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(BRI KRR HEFAR B . m B 650201

H E.ATMREZLRRA X ZAKREQ#MBEARHNVLRR-RLKS10 &3 F & £ 9 4k, A 4% F % PCR 31 4
¥ 3 K &M A Morex # 42 X £ 8 5 69 HvLRR-RLK510 A B & 3 F % # & pEASY®510 T4 f 4. A F X b
A HE Transl-T, BAkwyFa 5 Bm 2 K3 2 368 bp BT A5, 4R AN, @ /LK%M Plant CARE
M, ZRHTFHTEHBETE LR AKREFEEADR LR R T, 2G4 B Mk K K8
BEAT R A M ARG E bR fi e GUS &5 M. T LR T AL BRAE A B (—1 458.—868 ##—460 bp) 7T
F IR GUS AW AL H F &k, qRT-PCR A0 X I, K # B F 8 (JAs) B % B (ABA) (KB R T = 5%
(PEG-2000) #= % BB AL A 2 i & K & vt B A AL P HVvLRR-RLK510 2 B 4 % £ 4 ¥, HvLRR-RLK510 % B &
HDTEFFEBDF BT RAR BER AR . T E PG R ST, L —460 bp (9B B 7 B TH R ALK
BT % B E T AL AR A B TR FHvLRR-RLK510 % B 4 3 38 35 U4 AT,

KWW : K& HVLRR-RLK510 %A W ; & 3 T L A 440 ; 2 L B iE
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Cloning and Functional Validation of the Promoter of the LRR-Type
Receptor-Like Protein Kinase Gene HvLRR-RIL. K510 in Barley

DONG-CHEN Wenhua, ZHOU Hongbin, LANG Yumeng, LUO Liangzha, LI Shijin, JIANG Ruimei,
MAO Xiaoqiang, ZHAO Haiyun, TANG Jin, LI Yong, WANG Meili, CHEN Shengwei

(College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming, Yunnan 650201, China)

Abstract: To elucidate the promoter of the barley LRR-type receptor-like protein kinase gene HvL RR-
RLK510 and its function, specific PCR primers were used to amplify the promoter of the HvLRR-
RLK510 gene from Morex and Baodamai 8. The pEASY®*5IO recombinant plasmid was constructed,
and the promoter sequence of 2 368 bp was sequenced based on the positive colonies of the Escherichia
coli Transl-T, strain. The prediction results from the online software PlantCARE indicated that the
promoter contains response elements to non-biotic factors such as methyl jasmonate, abscisic acid,
and low temperature. GUS staining results in roots, stems, leaves, and flowers of transgenic Arabi-
dopsis thaliana and transiently expressed Nicotiana benthamiana plants demonstrated that the cloned
promoter and its truncated fragments(—1 458, —868, and —460 bp) can equivalently drive the ex-
pression of the GUS gene in anthers. Quantitative real-time PCR (qRT-PCR) results showed that
methyl jasmonate(MeJA), abscisic acid(ABA), low temperature, polyethylene glycol (PEG-2000),
and light can effectively alter the expression characteristics of the HvLRR-RLK510 gene in barley
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leaves and roots. The promoter of the HvLRR-RLK510 gene cloned in this study is an inducible pro-

moter containing response elements to jasmonic acid, abscisic acid, low temperature, drought, and

light. Its —460 bp truncated fragment can replace the full-length promoter. The promoter and its

truncated fragments can be used to elucidate the transcriptional regulatory mechanisms of the HvL-

RR-RLK510 gene.

Keywords: Hordeum vulgare L. ; HvLRR-RLK510 gene; Promoter; Genetic transformation; Func-

tional validation
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x1 FAAREASIMHRS FIMAE

Table 1

Serial number, sequence, and use of the primers used in this study

CIEZ B

Primer name

51975

. - ol
Primer sequence(5'—3")

1Y &

Primer usage

Pro510P2-F
Pro510P3-F

Pro510P4-F CAACTTTTCTGCCGTGTGCTGTGC

Pro510-R ACAGGGAGAGGGATAGGGAC
Pro510-F CTATTTGCCTGCCTCCATGTCAGC
BSF 5'-TTCATTTGGAGAGAACACGGGGGAC-3'
BS510R 5'-CGGTATCTGGCCGACGAG-3'
Hg 5'-GCTCCA CCATGTTGGCAAGC-3'
Hg510R 5-GCCTTTCCGAAACAGAAAA ATTTGCTT-3'
Gus-F CGTCCCAAGCAGTTACAAT
Gus-R GTTCAGTGGTTCCCAGAGG

CTAGAAGCGATTCGGTGTATTTTTCAAGTTCATG

CAACAAACTTAGGAATTTCAAAATGTGCATATAAATATTTA

Ji 2 T UM B i
Promoter truncation fragment am-
plification

SR sy

Full-lengthpromoter amplification

RN ¥ i B M

E. coli cloning and identification

AT TR PH P o R % 2
Identification of positive agrobacte-
rium colonies

U ST BH P A A A )
Identification of positive Arabidop-
sis thaliana plants

F1 48 h KL BASIRE F HAL B 48 h B %)) AR (25 AN
ML E T —80 CIAAFE &M . B IER 3 IR,
1.2.8 HvLRR-RLK510 % B # &k 2 % 51

% Hl Fast Pure® Universal Plant TotalRNA
Isolation Kit Fl Hiscript]]]®RT Supper Mix for
qPCR(+ gDNAwiper) i 7 £ . 2 18 H {fi Ff 356 0
23 50 $ O 36 4R M RN As I R 568 8 eD-
NAs, #*  ChamQUniversal SYBR qPCRMas-
ter Mix i & . 2 B U IR 1. 2. 7 #4)
FAERE S HVLRR-RLK510 JE R ik &, ¢
JeaE i PCR Y 5P L3 1. DiZErh Rk ah
X R SR AT 2728 kS At b BEAE S HvL-
RR-RLK510 5:H (g #HXF Rk & . R SPSS 20.0
R4y B & b B HvLRR-RLK510 K& [ 1Y 2% 3k
% %, L GraphPad Prism 9. 0 %I El .

2 HEREHAM

2.1 B FREREIRK THTN

FeF P2 B AL 7 %5 L Ynbs AR {K  Bow-
man % 8 PRI EE N 4 DNAS(E 1A) P88 T
HvLRR-RLK510 3 H (% J& 2 ¥, fH L A Morex
AR KA 8 SFE4H DNAs i 1 H 4 2 360
bp B R 3 T B (B 1B) . % HIF AR o 3, 4>
BIRGHE T #E A Morex M K% 8 5 3 T 1Y
pEASY®-510 T4l 7. #POM L T4 T 1 K
AP B Trans 1I-T, BEMRIZERI7E S RAREEFE A9 LB
T B 5% B b, 37 C 5 3%, A Pro510PA-F HI
Pro510P4-R 54 % i 3% 1 #541 pEASY®-510 T
W1 5 A KW FF B R, o 2 SR

Morex JA 3 FHIM,.3 M AHHRKE S S BITFHE
PROE 10 D 25 3R BT, 5 A BRI M T bk 12 48 77
2 368 bp WA 3h F 471 B B, @ik ¥ A L X
Morex FIff K# 8 5 M HvLRR-RLK510 J3 31T
FH)5E 4 —58 (K 2), #F Plant Care 754 B {4
I = T 4 T 25 2R W OR L B 2 AN #8 DL TA-
TA-box il CAAT-box # > i 8 F se 4 4b . % ¥
)3 A5 S e By TG A 7 R e 8 ST A L S AT R T

F e o7 G A AV Ik e 7 G A T 51 S T A IR 4R
WHRoolE, L&k MYB A4 6 ootk (K 1D) .
B AR e 1 T AR A0, AR IR TR 1 A
BIFE DL, 7€ 2 194 bp &b AF4E 1 AT e 1 5% 1
(K 1D),
2.2 HvVLRR-RLK510 EE B3 FHEEDH
2.2.1 ATHdaiHARmMEAAYES TE
P B IE

K FH - R i 7% B2 A # pBWA (V) HG-HvL-

RR-RLK510: :GUS @il #3884k (B 3A) K
Ry Rl A RN AR R ARFT I AGL Btk
AT T AHF 1 BH P B AR () 3B~ & 3C), T2
AETE T He A KT B BH 1 B AR 5 Y 10 Rl 2 ik 1A
pBWA (V) HG-HvLRR-RLK510:: GUS § A 1§
TR 80 I A PR L3R4S T 1 Bk T, AR BH P AR Ak
BT, fRAE PR (] 3D~ 3E) . N GUS Ze (g5
A WA RV PRI HSUR R A A g 2,1 T, R
BEPE A R A 245 7T A 280 £ (AR (25 i AR
SERPGL A (B 4) . 33X Ud WA 00 R T 4 5 DR] FH 1 A
FRAEZY T HVILRR-RLK510 3 R 4 K )5 87 7] 43 800K
3l GUS 3K,
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5000 bp

3000 bp
2000 bp

rorcksio- || QI FOEOIRMIIEAE FREHE LN
5 . T T

I T 1 3’
D obp 500bp  1000bp  1500bp  2000bp 2500 bp

S35 clmetinvolyod il g Sommenciyeciagelonaatn M Cis-sstingrogulatory cloment csental orthe
Cis-acting element involved in low- [ Core promoter clement around -30 anacrobic induction . ,
temperature responsiveness of transcription start Cis-acting regulatory element involved in the

[ Cis-acting element involved in the abscisic [ MYB binding site invoked in drought- MeJA-responsiveness
acid responsiveness indelibility v o M Cis-acting regulatory element

[ Light responsive element Clement for maximal clicitour-

modiatcd activation (2copicx) [ Cis-acting regulatory element involved in light
W MYB binding site involved in flavonoid biosynthetic genes regulation responsiveness

M:Marker, B 1A H 0K 1:Ho O3kl 2~k 9 2% HdbH 7 5 . Ynbs,Bowman,Morex,Prbs f# K% 8 5 .Golden promise, =
T A AR A LK 24H DNAs, B 1B i, 9k 1~ 3k 8 205 ¥ 7 5 . Ynbs,Bowman, Morex,Prbs f# K Z 8 5 .Golden promise. =} & 1t
R S 7938 F B kA 9: H. O, B 1C W, 9KGE 1: Ho O ¥kl 2~3K3E 4. Morex Ji 8 F 3L BRI i Bt Ukl 5~ 3k 7.8 K ¥ 8 5
J B FIERE M ARIT B, B 1D NHVLRR-RLK510 Ji 8 F B oo 4.

M: Marker. In Fig. 1A, lane 1: H,O; Lane 2—lane 9 refer to the DNA from Beiging, Ynbs, Bowman, Morex, Prbs, Baodamai 8.
Golden promise and Yunnangaoshidai, respectively. In Fig. 1B, lane 1—lane 8 refer to the amplification product of HvLRR-RLK510 gene
promoter from Beiging. Ynbs, Bowman, Morex, Prbs, Baodamai 8, Golden promise and Yunnangaoshidai, respectively; Lane 9: H,O.
In Fig. 1C, lane 1: H,O; Lane 2—lane 4 Marked fragment of promoter clone from Morex; Lane 5—lane 7: Marked fragment of promot-
er clone from Baodamai 8; Fig. 1D:HvLRR-RLK510 gene promoter and it’s cis-elements.

B 1 AR B E E A DNAs HVLRR-RLK510 B3 FH R B R HEIRN T4
Fig. 1 Genomic DNA extracted from the experimental materials, amplification product of HvLRR-RLK510
gene promoter and its predicted cis-elements

5 LV G CTATTTGCCT 3 IGCT AACGAGA! CACATTCT ATGGTGC “CTACATGOCT GACK #  120bp
R A#8E Baodamai 8 [MENANICRGIs CAGG G & 120bp
Morex  [FEIRENE z Ci G AAGIGGATTITGAGAAAGCATATGATAAAG GGACT CAGC 240bp
R AFELE Baodamai 8  LENSLIIHNG AATCTTCAAAGTGGATTTTGAGAAAGCATATGAT AAAGTTAAATH 7 7 AL 240bp
3 5T T TACGTATGAA CGATGAGCTATGGA ATGTCGATTCCTTTATACAAAAAG 360 bp
R A #3E Baodamai § MULEGENGLY AGCTATGGA ATGICGATTCCTTTATACAAAAAG 360 bp
Morex LCCIATGICTCCT ATATTGITCAACATGGL G / G g 3 CLAGLGCIALATCT LGRS
R K F8% Baodamai § GATCCT ATGTCTCCT ATATTGTTCAACATGGTCR ATATTGUCAATT 2 AAAA ’ TacTeeTaTATCTTGTIRE L TS
Morex 600 bp
fRK#85 Baodamai 8 600 bp
Morex AAATTTTTCTGTTTCGGAAA C CAAACAATTGT T G AAATCTACCTTTCAACT AATTTTTATARE I N
{2 K #8% Baodamai 8 A CAATGAAAGCAAAT TTTTCTGLITTCGGAAA( A ACAAG AACAATTGLTCGGGIGIGA ANTCIACCTITCAACTANT T TATARM T NS
500 QAT TTTTCAAGTAATTTTTAAAAATATT CACACTT TTATTAATATTTGCTTGT AATAACTTTCACTI GTG ATTCAT ATATATAGICAGATGTAAATATICENI TN
IS 3 3= T Er T Il A ATT TTTCAAGT AATTTTT AAAAATATT CACACTTTTATTAATATTTGCTTGTAATAACTTTCACTTGTG CATA CTGATATATAGTCAGATGTAAATATIIEFHES

Morex GAATATTTTTAAATTTTGCATTGGT ATGAATATTTTTTGTTATGCAAAAATTTCTATAACAACAAACTTAGGAATTTCAAAATGTGCATATAAATATTTAAAAAAT TTTIRRS IRV
(oSS = 2= PO P I 1 T A A T A TAGAATATTT T TAAATTTT GCATTGGTATGAATATTTTT TGITATGCASAANT TT CTATAACAACAAACTTAGGAATT TCAAATGIGCATATAAATATTTAAMAAATTTTIE Y] bp

[ATAATTAAAAAAATAATTCTAAAT TGTGATTTT TCTTTATGATATTAT AAACTATACAAACATTTTT ATAACAAGAAATACAATTTAGTTTGTATGAT TTGTCTAAAAATAGTAGATTAASIIE ] IS

MOT?X ATAATTAAAAAAATAATTCTAAATTGTGATTTTTCTTTATGATATTATAAACTATACAAACATTTTTATAACAAGAAATACAATTTAGTTTGTATGATTTGTCTAAAAATAGTAGAT T AARNT YY) bp

#R K 8% Baodamai 8
TACTATT TAAAATTACTTGAACAT TAIGCTATATAAGE TATAT TTCATATGIATAXTAT ITATAACACACTAGIATTTTAACTITATATTTATTACTATCAICATAATTTACATACT T | IR RPYIY
MOTFK [TACTATTTAAAATTACTTUAACATTATGCTATATAAGT TATATTTCATATGTATAATATTTATAACACACTAGTATTTTAACTTTATATTTATTACTATCATCATAATTTACATACTTTTIRE zoobp

K85 Baodamai 8
[TATAAAACTAAGAAAAAAAACTAACATTGACCGUACTGAT TTGAACCCATTGAAACC AT ACGGGT ATCTCT AAAAAACATACGGGT CAGTTGGT TTATATAGATATGACGT TTAGACACTI RGP I

L0000 QT AT AAAACT AAGAAAAAAAACTAACATT GACCGUACTGATTTGAACCCATTGAAACCAT ACGGUT AT CTCT AAAAAACATACGGGT CAGTTGGT TTAT ATAGAT ATGACGT TTAGACACT]

P

A8 Baodamai 8
O CTTS Ol 11 G ACACCTANTCITAAT TGGAGGGGCGT CTAGCACACATTGICCACTATCCCTAGAAGC TAGE TCAAATCATTTGCACAACAAT TTTAACAGI T TTTTCCTTTGIGCGTGICACG I IR E
[l 3= T Py Ol T TGTACACCTAATCTTAATTGGAG ITCTAGCACACATTGTCCACTATCCCT AGAAGCT AGTTCAAAT CATTTGCACAACAAATTTTAACAGT TTTTT TCCTTTGTGCGTGTCACG TR G TS
Morex [& AT/ ATAGA TGICACTGTATTTGAACGCTTGTA Y, GTATTTTTCAAGTTCATGC AGIGH CA: v 1560bp
{7 K #8% Baodamai 8 ; G I GUATTTGAACGCT TG AC GI'TC GIATTTUTCAAGETCATGCACCAAAGTG J 1560bp
Morex G GGGTTTTACCATTTAAAAAAACATTTTAAAT GTTTTGAAAACAATTATATGAATTCTCGT ACGTN IR
R K F8E Baodamai § A GGGGL L LTACCAT I TAMAMACAT LT TAMTGLTT I GAAMACANT TATATGAALTCLCGLACG LIRSS
Morex CAAAGAAAACAAAATC AAAAGGICTATTTTGAGGT ACACATTTGTI (11N
{RA#85 Baodamai 8 ACAAAGAAAACAAAATC AAAAGGTCTATTTTGAGGTACACATTTGTIN R TS
Siofex - T G G CG AAAATATTCCAACTTTTCTGCRNI YIRS
R K #F8E Baodamai 8 ACC e 2 GLAGLAL y GIAIG ENVAVINERPONNEREREER 1 920 bp
Morex 2040bp
{# KX %85 Baodamai 8 2040bp
Morex 2160 bp
{2 K85 Baodamai 8 2160 bp
J ¥ PO\ CCACTTCCTCCACTTCTCCGCTCTCACCCCACACCAATGCCATGACTCCCCTGOTCCCCCTCCTCCTCCTGTGOCTCOTCCCCGTCACCGCGUCGUC GO EHIERERERRET 2 280 bp
J o = T Pt Wl A CCACTTCCTCCACTTCTCCGCTCTCACCCCACACCARTGUCATGACT CLCCTGLTCCCUCTCCTCCTCLT GTGCCTCUTCCLCGTCACCGCCGUCGUC UL ANIANANCHATNS 2 280 bp
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#R K 8% Baodamai 8 G CGOCG G CCCGCCTCCOCGUT CUOGGCATGRGACCCGTCCCT ATCCCTCTCCCTGT] 2363bp

B 2 Morex FIfR X% 8 SHHVRLK510 EE B3 F F 3l
Fig.2 Promoter sequences of HvRLK510 gene from Morex and Baodamai 8
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In Fig. 3A—Fig. 3C, lane 1: H,O; Lane 2—lane 7: Fusion expression vector DNA of different Agrobacterium tumefacien colonies,

specific marker fragments based on the sequence of promoter and vector, specific marker fragments based on the vector. In Fig. 3D, lane

1: H,O; Lane 2 and lane 3: Wild plants o f Arabidopsis thaliana ; Lane 4 and lane 5: T generation positive plants of transformed Arabi-

dopsis thaliana. Fig. 3E: Ty generation seedlings of transformed Arabidopsis thaliana.
3 BMERZHEE RHERAERE MEFAEELERNERES FRIERE

Fig.3 Diagram of specific molecular marker fragments from fusion expression vector, positive colonies of

transformed Agrobacterium and positive plants of transformed Arabidopsis thaliana
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Fig. 4 GUS staining verification of HvLRR-RLK510 gene promoter activity in Arabidopsis thaliana plants
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Fig.5 GUS staining verification of HvLRR-RLK510 gene promoter activity in Nicotiana benthamiana plant
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GUS staining verification on deletion fragment activity of HvLRR-RLK510 gene promoter in Nicotiana benthamiana
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expression differences under different treatments
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