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Physiological and Biochemical Responses of GmXTH I Overexpression Soybean to
Drought Stress at Seedling Stage

ZHANG Ye, ZHANG Han-zhu, DU Ye-yao, SONG Yang
(College of Agronomy, Jilin Agricultural University, Changchun 130033, China)

Abstract: In order to study the effect of GmXTHI gene on the phenotype and physiological and biochemical characteristics of
soybean seedlings under drought stress, five transgenic soybean varieties M18, GmXTHI overexpressing transgenic lines OEA1
and OEA2, GmXTHI interfering expressing transgenic lines IEA1 and IEA2 were used as experimental materials. We set three
different water treatments using the potting method to measure the phenotype of RWC, SOD and POD activity, and MDA
content of different transformed lines at the seedling stage. The results showed that with the increase of drought stress, RWC
decreased relatively, SOD and POD activity increased firstly and then decreased, and MDA content increased. Under the
same drought stress condition, compared with the control M18, OEA1 and OEA2 with overexpressed GmXTHI gene had higher
RWC, higher SOD and POD activity, faster response speed, weaker MDA content, lower growth rate, thicker green leaves,
thicker stems, better overall plant type performance, and faster rehydration after drought stress. However, IEA1 and TEA2
with GmXTH]I interference expressed gene were on the contrary. Under drought stress, the overall performance of the plants
was as follows: leaf wilted, stem withered and was thin, overall performance of plant type was poor, RWC, SOD and POD
activities were relatively low, and response speed was slow. The result indicated that the GmXTHI overexpressed gene had a
positive effect on the physiological and biochemical indexes related to drought resistance of soybean plants, and GmXTHI gene
may be involved in the response to drought stress in soybean.
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K7 ( Glycine max ) fENEFREZRMEMERIZ WA J1 B4R TT ARl B9 AT R85k R At 2 22 B 1Y)
— AR AKEE MY E ORI AR RK Rt RALIEE ORI E K EEE X, X
JEIN, 2 B A B N R A, Hod, T2 MIKERENK, 7.8 &% RS R, XK
AR GAERRE RE RN T MR EFE AR RREA SRR O R
fgelr AR KCE Z — T 5, B/ H G2 TAME B, KRGS SRR i T, kR 8 B

W FS H#A:2021-12-28

ESTE AR & RIRI - #7554 A 345 (20190103120 H) 5 48 POt 75 MR B 4 RHE A A F628 T (0T202020) ,
F—1EH KB (1995—) , B, T+, FENFHIEY AL B FAFSE . E-mail :1749711044@ qq. com,

EIAES KB (1988—) , 2, Wi, Il , 2N HAEW 8% & FF 58 . E-mail : songyangjlnd@ 163. com,



328 KX =2 B 3

IR AR IS A T, WA R,
B R A B B TR A, HoA A A BT
AL PEER B E R AR T R G e a RE R R AR TE R
SR A ) 5 Ak 3 I BE 43 il iR 78. 0%
83.0% ,FEALIL, BliE BRI E,
TR R BN gE X R G S A P R R T
B EsR ™,

XTH il ( A A K e g ) e A 45 5 11 )
PLERE A L BE AN A 5 T EEAEH . M
FESIHEAE , XTHs Bkl 438 T AT 26 2
ekl MA FIB P4/, Hop A 8
N XEH W6, & — Kl ARE RBER B - 1,4 BETY
BB 2 T 28A0 11 25049 XTHs AT DL ) A 4 2R b
SR PR R TS SR S, 5 — A K i SR W G A
P, H XET 35 PEAR 3 XTH i 9 45 45 % 51
J& DEIDFEFLG % ¥ 540 & T Re A ik 15 ok
M IR AR Ik o I AL AV A B AT 1) I 2 Rl 22 4
TRERHE T N - MR Y S A R G
B, /NP N - BEAA 5, 76 A
KA B SE N - Ak 5 . XTHs A
(9 C — A 3 T LA B BE R o 4R 1 R 45 4 1 B A,
PRI HGE 3 A7 1 BE DRSPS

HAl, XTH LK i ifF o8 B IS T — st g,
$E XTH A 9 1o 32 38 RNl 2% 58 4% BE A N i 7 33 [N
FE MR R 0 A TR 1 . SR IF aeh17 70 xthlS 5%
PSR A AR R AR L AL b M A R
FER R IF 5 T hn rh M 18 CaXTH3 W BERE IR i s
LD R R BT T2 S R T A T e R v 3o
TR IK PeXTH et i 3 AR R B IR B4k, AT
PREE IR TR SR . OsXTHS e 7K A M- 4l A1 40 il
AR PR R B B 2R A i, S A K IR
Fak A X X AXTH3T JEH B R # £,
AtXTH31 LR 4 8 405 55 1 10 e A 3 -1 4 BiUER
B2 A B A e R IT Aweh31 57 IR AL
W R W, R MR AL B0 AE 0 159 3 4R
AtXTH31 FEH 1) 32 35 BB AR 480 m JF X ABA 96
JEE, B HoR 2R AXTH3T BN 1e ko P
FERI AR XoF 7K ¥ T 300 6 T 2 P DR W] 2 R A
1, WTHT RN SR A A AR/ IR Bl R U P
AtXTH31 FEN e 7E RPN 8 RS R AR T
TN, REBORT XTH Je 8 Fe B0 — R 4 i £ B
PR R R 2 KT XTH JE R A K i 3
5 2 FK s e A 5

AHIE 5 AT AR 5 RNA-seq I )37 25 5, >R I
RACE $5K , WK MI8 i AR 52 20 2 o e 15 3]
AN RN RS MG K B IE ) GmXTHI A FHAEZ 53
Br#)¥ ORF FINDER #E17 J3 51 43 A1 2 B 2 35 [H] 3
W L W FFR I EHE y 840 bp, AT 4t 279 AR,
A LA XTH % 8 FURHIE LY DEIDFEFLG 25
¥ o i3 K7 NCBI 8088 e v A 58 4 — 30 P
G, H G UR 4 7 81 S XP_015634499. 1, [6] 5 14 4
81% . AWFFE LA GmXTHI FEH 323 41 kL OEAL |
OEA2 Il GmXTHI 3[R T-H 541k IEAL IEA2 Jy
e W EIEHEL T TR7d TR 15d 443
AR, W GmXTHI JEPH K GRR R B H I EA T 9T
B w, BAEKP AT 2 Mo g 25
GmXTHI 3:H K G H I E A RWC . SOD #1 POD j
P, MDA (1) & i % A AR AL FE AR B 52 M, &4 5 K
GPURASEN XTH S, B H L, MG E
PP R 2T R B LS R R

1 #B57FE

1.1 #l

{8 TAKARA 73R4 7 1Y RNAiso 1271 & MK
7 M18 1 AR R LIRS RNA MR RNA-seq ]
JPE R P8 it E S|4 XTHesp, 9735 H 89 Fr B
It 5 R S LE BB BR 2 /Y, S0k 3
EHR BB R B

DUEE LR 32 (R K G i Fh MI8  GmXTHI 3 3235
EIER T, % R OEAL F1 OEA2 .GmXTHI T3 3
IKEEREN T, AUHR R IEAL F1 IEA2 ik bA bl , i 75
RAME R A ) AE DB AR o AR
1.2 {5i%it

RIS F 5 MM KA ) A W BOR o S5
FUEAT, A% BRIE I A kL, 2 4, BRI 5 — 3
{a BT I K A, 4 PRI i b 16 Fh T 2R AT
WL AR 30 em, E AR ERE R 15 em, JKHEHAE N
15 em, B>+ 1 kg, R RBEHLEIT, &
AR Gl F TR0 BRI R 3R 2 3 A Kkar
OB AR IE R K & TR T d TR 15 d,
3 WS 45 f, B 3 P

AL+ U AT YR 3 i, MR TE
ANTABEER T ELE NI E 2R RITZ
HIIE R BeK , ff 4 38 B AR R IR S 7 R 5
— A= E e R REE T TR, BT
TE7 15 d J5 T 2K, WERAN [ R Gk R
() AR AR IR . SR K AL B 22 w3 A



334 ik BFAE A 3R GmXTHI FEDN R G E IS 1 5 JBihae i) A A= A i 17 329

IR AT A BRI A B () 4 300 B A AR AR
1.3 FHi&

B F5 B B O 1 I R K
(RWC) , 3515% Fl NBT Sl Ak if J5 vk > 1 i ) A
VI A B A Ak 4 I Ak Tl (SOD ) At 48 Ak ) il
(POD) i P , $2 BESCHK 0™ 77 WL I 2 75— (MDA )
i,

1.4 HiEHH

iz ] Excel 2010 3 HEE IR AR5 Ak
S 3 W, B AT 3 WORAT IR . 9 kil
WY B+ bR dE 22 VR B A& 45 2R, i8 JH DPS

SIS —
| ——
£
£
-

.
:
i

.
&
R TR |
k
I
r

[ | |
Ea |
[
. .
[ |
[ |
[

VI17.5 SEAT8CE 50 B , >R FH B DR R T 22 0 B ik R
[ 7K A b B R G 0 A PR A AL FR AR kAT 404, H
Duncan 77IE7E 5% B3 /K T #1728 s,

2 HFRESH

2.1 FREKDBETFERZERRSES T
2,11 EFRS AR @I ATAL KA EF
THOL T, GmXTH i Rk FL bk R OEAL F1 OEA2
KA RN FL AR R TEAL F1 IEA2 R R 4F, i
R s ZEFFHDH:, 5XFIE MI18 ML TG & 22 5% .

SN E—

e

[ E

b ————
E

A:MI8 Fl OEAL; B M18 il OEA2; M18 il [EAL; MI8 Fil IEA2
A:MI8 and OEAL;B:MI8 and OEA2;C:MI8 and IEAL;D:MI8 and IEA2
Bl ERBKSFHTEHEERXEHRRMZME MIS pRET L

Fig. 1 The phenotypic comparison of transgenic lines and receptor M18 under normal water condition
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Fig. 2 The phenotypic comparison of transgenic lines and receptor M18 after 7 d

drought and rehydration
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Fig. 4 The relative water content in leaves of the soybean plants

at seedling stage under different water conditions
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Table I The SOD activity of the soybean leaves under different water conditions (U-mg™")
AbFH Treatment M18 OEAI OEA2 1IEA1 1EA2
1E# 7K 43 Normal water 49.71 £0.97 a 49.73 £0.33 a 51.10 £2.06 a 51.84 £0.28 a 49.26 £2.19 a
57 d Drought 7 d 96.76 £0.55 b 127.59 £0.25 a 115.94 £0.53 a 90.53£1.36 ¢ 91.12+£0.57 ¢
+5 15 d Drought 15 d 66.39 £0.38 b 79.32+0.14 a 80.04 £1.10 a 63.70 £0.40 ¢ 60.04 £0.65 ¢

2.4 AEKSLETEKRE POD iFHELLE

H 2 AR, IE K A3 Ak BRI, AN TR Bk &R (5
i) Y POD VM TC R E R, T5 7 d 4b3HE, OEA]
F1 OEA2 () POD %74 i 2 & F M18;IEA1 F [EA2
(1) POD JEPE 2 Z K T M18, Jf H 5 1E % /K53 4b 3
HIEL, OEAL f1 OEA2 () POD i 4 43 %Il 34 Jin
155.24% #1 176.45% , = T % BE M18 1) 1 i
(113.54% ) . Ff H 5 IE % K534 BAH LE, TEAT Al

IEA2 ) POD I 43 38 40 61. 27% i1 67. 66% , 1%
TR AR MI8 (g e (113.54% ), T F 403815 d
J5,0EA1 1 OEA2 [y POD i 1k I 2 &5 F MI18,
IEAT IEA2 {9y POD 7% & KT MI18, JFH 5I1E
WK AL ELAR e, OEAL 1 OEA2 () POD I 1 43 5
A 65.59% F1 69. 12% , & F X g M18 14 34 ifig
(57.00% ), 1EAL Fil IEA2 [y POD Ji P K 343 51|
k1 40. 94% F1 44. 65%

X2 FARTEMETEXEHRRMF POD FME

Table 2 The POD activity of the soybean leaves under different water conditions

(U-mg™')

A3 Treatment M18 OEA1

OEA2 IEAL IEA2

1EH K4 Normal water  301.24 +10.87 a 313.12+2.78 a

F57 d Drought 7d  643.27 +22.27 b 799.23 +16.61 a

+X5 15 d Drought 15 d  472.95 +5.21 b 518.48 £28.28 a

312.18 £3.50 a
863.01 £23.49 a

527.96 £9.28 a

311.86 £2.24 a 312.55 £17.00 a

502.95 +10.28 ¢ 524.03 2. 12 ¢

439.52 +8.18 ¢ 452.11 £12.97 ¢
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Table 3 The MDA content of soybean leaves under different water conditions (U-mg™)
Kb P Treatment M18 OEALI OEA2 1EAI 1EA2
TEH 7K %) Normal water 8.43 +0.07 a 8.56 £0.50 a 8.61 £0.41 a 8.31+0.19 a 8.78 £0.61 a
-5 7 d Drought 7 d 14.64 £0.01 b 11.77 £0.03 ¢ 12.62 +0.51 ¢ 24.95+0.32 a 26.95 +£0.06 a
F5 15 d Drought 15 d 20.64 £0.01 b 15.66 £0.39 ¢ 17.59 £0.51 ¢ 32.99£0.21 a 34.92 £0.08 a
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