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Abstract

Glycyrrhiza uralensis Fisch. is a medicinal plant whose roots are used for medicinal purposes, with
glycyrrhizic acid and flavonoids as its main active components. Standardized cultivation is essential for the
sustainable utilization of licorice resources. However, soils in the main licorice-producing areas face the risk
of cadmium (Cd) contamination, which threatens yield and the accumulation of medicinal components.
Although exogenous selenium (Se) has been shown to alleviate Cd toxicity in licorice, how it affects the
synthesis of glycyrrhizic acid and flavonoids under Cd stress, and the underlying regulatory mechanisms,
remain unclear. This study aimed to clarify the effects of exogenous Se on the metabolism of flavonoids and
glycyrrhizic acid in licorice under Cd stress, elucidate the regulatory mechanisms, and reveal the temporal
patterns of short-term responses and long-term adaptation, thereby providing a theoretical basis for the safe
production of licorice.

In this study, three sets of comparative experiments (Cd0+Se0, Cd20+Se0, Cd20+Sel) were established
over different time scales (12 hours and 30 days). Integrating transcriptomics and targeted metabolomics, we
analyzed the molecular mechanism by which exogenous selenium regulated the metabolism of flavonoids
and glycyrrhizin in licorice under Cd stress. The analysis focused on: (1) how exogenous selenium alleviated
Cd-induced damage in licorice; (2) the temporal regulatory patterns of selenium under short-term and long-
term stress; (3) the effect of selenium on flavonoid metabolism under Cd stress; and (4) the regulatory
pathway of selenium on glycyrrhizin synthesis under Cd stress.

Research results showed:

1. Selenium significantly alleviated the growth inhibition of licorice caused by Cd stress. Compared
with Cd treatment alone, selenium application increased shoot and root biomass by 46.56% and 41.57%,
respectively, and significantly restored root diameter, root length, and plant height. DAB staining showed
that selenium reduced hydrogen peroxide accumulation in root tips and leaves. Malondialdehyde content
decreased by 34.34% at 12 h and returned to normal levels at 30 h, indicating that selenium effectively
mitigated Cd-induced oxidative damage.

2. Transcriptomic analysis revealed the temporal characteristics of selenium regulation. Short-term Cd
stress mainly activated defense response pathways such as nitrogen metabolism, phenylpropanoid

biosynthesis, and hormone signaling, whereas long-term stress shifted toward homeostasis-maintaining



pathways including riboflavin metabolism, DNA replication, and starch/sucrose metabolism. Se intervention
significantly affected a-linolenic acid metabolism, phenylpropanoid biosynthesis, terpenoid synthesis, and
ABC transporters in the short term, while in the long term it enriched pathways related to endoplasmic
reticulum protein processing, amino acid metabolism, and glycerolipid metabolism, promoting cellular
homeostasis restoration.

3. Selenium temporally regulated licorice flavonoid synthesis genes under cadmium stress to alleviate
metabolic disorders. Short-term Cd stress led to the depletion of precursors and products such as
phenylalanine and quercetin. Selenium promoted the accumulation of beneficial flavonoids (e.g.,
epigallocatechin and baicalin) by coordinately regulating genes such as F3H, CHS, and CHI. Under long-
term Cd stress, although 13 core genes including PAL, 4CL, and CHS were upregulated, liquiritin and
quercitrin remained depleted. Selenium restored metabolic flux balance by restricting 4CL, regulating CHS
subtype differentiation, and upregulating FLS, thereby promoting the accumulation of phenylalanine,
liquiritin, and baicalin.

4. Selenium regulated the precursor pathways of glycyrrhizic acid synthesis and UGT genes under
cadmium stress to alleviate glycyrrhizic acid inhibition. Short-term Cd stress inhibited the MVA pathway and
disrupted UGT gene expression. Selenium enhanced precursor supply by activating the MEP pathway
(upregulation of DXS2, ISPG) and bidirectionally regulated UGT genes. Under long-term Cd stress,
precursors were completely depleted. Selenium significantly increased glycyrrhizin accumulation (by 0.684-
fold) through sustained activation of the MEP pathway, restoration of precursor supply, and precise regulation
of UGT expression.

In conclusion, the application of exogenous selenium can effectively alleviate cadmium stress, with the
long-term remediation effect of selenium being more prominent. This is manifested as a long-term alleviation
of the inhibition of glycyrrhizic acid synthesis and the temporal regulation of specific genes to maintain
flavonoid homeostasis. This study provides a theoretical basis for the safe production and efficient utilization
of licorice resources, and lays the foundation for breeding high-quality licorice varieties with cadmium
tolerance and selenium enrichment characteristics, ultimately achieving a synergistic improvement in both
licorice quality and stress resistance.

Key words: Glycyrrhiza uralensis Fisch; Cadmium stress; Selenium mitigation; Flavonoids;

Glycyrrhizic acid
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