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Abstract: In order to further study the establishment of the root system of winter wheat, and lay the foundation
for winter wheat breeding in alpine regions in the future. Dongnongdongmai 2 was used as the material, and the
full-length CDS of three homologous genes of TaEXPB12-A/B/D was obtained by PCR technology. The nucleic
acid sequence length was 846 bp, encoding 281 amino acids, homology reached 98.46% , the three genes located
on the 2AL, 2BL, 2DL chromosomes respectively, their protein had the unique domain DPBB_1 of the expand in
gene sequence, locating at 142 — 810 bp, 142 - 834 bp, 142 - 834 bp, respectively. Promoter analysis results
showed that all three sequences contained multiple action elements related to root-specific expression, as well as
multiple hormone response elements and abiotic stress response elements. qRT-PCR analysis found that TaEXPB12-
A/B/D genes were specifically expressed in roots. Low temperature would inhibit the expression of three homolo-
gous genes of TaEXPBI2-A/B/D, while drought, abscisic acid, methyl jasmonate and salicylic acid would promote
their expression. Onion epidermal subcellular localization results showed that all three genes were localized on the
cell wall. TaEXPB12-A/B/D protein was specifically distributed in the cell wall of winter wheat roots, and partici-
pated in the process of winter wheat resisting a variety of abiotic stresses. In the process of three genes responding
to external stress, TaEXPBI2-A had an expression advantage. These results indicated that TaEXPBI2-A/B/D

played an important role in the establishment of winter wheat roots and resistance to various abiotic stresses.
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INZZ (Triticum aestivum L. ) VF N B B 5 254F
Py, R AR AETE RA E KW, BT IR
AT IR , & /NZE 7 AR L M X ) oA 32 381 7™ |
9y, KRR 2 S RABEIX R FE &AM P AEFA
INFE RN AR AR R L8 2 A A Y R
HZE 2 —, I, i AR R A K Z B LS K4
INFEAETE M AIAR T AL LA S R

J# Kk 2 (Expansin ) j&— 28 5 A ALK il 36 093
JREA EERYNEBEAMER AT SR P EAE
AR, WK EAEMY TS EXPA EXPB EXLA
FEXLB 4 MK, EXPA Fl EXPB %% 14
Z IO E TR R AR AT HAHEE
S0 . Gahoonia 257 BF9Y & P HWEXPBI 15 K3 H
AR RS I H S 5 R E MR B AR R ILY
SR EMK . He % KB HUEXPB7 3£ XK
EMEMAKEGREEM, Guo %" KBEKE
H, GmEXPB2 FER SRBMMHK A %, Cho %' %
L OsEXPB3 JLPRFI OsEXPB2 KPR % /K AR 2 14 &
HFHEHAEEMEH, Zou %7 &I OsEXPB2 3 H )
FIRXP KRR B L B & & B w2 A
L1 H 2 OsEXPB2 J& T ER A, 235 M AR (1) A
A, Han %% % BlE S AL e F, i ik TaEX-
PB23 BE IR ()% 5L DR 40 e o 3R 0 L B A B T
FG fif JoR R R K A A AR i AR UE B Rk
TaEXPB23 SR TR HEAR 22 A 4 I (AR 2R ff ot o 4y
I, Li 210K BUECEL I K 3L R RREXPA4 1) i
ik o P v S L IR IT A R M AR B B i, Lee
2t ) o SR BRI 400 B O oP ) ALEXPAT7 JE DR R bR
AR P TR B 2380, i 04 e I 2ok 3R 3k 12 Jk R 2> 2 i
FERRMIAR FTE 1, U REIT AtEXPA4 AtEXPA7 (AtEX-
PA9 AtEXPAI4 AtEXPAI7 AtEXPAI8 Fl/K A% OsEX-
PAI . OSEXPA2 | OsEXPA3 | OsEXPA4 , OsEXPAS | Os-
EXPA17 & PR A &8 98 0F 52 5 4R &R 9 4= K % U) Al
821 R A b A R K 2R 3 R B R
SEZ SHEYAAE AN FAE A YA B i R

BAERZIK R XA/ N R R AR R B LS
WA A, AR LR 2 SR, 15 2
TaEXPBI2-A/B/D 3 AR, i A= P15 B2
AT T RHBEAR R AE W i s il ok qRT-PCR 23047,
FFE 13X 3 N IERITE/ N ARER A S AR T 51
R MNE T B MRk 22 5 LI it — 25 F
FEREIK RAEAR RIS P BFE I HE AR

1 MRATT %

1.1 RXewra

IR 2 NEIRRAFZ 2 5 BRI Al
KRR AT AL RNA BUH & 3%
R & e mT iR & | ook i BOU5R & L RT-PCR
G DNA SO G4 A db s 2 X e EY A
Al 5 A TR i S A 0 a5 1 5 T P FE P R T 2
BHEY S w158 B R0 BT 75 KT I DHS o AFT 1A
GV3101 ABA ZEFIE H IR KR R & B LB
W7 LB &R AT Hh AR AR 24 A Bl

EHEYRH A RA A,
1.2 REHE
1.2.1 FEFEFIITERE  RIEATEIE S 15 S 4ml

P4t 5 , F A5 ¥ 384 Primer Premire 5.0 43
B, 83T 5e B TaEXPBI2-A/B/D 3 H M 55140,
DA I O/ INAZ 2 AR SRk, 2 BR UGB 45 08 ]
TransZol Up PlusRNA Kit 3071 &, #2H RNA, DU
HOMAAR, 4R45 cDNA , 42 BEUERH 4508 H TransScript®
One-step gDNA Removal and ¢DNA Synthesis Super-
Mix 385 @ AT R e sk, MR IE A % 5% 40
PP, Lh DNA SR, TaEXPBI2-A FI ] L i
5% F.5'-TAGCCCCTTGGTTTTCTGTC-3", F i3 %
R: 5'-GTTTCCTAGTGATGTCTTCTTCTTG-3"; TaEX-
PBI2-B F| | £ 51 %) F:5'-GCCCATTGGCTTTCT
GTCT-3', T ##51#¥ R:5'-CCCTAGCTGGCGTAGTT
CA-3';TaEXPBI2-D F|H L7 51%) F.5'-GCCCATTG
CCTTTCTGTCT-3', N #i# 51 % R:5'-CCCTAGCTGGC
GTAGTTCA-3'i#17 PCR ¥ ¥ iR JGREEY R 58.5 C
1.2.2 OGBS0 R4 DNA-
MAN Hcf s e € K 5E 032 53 17 : BioEdit B f <F 45
#4358 43 ¥ . NCBI ( http://www. ncbi. nlm. nih. gov/
Structure/cdd/wrpsb. cgi) ; & F B{5 5 B0 43 #7 .«
SignalP 4. 1 Server ( http://www. cbs. dtu. dk/serv-
ices/SignalP/) ; 25 [ 5T Y 51 7K 14 B 2 7K P T30 - Ex-
PASy-ProtScale ( https://web. expasy. org/protscale/ ) ;
T = G55 F W . SWISS-MODEL ( https ://swiss-
model. expasy. org/interactive ) ,

1.2.3  TaEXPBI2-A/B/D 3 W Ja 87544 5
| PlantCARE ( http : //bioinformatics. psb. ugent.
be/webtools/plantcare/html/) 7F £& W 3 X TaEX-
PBI2-A/B/D 3 3N ¥ 51l 9 JR 2 1 BEAT Dy RE Tk
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1.2.4 qRT-PCR 4347 sk Joki it i i #h+, H
75% WKG I EE 12 min, K ML 4 ~ 5 i, PG 4%
PR IERFN 12 h,25 C 155750 B 2F (ORI P11
THEIAT) 12 h, SRS M AT P80 T3 A SUZ DR AR 1Y
BRI 595 = 45 95 SRR BB — O30, B
PLEEEL 3 R S — B 2 i, LIK KGR xd B4, 78
4 °C 20% PEG 30% PEG .2 pmol/L i 752 ( ABA) .
10 pmol/L ZEFTIR S (MeJA) L1 2 10 wmol/L /K4
TR (SA) 43 IR B 2 6,12 ,24 ,48 h, 43 B BCEARE B AR
B, BRIV AR R, AR5 B - 80 CHBAILIR VK AR
FE . DL IR A B 2 /N2 A cDNA i, R
H TransStart® Top Green qPCR SuperMix it 5] &
(AQ131, At 2B AEYH ARG BRA F]) #17T Real-
time PCR §" 34, T H4K R 20 pL, DAArBEHIA /)
FHIR 22 i ZMEETHY cDNA g, Rl —i )
EHTHBFIRBA ST, BT IR .

BeCT1Y) . b3 ( TaEXPBI2-A-F) .5'-GCTCTAG
AATGGCTAGTCCAGGC-3', N iif ( TaEXPBI2-A-R) :
5'-CGGGATCCCTAACTGGCGTA-3'; b ii% ( TaEXPBI2-
B-F):5'-GCTCTAGAATGGCTAGTCCAGGC-3", F {if
( TaEXPBI2-B-R) : 5'-CGGGATCCCTAGCTGGCGTA-3';
b ( TaEXPBI2-D-R) : 5'-GCTCTAGAATGGCTAG
TCCTGGC-3', F i ( TaEXPBI2-D-R) : 5'-CGGGATC
CCTAGCTGGCGTA-3'

WZ 519, b F (B-actin-F ) : 5'-TCCAATCTAT
GAGGGATACACGC-3', N Ui ( B-actin-R ) ; 5'-TCTT
CATTAGATTATCCGTGAGGTC-3',

1.2.5 TaEXPB12-A TaEXPB12-B TaEXPB12-D &
FIE AR RIKEAR YFP L& Pml 1 D)
{5, T TaEXPBI2-A/B/D 3R FEH) FAE Pml |
fig vl 7 45, R, 76 H 3L TaEXPBI2-A/B/D 1)
ELRE T AT AL B F 5 A Pml 1 BV
Jeys2]l ,ﬁﬂﬁﬂi{%*}hw% TTT, FFH Primer Premire
5.0 FAITEEI S (£ 1), AEAF R TaEX-
PBI2-A/B/D J¥8) st , #47 PCR 4744 iR I
#5H 58 °C . H PmiI 1 Xt PCR P=4) Mk A& YFP it
ATHAMEY] (] 20 L PR U)K 5,37 CRIB
2 h, I 1 L /N B M B R I ( CIP) |, P4k &k
37 CKVE 1 b, HUUKAGI %I (%) SRz 14 7 [l
W, R T, EH0G % LRI R TaEXPBI2-A/
B/D H Wy R B Fl YFP 2% 4R B Bk 17 % 4%,
20 WLIEFEIR R BR5IR AT 14,5 CIEIBFE B,
W AR KA FF B T, B PCR %52 Al
P Ja B 4 Bk ARAT B GV3101 H | 2R e st

{RYSTFERFR L o O 1 X3 Rl 2 1 40 AN 240 i
BE AR 5 AL, KT 23R B AL T 30 % TREARE Vs T T Ak 2
20 min, i HFURE 73 B Bl 5 1R 0SS,
F1 EBYMLSRMBEEF5
Tab.1 Primer sequence added to the restriction site

ElIE/ER S SIMFHI(5" -3")

Primer name Primer sequence
TaEXPBI2-A-F TTTCACGTGATGTACCCATACGAT
TaEXPBI2-A-R AAACACGTGACTGGCGTAGTTC
TaEXPBI2-B-F TTTCACGTGATGGCTAGTCCAG
TaEXPBI2-B-R AAACACGTGCTGGCGTAGTTCA
TaEXPBI2-D-F TTTCACGTGATGGCTAGTCCTGG
TaEXPBI2-D-R AAACACGTGCTGGCGTAGTTCA

2 HEREpH

2.1 BEERFIIEESRERIEES T

H B SR 3 144575 846 bp ZEA MBI, 5
U R BEOR/AMEBLCE 1) o B, 2 5 T3 30k,
ALK A B, R UE TR PCR 282 (| 2) , WP
g5 B S ARIFGY 2 1 I SR LI e 5 SR R AT L, BT
58 TaEXPBI2-A/B/D [, K P51 #E38 NCBI
HM, GenBank %585 43 5l MT232926 \MT232927
MT232928

M. 2K Marker;1 -3. # 7% PCR 72¥)
M. 2K Marker; 1 —3. The PCR production of bacteria.

B 1 TaEXPBI2 EEME PCR ¥ G4 R
Fig.1 The bacteria PCR product results of TaEXPBI2

2000 bp
1000 bp
750 bp
500 bp

250 bp
100 bp

M. 2K Marker;1 - 3. F & PCR 724,
M. 2K Marker; 1 —3. The PCR production of bacterial liquid.

B2 TaEXPBI2 EEIMHE K PCR £EEHR
Fig.2 The bacterial liquid PCR identification
results of TaEXPBI2
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2.2 FIEMEREDW

ik DNAMAN 347 M 734, 3 450741
() [ IR R i 98. 46 % (181 3) . i3 BioEdit AR 4%}
WP ARASFI 3 2507 S0 HE AT G4 AR T8 AL 73 T, 45 51 ik
ANFAN 1 FE) 2 JFH 3 43 5 7E 2AL 2BL 2DL
Je R I it 281 S LI, HAK B2 15l 846 bp,
W IR fir 4 M. TaEXPBI2-A . TaEXPBI2-B . TaEX-
PBI2-D, BRMZAM, 38 % & B TaEXPBI2 3K
FE1 5K A2 A il HoEXPBI JE AR R 95%

TaEXPB12-A/B/D % 1 Ji {5 5 K #0054
N, IZE B YR AL TR R 25 - 26 i,
TaEXPBI2-A/B/D 355 KT F 52 1R, Bt

—&#£=98. 46% Consistency=98. 46%

2O EWE BE o AT a5 R B R, TaEXPB12-A/B/D
A ER I I P 5 R () 2543k DPBB_1,
Sy BT 142 - 810 bp, 142 — 834 bp, 142 —834 bp,
TaEXPB12-A £ [ AYAHXT 43+ i 29. 498 31 ku,
% % ,'»5'\ ﬂ‘? 9.17, ﬁ‘%fﬁ ﬁﬂ C1292 H1979 N369 0388 519;
TaEXPB12-B & [ HUAHXT 73 F T it 29. 494 34 ku,
gﬁf l% a'»J—:T\ ﬂ‘j 9. 16, ﬁ'¥ f‘ %7 C1296 H1987 N367 0388 Sl8 5
TaEXPB12-D & [ BYAHXT 43+ i 29. 496 37 ku,
%EE“I‘J_\:I;% 9 16 \é?}‘?‘itj‘j C1295H1985 N367 0387519 73 ﬁ
BB KRR, (ERE A = E5 fitil 43
Friom, 3 FEEHEA 3 AHEER (K 4), Hit,
T 3 FpE T RETIREMG A 25 5%

I rHHH'ﬂY

LR

Fyry T [IRIA 1 T

0 10 20 30 40 50 60

80 90 100 110 120
vl

130 140 150

EXPB12-A [%
ExPBlz_B Al
SEXPBI2-D IS

Consensus RLGGCLagicce ggcacatigoty tggcgacggtgctcgrcatcctatcaatiiicgtaagocccatctocggctactggaagecgagec

§CaccCgacCaggcgooetageagocgoegytoctggtocte gycgycycgactygtacyy

3 TaEXPBI2-A/B/D K S EE: i bk 3
Fig.3 Amino acid homologous alignment of TaEXPB12-A/B/D

TaEXPB12-A

TaEXPB12-B

TaEXPB12-D

4 TaEXPBI2-A/B/D %M E AR =KEHMHTN
Fig.4 Prediction of the tertiary structure of protein encoded by TaEXPBI2-A/B/D

2.3 BT R THTN S

Xt TaEXPBI2-A/B/D £ ¥ 5 1) J5 8l 7 2E 47
T oA, 45 R R, ¥ & A 5 CBF ¥ S d B AH
K CRT/DRE Joff 56 )i 76 /4 ( Light responsive
element) JBLE IR M N I ( Abscisic acid responsive-
ness) 741 IR H BRI N TG4 ( MeJA responsiveness) |
52175 S0 W JC 4 ( Drought inducibility ) 7K 4% 82 Wi
I JEA4 (Salicylic acid responsiveness) A4 Z M I oG
4 ( Auxin-responsive element ) | 75 % % W N JC 7
( Gibberellin-responsive element) K48 175 500 N Jo /4
( Anaerobic induction) I M 5 7G4 ( Low-tempera-
ture responsiveness) LA M M4 5 3 35 A C T F RO-
OTMOTIFTAPOXI1 , OSEIROOTNODULE , OSE2R0O0O-
TNODULE Fl RHE %,
2.4 TaEXPBI2-A/B/D EEHREFES T

WK s BioR, qRT-PCR 43 M1 45 3 /R, TaEX-

PBI2-A/B/D FEFHFEMR R 3Rk, & 6 BF
R TEARE AL | TaEXPBI2-A/B/D $: K 363k
FABARTR, 1E 4 CARALBEAY 14 F , TaEXPBI2-
A/B/D Wik AR T b 6 ~48 h B3
TH(P <0.05), H TaEXPBI2-A 335 F [ I8 i
R, fEAFBRERN 25, TaEXPBI2-A/B/
DR IX AR LIHE TS, H TaEX-
PBI2-A/B/D %t 30% PEG B gk, mi i o e, 7E
20% PEG AL BEZ 14, TaEXPBI2-A/B/D W33k
HETE 12 h iKBNEAE , TaEXPBI2-A/B/D (32551
iKF| 0 h FREM 1.65 5V L, ZFBE (P <0.05);
7 30% PEG HIALHE 254, TaEXPBI2-A/B/D B35
INEETE 6 h Rkt i im, 290 0 h Rk &\ 3 £%, 2
SWE (P <0.05) , FEBLIETRFIKAG IR (1) 4 1 5%
T ,TaEXPBI2-A/B/D Wi F kWA R LF)ET
Rt ket Horh TaEXPBI2-A/B/D TEWG I8 TR A0 HH 4%



A G T A
ABRICULTURAE 78
BOREALI-SINICA

£k R F B 35 %
PFF3 hBASIEE, FOh 2.5 5L 2R E 95~ W TaEXPB12-A €= TaEXPBI2-B e TaEXPBI2-D
F(P<0.05), H TaEXPBI2-A W335 5 a5 o0 T8 a

O, HERREAE T 0 h 19 3.5 5 LA L, B T TaEX-
PBI2-B F TaEXPBI2-D, i /K A% BR Ab B 2% 7F T 7¢
6 h FIFREE, A0 h B 13.5 %5, ZRIEE
(P <0.05) , 15 B JH X R 72 122 (%) v iy BECBR (g L 44
) TR 7K A% 2 14 e 1o 7K P B i (IR TR ) o TR oK
FIERHEE A AL TR | TaEXPBI2-A/B/D Wik B
SIS TREE EAM#TE,0 ~6 h BEA N EHZES
AN MAE 6 h J&, TaEXPBI2-A/B/D {355 IT
I EFITAE 48 h ik mEIIAF| 0 h 19 5.7 5L |,
25 (P <0.05) . MR A iy 2 R e 58 A Ak
F, 7F TaEXPBI2-A . TaEXPBI2-B F TaEXPBI2-D
o TaEXPBI2-A 3 [H B3k AT
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Time
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Relative expression
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Relative expression
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# E S m SHEENT
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AR FHFRREREE (P <0.05), F6H,
Different letters indicate significant differences

(P <0.05). The same as Fig. 6.
Bl S TaEXPBI2-A/B/D EAERENRIEER
Fig.5 The difference expression of TaEXPBI12-A/B/D

genes in different organs

— TalXPB12-A

= TabEXPB1Z2-B ™38 TaEXPB12-D

AOCOUUOO, B
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57 ABA
§ 4 a
7 a
P o
,:j £ 31 a
w3
= g9 b, 2
=3
E P P - e . .o )
Cc
0-
0 3 6 12 24 48
i) /h
Time
wmm TaEXPBI2-A  ©= TaFXPBI2-B w33 TaEXPBI2-D
84 MeJA
=
gb a a
2
g ‘E 2 a a
®E4 2
=2
3
=24
=
R
0 6 12 48
i fal/h
Time

AEEMEAIET TaEXPBI2-A/B/D EEMRIEZER

Fig.6 The differential expression of TaEXPBI12-A/B/D gene under different stress treatments

2.5 S5TaEXPBI12-A, TaEXPBI12-B, TaEXPB12-D
EB TR E

B S5 A YFP BURL N i 2 FORE A AR AT 3 BEAT I
ft, Wit iR e R B, AR RSO B LS

BB, W T FoR  fERE A 35S 2 YFP LR
MR PR A b, PR S A A A A
IR SRR BEAR L, TG BRE S B AT , TaEX-
PBI2-A:: YFP TaEXPBI2-B: : YFP TaEXPBI2-D: : YFP
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G M 2 CAE 5 A0 7 72 4 i B, 45 R 3
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A B.35S:: YFP;C D.35S: : TaEXPBI2-A-YFP 1F5% ;E F. 35S: : TaEXPB12-
A-YFP JJiB#/385 ;G H. 35S: : TaEXPB12-B-YFP 1E#;1.J. 35S: : TAaEXPBI2-
B-YFP JFkE53ES ;K L. 35S: : TaEXPB12-D-YFP 1F % ; M N. 35S: : TaEXPB12-

D-YFP JBiRESTS

A,B.358:: YFP;C,D. 35S: : TaEXPB12-A-YFP normal ; E, F. 35S: : TaEXPBI2-

A-YFP plasmolysis ;G,H. 35S: : TaEXPB12-B-YFP normal;1, J. 35S: : TaEX-
PB12-B-YFP plasmolysis; K, L. 35S: : TaEXPB12-D-YFP normal; M, N.
35S: : TaEXPB12-D-YFP plasmolysis.

7 TaEXPBI12-A TaEXPB12-B TaEXPB12-D
& B i T 40 i 7E i
Fig.7 Subcellular localization of the TaEXPB12-A,
TaEXPB12-B, TaEXPB12-D fusion protein

3 WS 4w

ZERE Y W EE RS £
AR KRS N2 LAY A T B a5 )
FIHTRAL, NI IR BRAEE Tk, £
FE RS Z A5 PRI E BR AL A JERE S DR,
5T /INZZ R K 2 TRV L PR (1) 3k 28 S 06 T it /N2 (1)
SRR B B L AR R IR/
A W2 v A7 A ) e o R 1 i 2 ik 2= [l i 5
WA S SR R AR 25, Hu %07 B 58 & 3
TaEXPAI-A I TaEXPAI-D %K 78 4 v 383k i
TaEXPAI-B TE4 M HR TRk, Peng 251" & W TaEX-
PA8-A Fll TaEXPA8-B F BLAE MR h R ik, Wi TaEX-
PAS-D EEAEAE PR L, BAEMSE" KA
BAEA Y38 R, TaEXPA7-A/B/D H R ¥R 2%
ik H B YR 1Y TaEXPA7-B M 5 FE YR
ISP, IGO0 R I TaEXPA4-A/B/D TEARAIAR
[FEHEA Y ia it ft b R B E R EE S, 16
AW 58 b, TaEXPBI2-A. TaEXPBI2-B F1 TaEX-
PBI2-D W [RVE AR &, 76 A 6] 3E A= 9 a6 1) Ak 2
T, 3 AR R R F IR Al H A G AR
1R TaEXPBI2-A 3L A5

KWE5E K B TaEXPBI2-A/B/D FE PR A6 R 4
SRRk T A e, R SRR A1) A
) HEXPBI JEFRAAUIPETR 95% , S5 /N2 5 K%
(A E A 5 22 N3 R 22 ] %) AR B, 4 0 2 35k PR 7
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SrRIENLT 2AL 2B 2DL Lok i TaEXPBI2-
A/B/D RIEFEA | H CDS P A4 JE 344 846 bp, i
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