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Effects of low temperature stress at seedling stage on growth, development, and
asperosaponin VI accumulation in Dipsacus asper
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Abstract: Objective To investigate the impact of early low temperature stress at seedling stage on the growth, development, and
accumulation of asperosaponin VI in Dipsacus asper, with the objective of establishing a foundation for ecological regulation in D.asper
cultivation. Methods D. asper seedlings were subjected to different temperatures (5, 10, 15, and 25 °C) to assess the content of asperosaponin
VI, agronomic traits, and physiological indicators associated with stress resistance, and screen the low-temperature stress temperature. Various
germplasms of D. asper seedlings exposed to low temperature stress were transplanted into experimental fields for an 18-month period.
Biomass, content of asperosaponin VI, and expression levels of key enzyme genes involved in its synthesis pathway were dynamically
measured. Results Exposuring to low temperature stress of 10 °C promotes the accumulation of asperosaponin VI and inhibits the growth of
D. asper seedlings. The activities of malondialdehyde (MDA) and superoxide dismutase (SOD) in D. asper seedlings significantly increase
under low temperature stress. Low temperature stress during the seedling stage does not have a significant impact on the subsequent growth
and development of D. asper. However, it consistently enhances the accumulation of asperosaponin VI, with the most pronounced increase
observed in low-altitude regions. Key enzyme genes DaAACT, DaHMGCR, DaHMGS, DaP450, DaSQE, and DaUGTs involved in the
synthesis pathway of asperosaponin VI are significantly upregulated at different stages under low temperature stress during the seedling stage.
Conclusion Moderate low-temperature stress during the seedling stage induces upregulation of genes involved in the biosynthetic pathway
of asperosaponin VIin D. asper, thereby enhancing its accumulation, while exerting negligible effects on growth and development of D. asper.
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23 JIEEREH VI 220

S (R [E 25 8 2020 RN 52 )1 S A 1] 42
W2t VI AL,
231 A H A RSB R 10 mg 1] S
WTEmARE T EOE T, KEMA 2 mL FEE,
AL (100 W, 40 kHz) 30 min, ¥4 )5 12 000
r/min B0, WHL 1.8 mL BiEWET, HHET
0.3 mL (i FEEF, F 0.45 um MRFLIEIEAT
JEEJE I
232 XTHESUA TR A R B RREU 2L W R

VI AE R, HHET 10mL EA, DUFREEN
W, B 1.114 4 mg/mL FIEER, FkE 10 58007
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Table 1 Primer sequences for RT-qPCR analysis of genes related to triterpenoid saponin synthesis pathway
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DaAACT ACAAGCAGCATTAGGGGCAGG AACAAGAGAATCGTGTCCAAGGC
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DaHMGCR TCCGCAACTCCACTCCTCTCC CGTCGTCCTTGAGTAGTGCTTGG
DaSQE CATCTGGCATCAGGTTGTCCC TCTTCTTGCTCGCATTGTTCAG
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vs 25 ‘C, same as below.
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Fig. 1 Effects of low temperature on asperosaponin VI and agronomic traits in D. asper (n = 3)
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Fig.2 Effects of low temperature on MDA content (A), POD
(B) and SOD (C) activities in D. asper seedlings (n = 3)
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Fig.3 Biomass measurement of D. asper with different germplasms after being subjected to low-temperature stress during

seedling stage and then transplanted to experimental field for cultivation for 18 months
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Fig. 4 Effect of seedling-stage low temperature stress on Longli (A) and Meihuashan (B) germplasm asperosaponin VI

content in D. asper (n =3)

JEWI SRR VI S BB E 6 A HILE
e, HK 16%; BIEE 12 A H i HMRIR AR )| 22
BE VIS EDE S TR, FHE42%; 184
H BRI AR ) 1 22 W7 i )1 SR B VIS 3 = 7%
(B 4-B). AW, B 10 CALIEALFE 5 212 3 5 1
JEEWT KA I aE W 2t VI S ER R, HKE
bR Tl BT )| SR b 1 2 2 VI B EAR
RBCREINE .
3.5 HHRERREH)IEEER VI SREEERL
BRI

[Eep il AR S ER = i PN ES i =N e VA s 5
HREERE IR I RIA R (B 5) . o BRI | SE W fE RS AR5
6 MHE, ARIRAIEIE N SEWHRY DaHMGS.

DaSQE. DaP450~ DaUGTs “5FE R B3 FREKIL, H
TR B ZE RIS E N DaUGTs FE [, Fxt iR 1)
4 1%, DaAACT 5 DaHMGCR F:IR 5% IR TC A 5 7%
S %12 ™A DadACT. DaHMGS. DaHMGCR.

DaSQE. DaUGTs S&5:R 52 MG IR AN 8 .35 1
Fik, HA DaHMGCR RN RiEE AR 7.5
T FEAk 18 DA DaP450 M1 DaUGTs (3% &
AR F I RE LW, KRR EE FiFRE
(1 5-A). HEfe LM RSE 5 6 N H IS DadACT.

DaHMGS DaHMGCR. DaSQE “5 5.3 FiRZik, 7
BIRTHEZEA 6. 5.8, 12 F12.8 % 5 12 MK,

DaHMGCR+ DaUGTs TEfRIRACEEfGRIAE R E =T
STHRA, o 22 SRR DaUGTs 2R, st igZa

AN



FED 20256F87 $56% H 168  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 16 * 5951 »
B
A DadACT . DaHMGS
05 DafﬁCT 510 C o4 DaHMGS =10 °C 047 2es 10 C04— AL, =10 C MVA pathway
15 ’ =5 C #xx 025 C 1 ’ D25 C 77| #xx =25 C
04 ug 0-3 sk 0.31 18 031 AACT
f‘ﬁ 03 ! Kokk T '& |
®R Y 02 ] R’ 021 %4 0.2
& 02 R T ' 0.1 = Boa
= 01 oz go = = o
Z 0 0 Z ol
0 6 12 18 = 6 12 18 6 12 18 6/ 12 18 HMGCR
AT TR H Al H AR Ta)/ H ERSE | .
Lo, DaMGCR =y ¢ DaSQE 1 o.gs  DaHMGCR m10 °C ) 4 %** DaSQE Sé(s) 8 f
0 =5 0.25 s s ¢ | ko =25 C | |
R o8 15 02 il 2 06 i 03
& 06 w2015 T i K 0.4] X 0.2 "
0.4 W = ek B SQE
e £ 005 o = T
6 12 18 6 12 18 6 12 18 Ei&ﬂﬂl‘%ﬁﬂ/)lﬂg -
A KT A A e et/
DaP450 =10 C DaUGTs | DaP450 ; DaUGTs ; £P450
(1)2 %* =5 € 0.12 ﬁ* Eég 8 0.47 ysex E;g 8 .10 E;g 8
”1@ 02 ﬂﬁ ok — — b 882 m EE 03 T W 0% i Aseru:a oni:VI
iﬂ% 0.002 § o sk o ® 0.2 4 0.003 = 77 (frimerpepnoids)
= T K| £ o1 & 0.002
E Z ] - Pr ' 0,001
< 0 0 =
6 12 18 6 12 18 6 12 18 7% 12 18
IR/ A AR T A ) AR )

ATERFNT, BAFAELFNT, C-JILEWHET VI Al . DaAACT-ZREHHEE A AL RES: DaHMGS-3-255-3- LI RSB MHEs A &
fif; DaHMGCR-¥235k-3- I % R EA LA AR A IC RS ; DaSQE-ffi kMM S fLAE; DaP450-4HL a3 P450 fif; DaUGTs-JR¥E IR HI G HEREIR
FeRlg. OO PHERZEER LR, "P<0.05 TP<0.01 "P<0.005

A-D. asper (Longli germplasm), B-D. asper (Meihuashan germplasm), C-asperosaponin VI biosynthetic pathway. DaAACT-acetyl-CoA C-acetyltransferase;
DaHMGS-3-hydroxy-3-methylglutaryl-CoA synthase; DaHMGCR-3-hydroxy-3-methylglutaryl-CoA reductase; DaSQE-squalene epoxidase; DaP450-

cytochrome P450 enzyme; DaUGTs-UDP-glycosyltransferases. Genes marked in red indicate up-regulated expression. "P < 0.05 **P < 0.01 *P < 0.005.
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Fig. 5 Detection of gene expression levels in asperosaponin VI biosynthetic pathway (n = 3)
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