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Abstract Because of global warming, drought has become one of the most important factors limiting soybean production. With
12 soybean cultivars from different ecotypes as materials, we studied four drought resistance related genes expression characteristics
on four different drought induction phases. And the results showed that: @ The expression of gene MAPK?2 in leaves declined, and
the expression of gene MAPK2 in drought resistance cultivar was higher than that in contrast. At the middle and later phases of

drought induction, the drought resistances among soybean cultivars were significant different, such as Heinong44 and Fengshou24
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showed drought resistance. @ The activity of gene GST-Vsa highly rose, which increased the ability of soybean to eliminate active
oxygen. The relatively expression of gene GST-Vsa in leaves from different cultivars enhanced, and which from Hefeng55,
Suinong@28, Heinong59 and Fengshou24 were higher than that in contrast. 3 Endogenous heat shock protein expression is much
higher after drought induction than control, but differs among different cultibvars. In the later stage of drought induction, the heat
shock protein gene expressed higher in Ha5489, Heinong56, Suinong28, Heinong59 and Heinongb0 compared with contrast cultivar
Heinong44, but lower in other cultivars. @ Drought had an influence on the expression of Calcium-Dependent Protein Kinase in
soybean. Compared to under normal environment, the CDPK gene had little excess expression in the early drought stage, and
apparently excess expression in the middle stage. Cultivars Ha5489, Suinon28, Heinong56 and Heinong 59 had the highest
expression. The study results confirmed that: under drought, multiple genes enabled high expression, and mediated diverse metabolic
pathways to make soybean resistant to drought.

Keyvvords Drought Stress, Soybean, Resistance Genes, Expression

BEE RRSARARRE, WRAKMEEWIRESEN  BEER, ZEHEAERE RN E B, 2 EY
WpEa ok T R . BE KRG EFX TR Bk 0 SRR, IR ARG T R
TR X AR ET K, R KEmMryE MK, T2ME T GST iSRRI, #2
B R EMERmATME B, Hit, &7 REERISEARRE ), £REREL R
KT ARGHIPUSE S, MRKGHFAN, E&F PREZEM. Gm-Hsfl JEFZ KT M#VE T EE
PLF AR K GRS BRS04, 2010, 2R, SERMTREM0E —Elee ), i
OIS, 2010, ML TR, 27(1):20-22). HATHE 38T, KEMMA Gm-Hsf1 HPA ik RN, L2
ANACANBTFAERGTMEPLRRE TR BT — SR A 8 05 . 8508 & B (calcium
SEffp RN, (HAR AL R S B M PR dependent protein kinase, CDPK)/& K & HH 25 1b145 1
PERISCE . SAPUR R BRI, K REWERE R, ©S5hiaRMNEYIHE, T
TGV BRI T REEER, FRTRESHE FMIMPasseisg COPK AR MRIE,
Y (RN A SR, 2010). Rk, WAREFESHMA TR COPK B E PR KL BEAMAZ —, R
GRRNFRIENERE T, BONEYIPUE 5 FEF BRGE KBRS, 7R AR BEAN i P 5 JE
FIGE AP SN TR E BB A T (R AR R HEERER S, R GRS 1R AE
FPPRHE,1999; R LARSE, 1999; Lot H A%, 2002; Bk HIEAWIXM, COPK &2 5HEYEERE5H FAOL
S 2000; F 5 1T 4R, 2009) . AN BBUR BT & A0 WL shk 77 f0RE 4 8 7R AR 1
IR SR T RE TR R M RIEAE S 5.

S UL N R R IA VAR AT T, A

YA A R TSR A T BORSCRE, R SR A5 F ] Real Time PCR J7vE, WL A [FIIT
BEYER AR T B T B (Ito et al, 2006;  BUKAMMETN 12 ASAFEHTEE R S SR AR
Nakashima and Yamaguchi-Shinozaki, 2006; Lu et al., A REERKREZE R, WorT7KF EHER TS
2009). IRKF PR AL

AR A RS R A BN IEE 1B R E a0
K, 235108 MAPK 2[R, GST-Vsa [, Gm-HS1 1.1 FRHHET MAPK2 % H i) Tk it
FL[R AT COPK 2[R . KGR 70 24 v b 2 1 &5 R LLE W, Ko W a g1 25 ]
(mitogen-activated protein kinase, MAPK), ‘&5 4k MAPK f#z3EK MAPK2 RixE 2 HIHE Z R,
FHEES, IR ESHEANARA, ke s K Mbad, HIERREER AT 25 2 N
MRIE, MmEREAK. KA. MRS &%, BT AR K BHE i A E, MAPK2 %
BEEEZEFH. RIPAEMHE KEZE NI FEEZD TR, BA 44, B 50, &F
(glutathione transferase, GST), /&2 —RZINAeM4ue 55 A1 M2 PUASGFIES B SHIH, FEFREEY
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BERIE, HRMMH N ARIA. 5% K 44
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M2 Fl&5 55 Fikmfa A, HAR SR A RIE B
K.
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BrEAC 59, 2k 28 F&E 55 4b, HARHEFET
FPiE R GST-Vsa BEHEH G A HEREREL. 5
S HE SRR R A 44 AHELEL, AR 59, HG 5489, FIL
24, 2k 28 Fl M3 iZEERREER S, &F 55,
A 56 ML FRIAREFEH, HRmfREREEK.

T2 5 1, B2 GST-Vsa 2 K A XS
RILEHEIEF K M TABERE . 5%
T A 44 ML, GST-Vsa LRI AT A E 1 =,
4 55, 27k 28, BAK 59 RN 24 % FE KA X
FIL B, M 5489, M2 Al M3 AN £k & E T,
HAR AP RIE R B

28

gene expression relative quantity

MAPK 2L R MR 7 1A HE

MAPK?2

B ASTE) KSR s ) MAPK?2 e R 7E 5 e T )
Fikwm L

T 1 Bk 44; 2: BB 46; 3 TR 50; 4 TR 56; 5 B
59; 6: 14 5489; 7: FUK 24; 8: 224k 28; 9: AF 55; 10: M1;
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Figure 1 MAPK2 gene expression in leaves of different
cultivars under drought stress

Note: 1: Heinongd4; 2: Heinong46; 3: Heinongb0; 4:
Heinongb6; 5: Heinongb9; 6: Hab5489; 7: Fengshou24; 8:
Suinong28; 9: Hefeng55; 10: M1;11: M2;12: M3
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12:M3

Figure 2 GST-Vsa gene expression in leaves of different
cultivars under drought stress

Note: 1: Heinong44; 2: Heinongd6; 3: Heinong50; 4:
Heinong56; 5: Heinongb9; 6: Ha5489; 7: Fengshou24; 8:
Suinong28; 9:Hefeng55; 10: M1;11: M2;12: M3

1.3 FRE T REAFEAETED Cm-Hsf1 ERX
2R Ik R

TREMEVI, Bk 50 FFEU 24 FET R
BT Gm-Hsf1 PRI IR 7K 70 4b BN A /Mg
HEREAN, HARZ A Gm-Hsfl 3L KRB &R
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RIAH G 2Rk s iy, B4k 50, =Fii 24, M1 filG =
55 FikEEH, HAR MR REERK.

TEAHGH, &3 55 F M2 SRR
Gm-Hsfl JER 2 [ & % R i) 2Rk & 381 A i
Pemr, Hrg 5489 fET R &M T iZERRIA ST
FRAH LA B B R RIA, Bz R LA, g2k 28,
AR 59, MK 56 LRI ARIFEE EREERE
(Bl 3) o oA il 5%t JE S A Bk 44 MHELH —5E
R IE, (HREERR.

KAy i 53, KA hiE N % 2l
Gm-Hsf1 F:PEAH T Ik S8 F S 0K (A 3). &%
AR IR A B 44 fHEL, Gm-Hsf1 FERIAH
MR EE P P EE S B 5489, 4k 28.
A 56, Mg 59; A 50. M1. A3 55 X FRIA
BEET, HRMSMHEYREEEMK.

1.4 TEMa T KE CDPK 3 [H A He i
T-RAFYI, B 44, B 50, Fk 24,
ik 28 FIEF 50 fEFi5ETF T~ COPK XA E
KT R, HES A ET 5 8E ~ CDPK &
B /MEEERIA(E 4). S0 SFER 44
FHECER, M3 SRRz RAR G Rk B s Bk
56. HEA 59 FIRG 5489 AHXFIA B AR T R mh
K 44, HAEEFD COPK R Rk & fE .

TRAEE R, FRE T FF CDPK P AH XS
RIEBHERKSFMETHREBEZRAESE, H
M3, Bk 56, Ak 59 T RE&M T %K E
KRS IEF A RBUH B HEERE, B
FlLAAN, HAX MM SR SR EAR 44 HEHE—
SERIHERIE, SAEZERRIEE FBHABORE.

TRAHFH, R4 TR M2 LA, %5
A COPK JEFAXN RIS RS & T H A X, =
R 5% SR AR 44 AHEL, CDPK 3 PR AE R
KIEEEISAEEE: 1 5489, 224k 28, Ak
56. A 59; A 50. M1. &F 55 MHIXFELE
T, HAR SRR R I BRI

29
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Figure 3 Gm-Hsfl gene expression in leaves of different
cultivars under drought stress

Note: 1: Heinongd44; 2: Heinongd6; 3: Heinongs0; 4:
Heinong56; 5: Heinong59; 6: Ha5489; 7: Fengshou24; 8:
Suinong28; 9: Hefengs5; 10: M1;11: M2;12: M3
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Figure 4 CDPK gene expression in leaves of different cultivars
under drought stress

Note: 1: Heinongd4; 2: Heinongd6; 3: Heinongb0; 4:
Heinong56; 5: Heinongs9; 6: Ha5489; 7: Fengshou24; 8:
Suinong28; 9: Hefengb5; 10: M1;11: M2;12: M3
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2, WX YU R RIS, e iR
PURIE PR FRIEARIEAE I, D9t 2k 2 4 A e [
SEAL LR HE .

MR RER: BFFHRMENERTML
- SR MAPK2 JEPRIEARIE RS, SXTHE
iRl AR 44 AHEL, AR 56. B4R 59 AN 5489
FhE) MAPK2 B[RRI EE S, RIEIE T EEFI
TR S, R AP R T RE) T —
EAER, ATRLUCHIX =AN RS MAPK2 BE A = 3R
NIy

1ERE 4 - Sokhi %S GST-Vsa 3
R R RIS B, SXTRS R A 44 ML,
i B A 59, A 56 FlING 5489 HIRILEE
s E T, Mk 59, By 5489, Uk 24, @Ak
28 Al M3 1%L H SRk i ey s il 5 B, &3 55,
gpfe 28, A 59 FIFIL 24 ZEEFAX RIAER

[A] o

Gm-Hsf1 3[R 7F K G 45 36 H- sk A B 4
FKIERBAR, SXIR S FER 44 ML, Briay) i,
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BN A 5 IR A ER R I B B A Rk Wi
JaH, &3 55. 4k 28, BAk 59 MR 24 %3k
DRI AH O 0k B 1y o
CDPK JERITE KT MG M- Bk IR AR R IA B 1R
&, SXTHESFhE A 44 AHERES, BriawIl, M3
mn PPz R A B B A hE i, M3, Bk
56 FIEAR 59 1ET B A MizE R RIL S EH AL
IR EERIE; PHafEH, CDPK J:HAH
MR E R PR B B 5489, 4k 28.
A 56 FIEAK 59.

R AT TR, WA F) ALKt e
PURAMREE A RIE Z TR AR, BB S 1

TS T S I A 52 4%, NP2 IR PR A AR S

FEADIE R 7K 73 W A8 IR B8 70 32 B RGA TR 1, A
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DAEH, PUF AR 59 R 24, JBiE AR
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T R SEHL LR AR A BARIE, BT e e
INE7 R UGS

HIFT LR AT LA 1, FESEAT, KEk
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3RS ik
3.1 LR AR
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46, A 50, Bk 56, Hk 59, I 5489, FUiL 24,
274k 28, &7 55, M1, M2 1 M3, SZAAK G Fl 5
PR 2 00 78 245(2011) 1 T A .

3.2 LR A

SRS APRVME TR, AN AR 12 7
B3 MR B CK AR Ba A H ., 75K
SEEYE- BRI, TR MIEE 1 R, MHE)EE S
K, EJEHE 10 R, 3 UCKAEM F, 32EUE RNA,
HHE RNA [ #5588 cDNA, 3575 12 AN Fl cDNA
BEd o PPRER FH R AR, IR IER K, +
BEIKEREFE 18%, T RAHH IR S /KEREF
9%.

PR OCHEEE I IR AN FRE ISR 4 N5
FROC R A, RBP4 R 50 A B B e A A
MAPK2. ¥l COPK. 2061k #H Biy i A
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1996; 1997;Hrabak et al., 1996; Sharma and Komatsu,
2002; Ludwiget al., 2004; Novillo et al., 2004) . R4
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3.3 K& RNA #£H
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