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Analysis of Endogenous Hormones of, Seed vigor,and Associated Genes

Expression at Germination Stage of Wheat Seed

WANG Yuquan,FU Lina, HU Xigui, LIU Mingjiu
(School of Agriculture, Henan Institute of Science and Technology , Xinxiang 453003, China )

Abstract: Hormones play important roles in the regulation of seed vigor. To understand the content change of endogenous
hormones in different germination stages and the relationship between endogenous hormones and seed vigor, in this study, seed
vigor difference between wheat improved varieties and local varieties was compared and analyzed, the contents of endogenous
gibberellin, auxin, zeatin, and abscisic acid at 6h, 12h, 24h, 48h, and 72h after germination were tested with liquid
chromatography. The results showed that the germination index, seedling length, vigor index, and seedling fresh weight of the
local varieties were distributed between 47-50 cm, 10-14 cm, 2.5-3.5 cm, and 5-7 g, respectively, while those of the
improved varieties were distributed between 45-49 cm, 9-12 cm, 2.5-4.0 cm, and 5-9 g, respectively. The seedling length,
seedling fresh weight, and vigor index of the improved varieties were significantly higher than those of the local varieties.
During the process of germination, the content of gibberellin and auxin in the seeds of the improved varieties and local varieties
increased, while the content of abscisic acid decreased, and the content of zeatin showed minor changes. Correlation analysis
showed that gibberellin, auxin, and zeatin were significantly positively correlated with seed vigor, while abscisic acid content
was significantly negatively correlated with seed vigor. The expression levels of a—amylase and TaGA30x2 genes at 12 and 48
hours after germination were significantly higher in the improved varieties than those in the local varieties.

Keywords: local variety; improved variety; seed vigor; endogenous hormones; liquid chromatography; correlation; gene

expression analysis
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Tab.1 Information of materials tested

%> ERLAGE GERAE A % HT7 i B W AR B A
Number Improved variety Breeding institute Number Local variety Collecting institute
1 4 15 & T Al B 24 BT B 1 T o R A B2 B VR P 2 5
2 KB 645 TR A Al B 24 Bt /N 22 BF 9 2 Fidotredz i E AR B YR E I
3 Trr 17 7R A8 ARl Bk B Ay W0F 52 o 3 LI Hh AR Ll Bk e A B 2 W 5
4 /MIE 6 Py LA P BT 5 T 4 4k 1 Hh I ARl ok 2 B VR 0 ) 2 B 5
5 KK 183 i E AR R 5 R4l A Hh I Al k2 e VR ) 2 5
6 BG4 DAL AR AR F 2 6 HF % Hh R A B2 e AR ) 2 BF 5 B
7 F35 P AR B2 7 ZN=E4N T R A B2 B VR P ) 2 5 i
8 T2 L AR A A k23 eV 0 7 i A 85 0F 2 8 EN(¥ o I A B2 B VR P 2 5
9 Lk 38 A IR AL B2 B 9 $H IR A o A B2 B VR PR 2 5T
10 B 5328 L 73 A8 TRl T A ol )2 T 5 10 HKHA HhE Al Bk e A B 2 W 52
11 RIreLs3s  wERL Y 11 SR HhE AR L Bk B A ) 2 WF 5
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Tab.1(C ontinued) Information of materials tested
45 H B B AL M5 Hb 7 i e L& L ¥iva
Number Improved variety Breeding institute Number Local variety Collecting institute

13 %6 YAl R 2 13 S = r RO B B VR W B2 5
14 w35 B VAR BB v L AR BT 14 KEA i E RO B2 B VR Y R 2 5
15 4105 SN K 15 Mk o R B2 B A R 2 0F 5
16 = 34 = A8 RO B B A B VR 9 16 ity o O B A BE VR W B2 5
17 24 BH 26 443 BRI Al B A B A 5 17 il 2 o A B B VR W B2 A 5
18 K311 o ARl R A 18 ARG r RO B4 B VR W B2 5
19 BE1Y AR AR KA 19 Ao HFE i E RO B A BE VR W B2 BT 5
20 3N 953 LLZR S M T AR Bk 2 A0 5 i 20 ANER= o L B2 B A R 2 B0F 5
21 L9507 E AR BEAE PR BT 5 B 21 ¥ Hh L Al k2 BE AR A Bk 2 1 5
22 1R JE 54 A RIS AR RE B 22 VAT r O B B VR W B 2 A 5
23 W8 LU PG 48 Al Bl 25 B /N 22 BF Y B 23 LA rh E ARO B B VR W B2 AT 5
24 FHizs o M B 2 B R B BRI /AL St 24 HAEZ Hh Al B B AR LS B 5T T
AR BE A4 P25 0F 5 25 AR RO R B A R BT
25 T4 3217 TR B 26 WL T R A B2 e AR P B 2 BF 5 i
26 Wik 1% WL A8 Al B2 B 27 Sk r O B B VR W B2 5
27 6% B4 B A 28 - J5L 50 rh RO B BE VR W R 2 AT 5
28 Vi 6028 PEALAARA L K2 29 ARy 3 o RO B2 e A R 2 0F 5T
29 B v 55 B 30 EIE o AR B B VR W B A A 5
30 I 3T VL5 BT VA DX Al Bl 2 B Y BT 31 Sk o A B B VR W B 2 A 5
31 P4 158 VL5 B VAL DX AL Bl 2 B 5 BT 32 AN r RO B B VR W B2 5
32 & H: 30 bt A AREL 2 B A Wy WF 5% e 33 e i E RO B E B VR W R 22 AT 5
33 E 6T 1648 A B2 B £ VR Pt 53 T 34 244 o RO B BE VR W R S A 5
34 MY A4S D6 R AR B B 5 35 EY 2 o A B B VR W B 2 A 5 i
35 JL5 85 AU 5T R BEAE YT 52 B 36 i r Ol B B4 B2 W 5 B

1.2 K FHE

1.2.1 BWESENE  HEWE s e
A 2 3 {1 (Agilent Technologies 1290 Infiniity
I1) AT AR P K AG 45 (Agilent 1260) (224N 66
i (Cary 100) R %R &0 HL(MIKRO220R) V&
il O BR G R AR (U VLG 5 AL &8 A BR A W GTOP-
1000B).

W R W E bR AE SR R (GA3) (A KR
(IAA) %R (ABA) \EKZFE (ZT) ¥ A Sigma
NTEL . A HLEE I 80 Y I 45% W EE | I
¥ g €638 9%, ¥ dhy R e A WO A R A R
AT SEER R K B Ak . BT A SRR A A R
¥ 2 0.45 pm AL U8 B G uE . MR b3 S
CHEN %" CATAE 7 2 9% 7 DL sl ik AR Ak
B MR E 3AE A B R %k H 500 KL R
T 20 CAN TR FAh 8 3% . il IR 5 o
B 6.12.24 .48 .72 h BURE I N i A0 B UK L FR
HU4 g ¥y K FE A A 10 mL % 19 80 % HY i | 3= 41
18 h(4°C). 6000 r/min &.L» 10 min(4 °C) , il B _I-
B W, AR A 8070 HIEE (8 mIL) 4k L= #2 18 h,
BLEAIFLER. ¥ LERd e 44 ml O

R 4l 7K 42 J5 BTG A6 AR AT C 18 /NVAE B L mL R
Al K Pk C18/ME, 2 mL 45% HEEVEME . B 1 mL
Ve L 0.45 pm JE RS AL .

K F AR I E ORI 6 A
(Agilent C18 ZORBAX, 150 mm X 4.6 mm, 5 pm,
Agilent A 7)) , i 35 °C, & #5 9% K 254 nm. i
A A NHEE,B R 0.075% ZFRKE W, HERE RNy
20 pL, i K 0.5 mL/min, % E 4K £ (IAA) .
iR % 1R (ABA) 775 & (GA3) \E K&K (ZT) i s
Y iR 5 A T A A — 3
1.2.2 FriEIabr bRilER 7 & 550 S Ik
A B0 29t T DR Rtk . AR AR B
SRR, AT E I 100k Fp 7, A T 46 15
F2(20 °C) A3 MTESE 4 R 7 KRG K 2FH M & 2
LR FAR TG IE R 4 B K 4
WERK TR E R LR RFER ED

R

1.2.3 qRT-PCRZMHT By S A GRS
FoF 3k A AN S ) FUE B FP (BFRE 275 5 645 .
JME 65 ) & 2F 12 h #1148 h (19 Fp T4 B RNA, 2
B cDNALJFRG I H AR B K 3Rik i . qRT-PCR
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Fig.1 Analysis of seed vigor of improved varieties and local varieties
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J5 it TR ) 4 4l e i R
WA M2 R (P<<0.05) 1 & AR K
R RFHRMGHERRKELTF AR E . AF
FUE 3 AR G HE B ARG R SR A H 5 Y TR )

FEHC W BRI R TR
AR T 24 R A ZE B AR R A AR A
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Tab.2 The seed vigor comparison of improved varieties and local varieties

KR RZER %

4y v i I

- e i/ I ; "
JORREL o RRIN sy grikgE/em PR e om i R
W H Germination in-  Germination per . T . Seedling fresh . . .
Germination Seeding length . Main root length ~ Vigor index
Ttem dex centage weight -
EER A N = 7 A N = 0 S % S = 7 A '/ NN = 7 A /0 B =) AR 0 S = . . V7]
il AR 30 34 30 34 30 34 30 34 30 34 30 34 30 34
Number
SFHIME A& 46.954 47.634 0.992E 0.995= 0.983+£ 0.982+ 10.44=E 1146+ 6.88E 6.28£ 8.93%= 9.37E 3.23x 2.99&
HRUE R 0.35a  0.25a 0.00la 0.00la 0.004a 0.003a 0.26aA 0.20bB 0.15aA 0.15bB  0.22a  0.22a  0.07a 0.07b
Mean=+SE
BEE 4151~ 4446~ 097~ 097~ 088~ 0.92~ 746~ 8.94~ 5.69~ 4.28~ 585~ 546~ 245~ 1.98~
A3 49.19  49.58  1.00 1.00 1.00 1.00 15.29  13.98 8.88 8.79 10.72  12.08 4.03  4.29
Range of
seed vigor

associated
indexes

TE A RVING b 3R AN R B ] 22 53 8 351 P<20.05 5 AN Al KB b 3RR AN R k] 22 55 8 21 P<<0.01,

Note: Different lowercase letters indicated significance between different materials with P<C0.05; capital letters indicated significance be-

tween different materials with P<<0.01.
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Fig.2 Change of contents of endogenous hormone in improved varieties and local varieties
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Tab.3 Analysis of the endogenous hormone content differences of improved varieties and local varieties

i/ K ZE Auxin HFZE  Gibberellin 752 Abscisic acid EKZE  Zeatin

" AR AR R R mEE R/ mAE s/

Time Category Num-  (pg/g) F Num-  (pg/g) F Num-  (pg/g) F Num-  (pg/g) F
ber Content ber Content ber Content ber Content

6  HRMA 23 0.07+ 5.067" 27 229.25+ 5.221° 27 0.089+  0.662 29 1.76 + 1.328"
0.01 27.41 0.007 0.27
Wy iR 28 0.114 29 162.54+ 29 0.089+ 31 1.094
0.11 7.29 0.008 0.10

12 HHsA 27 0.074+  0.235™ 27 221.40+ 3.715° 27 0.082+  3.539" 27 1.56+=  0.500
0.01 15.52 0.007 0.12
oy R 28 0.12+ 32 175.73+ 31 0.062+ 33 1.25+
0.01 11.22 0.005 0.25

24 HHMF 26 0.114&  0.490° 28 392.80%  0.460 24 0.055&  0.187 29 1.63%=  0.003°
0.01 33.49 0.006 0.14
Hh 7 32 0.08+ 32 331.99+4 22 0.075+ 31 1.19+
0.01 18.1 0.007 0.12

48  HMLMFP 28 0.584 1.837" 32 1019.64+ 2.001" 9 0.048%+=  0.012 28 1.75+ 1.578"
0.05 74.08 0.007 0.09
LT 28 0.45+ 26 846.374+ 9 0.059+ 31 1.45+
0.03 58.64 0.007 0.11

72 BHULFR 30 1.69+  0.067"" 34 1355.18% 3.036° 21 1.674+  0.260
0.14 50.21 0.15
o7 A 31 0.914 26 1236.45+ 23 1.37+
0.13 90.76 0.14

e ox xR R R AN R A4 RHA #E 0.05.0.01,0.001 K- |22 7 1 3 .

Note: *, ** #+* indicated significant differences between different materials at the 0.05, 0.01, and 0.001 levels, respectively.

KB E R 6~12 h WL 58, & b Fh
A R KT by R (P<€0.05) ,24 h
JEEH A M EE RS ER RS REER
FHb 7 A (P<<0.05) (£ 3) . SABFRIBE I, Bii 7%
Mg O i BT R, o, Hb oy R Y A R
TE 6~24 h N FEAREE R 5 T/ B A, 24 h 5 8
sty 1A 50 % TR 3 ik A e AU 2R R T L o R (TR
2 H R T I2hRER SRR TS T
Hb 7 dh Rl (P<Z0.05) , 1 7 24 b Ask G 7% R 7% = Bk
FAR T L7 SRR (P<<0.05) (% 3) . 5 [E] BE Y,
Hi 7 b b K 2 KT B RS R EL AR AR Y
BONCE 2) 5 Hod, 1 )5 5 B Fh 76 6,24 148 h oK
FORBEMTERMMERE S & (P
0.05)(F%3).

24 MFRBERESMFEANHELLE

K2 6~T2 h N, A [a] B 300 9 VR R 5 FP T
FIHI AR N S M R I (3 4) , T & R R & R A il
K ZEOR ) i 4 55 08 0 4 b TR A OGP — B
ALAS S R R o R 2 24 Wik, 3B )7 & B A B R
AR AR E RSB SR G DIERE R

+137-

FHIEM KRR (P<0.05), 5EHFR KFHYRE
W B FEIEM XX R (P<0.01), KI5 24 h, )y
A FP A E S R AR T AE K R SRS R AR RN
WML R (P<0.01), 48 hBf, HuJr & Ak &K
RO RFMEE WEMLLR(P<0.05),5
i J B WG ) T8 A E B B O X R (P<
0.01);F MMM AERET /RS RIR KIFME.
T PR BO 2 M E L R (P<0.05) . K
T2h M A AR R SRS R FREE B EM
KEXRP<0.05) , Bl MMAERES RS KHF
RRFRBHEDEMCLR., RFF24h,F
BRI KRR SR SRR E BFEIEM LR
(P<<0.05);48 hif , & M Fl iy £ KR & 5S40l
fif T AN UG 7 45 A RO IE A 6 E R (P
0.05)o & BEL PN & 28 12 hisk, B 3 R & it 5 R
KR ZFRYE B E KR (P<L0.05) ;24 h
I, B 7% 2 7 i 5 40 i B B A R RS 2 W
F A 6 56 R (P<C0.05) ; 1 76 Hu 7 i B b % 25
12 Wi, 7% 1R &5 it 5 Fh 1306 77 46 022 3 R oG
FF (P<<0.05).
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Tab.4 Correlation analysis between endogenous hormones and seed vigor at different germination stages

Wk REOW ahR bkt gpmgey  OWERRUR SRR RES O ROHEE e
Hormone  Category  Time  Rootlength Seeding length Seedlm‘g fresh - Germination (;ermmapon (Jermmatlon Vigor index
weight percentage potential index
R M)y 6 0.230 0.149 0.003 0.307 0.207 0.198 0.076
Gibberellin 12 0.289 0.180 0.010 0.118 0.095 0.180 0.023
24 0.367 0.033 0.334" 0.400™ 0.150" 0.315" 0.153"
48 0.036 0.222 0.052 0.221 0.105 0.067 0.013
72 0.319 0.045 0.052 0.016 0.048 0.053 0.089
B 6 0.105 0.386" 0.138 0.004 0.037 0.124 0.105
12 0.155 0.338 0.195 0.175 0.151 0.011 0.183
24 0.038 0.211 0.219" 0.411" 0.312" 0.364" 0.231°
48 0.010 0.205 0.250 0.093 0.063 0.017 0.229
72 0.427" 0.092 0.012 0.265 0.006 0.039 0.002
Ak oy 6 0.311 0.134 0.198 0.111 0.336 0.321 0.263
Auxin 12 0.108 0.166 0.328 0.179 0.128 0.062 0.318
24 0.128 0.001 0.474 0.412" 0.092 0.365" 0.186
48 0.065 0.161 0.433" 0.185 0.044 0.120" 0.503"
72 0.261 0.103 0.150 0.157 0.141 0.231" 0.146
B 6 0.276 0.105 0.147 0.176 0.014 0.133 0.183
12 0.087 0.045 0.076 0.172 0.209 0.186 0.106
24 0.428" 0.128 0.139 0.390" 0.037 0.179" 0.071
48 0.192 0.066 0.072 0.085" 0.085 0.258" 0.386"
72 0.338 0.192 0.138 0.365" 0.201 0.236" 0.193
EKRER 75 6 0.152 0.033 0.047 0.233 0.125 0.159 0.013
Zeatin 12 0.163 0.032 0.005 0.219 0.089 0.105 0.029
24 0.206 0.128 0.043 0.138 0.042 0.048 0.036
48 0.165 0.000 0.031 0.121 0.069 0.052 0.041
72 0.464" 0.149 0.012 0.036 0.018 0.111 0.043
B 6 0.120 0.326 0.397" 0.077 0.193 0.017 0.363
12 0.022 0.123 0.008 0.099 0.141 0.071 0.022
24 0.136 0.345 0.015 0.518" 0.097 0.272 0.069
48 0.178 0.257 0.482" 0.015 0.074 0.083 0.414"
72 0.415 0.171 0.100 0.101 0.053 0.113 0.117
Tt 7% R oy 6 -0.090 0.007 -0.110 0.009 0.181 0.235 -0.047
Abscisic acid 12 0.039 0.268 0.327 -0.104 -0.004 0.105 -0.363"
24 -0.021 0.203 0.124 0.042 0.122 0.084 0.142
i 6 -0.279 0.352 -0.203 -0.219 0.136 0.136 -0.138
12 -0.485" 0.115 0.236 -0.466" -0.055 -0.211 0.143
24 0.097 0.100 -0.488" 0.028 0.069 0.322 -0.526"

TE 53 5] 2 7R A5 0.05 10,01 7K b 3 AR C
Note: * and ** indicated that there was significant correlation at the 0.05 level and extremely significant correlation at the 0.01 level, re-

spectively.
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Different lowercase letters indicated significance among different varieties with P<<0.05.
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Fig.3 Analysis of expression levels of gene associated with seed vigor
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