RUANTE 2F P AR 2R AT B U AE 22 57 W1 i . Hinchee
£(1988) 1004 K & ity A e i ikt Peking, AR FT
HAT A GUSEE R G (0,4 i iy« K 2167 Jk (6] 7Y
(BB 55, 2011) 1104 5t Fh (8 6 T A0 R, 2015)
43 5 AAS FT 1 LBA4404 FIEHAL05 /) 5 GUS 3 [X] #
B, A AR ARBOR AN SE 2 AR R GUSHE [ G
B (NREE, 2013). K FAL IR R 5T AL PR 2
BRE/NESE, 2010). @ LA AT B (Agrobacte-
rium tumefaciens) /- Tk LR FEVEFIER & BB L
SR (FERE AR, 2010, fESCIESE, 2014), T RIHT
B A 92 2N T K S 75 (Donaldson and Sim-
monds, 2000; Olhoft and Somers, 2001; Olhoft et
al., 2003). I (Hinchee et al., 1988). " f& 4 (Wang
and Xu, 2008). £42(Liu et al., 2004). {£/5(Hong et
al., 2007)F1R f ik e 1) iR M @47 (Ko and Kor-
ban, 2004)%AMEARIFAL . SR, HEER S A

BEETUH % 5 A 105 S Fh R B # K% 1(No.2009Z2X08009-089B-4)
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B K Ak % % 5 & (Nicotiana  tabacum) Al 7K 5
ARV LL TS SR B (PR AT 45, 2005; T % 41 45,
2008), HAZAF Tk SR /& 5 R T2 1 A A3 10 3 o (k
Hi=%%, 2015).

ARHIE 8 DA K SR R B A 20 s 1) il P R R 50 1K
W, Al I AT A ik R DU i AR . TR LT
i, @k LR RNER B, FIH P T
JVR Zab VR 20 3P A vk O 1 AR A B A Ak vk . BAIE
22 IR AR I A GUS St [R 41 24k 2 e 0 25 3 R A R
R B 5 A S 15 5 5 A, BRI P 9i JI TA]
TS FRIRE « VR (ODegoofH) S8 37 MK 55 55 3= 1 (1],
J K573k i 8T B (phosphinothricin, PPT). Skt
Jt5 4 (cefotaxime sodium, Cef) fll % % % % % (car-
benicillin, Cb)¥ FE 0 ARz gz . DL R 2%
MtDREB2AZE R 5 N R AR 5052 1, SR1GHR R K A fiE
AHRIRERR, KGR B AR & TR LB K .

1 ME5REE

1.1 scEatst

K&.(Glycine max (L.) Merrill) 5 fif 4 4 500 1 i1 4
B AR 2 A Bk I BF 9 O3 O A%+ 14 (Agrobacteri-
um tumefaciens) & ¥k EHA105/pCAMBIA3301-35S-
GUS HH 1 R b oK 2 35 XK B 0, 23 i &
P i 1k B K PPT 1R i 25 I GUS | 3 8 7 35 9
CaMV 35S; GV3101/pCAMBIA1301-rd29A-MtDRE-
B1C 5 GV3101/pBin438-35S-MtDREB2A 1 7 52 B
AL

1.2 EYMREHERE

FIMIDREB2AZE K & e iR #AGUSEEE, Hrd29A
Ja 8T B #CaMV 35S 3T, % i HipCAMBIA
3301-rd29A-MtDREB2A, 3 5 A\ A& #T Pk EHA-
105H T K& R R50%414k .

KW H B (Escherichia coli)#4t.: 737l 52 BU5T ki
pCAMBIA3301-35S-GUS. pCAMBIA1301-rd29A-
MtDREB1CLI }2pBin438-35S-MtDREB2A (Takara,
Code No. 9760), VLHBIEFLAL KM HF 1 B R DH5a
(Takara, Code No. 9057), Jfi&#i %50 mg-L™"
Kan (8% %) LB AR F 2k |, 37°C BmE {5 & it

B TR, PBUAETEE T 550 mg-L™ Kanf¥LBR {4
Frgedkrh, 37°C, 220 r-min BRI R TRE,
PEHUTURLEEAT HL WK 2 B AU

PCAMBIA3301-rd29A-GUS Jii Hi A4 2 # 4 it
¥ pCAMBIA1301-rd29A-MtDREBIC J5 %1 (Chen et
al., 2010), FPrimer Premier 5.0% 4% 11 A 2l 5l
PIrd29A-F1fiIrd29A-F2 (1), PCRY # H &K Fr
Hl o RIBFEFT N 94°C 104-41; 94°C 30%), 49.2°C 30
T, 72°C 1538k, 35/ MG, 72°CHEH1104) 8 . XfPCR
FEPN AT WK B AN, K Bl 4 (Takara, Code
No. 9762)/5 & #pMD 18-T#{&(Takara, Code No.
6011) b, #sikH LDH5a. HAmMp (&5 &)k
FEALHIDH5a, FEBUFRLLArd29A-T1RIrd29A-T25 | #)(%
1)HEATPCRAEI, A3 FikipMD 18-T-rd29A. HiBam-
HIFINcol ) 5 X ) pCAMBIA3301-35S-GUS 5pMD
18-T-rd29A, HLUKF BSJE 40 Al SR /N BL. BAT4
e (Takara Code No. 2011A)ERE =412/
B, 2 JE#EALDH50. HKanfiikfz L IDH5a, #2
B RL LArd29A-T1AIrd29A-T25] #)PCRA Ml rd29A /3
5T, 3RS FRipCAMBIA3301-rd29A-GUS.

pCAMBIA3301-rd29A-MtDREB2A i Hi #y Z :
4 MtDREB2A 7 51 (GenBank & 3% 51 DQ908959)
Wit 2 51 ¥ MIDREB2A-F1 fIMtDREB2A-F2 (%
1), PCRY B H 4K . R BiFE /T4 94°C10%341; 94°C
30%), 53.5°C30f), 72°C144¥, 35AMEIF; 72°CHEAH
10534 . PCRy“¥t% ik 77 2% #: #pMD 18-T#i /&
I ALDH5a. HAMpifiifk i ik DH5a, $& 5 kL
PAMtDREB2A-T1MIMtDREB2A-T2 5| #) i 47 PCR K
W, IGAEFRipMD 18-T-MtDREB2A. FINcolF1Bst-
Ell 4 7] X Y1) p)CAMBIA3301-rd29A-GUS Al pMD
18-T-MtDREB2A, HLUk7r & 550 mlBISOR . /N B
¥ I8 LR 7V RIS i B FH T 41 #2§ (Takara Co-
de No. 2011A)&E 12/, i 1LDH5a (Tak-
ara, Code No. 9057). HKanf#ik# 1L )DH5a, f#2H
Jii ki LI MIDREB2A-T1 HIMtDREB2A-T2 5| ¥ PCR ¥
MMDREB2A%: [Hl . pCAMBIA3301-rd29A-MtDRE-
B2A 73 5 LA rd29A-T1 F1rd29A-T2 } MtDREB2A-T1
FIMIDREB2A-T2 5| ¥ 34T I 7, I &5 R Pt 4 J5 70
A 5rd29A 5 3 T HIMIDREB2AKE [K ¢ 513347 b X 56
ik
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RL WMEVREBAEETFTD

Table 1 The primers used in construction of plant express vector

Primer name Primer sequence (5'-3") Tm (°C) Product length (bp)
rd29A-F1 GGCTTTACACTTTATGCTTCC 49.2 859
rd29A-F2 TTGTTAGGCTCCCTCATTTC

rd29A-T1 CAGTTTGAAAGAAAAGGGAA 46.7 71
rd29A-T2 GCTTTTTGGAACTCATGTCG

MtDREB2A-F1 CATGCCATGGTGGAAATTGAAAGATGGGTGCT 53.5 971
MtDREB2A-F2 GGGTGACCGGATTATTATCTAGTTGCCCAAACG

MtDREB2A-T1 ACTTTTCCGACGGCTCAA 44.0 472
MtDREB2A-T2 GTCATTACACACACCCTCTC

AT AL FEEUT R pCAMBIA3301-rd29A-Mt-
DREB2A, 1 F % mlyk %40 R #F B EHA105, AT /5
(5 My NI 2 = O e L

1.3 HRS0BEHNERNEK
1.3.1 FTHEEFERNEL

SOFfFHEAT R T

NaCIO VR M4 8. FH Jo 1 Z8 TR /K e Fh - 31K,
FER LGBl B REE TAESG L, PL70% LB (viv)iz
WW30FD, T MK E21k, BRI AR
W ¥ 50.10%. 0.25%#10.50% I NaCIO ¥ i, 120
r-min RS AFLI, SHIL0/ o, T T A K I R
FhF2ik, R38N . 1ERBEIEAR ETKsy, P
] AR T 0 R R 7R R (3R 2) Lo SR R AR R A ¥eit
Lo(3%), FLOZ AbFE, 4F 4 kbFIS0KF T, HH 3K,
LA FE P11 350% .

CLAEZ: AL THH%(2010) 774, 1EE X
fiE {100 mL NaClO¥ (5%, m/v)F13.5 mL HCI
(KR EERR) (12 mol-L™) M i Clye ) 20k
HCLIBAZEA KGH 50 mL/ " i, HEHE
LRSI, A EEM L 2. 4. 61
8/, LB ANEE, TEEE TAEG EM B T LW
BRI, M TAE G SR B LSRG, Ftm
NEEARE B R R SR (R 2) Lo E I XU R 7 i £ Cly
fR 75 B8 AT EU A i A KOH R (1 mol- L) W8 i 78l
RICly. FRAALFESORIM ¥, HEIK, AL FP
750% .

Rl 758 55 &k RE (25+1)°C, Y6 N18 JsT
FEEAT (THR), Je25 5120 umol-m™2-s™, 68

18/NNFE IR /6 /NI BB RS . 7RG ST T e, Y5

Y] ez
FV5 QL2 (Y)=( 215 G 1 B R M H /A b
#0)*x100%;

15 983 (%)= (15 He 1 B/t il F 1 %) x100%;
FET 3R (%)=L T 1 Hu/ it A7 %) x 100%

1.3.2 BUFENMLKL
Z RT3 F A ik B R AL T, A R A
Fi7%(Olnoft et al., 2003). T if4hyk (B = % %, 2010)
RIS (Liu et al., 2004):40 K E 4450, &R
150N AMER, HEE3K. FIGUSH R 4k # geth
T B AR T E, DA A A e B VAT
Pt R G00T

Y Uk 2 G (0 22 (%) =(GUS ZH 24K, 2 Y 10 FH 1t
P EEAR T A SME 7R %)% 100%.

1.3.3 FHHELERBEL
PUIE S R 2R R 58 43 53 %t 5 5 A0 Ak & P R AT B 42
PRI E 55 T AT AL
RIFE AR IR DA R R (B R, &
FFRH FR IR % . ODgooft s FLREFRIA]) 4K F it
L16(4%)IEAS I 2856, 3L16/Mb . 0.1 mL EHA105/
pCAMBIA3301-35S-GUSTRAF 1 Fli e F £1]1 mLBTE
WARYEPE; 2 5:rh, 28°C, 180 r-min " EERE IR, %
% ODgooi% 0.9, HL1 mLE;FR¥# A 1100 mLyT#E
WAKRYEPR; 523 1(50 mg-L™ Rif (FI4EF)MI75 mg-
L™ Kan), 4> %1T25°C. 26°C. 27°CHI28°C, 180
r-min~* B IR % 7 7% £ ODg0ol£0.3. 0.5, 0.7/10.9H}
43%E N50 mLE 0 H . 4°C, 3 000 xg & 02105088, 7
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T2 MR R E AR RSO/ B TR HE

Table 2 List of components used in media preparation for transformation method

Germination  Re-suspension  Co-cultivation ~ Shoot induction ~ Shoot elongation Rooting
medium medium medium medium medium medium
MS salts 1/2 x 1/2 x - - - -
MS iron stock 1/2 x 1/2 x 1x 1x 1x 1x
MS vitamins 1/2 x 1/2 x - - - -
B5 salts - - 1x 1x 1x 1/2 x
B5 vitamins - - 1x 1x 1x -
Sucrose (g-L™) 15 - 30 30 30 30
Glucose (g-L™) - 10 - - - -
Agar (g-L™) 8 - 5 8 8 8
pH 5.8 5.8 55 55 55 5.6
6-BA (mg-L™) - - 1.7 1.7 1.7 -
GA (mg-L™) - - - - 1.0 -
IBA (mg-L™) - - - - - 1.0
MES (g-L™) - - 0.6 0.6 0.6 0.6
L-cys (mg-L™) - - 182.5 182.5 182.5 -
Na,S,05 (mg-L™%) - - 250 250 250 -
DTT (mg-L™) - - 154.3 - - -
AS (mg-L™ - 39.2 39.2 - - -
Cef (mg-L™) - - - 100-400 100-400 -
Cb (mg-L™) - - - 100-400 100-400 -
PPT (mg-L™) - - - 0,2-5 - -

6-BA: 6-"FIEIRIENS; GA: A K, IBA: 3-BIWT IR, MES: 2-(N-" M) B8R, L-cys: L2 EIR; DTT: R VERE, AS: ZFET

i, Cef: S FMENTHN; Ch: RFHEER, PPT: BT I

6-BA: 6-benzylaminopurine; GA: Gibberellin; IBA: 3-indole-butyric acid; MES: 2-(N-morpholino) ethanesulfonic acid; L-cys:
L-cysteine; DTT: Dithiothreitol; AS: Acetosyringone; Cef: Cefotaxime sodium; Cb: Carbenicillin; PPT: Phosphinothricin

IR AR, DL B R (2 2) I ODgo[H =
0.9, HT#R%. #HliIEIR3. 4. 56 RMFFY)
L7145 (Olhoft et al., 2003), T i 1= L3054 (15
F%,2016). 1EKEIEAC LT G W, K oME AR
B B LR R 97 3 (% 2) |, 25°Cr ) BG B 5R2. 3.
ARISK G, GiitGUSH R4k 2k geta 3, [ FEB0
ANGMREAR, EEIK, 32 400MMEAR. BRI R
H Olhoft%:(2003) (1) /5 1£(3R2) . T 44Uk fa
(%) e i34 BT SCHTIR 75T

NEFF KM UIKE TR 0], PPTIR
FE . Cefil FE FIChIR BEAN R 44N KT i1 L16(4%) IE
TR E R, H16MEFE, DL EIRRATHE R A 5
PR G P AT RIBERE %, AMEAR R BIA S PPTH
SHFREEER2) (4 A IN100. 200, 300411400 mg-
L™ Cef ZCb) F4r #5520, 5. 10F115K; #4115
T [F) A 2R R R B i S IR 2k B (O A m 2.

3.4f15 mg-L™" PPTLL }2100. 200. 3001400 mg-L™"
Cef i Cb)Rr 7728 R (TR 7R HH#e LI Ik, RE IR 5%
M13.17). FUAEFHFEFEAETFFFE
(%)=(iF T A & 2 10 S0 E 7R 25048 41 s £
100%) F1GUSHE K 4H 234k 2 e o 22 (J7 VL A ) . IEAE
IR 16/N kb BE, 4940 P304 444, 3, It
1 440 HME A

1.3.4 FEHERRMEKROILTTR

¥k ERRAL S AL AR A B0 (BIREE, FHEF 150
AN IMEAR) SRAG (U 28 7 78 A KR 7R R (3R 2),
TRESZLR, BREVHEFERKERA3 om, Ktk
R BRI (R 2) BB IR 1AR (B FR 2% A 1)
1.3.17%). IR FMEBZ T 7RG, BHEB SR
AR (ZEE SR =11, viv)INEREFEK14
KoMK S K ER 2 R ALK,
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=R

1.35 ¥ GUSEEKXTHEMHKPCR, RT-PCRFIHA
HEReE
FCTABIEFR U K S AFT AR Fr SADNA, PCR
KMGUSIHEK . IEM5|4): 5-AGCGTTGAACTGCG
TGAT-3', &IA54): 5-GTTCTTTCGGCTTGTTGC-
3, PCR=YIK 484 bp. [MFEFN: 94°C10%3
B, 94°C30%), 50°C30FF, 72°C14r%h, 3541EH;
72°CHEAH1053% . XTPCRy=¥)HE47 0.6%%x i W It i
FL KRN, 75 320 4% B R4 o

KH CTAB-LitESE UK & i fr SARNA (Xiu et al.,
2016), =% FZ4LDNA (Promega, Cat No. M6101)
J& [ # 5(Promega, Cat No. A5000)3k/3cDNA. %
%X PCR (reverse transcription PCR, RT-PCR)#:ill
GUSHEHEIE . H S HERlectiniF M 5[4 5-GC-
CCTCTACTCCACCCCCATCC-3', KA 5% 5-G-
CCCATCTGCAAGCCTTTTTGTG-3', PCR=HK &
118 bp (X'E 4%, 2012). KNAERE A: 94°C1045 5k,
94°C30%F, 57°C30F}, 72°C20%5, 30MEH; 72°CIE
1054t . GUSHEIKRT-PCRXMFEF A L.

W FH K B8 25 R /K I B R M R B T A Sk
et (AL mL - FF R FR L 75 %50 mg X-gluc,
HN58 mLEE R 22 (0.1 mol-L™, pH 7.0), 10 mL
KsFe(CN)s#E (5 mmol-L™), 10 mL K,Fe(CN)si4
(5 mmol-L™"), 2 mL EDTA¥ (0.5 mol-L™, pH 8.0),
100 pL Triton X-100, 20 mLH[EE), fE 25105040,
37°Ci B 12/Nit, 26°C4k4Lii B2k, FYMa.
70% £ B (vIV) B 2, 0K B 4 i 0 28 A REAE S B
t, Guit gt i,

1.4 #HMDREB2AERE X EPCREMFIR RIS
PN

F 4% ¥F # EHA105/pCAMBIA3301-rd29A-MtDREB
2A9 S AL T 520K MIDREB2A R R 5 N K
RARBOIRAF LI FF A AE AR, {4 FH CTABIVE SR HUPL LA
¥k FrDNA, LAMIDREB2A-T1 /I MtDREB2A-T2 5]
Y)(#1) 34T PCREMIMIDREB2AKE Kl . PCR=#4:
0.6% Bt JIg W B Jie v vk, IS [al e Al e, 5 Mit-
DREB2AJERI LU X, i b i BERIAE ) o 4 BE 12 P AR A
MR B R ARG L AT, e &S

B IR G R R R AR R AE KK B RO K e
MtDREB2AZKE K K &7 % 2 & 5 (H 4230 cm, &30
cm) R IRY, WAoo R R A R R
THEMAE S ARG IR E SR (B 210 cm, %30
cm) TR = IR, TRIGR IR RBEMKE.

1.5 BELE

JHIBM SPSS Statistics 1% fxf S50 # s EAT H A
R Z R T7 250 B I AT 2 7 2 3 PE A 58 (Dunc-
an). A Microsoft Office Excel 2013#SigmaPlot 12.0
BAT 2z B 2R

2 GRSWR

2.1 HEPTEBEHNLE

& BUAE W 2% 75 34K p)CAMBIA3301-rd29A-MtDREB-
2A, 73 HILArd29A-T1. rd29A-T2. MtDREB2A-T1A
MtDREB2A-T25| ¥ 47 PCRA M (E 1A, B), PCR*
YK BINTLRIAT2 bpo %34k 43 7] LArd29A-T1.
rd29A-T2. MtDREB2A-T1HIMIDREB2A-T2 5| ¥t
TR 5P, PR T 5145 9] 5 rd29A 8 31 FIMt-
DREB2AK: A A=K L, J741 56 A0 R (45 R AR BIR),
% ] pCAMBIA3301-rd29A-MtDREB2A 1 ¥ % ik #;
PRI T, B LCHTR

2.2 KERRSOFMEFEHIERIML

221 SMEAREHBSEMNEREROT W
FINaCIO¥& N 43 4K 50K T #E4T Lo(3%) 9N Ml
WEE, TR GG iR, NaCIOW . AbFE &) K
T AR B X 25 e B 35 3K 2R (P<0.05)
J10.5% NaCIOE [N #1005 AL, KEM 1%
HHRREERTILEATE, SRR 5 TR EE
KT H e 4 FE(P<0.05) (%3).

ClL S BB VLA BRI (] 6 R AR 5O 25 Je 2R L 5
PR FIFET R H B W (R 4) . AFR6/ N R Fh
FV5 QR g, 1593.33%; AbFR /NI [P FTE By
FIRAK, 82.00%. Cly B2 1/ FI 2/ s i b 28
75 YL Z 43 1 13.33%4112.00%, &35 & T A F14-8
NSRS B (1.33%—2.67%) (P<0.05). 758/t
(R AL FRAE T #2534 10.67%, & 3% & T E 7% 1-6 /N 11
BET % (4.00%-5.33%) (P<0.05).
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A1 2 3 4 5 6 B 1 2 3 4 5 6
472 bp
71 bp
C lacZ alpha

rd29A promoter

MIDREB2A

CaMV35S promoter

Phosphinothricin (R) A
Nos poly-A
CaMV35S polyA —1/ ~ 7 T-Border (right)

T-Border (left) 'FBCAM BIA3301-rd29A-MtDREB2A |

Kanamycin (R) -~

" pVS1 sta

pBR322 ori

pBR322 bom f
pVS1 rep

B1 HEYIFIEEAPCAMBIA3301-rd29A-MIDREB2A I %k
(A) rd29AJ5 5T HIPCR 52 (1: Marker; 2: pPCAMBIA3301-35S-GUSHT | ; 3-6: rd29AfIPCR™#); (B) MIDREB2A: A JPCR%
5E(1: Marker; 2: pCAMBIA3301-35S-GUSH}IE; 3-6: MIDREB2A{IPCR=#); (C) pCAMBIA3301-rd29A-MtDREB2AF 45 H 7~

K]

Figure 1 Construction of plant express vector pPCAMBIA3301-rd29A-MtDREB2A

(A) PCR confirmation of rd29A promoter (1: Marker; 2: pPCAMBIA3301-35S-GUS; 3-6: PCR product of rd29A); (B) PCR confir-
mation of MtDREB2A genes (1: Marker; 2: pPCAMBIA3301-35S-GUS; 3-6: PCR product of MtDREB2A); (C) Structure of pCAM-
BIA3301-rd29A-MtDREB2A

®/3  RARB0F T NaClOMER Y 1 L 30 4 R (T K {H AR E %)

Table 3 Effect of NaClO method on seed sterilization of Glycine max cv. ‘Dongnong 50’ (means+SD)

Treatment  NaClO concentration (%) Time (min)  Sterilization rate (%)  Contamination rate (%) Death rate (%)

1 0.10 3 81.33+3.06 e 16.00+2.00 b 2.67+1.16 bcd
2 0.10 5 72.67+1.16 f 24.00+2.00 a 3.33£1.16 bc
3 0.10 10 88.67+1.16 bc 10.67+1.16 cd 0.67+1.16d

4 0.25 3 86.67+1.16 cd 10.00+2.00 cde 3.33+1.16 bc
5 0.25 5 70.67+2.31f 23.33+4.16 a 6.00+2.00 a

6 0.25 10 90.67+£1.16 b 8.00+2.00 de 1.33x1.16 cd
7 0.50 3 83.33+£3.06 de 13.33+3.06 bc 3.33£1.16 bc
8 0.50 5 89.33+2.31 bc 6.00+2.00 ef 4.67+1.16 ab
9 0.50 10 98.67+1.16 a 0.67+1.16 g 0.67+1.16d

FIBIA /NG 7R 3 78 7E0.05/K 1 22 57 2. 2 (Duncan’s test).

Different lowercase letters within column indicate significant differences at 0.05 level according to Duncan’s test.
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R4 JASOR T-Cl AL T 2 500 4

Table 4 Effect of Cl, method on seed sterilization of Glycine max cv. ‘Dongnong 50’

Treatment Time (h) Sterilization rate (%) Contamination rate (%) Death rate (%)
1 1 82.00£5.29 b 13.33+5.78 a 4.66+1.16 b
2 2 82.67+6.11 b 12.00+6.00 a 5.33+3.06 b
3 4 92.00+3.46 a 2.67+2.31b 5.33+3.06 b
4 6 93.33+1.16 a 2.67+2.31b 4.00+2.00 b
5 8 88.00£3.46 ab 1.33+2.31 b 10.67+1.16 a

FF R NG 7 5ER /R E0.057K F 2 5 i 2 (Duncan’s test).

Different lowercase letters within column indicate significant differences at 0.05 level according to Duncan’s test.

222 HUFEFNGUSERBALKFER BRI
KIZIRABOF T T R AR e AL GUSTE R [ 5%
WM E2ARTR . T TR AL GUS LA (1 YL £,
#1568.33%, o E M T N HIE(14.00%) F v
(0.67%) (P<0.05). Atk IEAC PR 25338 0715 %
AT FE R R R AL

223 FHHERAELERNKL

2231 RTEREFGRML

AN R K (RB)—Fh 70 B A]) . AR AT S IR IR
V¢ FEE (ODigoo 1) FIFERE FRIN 1], Lyo(4%) 164 4 b HE A
T GUSHE A LU S et 32 (K12B, C)345400 B35
(P<0.05). #Z= 43 HT 2 B, 4 DK 25 (152 AR /MK IR
DNFLREFRI [A]> AT B 3 7705 2 > I [7]>ODgoo fH -
GUSHE [K] G 8, 28 i 45 3 77 1 0] ¥ 4 K S AR T B 5%
FRILE W BRI T 3G, LB FR5 R AR AT 3 55 37 0L E
N25°CH fi o HhAh, GUSHE PR YL (0 22 it 25 Fh 11
I F] 386 0 2 S T R S R BRI S, W RS RIA B i
i1, A5 ODeoo L I 3 K M 52 55 °F B4 J5 T i i 3%,
1EODgooft NO0.ORT i £l iy« AFF R R IR AL G
A3B.C D, M GFEIEZ I AR I, CLLHEAT )
R K S0 GUS K [K 4H A G 4 2 43 31l 9 36/50
34/50£138/50, “V-314(72.00£2.00)%.

2232 FAEFESFEHHML

RAT R A IS, AP R R —— IR E B FE0T (7], PPTIR
JE£ | Cefik FERICDIKIE, Lio(4%) 1614 A 0 ASSE 215
2 e GUSHE [RI Y (4 28 R 5L A AN R 6 BT 7R o Pk B2 15 776 [
FIPPTHR XS AN GE 2 15 5 2 (1) 52 1 {2 3 (P<0.05), A
SE B 175 5 3 Pk ST % IR [R] (1 4E KR PP T IR 5 11 B
TG IN. 4R R &R F) e fE4H & NALBLCLD, (4HE13),
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(A) FETTEXT GUSIE R A LU et R 15, N [F/NE
B RTE0.057KF % 77 5.3 (Duncan’s test); (B), (C) 3:3E9%)a

LB RATE)

Figure 2 GUS gene histochemical staining

(A) The effect of transgenic methods on histochemical GUS
staining rate, different lowercase letters indicate significant
differences at 0.05 level according to Duncan'’s test; (B), (C)
The GUS gene histochemical staining of cotyledonary node
after co-cultivation ((B) Negative control; (C) Positive result of
histochemical stain)

I & A E 2 5 7 e de i, 1£55.56%.

Pk A2 B 3 I 1) o e G U S PRI AR 52 2 4 44k, 2
R L 3 (P<0.05) o B ZE 53 HT o, 4R R R 152
Wa A VR K I 455 35 6] 18] > PP TR i =Cef ik FF =Cbik Ji ;
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Table 5 The results of orthogonal experiment for Agrobacterium-mediated transformation of Glycine max cv. ‘Dongnong 50’

Treatment Factor Histochemical staining rate
Germination time Culture temperature ODeoo Co-cultivation time of cotyledonary-node
(d) (A) (°C) (B) value (C) (d) (D) (%)
1 3 25 0.3 2 8.00+£2.00 g
2 3 26 0.5 3 31.05+10.46 def
3 3 27 0.7 4 38.27+5.46 cde
4 3 28 0.9 5 46.30+17.65 bcd
5 4 25 0.5 4 39.70+19.34 cde
6 4 26 0.3 5 59.33+3.06 ab
7 4 27 0.9 2 4.00+2.00 g
8 4 28 0.7 3 21.3346.43 efg
9 5 25 0.7 5 68.33t12.42 a
10 5 26 0.9 4 51.06+7.65 abc
11 5 27 0.3 3 30.56+16.17 def
12 5 28 0.5 2 4.00£5.29 g
13 6 25 0.9 3 40.95+11.61 bcd
14 6 26 0.7 2 8.52+1.70 g
15 6 27 05 5 20.36+9.30 efg
16 6 28 0.3 4 12.67+10.26 fg
Ky 30.91 39.25 27.64 6.13
Kz 31.09 37.49 23.78 30.97
Ks 38.49 23.30 34.12 35.43
Ky 20.62 21.07 35.58 48.58
R 17.87 18.18 11.80 42.45

Ka AN TIP3 AR, RGN Gt R Bk 22 o [RIFUANIR] /N5 58 R 7R 7E0.057K F 22 5 i 3 (Duncan’s test).
Kn are the average response values under the levels of n, R are the ranges of factors. Different lowercase letters with in column
indicate significant differences at 0.05 level according to Duncan'’s test.

AEM A NABLCoDs, %A A TEIRK A B, X3
BEAT IR S (3N E K, A 30MIME M, Yeth
435130, 1/30A11/30), AN 5E 2F Y i % N (3.33+
0.00)%.

2.2.3.3 FEGUSERE ¥R

1E LIRS T HAL K 2 R 4R 50, 4 B AEHUME 2
S FAEMRM /MRS R B E TR 759 (BI3A-D).. 2
Ja, BREUH A% B 4] DNA#E 4T GUS 3 K PCRAS I,
TR 10N PUERE R A 74N 1 H GUS I R Rs 57 Fr
B(KIBE). X7 ANPCRAG I 52 FH 1 B RE R 108 2R Ay
HHATGUSERIA HIRT-PCRAG M (KI3F) 2L 24k 2 et
(EI3G), 45 RN HEMABAN:, KHGUSIHA D%
AKERRB0HFRIE; H0EEH(1.11+0.38)% (1/
150, 2/150F12/150/1%; i1 F- 1)

2.3 ¥MIDREB2AEHEBAEEKIRREK
PABR AL I K 4R AR 5O 1 15 % Ak 325 3545 (1) # MDRE -

B2AXE [N A A bR Fr, PCRY™ 1 (MtDREB2AKF 7
J BL(£1484 bp) /751 5 MIDREB2AZE X 7 51] L it — 3
(FERAEIR), R3NP LRI R bk R (BI4A). 55X
TEAH L, FEMIDREB2AKEFIAEMRAR R BE %4, MRIIEL
2. KEAMEKEHZEN(E4LB, E). HFHFE KT
IEE IR A Fp 1 (B 4D) o BOGR IRl 115 Fh 175 77
B AR REE K B A T (P<0.05) (K
4C, F),

24 THeELiL

241 KEMFIMEFREEHSNEESRGZE

TR R AL A T L R U B AR AR &R, T8t
FERGAAR RIKEETC R RIEE L. ClLA B ZE R (A0
P15 YR AR T 263 B35 5210 (R 4), B 25w [A]
IR (127 ) V5 G R B v, A (8/INIF) W AE T e 45t
1o NaCIOVE R F592: f fHE AL BRAH A Fih 7~ 2595 e Rk
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Table 6 The adventitious bud induction rate and histochemical staining rate of orthogonal experiment

Treatment Factor Adventitious bud Histochemical staining
Recovery PPT concentra- Cef concentration Cb concentra-  induction rate  rate of adventitious bud
time (d) (A)  tion (mg-L™") (B)  (mg-L™})(C) tion (mg-L™) (D) (%) (%)

1 0 2 100 100 1.11+1.92 f 0.00+£0.00
2 0 3 200 200 1.11+1.92 f 1.11+1.92
3 0 4 300 300 3.33+5.77 f 2.2241.92
4 0 5 400 400 1.1141.92 f 1.11+1.92
5 5 2 200 300 22.2249.62 cd 2.22+1.92
6 5 3 100 400 7.78+3.85 ef 3.33+0.00
7 5 4 400 100 4.45+3.85 f 1.11+41.92
8 5 5 300 200 2.22+3.85f 1.11+1.92
9 10 2 300 400 31.1145.09 bcd 0.00+£0.00
10 10 3 400 300 18.89+3.85 de 0.00+£0.00
11 10 4 100 200 27.78+10.18 cd 0.00+£0.00
12 10 5 200 100 21.1148.39 cd 1.11+1.92
13 15 2 400 200 55.56+5.09 a 0.00+£0.00
14 15 3 300 100 42.22+12.62 b 0.00+0.00
15 15 4 200 400 33.33%+13.33 bc 0.00+0.00
16 15 5 100 300 23.3348.82 cd 0.00+£0.00
Adventitious Kj 1.67 27.50 15.00 17.22
bud induc- K; 9.17 17.50 19.44 21.67
tion rate Ks 24.72 17.22 19.72 16.94

Ka 38.61 11.94 20.00 18.33

R 36.94 15.56 5.00 4.72
Histochemi- K; 1.11 0.56 0.83 0.56
cal staining K 1.94 1.11 1.11 0.56
rate Kz 0.28 0.83 0.83 1.11

Kq 0.00 0.83 0.56 1.11

R 1.94 0.56 0.56 0.56

FF R R /NE 7 BER R E0.057K F 2 57 i 2 (Duncan’s test).

Different lowercase letters within column indicate significant differences at 0.05 level according to Duncan’s test.

RIEHE, HEHELRE KGR AR LT
CLABRHE, WAL TIRIIRE, [ T4°CIR17&H.
i Cly < B 2539 5 NaC IO 1 ¥ 7 75 15 B Jim 187 {8 1y 4K
I A B AL RRR VAL A

242 KEFERSOMBRERHLERNKL

PAT B AR S AN E o8 75 510 2 Fh R R0 K &M AR
A 5 IRALFAL ORI W R (BB %, 2011). B
KK LB AL B 5T 2 K F AR -0 D7 V08—
BT (MAAESE, 2005; B/NERAE, 2010; S AEATE
-, 2015), EARTE E ] TR TR ER A A HAE
(195 HT AT BEA SR BR 14 (PR SR AUEE, 2003). 1EAC R ZRAk
ik — I 2 AR &R KA EAE s, @it T
SEES IR E T R R A RN, AT 3R AR R AL G ()
HiVLAE, 2010). ETECH THE 5 EHL AEHF

75 3 FIAS 8 AR K2R S TR R A I BIE (O R B AR
1990; MZEXMZE, 2003; HHfE<E, 2004). AHFFUR IE
AT 77 1k 5 e GUS R IR I A 4300 7 e (R AH 45
F (RIS, 2004; FPEAE, 2014) KRB LA ERXT
KE T MR RE, 198 7 N Hik
SR RV E S

AT B B TR IR 2 5 KSR R . KA
WL AL A R AT B By TRl £ 9 27-28°C (Don-
aldson and Simmonds, 2000; Liu et al., 2004; Hong
et al., 2007; Wang and Xu, 2008; B%* %%, 2010;
ERJAE, 2011). %l B il S AR AT AR, BT
R METR R, EXRRREES, &
T A, e GUSHE R A ZUL 2 G 0 3R B AR AT 18 55 77
IR B A AR T v, 2455 97 I 9 25° I et R iy
e W AKT BAR G A FRBEAT 20 M, A B P PRAIR

© 0000 Chinese Bulletin of Botany



68 fH#%EIR 53(1) 2018

E12 34567 8 910111213 F123456?89
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GUS

B3 AT K AR AR50

(A) RIERREILRETE, (B) AEHEST; (C) PEFMK,; (D) MMHEFBIE; (BE) PiMEKGUSHEKPCRIEN(L: Marker; 2:
pCAMBIA3301-35S-GUS; 3: %R KE; 4-13: HitEMHKER); (F) PilEHkkGUSHEEIRT-PCRIGI(1: Marker; 2: & KE; 3-9: Hitk
TAR); (G) XK S (Zo) APt bk (b A A L8k e et

Figure 3 Transformation system of Glycine max cv. ‘Dongnong 50’ using optimized cotyledonary-node method
(A) Co-cultivation after transformation; (B) Shoot induction; (C) Shoot elongation; (D) Resistant bud transplant; (E) PCR confir-
mation of GUS gene (1: Marker; 2: pCAMBIA3301-35S-GUS; 3: Control soybean; 4-13: Resistant plant); (F) RT-PCR confirma-

tion of GUS gene (1: Marker; 2: Control soybean; 3-9: Resistant plant); (G) Histochemical staining of leaves from control (left)
and resistant plant (middle and right)

'y

o N A O o O

Length of taproot (cm)

Control Line1 Line2 Line3

Number of lateral root

a Control Line1 Line2 Line3

B4 F#MDREB2ALERE KT R 4504 & AR & A KR AL 2

(A) MtDREB2AZE: A PCREEMI(1: Marker; 2: pCAMBIA3301-rd29A-MtDREB2A; 3: R KT ; 4-6. #MIDREB2AKL K A H); (B) XH&
KERFR(Bar=1 cm); (C) X HAFEMDREB2AIEF K Z ERKSE; (D) ¥MDREB2AZEFI KT IR, (E) HMIDREB2AZEH K TR F
(Bar=1 cm); (F) XfHERIFEMIDREB2ASER K T MIIREE . B(C)FI(F) A [F/ING FBER IR E0.057K - 2 57 {22 % (Duncan's test).

Figure 4 Confirmation and root system analyses of MIDREB2A transgenic soybean Dongnong 50

(A) PCR result of MtDREB2A transgenic soybean (1: Marker; 2: pCAMBIA3301-rd29A-MtDREB2A; 3: Control soybean; 4-6:
MtDREB2A transgenic soybean); (B) The root of control soybean (Bar=1 cm); (C) The length of taproot of control and transgenic
soybeans; (D) The pod of MtDREB2A transgenic soybean in greenhouse; (E) The root of MtDREB2A transgenic soybean (Bar=1
cm); (F) The number of lateral root of control and transgenic soybeans. Different lowercase letters in Figures (C) and (F) indicate
significant differences at 0.05 level according to Duncan'’s test.

© 0000 Chinese Bulletin of Botany



R EMREE: U T AR B RS MIDREB2A B 3E Ktk 69

] 6 5 BUR T B 43 450 7008 S TE VW 1 86 M 0
K, BRI AR S T-DNAJH A M2 5 K 4L DNAH
HANAEH R FRE RIE . A HEHAL05K £ 7£ ODgoo
90.3-0.515 [ Ft = B2 518, ODgoo M 0.5—0.7 5 Ayt
AW, FHEE R, ODeoo 0.9 ik A\ T & 1
(B%, 2013); 101 & B E F AL UL Y i R
i, RYR PR EIRERHEFR T KRG/ K9
Rl R T SE K, GUSHE RN, {H K i )ik
FI6 R Gt 2 S PRI (R 5) . 1X 1T e 5 A KM Bedtl
U 22 5y 2405 M A R (B2 52 %%, 2010).

SRS 52 25 75 S 1 A0 DR 22 L6(4%) IE2C WU 1,
BEAGMARL K 5 5E 77 I [R) 1) 2iE K B 8% 97 L PP T IR B 1%
RS A E A SR, E IR E KR
15K, PPTIRIE H2 mg-L AN 2115 S 2 5,
{HGUSEE R 2H 24 2% L (. 3 B I (36), XK GUS
et R 58 RIS BB L R A T AR, BIEER
AN E SRR I et . M, 1RYLESERITE S
BRI EEPPTH S SRR B3R, GUSIEHRA ML
2 Gty R ST B 7RI 8] () R K RIPPTIR FE ) T i 2
Yo ETHE R . X R E A SR A
XFPPTHUMEARAE AR, P52 1E 7R IR 4 5 i Ak,
YHRAET:, HEM RS B 15 SR . & K R B
T R T 4w A0 M o A A T8 TR L . FEAR ST
WM, KOFHEREARE R EI1.11%.

2.4.3 ¥HMDREB2AZEE A GHEMIEEIRREK
DREB2%: K| B A e #E A R & 4B KA Bt 2 1 D g
(Liu et al., 1998; Shinozaki et al., 2003; Xiu et al.,
2016). A5 5 /i 1) TAER I, MIDREB2AKE K {2
G RHE Y #3215 7 (Medicago truncatula)tR & 2E
£ (Chen et al.,, 2009). VA4 138 AL i 4k R4
MtDREB2A%: K 5 AN K 5 R R 50, % Jik K] 7 A A ik
TR 2= SR T AR, R ANEE Y & & T
18 (P<0.05), MtDREB2AXE [RI{E 3R R A K (I ThRE
AR R G AL R3] T30 . 5 220t 70 75 X 5% Mt-
DREB2AJE [F K & A Ak IF & 1 16 45 S it e AR i 5
PEANAR ZPERBEAT R IN, DA R F 2 R AT K
P O R PR AL B A AR A

SE ik
WL, #F (2015). A KL 5RO R AT B EHALOS I

GV3101HUR M J 38 77 5 A p AR Ak A8 il K 4l
(folk Rl 2EAR) 33, 26-31.

HE, AW, BE, &%, HBiE (2011). #%DREBXERFE K
AR AR 50X 3G B A B KRB RS AR
& (5), 22-26.

A, XL, SRR, BR, BXNIF, XIFE#E HKL, #
E4# (2010). K& HAAE R MR AL FIDof43E K N K =1
BT, KEHEE 29, 398-402.

LT, WS (2015). FHERB ALK THERSG R EFR
M. KEFRl% 34, 320-328.

BREE, Y3, BREFHF, 0K (2010). KIFENFHRET
RS IR T VR L Rl Ak. KSR 29, 590-
593.

HERE, IREE, X%, I (1990). M IHE AR EE IR
FAFMYIEHE L. S iEIR 7(3), 49-51.

B, RIS, BRE, JHEMS B, T XIEE (2014).
K ST R T i DR 4 R AR R g g e O . o O R
% 47,4198-4210.

2%, B4, EREE, HEE, FE (2015). HPpE T KRG
R HEREPCRAMT P NS HEEMIERE. ¥ 50,
754-764.

MRIRXN, BTN, R4, FIRZ (2003). AL oA
BRI AE R SL. MY 20, 307-312.

A, BT, TEH, DR, BREE (2005). 6-BAFE T
KE TR ZENAF I, sl K2R (RO R
22hR) 23, 138-142.

XEGIL, FKNVHE, B5EKE, BE (2010). 1EARK G50
TIEOHAL. SEREOR 5E L 27(9), 52-55.

4R, BFER, EEE, XBE, E4F (2013). KZ 7
AR RITE. PR 54 R ) 34,
68-72.

X8, WHUIE, B, WA, REE, BEE (2012). i
[KIK 7 OsDREB3 i R 4% 57 M @ MEPCRAG I 7 VL I g Sz
Elfll K224k 17(4), 34-39.

e, whikss, BRI (2008). KE A T 4ME AR
AR RSN R S AT BRI AR R, KGR
27, 373-378.

i, His, TR%, THZ (2004). & KRR E WAERE
FEWETL. Y ER 21, 332-336.

ERy, E&EM, RISL, FEIRE (2011). AFEKGEERF R HAE
PR AT BEUR I 7. KSR 30, 752-756.

RIRZE, ik, HER, BRMM (2014). HHFERGREAL R
HGUSHEIN RIEHIL. Pl EYFH 35, 2223-2229.

© 0000 Chinese Bulletin of Botany



70 fE#%ER 53(1) 2018

E®, BKE, T, SO (2017). KFEIEAN e V5
OsMIP1{ZRIL Hitttb i, HEY)= 4k 52, 43-53.

ELH, Sebastian A, HEE, FT, B, KKE, FX
I (2014). ¥:GmDofL1JE [l & 5 3 R K 7 1) % o e 32 8
REMIRE. EMAE (2), 39-42.

BRAE, &, T8, XMW, FE® DK FXE
(2010). Z.WET Z B B A AL RS 3% pHX K S AR K52
M. ALK 41(5), 1-4.

&5 (2016). FpDREB2AX: [Al A #2 fill # EAR A K Pt R ALHI K&
b S IR VIR v T ) A 7" G | S | 10
M K2 pp. 80-81.

#w%E (2013). REMHIBRITHN FHEAE RKA. it
3. dbnt dbstaRol R, pp. 25-26.

HAER, HXE, HEF, DBK, EWRE, A, NEE
(2015). KT RN Fidtke. KEFRHL (5), 18-26.

RIE, XEEE, HEM, BN, EXR, BRFH (2004). FE
KA GUSHE A 3 N oK B 28 R I BRI ik . E K FL
12, 41-43.

RS, mYE (2004). B K GERFESHEAT Rt R, SE
Al FHE 37, 954-962.

Chen JR, LU JJ, Liu R, Xiong XY, Wang TX, Chen SY,
Guo LB, Wang HF (2010). DREB1C from Medicago
truncatula enhances freezing tolerance in transgenic M.
truncatula and China Rose (Rosa chinensis Jacq.). Plant
Growth Regul 60, 199-211.

Chen JR, LU JJ, Wang TX, Chen SY, Wang HF (2009).
Activation of a DRE-binding transcription factor from
Medicago truncatula by deleting a Ser/Thr-rich region. In
Vitro Cell Dev Biol Plant 45, 1-11.

Donaldson PA, Simmonds DH (2000). Susceptibility to
Agrobacterium tumefaciens and cotyledonary node trans-
formation in short-season soybean. Plant Cell Rep 19,
478-484.

Dubouzet JG, SakumaY, Ito Y, Kasuga M, Dubouzet EG,
Miura S, Seki M, Shinozaki K, Yamaguchi-Shinozaki K
(2003). OsDREB genes in rice, Oryza sativa L., encode
transcription activators that function in drought-, high-salt-
and cold-responsive gene expression. Plant J 33, 751—
763.

Gao MJ, Allard G, Byass L, Flanagan AM, Singh J (2002).
Regulation and characterization of four CBF transcription
factors from Brassica napus. Plant Mol Biol 49, 459-471.

Hao YJ, Wei W, Song QX, Chen HW, Zhang YQ, Wang F,
Zou HF, Lei G, Tian AG, Zhang WK, Ma B, Zhang JS,
Chen SY (2011). Soybean NAC transcription factors

promote abiotic stress tolerance and lateral root formation
in transgenic plants. Plant J 68, 302—-313.

Hinchee MAW, Connor-Ward DV, Newell CA, McDonnell
RE, Sato SJ, Gasser CS, Fischhoff DA, Re DB, Fraley
RT, Horsch RB (1988). Production of transgenic soybean
plants using Agrobacterium-mediated DNA transfer. Nat
Biotechnol 6, 915-922.

Hong HP, Zhang HY, Olhoft P, Hill S, Wiley H, Toren E,
Hillebrand H, Jones T, Cheng M (2007). Organogenic
callus as the target for plant regeneration and transfor-
mation via Agrobacterium in soybean (Glycine max (L.)
Merr.). In Vitro Cell Dev Biol Plant 43, 558-568.

Ko TS, Korban SS (2004). Enhancing the frequency of
somatic embryogenesis following Agrobacterium-media-
ted transformation of immature cotyledons of soybean
(Glycine max (L.) Merrill.). In Vitro Cell Dev Biol Plant 40,
552-558.

Liu HK, Yang C, Wei ZM (2004). Efficient Agrobacterium
tumefaciens-mediated transformation of soybeans using
an embryonic tip regeneration system. Planta 219, 1042—
1049.

Liu Q, Kasuga M, Sakuma Y, Abe H, Miura S, Yamagu-
chi-Shinozaki K, Shinozaki K (1998). Two transcription
factors, DREB1 and DREB2, with an EREBP/AP2 DNA
binding domain separate two cellular signal transduction
pathways in drought- and low-temperature-responsive
gene expression, respectively, in Arabidopsis. Plant Cell
10, 1391-1406.

Olhoft P, Somers D (2001). L-cysteine increases Agrobac-
terium-mediated T-DNA delivery into soybean cotyledo-
nary-node cells. Plant Cell Rep 20, 706-711.

Olhoft PM, Flagel LE, Donovan CM, Somers DA (2003).
Efficient soybean transformation using hygromycin B se-
lection in the cotyledonary-node method. Planta 216, 723—
735.

Qin F, Kakimoto M, Sakuma Y, Maruyama K, Osakabe Y,
Tran LSP, Shinozaki K, Yamaguchi-Shinozaki K
(2007). Regulation and functional analysis of ZmMDREB2A
in response to drought and heat stresses in Zea mays L.
Plant J 50, 54—69.

Sakuma Y, Maruyama K, Osakabe Y, Qin F, Seki M,
Shinozaki K, Yamaguchi-Shinozaki K (2006). Func-
tional analysis of an Arabidopsis transcription factor,
DREB2A, involved in drought-responsive gene expres-
sion. Plant Cell 18, 1292-1309.

Seo JS, Sohn HB, Noh K, Jung C, An JH, Donovan CM,
Somers DA, Kim DI, Jeong SC, Kim CG, Kim HM, Lee
SH, Choi YD, Moon TW, Kim CH, Cheong JJ (2012).

© 0000 Chinese Bulletin of Botany



R EMREE: U T AR B RS MIDREB2A B3E Ktk 71

Expression of the Arabidopsis AtMYB44 gene confers Wang GL, Xu YN (2008). Hypocotyl-based Agrobacte-

drought/salt-stress tolerance in transgenic soybean. Mol rium-mediated transformation of soybean (Glycine max)
Breed 29, 601-608. and application for RNA interference. Plant Cell Rep 27,
Shinozaki K, Yamaguchi-Shinozaki K, Seki M (2003). 1177-1184.
Regulatory network of gene expression in the drought and Xiu Y, Igbal A, Zhu C, Wu GD, Chang YP, Li N, Cao Y,
cold stress responses. Curr Opin Plant Biol 6, 410-417. Zhang WB, Zeng HM, Chen SY, Wang HF (2016). Im-
Tran LSP, Quach TN, Guttikonda SK, Aldrich DL, Kumar provement and transcriptome analysis of root architecture
R, Neelakandan A, Valliyodan B, Nguyen HT (2009). by overexpression of Fraxinus pennsylvanica DREB2A
Molecular characterization of stress-inducible GmNAC transcription factor in Robinia pseudoacacia L. ‘Idaho’.
genes in soybean. Mol Genet Genomics 281, 647-664. Plant Biotechnol J 14, 1456-1469.

Breeding of MtDREB2A Transgenic Soybean by an Optimized
Cotyledonary-Node Method

Guodong Wu, Yu Xiu, Huafang Wang’

Key Laboratory of Genetics and Breeding in Forest Trees and Ornamental Plants of Ministry of Education, National Engi-
neering Laboratory for Tree Breeding, College of Biological Sciences and Biotechnology, Beijing Forestry
University, Beijing 100083, China

Abstract Orthogonal factorial experiments and histochemical GUS staining were combined to optimize the genetic
transformation system of Glycine max cv. ‘Dongnong 50’ and transfer the key gene MtDREB2A for drought resistance into
the soybean. Sterile of soybean seeds used as explants with NaClO solution and Cl, gas fumigation methods reached
98.67% and 93.33% germination, respectively. Histochemical staining rate of the tissues transformed with GUS by the
cotyledon node method was 68.33%, significantly higher than that by the hypocotyl (14.00%) and embryo tip (0.67%)
methods (P<0.05). The cotyledon node-transformed GUS gene was up to 72.00% in germinated sterile seeds for 5 days,
mediated by Agrobacterium tumefaciens cultured at 25°C, ODeoo 0.9, and co-cultured for 5 days. The shoots were in-
duced and differentiated with cotyledon node-transformed GUS up to 3.33% by optimal recovery culture for 5 days and
were screened on culture medium containing phosphinothricin (3 mg-L™), cefotaxime sodium (200 mg-L™) and carbeni-
cillin (300 mg-L‘l). The transgenic efficiency was 1.11% with the optimized soybean genetic transformation system. The
MtDREB2A transgenic plant roots of soybean ‘Dongnong 50’ were more dense and both taproot length and lateral root
number were significantly longer and greater than those of the control (P<0.05). The study verified that the MtIDREB2A
gene plays a role in promoting soybean root growth, which lays a solid foundation and provides a theoretical basis for the
gene using in drought resistance breeding of soybean.

Key words soybean, optimization of gene transformation system, GUS, MtDREB2A, root enhancement
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