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Abstract; The reactive oxygen species (ROS) play an important role in plants which act as intracellular or intercellular sig-
nals. But high concentration of ROS might lead to plant male sterility. Glutathione S-transferases( GSTs) are crucial to the de-
toxification for the cells. Based on comparative transcriptome analysis between the cytoplasmic-nuclear male sterile line NJC-
MSIA and its maintainer NJCMS1B in Glycine max, a differential expression gene of GmGST12 was identified in our previous
research. In the present study, GmGST12 gene was cloned from the flower buds of NJCMSIA and NJCMS1B by homology-
based cloning method. The coding DNA sequences ( CDSs) of GmGST12 from NJCMS1A and NJCMSIB were 708 bp long
with the same nucleotide sequences and coded the glutathione S-transferases protein consisted of 235 amino acids. Phylogenet-
ic analysis showed that the homology between GmGST12 and AtGSTU9 from Arabidopsis thaliana was the highest and the iden-
tity of the amino acid sequences was 52% . The tissues expression analysis showed that the mRNA expression level of
GmGST12 in flower buds of NJCMS1A was significantly higher than that in flower buds of NJCMS1B, but no difference was
found in root, steam and leaf. The result of subcellular localization indicated that GmGST12 was located in the cytoplasm and
nucleus. In addition, the plant overexpression vector pCAMBIA3301-GmGST12 was constructed for further transgenic re-
search. All the above results provided the foundation for future study on the molecular mechanism of cytoplasmic-nuclear male
sterility in soybean.

Keywords : Glycine max; Cytoplasmic-nuclear male sterility; Glutathione S-transferases( GSTs) ; Gene cloning; Expression a-

nalysis

K& [ Glycine max (L) Merr. JREEMEH  FHPRAEZEMN. B, C2N=FRET 3
FORRA RS, SR, = R, R R AR RS s NSRRI AR e A T TR R RSO LA
PEARE & L AR ORI R R G MEEARE AT T e AR K B R A AR
AR Z — B EAFEE A T RGPS AT THLBIAE

W5 A3 :2014-1223

HLWH: HREm AR EII & “863 3 %17 (2011AAI0A105 ) 5 [ 5% % 2 4 T k& T (2011ZX08004-005 , 2013ZX08004-005 ,
20147X08004-005 ) ; & H 1 112435 FBI 3 A BA & 31X ( PCSIRT13073 ) 5 719548 BARAEY AL 7= Wr R A8 s

E—EHER N D (1987-) Wi+, EENFRE - F R F IS, E-mail ;2012101008 @ njau. edu. cn,

BRESE P (1967-) 2o, Tl 202, FENFREBEF M, E-mail; spyung@ 126. com,



5 1A s/ A R GmGST12 3 H Y TR f 323840 H7 783

PARR, 28U H N Y B AR AT
MAKAATIRE S A B R, LRI 3l 5
M A i DR e a8 O R 5 B RO Al i e, b sz
SR B2 1 1 4 ( Reactive oxygen species, ROS) 4\
S 48 M AR P % 6 T ( Programmed cell death,
PCD) ") Peng 2! % B 1E CMS-HL % /K f&
B 1 B AR B B R AL - ROS 19 =
MBS R YR, A H K S-H A BEE (Glu-
tathione S-transferase, GSTs) i —/"E K HFpZEE £
(AL DR G5 BT i B, T PP 91 SR % O & A e BLAR
JLIVE B 12 SR AL R 2 S5 4, R4 R ) GSTs 4%
31550 T AAFB WS , Her Phi | Tau ,Lambda Al
DHAR 2 GST WA firif ™ . A BF5E W] GSTs
REA 18 3 At 5 0% Mk 2 v 52 B ORI — R 9 2
WA A 2 30 A 45 ) o GSTs 7 K
ROS %ot 41l 0 (4 2 53 P HLAT SRR T 7T

HITE K B BAE AR H & NJCMSIA 5
HARTE 2R NICMSIB # HeBHE s AL Wh 58 vh e i —
ANFEFFGRIEN GmGST12,, AHF 5% i 1 [ Y5 o e
M NJCMSIA F1 NJCMSIB {8 2 h W e T
GmGST12 J X, Ff- /58 T HAE NJCMSIA Fl NJC-
MSIB A [] 212U Y e k17 B0 LA S AR AU g I I A Jo
A T 4 L 7 175 0, [ B A 2 1 AR ) 3 e G 3
f& pCAMBIA3301-GmGST12, & 15 R # — & W 5%
GmGST12 5 R 57 5 8% HAE MEVE AR & 1 0C & $21E
FHehilf

1 HR5H®

L1 #

RGP EARHENE AT 2 NJICMSIA 5 H AR
£ NJCMSIB i [ 5 R ik B e Ff s IR S it
T 2013 AR A T R s A KA KR B R
VLIRS . T K ST AR 150 ) R SEAR R AR
22 MR AL B E R TR S T - 80°C kAR h Ak
el
1.2 5 RNA g#RELS cDNA E—# &
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T P2 285 200 L, 7 34 P o 28 s % i R 5 (I
) 2 oA R R AT
L4 SEYERZESH

ffi | ExPASy ProtPara ( http://us. expasy. org/
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M:DL 2 000 DNA 43 ¥ Fr#E; 1. NJCMS1A f£5 ;2 NJC-
MSIB 7575,

M:DL 2 000 DNA marker; 1: Flower buds of NJCMS1A; 2.
Flower buds of NJCMS1B.
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Fig. 1 RT-PCR products of GmGST12 in flower
ds of cytoplasmic-nuclear male sterile line NJCMS1A and its

maintainer NJCMSIB in soybeans
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Fig. 2 Conserved domain of GmGST12 protein
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Fig. 3 Amino acid sequences alignment between GmGST12 and other GST proteins in plants
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Fig. 4 The phylogenetic tree between GmGST12 and other GST proteins in plants
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A; The result of real-time PCR;B:The result of comparative transcriptome analysis.
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Fig. 5 Tissues expression pattern of GmGST12 in cytoplasmic-nuclear male sterile line
NJCMSIA and its maintainer NJCMS1B in soybeans

pJIT166-GFP-GmGST 12
5405 bp

M:DL 10 000 DNA 43 F 45 fE; 1: pJIT166-GFP-GmGST12
AR B XS H7 52 . Xba 1/ BamH 1 WG] BB .

NOS M:DL 10 000 DNA marker;1 ; Positive control of pJIT166-GFP-
CaMV poly A

GmGST12 vector;2 ; Fragments of vector digested by Xba I and BamH
6 A E B '
PJIT166-GFP-GmGST12 B7 IRHITERYIEE Xba 10 BamH 1 95 R

Fig. 7 The double digestion result
of Xba I and BamH 1

Fig. 6 The map of plant subcellular localization
vector pJIT166-GFP-GmGST12

GFP Chloroplast Merged

355-GFP

B8 GmGSTI12-GFP g & & B 751 # 7% [ A Bk o i 30 200 B 7€ i
Fig. 8 Subcellular localization of GmGST12-GFP fusion protein in protoplast of Arabidopsis thaliana
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CaMV35Spromoter —,
lacZalpha -, \ —~GmGST 12
~—Bst E1(722)
Nos poly—-A
CaMV35Spromoter — __T-Border(right)
phosphinothriein(R)-__
CaMV35Spoly A
‘ll pCAMBIA3301-GmGST 12 }-
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\\ ” pVSl1 sta
Kanamycin(R) — \'\ I
V N pVSI rep
pBR3220ri '
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9 It FRIEHE pCAMBIA3301-GmGST12 HIER
Fig. 9 The map of plant overexpression vector pCAMBIA3301-GmGST12

M:DL 15 000 DNA 43FfF5#E; 1:pCAMBIA3301-GmGST12
JRORE P XTI 52 : Bel I/ Bst EIL XU A B o

M: DL 15 000 DNA marker; 1: Positive control of pCAM-
BIA3301-GmGST12 vector; 2 :Fragments of vector digested by Bgl 11
and BstE 11

E 10 BREIMEAIES Bgl 11 70 BstE T EBRYI 45 R
Fig. 10 The double digestion result of Bgl II and Bs¢E I1
2.5 GmGSTI12 @it RiZHERITE
I FH U D) k4 1 AR ) ik R IR 2k pCAM-
BIA3301-GmGST12 (& 9) . | A BR 14 Py VI iy Bgl
1T A1 BstE 1A A Y B AR D) A9 13171 708 bp (P4
B (18 10) R BIRR A )

3 GRSt

B AR R S A% BARHEME A E & NJCMSIA &
HARAF & NJCMSIB 1 LB S 2l 2 Wt 5e b R B —
ANZEFRIRIEH GmGST12 . A5 38 i [7) 5 o [
¥ M NJCMS1A A1 NJCMSIB 78 35w w & T
GmGST12 JE P, o4ty [X Fr 51 (CDS) 42 K #0708
bp , EAZH BT FI AR, 4 & 235 DSEEERR A4 BE
HK S-SR 1l , 2H LUK T AR LW GmGST12 18

NJCMSIA 875 1 32 3K 7K SF- 4 I 35 Hb /& F NJC-
MSIB 675 h Rk KT, X 5 R S A k5%
25 SRR — 2, 4 7 25 R GmGST12 SE v T
YA ARSI AT REAE 4l KR &
Ve .

GSTs J&2— M RIEHFFEMB Y ZINREE A, A
NS 5XANEY R R 5, i85 5 R,
AT LAAE R4 I H K ( GSH) 48561 1) S5 4 1 I A# A b 1
WA AR AR S E A R HEM, taT L
PR T . Willekens 252 BF 97 2 1 ,GST,
I E A AU (CAT) FEE S04k 9 15 f il (SOD ) 76 A
Yy 7 ph 22 RO 8 A5 5 S 00 Ak I aa h B
FAEM . Sharma 255N FERIEE T g ik T — 4K
Fi Tau 25 GST JE[H, 45 5L /R i ek S/ 7+ % 6 X
Bk 22 2P0 H DB ROS B2 GST 35T+, i ok
GST Filggith 3 8 Ak il 35 R (14 5 S A KA T35
Yu 225 WRFE W], HH b i F MR AE GST JE [ fig
HenR AR BT E IR BE JT o X ULEH GSTs X [ Hhy A
TREANIE R 2R 35 57 A2 B9 ROS I fife 55 H: X 20 i )
BEREZEN.

H A, A HEE R B B & A 5 2R A ) T B
WAATE G A ML AR Bz A i
s | H A2 40 i f F HEsE T (PCD) 5
AT X R, PR MY PCD i #% b ROS
AT S o e S B PE AR T I — A EE R E Y,
AWFFEHEN , GmGST12 7E NJCMS1A 635 H 41
FHIRTT B T4 ik PCD 3 g 5= A= T 3 & (93
PR, I M T AN A B B AR G0 i RERE T,
M ROS 57 35 40 i I 5 mi Ho & AR s, fe & nT g
FENJCMSIA M FC 740 B S8 T & A lEE RN & o
AR ST 0 F T A Y 8 3R & pCAMBIA3301 -
GmGST12 FF WL Dy 56 A6 T R A1, o it — 25 JF
GmGST12 $EIEH R G IIRE I UEMF 5T 298 T LAt .
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