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Abstract: Objective To screen out the WRKY transcription factors involved in the phenylpropane synthesis pathway of Forsythia
suspensa and conduct bioinformatics analysis. Methods A total of 62 WRKY gene sequences screened from F. suspensa
transcriptome data were identified. Then the correlation analysis was carried out by means of protein physical and chemical
properties and motif analysis, protein structure analysis, phylogenetic analysis, functional annotation, protein interaction analysis,
real-time fluorescence quantitative analysis after exogenous hormone treatment. Results A total of 52 WRKY transcription factors
with WRKY domain were screened. The number of amino acids of the protein encoded by WRKY transcription factor ranged from
105 to 728, and its molecular weight ranged from 12 277.95 to 80 321.99. The analysis of protein motif showed that all of them had
WRKY domains, and the phylogenetic tree was constructed with Arabidopsis WRKY transcription factors to further divide 52
WRKY transcription factors of F. suspensa into three categories; Five Forsythia WRKY transcription factors that may participate in
the phenylpropane synthesis pathway of F. suspensa were screened, and it was speculated that they may mediate the phenylpropane
synthesis pathway of F. suspensa in a way regulated by MAPK cascade reaction. Conclusion By analyzing the transcriptome
sequencing results, this study screened five transcription factors that may participate in the phenylpropane synthesis pathway of F.
suspensa WRKY from 52 transcription factors, which showed tissue-specific expression and different responses to different
concentrations of methyl jasmonate, providing a research direction for the further study of its mechanism of action.

Key words: Forsythia suspensa (Thunb.) Vahl; secondary metabolites; WRKY; transcription factor; phenylpropane synthesis pathway

Ir#SEHER: 2023-02-03

ESWB: HXAARFEEETH (U1404829); AL E KIICC I E “ 44 5t 24 BH 5 rTRRSERI e i 5T H 7 (2060302); i FEH H
AEFERSTNH (202102110156); T RGA H ZiM P RHBRRIR RO S AL TR P27 B AR A R R LI & R B

TEEEN: REBL (1998—), WiLiFsiE, FENELHEY S FAEWZEH L. E-mail: 799535911@qqg.com

*BIEEE: Els (1975—), %, WLATIN, RENFGRMYTEITN SR . Tel: (0379)6428230 E-mail: dianyun518@163.com



* 6056

¢ %% 2023698 H54% H 184 Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18

5% Forsythia suspensa (Thunb.) Vahl A B A&}
FEVETHEA, Z W ERR . WAk, (7R, Bevh,
thPaSEH XM, RSN, BATERERE.
gt BREURIAGETIRL, TRV E . IR
. EAVIE . MEABE. RIRIRSERIT. HE
RIEE, BV G, AR R 28 1)
AR, HEARFRIT . TR,
WG Z A IRAAH P R ERE R, WS I K
. BRISEN, Hop, BRI bOR A AR
FR MEMT) AR R AmEMRET) 2%
TR TR SRR S 8 AR
FAEDFIRIBAED - IS T0% IR i 2 DUAE
YR SR, V2 sk AR g, A
AR, &S, HER. BAAKRR, eier
SERIRSWIBEA Sy, R AE AR B R B
R, HERNEMEIS 551750, T2 h2iEy)
o, WERRMEYTS . GRMEE IS, HEEAE
YIS R A, CHHE R A PA L
Al B HIEERAL PP A RIE L,

FFIFRH S (methyl jasmonate, MeJA) #iiF
SRRy —Fh AR 5 T R 0 24 AR Ak P9 24 B R
SRR R R, WER AL MeJA 32 )5,
BERE TR EABLRNE RN, HAMEE
AR B T 2R PR IR 6 e R R
LG S R A A [RIRE s e (61,

WRKY  #% 53% [FFAE A B K e S TR 1
FRZ — NAFE T =5+, © 1994 4 Ishiguro
SO H A —ORBL WRKY #5[R 1 LK,
KHZ I WRKY 53¢ Bl 715 2 P4l 4 e A
IOUE. EIRE, WRKY #5% F 7 KIRTE 2 FE )+
Z 5 RN HAREHER, EXRAEREYIRE b2
HEMREIEN, WAZE WRKY #EHF Zo
WRKY 1M, 4] WRKY #3¢[HF Vv WRKY2[
A Vv WRKY26[, Ef§ WRKY ¥+ Mt
WRKY 100630 1 Mt WRKY 108715113112 5 iz
KBRS E, (BT R WARIE .

A FUAE PR R ZH 0 T R it 200 pmol/L 2K R
HHE 12 h AR A 2R (3% 0 SRS I idb AT b s i
SN At b, Jd R R R R
M BASEH N R T R & T
e 52 Fk% WRKY F3g K , thabh, ittt
Wb DhReiERE. S EAESHT. SN A3
Ja SER RO B TSR A, TRk 5 AN TRES S

IR b & UG IE R WRKY sk Hl+, I
DU H AT e DL B 22 285005 A6 2R IR Cmitogen-
activated protein kinase, MAPK) 25k [ 5 il 5 1) 77
A PR T A AT S, T I ZH 2]
RSk, EURAN AR B SRR IR 23 LR AN [R] )
MR, A — A T HAE AL B LRI 78 77 1
1 MRI5EE
11w

AFF 52 Bl FH RO 5t SR 1T i v B i P e
TEEE ML, g R % e N IER Fosuspensa
(Thunb.) Vahl,
12 {43

5415R R FE B -OHL (Eppendorf 2] ).
JY04S-3D RUEHR G i R 48 CHRHIK A 7D
SEA Pt E & PCR X (Lightcycler96, Roche /A &,
Hit) &,
2 FHE
21 SRR

7 AN, IERAKTHE L, ARG R
EERMAE AR AR BT BE AT H Y, T 7: 00 By
AT B AN R BERFTIR F I, Witk fE oy 50
200, 400 pmol/L, FRAFEMEE 10 #RiEr. FH T
ZHINFEEIARTRER 200 umol/L Wit 12 h 5 (i A
RS R R, RIS WRKY  #5 K R P4
KJET TAIR Chttps://www.arabidopsis.org/ index.jsp)
2.2 PR WRKY #RAMFES TR

WA A 7 81 R SRS 62 2% WRKY 4%
KB TR, I SR AR 2 BT B SMART
Chttp://smart.embl.de/> % {& 55 &5 M I8FEAT 704, A
F ORF Finder 7£4 43 #r (ki Chttps://www.ncbi.
nlm.nih.gov/orffinder/> 41 T 4% 35 PR 7 1) 7% 5
PHE (open reading frame, ORF), #1534 WRKY
RN FREKAERTI . s H s T
i 38 1) (1) 7% WRKY 7 536 TR 7 w21 285 (R A 4
(gene ontology, GO). HL#HFIER S5IEF A HRIM4E1
(Kyoto encyclopedia of genes and genomes, KEGG)
s AT RS 0 #r .
2.3 %E# WRKY RIEERBUMERMEREF S
EE

FIFIELE T B Expasy ProtParam tool Chttps:/
web.expasy.org/protparam/) 73 #7i%% WRKY & [ [
FAHANERT . FIH SOPMA Al signalP 5.0 X} 2
JoT 2% &5 R R AR AT B (S S IR EAT T . Gl


https://baike.baidu.com/item/%E4%B8%9D%E8%A3%82%E5%8E%9F%E6%B4%BB%E5%8C%96%E8%9B%8B%E7%99%BD%E6%BF%80%E9%85%B6/8845229?fromModule=lemma_inlink
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CELLO 7E £ TRl & 1 V.4 i % 7 . 7 Ff The MEME
Suite  5.4.1 ( https://meme-suite.org/meme/tools/
meme) TEZEHTIEM WRKY FKG &R AR, #
FREBEN 10, HASENEBRIME.
24 REHAWEIIE

M TAIR HU0E I+ Hdfs P b 2 58 B 19U g
IF WRKY #3727 41 . FIH MEGAT.0
AR E M S5 M Y WRKY B HFE AP
B BB, A Clustal W 17 £ 7 51 L% 20 #7
K 484232 (neighbor-joining, NJ) #J % & 45 i
op, WEBEZIRHCN 1000, HRpSHEFER
INE .
25 EWEAKERIEREERX WRKY #RETFI)
BESTHT

T8 o A ] SCRR R AT 5 A N B A g 48 A 96 1Y
WRKY 33 R 7L 51, 5 WRKY #5t
TR ARG, HENEM WRKY %K+ 1)
Uifie. FIH String 754 8 1 AR ECHE FEXT I 1% Hh 1Y)
B WRKY ¥ 5K 77T A BAEM 206, 1)

TS HOE R TT -
26 HERMAAAREEERX WRKY ERETH
BE

{# ] ChamQ Universal SYBR gPCR Master Mix
CR IV SR A R AR A B 28w DO LB Tt H
RIZE TR e A R A 9% WRKY B4 K 7 HEAT 90k
SE T PCR BHIE, Z-Hridft fr. et WRKY #%
SRR TR IA B A SRR H IR AN R 12 h
JE AR . DO B NART: TR 95 C.
30s, &£ 95 ‘C. 10s, Bk 60 C. 30, 40
PEFR . JRMifAZ 20 pL: 2X ChamQ Universal SYBR
gPCR Master Mix 10 uL, . F#5I#% 0.5 uL,
cDNA 1 uL, ] ddH,0 #h% 20 uL. AT 5190 L3 1.
3 H#BR55
3.1 EM WRKY & FEEFiFHik

WA S0 2 3 L S A R B R i A Y 62 4%
WRKY #3%[H 751, it ORF Tl 4 K 2 AR
K SMART e HIAR g5 p e LA 1, RIK
ORF K J#Jy 321~2304 bp, 10 %A EAEEK
WRKY S5 FE%1, 52 4 B A 5¢% ORF fl5g
WRKY 5381751 .
32 EX WRKY NiEERBHMRMER ST

R WRKY FREAHEAMR LR 2, 58
WRKY £ 2 35 R B =8 105~728, FHX 40T

#z 1 QgRT-PCR 3|
Table 1 Primers for gRT-PCR

A 1D SIS (5-37)
TRINITY_DN14046_c0_gl CCTGCCCGTGACACTAACAT
CACCTGCTTCTGCCCATACT
TRINITY_DN25488_c0_gl ATCCCGACAGAGTTCCACCG
GGTTCATCGCCTTCTGCCTC
TRINITY_DN28667_c0_gl TTTTCAGGGCTCCAGATGTC
GCTAAGCGTGTCGGTAAAGG

TGCTAGTCTACTGCCCAAGGAT
CATAGATGAAGAAGTGGGTGGC

TRINITY_DN3231_c0_gl

TRINITY_DN6456_c0_g2 CAAAGGTTCTCCTCACCCAAG
GGATCATCCAAGCATTTCTCA
UKN CAGACCAGCTTTGAGGAGTATC

GGCCAGAAACCAGTAGTCAATA

JREAT 12 277.95~80 321.99. 51.9%1) & 155
MUNT7.00, HIRAKMEREINTER, SHZEKE
EARZHEONRMY. SRKEA. RN, 82.7%ME
AR E RECKT 40, ZREEAKRZENAFE
BH. BAR REEMINEERER, % WRKY
FWRERAE o8 5E. B-H5 M TR ih ATLE fh
HE, Hod, TGRS 64.1%, fiEEM R
iR 155 ORI 40 i i Ao T 45 SRR B 52
NiEM WRKY FKiGEABVANREGESIK, HE
TRINITY_DN1857_c0 g1 ( & fir 7F M &¢ 4k ) .
TRINITY_DN9153 c0 g2 ( 3& £ 7F M 4% 1K ) |
TRINITY_DN37721_c0_g1 CGEALAEZN A 7 E] B D 4,
Hensh e gz .
33 EM WRKY #%REFIRTEHEHEE
FIFHTELE 34 MEME XHER WRKY FKiEEH
AT 0 (B 2), RILS ANMEAFHIASE 54
motif, 52 NiER WRKY EEABHEA WRKY 4514
5, (motif 1. motif 3), #—PiFsHI A WRKY
FIREH
34 EM WRKY #%REFRINEEERS T
341 GO HRPEERLRGHS 4 GO il %
RSB RER, 58 WRKY #4314 52
MEREEIG0MIZH % (cellular component, CC), 2 AN
BT IhEE (molecular function, MF), 1 ANFRH
AW (biological process, BP), LK 3.
342 KEGG ¥ FEE R 45 R4t 5 KEGG i
BT HE 4 TTUUE A 6 567 SRR R



* 6058 »

¢ %% 2023698 H54% H 184 Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18

TRINITY_DN32638_c0_g1 =
TRINITY_DN15730_c0_g1
TRINITY_DN92_c0_g1 =
TRINITY_DN130_c0_g1
TRINITY_DN31960_c0_g1
TRINITY_DN17865_c0_g1
TRINITY_DN17876_c0_g2
TRINITY_DN1015_c0_g2
TRINITY_DN10738_c0_g1
TRINITY_DN130_c0_g2
TRINITY_DN28667_c0_g1
TRINITY_DN13376_c0_g1 -
TRINITY_DN37541_c0_g1

TRINITY_DN14046_c0_g1

i

Fig. 1 Prediction of WRKY protein family domains in F. suspensa

i

TRINITY_DN5195_¢0_g2 E &

TRINITY_DN26114 c0_gl ==
TRINITY_DN7278_¢0_g2 = &

TRINITY_DN3781_c0_g1 =

)

TRINITY_DN19770_c0_g1 —=&

TRINITY_DN36133_c0_g2

-

TRINITY_DN3231.c0_g1 - {]
TRINITY_DN17876_c0_g1
TRINITY_DN25488_c0_g1 =
TRINITY_DN6456_c0_g2 e
TRINITY_DN3962_c0_g1 =&

TRINITY_DN3381_c0 g1~
TRINITY_DN9153_c0_g2 — =4

TRINITY_DN13856_c0_g1 ===}

-7
-7

-

] TRINITY_DNS2493_c0_g1 =

&

TRINITY_DN15948 c0_g1 — - &

TRINITY_DN2185_c0_g1

] TRINITY_DN9835_c0_g1

TRINITY_DN34934_c0_g1 =

TRINITY_DN11182_c0_g2

TRINITY_DN17815_c0_g1

TRINITY_DN33631_c0_gl ..

TRINITY_DN1051 c0 g1 £

TRINITY_DN53314_c0_g1
TRINITY_DN18337_c0_g1

TRINITY_DN7399_c0_g1
TRINITY_DN1857_c0_g1— -

- B

TRINITY_DN41966_C0_gl-——mseforimem

1 %M WRKY &R RiES M

#z2 EMWRKY ERBUMERS
Table 2 Analysis of physical and chemical properties of WRKY protein from F. suspensa

TRINITY_DN11067_c0_g3 e~

TRINITY_DN56780_c0_g1
TRINITY_DN5090_c0_g1

TRINITY_DN18709_c0_g3 =

TRINITY_DN37721_c0_g1 &)
TRINITY_DN9289_c0_g1 « = &

= TRINITY_DN48409_c0_g2

TRINITY_DN20171_c0_g1

TRINITY_DN49536_c0_g1

TRINITY_DN10845_c0_g1

Unigen

ORF KE/bp REMMHE Fha MUERY BHAY FATHRY

a-BBJiE/% B-55 /1% TR G % AEEE%

TRINITY_DN32638 c0_gl
TRINITY_DN15730_c0_gl
TRINITY_DN92_c0_g1
TRINITY_DN130_c0_g1
TRINITY_DN31960 c0_gl
TRINITY_DN17865_c0_gl
TRINITY_DN5195_c0_g2
TRINITY_DN26114 c0 gl
TRINITY_DN7278 c0_g2
TRINITY_DN3781_c0_gl
TRINITY_DN19770_c0_g1
TRINITY_DN36133_¢1_g2
TRINITY_DN32493_¢0_gl
TRINITY_DN15948_c0_g1
TRINITY_DN2185_c0 gl
TRINITY_DN9835_c0 gl
TRINITY_DN34934 ¢0_g1
TRINITY_DN11182_c0_g2
TRINITY_DN17876_c0_g2
TRINITY_DN1015_c1 g2
TRINITY_DN10738_c0_gl
TRINITY_DN130_c0_g2
TRINITY_DN28667_c0_gl
TRINITY_DN13376_c0_gl
TRINITY_DN3231_c0 gl
TRINITY_DN17876_c0_gl
TRINITY_DN25488_c0_g1
TRINITY_DN6456_c0_g2
TRINITY_DN3962_c0_gl
TRINITY_DN3381_c0 g1
TRINITY_DN17815_¢0_g1
TRINITY_DN33631_c0_gl
TRINITY_DN1051_c0 gl
TRINITY_DN53314_¢0_g1
TRINITY_DN18337_¢0_gl
TRINITY_DN7399 c0 gl
TRINITY DN11067 c0 g3

1047
768
1047
2187
867
903
1662
669
549
1344
519
1062
699
570
1710
429
363
807
1149
77
894
2121
1497
1173
2304
1149
1239
1038
576
417
1050
1128
582
537
906
690
369

348 6.65 4711
257 4.99 53.31
348 7.07 49.18
728 5.53 52.22
288 5.20 70.57
300 6.06 56.64
553 6.11 63.08
222 8.99 56.02
182 8.68 38.77
447 6.84 60.02
172 9.67 35.04
347 6.14 54.49
232 8.20 46.54
189 8.23 50.80
304 5.90 75.88
184 475 67.83
121 7.78 3153
268 8.63 50.40
453 6.59 56.50
265 5.44 60.70
297 7.68 69.70
706 5.82 54.56
498 6.09 50.85
146 9.30 47.02
209 8.92 48.60
397 6.00. 60.42
412 8.91 34.91
345 9.19 56.78
171 9.25 54.67
185 9.89 69.11
349 497 4775
164 9.14 66.93
193 469 52.92
179 9.54 44.36
301 5.73 58.12
233 7.67 61.55
122 9.38 33.51

59.43 -0.969
58.02 -0.605
63.05 -0.480
52.90 -0.794
44.69 -1.091
52.00 —0.964
65.37 -0.974
52.30 -0.756
47.64 -0.862
61.25 -0.615
65.06 -0.819
69.71 -0.774
51.21 -0.993
55.71 -1.028
4493 -1.043
52.34 -1.092
78.18 -0.889
63.69 —0.747
61.06 -0.935
52.72 -0.709
4431 -1.005
58.16 -0.718
65.30 -0.589
72.19 -0.224
43.35 -1.362
65.04 -0.882
62.48 -0.845
64.70 -0.775
68.95 -0.617
62.70 -0.908
63.41 -0.697
63.54 —0.552
67.15 -0.525
55.98 -0.930
56.38 -0.810
42.66 -0.959
4139 -1.133

28.45
12.06

5.75
10.99
21.18
20.00
12.84
31.98
26.37
10.51
25.00
38.90
1121
20.11

757
29.35
44.63
3172
15.45
10.19
24.92
1161
30.32
26.03

8.13
17.38
1311
22.61
33.33
15.68
20.06
15.24
18.65
30.17
27.91
20.60
22.95

— R
144 60.34
311 73.93
2.87 75.86
2.88 75.69
2.78 65.97
1.33 71.00
271 70.71
2.25 50.45
495 52.20
201 76.73
6.40 51.74
144 48.99
7.33 61.64
5.82 58.20
2.63 81.58
163 50.78
5.79 40,50
3.36 54.48
287 71.08
3.02 76.60
168 63.64
2.83 74.65
261 57.23
411 47.26
478 75.60
2.02 69.52
2.67 72.33
4.06 64.35
6.43 50.29
324 74.05
401 67.91
244 75.00
207 69.95
7.82 53.07
2.33 62.46
343 62.66
7.38 50.82

9.77
10.89
15.52
10.44
10.07

1.67
13.74
15.32
16.48
10.74
16.86
10.66
19.83
15.87

8.22

9.24

9.09
10.45
10.60
10.19

9.76

2.83

9.84
22.60
11.48
11.08
11.89

8.99

9.94

7.03

8.02

1.32

9.33

8.94

7.31
13.30
18.85
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Unigen

ORF KE/bp AERME Frhm MIEAY BWAK FATHRY

U

o-BRiE/% B-¥efni% N H/Y% IEHEE%

TRINITY _DN56780 c0_g1
TRINITY_DN5090_c0 g1

TRINITY_DN18709_¢0_g3
TRINITY_DN37721_c0_gl
TRINITY_DN37541_c0_gl
TRINITY_DN48409_c0_g2
TRINITY_DN9153 c0_g2

TRINITY_DN13886_c0_g1
TRINITY_DN1857 _c0_gl

TRINITY_DN41966_c0_g1
TRINITY_DN9289 c0 gl

TRINITY_DN14046_c0_g1
TRINITY_DN20171_c0_gl
TRINITY_DN49536_c0_g1
TRINITY DN10845 ¢0 gl

1725
1443
981
525
2187
351
579
573
1299
1002
489
1587
573
573
591

330
325
326
161
728
105
156
190
432
333
162
528
190
190
196

9.25
5.26
6.37
10.03
581
9.40
9.68
484
5.79
6.68
9.15
6.58
5.84
9.21
5.05

42.00
4351
50.29
69.87
50.18
77.44
61.12
44.96
59.22
75.66
36.30
61.27
35.55
40.00
34.54

65.18
56.74
5175
46.65
59.05
49.24
86.92
50.84
48.10
52.43
78.77
55.80
86.00
68.26
65.10

-0.522
-0.716
-0.858
-1.027
-0.750
-1.109
-0.424
-0.731
-0.923
-0.849
-0.283
—0.894
-0.163
-0.589
—0.614

21.82
16.92
22.09

745
11.54

8.57
32.69
2421

7.64
19.22
3395
13.26
2421
30.00
25.00

121
2.77
1.84
2.48
2.75
1.90
3.85
2.63
3.24
2.10
6.17
3.22
2.63
6.32
4.08

66.06
68.92
69.63
75.78
75.69
66.67
50.64
67.89
79.86
69.07
40.12
70.83
50.53
52.11
61.22

10.91
11.38
6.44
14.29
10.03
22.86
12.82
5.26
9.26
9.61
19.75
12.69
22.63
1158
9.69

N

MOGFL iz 5p .‘:ED-gEWRK QK.:—.YKNE{( Ri 861

AR VT S s s s s AR R AR RAREAEARAN
1

Motif 2 ’CX§K9V§Ru¥éII LS

Motif 3 ’UD N

Motif 4 ¢

A AT Ty i setatat e s

4

SR i S s S A

R A i i it i s s s R i A AR T

Name
TRINITY_DN14046_c0_g1
TRINITY_DN37541_c0_g1
TRINITY_DN130_c0_gl
TRINITY_DN5090_c0_g1
TRINITY_DN130_c0_g2
TRINITY_DN3231_¢0_g1
TRINITY_DN17876_c0_g2
TRINITY_DN2185_¢0_g1
TRINITY_DN1857_¢0_g1
TRINITY_DN25488_c0_g1
TRINITY_DN3781_c0_g1
TRINITY_DNS5195_c0_g2
TRINITY_DN31960_c0_g1
TRINITY_DN7399_c0_gl
TRINITY_DN41966_c0_g1
TRINITY_DN17815_c0_gl
TRINITY_DN15948_c0_gl
TRINITY_DN6456_c0_g2
TRINITY_DN37721_c0_gl
TRINITY_DNS53314_c0_gl
TRINITY_DN18709_c0_g3
TRINITY_DN17865_c0_gl
TRINITY_DN10738_c0_gl
TRINITY_DN18337_c0_gl
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