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Abstract: Litchi (Litchi chinensis Sonn.) is one of the important economic crops in subtropical areas. However, it is
difficult to store litchi after picking and easy to browning, which is one of the biggest problems in the preservation
process. WRKY family is a common transcription factor in plants, which mainly regulates physiological processes such
as plant stress response and maturation. In order to research the effect of WRKY on the ripening and senescence process
of litchi fruit after harvest, this study took Feiziao litchi as the experimental object, and cloned LCWRKY47 gene. The
gene length was 1077 bp. The protein contains WRKY conserved domain. The secondary structure is dominated by
random curling, accounting for 65.64%, and the tertiary structure is dominated by random curling and a-helix. Through
motif analysis and multiple sequence alignment, LcWRKY47 protein was found to be a class II WRKY transcription
factor. Phylogenetic analysis showed that LCWRKY47 in litchi was closely related to DIWRKY47 in longan, which are all
classified as Sapindaceae. Subcellular localization experiments showed that LcWRKY47 protein was localized in the
nucleus. RT-qPCR analysis showed that after treatment with 2 mmol/L oxalic acid, the expression of LCWRKY47 gene in
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the peel and pulp of litchi showed the same trend, which increased first and then decreased, and the expression level of
LCWRKY47 gene in the treatment group was significantly higher than that in the control group after storage, suggesting

that this transcription factor plays a positive role in the regulation of oxalic acid in the ripening and senescence process
of litchi fruit. Overexpression of LCWRKY47 gene showed that the expression level of LCWRKYA47 in transgenic fruits
was significantly higher than that in control fruits, and the senescence process and browning of transgenic litchi was

significantly better than that in treatment group. In conclusion, LcWRKY47 transcription factor may play a regulatory

role in the senescence and browning process of litchi.

Keywords: litchi; WRKY transcription factor; gene cloning; subcellular localization; expression analysis
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ZH K% (Litchi chinensis Sonn.) &k TR 7,
BB W B S /R, AR ER AR AL KR
JFEETFhEE Y, FESAKCESR, ),
#OREAmIX, REZi, HEWE, BRFE
W, W2 KREZ, &, A “WBrEiER”
SRR, S Y R i X B A SRR e
—, WRERER O RN Bk TR
2% (e ek fe N AR R IS B, RS EOK R, W
BRACHIIE R, SRR B S RS gah ke,
AR R ZL TR ES SR e b g R AR K
K5 R EAREMA T, FH R MATN
H TP 254 A B 1 58 2 48 A0 7™ 5 5 ) 2 45 A
(AR S5 I 98 A B . BER (oxalic acid, OA ) J&—7f
T AAAER A LR, AP R bl % 2
R, HEARGE , OA AT LA 1o 2 i SR S HUm BE 1 A
PrAAALTEYE, PR R IR LA TS, A
RO AR BE 27

WRKY %% 55 PR G2 I 2 A ) vh e R i e Sk IR
Tz B 45 1 4 WRKY M SPEL T 1994
AENH S b o B A 20t 2 R 1 R TR
M, ok i 22 1) WRKY Ji PR ZE A [ 46 4 o o
MRESE MR, CERBEIT. T, ME. K
o KRR RSV 2R A R S e 0 R
B %S 4 DNIDREIX, RIEE s (40
X AHMHIX ). DNA Z5588 ., SFERAAL 5 A e r
55, N TEA R A AR, 2
BT HAr 440 WRKY 565K+, 2N WRKY
A TTIE T 60 MR ILFR IR ILA ALY DNA 254
B, I HizZ5an) N iEAA WRKYGOK 7414
W) WRKY R srai il skim, 16/
WRKY FHEHH, WRKYGQK HEIEMR TN EA
F R R A28, 4 WRKYGEK ., WRKYGMK .
WRKYGKK ., WSKYEQK =% WIKYGEN %5, —ji
M5 N2/ DAF7E 14> WRKY PRSFE5H)3, C i
N & 1 DRI CoHy(C-Xy5-C-Xap03-

H-X-H) 8% C,HC(C-X7-C-Xp3-H-X-C)!*! . 4§ #fz
WRKY %5443 () B FEE S 7 25, WRKY
BRI T 20 3 A EEW R, 1 RV REA
2 NEH CHy AR ILF I WRKY 45kg3k, T
FKURGA 1 DA CH, BIEHE ST WRKY
gk, MRWHKGEEAR 1 DNEH CH, BB
JEf WRKY 25 f 4,

KEMFFTIE, WRKY % 5K FAEm Y 09 4k
KEHPRERZEN, S5 THYZH AR
WA, BIEIT AWRKY23 R E LB, I
TaWRKY71 ¥ 4% Ff 7 8 & % i U, £ ok
ZMWRKY1L J8¥ER 2 & &1, M6 GhWRKY15
PR B 5Kk EY AR, AR
PEA R, PRI ACWRKYT5 5 i 5 K 4 R

(salicylic acid, SA B2 Hl H,0, B S 5 MM
FraE gk AU, 25 E R 3 BnWRKYAT fEfS{ it
AR Lh it sFh TR B sh B, Eghn i e
K, IR R R A s s TP

2401k, BOoki#Z WRKY F5 H F7E Y
AR L DAY S AR A Y ia v i Th ae 1S 2 b
5% A H 6 T2 A0 WRKY %5 5% R F B ot 4%
b XA LOWRKYA7 S R B 98 A DL AR GE
U, ARG LR IG AT RO A R, SR
LCWRKYA7 JEPH, AT A W15 B2 20 A 010 40
FE AL 53 A, [ Bl 52 RT-qPCR ( quantitative
real-time, PCR ) /31 LCWRK Y47 J K 75 5 Bz 1 5
P SRR, i — 2B R o Rk ik R A #
LCWRKYA7 % 55 PRI 45 R J5 70 B 2 1 1)
BE, AT WRKY %% 5% R T8 2R J5 75 A SR 5
Hr i A W) 2E D BE SR LIS IO
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TR eSS . 75K LOWRKYA7 KA Toke . WM E N, . 535 M 48 2% 51 5048 728 B S RE W) R 2027

75 R RS2, L 2 mmol/L OA VEIZ 2 10 min £
#HBCRSN AL B, LA KR 10 min S X BR4H
R BRJE BERLIE 30 A 1 40, Rl 3 A,
Gyl RE AN EESS TR ELAE 8 °C L AHX R EE
85%~90%(M I FRA T, B2 d BT IRKE, AIA
4 T HURE o 3R O 5 AR A 7E—80 C B IR vk A
MT e85 .
1.2 FHiE
1.2.1 RNA #3285 LcWRKY4A7 A A A& K %
DAZHBCR B AR R, Al R ) CTAB 35 MR 2 |
PP RNAPY B 43 51130054 5% cDNA,
i F§ NOVA 1% %% 55857 £:( All-in-One First-Strand
Synthesis MasterMix with dsDNase )#£17 cDNA Y
A1 FIH] Primer 6 £ T LOWRKYAT [ 4K
PR RIS, ES150 0 LOWRKYAT-F: 5'-
ATGTCAAGTTCTAAAATGTC-3', LCWRKY47-R:
5-CTAGTTGGTAGAGAAAGTGG-3', F 2xPhanta®
Max Master Mix (Dye plus)Ei{# ELifE1 T PCR 371,
PCR W FRJFUNT : 95 CHIAEME: 30 55 95 CALME
15, 55 Cilk 15, 72 ‘CHEf 30 s, 35 IMEHF;
5 72 "C ML 5 min, 755 LOWRKYA7 Y TF
BEHE ( open reading frame, ORF ) J¥51, PCR j=4)
283 B BEHEE I FEL VKA, B S T Omega Jis A1
)& (E.ZN.A. Gel Extraction Kit ) [ H /3
45 . alifkr=#3%$% pCE2 TA/Blunt-Zero # A
( Vazyme TA/Blunt-Zero Cloning Kit ), &5 ¥ %
WAL 2 K IGFF RS2 2 (4ERb A=), E. coli
DH5a ), BRECPHYERVE T LB ik, ik
ATAY TR (L) Beh A RART
1.2.2 LcWRKY47 B aw A Mz &5 54
F ExPASy-ProtParam ( https://web.expasy. org/
protparam ) AHTE ARG TR, SRS ARE
FEGEPAEPERT, A ExPASy-ProtScale ( https:/
web.expasy.org/protscale ) 434 & FH 1B i K,
Al I TMHMM ( https://services.healthtech.dtu.dk/
servicess TMHMM-2.0 ) fI SignalP ( https://services.
healthtech.dtu.dk/services/SignalP-6.0 ) 7341 25 [ it
1) 155 S 235 4 B A5 KT . 1) SOPMA ( hittps://
npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=np
sa%20_sopma.html ) 43T LcWRKY47 £ ) — 2%
2540, I SWISS-MODEL ( https://swissmodel.
expasy.org ) AT HIN LeWRKY47 & H ) =44,
¥ FIFHAEL MY Clustal Omega ( https:/www.
ebi.ac.uk/jdispatcher/msa/clustalo ) 17 Z ¥ 51 L
XF; M HAEL M3 MEME 5.5.0 ( https://meme-

suite.org/meme ) 73 B motif 544, H motif Zi% &
i 8; i MEGA 5 #FHIEE R Gt , FfAf
FHAR LA
123 Tz iz
(https://www.novoprolabs.com/tools/nls-signal-pred-
iction )TN 25 [ /) #% 72 132 51 ( nuclear localization
sequence, NLS ), i FH ¥ 20 N 36 B2 AVE AR 4L 1 k),
A 1 P 2 PN 2 R T Al i A T I A SE o
P AU YI IE [ 5149 F: TCTAGAATGTCAAGTT-
CTAAAATGTCAGCCC, K154 R: GGTACCG-
TTGGTAGAGAAAGTGGTGCAAGA , i 32 Xt
YIEN LcWRKY47 JEH 49 # %] pCAMBIA1300-
GFP #4K |, 42 i 35S::LcWRKYA47-GFP fill & 261k
WK, BEAFREILE GV3101 RAITH, &
ODgoo N 0.8~1.0 MIE VR, FHFEANE K
(1.5 cmx1.5 cm) 2 ¥AEEIF R P 10 min,
FHUE AR LA N R E 2R, PR
P ENEA IR ANH) MS BIARRE R I, BE7E 25 C
MR T 2d 5, BRI, fEvtdt
YR B AR TSSO E S .
1.2.4 LCWRKY47 AR ey &k Z 54 FIH Primer
5 BT LOWRKYAT JERE RS9, 4358 1E 1]
5% F: 5-CACGGCAATGGCTAACACAACC-
3, RIaGI4Y R: 5-AATGGTGCAGAAGCGGA-
GAGG-3'; WZHEH5|¥ Actin-F: 5-ACCGT-
ATGAGCAAGGAAATCACTG-3', Actin-R: 5'-TCG-
TCGTACTCACCCTTTGAAATC-3' , i FH ik 7 &
( TOLOBIO 2xQ3 SYBR qPCR Master Mix ) #1T
RT-qPCR §"#, SR 274 sk 13 H A M 2
ik, BRINESAE 3 NERE,
1.2.5 ®EAbid R AR A B 3E LCWRKY47 693 4k
BT BUEE V) IE M 51 %) F: 5'-GGATCCATGT-
CAAGTTCTAAAATGTC-3', X 5[4 R. 5~
GAATTCCTAGTTGGTAGAGAAAGTGG-3' ., [iff
Yifis k. BifBamH 1 ( GGATCC ), Fiif EcoR
I (GAATTC ), i XY R 1 1) LeWRK Y47
i i 5 #9 #2 3] pGreenll 62-SK #44 |, 74 SK-
LCWRK Y47 F1%5 SK A AL B AAT I GV3101, H
s AR XTI . 2% GONG %P7k,
FEiEAT — ek, 7ERSZEIMNE TS 1| mL &
YU, SR JE W ST 1 7 BOR SEAE AR L W s s
120 20 min, Xz BURSIHE TR Y, BEE R R G
75 BRI E T (25+1)°C . AHXHEE N 85%~

F|H Novopro Bioscience
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FKEFTEURE , 3 3 RT-qPCR {0 52 X6} 1oy 5 A A 8 3k
i, RRRIMERA 3ANEE
1.3 HiEAIE

fii ] Office 2021 B A7 8 gt it 5115,
it SPSS 22.0 oMt 22 5 w3 M (1IBM
Corp, £ ), KH Duncan 73 Hy Lt 25 R
B E M (P<0.05), ffi ] GraphPad Prism 8 {4 %}
LCWRK Y47 JE R AR X 325 S iE TR .

2 HBHR5HH
21 LCWRKY47 EFEMREREREEANEN
ety

i LeWRKY4A7 4K 519 5ekE i ORF K
JEh 1077 bp ¥ 3 R Bt (Bl 1A), LCWRKY47
K Gt 358 MEEEM, X LcWRKY47 & H
ek AT W, S5 B8 LeWRKY47 &5
F RN Cies1H2620N2000525821 ,  AH XS 73 F T &
38 409.21 kDa, SEF40H 5309, HIRSEHL K
8.84; Z AR W 7 L R EE AR (Asp+Glu)
H 264, AP IEHRIEECE (ArgtLys ) N 31 1,
B A 5P IR T e R AR A 58.94, BF-YY
FEIKHEAESE—0.535, RIAFKE (B 1B), A~
e YEHEAUR 54.03, AARERM. &1, %E
FA R E AR E KB
2.2 LCWRKY47 EE&HSH

P25 B R LeWRKY47 & A h AN ETE(E
TR CE 2A), IR &I (& 2B ),
AR E . LeWRKY47 & H R BER 1L 7] fE

A
bp
2000

1000
750
500

250
100

BLR e m@ R AL, VBB B R RS T RE T RE
JE UL 22 G r s BE R AL B i (I 2C ).
LcWRKY47 £ 11 G g5 48 LA TC R fh o 3=
ditb R 65.64%, HAYHK a-B2E, & 21.79%. %E
gk 5 9.50%. B-Hr& i 3.07% (& 3A), izH]
SWISS-MODEL FEZFE /7 X 75k LcWRKY47 £
B = 4ES5 1T @B 01, K3 LeWRKY47
B0 AR S TC R S i A o- B8 (A
3B ), HZEHE TG a i Y T A SRAR— 2L
2.3 LCWRKY47 &R motif 2 K EEF 5
bt 3

e 9 N5 LcWRKYA47 6] W 1 &8 & 11
WRKY % 5 AT 9E47 motif 08T, 4558 78 motif
SERARRL, ZE T A S T S A A E Y 6 F motif;
5758 LeWRKY47 Fr & motif % H FFR 2 —21
A 2 AR, RS kAR (K 4A); 2
SRR [R) R P 51 e 25 5 B LA S R Iy 4 M 0
1 4~ WRKY Z5M5F 1 4> CoH, BUEHE ALY . |

45 RRM LeWRKY47 HHJE T4 128 WRKY

AT (4B ),
24 LCWRKY47 EHW RS H LS

PRI T REY . BEWEEY . S A RHME
YL B KR HE P 55 AR [R) ) A WRKY 35 R R i
b, 455 8K, 75k LeWRKY47 56 bk 1
B LR DIWRKY47 RAE—E, EH& LRI,
HYJEATR L BT H VRS, AR . R
178 LA SO e i 4 W 5 7 A LeWRKY47 SEZ K
A (K5 ).
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Fig. 1

Cloning of LCWRKY47 gene (A) and hydrophilicity analysis of the protein (B)
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3 LCWRKY47 ZAMZREN (A) M=ZRKEH (B)
3 Secondary structure (A) and tertiary structure (B) of LcWRKY47 protein
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Name
LcWRKY47
KAH9787049.1
AIE43878.1
AEO31517.2
KAJ4727928.1
XP_017969824.1
WRX11057.1
EO0X95465.1
XP_021281141.1
XP_021281139.1

p-value Motif locations

2.00e-262 NN NN TN
342¢-233 N N N
239e-257 N NN T

1.26e-299 HE [ N .
1.05e-299 HE [ NN e

000e+ HENN [ |HE [ EHEN W~

00cc+o N [ HE N N I |

0.00e+0 N L 1IN [ N
000e-0 HENN [ NN [ NN =N

000e+0 I [ N [ EEN BN~

Motif Symbol Motif consensus

1 CQWRKYGQKMAKGNPCPRAYYRCTMAVGCPVRKQVQRCAEDKSILITTYE
NHNHPLPPAATAMANTTSAAAAMLLSGSTTSKDGLSSSGYFPSLPYASTM
PVTQLGQRPASMVETVTAAIASDPNFTAALAAAISTIMGAPPSNSGNTIN
TLSASAPFPTITLDLTQGPNAVPFLRPPPSTATFPLPLHGYPQLLGHSMF
EMSALRIELQRLHEENRRLRSMLDQITKNYNELQGQLFMAVQKQAHGNQG

miy

KHVSVEDGTDRTSQSWGSPKSPKVEQSKNEEQVSEVPF
MSVQQFMDPRPSAALBVNEPSASDDKTQE
HRRELKFLRSGDFLRPNSGVPDRTLDDSSDHVKPTIKEMDFFSTNSQPHD

AIE43878.1
XP_021281141.1
XP_021281139.1
WRX11057.1
XP_017969824.1
EO0X95465.1
LcWRKV47
AE031517.2
KAH9787049.1
KAJ4727928.1

AIE43878.1
XP_021281141.1
XP_021281139.1
WRX11057.1
XP_017969824.1
EO0X95465.1
LcWRKV47
AE031517.2
KAH9787049.1
KAJ4727928.1

AIE43878.1
XP_021281141.1
XP_021281139.1
WRX11057.1
XP_017969824.1
EO0X95465.1
LcWRKV47
AE031517.2
KAH9787049.1
KAJ4727928.1

AIE43878.1
XP_021281141.1
XP_021281139.1
WRX11057.1
XP_017969824.1
EO0X95465.1
LcWRKV47
AE031517.2
KAH9787049.1
KAJ4727928.1

QV—SIEDGTDRTSRSNGELESPRIDQS—FHEDQVSEGF FREARYSVRARSEAPLISDGCR
HY=SVEDGTDRTSQSNGEFESPRVEQS—FHEEQVSEVEFREARYSVRARSEAPLISDGCA
HY-SVEDGTDRTSRSWGSPESPEVEQS—FNEEQVSEVEFREARYSVRARSEAFLISDGCE
HY=SVEDGTDRTSQSNGEF ESPEVEQS—FNEEQVSEVEFREARYSVEARSEAPLISDGCA
HY-SV¥EDGTDRTSOSWGSFPESPRVEQS-FNEEQVSEVPFREARYSVRARSEAFLISDGCE
HY-SVEDGTDRTSRSWGSFESPREVERS—KNEEQVSEVEFREARYSVRARSEAFLISDGCR
QV-SHEDGGDATSRSWGEF RSP EVIQMENEEQGE DO VE FREARYSVEARSEAPLISDGCA
QY¥-SNEDGGDOTSQSNGSFRSFPEVDEMENEEQGE DOVE YREARVEVEARSEAPLISTIGCQ
QVSHSEDG-AETSQENGEF ESPELIHQF ENDEQVSEVE FREARYSVEARSEAPLISDGCR
QAFNEEDGGDRTSQSNGEF RSP NLDQ—AFNEEQASEAF FREARYVSVEARSEAPLITDGCA
Do hlk kRRRRRR KK DD DD kbbb Rk

WREY GREMARGHFCFRAYYRCTMAVGCF VRERVRARCADDESILITTYEGHHNHF LEF AAT
WREY GREMAKGHP CPRAY YRCTMAVGC P VRERVARCSEDESILITTYEGHHNHF LPF AAT
WREY GREMAKGHPCPRAY YRCTMAVGC P VRERVARCSEDESILITTYEGHHNHF LEF AAT
WREY GREMAKGHPCPRAY YRCTMAVGC P VRERVARCAEDESILITTYEGHHNHP LEF AAT
WREY GREMAKGHP CPRAY YRCTMAVGC P VRERVARCAEDESILITTYEGHHNHP LPF AAT
WREY GREMAKGHF CPRAY YRCTMAVGC P VRERVRARCAEDESILITTYEGHHNHP LPF AAT
WREY GREMAKGHP CPRAY YRCTMAVGCFVRERVARCAEDRTILITTYEGHHNHF LPF AAT
WREY GREMAKGHP CPRAY YRCTMAVGC P VRERVARCAEDRTILITTYEGHHNHF LFF AAT
WREY GREMARGHF CPRAYYRCTMAVGCFVRERVARCAEDRTILITTYEGHHNHF LFF AAT
WREY GREMAKGHPCPRAY YRCTMAVGC P VRERVARCAEDRTILITTYEGHHNHF LPF AAT
WRKY %5438, WRKY domain
AMAHT TS AAAAMLI SGETRSEDGLE TSAYYPSLP Y ASSMATIS ASAPFFTITLDLTAGER
ANAHT TS AR SGETTSKDGLESSGYFPSLPYGETMATLS ASAPFFTITLDLTAGER
AMAHT TS AR SGETTSRDGLESSGYFPSLPYGETMATLS ASAPFFTITLDLTAGER
AMAHT TS AR SGETTSEDGLESSGYFPSLPYGETMATLS ASAPFFTITLDLTAGER
AMAHT TS AR SGETTSKDGLESSGYFPSLPYGETMATLS ASAPFFTITLDLTAGEN
AMAHT TS AR SGETTSEDGLESSGYFPSLPYGSTMATLS ASAPFFTITLDLTAGER
AMAHT TS AAASMLI SGETTSEDTLT SSGFFHSME Y ASTMATLS ASAPFFTITLDLTHHE R
AMAHT TS AR ML I SGETTSRDTLT S SGFFHEMP Y ASTMAT LS ASAPFPTITLDLTHHEN
AMAHT TS AR SGESTSEDGLT SSGFFHSVEFASTMATLS ASAPFFTITLDLTASER
YHAHT TS AL SGETTSKDALTSSGFFPSVPFASTMATLS ASAPFFTITLDLTATER
CRRRRRRRRE OO RRE K DR R DR DK DR | ok

AVQLLRFPPSAASFPLFLHGYFPLLGHFMFGFPELSTAST AMALGERF ASMVET VT AATA
AVPFLEFFPSTATFPLFLAGYPQLLGHSNFSFTRLS—ALFVTOLGORF ASNVITVTAATA
AVPFLEFFPSTATFPLPLAGYPQLLGHSNFSFTELS—ALFVTQLGORF ASNVITVTAATA
AVPFFRFFPSTATFPLPLAGYPALLGHSMFSFTRLS—ALFYTQLGARF ASMVITVTAATA
AVPFFRPFPSTATFPLPLAGYPQLLGHSMFSFTRELS—ALFVTOLGORF ASNVITVTAATA
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FMQFLRGPSSSSTFPLPLHGY PALLE—YGF A—AG-MF NHMILGORHASMVET VT AATT
FMQFLESFSSFATFPLFLHGCAPLLRAFTY AP R—QP—AVPHVOLGORHASMVET VT AATT
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Fig. 4 Motif analysis of LcWRKY47 protein (A) and homologous sequence alignment with other species (B)
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