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HvERECTA A RFHTADREF o AEFRI AR B AE ST 2N THERARZOALILEL
B EEARAEREKRTR T EME T ARG, 2R AW . HERECTA A A% AKX 4K 2 934 bp, % 45
TT NRHABR HAEARETRELS RN LAR/FARETOUBELEMR, ERAHAD T HEHRT;Z
AW Bz F RG4S ABREMBS F#35 i A Fram Ak, #ARMEHTAILE LI FBHRRK, LILAL

FREHERXE T SPCH.MUTE . FAMA # % 8 5 B Ak 3 T A% E ¥ A 50%, MAPK @ #% 4% A B YODA
FiE R 500 ~80%0 s T F A T, 45K B Bl AR R AR RAL M HALEE (SOD) L i R AL 4 B (POD) L i AL &
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Molecular Mechanism of the Barley HvYERECTA Gene in
Regulating Stomatal Development and Drought Resistance

through Heterologous Expression in Arabidopsis

Hou Changlin, Yang Zeya, Han Yi, Gou Xiaoying, Li Ming,
Cao Gaoyi, Ding Bo, Xie Xiaodong, Chen Xiaoqiang

(College of Agronomy and Resources Environment, Tianjin Agricultural University, Tianjin 300392, China)

Abstract: The ERECTA family of receptor-like kinases(RLKs) plays a crucial regulatory role in plant
stomatal development and responses to abiotic stresses. This study therefore focused on investigating
the barley HvERECTA gene, aiming to clarify its regulatory roles in these biological processes and
provide potential targets for barley drought resistance breeding. We first cloned the HvERECTA gene
from barley and conducted comprehensive bioinformatics analyses to characterize its sequence and pro-
tein properties. Subsequently, we constructed a heterologous overexpression vector carrying the
HvERECTA gene and transformed it into Arabidopsis thaliana. For the transgenic Arabidopsis
lines, we systematically determined stomatal phenotypic traits, expression levels of the key related
genes, and physiological indicators under drought stress conditions to evaluate the gene function. The

bioinformatics analysis results showed that the full-length coding sequence(CDS) of HvERECTA 1is 2 934
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bp, encoding a protein of 977 amino acids. The HVERECTA protein is localized to the plasma mem-
brane and contains a typical serine/threonine protein kinase domain, which is a hallmark of the recep-
tor-like kinase family. Sequence alignment and phylogenetic analysis revealed that HYERECTA is
highly conserved among gramineous plants, with the highest homology to those from wheat(Triticum
aestivum ) and ryegrass ( Lolium perenne ). Additionally, analysis of cis-acting elements in the
HvERECTA promoter region indicated that it is rich in regulatory elements associated with abiotic
stress responses and plant hormone signaling, such as abscisic acid ( ABA )-responsive elements
(ABRE) and drought-responsive elements(MBS). Phenotypic observations on the transgenic Arabi-
dopsis lines showed that overexpression of HvERECTA significantly reduced stomatal density com-
pared with the wild-type control. Molecular analysis demonstrated that the expression levels of genes
encoding key stomatal development transcription factors, namely SPCH (SPEECHLESS), MUTE,
and FAMA, were all downregulated by more than 50% in the transgenic lines. In contrast, the ex-
pression level of YODA , a core gene in the mitogen-activated protein kinase(MAPK) cascade pathway
that is involved in stomatal development regulation, was upregulated by 50 % —80% in the transgenic
plants. Under drought stress, the transgenic Arabidopsis lines showed enhanced drought resistance-
related physiological performance. Specifically, the activities of superoxide dismutase(SOD), peroxi-
dase(POD), and catalase(CAT) in the transgenic lines were increased by 25% —40% compared with
the control. Meanwhile, the content of malondialdehyde(MDA), which is an indicator of lipid peroxi-
dation and cellular damage under stress, was decreased by approximately 30% in the transgenic lines.
Additionally, the water loss rate of the transgenic lines was reduced by 20% . and their relative water
content was higher than that of the control. Furthermore, the expression levels of stress-responsive
genes, including AtKINZ2, AtABF3, and AtRD22, showed no abnormal changes under normal
growth conditions but were significantly upregulated under drought stress in the transgenic lines. In
conclusion, the barley HvERECTA gene enhances plant drought resistance by regulating the MAPK
signaling pathway to reduce stomatal density and by improving the activity of the plant antioxidant de-
fense system. These two regulatory pathways collectively enhance the water retention capacity of
plants under drought stress, thereby improving their stress tolerance. This study clarifies the impor-
tant regulatory role of HvERECTA in stomatal development and abiotic stress response, and provides
an important functional gene resource for drought-resistant molecular breeding of barley.

Keywords: Hordeum vulgare; HvERECTA gene; Stomatal development; Stomatal density; Stomatal

aperture; Drought stress
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IR T AtERECTA 8 i W <AL % 8 57 ),
oAk 7€ 6 20 R, AT BE B ME Bk 09 T 5l Y
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I 2 B AR A AL 2 B I B R K A0 R s
— T ERECTA 3 A8 3 XU M- A 9 h
XRALEE SRS REEN . HAT7E SR
TFrAEY b, M T KR, EREEY. RE
ERECTA K% i 3 1 AH W 58 A A A BR . K
F (Hordeum vulgare) VE R 8 B AR & 5 17 HAE
Wy, HA LSS MR AR S T 58 L RE O % BT A G L 1
HvERECTA B 0 B AR A Wy Ty fig J HAE T 5
i 3 e 7 b £ R ML AT AN TE T L PRI, R G iR
Wrk#%HvERECTA W 451 FEAE 5 AW % e,
Xt 48R RARBHEY AL L B 15 FHLE X AEY
PREURAEAEEE L,

AU 5 % 2 v [ JF 4K 15 K 22 HYEREC-
TA SEH &K P, IF R T P 51 FRAF 15 % 1k 8 X
GYAT WA R WIZ FE A AT RE 2 5 K 22 0 Ak A= 9
wm R Y. BT RERRRE A
WK HYERECTA T K 22 R bk 1A 9 1) B AR Ty
Al K oy VB AL i R4S B SCRTESE . btk — 2
f#NT K2 HYERECTA R 1 4 ¥ 2% D1 66, A BiF
57 1% £ 4 ZCHE W) B R ¥ (Arabidopsis thaliana)
ER SR FRIL RS M KEHvERECTA 3
I RIRR R RGHT AR T 238 T 9 4 B Ay
fiE AL K T 22 7Y K bl 30 e g AH G 3 PR ) 2% A AR
b LA #8 7~ K2 HVERECTA J:HIES LK F W
¥ 5 5 8 w0 R R W TE S T L R A
ERECTA JEPH 38 B 75 R A BHE ) b (4 £ 57 D) g
R AR BT T A0 b R 2 A e K 4l

1 #MBEF &

1.1 ks

A R R 2023 AR ICER I R 22 A Morex,
FH R AR 2 B R - A1 BT AT R B8 A Ak X R AE )
AT ST B . B 50 LR /NE A ORI T
P RZR BT =MD R AT DUT I R AL
P75 % WA IR M 1 min, 281K WPk 2~3 K
5% RARRANIE HL 10 min, ZEW K vhik 2~3 K,
I B 5 (R 2 ST Rl A RN 20 A Y
PORGRE SR ML, & F N T A 047 8 & B
Fi, WEFRAAE RBE 24 °C L MIRHREE 70% LR
SEJE 3 000 Lx, M 16 h GHE/8 h B, 4
TR DL 2R AR K R FF 20 A0 i

1.2 KZHvERECIA EEAREREWMEEFEDH
1.2.1 % RNA #28& cDNA 4 &

WEK 3 d MRE N M By T, R E T )
A, P B BE R R IR {8 ] FastPure Univer-
sal Plant Total RNA Isolation Kit iz 7 & (it ME
L EO BEBUR RNAL 1 %0 Bt i b e e v Pk A
55, ) PrimeScript™RT Master Mix [z % 5%
I H & (Takara, JLED B RNA 5 58 cDNA,
T —20 CHRAFHH,

1.2.2 AR ABEREHFELESH

TF https://plants. ensembl. org/index. html
T # K& HvERECTA 3£ ¥ % (1ID: HORVU.
MOREX. r3. 7THG0662630. 1), | J§ Primer3Plus
% Chttps://www. primer3plus. com) &% T K&
HvERECTA 3R 451X PCR ¥ 15| ¥ (HvER-
F: 5" ATGGCGACCACGGCGAC-3'; HVER-R:
5 -CTACTCCGTGTTGTGGGAGATGG-3"),
PLR B SIS BB K 4 cDNA M #EFF PCR §”
W, PR R cDNA B 1 pL, 514 HvER-F
# HVER-R % 1 pL, PrimeSTAR® Max DNA
Polymerase 25 pL,ddH,O 22 pL,3% 50 pL, §°
AR .98 °C 10 5,55 C 155,72 °C 90 s,35 4~
EIAR . K PCR 7=y 38 i 126 30 i o 88 I /L ik
¥ )5, H MiniBEST Agarose Gel DNA Extrac-
tion Kit #£20 DNA Ji [F1 557 & ( Takara, 3t 57)
HEAT T2l fh b 3R 5 8 2l A FEAS 3% 2 g 2R T
A=y TRR I A BR 2 /] JF R 4y M. AL R
Y5 B 250 B M 56 Wb Xt K 3 HYERECTA #: A
P9 RRAE 5 40 05 8 1 BEAT AR WA B2 B0 43 B
(F D,

1.2.3 Tmpiis

K H PEG A 5 19 J5 A= 5 4 e 0% 38 47 30 40
JfLE 2 3 . B e 2 pDHS51-GFP-HvEREC-
TA B4 F K #HAK (Ll pDH51-GFP 28 # & 2 [
PEXT D s B K 10 d B R Z 4t A, 38 o il
fiff vk B U AR TR T R RV BE 1 < 10° cells -
mL "5 2 I A s B AR A R R AR
AR, 25 CREOEIETE 12~16 h J5 ., B JH & 55 29¢
I B AT M EE GFP 26615 5 0 A, BAK 7 ik
2 WA & SCRR
1.2.4 RB3h-TIRKXAER T

275 KA e DR 20 B0 e A5 S, 3R IUHVEREC-
TA 3 ATG FiF 2.2 kb 89550 B, 1E R i ik
PR A A 128 3 3 7 DX, A ZEZE T A Plant CARE X
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Table 1 Websites related to bioinformatics analysis
Z R %9 1k e
Name Website Function
AR KA ERECTA FEH 74 5 B9 4 5 X Fe 51
ORF https://www. ncbi. nlm. nih. gov/orffinder/ Search for the coding region sequence contained
in barley ERECTA gene
CDD https://www. ncbi. nlm. nih. gov/Structure/cdd/ cdd. shtml I BT AR P A DR S 25 A 3

ProtParam tool

TMHMM Server v. 2.0

SignalP-5. 0

SOPMA

SWISS-MODEL

MEGA7.0

https://web. expasy. org/protparam/

http://www. cbs. dtu. dk/services/ TMHMM/

http://www. cbs. dtu. dk/services/SignalP/

https://www. expasy. org/search/SOPMA

https://swissmodel. expasy. org/

Analyzing the conserved domains of the protein

TN 2 A BT

Predicting the physicochemical properties of the protein

UM A A B I 225 4 Jek

Predicting the transmembrane domains of the protein
T 2 L 5K
Predicting signal peptides
TR B ) S A

Predicting the secondary structure of the protein

bl =R v

Predicting the tertiary structure of the protein

Ha st R Gk

Constructing a phylogenetic tree

Ji3 B F 17 5 A DT A #4748
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1.3.1 #HtkH
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Ve BRI NI Hind Il F1 Xboa 1 Y15 3]
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AATGGCGACCACGGCGAC-3"; R: 5'-ATTC-
GAGCTCAAGCTTCTACTCCGTGTTGTGGG
AGATGG-3") %K #EHvERECTA JH ¥Ef7 4,
[l B 14 2% 45 i 2o (8] 95 3 241 16 K 2 HvEREC-
TA K ERF] p3301-121 #R4K I, F-47 3L 55 I 5
(L
1.3.2 #ARHBERE H»>FELT

FI A AT T A 083 A % ik p3301-121-

HvERECTA ¥ ARFF 3 GV3101, 3 i R+ 5 1=

Yok A K = BLE IF Col-0 HEAT 564k . K5 AR AT
B2 T VR IR A AR IR B 2 TR LB 8 R
ARG EFEE ODy N 0.6~1.0, B0k L
T8 JH 5 00 MV W B RS I AGGE & Silwet-
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R, R LRE IF 167 58 4 R 78 T I Bkl Ak

I

12 h, [AIFG 7 dJR#EAT ZUIR G R AR
Je WM T RE AT e . WOk T ACE 2 [ 0L Re

IERh T Bk R AT R AU E '?%Aﬂ:)ﬁ_ B
TR AR ZR 0 23 01 4 b L 8 2 TR R 7 32 4R

A5 %5 1 ke 2R A FH P A AR 5 B RS 2 BRAS BR &R PR PR AR
1‘5!% FEEL 4] DNAL X H 9 3 K i#E 47 PCR $74%
YOI T2 B TG i PR PR 25 5 %o S8 TR %) B
PRRIEBAI T RNA JFiF4T gRT-PCR A, AR5
FHRE P H 15 T 3k PRy 54 514 (qHVERECTA-F: 5~
ATTTGGCTGGTGTTGTCCCT-3'; qHVERECTA-R:
5-CAGCCTTCGAGATTTGTGGTTT-3), i3l ¥
(Actin-F; 5" TGGATCGGAGGGTCCATCCT -3'; Ac-
tinR: 5'-GCACTTCCTGTGGACGATCGCTG-3") 1k
SRR BN AR FR 2 BEAE I B T A AR R AT
Hr 2 X UltraSYBR Mix 10 pl, 5l Y qHvEREC-
TA-F., qHVERECTA-R, Actin-F, Actin-R 4% 1
pL MM 1 pL, #h K & 20 pl, BF A5 504 R
27N R BT . A3 BIHVERECTA 3%
KB PRPERR R B H RS A A2 alifb  FER RIS B
FE Al RS BE A TE AR 4 B B, 43 ) SR 4% 4l
AR RPN T LIS S A S S i
1.3.3 T RZM&BIFB AT g kKT

PEA KRS — B0 i R A PR I+ 15 B A= A
AT REAR » B /N 17— ) 34 )6 - 3L 3 R 9 Sf
WG EEE ORI E T L R R R
ZM R 25 °C MR RE 40 % ~50% ; )5 4 F& 30
min K fEFR & it 5 5 O 0 SRS RS AL B 5
h, BRI E 3 IRAEYFEE , i RKE=
(W) e i — 4 3 6 ) /40 U 6 FE X 10006
1.3.4 &AJlHENZ

KR FR S B 3 AR ST AR BR , BERREC 2
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BEAFEARBALIE 10 DMAE S 10 <L
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1.3.5 AILEARBAFEM T

AR FR AT e 3 R ST AR BRI 2 B
K#HE—HWTE RN CE 4~ 5 F &
W) F AR TR RV T B 7 3 B VR S
BFEAR

(DRFLRA LI E. Fhl e T
T EMAK‘EE Mes-KCl 22w #% (10 mmol -
L' Mes.50 mmol « L™" KCI.0.1 mmol « L'
CaCl, ,pH=5. 6) I RFFR L (P12 cm) 1, 7E 25 C
JCIRRE AP BRI 2 h, BT TR
Bt N RE & AR E & A 10 pmol -
L' ABA 2o b AT b 31, O — R 2R
ABA [ o E X IR, e 25 CHEIRKR 3%
FEEIEERE B IR 1 b 15 3R 45 E BURE UL <AL
R,

OSALTFEEM & . B 55 A48 T R 5%
K H PSM-1000 B 1F 8 5¢ ' @ 4 B2 % A [\] &b 21 26
FEARBEAT IO, B R FEARBEALIE N 10~20 4
ANEEME . FIA Image ] B AMFE &9 FLIF
JE S e A N H 58 R R i (R HE S 4. 320
px=50 pm) , F¥ AR F A6 3050 LR fL A2,
REA BRI 2~ 4 AV AL FLAR , B b 3
RIS R B A . B et R A A4
AR E BT . AR B SR T BE 1 4 v ks 34
I B2 BUEE 2 A FRAE L GE T 25 SR T S s
L0 1 TR
1.3.6 FFmhiasts

BB 4 A Col-0 5§ KFHHvERECTA A it
FEME R FLH KRG 7T MS [E &K 57
Frp R R = K S-S R
BT S M 54 cm X 28 cm; B TR},
6.5cmX6.5 cmX3.5 cm), NINEEEHR T 5
WA RTRE R CE R A =118 ) &
JOEM 1 BRZIE . HEARE T A TRMBEERF (4
JE L 4 16 hOERE/8 h s IR 22 °C A Xt
WBEE 652, SCE I E X R4S 3 Fp T i b
A, XJHEZH .5 3 d P22 /K 500 mL, 4k 5 2
JE oK AR s AR TR E K 4l . 45 1k 5K
10 d, I [)AS 3 A7 AT o] b 7K 4b B, 22 Ji5 58 25 18 K

500 mL & /KALBE, &K 3 d J5 BUEE s PEG6000 &
P54 & 3 d 1 & i AR 500 mL 20 %
PEG6000 J& T . FF S Ab P 6 d, 4b P 25 o J5 BURE 5
H R AT R a4 . B 3 d 10 F B AL 500
ml H R (200 mmol « L™, /b B K 5
PEG6000 2] —3%.,
1.3.7 RBEMEKE A2 AT Z

38 Ak RS RS Ok 400 e O R R Y AR ROIRES
KAl WLRABEATIE % Rl R AR T AE YRk
TR B E AR T T (MDA & &2 A k)
LT (SOD) I 1 i 4 Ak Z il (CCAT) 6 4 K it 4R
LWy (POD) 15 1
1.4 HiELIE

A SPSS 23.0 5 GraphPad Prism 10. 3 &
PEIEAT G2 1 43 B B W 2 O 22 50 1 (two-way
ANOVA), FrfEIFRN 2§52 M Origin
2024 BAF5E B .

2 HEXREH2M

2.1 KZEHVERECTA EEGZBEREWEEF
o Hr
2.1.1 HvERECTA R %1%

R Ensembl Plants %t & & 42 fit 19 K &
HvERECTA R:R 4t )y 51, it H 44K CDS X
S5 9, DU EE 55 cDNA Al 2k £57 PCR ¥
WL PG 100 B BE WE EE R HL UK R I, 15 2
24 3 000 bp 54l (& 1), 5 H A5 3 Y 718 K /)N
—F, X} PCR ¥ 47 Jee e 20 Ak JF 0 1, 25 5%
WoR AR B K HVERECTA HE H 4 5 X K &
2 934 bp, ¥ 5E 8 HIEH .

M

8000 bp
5000 bp
3000 bp
2000 bp

1000 bp
750 bp
500 bp
250 bp

1 KZEHvERECTA £[H PCR ¥ 184 R
Fig. 1 Result of PCR amplification of
HvERECTA gene in barley
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2.1.2 HvERECTA %R %% & B AL R 541

i i ProtParam 7E£k T. H X} K Z HVEREC-
TA H AR B A AT 0, & Al 977 A
SEEIR ARG, W 4 F 20 106, 31 kD, B %
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Fig.2 Hydrophilicity analysis of the
HvERECTA protein in barley

2.1.3 HvERECTA % & % #n|
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373 ANEER L RN 38. 18 %0 TR
M Hy 354 A2 B IR 2 WL, 36, 2306 5 HE A BE
173 NREFER, 5 17. 711% ;8 ¥ e b, 3L 77 4
AW, 5 7.88% . FIJH PredictProtein T. H it
AP, B 45 45 5 5 SOPMA 43 r — 8. #f — 2
IO0E T WO B e SEE . XF KA HVERECTA #H
it 1T SMART TEZ 40 #7 (& 3B) . K iz dE H
A T () 22 R /O B R AR U 4 R B (S
TKe) . RWIH 8 T 52 VR R 3G % v 22 &R/ 9%
AIRFE SR W2, 2 515 516 5 st
TR SRR B I T 5 A B i
FIH] SWISS-MODEL 754 T B %} k3 HvEREC-
TA B P HF AT A R AT, 45 3L (& 3C>%EJ5H?EEI
M RE5H 5 IR ZE R — 3. i — 2D R
F R 45 A AR % B, HVERECTA & H ¥ %)

SRHT S (112695, 1. A B A ER2) 19 )7 % 41 25
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A Secondary structure; B: Domain; C: Tertiary structure.
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Fig. 3 Protein structure prediction of HYERECTA in barley

2.1.4 HvERECTA % & % i 25 # F2 43 5 AR TR0
FIF7EL T H TMHMM F1 Phobius %k 2
HvERECTA 25 [H#F 17 5 S5 1 o, 25 58 (& )
BoRZEBEA 1A BRSBTSy Al
JEAE . BARSEH 73 A ML AP X (1~577 aa) 45
55 K N-region(1~4 aa), H-region(5~20 aa,
7K B Al C-region (21~ 25 aa, & 4B LI M dE
JE PR (26 ~577 aa) . 454 SWISS-MODEL A i
FEALEE R HED L 3F M Y BT BB P i LRR 8¢ L-do-
main BT & 4548, T2 5 /0N o0 8088 1 LAY
R S IR IX (578 ~ 598 aa) N BAAS o IR E B, 1E
ﬁﬁﬂ"“ A DX 3% 2 L AME O X 5 M AR 5 s
WX (599~977 aa) Ay 56 4% I il 245 #6) Bk, 40 45 s iR
A DRI 455 X, AT NGS5,
AL A5 5 BRI 58 7% 2% 48 19 A7 76 15 5 IR A A8 %
%7 99. 24%&%?#(22 HvERECTA %% 17 fig
U280/ 37 yNER VA R 1Y L
2.1.5 HvERECTA % & I 25 jo T 1=
B K A HVERECTA 5 1 0 3V 2 i 52 £z
FRAE A H T KR HVERECTA 3 5 8 (5,28
W (GFP) 1Y il G 3 38 200K, B I % 1k 22 K52



. 1020 - EE (A %46 %
AR, WAL SE YRR BRSO S kAT 2.1.6 HvERECTA RR % &G 57 L af B & %
WM S50 (8 5) R GFP X BUSE BRI &k, R F MK A
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