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Analysis of the key regulatory genes and molecular mechanisms of tanshi-
none and salvianolic acid biosynthesis under drought stress through inte-
grated metabolomics and transcriptomics

LIU Fawang'?, ZHANG Yin', LI Luheng', LYU Xinru', XU Yingying'

(1.School of Biology and Food Engineering, Suzhou University, Suzhou 234000, China; 2.Engineering Research Center for Development and High Value
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Y #s B #5:2025-02-18 Abstract: In this study, Salvia miltiorrhiza Bge.

E& WA LR SR FF R ] AT H (2022AH010080) ; 15 was treated with 20% polyethylene glycol 6000
TR el FER 4 30T (SZKIXM202423 ) 3 fi M 28 e AR I (PEG 6000), and a combination of metabolomics and
BTG RITI E (2024xhx196) 5 18 1 2 B 1l LB 0F S 5
BT H (2022BSK033) 5 15 JH 27 B K27 2 1B il I %
X175 H (202510379040)

VEBRN KR (1990-) T T M T84 JEIT , BF 5 7 16 % synthesis under drought stress. The results showed that com-
G A 2Ry F A 2%, (E-mail) fawangl10314 @ ahszu. pared with the control, the activities of superoxide dis-

edu.cn mutase (SOD), peroxidase (POD), and catalase ( CAT)

transcriptomics was used to systematically elucidate the re-

gulatory mechanisms of tanshinone and salvianolic acid bio-
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in PEG 6000-treated Salvia miltiorrhiza Bge. reduced extremely significantly (P<0.001), while the activity of phenylalanine
ammonia-lyase (PAL) increased extremely significantly (P<0.001). Metabolomic analysis revealed that compared with the
control , the contents of tanshinone compounds such as tanshinone A, tanshinone I, dihydrotanshinone, and cryptotanshinone
in PEG6000-treated Salvia miltiorrhiza Bge. increased significantly (P<0.05) or extremely significantly (P<0.01), indica-
ting that drought stress could effectively promote the accumulation of diterpenoid compounds. Compared with the control, the
content of compound salvianolic acid B in PEG 6000-treated Salvia miltiorrhiza Bge. reduced extremely significantly (P<
0.001) , indicating that its biosynthetic pathway was inhibited by drought stress. Compared with the control, the metabolites
with increased content and differentially expressed genes in PEG 6000-treated Salvia miltiorrhiza Bge. were significantly en-
riched in the diterpenoid biosynthesis pathway. Three genes involved in tanshinone synthesis were screened through transcrip-
tome sequencing, namely CYP76AH4, CYP71D411, and CYP82D63, all of which were annotated in the diterpenoid biosyn-
thesis pathway. Compared with the control, the relative expression levels of EVM0001349 and EVM0020320 in the roots of
PEG 6000-treated Salvia miltiorrhiza Bge. increased extremely significantly (P<0.01), while the relative expression level of
EVM0023606 reduced significantly ( P<0.05). Moreover, the relative expression levels of EVM0001349, EVM0020320, and
EVMO0023606 in the leaves of control Salvia miltiorrhiza Bge. were extremely significantly higher than those in the roots ( P<
0.001). Bioinformatics analysis indicated that these three cytochrome P450 genes might be involved in the structural modifi-

cation of tanshinones. This study provides a theoretical basis for improving the medicinal quality of Salvia miltiorrhiza Bge..
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Fig.1 Morphology, antioxidant enzyme activities, and total flavonoids and total phenolic acids contents of Salvia miltiorrhiza Bge. under

drought stress
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Fig.2 Principal component analysis of secondary metabolites of Salvia miltiorrhiza Bge. under drought stress
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Fig.4 KEGG enrichment analysis of differentially expressed genes of metabolites in Salvia miltiorrhiza Bge. under drought stress
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Fig.5 Quality assessment of the transcriptome sequencing data of Salvia miltiorrhiza Bge. under drought stress
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