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Bioinformatics Analysis of WRKY Transcripition Factor Family

in Toxicodendron vernicifluum

XIAO Ji-yuan, BAI Hang-yu,SONG Jin-lu,ZHANG Zhi-wen,ZHAO Ai-guo,LIU Chao-bin”
(College of Forestry , Northwest A& F University sYangling 712100, Shaanzi ,China)

Abstract: As an ancient non-timber tree species in China, Toxicodendron vernicifluum trees have great eco-
nomic value. In order to explore the role of WRKY transcription factors in the growth and development of
T. vernici fluum tree and the resistance to stress,taking the sequencing results of the tree transcriptome as
experimental materials, through the analysis of conserved domain and multi sequence alignment,a total of
20 genes with WRKY conserved domain were screened. According to the structural characteristics of
WRKY ,the screened genes were divided into three groups,of which group I could be divided into five
subgroups according to the analysis of conserved motif. By constructing the phylogenetic tree of T. vernic-
ifluum and Arabidopsis WRKY gene family,the homology of WRKY gene was analyzed,and its function
was predicted according to the homologous with Arabidopsis. At the same time, differential expression of
T. vernici fluum WRKY transcription factors in different tissues was analyzed. The expression levels of
TvWRKY2,11,14,16,17,19,8 and 15 were up-regulated in the root. The study conducts a systematic
bioinformatics analysis of T. vernici fluum WREKY transcription factor family, which provides a reference
for further analysis of specific WRKY functions,and laid a theoretical foundation for the follow-up in-depth
study of the structure and function of WRKY protein.
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Table 1  Physicochemical properties of WRKY protein in lacquer trees

3 [N 24 F P 1D STE o A BRI AR AL g ARER L i W7 2 2k KM
TovWRKY1 PB_c0_gl16819 49.61 453 7.17 59.16 50. 99 —0.873
TovWRKY?2 PB_c0_g16400 66.63 618 5.85 46. 04 59.69 —0.701
ToWRKY3 PB_c0_g16922 62. 20 572 6.39 48.97 60. 02 —0.721
TvWRKY4 PB_c0_gl17068 55.03 503 5.81 47.29 60.93 —0.978
TvWRKY5 PB_c0_g17290 57.18 525 8.54 58. 95 49.79 —0.895
TvWRKY6 PB_c0_g200 37.28 331 9.81 62.01 60. 94 —0.756
TvWRKY7 PB_c0_g234 52.93 485 5.51 64.93 61.51 —0.877
TvWRKYS PB_c0_g2827 41. 65 369 5.29 51.78 63. 39 —0.706
TvWRKY9 PB_c0_g2845 23.40 203 10. 54 65. 86 69.21 —0.667
ToWRKY10 PB_c0_g2868 36. 89 328 8.58 62.77 48.17 —1.037
ToWRKY11 PB_c0_g4275 38.23 348 5.80 49. 46 50. 69 —0.72
TuvWRKY12 PB_c0_g4742 39. 81 363 9.53 46. 92 65. 81 —0.662
TvWRKY13 PB_c0_g4752 37.16 340 9.42 47.15 58.79 —0.592
TovWRKY14 PB_c0_g4803 39.28 358 9.35 50. 97 65.61 —0.512
TvWRKY15 PB_c0_g6207 35. 46 311 5. 80 56. 25 68. 36 —0.782
TvWRKY16 PB_c0_g6251 36.74 324 6.24 57.40 68. 27 —0.798
TovWRKY17 PB_c0_g6257 34.82 312 6.92 59.62 64.04 —0.745
ToWRKY18 PB_c0_g6453 32.98 297 6.26 59.59 60.07 —0.698
ToWRKY19 PB_c0_g6910 30. 20 264 4. 74 54,05 56. 06 —0. 980
TvWRKY20 PB_c0_g937 38.97 348 9.72 55.23 67.21 —0.771
* 620 *
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Fig. 1 Conserved domain analysis of WRKY protein c-terminal
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Fig. 7 Differential expression of WRKY gene in Sumac
3 GibL b

3.1 &ig

AHIE 5T A Y BT IR WRKY
RN TR, RREERK KT BEH . ToWRKY3
M ToWRKYS5 Al BETE R M A F il A B B k48 T &
FAE L, ToWRKYS Fl ToWRKY 14 A fE 78 % b4 it
AR M A K i T AR, AT 0 o A BRI
AR R O LR R I A K . WRKY A
TR A K R T P Bt h g G T, —
ELEDF T ISR R (AR TR B R R A A
T 5% 76 5 PR K OF b b L R T A 5%, Ry I B2 R AR 5T
WRKY HHMEH 5O RE28 ¢ 1 5l . AW 5EXF
T HE TS5 0 DA R Y €8 R o A5 A DG T 58 A IR
A KT BB WRKY # 5% R 52 5 A S H Al 7 5 A
TRIGR A TFE— D IRE,
3.2 itig

A 5 30 a7 S 5 5 AR AT 0 W S A K L
BW WRKY KGR AW %40, 5/ I
WRKY ¥ 5% H T XF ] L& B, WRKY 3 [F 7 i
feid 2 h R W Y ok L RSB R EEYY . %
B WRKY J i 3 % 5 3t 20 % WRKY 3 ¥
G, XPER WRKY 4t 8% 8 1 3846 vk 5T 43 A, 20 A~
WRK'Y & K 4 fi5h 1) 25 11 K /NASGE  fie KA 2t 5 26 1

TN 66. 63Da, Hi 618 & FLBR M K. 20 4
TvMRKY Hie 45 L sy [l o 4. 74 3] 10. 54, Ui W
AR F) WRKY 2 FEA A ) ORI T & T A
FIENEE. 20 MW WRKY & H ¥ AR T 5 E vk
M. i EAY K EEN. EOTENREOK
PR AE 60, ARR E PR . W WRKY K15 1
8 WRKY 80— 514328, 11 41 3k PR A0 1T 43 A
PR 4K N T 21 43 Ak i o . 3l 2 X 3 W 5 400 R JF
WRKY & [ [\ 4 B . #0078 A 9 by 3, 25 A
ToWRKY9 Fl ToWRKYS 5 4= ¥ i 38 1F FH A ¢,
ToWRKY9 Al G825 1 X S B AL 9% 8 (TMV) 1)
B A g i T2 i ToWRK Y8 1] fE 358 T #
R 20 T BRSO T e e A e A o
I Ry ToWRKYS AE AT 68 5 - 8 2 41 1
B A X, T-a hE R ToWRKY17
Z 53|k R AR F i &b R foE st 1-b
3N ToWRKY2 7E KRB 3R 55 F 2 45 fu il #.
Il -d P ToWRKY 14 W] 622 5% 3 M
w0 e g E P ToWRKY11 7E 6% 50 £ A
JE S A R R R G R A IR T A S
ToWRKYS 5 A:tWRKY46 H #& [ ¥ ¥, Ar-
WRKY46 1E A5 Y T 5 936 v 78 24 70 08 45 71
ALY K & F B &, ToWRKY3 Al ToWRKYS
AIRES 5 28 N AT 8 R . ToWRKY2 5 Ar-
WRKY6 AR B, e 5y Exa
K ToWRK Y14 HA R Y F B KA T g,
AtWRKY12 25 Y45 A BB Uk 9 40 M BE 1) I8 1, B
K ToWRKY18 ] g 5 H A7 ¢, Iii ToWRKY8 5
AtWRKY46 EA [RIEE, AT REZm B8R LT .

FEEM WRKY JEH Rk b b, 458 T
VRN [ 07 3k DR 3 5k 25 S FE R A I b op L S
ToWRKY2,11,14,16.,17,19.8,15 F£iA/KF EiH;
W R ToWRKY13,18.6.9.10 £ik/KF Fi#;
TEER 2L, 5L ToWRKY3 ik K Pk, Hh
FER R IR KB, R B b, ToWRK Y 20
FE L3R A AU A R R T B R R R B T A AR R
S L RIE S BIEE I WRKY 28 (4 7] T 4 47, 3
MFEE ToWRKY20 Al 62 53] T T 5 W if i i f;
220 B ToWRK Y20 1] g2 T 5 3 3 5% F
VEPER IR IE N, 52 SRS S i B P 0K L W 2R &
TR 5B T R0 A AR T e BT

Sk

C10 M, B R L, A5 vl 1 2 ) 08 U5 AR 7=
Hir [T ], A MO S, 2013,26(2) £ 65-69.
ZHANG P,LIAO S,CUI K,et al. Resources and species of Toxi-



118

T b bk B 27 4l

38 &

(2]
[3]

[4]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

codendron and its industry development prospects in Chinal J].
World Forestry Research,2013,26(2) :65-69. (in Chinese)
AR R 2R KU 2 LT, A A R, 2018, 37(3) 1 45-48.
WANI S H, ANAND S,SINGH B.,et al. WRKY transcription
factors and plant defense responses: latest discoveries and fu-
ture prospects[ ] ]. Plant Cell Reports.2021,40(7) :1071-1085.
LIANG M,JIANG J. Analysis of carotenogenic genes promot-
ers and WRKY transcription factors in response to salt stress
in Dunaliella bardawil[]]. Scientific Reports,2017,7(1).
ZB AL FE RS, @SR WRKY Fe 5% W 5% 1 1k
K REir et e [T, i FE 41, 2018, 39(2) : 405-414.
LI Z, HUA X T,ZHANG ] S. Evolution and gene function of
WRKY transcription factor families in higher plants[ ]J]. Chinese
Journal of Tropical Crops,2018,39(2):405-414. (in Chinese)
Fe Wl 2540, 25 1. /7 B E WRKY 3 B 5205 4 W0 15 B2 4 it
(I P ik ,2022,42(2) 1 267-276.
FE7KHE £ R WA 55 MY WRKY ¥ 3¢ 8 7 45, 43
2 I AIIRELT 1. AR AE P HOR 4R, 2021,29(1) :105-124.
REN Y J,WANG D J,SU Y C,et al. Structure, classification,
evolution and function of plant WRKY transcription factors
[J]. Journal of Agricultural Biotechnology,2021,29(1):105-
124. (in Chinese)
WANG N.XU S,SUN Y.et al. The cotton WRKY transcrip-
tion factor (GhWRKY33) reduces transgenic Arabidopsis re-
sistance to drought stress[ ] ]. Scientific Reports,2019,9(1).
XU Y, SUN P, TANG X, et al. Genome-wide analysis of
WRKY transcription factors in Agquilaria sinensis (Lour.)
Gilg[]]. Scientific Reports,2020,10(1).
Broe AR 2525, £ 0K 55, JE T SHA S AL WRKY # 5t [H
TS AT ] 2 T A . 2019,17(6) :1780-1787.
CHEN L,CUI F F,WANG Y F,et al. Mining and analysis of
WRKY transcription factors in transcriptome-based Lonicera
japonica[]]. Molecular Plant Breeding, 2019, 17 (6):1780-
1787. (in Chinese)
Fehar, EREU], B EN,E KB B R A LmdCL A 5 B K
FIXAHLT]. PR MO R R 244 . 2021, 41(5) 1 122-132.
QIAO Z Q. WANG X M,CENG H J,et al. Clone and expres-
sion analysis of Lm4CL in Lonicera macranthoides Hand-
Mazz[J]. Journal of Central South University of Forestry &-
Technology,2021,41(5) :122-132. (in Chinese)
A4 RN T2 L 5L B T e SR AL A MY 4% 5t I
T % B AT L)L AL AR B 2 4, 2021, 36(1) - 108-116.
XIE D D,WANG W P,HE X G,et al. Screening and analysis
of MYB transcription factors based on transcriptome data in
Toxicodendron vernicifluum [ ]J]. Journal of Northwest For-
estry University,2021,36(1):108-116. (in Chinese)
JEL W, B BOHE L R R B WRKY 3k PR 45 R T &2
iy 368 w7 AR A A (D). I 4 A 0 2 24 41, 2019, 41 (1)
2160-2173.
ZHOU J,ZENG M Y,AN X M. Identification of populus tri-
chocarpa WRKY gene family and its’” response to drought
stress[ ] ]. Chinese Journal of Cell Biology 2019,41(11) :2160-
2173. (in Chinese)
R, B LRIR 55, AT AR MYB 5 D 05 1 % B
FRBAHEM M. EFFRDEIE.2021,39(4) :148-157.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

IRFEIR AR, 207, 45 BT 5 S A9 A% DHHC B 845
P IR G 0 e s B A T LD ). W b AR B 2 4L 2022, 37
(1):81-88.

XU JJ,ZHU Y Y, LI F,et al. Identification and analysis of zinc
finger protein family genes with DHHC-type based on the tran-
scriptome data in Camellia oleifera[]]. Journal of Northwest For-
estry University,2022,37(1) :81-88. (in Chinese)

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

CHEN C,CHEN X, HAN J,et al. Genome-wide analysis of
the WRKY gene family in the cucumber genome and tran-
scriptome-wide identification of WRKY transcription factors
that respond to biotic and abiotic stresses[ J . BMC Plant Bi-
ol. ,2020,20(1) :443.

CHEN F,HU Y, VANNOZZI A,et al. The WRKY tran-
scription factor family in model plants and crops[J]. Critical
Reviews in Plant Sciences,2017,36(5/6):311-335.

CHEN L,ZHANG L, YU D. Wounding-induced WRKYS is
involved in basal defense in Arabidopsis[]]. Mol Plant Mi-
crobe Interact,2010,23(5):558-565.

CHEN J, NOLAN T, YE H.,et al. Arabidopsis WRKY46,
WRKY54 and WRKY70 Transcription factors are involved in
brassinosteroid-regulated plant growth and drought response
[J]. The Plant Cell,2017:364-2017.

LEIR,LI X,MA Z,et al. Arabidopsis WRKY2 and WRKY34
transcription factors interact with VQ20 protein to modulate
pollen development and function[ J]. The Plant Journal: for
Cell and Molecular Biology,2017,91(6) :962-976.

YE Q.WANG H,SU T,et al. The Ubiquitin E3 ligase PRU1
regulates WRKY6 degradation to modulate Phosphate home-
ostasis in response to low-Pi stress in Arabidopsis[J]. The
Plant Cell,2018,30(5):1062-1076.

VANDERAUWERA S, VANDENBROUCKE K, INZE A, et
al. AtWRKY15 perturbation abolishes the mitochondrial
stress response that steers osmotic stress tolerance in Arabi-
dopsis[J]. Proceedings of the National Academy of Sciences.,
2012,109(49):20113-20118.

ARFRAE, P, BN, WRKY 46 5% 1 15 4 49 336 855 0 o
(T A 5 20 T A )27 4 . 2017, 33(7) - 674-680.
ZOU Y J,SHI S T, GONG X Q. The role of WRKY tran-
scription factors in biotic and abiotic stress responses in plants
[J]. Chinese Journal of Biochemistry and Molecular Biology.
2017,33(7):674-680. (in Chinese)

HE G.XU J, WANG Y, et al. Drought-responsive WRKY
transcription factor genes TaWRKY1 and TaWRKY33 from
wheat confer drought and/or heat resistance in Arabidopsis
[I]. BMC Plant Biology,2016,16(1) :1-16.

FLL R RO, SE. BBk TT1 2886 SR F M i & T 5
W J37 43 7L 1. 78 A6 PR BE 2 4R 2020, 35 (1) £ 86-93.

WANG Y, ZHANG S K,ZHAO X, et al. Identification and
expression of the TTl-like transcription factor from juglans
regia under drought stress[J]. Journal of Northwest Forestry

University,2020,35(1) :86-93. (in Chinese)



