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Cloning and expression analysis of StWRKY51 gene in potato under heat

stress
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Zhengzhou 450015, Henan, China)

Abstract: To explore the response characteristics of potato StWRKYS51 gene under high temperature stress, the StWRKY51
gene was cloned from leaf of the potato cultivar Russet Burbank by RT-PCR technology, and bioinformatics analysis of
this gene and the real-time fluorescence quantitative PCR for StWRKY51 expression in potato under the high temperature
stress were performed in this study. The results were as follows: The open reading frame of StWRKY51 gene is 696 bp, en-
coded 231 amino acids; the amino acid sequence of StWRKYS51 protein was more than 80% similar to that of Solanum
pennellii, Solanum lycopersicum and Capsicum annuum; the StWRKYS51 was belong to an acidic and stable hydrophilic
protein, and the ratio of irregular curl in the secondary structure of protein was up to 63.64% . The domain analysis
showed that StWRKYS51 gene encoding protein had a typical WRKY conserved domain, and the zinc finger structure is
C2H2 type, belonging to the Group II subfamily. The gPCR results showed that the expression of StWRKY51 gene was
significantly induced under high temperature treatment, indicating that StWRKY51 gene may play a regulation role in pota-
to resistance to high temperature stress. The research provided a reference for further study on the function of StWRKY51
response to high temperature stress in potato.
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Table 1 Primer sequence for gene cloning and qRT-PCR

ElEZEAR S I H1(5-3) Mg

Primer name  Primer sequence (5'-3") Application

HE PR v e
Gene cloning
965 R PCR

qRT-PCR

StWRKYS51-F TTCTATCAAAGACTCTCTAAAG
StWRKY51-R  TATGTACCACAAGTGAGTGATT
qStWRKYS51-F TTCCAAGAAACAACAAATGTC
qStWRKYS51-R TCACCATCAACTAACAAATCA

EFla-F CTGTTAAGGATCTGAAGCGTGGT M S [A
EFla-R AATGTGGGAAGTGTGGCAGTCG Reference gene

2 ZR5H

21 SEZEWRKYSIEFENREREBEWIE S
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M 1 2

2000 bp —

1000 bp —— 884 bp

750 bp —

£ :M:DL2000 bp DNA Marker; 1~2: St(WRKY51 F£[H]

Note: M: DL2000 bp DNA Marker; 1-2: StWRKY51 gene
1 D$E SIWRKYSI E[F PCR 718

Fig. 1 PCR amplification of StWRKYS51 gene

10 20 30 40 50 60
1 ATGTTTGCCTCTTCCACTTTCCAAGAAACAACAAATGTCATTTCTCATCACCATTATCAA
1 M F A S S T F Q E T T N V I S H H H Y Q
70 80 90 100 110 120
61 ACTATAAACCCTAATTCTTTTGCTTTTCATGATCCTCTCATCAACATGAATCAAGATTAT
21 T I N P N S F A F H D P L I N M N Q D Y
130 140 150 160 170 180
121 GGCCATAACAATAGTAATAATAATAAGTATCAAGATTATGACACTTTATTTCTTGATTTG
41 G H NN S N NN K Y O D Y D T L F L D L
190 200 210 220 230 240
181 TTAGTTGATGGTGATCAAGAATATTATTCCAATTACTCAAATAATAGCTACAATAATGCT
61 L vbD GDOQE Y Y S N Y S NN S Y N N A
250 260 270 280 290 300
241 TCAATTTTTTCAGAAAATCTCTTCATGAAACAAGAGATAAGTACTAGTACCTATAGTACT
81 s I ¥ S ENL F M K Q E I s T s T Y S T
310 320 330 340 350 360
301 AGTGGAAACTCATCATCAGCTAGTTCATTTGATGCCACACCAACACATGTACACATGAAT
101 s G N S S S A S F DA T P T H V H M N
370 380 390 400 410 420
361 CATGAAAATTCAAGCATGGGGATTGAGAAAGAAAAGAAAGGTGAAAAACATGCAATTGCT
121 H E N S S M G I E K E K K G E K H A I A
430 440 450 460 470 480
421 TTTAGAACAAAGACACAACTTGAGACCTTGGATGATGGATACAAATGGAGGAAATATGGG
141 F R T K T QQ L E T L D D G Y K W R K Y G
490 500 510 520 530 540
481 AAAAAGAAAGTGAAAACCAACATAAATCTAAGGAATTACTACAAGTGTTCAAGTGGAGAT
161 K K K v K T N I N L R N Y Y K C S s G D
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541 TGCAAAGTAAAGAAAAAGGTAGAAAGAGATGGAAATGATTCAAGATATTTGATGACTACA
181 c K vV K K K VvV E R D G N D S R Y L M T T
610 620 630 640 650 660
601 TATGAAGGAAAACACAATCATGAAAGTCCCTTTATCATTTACTGCAATGAAAAGCCAGCA
201 Y E G K H N H E P F I I Y C N E K P A
670 680 690
661 AACAACTTTTTGAATGAGTCATCTTCTTCCTATTGA
221 N N F L N E S S s Y *

2 D$5E WRKYSI EEHNEEREFT
Fig. 2 The amino acid sequence of StWRKY51 gene
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Fig. 4 Multiple sequences alignment analysis of StWRKY51 and other Solanaceae plants
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Fig. 6 Hydrophilic-hydrophobic property prediction of WRKYS51 protein
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Fig. 7 Secondary structure prediction of WRKY51 protein
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Fig. 8 Expression analysis of StWRKYS51 gene under
high-temperature stress

3 iS4

I 2 — PO SE S 2R, B kB T
2016 4 2 HIER R A O T HERE B2 Z = K1
TR PR, DR AL A Tk , F e
SURAEIE N . Th 4% 2 =i HOANTI e il » 5 b i E
WU, MR E T 18 °CHY, Bt & ™ E Y AL
BRZE ) 7 R I 1 R 5 2 2 btk
I E 2 T SR E A

WRKY ¥ N ¥ F Wz 5 mAEK K Ed
FE AP B i 2 R A a0 AR P b, B
3 4200 AR R 2 i I AT AR T e e P
S B S 0 e I v I T T RS S S R
StWRKY51. 7T it — B4R FUZ I H B Dy ae, B H
RT-PCR £ R BT oe 1% 7 5% 2 StWRKYS1 2,
1% 3 DR T T30 B2 4 9 696 bp, wfid 231 NEIETR .
B QIS SRR, o 1BE 5 12.99% . 1E
i 18.18% « B #1 & 5.19% 7 A W % dh 5
63.64% . StWRKYS1 £ [ 2 28R 7 51 5 3% A
F it~ T 0 R0 BRI S R T A1) AH AP 43 i
86.64%86.21%F1 81.06% . % %k Z 70 My i) 45 1
KW, DA E StWRKYS1 & (-5 3 A AL A F & A
SRR R, RIS E StWRKYS1 H AT
59 A AN i WRKYS1 25 1 B AL B
ReAAE AL .

MR WRKY e 53¢ K] 7~ 45 #4380 N s 6 25 ) - ik

TR ICWRKY GQKOHUR AN C i IR A5 I,

FRE WRKY Fese I 70 N =K3E. iRy,

55 1128 WRKY #435% [5 1 1L Ik Of <7 S50 B 45 25 4

SO RAEANFREE AR, &l [ 2RIEE N Al C

Sir WRKY D 5 45 #4350 AN Iy 22 7 1 36 A0 R g =22

FEAWE L, B RIS E WRKYS1 & T 510K

I WRKY Z Ik i i, H A BE O 57 25 7 35048 57

WRKYGKK , i 3l 5 A E 41 38 ) At 4 o 2 7R

FUTE 7T A v 2 R B BB IR WRKY A 51 Bk

TR Q AN K B HL— 5=,

WRKY S5 & SR A B3 AR S 1k ke sg 17 2

RE ) 2 AR 1L AE AR I Y, ACWRKYS T He A Al 3@ if

JA B ABA 15 53 42 S 0S54 R0 & 8 1) 1E 1

PEAEF O AE N Th , TaWRKYS 1 FERITEA A A k2R

Yoy ie CELARARHR AL B ABA 45) 2% A1 T 1 Sk 3%

75 BIRRIL P BN 1R TYZ.1 Sl , R B

WRKYS 1 & R A 3 1 5 240 Jf o R TN g vl

T VERE AT RV B A A ORI e 1 e . A

DB R, SVRKYS 1 F: DR A8 i 1 20 A P 1 26

RRFEIEWARZM TR 315, 5K YRR

KL% — B R YT RE S A TH MU D) RE

ANAUAS S B Wi B e i a8 . AR T RN B A

& WRKYS ¥k R T I DhRERT FUB0E T At

S 3CH

[1] FAHAD S,BAJWA A A,NAZIR U, et al. Crop production un-
der drought and heat stress: Plant responses and management op-
tions[J]. Frontiers in Plant Science,2017,8:1147.

[2] HUSS,DING Y F. Sensitivity and responses of chloroplasts to
heat stress in plants[J].Frontiers in Plant Science,2020, 11:375.

[3] EULGEM T,RUSHTON P J,ROBATZEK S, et al. The WRKY
super family of plant transcription factors[J]. Trends Plant Sci-
ence,2000,5(5):199-206.

[4] JIANGJJ,MA S H,YEN H,et al. WRKY transcription factors
in plant responses to stresses[J]. Journal of Integrative Plant Bi-
ology,2017,59(2):86-101.

[S] LEEHY,CHAJY,CHOIC H,etal.Rice WRKYII plays a role
in pathogen defense and drought tolerance[J]. Rice, 2018, 11
(5):12.

[6] ZHANG J, PENG Y L, GUO Z J. Constitutive expression of
pathogen- inducible OsWRKY31 enhances disease resistance
and affects root growth and auxin response in transgenic rice
plants[J]. Cell Research,2008,18(4):508-521.

[77 WU X L,SHIROTO Y, KISHITANI S, et al. Enhanced heat and
drought tolerance in transgenic rice seedlings overexpressing

OsWRKY1l under the control of HSPI10! promoter[J]. Plant
Cell Reports,2009,28(1):21-30.

« 57 -



X ISR 5T th

L

37 %

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

TANG R M, GUPTA S K, NIU S Y, et al. Transcriptome analy-
sis of heat stress response genes in potato leaves[J]. Molecular
Biology Reports,2020,47(6),4311-4321.

FLAGAF . w38 TR ST 26 SR K W IR ) AR B R R
WRKY 5:[R[1 5 FE[D] . ARM « 48 R AR5, 2017

DANG F F, WANG Y N, YU L, et al. CaWRKY40, a WRKY
protein of pepper, plays an important role in the regulation of
tolerance to heat stress and resistance to Ralstonia sola-
nacearum infection[J]. Plant Cell and Environment, 2013, 36
(4):757-774.

LI S J, FU Q T, CHEN L G, et al. Arabidopsis thaliana
WRKY25, WRKY26, and WRKY33 coordinate induction of
plant thermotolerance[J]. Planta,2011,233(6) : 1237-1252.

LI S J,ZHOU X, CHEN L G, et al. Functional characterization
of Arabidopsis thaliana WRKY39 in heat stress[J]. Molecular
and Cells,2010,29(5):475-483.

LEVY D, VEILLEUX R E. Adaptation of potato to high temper-
atures and salinity-a review[J]. American Journal of Potato Re-
search,2007,84(6) :487-506.

MONNEVEUX P, RAMIREZ D A, PINO M T. Drought toler-
ance in potato (S. tuberosum L. ) : Can we learn from drought
tolerance research in cereals?[J]. Plant Science, 2013, 205:
76-86.

RYKACZEWSKA K. The effect of high temperature occurring
in subsequent stages of plant development on potato yield and
tuber physiological defects[J]. American Journal of Potato Re-
search,2015,92(3):339-349.

TANG R M, NIU S Y, ZHANG G D, et al. Physiological and
growth responses of potato cultivars to heat stress[J]. Botany,
2018,96(12):897-912.

ZHANG G D, TANG R M, NIU S Y, et al. Heat-stress-induced

« 58 -

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

sprouting and differential gene expression in growing potato tu-
bers: Comparative transcriptomics with that induced by posthar-
vest sprouting[J]. Horticulture Research,2021,8(1):226.

ZHANG G D, JIN X, LI X B et al. Genome-wide identification
of PEBP gene family members in potato, their phylogenetic rela-
tionships, and expression patterns under heat stress[J]. Molecu-
lar Biology Reports,2022,49(6) :4683-4697 .

LIS J,FU Q T, HUANG W D, et al. Functional analysis of an
Arabidopsis transcription factor WRKY25 in heat stress[J]. Plant
Cell Reports;2009,28(4) :683-693.

GOYAL P, DEVI R, VERMA B, et al. WRKY transcription fac-
tors : Evolution, regulation, and functional diversity in plants[J].
Protoplasma,2022,260(2) :331-348.

BEVK, FLEE IBARME, 55 SR WRKY FE KRG R F
LAk A1) AR A, 2015, 48(16) : 3221-3238.

AN VT T, ST B 55 G WRKY SRR 4 M )
5 RS HTI]. 2 T R B F,2020,18(13):4170-4181.

ZHANG Y J, WANG L J. The WRKY transcription factor super-
family: Its origin in eukaryotes and expansion in plants[J]. BMC
Evolutionary Biology,2005,5(1):1-12.

EULGEM T, SOMSSICH I E. Networks of WRKY transcription
factors in defense signaling[J]. Current Opinion in Plant Biolo-
2y,2007,10(4):366-371.

ARt AR T WRKY50 R WRKYS 1 SEEARAE P
FIDIREDE FL[D] . A M - A AR K2, 2016.

S8 AN/INZE WRKY e i R 1 IR ) v [ 20k I e s
Z3HT[D]. L RO 22,2015,

FNAE, FRG AT S I WRKY s 1) 4 3 DR 24 %
SE 5 73BT [ A A MOR 24l CEL AR R 72D, 2021, 50€6) =
759-766.



