2026, 66(8): 3718-3731 G =i
CSTR: 32112.14.j.,AMS.20260109 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20260109 http://journals.im.ac.cn/actamicrocn

Review EE5S

HHEYM-MEYEENKZERES KEER

IE®, AFR, #EE, MidE FRE
R BRI UV RIBE S, 24 ARIBFIONT , M2 e 5 Ve PR A R T e, e

EFNE, VAR, SR, KA, BRI . 25T BARR A A5 S MOEE D). eI, 2026, 66(8): 3718-3731.
WANG Aiyuan, LENG Chunyan, HUANG Xinjie, XING Yongmei, CHEN Juan. Chemical signals and their roles in medicinal plant-
microorganism interactions[J]. Acta Microbiologica Sinica, 2026, 66(8): 3718-3731.

5 ZE. SR EMAEDRAGELLOMEER, IR AL AEMNGERET . RAK
WEMEm. ARRANGHBRAT IR ELEF AT E. Bk, BREANF LR IHE
XBATONFEITVNRERER, ALAZAEETHRMYERAED IR FHFETHE
R BAERAE], 2R 5T Y5 AW KR T TR R A D BE L M. M A KK
iﬁnﬁf?%?ﬁ\?éﬁ Yok, FARIT TN T ARXAEZS PR ER. REBAMA XS

FAT A RAF F A AFRAE, 2T BB CILFAE T R L F AR, RT3 5%
itfh AR RA AN FAIZ TR IG LA R EY, ?ﬁ:‘?ﬂ{}%%ﬁii%li %, MERFASRK
B, RHAHRAEMHER, RIBARSEE, HRSRHERR QIR XA RS P HM R Z .
FTHRAZMHELA TE2E L,

XHEIR: A, R AEY; FRE5;, RAKRE W, ALK

Chemical signals and their roles in medicinal plant-microorganism
interactions

WANG Aiyuan, LENG Chunyan, HUANG Xinjie, XING Yongmei, CHEN Juan®

State Key Laboratory for Quality Ensurance and Sustainable Use of Dao-di Herbs, Institute of Medicinal Plant
Development, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing, China

Abstract: Medicinal plants and microorganisms engage in complex, dynamic interactions that
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resistance to pathogens, and adaptation to environmental stressors. Therefore, elucidating the
chemical signaling molecules that mediate these interactions is of fundamental importance. The
review systematically summarizes the types and functional mechanisms of chemical signals
involved in medicinal plant-microorganism interactions. It highlights the roles of both plant- and
microorganism-derived signaling molecules in shaping the rhizosphere microbial community
assembly, regulating plant growth, and modulating the accumulation of bioactive secondary
metabolites. In addition, we discuss the functional divergence of bidirectional signaling in both
symbiotic and competitive interactions. Although many mechanism aspects of these chemical
signals remain to be fully elucidated, current knowledge provides a solid framework for
understanding their regulatory roles. With a “signal-microbiome-function” framework, it is
possible to manipulate plant chemical signaling or screen functional microbial strains to reconstruct
beneficial rhizosphere microbiomes. Such strategies hold potential for improving soil-plant-
microorganism interactions, promoting plant growth, enhance the accumulation of medicinal
compounds, and strengthen resistance to pathogens. Overall, these insights are of considerable
significance for improving the quality of Chinese medicinal materials and promoting the
sustainable and ecological cultivation of medicinal plants.

Keywords: medicinal plant; rhizosphere microorganism; chemical signal; secondary metabolites;
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Primary roles and manifestations of chemical signaling molecules in medicinal plant-microorganism
interactions. Created in BioRender (https://BioRender. com/oo4kznv). VOCs: Volatile organic compounds; PR:
Pathogenesis-related; AMPs: Antimicrobial peptides; ACC:
N-acyl homoserine lactones; IAA: Indole-3-acetic acid; SLs: Strigolactones; LCOs: Lipochitooligosaccharides;
COs: Short-chain chitin oligomers; JA: Jasmonic acid; SA: Salicylic acid; GA: Gibberellins; CK: Cytokinins; ET:
Ethylene; ABA: Abscisic acid.
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Table 1 Plant-derived chemical signals and their primary functions

Category Compounds Functions References

Root exudates Phenolic compounds Antioxidant, antibacterial, and antiviral properties improve plant [10]
disease resistance

Organic acids Promote mineral absorption and regulate microbial growth by either [11]
inhibiting or promoting it

Amino acids Provide carbon and nitrogen sources that affect the composition of [12]
microbial communities
Carbohydrates Enhance the diversity and complexity of microbial communities to [13]
support the proliferation of beneficial microorganisms
Volatile organic Aboveground VOCs  Attract natural enemies of pests, induce defense responses in [14]
compounds (VOCs) neighboring plants, and indirectly influence soil microbial perception

as signaling factors

Root VOCs Antibacterial or bacteriostatic agents attract beneficial microorganisms [15]
and serve as carbon sources for some of them

Plant hormones and Salicylic acid (SA)  Inhibit pathogen growth and recruit disease-resistant microorganisms  [16]
their analogs Jasmonic acid (JA)  Involved in plant defense and affecting microbial colonization [17]
Ethylene (ET) Involved in plant development, senescence, and stress responses [18]
Strigolactones (SLs) Specifically attract arbuscular mycorrhizal fungi (AMF), induce their ~ [19]
spore germination and hyphal branching, and promote the
establishment of mycorrhizal symbiosis
Cytokinins (CK) Regulate growth and development; perceive microorganisms [20]
Abscisic acid (ABA) Limit pathogen invasion while enhancing osmotic protection and [21]
antioxidant capacity
Gibberellins (GA) Promote growth and development, enhance JA-related defense [22]
mechanisms, and restrict pathogen expansion
Defense-related Alkaloids Directly inhibit or kill pathogens [23]
secondary metabolites
Pathogenesis-related PR proteins, serine ~ Defensive proteins that inhibit protein digestion in attacking pests [24]
(PR) proteins and protease inhibitors
antimicrobial peptides  AMps The plant innate immune system is widely used as a source of [25]
(AMPs) diagnostic molecular markers for defense signaling pathways

http://journals.im.ac.cn/actamicrocn
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Table 2 Chemical signals derived from microbial sources and their primary functions
Category Compounds Functions References
Hormone 1-aminocyclopropane-1- Alleviate the adverse effects of ethylene on plant growth, promote [62-63]
analogs carboxylic acid (ACC) development, and delay the senescence of medicinal plants
deaminase
Indole-3-acetic acid (IAA)  Affect the growth and development of medicinal plants and play akey  [64]
role in plant-microbe communication
Quorum N-acyl homoserine lactones Regulate the immunity of medicinal plants to enhance their resistance [65]
sensing (AHLs) to various pathogens
molecules
Pseudomonas  Siderophores/antibiotics Antagonize pathogens [66]
secretions
Mycorrhizal = Lipochitooligosaccharides =~ Recognized by plant root cell receptors, these molecules activate [67]
factors (LCOs) symbiotic signaling pathways and promote the formation of arbuscular
mycorrhizal symbiosis
Short-chain chitin Act synergistically with LCOs to trigger calcium oscillation signals in [68]
oligomers (COs) plant cells and regulate the expression of genes related to mycorrhizal
symbiosis
Effector proteins Interact with host plant transcription factors, inhibit plant defense [69]

responses, and promote the establishment of ectomycorrhizal symbiosis
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