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W OE 2P R ARE A R T R AR BB R DL R R AR B R, AR B R AR S 5 IR A AR KRR
AR Y R AL RO 4 FEEF AR KGR b T GsEXPA3 JE R IR X Htb AT T AL W15 B 22 W, 38l qRT-
PCR Ryl i35 PR 76 36 B asd T 1% A5 00, SR F K B B AR AL IR 56 40 01 o FAR R AE R AR, SR B,
JE BTt R GsEXPA3 3L HE SRTBES 550 AT IR B T S0 3 w1 5 5 28 B ) o & A O . AEIIGIR AT T 5
Jip38 T, GsEXPA3 3[R B %5 5 2 B & 3 m a7 e AL BRI 12 AN 9 h SR d5c i o, X BRAE 19 3. 27 £i5 0 2. 09 %,
GsEXPA3 BRI 3 36k B 080k TR N R G BB A K, BARARECE | BAR KO SR T, 55 BB AH He 23 31 4 i
T 56.83% \53.19% F153.35% , LR ULAETA: RO REEIEE GEXPA3 X TRIE K G4 FEMEA RIFHIN
FHHHE.
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Bioinformatics, Stress Transcript and Hairy Root Transformation Analysis of
GsEXPA3 Gene in Glycine soja

LI Cui-ting', WANG Lin-lin', LI Feng-lan', HE Fu-meng', WANG Xue', LI Li', WANG Li-juan', FENG Xu''*

(1. College of Life Sciences, Northeast Agricultural University, Harbin 150030, China; 2. College of Agriculture, Northeast Agricultural University,
Harbin 150030, China)

Abstract: To further explore the superior stress resistance genes in wild soybean for germplasm improvement in soybean, the
expansin genes that are actively involved in regulating plant growth and abiotic stress resistance were selected for this study.
This study cloned the GsEXPA3 gene from wild soybean, and performed bioinformatics analysis. We detected the transcription
of this gene under stress by qRT-PCR, and carried out the hairy root transformation test of soybean to analyze its regulatory
effect on root growth. The results were as follows, promoter analysis revealed that transcription of GsEXPA3 gene may be
involved in light, abscisic acid and drought stress responses and correlated with flavonoid synthesis. The transcription of
GsEXPA3 gene showed a significant increasing trend under low temperature and drought stress, reaching its highest levels at 12
and 9 h after treatment, respectively, which were 3.27 and 2. 09 fold of the control. Overexpression of GsEXPA3 significantly
enhanced hairy root growth in transgenic soybeans, with the number of hairy roots, total root length, and total root weight
increased by 56.83% , 53. 19% , and 53. 35%,
soybean expansin gene GsEXPA3 has good application value for molecular breeding of cultivated soybean.
Keywords: Glycine soja; expansin; GsEXPA3; cultivated soybean; hairy roots
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I EXLB 45 4 AWG0E"S  PRH AR 20 BE A 5t 1 22
BT sEIIEE, I UL 25 TR E IR
ARAA A K 2R MY REAN TN
20 R T 285 35 4 IO S R W R AT AR K R R
HNRIR B A AL B R R E/NFE ( Triticum
aestivum ) *,Tf%ﬁﬁﬁlﬁi%%iﬁ%”fﬁ%iﬁ
WAL HA " S TaEXPA2 LR 1% SRA1E H,0,
AR FRTT S E BN 38 L VA A R A S Al Y 3
PR PR AR RE Y & NFE R TaEXPB7-B
SRR i ek W ek T AR R AU R 5T (Arabidopsis
thaliana) W) A= 1 | 45 52 & FO0F I IR W 38 19 i 52
P33 M ( Solanum  lycopersicum ) P E 1
SIEXPI {2235 [F) 2R 592 it s 3 18] 2R Sk i) 7 B 2
PIKASE! A8 3E (Durio zibethinus ) 552 W Y 9™ R 2R
F DzEXP1-3 B[R SR 5L A JF 20 AR v P AT B 2
TRE'™ . PR A AR IR 2N Y a0 R
K3 HL 4 I A AR A ) 30 BT R 45 S8 A R 38 R
I AT IE [ AR B RE  TEAE Y o TR A A
Iz B R

KRG 8 M G 1) 4 FE R 21 45 0 R Hh A7
TE75 DY REE A, 5 B AR R Erp py BCE A
M2 Ky REAREES S T A
TR GmEXLBI FEF 5 AR 9 A4 K AH 32
BTS2 BB B KB RO R
IR GBS AURGE GsEXPBI SR I 3RiE 5
WRERA K BAT R PR ST A 5T X B A K
L GsEXPA3 FEPHEAT sl , AR K 0 B RAR 33 A%
AR R o iz B R B D Re, B A R G
R EERTE RS 5578 R AR 09 107 ] 42 13 4o i

1 HRETE

1.1 ##

B KT (W05 ) Mok KRS (R4 50) i1, 3
HI R AW AR AR R S g == 42 ik, S RNA 42
UK & cDNA & U & T, va B2 AR R qRT-
PCR M &, ¥ohdt w2 X & A WH AR A RA R A
7 BREIE VI K DNA %30, i New England
Biolabs A FIAE ™, KRIGHFFFEEAZ S Trans]-T1, fib
X SEYFEARARA AL, K599 Bz 54
JHO, e M 2R ) BOR A R R AR, BRI
R FHVER TS PCR % FEH AR RT-PCR %7€ fir
PR & eh P ot T ME R A W B Ry A BR 4
LY
1.2 Ak
1.2.1  GsEXPA3 AW g 5% i 98% H,SO0,¥THk
WA KGR, #E R Tl A8 R eoh, T ERIEE
25 °C/22 °C JEMEJEWI 16 h/8 h &1F FE53%,30 dJs
R, AT XS A EARARAFN
RSB BUE RNA JE4 A cDNA, K #E Feng 27
XPHFAE R LT R B 1 G805 1) 4 R TR A 4 o 2
FIH]Primer Premier 5 X {F511 GsEXPA3 %:[H PCR
PRSI (R 1), SEF FRE TR R 2 x Tag
Master Mix (Dye Plus) , )X W FEF A :95 °C | 3 minTil
APk 35 NEHR (95 C .15 5,58 °C .15 5,72 C .
1 min),72 °C .5 min ZEf#i ) ¥ PCR P=¥) i & T,
FUREBA IR ASTE R R O R R A B R AT
T

x1 #5149

Table 1 Primers used in the experiment

s gl KB TR i
Number Sequence (5'-3") Length/bp Product size/bp Purpose

1 F:AAGCACTTTACCTCACAGCAGA 22 966 GsEXPA3 R il
R:GACACTTTTAATGGTTCTTCCAAT 24

2 F:CTTTGATATGGCTGAACCTGC 21 211 GsEXPA3 3] qRT-PCR
R:CCACCCAGTTTTGGACCC 18

3 F:CTTACATTGCCCTTGACTACG 21 131 WA RGNS EERH Actin
R:AACCTCTGGACATCTGAAACG 21

4 F:TTTACTAGTATGACACACAAGGAAT 25 783 GsEXPA3 3 Spe 1 HF U1 A2 7
R: AAAACTAGTGAATTGGCCTCCTTGG 25

5 F:AACACGGGGGACTCTTGAC 19 809 GsEXPA3 Fikiiih e

R:ACTAGTGAATTGGCCTCCTTGG

22




270 X 5 B % 38
x1(4)
P45 ;g2 K FERIRN ik
Number Sequence (5'-3") Length/bp Product size/bp Purpose
6 F:GTGTTCAATGCTTTTCAAGATACCC 25 315 LR BARAR I 2
R:CGATGTTGTGGCGGGTCTT 19
7 F:AGGATTTGCTGGTGACGATG 20 92 KGNS EMH Actin
R:TTTGACCCATCCCAACCAT 19
1.2.2 GsEXPA3 AR A MmIZ 8 F5H T o RYYE 12 d X REBARMRIEFT RT-PCR % 5E

DNAMAN B {4 Xt T > 45 5 17 51 3 A7 B35 A
Expasy 7F £ #K 4 ( https://web. expasy. org/
protparam/ ) 7M1 GsEXPA3 3 K Bt 4 5% 25 1 A9 Bk
PR, ff ] SWISS-MODEL 7E 2% K 1 ( hitps://
swissmodel. expasy. org/) Tl GsEXPA3 & H 1 = 2%
S5 KRR, ] PlantCARE 76 2% 8 1F (hitp.//
bioinformatics.

psb. be/webtools/ plantcare/

html/) 7347t GsEXPA3 3K ATG Hij 2 000 bp J& 31
FP3 s FIH] MEGA 7.0 B4R gtk B R G e
FIWERLGUR GSEXPA3 5 [ #EALR 2

1.2.3 A Hmria & qRT-PCR &) DIIE £ A5
BT, #% m) E AR SR B A K R S d DeE IS Y
B LB TR, B3 30 d S AT AR A Wy aa b B
AW a AL B . (1) Fha , 2L 150 mmol - ™" NaCl
BLALERE3E 5 (2) AIRIREN I K AR B T 4 COL RS
R (3) TEMMA, LL 100 mmol - L' H EE B
T2, 9 TANRE 0,4,9,12 F124 h 5 U4 kE
KIGHT . RNA $EHU cDNA & a7 218 L, i A
TransStart® Green qPCR SuperMix #17 qRT-PCR, %
8 Willems 45 (5 35 S T8 .

1.2.4 ARITRAEAME LDHEYIOCERIEEK
& pCAMBIA1302 by Ay, ¥4 £ GsEXPA3 3 [H it 3=
RERAK, TE GSEXPA3 J:[H PCR ¥ 3 14 1E ) A1 ]
519 4y 3 B3t Spe T B VI 47 45, PCR =¥ 5
pCAMBIA1302 Ik 4 A SR 5 LA T, DNA %4
PR T T WAL E R IAT R . b E
P4 IE T PCR %000 J& M i 4 ) B 8 07 1), 5
PIEILER 1, 1R PCR BRI A R A 1.2.1 4%
T[] 3432 (%) TR R 326 58 3 KA PR 6 A W RHECA R 2
FIN Y, F A AR 4% 4 pCAMBIA1302-GsEXPA3,

1.2.5 ARERABARBURITR ZERBAL
AIE B pCAMBIA1302-GsEXPA3 2k 4044 LA
BINEHEAL E RARAAT 1 K599 w2 Z M 1 %)
AT TR A 5 1 R 5 K T B R AR a8 A% e A AR R0
pCAMBIA1302-GsEXPA3 # {& 54 1k 2= K & B IR R

ugent.

it A% 357 R A HiScript 11 One Step RT-
PCR Kit (Dye Plus) , 7% I 1K 52 5 I Feng 457" 3F
170 VA Actin FER S 5L G 56 B AR 0 4 02
SIPEILE 1, BEENEENREEBRBE AR
PR SR E R TR IR A RS 0 T KA IR,
BTG B RAR B AR FIAR B, 153 A0 X 3
K,

1.2.6 ##EH5H ARBHYZRDER 3K, 4
ICAEPIE + b 22 (Mean + SD) |, ffi H GraphPad
Prism 8 BX{FEAT 25 53 0 v o pr Sl A

2 ZR5HH

2.1 GsEXPA3 EE3i 12

e 1 R, LB AE KRG cDNA AR AR, Xt
GsEXPA3 ZERUEAT PCR 93 , 7= W i v Yk 457 K/
SRR A, X F 45 57 50 4T Lo R B
CDS £ 31 h 966 bp, 5 Feng 2517 fr % E 1Y
GsEXPA3 JEH 1) CDS J¥ 41 F X %8 100% (& 2) ,
TER Sy B AR A S A
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1 : M. Marker DI2000;1. GsEXPA3 1) PCR 7=,

Note ; M. Marker DL.2000; 1. PCR production of GsEXPA3.
B 1 GsEXPA3 EH PCR ¥ 7= ik & R
Fig. 1 Results of electrophoresis detection of PCR

amplification products of GsEXPA3 gene
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GSEXPA3. txt
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T B% TN Feng 17 T2 GsEXPA3 JENHY CDS 51,

100
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300
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Note ; The reference sequence is the CDS sequence of the GsEXPA3 gene identified by Feng et al'”) .
E2 BrJEE PCR ¥ 5 5 F 4 R k3

Fig.2 Sequences comparison of PCR production of the target gene

2.2 EEEYMEREESW

AYHT S5 F R W] | GsEXPA3 J [F 2 i 1) 28 14 1
255 NG FEFR AL B, A0 XT 43 i N 27 437.70, %
HL N 7. 55, B B2 F 20N €y Hig Nags Os66S 14
GsEXPA3 25 [ 1) =5 Fp R an &l 3 fios

i3 PlantCARE 7R KA X GsEXPA3 FEPR 1Y
TR S FIFNHEAT BT S5 R a3k 2 iR, GsEXPA3
FEPRUA 7 X IAEAE 2 A=A oe 14, DAk e 55
JUR 2 R I N D' 7 | TR 3 | 28 AR A A
PS5, I IR 17 SR VI RESZ AW ABA
TS haa e S, RIS 528 W A Y6 8L

FT 2 GsEXPA3 BERHIBHFHMER

3 GsEXPA3 EHH = REMTNEE
Fig.3 Tertiary structure prediction model of the

GsEXPA3 protein

Table 2 Promoter analysis results of GsEXPA3 gene

J$5 Number JGIE4FR Element name {37 E Position J#31 Sequence (5'-3") I1fiE Function

1 ABRE 587 (-) ACGTG it v A T

2 ARE 29 (+) AAACCA RS S P T X oo i
442 (+)
257 (-)

3 Box 4 164 (+) ATTAAT 255600 B 19 PR DNA AL
1014 ( -)

4 G-Box 587 (+) CACGTT S M A e

5 MBS 478 (+) CAACTG Z 5T BiFE31 MYB 45607 5

6 MBSI 140 ( -) aaaAaaC(G/C)GTTA  ZREEHERALEY) & LR Y MYB 25607 55

7 TCCC-motif 59 (-) TCTCCCT G B T — 43

8 TCT-motif 1373 ( -) TCTTAC S 137 TE A ) — 73

9 chs-CMAla 175 (=)

TTACTTAA

S bz 6
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Fig.4 Amino acid evolution tree of GSEXPA3 protein and members of the

expansin protein family in cultivated soybean

2.3 EEYE TEREREXSH

WE S Fros. fEER e b3 49 A1 12 h )5,
GsEXPA3 JER RPN SRA LB EX R ,H
FEAL B 24 h B 9% 3 A B SR OK O B R A,
GsEXPA3 3 PR 1) J St WG IR A 391 522 04 Oy 5 L 1Y)
WIS FEALF IS 49,12 Fe 24 h ¥ 2 5 T XA,
Ay SRR IRZA Y 2. 27,2.33,3.26 M 4.08 %, H.Ab
BRI 12 h AR KO B s 1 52 Wi [l RE S 30
LI R S K R, R LG T R AL, R Ak B
9 hiZH H BFE 3 B3 L, X RRALR) 2. 1 £, (1
B 528 T e, LRSS BN, GsEXPA3 FE[H (1) 4%
AR T R ke i S
2.4 TRIE GEXPA3 BERXNHIEAXEERRE

KA

WE 6 ff /R, PCR S ELE R LI, BT &H
FH R ARAR (CaMV35S J3 8 T 9K Bl GsEXPA3 %
234 ) pCAMBIA1302 #44) (1) K599 % R AAHT B
FRPE B, T AR K G BRI S 5 i 56

CJCK

=1 NaCl
4 == (K Low temperature
F £ Drought

a
A.

FR X KT

Relative transcript levels

ANNNNNNNNNNY

AL FE I 5]

Time after treatment/h

W AFE/NG FRERIR GsEXPA3 5k 7R [F) — B[] 55 AS [6] b
P2 ) (5% 3K 2 5 (P <0.05)

Note: Different lowercase indicate significant differences in
transcript levels of GsEXPA3 gene at the same time point under
different treatments( P <0.05).

5 AEIFEWMEIET GEXPA3 ERMFERKFESH

Fig.5 Analysis on transcript level of GsSEXPA3

gene under different abiotic stresses
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1000
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TE : M. Marker DL2000;1 1 2. FHPE IR A PCR 258 4528,
Note: M. Marker DI.2000; 1 and 2. PCR identification results of positive strains.
6 %1t pCAMBIA1302-GSEXPA3 Rk & K599 ZIRKHH PCR EEHR
Fig.6 PCR identification results of Agrobacterium rhizogenes K599 transformed with

pCAMBIA1302-GSEXPA3 expression vector

WE 7 s, RT-PCR S0 8 — %08 Mtk HEH, BIRIRECH | B R K5 SR 5 a9 A X 1 K
W] R G BRI AR Ty 82% (n =50) . a0 HE¥Y W 3 & T X B4, 40 548 & T 56.83% |
&l 8 AR 3 i, AHEL T K599 S X HRAH , id Rik  53.19% F153.35% .,
GsEXPA3 LR R BB R A KR I 5 4

1 2 3 4 5 6 7 8 9 10
GsEXPA3

Actin

B 7 3FRIE GEXPA3 EEXEEIRRA RT-PCR £ELER

Fig.7 RT-PCR identification results of soybean hairy roots overexpressing GsEXPA3 gene

35S::GSsEXPA3

8 IRIX GSEXPA3 BEEREERIRHFE
Fig.8 Phenotype of soybean hairy roots overexpressing the GsEXPA3 gene
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*3 TFRIZE GEXPA3 ERXEERRMREENER
Table 3 Phenotypic quantification results of soybean hairy roots overexpressing the GsSEXPA3 gene

HREH RS 4 4

el FRAAH X 18 K A MR ARG
Relative growth of root
Transformation group Relative growth of root length/cm Relative growth of root weight/g
number/ >
CK(K599) 25.32 +4.79 170.53 +31.44 5.23 +1.09
35S::GsEXPA3 39.71 £5.17" 261.24 £29.11* " 8.02+1.24"

R A BIERIR K599 5 35S GsEXPA3 ERAR R —RAVFEAE B3 (P <0.05) Stk B E 25 (P <0.01)

Note: “ and ™~

same phenotype, respectively.

3 itig

R A B A PN 3842, 40 12 40 B 4
I L AN AR A AR R, T R R A R R TR
JE B REER, X B T HS 5By EK
KHEMIIRE, HAh, R A A0 A RE S i i A %A A1
SIS 30 A 5 — 3 B B, A R 5 4 s 2 s 1 ek
P, 2 A ) PR N A S B 8 AR A 1 BL R 2 —
PRE AN %S5 R A0 0 A K R aa
e 1 AR, TR ALV 43 B R AR R AP Ak
FER IR AEZFE 0 5y F B F TAET RS T
e

PEUS PR AT 19 B A= K G A B, GsEXPA3 &
DR SRt A SR K P e s 7, W92 3 IR v B A B A
KGR KR53 I RE 1 B R 45 i 4 R AT BT
i, B sh 7ot sl 1 s HnT e S SRt 2R 5%
3 B I 7 AR . qRT-PCR 26 19 45 Sl i — 25
TEH TIZ550 | B GsEXPA3 35 PR (R 55 53 A 75 1% U Fn
TR 0, (A G X T A Bt
PEIEAR H R 75 R HE A FE AR O A ML A S 2R T
BAE SR Pt T R G R, A, I
Jet Bl DX A A 2 B A ) i o 4 S R A G 1)
MYB 2547 i, 22 GsEXPA3 W] fig 5 21k &
PG AR DG, 7 R A O N Y Ty B
FE Y HLREAE 0 75 T, A G S AR R A AR )
PR RaER /D KRG RR R E & R, H R
ARE MY AnEEMNY R S IS
Y B2 IR s AL DD F 4 Ji8 2 P R 5% 11 3
WIFR R KRG FREMEAEZENE L, X
JEAF I G SEAHOE TARE M A4,

RYTE GsEXPA3 SR D)RE , AR BERE T K
FERAR A MR A T 3 2R % I X R
PRWAERKZmW, VREOSHYRRANKET %
PIAHSE , AR 28 7 M 9 T B2 ()5 F a8 B, EL A0

indicate significant ( P <0.05) or extremely significant difference (P <0.01) between K599 and 35S ; GsEXPA3 hairy root in the

SERRR A AE ROIR I 55 07 XA Bk 43 e i g 20
TEARMSE T, GsEXPA3 LA S 5 TR KGR
RIAE KA R RZ IR BARAR A KRS B
ERTE AR ERAR AR B AR 25 5 B
W, R R ARV A o 24 40 B e < S 3E
T2 T 2R 38 F A A 7E 4l i s fE v &
PEAER . ¥ R B 11 0 2o o 38 3 25 0 3 {12 0F 24 if %
PR B | I 0 D A o AR R 76 7 B 1 3R
TIXEAK A AR X R BB S GsEXPA3 F& R iF
KT BMARAA Y S ] (EATS 55 S5 22 03 3 D 35
WE, BIRMHR R A BY FHE 6 7K 43 1 W, 29 i 3
sRAE T R G T A AERE T, GsEXPA3 JE A
FE TS0 T 7 S A (3G it v fig 2 B A K G E
PP AR R AR K DL T R AL E 2, R
& GsEXPA3 KAFEINREMRAIR R IA ARG R  (HHAT
CIE(EYoE 3 NICR R e X i =N iR 737k S Bl
— LB, DAE B HAE AR I K 0+ F Fh TAE
HE R

4 i

AT A R G e 5 H L GsEXPA3 it
177 wib B Gl ) B 1 255 N2 SRR L,
A SRR AEARR AN T 50 T 2 B, g%
ik GsEXPA3 JEA 8 W 35 4 Rk 55 K T B IR 1Y
A BARAR S R K SR E A K RS
TXFIRYL , FeBH GsEXPA3 FEIR 4k 55 K S 0 R o ol
KA B A,

S 3k
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