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[ Abstract ] Objective: To identify WRKY genes from the transcriptome dataset of Prunella vulgaris by
bioinformatics method, and analyze the protein characteristics and expression level of these genes. Method:
WRKY transcription factor were identified from the P. vulgaris transcriptome database, their motif, physical and
chemical properties, functional annotations, family evolution and expression patterns were analyzed, and their
functions were predicted. Result: A total of 23 WRKY transcription factors were identified from P. vulgaris in
this study by computational prediction method.Structural analysis found that WRKY proteins contained a highly
conserved motif WRKYGQK. Phylogenetic analysis of WRKYs together with the homologous genes from
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Arabidopsis thaliana could be divided into two groups(group I -1 ). There were 7 members in group I ,and
16 members in group II , group II was subdivided into five subgroups, namely group II b (3 members), Il c(5
members), Il d(3 members), Il (5 members). The physical and chemical properties of WRKY protein showed
that the amino acid number was between 85 and 599, the molecular weight was between 9 527.5-66 438.45 Da,
the theoretical isoelectric point was between 5.01-9.83. Among them, c13719. graph_c0, ¢32199. graph _c0,
c24547. graph c0, c37881.graph _c0 may play a role in the regulation of secondary metabolitessynthesis of P.
vulgaris. And ¢32199. graph c0, ¢26537. graph_c0, ¢23728. graph_c0 may has an effect in identifying and
defensing pathogens in P. vulgaris. The transcriptional profiles of these 23 WRKY genes in various tissues were
investigated using transcriptome dataset. The results showed that the expression level of WRKY genes varied
significantly in different tissues. Conclusion: This study identifies the organization and transcriptional profiles

of PmMWRKY genes for the first time, so as to provide the helpful information for further studies of functions of

WRKYs.
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Table 1 Physicochemical properties of WRKY family proteins
JEH D krmp  AEREC i semm mes At Sl
" oy B HEMREE TCHLI A

¢13719.graph_c0 1326 441 48 453.02 7.90 21 o A% 20.63 8.84 21.77 48.75
¢32199.graph_c0 711 236 26 888.00 6.11 41 A% 17.80 6.36 13.56 62.29
¢35602.graph_c0 1245 414 45 365.92 6.54 21 it A% 15.46 9.42 23.43 51.69
¢37881.graph_c0 1 800 599 66 438.45 6.95 21 it A% 22.70 8.18 15.69 53.42
¢39396.graph_c0 1461 486 53 012.05 6.58 4 A% 22.43 9.05 17.9 50.62
¢41028.graph_c0 1539 512 55224.84 8.62 21 Jfd A% 23.05 8.79 17.97 50.20
¢35845.graph_c0 1458 485 53300.94 8.31 21 Jfa A% 27.84 6.60 17.73 47.84
€26537.graph_c0 639 212 23 160.31 5.01 4 A% 27.83 9.43 9.43 53.30
¢16807.graph_c0 1506 501 54 768.11 5.63 i B % 38.92 6.19 12.57 42.32
¢23728.graph_c0 888 295 32737.33 7.57 2 Jfd A% 29.49 8.14 13.56 48.81
¢27218.graph_c0 285 85 9527.59 8.88 2 Jfa 5 21.18 4.71 17.65 56.47
€29443.graph_cl 714 237 26 526.46 5.94 2 Jfd A% 31.65 5.06 13.92 49.37
30404.graph_c0 1533 510 55671.39 5.96 2 Jfd A% 28.04 9.22 15.69 47.06
¢34543.graph_c0 879 292 32 692.17 5.42 i A% 29.45 5.14 12.67 52.74
¢34908.graph_c0 792 263 28 799.82 5.53 i A% 15.21 6.46 19.77 58.56
¢38622.graph_c0 1518 505 54 266.92 6.77 21 A% 35.84 6.93 15.64 41.58
¢33295.graph_c0 1260 419 46 002.61 5.76 2 i A% 29.83 6.92 10.74 52.51
¢26607.graph_c0 546 181 20 748.33 9.36 2 Jf A% 33.15 7.73 13.81 45.30
c18177.graph_c0 531 176 20531.16 7.77 2 A% 38.07 10.80 12.50 38.64
¢24547.graph_c0 669 222 25 381.00 7.69 2 it A% 13.51 10.36 29.73 46.40
¢27471.graph_c0 1038 345 37 494.63 9.83 2 A% 22.03 9.28 21.45 47.25
¢33932.graph_c0 630 209 23 364.27 9.80 2 A% 19.14 6.70 20.10 54.07
¢36979.graph_c0 993 330 35940.91 9.68 2 A% 26.67 6.97 12.42 53.94
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Fig. 4 Phylogenetic analysis of WRKY protein in P. vulgaris and Arabidopsis thaliana(type I)
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Table 2 Prediction of biological function of P. vulgaris WRKY family
T AL BLAST 4} AR B
1D o T) Bl

A RBIEH e RERED e O R
c13719.graph_c0  AtWRKY44 87  AKA27921.1 72 HS LR P T R A A AR5 2. DU DR T B 3 W aa R A L
¢32199.graph_c0 AtWRKY33 60  XP_011077504.1 66 2k 1A WRRIT R M7= 4 ;2. 0% T B #br i
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B A8 B2 s A W e A7 B0 R AR Mok R L i
MAPK 243k 2 i A5 = 38 #5300 WRKY29, WRKY25
SR Ik HEIN 2 5 00 5 4l R RE P AR SR T
W) 1E 2 ) Ca®, flg22, elf18 %5 4F H i, WRK Y25,
WRKY33 il WRKY22, WRKY29 3 [7] 2 5 [ 18 #H
O R Y 5 o KA HE ¢32199.graph_c0,
¢26537. graph_c0, c23728. graph_c0 43 %l T # g I+
AtWRKY33, AtWRKY22 # L 1 % &5 B it , ¥ Il
c32199.graph c0,c26537.graph c0,c23728.graph c0
A5 5L TR 4 B B 1 RTRE AE RG R A A U R
bR EEEM .

2.7 E AR WRKY B K R A 5 H7 3 ] TBtools
B2 ) Bk H WRKY %% 57 PR 7 SR A 25 Fnmt
By FE R R GR K . R R, B A B WRKY
SRR A 3R AL L qa] R BRI O R, S
ZENAZ e, WL 6, B R WRKY 4% 5% [H 145 41 21
kR EK N 3K, Hh ¢33295.graph_c0, c18177.
graph_c0, ¢26607.graph_c0 3t 3 4~ & 4l 5 WRKY #%
SR AR R A A R R R R GRS AT
c30404. graph c0, ¢27218. graph c0, ¢26537.
graph_c0, c24547.graph_c0 3t 4 /> 3 4 B WRKY #%
s IR 55 TR 25 v e I, e R AR i b i o AR A
FORBE BT AR WRKY B 5t N 71 H 22 R
Tl R AR 2 SRR AL Y Gk R I B A 4 2R
S

III[18 19]

I
E R =

T I [ 35602 graph_co
) I 23728 graph_c0 I 35

A N 1028 .graph_cO 3.0
gl ___ 35845 graph_c0 25
- [ c33932.graph_co 2.0
e 0 c13719.graph_c0
1.5
32199 graph_c0

[— |
— [ I I :34308 graph_cO l1-0

___ ©29443 graph_c1 0.5
[ I I 16807 graph_cO 0.0
___ 39396 graph_c0
34543 graph_c0
__- 36979 graph_c0
— [ I N 38622 graph_co
|~ I I I, o graph_c0
" [ I I 27471 graph_c0
“ ©33295 araph_c0
18177 graph_c0
___ 26607 graph_c0
_

30404 graph_c0

It
Iz

- 27218 graph_c0

J___ 26537 graph_c0
—— I N N 24547 graph_cO
E 35 -

E6 EMEWRKYHEZRETERERIEAE
Fig. 6 Gene expression heatmap of P. vulgaris WRKY transcrip-

tion factors

3 iFit
SR FAE R E R 25 6, S 0 = aE 2k
T3 12 245 R ¢ I 288 45 A 80 43 280 e I AR AR = L 2
FAEH iz i K K. HIEh T A LAEE
i 5 A B IE AN 58 3%, FLEF AR A AR R . AR
I, FEHY AP A KON AN 32 39 B0 e B IR L S5 A= 1)
JipaE T L SZ B s AR R T RAE R AR Y a0
M, S BOH 7 AR . AR K, Bl A BT R BT TR
A, BT OET WRKY ¥ 5% B 76 A1 49 A= W ik 3 DA K
Ak A= Wy 10 38 5 AR © S B B PR g E .
A G E A WRKY # 5 R 506 1 A= W) 27 D g
JHCOGT YR A= AR 3 A 45 AL R D7 T 5 A R D G
A5 30 2ok 425 4 A0 A R SR B I L AR T
23 5 ERG R WRKY A, I %) e 4 5 2 (1 64T T 2R
AV BT TN L A3 BT 81 L A AR 43 A 4L O
g5 4 SCHRk o A T TR R 28 L B S A W B R T
- 151 -



5526 B4 20 ] HEXBAFZRS Vol. 26, No. 20
2020410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2020

WRKY 5 A #9 J) g , & 30 5 i B ¢13719.graph_c0,
c32199.graph _c0,c24547.graph_c0,c37881.graph c0
S WRKY #% 5 X 7 ] B 78 I 42 ok A = ) &
By T K ¥ — 2 WA 5 ¢32199.graph_c0, ¢26537.
graph_c0,c23728.graph_c0 &5 5t [H 4% 1% 2E 11 ] BE7E
SR R T TR 94 TRl A B A v R 3 AR T Xk
— P IR E A FL WRKY % 5 F - 5 5 s X 1 D) g
BEE HEAl , At Sk BRG g N TR AR B AR A R A
LR T —E IR A . A2, T WRKY 4% 5%
PR GR35 Ry W R, AS T e P A e 2 s 20 B4
PEAAL & 1 25 CREEFIM R = AN G, A K
ARG, DA R 5 AR e B R A K B, PR
R R A TR A BB DRLEAS BB 425 90 Y 4 Y A
B WRKY ¥ 3 N7, A 8 2 188 WRKY JE A
i1 unigene { A #843 F 41 . TEJS SE Y WF T, AT LR
H PacBio .nanopore & 55 2k 5 U 1) B AR F B O 58
S 118 2 S 20 KA P S TR A 80 I

(&% 3xk]

[1] 3, #EA . MY WRKY 7 SEH 7 oF sk 1],
AR, 2018,53(6) :5-8.

(2] BUE,#X)E, W2 . WRKY 7% 56 B 7 (19 55 5 41 7K
SEWRFEHUIRT ). AW HoR 4, 2015,31(11):9-17.

[3] &, mbeid, REEL, % MY WRKY 5 3t 5%
iR S TR 470 AH DG Ty R A T 9 08 JR (). il 0y 3t 4% % IR
24 ,2011,12(1):80-85.

(4] MBS, AR . WRKY % s PR 5 1 18] 4 AL 400 3 355
fraam (7). AR B, 2016,32(10) : 66-76.

(5] 28, M FY b 30 BE SR A DG HY WRKY % 5%
R wF o8 dF J (1], A A4, 2011, 31(11) £ 3223-
3231.

[6] MA D M, PU G B, LEI C Y, et al. Isolation
andcharacterization of AaWRKY 1, an Artemisia annua
transcriptionfactor that regulates the amorpha-4, 11-
diene synthase gene, akey gene of Artemisinin
biosynthesis [ J]. Plant Cell Physiol, 2009, 50 (12) :
2146-2161.

[ 7] GRUNEWALD W, SMET I D, LEWIS D R, et al.

WRKY23  assists auxin

Transcription  factor

distribution patterns during Arabidopsisroot

development control on flavonol
biosynthesis [J]. Proc Natl Acad Sci USA, 2012, 109

(5):1554-1559.

through local

- 152 -

[8]

[9]

[10]

[12]

[14]

[15]

[16]

[18]

BI7 MR, B AR AL B B AR AT ]
rp [ S5 7 R 2R 4R AR, 2011, 17(24) :270-273.

WRAE Bt , 2 R0, BRAR 40, 45 . B2 Ak 5 b AR s 600 )
GRS VAN S I G o A AR ES I RIS
2018,43(23):4665-4671.

MAO G,MENG X, LIU Y, et al. Phosphorylation of a
WRKY transcription factor by two pathogen-
responsive MAPKs drives phytoalexin biosynthesis in
Arabidopsis[J]. Plant Cell,2011,23(4):1639-1653.

LI W, TIAN Z, YU D. WRKYI13 acts in stem
development in Arabidopsis thaliana [J]. Plant Sci,
2015,236:205-213.

APUYA N R, PARK J H, ZHANG L, et al
Enhancement of alkaloid production in opium and
California poppy by transactivation using heterologous
regulatory factors[J]. Plant Biotechnol J, 2008,6(2) :
160-175

ZHENG Z,QAMAR S A, CHEN Z, et al. Arabidopsis
WRKY33 transcription factor is required for resistance
to necrotrophic fungal pathogens[J]. Plant J, 2006, 48
(4):592-605.

ASAI T, TENA G, PLOTNIKOVA J, et al. MAP
kinase signalling cascade in Arabidopsis innate
immunity[ J]. Nature,2002,415(6875) :977-983.
ZHOU X, JIANG Y, YU D. WRKY22 transcription
factor mediates dark-induced leaf senescence in
Arabidopsis[J]. Mol Cells,2011,31(4):303-313.
PATHAK R K, GIRI P, TAJ G, et al. Molecular
modeling and docking approach to predict the potential
interacting partners involved in various biological
processes of MAPK with downstream WRKY
transcription factor family in Arabidopsis thalianalJ].
Int J Comput Bioinf Silico Model,2013,2:262-268.
ZHANG J, SHAO F, L1 Y, et al. A Pseudomonas
syringae effector inactivates MAPKs to suppress
PAMP-induced immunity in plants [J]. Cell Host
Microbe,2007,1(3):175-185.

SCHWESSINGER B, ZIPFEL C. News from the
frontline: recent insights into PAMP-triggered
immunity in plants[J]. Curr Opin Plant Biol, 2008, 11
(4):389-395.

LT B, MENG X, SHAN L, et al. Transcriptional
regulation of pattern-triggered immunity in plants[J].
Cell Host Microbe,2016,19(5):641-650.

[RERE MEM]



