PED 202638 B57% B5H  Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 5 « 1971

ASAERBEEEMERS FIBESEF REMRER

*kOE, BaHFHFT
IR KW ESERE, IUA i 264200

#m E: S Panax ginseng —MIEAGHMEHNMEMNE P Zitt, HEEEERSAIANSET . ZRTHAERRRZ.
T35 RIE B RAR QAR N RR, W s T 3 R B TRk R DO AL R T S A IR Z H T AR, &5
T NS BERAEYE BUE B R H OCHE R R R K N, RERTT T A S A @ 3R B0 3 S AR AR A = A 72
R FT, BT T FREARAL . 1 S SRR IR B R 0 NS R A R R . RORATE T R — PR R B AR A R
R EMD R, BE S HEBIERESI SRS, FMRIGEFFHRNE, UNEASARERE R AR RIEL. Tk
AP

kiR ASAER:; A2, ASBEEREN: ZHYH: BR&Ht

hESES: R283 YRR : A NERS: 0253 - 2670(2026)05 - 1971 - 11

DOI: 10.7501/j.iss1.0253-2670.2026.05.032

Advances in molecular regulation and cultivation strategies of ginsenoside
biosynthesis in Panax ginseng adventitious roots
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Abstract: Panax ginseng is a valuable traditional Chinese medicinal herb with both therapeutic and nutritional properties, and
ginsenosides are its principal active components. Due to the limited availability of wild resources, increasing market demand, and
constraints of conventional cultivation methods, the development of an efficient and controllable in vitro culture system has become a
major research focus. Based on recent multi-omics studies, this review summarizes the biosynthetic pathways of ginsenosides and the
regulatory mechanisms of their key enzyme genes. It systematically discusses the advantages of adventitious root culture and its
potential applications in the production of secondary metabolites, with particular emphasis on the effects of medium optimization,
elicitor strategies, and environmental factors on ginsenoside production. Future studies should aim to uncover the post-modification
steps in ginsenoside biosynthesis, integrate multi-omics data to construct dynamic metabolic models, and refine eco-friendly elicitation
strategies to facilitate the industrial-scale application of adventitious root culture technology in P. ginseng production.
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