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Screening and expression verification of key structural genes for asiaticoside
synthesis in response to MeJA induction based on WGCNA
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Abstract: Objective This study investigated the regulatory mechanism by which methyl jasmonate (MeJA) modulates triterpenoid
saponin biosynthesis in Jixuecao (Centella asiatica). Methods Plants were treated with 200 pmol/L MeJA, and temporal changes in
leaf asiaticoside and madecassoside contents were quantified by high-performance liquid chromatography (HPLC). Transcriptome data
were analyzed using weighted gene co-expression network analysis (WGCNA) to identify modules significantly correlated with
asiaticoside accumulation, followed by Mfuzz clustering to refine gene subclusters. Expression patterns of candidate key genes were
validated by quantitative real-time PCR (qRT-PCR). Results MeJA treatment markedly promoted asiaticoside and madecassoside
accumulation, increasing their contents by 18.28% and 14.58%, respectively. WGCNA revealed 33 co-expression modules, with the
darkred module displaying a highly significant positive correlation with asiaticoside content (P < 0.01). Mfuzz clustering subdivided
the 286 genes in this module into four subclusters; Notably, 239 genes in Clusters 1-3 were significantly enriched in the terpenoid
backbone biosynthesis, sesquiterpenoid biosynthesis, and triterpenoid biosynthesis pathways. Twenty-eight structural genes directly

involved in asiaticoside synthesis were identified, exhibiting expression profiles closely aligned with saponin accumulation. qRT-PCR
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confirmed significant MeJA-induced upregulation of 11 key structural genes associated with triterpenoid backbone synthesis and

modification, consistent with the transcriptome findings. Conclusion MeJA enhances triterpenoid saponin biosynthesis in C. asiatica

through coordinated upregulation of these 11 key structural genes within the darkred module. By integrating multi-omics profiling with

experimental validation, this work systematically elucidates the molecular mechanisms underlying MeJA-induced triterpenoid saponin

accumulation, offering valuable candidate genes for future functional characterization and genetic enhancement of C. asiatica.
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mL 80% H i 7€ 45, FRE i &, 5 AL B (200 W,
40 kHz) 30 min, A EfERETRE, B,
12 000 r/min & 0> 5 min, HU L3, H 0.22 um
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2.1.2 PRSI RERERERELT. B
BT BEAF O A% 2 mg, BRI E R, 15

F 2.0 mg/mL VA XT BRI
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(Shimadzu HPLC) #ATHM, 434374 Shim-pack
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AN 01%FEIKIETR, B N RABEE
YeliFEF: 0~15min, 90%~60%A; 15~25 min,
60%~30% A; 25~45min, 30%~10%A; 45~55
min, 10%~90%A; 55~60min, 10%~90%A.
ZATHEA 60 min. AFUAE 0.8 mL/min, fHiE
40 C, KK 205 nm, BEREAFR 10 uL.
2.1.4  ZRYERVEFERSH] R “2.1.27 i
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20+ 10 ug/mL f R FITE A0 I8 AW . DARR S B
P2 FEAN T R I SR AR ARAR (X, I RA
PALKR (V) JHEATLRME RIS, 4380 T B bRt it 28 0]
H5FE Y=1687.6 X+12021, R*=0.9930, }ILF
HEATRRAERN 2R [T 5 FE Y=1771.6 X+34 393, R
=0.995 0, #5RRP| T BTN S HAFE
10~200 pg/mL IR R REFIZIE R R .
215 EEME. FBEE. e nEEEeR 3
“2.1.37 U N EATERAE, XPATHIE 6 b,
Fefill 455 04 6+ 124 24, 36, 48h HEFE, HHEL it
R, R 6 Ik, MHTESMRL. BEE
R FEtERe, 4RER RSD<5%. FAEHET
AR IR R A SR AL T 95%~105%, RSD
) <5%, RWNZITIFMHEMIE RIT.
2.2 RNA 2Bl cDNA R#53%

VAR T Bk R AR R R O TR B A AR
AR, RAMEY) S RNA SR SIS RNA, 58
5P BRI S U BT . BTHREL RNA £ 1.2%
I N W e P KRS I 5 B8, R FIH NanoDrop
B 7 GG BT s FORFEE 5 A . i A&
KT RNA B, RIS sl & i 1P 3R,
S A Al cDNA, A7 F-20 C&H.
2.3 EREBIBS

KA TR MeJ A AbBE fE R 55 B 5 40 5
S RS CLR 22 2 NCBI SRA ¥, Zs5 N
PRINA1121499, AHISHHRE AR T AR SCHRI 121,
T 5EAEH Fastp X 467348 (raw reads) #4751
5L, KRG ENTFEYE (cleanteads) . fifi
J&, I HISAT2 # clean reads [t B E B H
FERIH, 38T featurecount T HE &L R A&,
KH TPM (transcripts per million reads) {H3£7~ .
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e TPM>1 HFEARA 7 RE (CV) >0.1
1) % 536 41 B0H 30 AT i B R 3t 3R 0k I 4% 43 A
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R, R RATER. Nt — DR AT oC
AT P B I P RIS, SR Mfuzz 75
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ISMWRE, WRIEFEE>0.7 kA WK%
OFEEE, MITSRIFAE MelA 75 S B b i) i Ak 35 o6

BRI R OB AR .
2.5 SERPRYEEE PCR (qRT-PCR)

PIFRE W elF4a N A 25 A, {1 SYBR Green
Pro Taq HS FiliE%Y qPCR X7 &#4T qRT-PCR 15
M. A% %A Primer Premier 5 Witdr s E514), 5l
YIF N 1 fias. gRT-PCR MAR R KT 20
uL, & 10 uL 2X SYBR Green Pro Taq HS Premix.
LIRS 04 0.4 uL. ¢cDNA2.0 uL. ddH,0 7.2
uL. qRT-PCR fEMZHA: 95 C. 30s, 1 MEH:
95 ‘C. 55, 60 C. 30s, 40 MiEH. FNFEA 3
ANEYEEAE, SR 27080 Bt H L R A
Kiks,

*1 REEHARREREEE qRT-PCR 5|4
Table 1 Candidate genes for asiaticoside synthesis pathway qRT-PCR primers

EIEUE) FP3 (5°-3°) EIEZ BN Jry) (5°-3°)
elF4a_F GGTGGTTCCAGCGAACAGAA CasHDR_RT R ATGATGGAATTCCGCGTTCC
elF4a_R CCCATCTCGTCGAAGCTCAT CasGPS_RT_F TCTTTGAGCCCATGCACAAC
CasHMGR_RT F TGGGACAGTGTTGCGAAATG CasGPS_RT R AGGCAGCGATGCATAAAGAG
CasHMGR_RT R TTTGCAACCCCGATTAGTGC CasSE _RT_F CCAAGAATGGCCAAGAACTGTC
CasDXR_RT F TTCAAGCTGGGGTTGTGTTG CasSE_RT_R AACCAACAAAGCACGATGGC
CasDXR_RT R TGGTGCTTGCTGTACTGAAC CasSS RT_F TGGTCACGAATGCTTTGCTG
CasACAT RT_F  AGGAAAGCCGGCAACAATTG CasSS RT R GCACAAAACCGGAAGATAGCAG
CasACAT RT_ R ATTGCCAGCAGTGACAGTTC CasOSC4_RT_F ACGACGGCTGTTAAGAAAGC
CasFPS RT_F TTTGATCACCACCCTTGTCG CasOSC4_RT_R TGTCAATTGCTCCGCTGATG

CasFPS RT R AAGAAGTGCACAAGCCACTG
CasMVK RT F ACGCATCAAGTCAAGCATGC
CasMVK RT R TCCACAGCATTGAACACAGC
CasHDS2 RT F CAGGAAAAAGACTGGCAGTGAC
CasHDS2 RT R AACTGATTTGCGGCCCAAAG
CasPMK RT F TTCAGTGTGCGTCTTTGAGC
CasPMK RT R AGGGTTGCATATGCTGTTGC
CasMVD RT F AGCATTGCTGTTCAGCTTGC
CasMVD RT R AGTTTCCTTTTGCCGTGCAC
CasHMGS RT F AGCCCAGCAGGTTTCAAAAG
CasHMGS RT R TGCCGTTCAGTGTGTTATGC
CasDXS RT F AGGCAAACTTGTGGACTTGC
CasDXS RT R AACAAGTCTCTGCCAACAGC
CasMDS RT F TTTGTGCAAGCTGCTTGGTG
CasMDS RT R CAAGGCTGTCCACCTTTTCATG
CasIDI RT F TGTGGACAAACACCTGTTGC
CasIDI RT R~ TCCAAAAGCTTCCTCTGTGC
CasHDSI RT F AACTTGCAGCAAGGAGTGTC
CasHDSI RT R AGTTGACCAGTTCTGCGTTG

CasCYP744A_RT _F TTGCGACCTGCTTCAATTCG
CasCYP744_RT R TTGTCACATTTCCGCCGTTG
CasCYP71441_ RT_F  AATCTTGGGCGTTGCAGAAG
CasCYP71441 RT_R ~ TTCAGCACCTTCCAGTACCATC
CasCYP716A1a RT_F GGCAAGCAATGTGTGAAACC
CasCYP716A1a RT_R  AGGGTTCATATGCACTGTGC
CasCYP716A1b_RT_ F TCGCAGAAAGGGTTTTTGCC
CasCYP7164A1b_ RT_R TTCATTGCCAAAGGGGACAC
CasCYP716A_RT _F ACCGTCTCAAGTCGCAAAAC
CasCYP716A_RT_R TTCCCTGATGCGTTTGGATG
CasUGT94E5a_RT_ F ~ CACACAACAAATGGGTTGCC
CasUGT94E5a_RT R AAATTGGGTCGCGCCATATC
CasUGT94E5b RT F TGCCTTTGAAATGGCCAGTC
CasUGT94E5b_ RT R TGGACGGCAGGGATTTTATAGG
CasUGT73Ca_RT_F AGCTTCACTTCGTGTTGGTG
CasUGT73Ca_RT_R TCGCTGCGCCAGTATTTTTC
CasUGT73Cbh_RT_F ATTTGTGGTGCCGGGTTTAC
CasUGT73Cb_RT_R TCCGTGGCTTTCAACTTGTC
CasUGT76E2 RT F TCCTCCTCCAACTTCCATCTTG

CasHDR RT F TTTGTGACGCCACTCAAGAG

CasUGT76E2 RT R TGGCCGAAAACTTGCTTGTG

3 ER59H
31 MeJAXMREEMHAFREEEIENFEM

S B AR 5 5 0 AR S B AR AR T A R R
FISEIR, 50T T MeJA KbER 5 M- A rh 32 B4
B N A38 4. K 200 pmol/L MeJA X # i
FATwE AN EE, JEFARHS 0. 64 12, 24h 433l
BURE, FIF R 8GR AE 2 (HPLC) P AR S5 A

HREFEEHFTED. SRRV, MeJA A
BEMRIET 2 =GR ERRE (1D . REE
HEEAAEE 24 h WEFFS L&, | 476
mg/g JEm A 5.63mg/g (B 1-A) , 25T 18.28%;
FREME HEIAE 24 h AZBHTA R, | 5.83 mg/g
PE A 6.68mg/g, $em T 14.58% (K 1-B) . Lh
5 RRHAME MelA BEA BOHE RS FL



PER 2026E8H B57% BI15H  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 15

* 6049 -

A

REEFH/(mgg™)

Oh 6h  12h 24h

skk

£

1

i

[\S}
!

PR A (mgg )

0

0h  6h  12h 24h
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1 MeJA EMREEMHFREEE A) SEEREEH B) 2=MFN

Fig. 1 Effects of MeJA treatment on contents of asiaticoside (A) and madecassoside (B) in C. asiatica leaves

=5 SR G BgE, (e S B AR AR
FHEHFRH R,
32 HEFREMNFBIRFIESEX T

MG FIRTAENT MeJA 5 FA0 S B =il iR A
SRR, AHTFOMAS [FIALERIN (8] (- HEA
T TR P FEAS I IR AE I AR 4 fastp J5t

EidyESE, clean reads HEE /T 6.430~8.563 X107,
Os0 BRFE LB T 92%. #E—4% Clean reads HLX}
SEEESERNH, 2R EREFEART LLRYERE
R (96.20%~98.33%) (£2) . Fid¥dE#E
B, WF RS, ARSI WGCNA i et
FIEMERBEE | HER B

*2 HFRENFBERESHNSHT

Table 2 Quality assessment and alignment statistics of RNA-seq data

FEmARR RGP reads(X107) I € fareads(X 10" Iy /EHE 2 (Qsotbfil/ %) EbXT B I reads B ELXT %/ %
MeJA Oh_1 7.774 7.771 92.59 74.83 96.29
MeJA Oh 2 8.566 8.563 9222 82.70 96.58
MeJA Oh 3 6.650 6.648 92.32 63.98 96.24
MeJA _6h 1 8.556 8.553 92.22 82.83 96.73
MeJA 6h 2 6.978 6.976 92.59 67.47 96.72
MeJA 6h 3 6.431 6.430 92.05 61.86 96.20
MeJA 12h 1 7.670 7.663 95.37 75.29 98.25
MeJA 12h 2 6.775 6.770 94.50 66.48 98.20
MeJA 12h 3 7.300 7.293 94.64 71.14 97.54
MeJA 24h 1 6.724 6.718 94.94 65.92 98.13
MeJA 24h 2 7.555 7.554 95.07 74.28 98.33
MeJA 24h 3 8.053 8.052 95.23 79.12 98.26
33 ET WGCNA WREE=GEEHEMMEXE AN BT & I, darkred. royalblue A magenta
E R R i B EREREE, RERTETEEEREE

TEIRTT 5 L e s A s ) Bt |, it —20
NIV 57 326 TR 4% = 25 A U AL O SRR AR, T
J& 1 INBGE R AR A M 25 73 i (WGCNA) o AHFFT
AT 00 64 120 24 h 4 /NINFJa] S0 5% 2 B8
JALE 25201 AN . L0fk BB R IA AR 50
FER G, SR 23495 NMERF M. i
IR TE R FL R IE N4, BT A SR Bk 8 33 4
R (K] 2-A) o NESLIEFRIE 5™
MR Z MM BEEEC R, 3 — P B

IEM% (/>0.8, P<0.01) (K 2-B) . ZiHR%E
B, aX 3 AMEEH R R RITE I B MelA 15 51 =
i FE AR O R R R AR AR, o
darkred 5 H 5155 AT AH G i mr, T/ 2R3
CIACE ViR
34 XBERMRIIERSEBREESH
TS A E MeJA W03 5 2R E AR,
[ B HL 2 24 B bR R IS R RSy, BT DA — 2
M5 RV T B 25 A R 1) darked #5EH . FH Mfuzz
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A-dendrogram of gene co-expression modules under MeJA treatment; B-heatmap of correlations between metabolites and modules; C-time-course expression

profiles and KEGG enrichment results of the four gene clusters.

2 MeJA LB TREERFESKIFUHE XD

Fig. 2 Correlation analysis of transcriptome and metabolites in C. asiatica under MeJA treatment
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(4N CasSS+ CasSE. CasOSC4) V) K EAE
iSRRI (U0 CasCYPs. CasUGTs) « 454
WE T (0 3) RIL, 1X 28 NEEFITE MeJA 4b#E
JEFRIAEA A m 8. 2R i A
(4 CasHMGS. CasMVD) 1E MelA %55 6h )&
BP 2 ILEH R 1) BESS, RN E R TR
R RTAEY XHE. FifEmER (o

CasCYP716A1a. CasUGT73Ca) 7 24 h 4EFF#H /K
SPRIRIE . FrA R I R Rk KPR S “3.17
T AR R T B S B A R A A AR — 3 (&
1-A FIE 2) o BREEIREN, MelA JEAE@#—
FEDRECAE A I P [0S i R i
MIZE R, ANIRE TS B AR 2R .
3.6 XBRIEERERFRIXERIE

IUIE S I PP RAR R T S, Rt — P e
M. MeJA 5 A% OIS i, ANFFFUXT 28 AME
TELERFERIEAT qQRT-PCR B, qRT-PCR 45 %0
CasHMGR . CasDXR. CasACAT~ CasFPS. CasMVK,
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& 11 AN EFETE MelA AbH S A K P8 25 FiR,
HHEHEFOKFMIAZI RS RNA-seq 4554 (A
)T A TIAF X 11 ANEE T, B CasCYP74A
Ah, FHR 10 MYEN T &R (Squalene) AHH ik
(1) I B AR P B . 25 SRR EH AR MeJA XTFE &
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Fig.3 Expression analysis of structural genes involved in asiaticoside biosynthetic pathway in C. asiatica
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