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Effects of temperature regulation on ginsenoside accumulation and expression of
key enzyme genes

ZHANG Tao, WANG Guan, ZHANG Wei-wei, CHEN Xiang, ZHANG Qing-he, LIU Fang-xin, LI Zhuo-ran,
QI Wei-chen
School of Pharmacy, Changchun University of Traditional Chinese Medicine, Changchun 130117, China

Abstract: Objective To explore the effect of temperature regulation on the accumulation of ginsenosides and the expression of key
enzyme genes in the synthetic pathway. Methods The ginseng callus cultured for 23 d was used as the test material and placed in six
incubators at 5, 10, 15, 20, 25, and 30 °C. The dry fresh weight and saponin content were measured to determine the response sensitive
temperature. GAPDH was used as the internal reference gene. Real-time PCR was used to detect nine key enzymes in the saponin
synthesis pathway, 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGR2), Farnesyl pyrophosphate synthase (FPS), squalene
synthetase (SS1), squalene epoxidase (SE1), dammarane diol synthase (DS-II), B-xanthin synthase (PNY1), f-xanthophyll C-28
hydroxylase (CYP716A52v2), protopanaxatriol synthase (CYP716A53v2), and protopanaxadiol synthase (CYP716A47). Results
20 ‘C was the optimal temperature for the accumulation of dry and fresh weight of ginseng callus. The content of saponin in 5, 10, and
15 C reached the maximum value for 2—3 d. Re, Rg;, and total saponins were 1.93, 11.93, and 1.54 times that of the control group,
respectively. The expression levels of HMGR2, SS1, DS-II, SE1 and CYP716A52v2 reached their maximum values at 2—4 d of low
temperature, which were 2.8, 1.6, 3.5, 3.7, and 3.8 times higher than those of the control group. Correlation analysis found that SE1 was
significantly positively correlated with Re, Rg; and total saponins. Conclusion Moderate low temperature is conducive to the rapid
accumulation of ginsenosides. SS1, DS-II, SE1, HMGR2, and CYP716A52v2 are key genes that respond to low temperatures, which
play an important role in the process of ginsenoside biosynthesis against low temperatures.
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Table 1 Real-time fluorescence quantitative PCR primers.

B35 TS S F5 (5°-3”) =K bp

GAPDH KY400031 1E[A: ATGGACCATCAGCAAAGGAC 117
S H: GGTAGCACTTTCCCAACAGC

HMGR2 TX648390 1E[A): TCTTCAAAGCCTCTGATGC 126
S TTTTGGGGATTGGATTTGTCA

FPS DQ087959 1E[H): CAAGAAGCATTTCCGACAA 116
S If: CTCTCCTACAAGGGTGGTGA

SS1 AB115496 1E[H): GGACTTGTTGGATTAGGGTTG 107
J<A: ACTGCCTTGGCTGAGTTTTC

SE1 AB122078 1E[A: ATGCTTTGAATATGCGCCATC 102
S H]: CATGGAGATCGCGTAAAGGTC

DS-11 AB265170 1E[H): CAAATGCCACAAGGATATTGTC 105
S E): TGCGAAACCACCACTTACAC

PNY1 AB009030 1E[A: GCGGAAGGGAATAAGATGAC 108
Jf]: CTCAGCTCTCCGGACAGC

CYP716A47 IN604536 1E[A: TCACCTTCGTTCTCAACTATC 129
S H): TCTTCCTCAAATCCTCCCAAT

CYP716A52v2 JX036032 1E[H: AGGAGCAAATGGAGATAG 106
S H): AACCGTTGTAGGTGAAAT

CYP716A53v2 JX036031 1E[A: ATCGGACAACGAGGCAGCAC 102

J2f): GCCAACAGGCCAACTCAA
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Fig. 1 Effects of temperature regulation on fresh (A) and

dry weight (B) of callus
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Fig.2 Effect of temperature regulation on saponin content in Callus of Panax ginseng
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Fig. 3 Effects of temperature regulation on gene expression of key enzymes in secondary metabolic
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Table 2 Correlation analysis
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D%
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"0.05 A, T0.01 HEEHx

“correlation is significant at 0.05 level; * correlation is significant at 0.01 level
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