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WE: [HW]IWEREREE GsMYB7 SRIXHAKRG B BF 6 5 J&, WNEEEREKRNFRIAE FIREG Hirk
GmGST7, ZH KN ZREMHEES L, HALT GsMYB7 2R Fiif, #t— 2o iR ERETeE, R &S KE
BRERTT 3266 11 U7 1R A AEWME B 2070 M GmGST7 ZEK IIRE 751 & A S5 /A i R Gek ik it . 3@
T R P e e e A ¥k 5 BT 4 L R 7 - 33 RT-qPCR 3 M i Bk IR 4 4k ik s et o 641 04 254 504 75 A1 100
pmol/L 5 /> AICL; ¥R FEERRBE, A Ft GmGST7 X BRAGWME T . . £ 50 pmol/L AICI; ARFE R, 51t 0. 4. 8. 12,
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2 ANANEF 4 I 4RED GST BRI N s AR S K C 3 GmGST7 R 4itis 226 N2 IEER, i & oMK
7 GST &AM tau BB, BT HRMANAZ s GmGST7 =R R TR, 25, mh gy f R
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Thie, SRR, HAEK GAR Rk i i, X BRAR e e B 5525 s GmGST7 i 308 388 i Vs R 48 P B A
5B PR J H T i A R Pk 1 v U B A IR R BRI S22 RE T o

FIR: KE; GmGST7; BRERM G ; BL AL
FE 55 S565.1 HERARRRED: A YEHS: 1001-411X(2023)05-0769-11

Study on the tolerant function of soybean GmGS7T7
gene to acidic aluminum stress

HU Kang M’ JIN Xiaoyu, ZHANG Xue, WANG Jinyu, CHENG Yanbo, LIAN Tengxiang, NIAN Hai, MA Qibin =
(College of Agriculture, South China Agricultural University/Guangdong Subcenter of National Center for Soybean Improvement/
State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources/Guangdong Provincial Key Laboratory
of Plant Molecular Breeding/Guangdong Laboratory for Lingnan Modern Agriculture, Guangzhou 510642, China)

Abstract: [Objective] The GmGST7 gene was obtained from the gene expression profile of the GsMYB7

overexpressed lines of soybean ‘Huachun 6’ which was tolerant to acidic aluminum stress. GmGST7 lied
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downstream of the GsMYB7 gene, and was up-regulated by acidic aluminum stress. Its function of acidic
aluminum resistance was further investigated to enhance the tolerance to aluminum stress in soybean.

[ Method] The bioinformatics of the GmGST7 gene was analyzed using the base sequence, protein domain and
phylogenetic tree. Subcellular localization of GmGST?7 protein was accomplished by transient transformation in
tobacco leaves. The tissue expression specificity of the GmGST7 gene was analyzed by RT-qPCR. Five AICl;
concentration gradients of 0, 25, 50, 75 and 100 pmol/L were designed to study the response of GmGST7 to
aluminum stress. Under the treatment of 50 pmol/L AlCl;, nine time gradients of 0, 4, 8, 12, 16, 24, 36, 48 and
72 h were designed to investigate the expression patterns of GmGST7. Arabidopsis (Col-0) was transformed by
overexpression of GmGST7, positive plants were identified by molecular technology. The phenotype
identification of Arabidopsis tolerant to acidic aluminum stress were performed with the oxidation level
determination, the expression analysis of the genes response to aluminum stress and downstream genes of
GmGST7. [Result] The full-length sequence of GmGST7 located on chromosome 7 of soybean was 1 128 bp.
The GmGST7 gene contained two exons and one intron which encodes a highly conserved N domain and a
unconserved C domain of GST, respectively. GmGST7 encoded 226 amino acids. The GmGST7 protein was a
tau member of the GST family in soybean, and localized in the nuclear and cytoplasm. GmGST7 was expressed
in soybean root, stem, leaf, flower and young pod, and rich in root. The GmGST7 gene was up-regulated by
AICIl; with the highest relative expression under 50 umol/L AlCl; for 24 h. The relative root elongation of wild
type was significantly lower than that of the transgenic lines, the oxidation level was higher, and the expression
levels of acidic aluminum stress response genes and downstream genes were higher. [Conclusion] The
GmGST7 gene is a tau member of the GST family in soybean, locates in the nucleus and cytoplasm. The
GmGST7 gene holds a constitutive expression pattern, and is rich in soybean root. GmGST7 is significantly up-
regulated by acidic aluminum stress. Overexpression of GmGST7 enhances the tolerance to aluminum stress in
Arabidopsis by activating the expression of the marker genes response to acidic aluminum stress and its

downstream genes.
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AtGSTU26 FiE™, i [fAR R YL F AtGSTUI6 %
B, BEFER I, GST Al i fE A e R G 5 2
HHEME R E,
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L1 kIR

K5 Glycine max L. ‘%3 6 57 | RIKHEE
Nicotiana L.UA J B A BRI EGTF (Col-0) Arabidopsis
thaliana L., ¥ EH X KE B R A0 R 08
fit. BT &k A KB I% % # Escherichia coli DH5a.
WRIE ALK B Agrobacterium tumefaciens GV3101 .
1.2 S¥MERFESH

{i i} NCBI K. (https://www.ncbi.nlm.nih.gov/)
F1 Phytozome #04% & (https://phytozome- next.jgi.
doe.gov/), B EEE 7 1), H XK, 1 MEGAT1
BAES GmGST7 HEAT cDNA RIEFERRFE 51 LT, 58
FCHEAGR 53 AT o
1.3 XZREEFmAIE

R ER (RF 65 My, HEFR
TN TAMGEE TR AT R 5, 16 2 43 LY

JE\ b Iy ZERGRAE S, AR g, R E
A, 80 C {77

Pode R, RHOGRE “4EF 6 57 Fhr, i
TEMRK L A LR R 3~4 d, B2FAKE 2~3 cm
I, AT H R, I KB AR, [ 52 7E SR AR
by AEARER e 4R HIAE pH N 4.3 79 0.5 mmol/L fij
FEE B TRV, B 9% 24 hy AR LR IR B,
BEFEEE AICL R EEA 0. 25, 50, 75 A1 100 umol/L,
W% 24 ho 7F pH v 4.3 i) 45 B VA TR H.
AICL; WK E#N 50 umol/L f3EAE E, # & 0. 4. 8.
12, 16+ 24 48. 36 A1 72 h [AF B0 5 . EHL AL 32
JE MR H — B R AT A B IR R AL 5
Jei > BUK AR SR &, 45 400 28 i 3 RN T 2
i, —80 C {#1F.

i RNA $EHGA A & (7 o2 v ME B A= ) RHE:
JBEAR A B A ) 730l B2 B 4% 2H 2R b BEAR 35 RNA,
Gt —IRFE 5 TE UL 3%, T P R 5 ) ¢cDNA JECT
—20 C {47, {EN RT-qPCR FIEE AR IR o
1.4 RT-qPCR £

DL A FE cDNA AtAR, 35548 H SYBR %t
€ I (RN R B R A B IR A D, A3
ffi F§ CFX96 i % % & PCR 1X (Bio-Rad),
PCR 7% E ) 95 C 3 min; 95 C 105,58 C
10 s, 95 °C 30's, 39 MiEF; 95 °C 30 s. HRKFIMF
IR 1, LA B-actin NN SFEF . H 3 F A X
RiLEH 2T
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Table 1 Primer sequence

Bl ERiN

Primer name

ST FI(5'—3")

Primer sequence

pTF101-GmGST7-F
pTF101-GmGST7-R
Super1300-GmGST7-F
Super1300-GmGST7-R

gagaacacgggggactctagaATGGCTGCTAATCAGGAAGATGTG
cgatcggggaaattcgagctcTTTTGAAGCAGAAAGACTTTCATGG
acgggggactcttgaccatggCTATGGCTGCTAATCAGGAAGATGTG
aagttcttctectttactagt TTTTGAAGCAGAAAGACTTTCATGG

GmGST7-F GTCCTGATTCCCGGCTCAAT
GmGST7-R AACTCACAAATGAGAGACCAGT
RT-GmGST7-F TCAACCACCCTGTTGTCAAAC
RT-GmGST7-R AAGACTTTCATGGCAGGCTTTGT
1.5 FiAHE AR M 3 min; 95 °C A8 158, 57 ‘C 1Bk 15s. 72 C

DL “f£F 65 MK cDNA AR, H
GmGST7 )5 B 51 %) (GmGST7-F/R) #£47 PCR §™
4. 50 pL PCR /X V44 % Jy: 2xPhanta Max Buffer
25 pL. dNTP Mix 1 pL. 1E [ 5|44 2 uL. Phanta
Max Super-Fidelity DNA Polymerase 1 pL. f4%
¢DNA 2 pL. ddH,0 17 pL. PCR RN FEFH 95 C

ZEAH 40 s, 34 NMEHR; 72 °C PRIE 5 min.

¥ GmGST7 i Rk H M GmGST7-pTF101.
fFH Xba 1 F1 Sac 1 %F pTF101 #H47 X EED), 1@
HI 5| (pTF101-GmGST7-F/R) ¥ GmGST7 3K
cDNA FH3%E N pTE101, Wl Ff 615 5 # 40 A ¥T 1
GV3101.
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P4 S0 41 B 5 £ 3 /& GmGST7-Super1300, Ff
GmGST7 FE R3S Super1300 V2 i 5 A7 # 4k,
Fi Xba 1 F1 Spe 1 X} Super1300 HE47 XUEEY), i@
HEAG Y (Super1300-GmGST7-F/R) ¥
GmGST7 B: 5 cDNA & 2344, W7 0w G ik
FFHE GV3101. 51975 W% 1.

1.6 IFZmpRENL

¥ 5 R GmGST7-Super1300 ) GV3101
AAF T AT Super1300 ZSE AR GV3101 RATF Y 12
& Dgoo nm=0.6, B H 2, LK 4~5 F. @1
(UM L, A G Hi o FDOG RS 2~3 h, i <AL s
SRFF o AT 2 B v S B VRS 58 LR B R
M BEALEE 1 d, IEWREFE 2 d J5, MO R £
T (FEE TS, OB TCS-SP8 SR) M4,
2R 58 615 SR B 640 nm, A 675 nm,
SRt G GFP BUR I K 488 nm, Kl K
510 nm.

1.7 BFETTEEREL

g F AR AR R IT . 28 1 IR & i
B R EE, M E REIFICR &2 5, s 1 Ik
RAPA LI, W EBr. BRI 1R, ARG 3 K.
B AR GmGST7-pTF101 #1k GV3101, %5 FH M
WG 2 Z Dgoo nm=0.6, 500 J5 Fl B B B 5 #E
ARG HIUFEIFEIRIE 1 min A4, BEHGHE. B
B 1d )G, EHEER.

1.8 #METERBAIERRBEEE

T2 8 7% b Pl 1 3t Ja WSOER ) 400 RS I AT,
2 E MK G E 2 IR0l R A, R
BH P P o AR PR A A HE: s gk A g o e, H
TPS L RHE DNA, Wi E 35S a3 7 X
151903317 DNA 20 F/KF %58 . Lk % e JF
A T AR SEHUARIFE RPLETT RNA, it %
HE B E, HERIAESTIRRKEEF.

LR T AT 10%(o) IR BRINIF IR I 7=
¥ 10 min V455, 25 FI G /KIETE 5 . FhAE T
1/2 MS 87725 b, B MG 5 R 00T 4 °C UK
RN 3 d, REEBERERERERFR, FIRKR
1 ecm A7, HATERALEE,

& 0. 50, 100 umol/L AICI; W FEERAFE K] 1/2
MS B 353E, pH I E 4.3, KB BN E I
ez i b, ORI RKORES . B E B R
1A, il s, WERK, THERAA R .
FEHCRNA, XJ40LRG 77 o B 25 il 3 g 17 F) A 75 2 [
M GmGST7 FIVRFEK 412G29420 () N EE N AT
RHTE RN BREAR EFE RN R S S R R b %

BAR AtALMT(At1G08430)7; AtMATE
(At1G51340)°7 2 58 & ¥4 HE; AtALS3
(A12G37330)* 4y ABC #5121, 2 58 T1E
W I3 B, A R AR 1 s At WAK
(At1G21250)" J& —Fh 4 i i AH G BE, = 5 00
BE[f5 5 . iBid Phytozome 2 412G29420 R:K F
T, 15331 3 ML KRR EE R (411 G78660,
AtIG78670 At1G78680) Al 1 AN ik Jik iy & [A]
(At4G33090). 1YL 2. M2 K+ MDA &
& H,0, & &. POD itk (S5 R4 E M & i
).

R2 TOEEESIIFT
Table2 qPCR primer sequence

A 5197 5(5'—3")
Gene Primer sequence
AtALMT F: TCCCATGGGTAAAGACAAAG

R: ATAGTCTGCTTTCTGCCAAA

AtMATE F: CATTCGAATCCATCGAGATT
R: CGAATGTTGCACTCTGTTTT
AtALS3 F: AGCTTCGAGATGACATCAAA
R: ACGGTTTTGCAGCTATCTAA

AtWAKI F: TGGCCGCTGATATTACAAAT
R: CAGATTGGCTACTGGTTAGT

At1G78660 F: CAGGTTTGAGTGTATCGGTG
R: CATCTGATTCTTCTGCCCAA

At1G78670  F: TCCTCTGAGATGTGGAGATT
R: TAGTTGAGGTTTGGATCAGC
At1G78680  F: AAAATGGTGGATTTTGCAGG
R: ATAGGCTGACGTTCAAAGTT
At4G33090  F: TGGATCAGTTCAAAGGTGAG
R: GACTATGTCGAGATCGATGG

2 FERE5SH

2.1 GmGST7 EBRTEMIE

GmGST7 BERE KT 7 T4 EM4k b GRS
S5 LOC547578), 1% A & BB A7 78 22 (R %
GmGST7 HREH 2 MM 1AW E T B
A=K 1128 bp, 557 986 bp, cDNA 4K 678 bp,
it 226 NEIERE . GmGSTT7 4w fid H A i tau 28
GST M, &4 2 1 GST #5745 #38, 43 B N FE
PR N 3 AR S C o, a0 1 s e N o =
YR RIS Brayfa(an)B3facs, C SiiFe— D584
o-WRTELERE o
2.2 GST tau EXRRH LR E

GST FKjEH tau ZRAEAHYIYIFh 2 8] (1) 22 T8N
R o RN R T AN K A R R AT B 4
EEXT, 78 NCBI HH 4R BIAHLRE S i (1) 17 AN REAT
FEAEFEAI LA, N 3R C 3 5 71 AR AL # A v,
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Specific hits i

GST_N_Tau

Superfanilies Thioredoxin_like superfamily l |

GSTﬁCifamiilyisuperfamily

1 GmGST7 ER LI
Fig.1 Protein domain of GmGST7

A7 BRI N 80%~99% . EANFFh, R4
N I AHRHR SF, C Ui 22 J IR K, SR P AR A
44%~52%, W1 2A Fiw. EREFERTET, K5 [H
R IR 2 0] (138 A% B 29 ARG, F4BL e F (14 [R] I8
L R i) PR A R B AR O AL aE, W] 2B TR
2.3 GmGST7 BEEEBTN

ik STRING M35 %) GmGST7 ) HAFE & [k
AT, KA 5 MEiEEH TS GmGST7
(LOC547578) HAE (K 3). H+, LOCT732557

A

(GLYMA07G16850) 1 DHAR1(GLYMA10G43730)
J& T GST HKEEHA, 1 GmGST7 J& T H—41 %K
J#:. GLYMA03G40050 1 HGS(GLYMA19G42610)
J& T HGS(A M H KA Bili) FEH -
24 GmGST7 EFEBLAFKIEER
TR GmGST7 BRI AR IB B, K
MR 65 SEEAIAMA. 2L m JE, YR
i, E AT SR (B 4) K, GmGST7 BH 2 A
M R IEM R, GmGST7 FRAEM . L MLh 3y

A 2490
Tyms 3900
Glyms. 186190200
Glyms. 076139800
Glyma. 076139700
Glyma. 076140400
AT3609270
AT2G629420
Glyms. 186190500
Glyma 076139600
Glyma. 076140700
Glyma. 180190300
Glyma. 016106000
Glyma. 076140200
Glyma. 036073702
Glyma. 036073704
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15
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15
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115
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P T — P — e
T =
~EITMEIM MMM M= MmN T

AT2629490 k- A R F L0 | ERMTK I AET -~ 1KSA- 224
Glyma. 076140000 IgWV \ F CHESLSASK 225
Glyma. 076139900 ¥aivy \ F ARYESLSASK 225
Glyma. 186190200 VgL ¥ L F ARYESLSASK 225
Glyma. 076139800 VTV Y F ARYESLSASK-- 225
Glyma. 076139700 ¥gIVE Y F ARYESLSASK-- 225
Glyms. 076140400 ¥ITAJ 1 F GFYESLTASK-- 225
AT3609270 [ \ " MEGSVTSN--~ 224
AT2629420 VGK-TGK DAV IEATROL BMF JARMEKLNIKSA- 227
Glyma. 186190500 VZIv] v;‘ F GRYESLSASR-- 225
Glyma. 076139600 VTV L F ARYESLLADSK- 226
Glyma. 076140700 ¥gTAZ 1 DANOF GRYEILFTSK 225
Glyma. 186190300 AQMTY K r% F ARAQSF VAKRKN 222
Glyma. 016106000 € L ) o3 ASAKK 219
Glyma. 076140200 ¥QIV2 K F ¥ IRAOSLAAKRKN 222
Glyma. 036073702 ¢ L o3 SAKK 220
Glyma. 036073704 AQIVIKE T L | RYASSNSASK- 226
B 69
Glyma.07G139800
Glyma.07G139700
Glyma.07G139900
® Glyma.07G140000
Glyma.18G190200
Glyma.07G139600
99 [ Glyma.18G190500
Glyma.07G140400
70 95 ) ooL Glyma.07G140700
— Glyma.18G190300
80 100‘ Glyma.07G140200
Glyma.03G073704
— Glyma.01G106000
100 Glyma.03G073702
AT3G09270
AT2G29490
100 AT2G29420
0.10

LRI GST-N, W B2k AR GST-C, L1 miARiA N HARKER GmGST7
The red horizontal line represents GST-N, the blue horizontal line represents GST-C, and the red dot is labeled as the target gene GmGST7
2 GmGST7 ERFFIRILL (A) AR (B) HHT

Fig.2 Sequence comparison (A) and evolutionary tree (B) analysis of GmGST7 protein
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GLYMA03G40050.1

3 GmGST7 EfEEATM
Fig. 3 Interaction protein prediction of GmGST7
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Fig. 4 Analysis of tissue expression pattern of the
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Fig. 5 Response of the GmGST7 gene to acidic aluminum stress
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NS GmGST7 fEAB G T R IE
RHIE, X GmGST7 H BRIFEAT AN [R) < P A6f P55 FH BT i) 45
FEMZRIE M. BB REW, B AICL; IREE 135
W, GmGST7 WA R I8 & %6 I+ & 5 BRIC, 78 50
pmol/L AICLy ¥ ¥ H B AH X 2k e i, S8 0 R
14.5 1% (B 5A). TER A6 EE A FR v, Fifi 25 A 2 B[]
MRS, GmGST7 B H Rk & e+ ) BR AR, 7E4b
24 h B RIE T Hem, AXTHRT) 24.9 £% (K 5B).
2.6 GmGST7 EEFixHE

PL “EF 65 Bt AR, it 5l
), PCR ¥ M40 5 GmGST7 B4~ cDNA 531 ()7~
Y. PCR Ji5 i B IR E e fL UK, 3RAR K/ 742
bp [ DNA F B (B 6A), & 518 =K .
¥ PCR F=¥afifb J5 AT 7, T /7515 NCBI ¢
P H bR R 0 7 91— 5

SR 58 UE VA 5 57 3R AR A B GV3101 72
R, G IR L BBV, 988 S VE MUS B 2
A #5551 E4T PCR BT % 58, BRIERE B B
K& R (K 6B) Bon B A T K/NG H B %71,
DNA H Bt K/ R 1416 bp, BEFEFHYETCRED 5, K
MFE T8 5 GmGST7 3£ [K cDNA F¢ 51 #E 17 L xt,
4= cDNA [FAIHAFLE, HJF 51—

NIRRT R IR F AR AN GV3101 /2 55k
I, B IR L SRR 9%, 908 2 i JE R 3k -
()55 58 51 P03t AT PCR B 5E , B IE B LI F vk 45
(K 6C) Eon % E B AN H %45, B
K/INH 870 bp, K BHIX LR v& A PH M e b . Bl S,
Pk PEME e R EAT B IR R BOlll Fe 380, K005 7 4
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A: Cloning of GmGST?7 gene cDNA sequence, according to the location of the primer, cloning size is 742 bp; B: After connecting the subcellular localization
vector, according to the location of the carrier primer, the size of the PCR product is 1 416 bp; C: After connecting the overexpressed vector, according to the
location of the vector primer, the size of the PCR product was 870 bp
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Fig. 6 Cloning and vector construction of the GmGST?7 gene
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Fig. 7 Subcellular localization analysis of GmGST7 protein
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Fig. 8 Herbicide spraying identification of GmGST7
transgenic Arabidopsis positive seedlings
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Fig. 10 Expression of GmGST7 gene in T3 transgenic
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