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Abstract

Objective: Astragali Radix is a traditional Chinese herbal medicine. Its roots are rich in flavonoids,
saponins, polysaccharides and other active ingredients. It has the effects of tonifying qi and consolidating
the surface, regulating immunity and so on. It is widely used in medicine, health care products and food
fields. At present, the Astragali Radix supplied on the market mainly comes from artificial cultivation, but
the artificial cultivation of Astragali Radix has problems such as long cultivation period, saline-alkali
intolerance, and substandard quality. When plants are subjected to moderate abiotic stress (such as salt
stress), they will resist stress by increasing the synthesis of secondary metabolites, which provides a new
idea for cultivating high-yield and high-quality Astragali Radix in desert saline-alkali land. Therefore, this
study comprehensively analyzed the effects of salt stress on the germination rate of Astragali Radix from
different provenances and the content of main active components in roots, combined with transcriptome
sequencing analysis, to explore the mechanism of Astragali Radix in response to salt stress to regulate
quality formation, and to screen out key salt-resistant genes and transcription factors that may improve the
quality of Astragali Radix. This study provides a theoretical basis for screening high-quality salt-tolerant
Astragali Radix germplasm resources, and lays a research foundation for revealing the molecular
mechanism of salt stress to improve the quality of Astragali Radix.

Methods: By measuring the germination rate of Astragali Radix from different provenances under salt
stress, the provenance with strong salt tolerance was determined, and the alkali stress and saline-alkali
mixed stress were carried out. The germination rate and growth of Astragali Radix in the comprehensive
environment were observed, and the critical salt concentration for inhibiting germination was screened out,
that is, inhibiting seed germination . Under this salt concentration condition, combined with exogenous
hormone soaking treatment, the types and concentrations of hormones that can significantly promote seed
germination and growth under salt stress were screened. At the same time, combined with the preliminary
planting of Astragali Radix from different provenances in the field (plant growth, agronomic traits, yield
and active ingredient content, etc.), the provenances for subsequent salt stress experiments were
determined ; the effects of different concentrations of NaCl (50, 100, 150, 200 mmol/L) on the content of
main active components in the underground part of Astragali Radix seedlings at different times (2, 6, 12, 24
h) were studied. Combined with the growth of Astragali Radix seedlings under long-term stress of four salt
concentrations, the suitable NaCl stress concentration was determined. The possible molecular mechanism
and salt tolerance mechanism of the effect of salt stress on the content of main active components in the

underground part of Astragali Radix seedlings were comprehensively analyzed by using transcriptome



sequencing technology combined with the content of active components in the roots of Astragali Radix
under appropriate NaCl stress concentration.
Results:
(1) Screening and identification of Astragali Radix from different provenances under salt stress

The germination rate and germination potential of three different provenances of Astragali Radix
(No.1: Longxi County Donghao Pharmaceutical Astragalus Seeds, No.2: XinJing Seed Industry Anguo
Chinese herbal Astragalus Seeds, No.3: Shaanxi Astragalus Seeds) decreased significantly with the increase
of salt concentration. Among them, No.3 had the strongest salt tolerance, and 0.4% NaCl was the maximum
salt tolerance concentration for growth, and the germination rate reached 69.3%. Therefore, it was selected
for subsequent germination rate experiments. Alkali stress inhibited the germination of No.3 seeds more
significantly than salt stress, and decreased with the increase of alkali concentration. The germination rate
reached 77.33% at the concentration of 0.5%: 0.5%, and the germination was significantly inhibited when
the concentration was higher than this concentration. This study found that under 0.4% NaCl stress, the
germination rate of seeds treated with 50 and 100 pg/mL gibberellin (GA3) increased by 12% and 22.33%,
respectively. After treatment with 50 and 100 pg/mL salicylic acid (SA), the germination rate increased by
16% and 19.33%, respectively. However, indoleacetic acid (IAA) had no significant promoting effect.
Astragali Radix was planted in the field, and it was found that No.3 seeds had better emergence in the field.
The root agronomic traits of three kinds of Astragalus were significantly different, and the yield was No.3 >
No.2 > No.l. The determination of active ingredient content showed that the content of
calycosin-7-glucoside in No.l and No.3 Astragali Radix was significantly higher than that in No.2, which
was 2.3 times and 1.8 times respectively. In summary, the seeds of Astragali Radix No.3 have the
advantages of salt tolerance, high yield and good quality, so they are used as experimental materials for the
subsequent effects of NaCl stress on the main active components of the underground part of Astragali
Radix seedlings.
(2) Analysis of the effect of NaCl stress on the content of main active components in the underground part
of Astragali Radix at seedling stage

Moderate salt stress significantly increased the accumulation of astragaloside IV and
calycosin-7-O-B-D-glucoside. The content of astragaloside IV in the roots of Astragali Radix treated with
50 mmol /L NaCl for 6 h, 12 h and 24 h was significantly higher than that of the control at the same time.
For example, the content of astragaloside IV increased by 76.32% at 12 h. The content of
calycosin-7-O-B-D-glucoside in the experimental group was significantly higher than that in the control
group after treatment with four salt concentrations (50, 100, 150, 200 mmol/L) for 2 h, 12 h and 24 h,
respectively, and the content showed an upward trend with the increase of salt stress. Astragali Radix

seedlings could grow well under long-term salt stress of 50 mmol/L NaCl. Therefore, this concentration is



the optimal concentration for salt stress to increase the synthesis of active ingredients in Astragali Radix,
and is used as a stress concentration for subsequent transcriptome sequencing experiments.
(3) Comparative transcriptome analysis of Astragali Radix response to NaCl stress

The expression levels of differential genes in the underground part of Astragali Radix under salt stress
(50 mmol/L NaCl) were analyzed by transcriptome sequencing. The results showed that KEGG was
significantly enriched in phenylpropanoid biosynthesis, terpenoid skeleton biosynthesis and other pathways
related to the synthesis of calycosin-7-O-f-D-glucoside and astragaloside IV. Among them, HMGCR,
ACAT, PAL and other genes were related to their synthesis, and were significantly up-regulated at 24 h of
salt stress. WGCNA analysis screened the core genes (HMGCR, HSP20, LUP4, SUS) and transcription
factors (WRKY33, ERF, HD-ZIP, MYB54) that may regulate the synthesis of active components under salt
stress. It is speculated that these related core genes and transcription factors may affect the accumulation of
active components in the roots of Astragali Radix under salt stress, which lays a research foundation for
further revealing the molecular mechanism and regulation mechanism of salt stress to improve the quality
of Astragali Radix.
Conclusion: According to the germination rate related experiments and field planting conditions of
Astragali Radix from different provenances, Astragali Radix No.3 was selected as a high-quality
provenance and used as an experimental material for salt stress at seedling stage. Moderate salt stress (50
mmol/L) significantly increased the accumulation of astragaloside IV and calycosin-7-O-B-D-glucoside in
the underground part of Astragali Radix seedlings. The core genes (HMGCR, HSP20, LUP4, SUS) and
transcription factors (WRKY33, ERF, HD-ZIP, MYB54) that may regulate the synthesis of active
components under salt stress were preliminarily screened by transcriptome sequencing analysis and
WGCNA analysis.
Key words: Astragali Radix; Salt stress; Astragaloside IV; Calycosin-7-O-B-D-glucoside; transcriptomic

analysis
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Abbreviation English Name Chinese Name
GA3 Gibberellin A3 TEE R
IAA Indole-3-acetic acid W51 218
SA Salicylic Acid KR
ACAT acetoacetyl-co zyme A (CoA) thiolase 2Tkl A 2L
HMGCS HMG-CoA synthase 3-FRFE- - TGS A A
HMGCR 3-hydroxy-3-methylglutaryl coenzyme A 3-F23E-3-F I [ - [H 4G A 36 )5
reductase
MVA Mevalonate pathway ¥R R i A%
MEP Methylerythritol phosphate pathway FH L iR S WA PR IR A1
DXS 1-Deoxy-D-xylulose-5-phosphate 1- 5 48 -D- AR - 5 - B - Tl
synthase
DXR 1-Deoxy-D-xylulose-5-phosphate 1t 420 -D- A i 4 - 5- W PR 30 i S A il
reductoisomerase
FDPS farnesyl diphosphate synthase E e R AEEIR Gl
FDFTI1(SS) squalene synthase oy iy
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CAS cycloartenol synthase BT IR BE e T
UGT Glycosyltransferase W EL A2 il
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CYP73A trans-cinnamate 4-monooxygenase RI-RIFERR 4-F
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