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Recent advances in microbial regulation of plant secondary metabolism
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Dali University, Dali 671000, China)

Abstract: Plants and microorganisms engage in intricate interactions. From the perspective of secondary metabolism,
microorganisms and their metabolites can induce remodeling of plant secondary metabolism. Conversely, plant-
secreted metabolites, modulated by these interactions, can drive restructuring of ambient microbial communities. The
complex interactions between microorganisms and plants are ubiquitous throughout the entire plant life cycle,
exhibiting extreme dynamism. These interactions profoundly impact plant secondary metabolism and other
physiological activities, collaboratively shaping ecosystem dynamics. This review summarizes recent advances in
microbial regulation of plant metabolism, covering: (1) a systematic summary of microbial-mediated phenotypes in
plant secondary metabolism regulation; (2) an exploration of microbial regulatory mechanisms on plant physiological
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processes, mainly metabolism, based on currently limited studies; (3) a discussion, drawing from representative
studies, of feedback regulation by plant secondary metabolites on microbial communities and its biological
significance. Key findings of the review indicate: (1) Regulation of plant secondary metabolism by microorganisms
and their metabolites is widespread. Functional strains from bacterial genera such as Pseudomonas, Bacillus, and
Rhizobium, and fungal genera like Glomus and Rhizophagus, are most frequently reported for their regulatory effects.
(2) The mechanism by which microbial signaling molecules regulate plant metabolism primarily involves interference
with plant immune systems and hormone signaling pathways, thereby affecting expression of genes related to
secondary metabolite biosynthesis. (3) A continuous interactive cycle based on secondary metabolites exists between
plants and microorganisms. This cycle ultimately drives plant metabolic remodeling, alteration of physiological states,
and promotes directed restructuring of environmental microbial communities. Despite widespread reporting and
application of phenotypes where microorganisms regulate plant secondary metabolism, discovery of key signaling
molecules lags significantly. An inconsistency in research focus also exists between phenotypic observation and
mechanistic elucidation, highlighting a need to strengthen research on overarching principles governing plant-microbe
interactions. Finally, this review anticipates the trend towards constructing a panoramic research framework
encompassing "signaling molecule induction-plant metabolic remodeling-microbiome restructuring-synergistic
feedback regulation”. It further discusses scientific questions to be addressed, technical bottlenecks encountered,
and potential industrial applications in this field.
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Figure 1 Effects of functional microbial strains on plant secondary metabolism

(a) Summary of research subjects, methodologies, and outcomes in studies of microbial regulation of plant secondary metabolism. (b)
Representative plant secondary metabolites positively regulated by microorganisms.
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Figure 2 Effects of microbial extracts on plant secondary metabolism

(a) Summary of research subjects and methodologies in studies on the regulation of plant secondary metabolism by microbial extracts.

(b) Representative plant secondary metabolites positively regulated by microbial extracts.
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