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Abstract Based on bicinformatic methods, soybean genome database and expression microarray data, soybean GST genes family
were identified in this study. And their gene sequences, protein sequences and chromosome location were obtained. All of ninty-four
GST genes from soybean were classified into 5 subfamilies according to phylogenetic relationship. And they were distributed on 16
chromosomes. Based on the soybean devel opmental expression database, the expression pattern of the GST gene family at different
development organs and stages was analyzed. Eleven differentially expressed genes were found, and seven of them were highly
expressed in root at each developmenta stage by microarray. They were differentially expressed in different tissues and
developmental stages. These resultsare hel pful for their functional analysis and using for crop anti-stressimprovement.
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Figure 1 Phylogenetic tree showing relationship of all soybean GST protein sequences
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able 1 Domain in GST genes and distribution of ABRE, DRE, ERE, LTRE, MYB, and MY C cis-acting elements in soybean GST gene
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SR 7 5 45 K3 (Pfam) ABR DRE ERE LTRE MYB MYC
Gene ID number Domain (Pfam)

Glyma01g04690 GST-N(02798), GST-C(00043) 2 0 1 1 2 28
Glyma01g04700 GST-N, GST-C 6 0 2 2 17 22
Glyma01g04710 GST-N, GST-C 1 0 3 0 18 16
Glyma01g26220 GST-N, GST-C 0 0 0 1 1 8
Glyma01g26230 GST-N, GST-C 5 0 3 0 7 8
Glyma01g34360 GST-N 1 0 0 0 17 20
Glyma02g02860 GST-N, GST-C 1 1 1 1 1 8
Glyma02g02870 GST-N 2 0 3 0 21 12
Glyma02g02880 GST-N, GST-C 0 1 2 2 22 14
Glyma02g11045 GST-N 8 2 0 3 12 34
Glyma02g17330 GST-N, GST-C 0 0 2 1 15 18
Glyma02g17340 GST-N, GST-C 3 0 0 2 21 22
Glyma02g33780 GST-N, GST-C 4 0 0 4 12 8
Glyma02g40760 GST-C 3 2 0 2 26 16
Glyma02g45328 GST-N, GST-C 5 0 1 0 24 34
Glyma02g45336 GST-N, GST-C 2 0 1 0 14 18
Glyma03g16563 GST-N, GST-C 2 0 1 0 15 12
Glyma03g16600 GST-N, GST-C 0 0 1 1 10 10
Glyma03g33340 GST-C 0 4 3 5 8 16
Glyma05g29370 GST-N, GST-C 1 2 1 6 20 10
Glyma05g29381 GST-N, GST-C 4 0 0 2 17 10
Glyma05g29390 GST-N, GST-C 1 1 0 2 10 12
Glyma05g29400 GST-N, GST-C 2 0 0 0 9 23
Glyma05g37905 GST-N 2 0 1 0 20 12
Glyma05g37910 GST-N 3 1 0 1 9 14
Glyma06g10390 GST-N 10 2 2 2 9 20
Glyma06g12400 GST-N, GST-C 0 0 3 0 18 20
Glyma06g20730 GST-N 0 0 0 0 10 22
Glyma07g08202 GST-C 1 2 2 1 19 12
Glyma07g16800 GST-N, GST-C 1 0 2 1 10 18
Glyma07g16810 GST-N, GST-C 3 0 2 2 17 20
Glyma07g16830 GST-N, GST-C 8 0 1 0 13 26
Glyma07g16840 GST-N, GST-C 2 0 0 0 6 4
Glyma07g16850 GST-N, GST-C 1 0 0 0 12 6
Glyma07g16855 GST-N, GST-C 4 0 1 1 15 12
Glyma07g16860 GST-N, GST-C 3 0 1 0 15 8
Glyma07g16876 GST-N 5 0 3 2 1 8
Glyma07g16910 GST-N, GST-C 2 2 2 2 5 6
Glyma07g16925 GST-N, GST-C 2 0 5 0 9 14
Glyma07g16940 GST-N, GST-C 3 0 1 0 4 4
Glyma07g34820 GST-C 0 0 1 0 15 8
Glyma08g01691 GST-N 3 1 1 2 21 18
Glyma08g12510 GST-N, GST-C 3 0 0 1 14 16
Glyma08g12520 GST-N, GST-C 2 1 1 1 15 22
Glyma08g12530 GST-N, GST-C 0 0 1 1 14 24
Glyma08g18640 GST-N, GST-C 1 0 0 2 20 26
Glyma08g18660 GST-N, GST-C 2 0 2 0 18 10
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Continuing table 1

RS 45 1458 (Pfam) ABR DRE ERE LTRE MYB MYC
Gene ID number Domain (Pfam)

Glyma08g18671 GST-N, GST-C 1 0 0 6 18 26
Glyma08g18680 GST-N, GST-C 0 0 0 0 23 28
Glyma08g18690 GST-N, GST-C 2 0 1 0 5 8
Glyma08g41960 GST-N, GST-C 4 0 2 0 13 36
Glyma08g41970 GST-N, GST-C 3 0 2 0 16 8
Glymal0g02460 GST-N, GST-C 0 0 4 0 5 20
Glymal0g04570 GST-N, GST-C 7 0 1 1 7 16
Glymal0g05480 GST-C 0 0 1 2 16 6
Glymal0g33650 GST-N, GST-C 5 0 2 0 13 14
Glymal0g33691 GST-C 1 0 1 0 11 6
Glymal1g31330 GST-N, GST-C 7 3 2 0 15 18
Glymall1g33260 GST-N, GST-C 11 0 1 4 17 4
Glymal3g09650 GST-N, GST-C 6 0 1 1 13 6
Glymal3g15550 GST-C 3 0 1 2 10 14
Glymal3g19130 GST-N, GST-C 2 0 2 1 11 10
Glymal3g19830 GST-C 4 0 0 0 9 14
Glymal3g19840 GST-C 3 3 3 2 12 10
Glymal4g03461 GST-C 1 0 1 0 25 28
Glymal4g03470 GST-N, GST-C 12 0 1 0 20 30
Glymal4g24620 GST-C 2 0 0 1 11 6
Glymal4g31915 GST-C 4 2 0 1 25 12
Glymal4g39090 GST-N, GST-C 3 0 0 1 27 28
Glymal5g40190 GST-N, GST-C 1 0 1 0 7 10
Glymal5g40200 GST-N, GST-C 26 1 2 1 8 24
Glymal5g40220 GST-N, GST-C 0 0 1 0 19 24
Glymal5g40240 GST-N, GST-C 0 0 1 0 9 12
Glymal5g40250 GST-N, GST-C 1 2 1 1 30 16
Glymal5g40260 GST-N, GST-C 6 0 2 0 14 30
Glymal5g40280 GST-N 1 0 0 0 27 20
Glymal5g40290 GST-N, GST-C 5 0 1 0 16 16
Glymal5g40305 GST-C 2 0 3 0 12 10
Glymal7g00691 GST-N, GST-C 2 0 1 0 11 10
Glymal7g00700 GST-N, GST-C 0 1 1 1 12 12
Glymal7g04680 GST-N, GST-C 1 2 4 2 10 4
Glymal8g04960 GST-N, GST-C 5 0 1 0 17 20
Glymal8g05820 GST-N, GST-C 3 0 0 2 9 10
Glymal8g13620 GST-N, GST-C 0 0 1 0 14 12
Glymal8g13630 GST-N, GST-C 0 2 2 3 7 10
Glymal8g13640 GST-N, GST-C 1 3 0 3 15 6
Glymal8g16850 GST-N, GST-C 0 0 0 0 18 24
Glymal8g41340 GST-N, GST-C 1 1 4 0 6 24
Glymal8g41350 GST-N, GST-C 0 0 2 0 15 10
Glymal8g41410 GST-N, GST-C 4 1 2 1 8 16
Glymal9g36080 GST-C 4 1 0 0 23 16
Glyma20g02490 GST-N, GST-C 1 0 4 3 21 8
Glyma20g23420 GST-N, GST-C 1 0 3 1 9 18
Glyma20g33951 GST-N 7 2 0 3 7 20
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oo, Sl 2L R R AT 4 5 3 2214 (Shinozaki and
Yamaguchi-Shinozaki, 2000; =K%, 2011, KJdHH 4,
2012), [FImf, fEMEYSESEHEY, ABRE. DRE
LTRE SRR o E R E . Hd, ABRE

HFRERFHEA, 15 ABA REH, frA—Lk
ifﬁ oW i W fE FI12(Nakashimaet al., 2006; 7
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/R4, 2011); DRE = H o454 DREB 5% A
TIEAET BRI S B A RS R — R

N 2 FE [K] ()26 74 (Dubouzet et al., 2003; Qin et al., 2004;

DiazMartin et al., 2005), LTRE X ABA [ &5 i 5 ¥4 Al
TR (Baker et al., 1994; Dunn et al., 1998). X
FR T GST1 A A A 78 & 30 ERE, B % B 2% 7ot
TEACIETE 2 ke F (Itzhaki et al., 1994). i
T, TERZAMEAEYIINERT, ABA K% 5 ABA
A ALK 2 FRRFENLEIAE A8 S R W 454
H i AF % Bk gk 57 (Shinozeki  and
YamaguchiShinozaki, 2000). Mt4h, EEBL T =AA
44 ABRE. DRE. ERE #1 LTRE [#£ [, #68] GST
FE R F AT eI AR A e iENLH] . AR Loy
& ¥ ABRE. ERE. LTRE. MYB 1 MY C iz,
1EH JCAHRAE 29 A~ GST K 1 )5 ) T X #4778, Hrp
7E 12 NMERMESTXHIE S DRE JAEHH G
o AT brde KRG GST [ S 2 R 78 M.
AN AR IE I T BRI ABA MK K
FALIR Y, BRI A B AR SR 4 )y 2k
FFEAEH R A 5%, 2012).

L PR 22 S FIA A A R R (RES e RIA H AT
—IfH 114 GST B E R RKIE. ERFRERERET
H7AER, Hrh, TauZEA 54, Phi 281 Lambda
KouE LA, W GST R FEFHED 3ATHK
EXEYIR R B AR, H Tau AL HHME
HYJR PSR A RIA NI 4 M EFR A 342
Tau 28, 152 Phi 28, MM SR HZ 50 ) 2 R R
K EA Z R A TR B R A B A T
GST R FERIFRIEE S S, Frelotrd R ol g BA
— MY, A4 .

X K E 4 R ZH %4 (JGI Glymal.l annotation)
AT E 5o, — LR 3] 94 N K& GST Kk
FERECR, AR B NS (Tau, Phi, Lambda,
Theta il Zeta %), 7F 16 &4 tfk L3HnAm, HWE
A RN e R FH oA R 3+ X,
H g Rk b Bon oA — e A LR =%

K& GST HRFEARMLMAEK KRB EINER
IEBRE AT, K220 GST 2 [RI7EAR HB 2 3 KA (141 3).
66 ™ B A RIAEMFEE A H A 16 MERFARKIE,
X AT A TR A AR A 1 B K A RO S TR
s M B, RS R ERNE S, RN IR
0245 5 I E BN B, BRI e A PR
%o O SCHRUESE—SE R GST JEFTEH 2. A
SEE A B 3B T 52 5 5 2RI FFAT 8 T R (1) 30 5,
2009; ¥ FE e & :
2011, http://www. paper.edu.cn/rel easepaper/content/201
110-207/), P A] LAgk—BHENI K G GST ZEH 51
Bifhia s k. JUHZ Glyma02g02860 (Tau 2%).

14

Glyma05¢29370 (Tau %) Glyma05g37910 (Theta 3%).
Glyma08g18660 (Tau Z5)F1 Glymal3g19130 (Tau %K)
X 5 ANEFUAEAR P 3RIE, BRI T RE7E 1 32 e
IECBIER . 74h, AR GST R S5
o B LR AP I A 25 (K aravangeli et al, 2005; 4 L4
55, 2009). HHEFLRI, BRI L5 AR AR A,
AR LT FAE & AMHE, BT TR
GSTs i Pt /Nigsgin, M GSTs ifi {1t st
R EKIR A GSTs iGN, #Intrh GSTs (13&
P (30 £ 45, 2008) . Pascal %5 (2000) /& Hi K #5]
acifluorfeni S (/N2 GST T ZEAELN T A F2H 236
ik, B A SL R R A 4 e R A 1)
Glyma01g04710 #1 Glymal3g19840 £53L A nf GEFE K
S RRELFIM 2 FACEEAE R . [FR, AR IR
Z ¥ GST MR EAL T FFARL, H#HN
Glymal14g03470 (Phi 3%). Glymal5g40280 (Tau )l
Glymal5g40290 (Tau 8)iX LerE L i 3 R IA I HE A
AR 5 KRG M AERKR LR, B2, ALK
A A2 R BIE VR, SRS GST R F kAT
T RGO, FHARYE GST 3L ik 4 U 1k
i 326 HH — LG 30T R TR, K R i b o R TR
e K S0 AR AR A R A2 P B A T B A

IMBEHE
31 HE

M Phytozome 3! Sl
(http://www.phytozome.net/ index.phpl) X &. 5 3 ¥ 35
FERAS JGI Glymal.l annotation 1 1 # K & (Glycine
max) 4= ik Rl ZH 3 A 9G15 B AT cDNA idls . M TAIR
(Huala et al., 2001) 3 (http://arabidopsis.ora/) % 40k
FAIT GST KRR 7 FIFIEE 741, M Soybase
A 3 (hitp://www.soybase.org/) T £ K 53 B B %
i o

3.2 GST ERFER T IHiE. S rfERERSEH
ST

Phytozome [ 3ik HH K 12 5 DR 41 0 2 (it //www,
phytozome.net/index.php/) I ] ¥ 51 £ 4 28 3o 45 #4935
SEVERE, HEEER“glutathione S-transferas’ BT 3515
HA GST g5/ AT i) GST LR Kk, 3k
FANERFAIA A S . I Plam 0 E T A
(Finn et al., 2010), [FIIFH 2 45 e HEH0 e I
1) GST LRI SRR 0L AR AR B, IR SRy 25
o8 . B Offf M SMART fE 4 MW it
(http://smart.emblheidelberg.de/) (Letunic et al., 2012)
X HEERIBHAT I — P B4, 2B TCIA A 5
Y GST 4kl ry, 454 McGonigle £5(2000)
XKE GST FKIERILGEE 120 T R, A TmiE IR
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KT GST R K . XK FAME T- N & T
gi i) iz H GSDS (8% ¥ %, 2007) 7F 2k W 4k
(http://gsds.chi.pku.edu.cn/) 2 i .

3.3 GST HHZ AT R G AR T

Z AL AT K E AL R T GST & AR H
s Clustal X2 f&/7, 1921 1)% 5] bxt 25 A8 H
MEGAS.1 (http://megasoftware.net/) ~ # A% 7 K H Al
%14 (bootstrap 1 1% B 7y 500) 4= kit GST K 5 e i £
Gt LR (Tamura et al., 2011).

3.4 GST FREH B ke L

454 JGI Glyma 1.1 Annotation (k&3 R 41 58
HHl FRAR) i DR TE e A 145 2., R Mapl nspect
A, 3RAF 94 A GST ZERIE R 7E e th i 1 s
BHE. KT GST FjkE:H b it &2 B A
DNAMAN #fF, KM Yang %(2008)5 Heikoff %%
(1997) CHERHHR BN TTE, FlE H 55 R EEAER, /I
TEA R G tfhk By 2 AN SRR 7 51 B 20 i A
B 5 K 5111 80%, F HH: 5 471 HL ot 36 43 (A
PEERT 70%, SRJETEG R EARiESHTEE R .

35 GST FKIEERM B FX 4
BT X BN KE GST R IHH T EiF 2
000 bp F¥1F%1], M Phytozome K 57 35k PR 4H 4 e B4
kA HFS], F @ PLACE 30.0(fE47 DNA JIi
AE R oA B e ) (E 2 Wk, 145 & PlantCARE
(RE A A P 8 42 e A B0 PR ) 7 28 ) sl (RS 6 A 45,
2012), SrHTIEANFERGL A 3 X AR ot

3.6 GST ER I FILERIE

PR3k (http://www.soybase.or o)) SR 133X 94 3
1E 14 MAFRE B AR K B B B2 R 5 5,
H 22 R IEFE R A R Jain 556(2007) 1 7714 12
H 1t % 5! hk
(http://genepattern.broadi nstitute.org/gp/ pages/index.j sf
2Asid=Hierarchical Clustering/) % it F 3 14 ¥ 48 33 47 %

PRI

Y Tk

7 MR HE TN 2 AWE TE A S8 e vk A S 38 72
MIPAT N TCHEI SR E I i, W SCRIRE I 51
AR ST 2 5 AE R T RS SCAR B G RIE
WA R I H R A KTt N, 1R BLT
B ortr, WXEESBN. SRIEE#E ST RE
R
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