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Abstract: Objective To analyze the WRKY family of Gentiana macrophylla (GmWRKY) using biotransformation techniques in order
to provide information for further research on the molecular regulation mechanism of GmWRKY transcription factor on the biosynthesis
of the secondary metabolites of G. macrophylla. Methods Based on the annotation results of WRKY family members, 41 WRKY
sequences were further screened by NCBI-tBLastx and SMART domains for bioinformatics analysis. Based on getorf prediction of open
reading frame (ORF) region, MEME conservative motif analysis and ClustalW alignment were performed on ORF fragments of 41
sequences, and the neighbor-joining (NJ) phylogenetic tree was constructed by MEGAX. The enrichment analysis of 41 WRKY
members was performed using Omicshare GO. And prediction analysis of WRKY member protein interaction network was performed
by String. The expression of WRKY members was analyzed by heat map based on the FPKM value of the transcriptome, and the relative
gene expression of the core members of GMWRKY protein interaction was analyzed. Results Most of the 41 GmWRKY members had
a conserved motif of "WRKYGQK", and only THE GmWRKY27 conserved motif had an amino acid mutation of "WRKYGKK".
According to the WRKY characteristic domain, 51 domains of 41 sequences were divided into three categories and eight subtypes. The
first category consisted of nitrogen terminal (N) and carbon terminal (C), the second category consisted of 5 subtypes and the third
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category. Phylogenetic tree can divide 51 WRKY domains into four groups: Groupl [I(N)], Groupll (lla+1Ib), Grouplll [I(C)+lIc],
GrouplV (Ild+lle and I11). These results were consistent with the classic WRKY family classification. GO analysis revealed that
members of the GmMWRKY family were extensively involved in metabolic regulation. The expression of GmWRKY1 and GmWRKY17,

the core members of protein network interaction, were significantly increased when G. macrophylla was induced by MeJA, suggesting

that these WRKY members were closely related to the regulation of secondary metabolites of G. macrophylla. Conclusion  This study

can lay a foundation for further research on the function of GmWRKY transcription factors..

Key words: Gentiana macrophylla Pall.; WRKY transcription factors; bioinformatics analysis; transcriptome analysis; secondary metabolites
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Pl AE PRI AELE P i PS5 A Wi A

WRKY 33 Rl 7145 24 FRE A I A AR =4 A
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Table 1 qRT-PCR gene expression sequence primers

F A 44 PR LEsI (5°-3) TETIY (5°-3)
GmWRKY1 TCTTCTACCAATTCTCTgTCTgTTT ACAgATggCTACAACCTTQAC
GmWRKY15 ggAQATTACTggCACCgATATY gCgATTCgTTAAgGAAAQYTTgTAg
GmWRKY17 AggCAQTTCTTTCAQCTATCC CTTCCTTCACCQATCTTCTTTCT
GmWRKY25 ggACAgAACAQgYTgAJAgTTAY ggAAATTTggCTCCCAQAATYg
SAND1 TTCATGGTGATTCTCCAGC TTCAAGGAAGATGACAACC
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B WRKY fR5F&MWIRE 41 25751051 8% T0
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Name p-value Motif Location

GmWRKY1 140X10™% m

GMWRKY2  1.55X10°% =

GMWRKY3  7.09X10°% L
GMWRKY4  1.90 X 10106 L
GMWRKY5  5.93X10°% L
GMWRKY6  3.75X10°% -

GMWRKY7  555X10™* L

GMWRKY8  1.10X1071%8 L
GMWRKY9  1.14X10108 L
GMWRKY10 5.45X10°% -

GMWRKY1l 2.68X10°% =
GMWRKY12 6.80X107% m

GMWRKY13 595X107%0  m=

GMWRKY14 1.33X10°% L
GMWRKY15 1.32X10% L

GMWRKY16 3.78X107% =

GMWRKY17 3.38X10°% L
GMWRKY18 1.08X107%7 L
GMWRKY19 2.00X107%6 L
GMWRKY20 5.93X107%0 L

GmWRKY21
GmWRKY22
GmWRKY23
GmWRKY24
GmWRKY25
GmWRKY26
GmWRKY27
GmWRKY28
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GmWRKY30
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GmWRKY32
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Motif3. t4F, GmMWRKY7. 24, 29 f131 H&% 1
AMESFIX Motifl; GmWRKY16. 26 fi1 30 R&H 1
AMRESFEX Motif2.

Motif Location
|
|

Name p-value

1.30X 1071
8.46 X 1071
1.34X1071%
459X10°%
7.12X10°%
4.94X10%
1.79X107
2.96 X107
2.23X 107
1.61X107®
490X 104
3.38X 10
3.23X10°%8
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6.21 X107
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1.16 X107
3.87X10°%
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_——
_——
— -
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Motif Symbol  Motif Consensus
1mm ILDDGYRWRKYGQKPVKGSPYPRSYYRCT

2!
3!

SKGCPVRKQVERASEDPKILITTYEGRHN
GYNWRKYGQKLVKGSEFPRSYYKCTYPNCPVKRRVERSQDGHITEIVYKG

1 F7 4D WRKY RiERRERRTEF S
Fig.1 Conserved motifs of 41 WRKY family members in G. macrophylla
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Fig. 2 Multiple sequence alignment of WRKY domain from GmWRKYs
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Fig. 3 Phylogenetic tree of G. macrophylla WRKY family
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Fig. 4 GO annotations of WRKY members in G. macrophylla
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Fig. 5 Protein association network of WRKY members in
G. macrophylla
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Fig. 6 Analysis of GmWRKY gene expression differences
based on FPKM value of transcriptome
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WRKY g5t frsy, KN “WRKYGQK”,
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Fig. 7 Relative expression analysis of WRKY gene under
MeJA treatment
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R & A RE WRKY #5358 72324, ZE41
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WRKY F 57 REWS $2 i H 45 24 H o (2 & 28 At
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i GO s 7 M K B L G R B 7 A 40 2 B A
SRIRAS & RN s e, I 22 5 AR
. JE TR SR AR R R IE R B R,
WRKY H % MeJA F1 AC (140 B 5 FEAN[R], -
AR A E R YA N 2 5ARUTR 2 1007 AT A7 AE
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