PER 2026£48 B57% BT Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 7 « 2865

AZEFRHEEGBREXERATHMRER

Blbhet L2 ghAR 12, 3 &2 L2 5hE K3, KREERY, F b2 qF4h8

1 TR, 0T L 111000

2. BRI A R ZIHEYB T, L7 1L 111000
3. BESZHBRMAERAR, LT A& 117100

4. RERVEFEEGER AT, HMk KB 130112

5. VLFHARLRY, L7 AE 117004

H E: ASREENASBHEYNZZSMHERS, EPR. B, JiR. Siih. sy mbuE sy 507 mm &2
TEYER T A2 Panax ginseng s ZFNME . REMIAS BEH ML M . 528, EMERERE KILZ TR, HAE
KBS B R T T 408 . IR R T B3 NAC. B iE-2A-12iE (basic Helix-Loop-Helix, bHLH).
MYB. AP2/ERF. WRKY. TCP Fll GRAS fE N KK F gt g . T2, HEIEEYMHNE 5RFIRFER (methyl
jasmonate, MeJA). ZIGFKMHEREHMMRGE S, HEREAS ST G RGBS P OCRER M RIL IR L ITEANS BTN
BHEHM. R AATRE R E T IREANS B EAYE B 5 TR R TG FIPRER, D SGek i) 2738 ik — P did & A=)
S50 B MRS F BT A S 40 BRI 5%,

(iR AZE: ASEBH; AWE: BxET: RN EYEE: PUNE: R i

hESAES: R283 YRR : A NERS: 0253 - 2670(2026)07 - 2865 - 12

DOI: 10.7501/j.iss1.0253-2670.2026.07.034

Research progress on ginsenosides and their biosynthesis-related transcription factors

ZHOU Congye'-2, SUN Wensong'-2, LIU Ying!-2, SUN Lifu®, ZHANG Yayu?, LI Xu! 2, LIU Ziyang®
1. Liaoning Research Institute of Cash Crops, Liaoyang 111000, China

2. Liaoning Academy of Agricultural Sciences, Institute of Medicinal Plant Development, Liaoyang 111000, China

3. Longbao Ginseng and Antler Co., Ltd., Benxi 117110, China

4. Institute of Special Animal and Plant Sciences CAAS, Changchun 130112, China

5. Shenyang Pharmaceutical University, Benxi 117004, China

Abstract: Ginsenosides, the primary bioactive constituents of Panax plants, exhibit a wide range of remarkable pharmacological
activities, including antitumor, hypoglycemic, anti-inflammatory, immunomodulatory, neuroprotective and anti-fatigue effects,
underpinning their significant medicinal value. Based on a systematic review of the recent advances in the chemical structures,
classification, biosynthetic pathways and medicinal functions of ginsenosides, this article focuses on the transcription factors involved
in the regulation of ginsenosides biosynthesis. The pathways various transcription factor (TF) families, including NAM, ATAF1/2 and
CUC2 (NAC), basic Helix-Loop-Helix (bHLH), myeloblastosis (MYB), APETALA2/ethylene-responsive factor (AP2/ERF),
WRKYGOK (WRKY), TEOSINTE BRANCHEDI, CYCLOIDEA and PCF (TCP) and [(Gibberellic Acid Insensitive, GRI),
(Repressor of GAI-3 mutant, RGA), and (Scarecrow, SCR)](GRAS) precisely regulate the expression of key genes in the ginsenoside
biosynthesis through responding to abiotic stresses such as cold, drought and salt, and phytohormone signals including methyl
jasmonate (MeJA), ethylene and salicylic acid, leading to the ultimately determination of the accumulation and composition of

ginsenosides. This paper raised the challenges in current studies concerning the molecular mechanisms of transcriptional regulation in
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ginsenoside biosynthesis, which could provide a theoretical reference for researchers in related fields to further improve quality of

Panax ginseng through strategies such as synthetic biology and molecular breeding.

Key words: Panax L.; ginsenosides; biosynthesis; transcription factors; abiotic stress; phytohormone; antitumor; hypoglycemic; anti-

inflammatory
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Fig.1 Schematic diagram of regulation of ginsenoside synthesis pathways by transcription factor integration of abiotic
stress and phytohormone signals
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