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Alleviating Effect of Exogenous Glycine Betaine on Seed Germination and Plantlet
Growth and Development of Medicago polymorpha under Drought Stress

XIA Jinhua, LIU Jianing
(College of Life Sciences, Shangrao Normal University , Shangrao 334001, China)

Abstract: To clarify the mechanism of glycine betaine(GB) in alleviating drought damage during seed germination and
growth and development of plantlets of Medicago polymorpha L., in this study, seeds of Medicago polymorpha L. from
Shanghai were used as experimental materials, polyethylene glycol(PEG-6000) was used to simulate drought stress, and plant
tissue culture techniques were used to study changes in growth indicators, physiological and biochemical indicators, and related
gene expression of the Medicago polymorpha L. seeds and plantlets during the growth and development process under drought
stress, as well as the alleviating effect of exogenous betaine on them. The results showed that the threshold concentration of
PEG-6000 that could be tolerated for seed germination and plantlet growth and development of Medicago polymorpha L. was
5%. Under simulated drought stress with 5% PEG-6000, treatment with 0.4% to 0.8% GB significantly increased the
germination and seedling rates of Medicago polymorpha L. seeds, as well as the plant height, main root length, root number,
leaf number, CAT activity, SOD activity, POD activity, soluble sugar content, soluble protein content, and proline content of
Medicago polymorpha 1.. seed germination seedlings and plantlets. It also significantly promoted the expression of WRKY
transcription factor, protein TIFYS8, transcription factor MYB13, NAC transcription factor 47, ABC transporter A family
member 7, late embryogenesis rich protein 2, and ethylene responsive transcription factor ERF110, while significantly reduced
their MDA content. Overall, the application of exogenous GB at an appropriate concentration could significantly alleviate the

damage caused by drought stress to the seed germination and plantlet growth and development of Medicago polymorpha L..

I % B 83 :2025-03-25
ELTH EHZKAKR:IA(31960079,32060092) 5 VLVG 2 BLAR A 7= Mk 3 AR 7 R 8 8% 10 (JXARS-13-# 43 )
fEE @& N ZEAE G HUZ B, 2GR A W H R TS E-mail : 273340257@qq.com

<101~



W PGP R 22 2025 4R 45 53 45 5 )

Keywords: Medicago polymorpha 1.; drought stress; glycine betaine; seed germination; plantlet growth and development;

alleviating effect

& AL 3% (Medicago polymorpha 1..) L # R /i
HAE AEH A BEAEE A R EAE Rk, SR
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RE 77, LA v A8 ) 0 B 3 P o /0 306 85 3 Ok HL i
A A5 FE Y, B 2 B (Polyethylene glycol, PEG)
S —Fh oy ¥ B O RE TSN R L L T
AR AN BAT B9 58K DA B 1Y
5VrZ A A 5 AT R PEG BT
Fia, 5 HEEEAKME, BA M E RS
17 5 Dy B R B CEE M RO 3 AR
ML EKE R A 20% PEG-6000 45 8 52 i
i, 45 % B, 10~50 mmol/L GB nJ P4 i #2
i3 A 1k & B (Catalase, CAT) 35 1 | i3 & 1k ¥ B
(Peroxidase, POD) i 14 A J B AIG H: P % (Malo-
ndialdehyde, MDA) & & 22 fig 1 5 W 38 3% 15 09
F LN HE T 548 5 45 Fh 5 19 & 28 Mgl i my 2k
Ko BRBEHLEYR 152 PEG-6000 F 45 T 5 i
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3, & B 45 mmol/L GB a] DL o 42 5 Il & iR &
O A A R R A AL (Superoxide
dismutase, SOD) i P .POD & 4 A1 CAT 7 P DL K
R AVl S0 B B8 7 AR BRI MDA & 5 28 i 7 T
S 36 X R 4l B L ik O SR 9%
PEG-6000 f& 481 1 5 i, 25 5 & B, 20 mg/L. GB
A LU G 4R e A R i POD M LCAT
L & R (Proline, Pro) & 1 FlA] ¥ P 26 (A 7
DL R R AR MDA & £ 22 i T 5% 30 325 1m0 £ 5, A
ML T 502/ F I R ZE Mg i A . 583K
FURH H AR A AT T R aE & B 40 mg/L
GB A] DLl oF B IR MDA & &, 22 /% T 5 W38 %)
MR . S SR R A AR SRk AT
TR0, % # 200 mmol/L GB ] LA i 42 & 3
S (R MR B U S I AR B i . SOD I
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b 0B B G2 T T R 30 X A0 4 A 0 45 L R
TR REERAOCAERE . BET, XF
SACK B E B AL D TR R A 8UE
S R A ek SR RS AL L 4] SSR 4
AEE DT T 06 F T R A T AR GB X 4 6 SR
Toft =7 040 1 A Ak 350 AR 1 A DL ARG

AW LA L 38 5 AE S AR, 2R FH PEG=6000
B 5230, 43 A7 AN TR GB X 42 48 22 Bl 1 8 & Al
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P T 5 a0 a RE b A A B S AL, B A R
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& 75% WS A1 0.1% Sk K 4 T 1,20 min
J&  FHJC B 7K 3 Bk 2~3 min, 8K J5 B0 35 5 0 Fh 1
PR EIRIN T ANFHE (0.5%.10% .20% .40%)
PEG-6000 [y MS [& #4375 56 |- . #5557 25~
28 dJ& K BRAR I S A v A AR R BN I T R TRl
BE(0.5%.10% .20% .40% ) PEG-6000 [ MS [#]
Ry IR I B3R R RO IEER B 1 000~1 500 Ix,
SRR R 14 h/d & (25+1)°C IR 80% .
1.2.2 PEG-6000 Mi8 T GB AP BEHU AR &
G RN — O TR TG 1 4 AR SRR T, A
TAES b, 752 Woks A 0.1% Ak R & # 1.
20 min J5 , I JC 1R 7K 2 P& 2~3 min, R 5 ¥ 1 5 5
B B 42 R B IS 0T AR B2 9 {H PEG-6000 F1A [A]
W (0.0.1%.0.2% .0.4% .0.8% .1.0% ) GB H [
R b W3R 25~28 dJE I AR MY SE A v 4
PR B2 B 2GRN T MR B 3 H PEG-6000 FIAS [7] ¥ Ji
(0,0.1%.0.2%.0.4% .0.8% .1.0% ) GB ¥ & 1A 57
Fedk b BEFRAMEIR 1.2.1, BT HSE AR B 8 R
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BT % = A L R R/ R SR

< 100% (2)
1.3.2 A dRbr  HUSCA i 1Y 2 bk AT AR 21
A AR AR A2 . CAT 36 PR AL 4 5 4 A
I 33870 B (O M A B0 S8 AR B B A BR A D) A7
W 5E , SOD 1 1 >R HIAHE ¥y 4 4 1k W B Ak i I 7 3
R (O A% 80 B A= W B B A IR W) i A7
POD 1 ¥R HIAE ¥ 32k S84k g ) o 38590 & (o M
1 BRI RHECA BR A WD #EAT I E . MDA % 4
KA MDA & 0 2 3500 & R M A% B8 AE P
FHECA R A R HEATINE . AT H P (SS) & ik
JH BECER AT I, AT R R (SP) R
% I 52 i G250 Y a3k HE AT U E W A IR
(Pro) £ 2 >R JH Bl = Fb a3k 4700 2
1.3.3 R EIKM RT-qPCRE 5396 55 i
ARG Y BE L (WRKY #% s K 7 (8 1 TIFY8 B 5%
HF MYB13.NAC % 5t ] F 47 ABC 2 A K
LB 7 M IR iR R A R R R 2L O RO B
St F ERF110) 0 2235 R FH SCk (17109 73k ik 47
RT-qPCR 447 .
1.4 HiEAbIE

iR 56 208 % ) Microsoft Excel 2021 #11 SPSS
26.0 AT AT AN 5307 . R SPSS 26.0 49 LSD
g T 2 A, 3R SPSS 26.0 i) Duncan's ¥
AT 22 5 8 2 PR I8 1 Pearson AHC P40 #r o

2 HRGA

2.1 PEG-6000 FEBETEHEMFHHFLIBER
PEG-6000 1 5 Mp i1 XF 4 AE 2 Fh T 85 & A K
B2 1R o

&1 PEG-6000 FEMENEHFEMFHRERKNZM

Tab.1 Effects of PEG-6000 drought stress on seed germination and growth of Medicago polymorpha L.

PEG-6000 ¥ £/ % WRA/ % AT E 4 B /em EMA/em A/ 2% LI
PEG-6000 concentration Germination rate Seedling rate Plant height Main root length ~ Root number Leaf number
0 55.66£4.73Aa 49.78+1.02Aa 0.69+0.07Aa 0.9140.09Aa 1.17£0.05Aa 1.25+£0.43Aa
5 49.63+2.21Bb 35.84+2.55Bb 0.51£0.08Ab 0.7240.07Ab 0.74£0.02Ab 0.940.03Ab
10 23.11+£1.52Cc 20.70+1.36Cc 0.1340.01Bc 0.2740.06Bc 0.21£0.07Bc 0.382£0.06Bc
20 4.7440.74Dd 0.830.03Dd 0.00£0.00Bd 0.05£0.05Bd 0.05£0.01Bc 0.0240.01Bd
40 0.00-£0.00Dd 0.00-£0.00Dd 0.00£0.00Bd 0.00-£0.00Bd 0.00-£0.00Bc 0.00-£0.00Bd

T ARF R NG FhE 53 5 R A FERIAE 0.01 AL0.05 /K V- Rl B35 22 R 2 25 5 . % 2—8 .

Note: The uppercase and lowercase letters represented extremely significant and significant differences among the treatments at the 0.01

and 0.05 levels, respectively. The same as Tab.2-8.
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0.05), & 463 FhF 8 & W bk B AR ECRInT
AR B3 PR (P<<0.05), 4 PEG-6000 ¥ &
40%6 B, 4 4632 B 1 & 10 45 AR R AR FR 1R 0
PRI, 4 46 2 b 1 & ] i 32 19 PEG-6000 & FE 15
EATRE R 5% .

2.2 PEG-6000 FEMETEHEZEHENEK
BELM
PEG-6000 T 5 W 38 %F 4 46 % LA M AR K
S AN 2% 2 TR .

*2 PEG-6000 FEREMEXN &KL EHEKWFIL
Tab.2 Effects of PEG-6000 drought stress on plantlet growth of Medicago polymorpha L.

PEG-6000 ¥ & / % B /em ERK/em WH/ 5% LI
PEG-6000 concentration Plant height Main root length Root number Leaf number
0 9.83+1.62Aa 9.73+£2.32Aa 11.334+1.02Aa 50.00£2.06Aa
5 2.67+£0.67Bb 2.45+0.45Bb 1.50+0.50Bb 7.00£0.97Bb
10 0.63£0.03Cc 0.46+£0.06Cc 0.67£0.07Bb 1.5040.50Bb
20 0.00£0.00Cc 0.0040.00Cc 0.00£0.00Bb 0.00=£0.00Bb
40 0.00£0.00Cc 0.00£0.00Cc 0.00£0.00Bb 0.00=£0.00Bb

i % 2 ] 1, 16 5% ~40% PEG-6000 (1) T 5
i T SR T AT N AERK K F 2 B
il 4 A6 30 S A W Bk L B AR ARECRI It 5k
L E TR (P<<0.05). 4 PEG-6000 ¥k Ky 20 % £
40%6 B, A6 Pl 78 & 10 AR AR BRI B8k
¥iIho, Wik, &% LA AERET I ZH
PEG-6000 ¥ & B {E 7 %4 5% .

2.3 GB3Xf PEG-6000 F £ B8 T & £ 3 7 F #5
EWERYRL S

M 3T LLFE 1, GB X PEG-6000 + 5 i
Ta&XRA I kR AR ENEMEN . 7
0.2%~0.8% GBAHLF , &L Fp T 76 5% PEG-

6000 T Wil T KGRI B MEM. 55%
PEG-60004HH:,5% PEG-600040.2%~0.8% GB
Ak 3 G A8 SRR Y B R RN R R W PR
(P<C0.05) , 4 AL 32 Bh B & B WPk EARK AR
BOR R Bl W S i (P<<0.05) . Y GB Ny
0.8% W}, 4 3 Fh T 16 5% PEG-6000 T 5 i i1
TH RS AR A REHE. HGB R
1.0% B}, 4 48 32 Fh 776 5% PEG-6000 5 i
Tk A WUAE K AR bR B3 TR, BRI, 0.8%0 GB
Al DL 3 AR 4 4B S A FAE 5% PEG-6000 1 &
JoiR 38 T A %

&3 GBX PEG-6000F 2B T &M TR LRI
Tab.3 Effects of GB on the growth of Medicago polymorpha L. seed germination under PEG-6000 drought stress

PEG-6000 #¢

CIBHIIN DREIE mgkss M BRK/m BB A
tion PEG*(S()OQ con- rate Seedling rate Plant height ~ Main root length  Root number Leaf number
centration

0 0 43.594+3.58Aa 41.064+6.03Aa  5.36+0.26Aa  3.85+0.26Aa  5.69£0.13Aa 5.48+0.86Aa
0 5 13.324+1.22Ee  11.034+0.59Ee  0.694+0.05Dd  0.32+£0.09Dd ~ 1.32£0.12Cc  1.03£0.09Dd
0.1 5 15.261.09Ee  11.6540.84Ee  0.7540.08Dd  0.42+0.04Dd ~ 1.46£0.45Cc  1.14+0.08Dd
0.2 5 23.16£3.05Dd  18.45£1.62Dd  2.364+0.21Cc  1.634£0.25Cc  1.66+0.61Cc  2.0340.12Cc
0.4 5 29.31£5.02Cc  24.16+4.02Cc  4.194+0.46Bb  2.524+0.52Bb ~ 3.184+0.24Bb  3.464+0.11Bb
0.8 5 35.48+4.81Bb 31.27£5.01Bb  4.254+0.29Bb  2.68+0.16Bb  3.62+0.82Bb  3.8240.56Bb
1.0 5 16.444+2.04Ee  10.364+0.94Ee  0.82+0.08Dd  0.46+0.08Dd ~ 1.51£0.19Cc  1.09+0.87Dd

24 GB3Xf PEG-6000 F 288 T & X7 FH
EEREEEAIERNEZMm

MFE AT LIFE H, GB X PEG-6000 1 5 il
T A AL ST Rk R AR B A AR AR B
M5, 7E0.1%~1.0% GBAMEET , 4 4L Fh 1
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#j & 1 7E 5% PEG-6000 - 5 k30 F 4 28 34 b
16 b A5 20 W] WA R 5 (P<<0.05) . 5 5% PEG-
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w4 A6 SRR T & T 0 R R 40 2B BLAE AL AR bR
B hn (P<<0.05) , R ff MDA % & i & T & (P<
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0.05). M GB N 0.8% B, & £ F 7 9 & Wi 78
5% PEG-6000 - 5 JHr 38 09 &8 43 A= B4 Ak 48
br o i, HA MDA & N fKfEH. 4GB Y
1.0% B, 4 46 3 Fh i & # 7 5% PEG-6000 T
BB R A A AR B T, LA
MDA & i o F k. Hik,0.8% GBI LI

FHE R 5% PEG-6000 1 5 M id T 4 46 32 b 7 i
KW CAT i SOD il ¥ . POD i ¥ | n] 3% ¥
B2 i 0T R R R RN R A i, R IR
5% PEG-6000 T 5 ik i1 F 4 46 3 Bl W & 1 11
MDA %1 .

%4 GBX PEG-6000 F RHHE T &L T4 B A LISHHOH M

Tab.4 Effects of GB on physiological and biochemical indicators of Medicago polymorpha L.
seeds under PEG-6000 drought stress
o \ r 353 M S A 2 [958 A~
(,,327& P:E(; G(UJOO CAT 4t/ SOD 14/ POD i # / MDA % 5t/ A e/ HJL?VIFEEI G T Y
/% W/ % . : : (mg/g) i/ (mg/g)
GB con- PEG-6000 (U/(min-g)) (U/(min-g)) (U/(min-g)) (pmol/g) Soluble sugar  Soluble protein (pg/g)
. . CAT activity ~ SOD activity ~ POD activity MDA content ' Proline content
centration concentration content content
0 0 12.69+1.03Ee 24.59+3.02Ff 8.91+0.98Ee 3.5440.65Dd 16.29+1.05Ee 14.074+1.24Ee 6.95+0.65Ee
0 5 23.1842.36Dd 35.84+3.16Ee 11.8441.05Dd 27.11+0.84Aa 20.454+3.02Dd 19.63+2.44Dd 9.48+0.85Dd
0.1 5 34.46+5.02Cc  52.3844.29Dd 15.26+1.35Cc 11.68+0.94Cc 34.22+1.58Cc 23.47+3.26Cc 13.354+1.29Cc
0.2 5 36.2842.48Cc 69.55+6.23Cc 23.194+2.46Bb 12.44+1.09Cc 52.64+6.02Bb 31.06+2.95Bb 18.84+1.84Bb
0.4 5 57.224+6.32Bb 71.12+3.23Bb 21.454+2.95Bb 19.08£1.35Bb 51.724+4.12Bb 54.81+1.49Aa 17.62+2.04Bb
0.8 5 63.2944.28Aa 82.05+4.12Aa 35.194+2.47Aa 11.29+£2.04Cc 62.484+2.85Aa 58.24+5.32Aa 24.05+3.75Aa
1.0 5 35.8842.69Cc 54.6942.06Dd 24.084+3.02Bb 11.65+0.97Cc 36.44+3.96Cc 22.52+4.06Cc 18.4941.94Bb

2.5 GB3X PEG-6000 FEMETEHXMHTFE
[l 5= 3% B9 1

i % 5 0] 1, GB X PEG-6000 F 5 ik F 4
163 B 7 0 & ok B b 3k R R GR B B3 Y
M., 7E0.1%~1.0% GBAMEET , & 463 Fp 1 &
Hi £ 5% PEG-6000 T 538 & 1 5 I £ 35 RQH
2 AR R (P<<0.05) ., M GB 4 0.8% i}, 4
M T8 &K Wi 16 5% PEG-6000 1 S 18 T #Y

HEHNFLXIRQUENNE M. HGBH 1.0% B, 4
83T & AE 5% PEG-6000 1 5 il T 1
SE R GE RQME B % TR (P<<0.05) . HIt,0.8%
GB AL % i 5% PEG-6000 F S0 F 4 1€
AU A WRKY st I+ B H TIFYS . %%
SEHETF MYB13 NAC #6547 ABC #5158 AR
TR 5L 7 WV IR G R A o R 2 L R A ok
HF ERF110 453 7 (1) £ 3k .

%5 GBXPEG-6000 FEMET&HEEMFEEARIENZIE

Tab.5 Effects of GB on gene expression of Medicago polymorpha L. seeds under PEG-6000 drought stress

RQfH RQ value

GBi#k PEG-6000

. b n e WIIRIG R LM BN R

/% WIE/Y wRKy BRI gy NAckRET MPLTEAK Thames Wy ERFLO
GB con- PEG=6000 ¥ EITIFYS MYB13 47 ABC IJ‘ _ Late stage em-  Ethylene re-
centra®  concentra”  WRKY tran- Protein TIFY 4 Transcription NAC transcrip- s A ;anz bryogenesis  sponsive tran-
tion tion scription factor factor MYB13  tion factor 47 po;zmbeﬂm;y abundant pro- scription factor

” tein 2 ERF110

0 0 1.004+0.00Ff 1.00£0.00Ee  1.00+£0.00Ee  1.00£0.00Ee  1.00£0.00Ee 1.00:£0.00Ee 1.00-£0.00Ee

0 5 5.94+0.68Ee 11.2841.06Dd 24.11£3.55Dd 13.474+1.35Dd  5.944-0.94Dd 4.82+0.64Dd 12.42+1.54Dd

0.1 5 13.954£1.05Dd 33.59£6.03Bb 51.28£6.79Cc 21.64£3.69Cc 14.27£1.49Cc  9.6840.85Cc 31.08+3.65Cc

0.2 5 28.19+3.26Cc 31.04+3.18Bb 69.834+5.89Bb 34.31+5.02Bb 21.8443.65Bb 14.24+1.23Bb 43.944+4.25Bb

0.4 5 26.15£4.25Bb 46.92+5.02Aa 71.06£7.02Bb 32.84+4.15Bb 30.2945.29Aa 13.85£2.02Bb 60.27+5.08Aa

0.8 5 36.96£1.09Aa 45.28+4.48Aa 86.39+£6.98Aa 42.824+2.06Aa 29.654+2.15Aa 19.86+1.54Aa 58.1543.28Aa

1.0 5 27.88+£2.83Cc 19.49+2.09Cc 53.0243.14Cc 44.024=3.54Aa 23.154+4.09Bb 15.06£0.98Bb 62.014-2.49Aa
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2.6 GBX PEG-6000 TEMET&€HXEER
4K E B M R

M 60 LLE H, GB X PEG-6000 1 5 il
TaERE AN ERKLKTRBA BE IS MR
TE0.2%~1.0% GBANHE T, & A6 L AW IESY
PEG-6000 T2 i FTWARKEEMRINHER
Z . 5 5% PEG-6000 4 [t , 5% PEG-6000-+

0.2%~1.0% GB b3 rfr 4 163 5B W bk s L £
A AR R i R B W 25 19 in (P<<0.05) . 4 GB
S 0.4% B, 4 463 52 R T FE 5% PEG-6000 1 5
Jop 3N B A A KA AR O e . B, 0.4
GB 7] D) dg 2 i i 4 46 3% 52 AE ¥ 7E 5% PEG-6000
TEME FERET

%6 GBXPEG-6000 FTEMETE&ERITEHEKNTIT
Tab.6 Effects of GB on plantlet growth of Medicago polymorpha L. under PEG-6000 drought stress

GBIk JE /% PEG-6000 ¥ Ji / % P /cm FEMRK/em WA/ % LI
GB concentration PEG-6000 concentration Plant height Main root length Root number Leaf number
0 0 8.69£0.23Aa 8.39£0.66Aa 6.98+0.85Aa 12.364+1.03Aa
0 5 3.26£0.12Dd 2.16£0.51Dd 1.2840.24Dd 3.65£0.16Dd
0.1 5 3.124+0.24Dd 2.3540.82Dd 1.34+0.15Dd 3.12£0.38Dd
0.2 5 5.394£0.58Cc 4.12+0.42Cc 3.69+£0.26Cc 6.52+0.34Cc
0.4 5 7.13+0.64Bb 6.54+0.34Bb 5.12+0.34Bb 8.42+0.18Bb
0.8 5 5.42+0.72Cc 4.5240.55Cc 5.72+0.91Bb 8.23+£0.25Bb
1.0 5 5.51£0.25Cc 4.38+0.19Cc 3.64+£0.28Cc 6.91£0.16Cc

2.7 GB¥ PEG-6000 FREMETE&EXLEH
4B A NSRRI

GB X PEG-6000 1 S 38 T & 632 58 AR fi Ak
K& H o F b A A A48 b B A 3 1 s (3R
7)o TE01%~1.0% GBAMELF , & 463 LA 7F
5% PEG-6000 1 58 T 09 4= B4 b 45 1 45 3
X 1 4 55 (P<<0.05) , A A MDA &% & . % T [
M GB R 0.4% B, 4463 AT AE 5% PEG-6000
T 5 R A R o A A AR b o B A, H

A MDA & & A& ME. 5 GB K 0.8%~1.0%
I, 4 4636 52 R W 78 5% PEG-6000 T 5k e K 19
KHB 4 A A Ak 48 bR 3 R B (P<<0.05) , H A
MDA # i B E & . Hit,0.4% GB Al Ll g 3 4
= 5% PEG-6000 T 5 i i F & 46 32 S AE W 1Y
CAT 3t . SOD i ¥ . POD 1% | nl % o b 55 &
AR R AR S &, B EREMSY
PEG-6000 1 2 W i & 4 46 3¢ 52 2E i 19 MDA

PO =N
RN

®7 GBXPEG-6000 FTEMET&EFRTEBEEENIERNZM
Tab.7 Effects of GB on physiological and biochemical indicators of Medicago polymorpha L.

planltlets under PEG-6000 drought stress

ke e PEG-6000 . ... e
GBkE/% WEE Y CAT i%tE/ SOD i %/

POD i 1/

MDA % 5/ AT PR S R/ TR MR A Ty

. . . . (mg/g) H/(mg/g)

o PG00 oDty POD sty MDA e SO sugar Slabeprotein p (EE
0 0 23.65+2.36Ee 12.84+1.22E¢ 19.14+1.25Ee 5.96+0.68Ec 23.51+2.69Ee 15.2841.36Dd 13.68+1.03Ee
0 5 36.9545.23Dd 17.68£2.58Dd 25.442.65Dd 33.95+£3.02Aa 36.24+1.58Dd 21.89+1.20Cc 18.87£1.26Dd
0.1 5 52.42+£6.01Cc 22.4542.45Cc 41.18£4.22Cc 26.12£1.55Bb 46.2941.29Cc 32.51£2.06Bb 25.36+3.02Cc
0.2 5 71.69£8.02Aa 31.4945.02Bb 52.39+6.32Bb 18.47+£3.06Cc 59.1843.16Bb 33.19+£1.59Bb 26.95+2.58Cc
0.4 5 69.53£4.19Aa 45.284+2.18Aa 65.48£1.56Aa 12.36:£1.43Dd 75.29+4.75Aa 42.98£1.24Aa 43.184+2.54Aa
0.8 5 62.03£5.08Bb 33.144-3.06Bb 67.12+4.19Aa 17.29£1.08Cc 61.034-2.28Bb 44.15+5.02Aa 33.02£1.69Bb
1.0 5 59.44+2.69Bb 34.6744.12Bb 51.94+7.02Bb 19.28£2.49Cc 59.4845.02Bb 34.27+3.07 Bb 26.14+2.48Cc

2.8 GBX PEG-6000 FEMiEBETE&HEIAESH
EERZEHFIN
GB X PEG-6000 T2 Wri8 T 4 L3 S04 W A
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() 2 7 (P<<0.05) . 5 5% PEG-6000 #H I , 5%
PEG-6000+0.1%~1.0% GB 4b B o 4 46 3% 52 4
B 6 P 23K RQE 2 3 1 in (P<<0.05) . 4 GB
5 0.4% W, &R L AW IE 5% PEG-6000 1 5
iE TR AR RBRQME N EE . Y GBH 0.8~
1.0% B, 4 48 3 55 4 1 76 520 PEG-6000 T 5+ iy

T Y EE R R GA RQME 2 3 R R (P<<0.05), I,
0.4% GBWA L3 i 5% PEG-6000 T £ Wria
ST A WRKY k7 BB H TIFYS fs 5%
HFMYB13 . NAC % 5% [N 5 47 ABC 12 A Kl
BB 7 M ARG R A R R 2 O RN B S
FERF110% 5 M 13RIk .

%8 GBI PEG-6000 FEMETE&HFITEMERRIEHNIIM
Tab.8 Effects of GB on gene expression of Medicago polymorpha L. planltlets under PEG-6000 drought stress

RQfH RQ value

§ PEG-6000 A 4 B
G TEGS i n WMIRREE LK AR
pesv REIAWRKYRER e qnve BRET O NACH:R }%ﬁﬁ? FEEH2 W TERFLIO

3 _ PEG=6000 A ¥ P MYBI13 [H 547 VAP Late stage em-  Ethylene re-

GB con - Protein TIFY e . ABC trans . .
centration  COMCENAT  WRKY tran- 18 Transcription  NAC transcrip= * 7y W bryogenesis sponsive tran-
tion scription factor factor MYB13  tion factor 47 PO Y abundant pro-  scription factor

members 7 :
tein 2 ERF110

0 1.00£0.00Ee  1.004+0.00Ee  1.00£0.00Ff 1.00£0.00Dd 1.004+0.00Dd 1.00£0.00Ee  1.00£0.00Ff
0 5 12.36£1.25Dd  9.65£0.98Dd 12.36+1.49Ee 20.48+2.13Cc 16.934+1.36Cc  8.22£0.72Dd 16.242.05Ee
0.1 5 19.65+1.69Cc 13.64+1.84Cc 19.68+2.57Dd 32.69+4.26Bb 23.694+2.59Bb 16.39+1.29Cc 26.95+4.16Dd
0.2 5 24.1243.02Bb  19.224+2.69Bb 34.24+1.65Cc 34.15+1.54Bb 54.81+3.64Aa 23.48+3.15Bb 34.184+1.85Cc
0.4 5 36.29+5.19Aa 25.18+1.54Aa 56.29+3.64Aa 41.174+3.02Aa 56.98+2.85Aa 32.164+-4.02Aa 54.37+3.64Aa
0.8 5 38.164+1.56Aa 20.54+3.04Bb 43.19+2.78Bb 42.84+2.55Aa 58.19+6.02Aa 34.82+1.43Aa 43.55+5.02Bb
1.0 5 26.23+2.84Bb 19.85+2.87Bb 33.72+1.25Cc 33.46+1.89Bb 26.15+1.27Bb 24.874+3.70Bb 32.744+1.75Cc

29 TFEWEBETGBAEEMFHLXEKERS
SBEREEAREWEXLEST

MR IATLLE W, 5% PEG-6000 #il GB 4b
LR, 4 A8 S M W A 0 A 3 LT R N H R
Wi & MMk B R A E0S CAT I
£ . SOD Jf P . POD & ¥ v ¥ WS & & ol i 1

TIFYS. % % I + MYB13. NAC % % [H 1 47,
ABCHeiz ARG G 7 MBI IG B A FEEEM2
24 N % 56 F ERF110 A i3 (P<<0.05)
B 2 (P<<0.01) M IEAH G SC & L, i 5 MDA %
B A B E (P<<0.05) 8k @ % (P<<0.01) 1Y i A

HEEE R AR S E OWRKY # 3K 7 HEA

®9 TEBETGBAEBEMFHEALEKERSEEEGR . EAREZNBEXESH
Tab.9 Correlation analysis between growth indicators of seed germination and physiological

indicators and gene expression after GB treatments under drought stress

6 Index G H I J K L M N 0O P Q R S T
A 0.988™ 0.808" 0.999" -0.809" 0.817° 0.992" 0.802" 0.809" 0.925" 0.805" 0.922" 0.819" 0.983™ 0.938"
B 0.817" 0.970" 0.820" -0.980" 0.839" 0.834" 0.989" 0.803" 0.988" 0.983" 0.818" 0.815° 0.971" 0.942"”
C 0.999™ 0.803" 0.825" -0.976" 0.805" 0.819" 0.946™ 0.947" 0.800° 0.814" 0.975" 0.987"° 0.929 0.956"
D 0.995" 0.821°  0.958" -0.843" 0.830" 0.816" 0.823" 0.922" 0.804" 0.996" 0.942" 0.803" 0.803" 0.937"
E 0.982" 0.816° 0.810° -0.984" 0.817° 0.825" 0.819° 0.926™ 0.997” 0.921" 0.805" 0.807" 0.988" 0.802°
F 0.839"  0.969" 0.804" -0.949" 0.836" 0.958 0.801" 0.806" 0.964 0.982" 0.813" 0.983" 0.977" 0.807

T LR AE 0.01 K- 1 i 3 A OE  +R7RTE 0.05 K bW AR o A~T KU B R B A A< 0B 3 B RS ARB %
CAT ¥4 . SOD i . POD 1% ¥ \MDA % fF 0] # Ml & 2 ol i e 8 i & R & it \WRKY # t K 7 (B 1 TIFY8 sk 7
MYBI13 NAC % N 47 ABC 32 A FBIR BT 7 BRI G % A2 32 B 8 1 2 A0 S0 S R0 i F ERF 1100 & 10 .

Note: ** represented significant correlation at the 0.01 level, * represented significant correlation at the 0.05 level. A-T represented germi-
nation rate, seedling rate, plant height, main root length, root number, leaf number, CAT activity, SOD activity, POD activity, MDA con-
tent, soluble sugar content, soluble protein content, proline content, WRKY transcription factor, protein TIFYS8, transcription factor
MYBI13, NAC transcription factor 47, ABC transporter A family member 7, late embryogenesis enriched protein 2, and ethylene responsive
transcription factor ERF110, respectively. The same as Tab.10.
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2.10 FTEMETGBAEEILAEHEKIEIRSE
BIER EERENEXED T

M 10 0] DL 16 5% PEG-6000 #il GB &b
FLAMFT , &AW M E R AR
R85 CAT % 1 . SOD i ¥ . POD 7% % | R % 1
B AR A AR & WRKY

SR H TIFYS. ¥ sk [+ MYB13 . NAC §%
K F 47 ABC #5i8 A G806 W51 7 W I IR it & A
FEE 2 MO O s I F ERF110 B A i
% (P<<0.05) 8 2 (P<<0.0) M IEM R M
5 MDA & & B A7 W # (P<<0.05) 5t & % (P<<
0.01) B TAH KK R .

£10 TEMETGBRAEEXLEMERKERSERER EERENMEXES R

Tab.10 Correlation analysis between plantlet growth indicators and physiological and

gene expression after GB treatments under drought stress

e

H 1 J K L M N (0] P Q R S T
Index

C 0.953" 0.816" 0.806" -0.954" 0.826" 0.821" 0.949" 0.816" 0.9417 0.958" 0.954™ 0.835" 0.950" 0.978"
0.814°  0.968™ 0.837° -0.952" 0.974™ 0.948" 0.833" 0.952" 0.993" 0.815 0.989” 0.986" 0.995" 0.811°

0.9717 0.955" 0.978" -0.931" 0.943™" 0.962” 0.826" 0.969™ 0.953" 0.956" 0.991" 0.834" 0.834" 0.833"

- m T

0.831°  0.816" 0.818" -0.935" 0.815" 0.942” 0.941" 0.832° 0.816" 0.814* 0.985" 0.962" 0.965" 0.947"

3 &5tk
31 GBYTFEMEBTHFHAMIEREREK

BRI

H A, LA SR $ 5 Can & S e 55 ) 42 2 1E 4
P & R AE R AR E T IR &L ED
BRGS0 AR GB A B AT 2 R T RS E
SE Y VIR E Y R ES S PR AT R
IS TER N2 S N o N R (e & RGP s O
A I 3 R R SR ) S AR AR T R A T R
MR PR B R IR B bR L B T A
TR, ARRER S LR R RN —
., HEARRKEF,0.2%~0.8% GB &b B Al i 2 47
15 2 4K SR AE T R A R Y W R R R
3 BN A2 4K SR Rh T AL AR W AE T R aE T R
fe  E ARG HRECRT I B, B AR GB 7E —E
BBl A G 52 6 30 T 4 46 SR B e S O S AR AR
KB MHIA — & 1 iHAEH .
32 GBXTFEPpETIZEERELEEENZMN

TR R, A T aE O O b L
(SOD.POD 1 CAT &%) iy 1% 7 , B R AR B 41 4 1k
F(CASA I GSH 55 ) , 14 Br i £ ROS, £ 47 4 il %2
Z A AN P E, AR, GB AL B AT i 2
BRSO SE S R BN R AE S A
SOD.POD fI CAT &, FEAKE P ,0.200~
0.8% GB &b # AT &b 25 $2 /55 4 46 S A R S5 2R 1 78
T2 W8 iy CAT i M . SOD 3 4 F1 POD 1 4 |
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Ry A L A | R o R = W AT
KT 52 e 1 %o B 3 i 4 5 o AR LR A AT RE R
F ISR AT LA A e Sk I ) AR 1A A X
B IEAT T 8, DR SE T T4 TR T T 4R
e K B T Ik S 1 0 5 B IR A K
33 GBMTEMETLEESZERATYREE
s

A A7 30 BT T 30 B A A AR P 95 A 1 1Y BB
J145 kAR AR, DL 8 SR K P 45 R 8 T A Ok 1
W Y B EE R 5B SR Y R
A m UIA G, v s s I R AR A R 2
0 A P9 L 95 38 TR T ) Y BFE R L GB
b PTG R R RS ERY S8 Y R fENY UK
TS A T 0 T R T A R R R Y
LW E RN AW E TR E T MDA & &
AR LR PR R — 3, fEARE
H1,0.2%~0.8% GB kb B W] & 25 $E i 4 48 S Fh 1
0] & VS A 1 A T R s R B e s R S ]
VPR R T R AR A, W R AR A AR S R
TR A AE T ZE T S W38 N B MDA & &, $2 5
HA R8T 0985 W AR, BEAL T 5 an
20 i B M R 5 . s RN AT R R T
B0 T LLE i R R LS AR B E IR Y
OG0 A I A HL 200 L ) 92 o B, A R L 0 R ) R
T, A G 40 I 255 g 0 o A B B A 0 X K
S3 H WU RE T, B8 FL AT R L DT AT DA i 4 A
ST Ry R M IR AERRE
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34 GBXTEMETREHERRANZM

Yy F8 40 5P i — il A i 1) 345 3 B 45 Mk 38 HL
H 22 5 R 42 B0 PR 1 A 2 i R, MY B B
SR IR R AT L3 o o 958 AR R 25 0 R ROS AR
P ABA KM AL SE 2 R ALY S 5 R
TR KRB NS R A R . WRKY 5
SE R AT DL G 3 B ROS, 982 A AL, 98 4 By
TERR O HE PR Y 2R3k, v T O E AN T R
FB 3% 30 0 i 32 Pk R 4R R0 SR A ) Y BT R
PESH, TIFY S0 T LA 56 A1 e Fn 7% e 175 5
R e 7 1 5 A AR AR W30 . NAC X 5B
B W N7, BT 538 S A B AR AR
PR R AT Y, SRR IR T4 A & (ATP-
binding cassette, ABC) 5 I % iz #5 11 F I ] IR Jifa
kA4 F & T A (Late Embryogenesis Abundant Pro-
tein, LEA) 3 K AT 7EAE Y 52 31+ 5438 i 75 5, 7T
I E A S SEY S SR, R EY 400 %
ZFRPa MG ET, AP2/ERF(APETALA2/
ethylene-responsive element binding factor) & [H %
AT DL P K 2 SOD Ml WRKY 31 3[4 #E /5 K
FHP R, AR R R L FE01%~1.0%
GBALFET , 1 5 W8 N 1Y 4 A6 38 Fl 1 i & 1 A0 S
A B WRKY 5 H 1 (8 H TIFYS . 5% St A 7
MYB13 . NAC # 5 7 47  ABC #4328 A 5 51
TOMER IR G R A 2 O RO s T
ERF110 255 N %15 1w 35 F i

b R B A | R e R S
KSR AR KRS ,GB Al I 2 3 0m 4 465
Tl Wi W ORR S5 A R T 5P A R B Bt AL RE
1, $E i B S Y A ), BRI WRKY §% 5% [
F A TIFYS. /s [+ MYB13 . NAC #% 5% [
T AT ABC ¥%18 A ZE B 7 e W R R e R R
B 28 LM R 3 7 ERF110 %8 2 3Rk
NS R Y /B SRS i b L o ) & B M
BRI E B

ARG A AE 52 50 % T &, A J5 Ik — 25 R
GB X 5 i 38 T 4 48 3¢ Bl 7 18 K I g & K HoR
FH S A0 B AR R AR B A SRR P A PR 2k 1 S )
9 GB £ 4 46 2 i 5 O T Rk 1% v i 45 38 0 42 it
—EMZS%,
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