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Shotgun metagenomic decoding of impaired functional aynergy in Crocus sativus
rhizosphere microbiome during corm rot and targeted SynComs design
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Abstract: Objective To decipher the association between corm rot disease in Crocus sativus and the impairment of the functional synergistic
network within the rhizosphere microbiome, and to identify core beneficial microorganisms, thereby providing a basis for the targeted design of
synthetic microbial communities (SynComs). Methods Rhizosphere soil samples from healthy and diseased saffron plants were collected.
Metagenomic sequencing was employed to analyze the microbial community structure and function, while multivariate statistical analyses were
used to identify differentially enriched taxa and disease-resistant functional pathways. Results The diseased rhizosphere was characterized by the
abnormal proliferation of pathogens such as Fusarium oxysporum (with a combined relative abundance of up to 21%), alongside a significant
decrease in the abundance of beneficial microbes like Bacillus and Trichoderma. In contrast, the healthy rhizosphere was enriched with functional
pathways related to signal transduction, biosynthesis of antimicrobial compounds (e.g., nonribosomal peptides), and defense mechanisms. Species-
function correlation analysis revealed that the core beneficial microorganisms in the healthy rhizosphere were significantly positively correlated
with these disease-resistant functions, forming a potential “functional synergistic network”, which collapsed under diseased conditions. Conclusion
The occurrence of corm rot is closely related to the disruption of the functional synergistic network in the rhizosphere microbiome. This study
reveals the functional synergistic network constituted by core beneficial microbes in the healthy rhizosphere, providing key theoretical foundations
and microbial resources for targeted restoration of this network and the design of multi-mechanistic SynCom-based biocontrol strategies.
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A-principal coordinate analysis (PCoA) based on Bray-Curtis distance of total microbial communities; B-relative abundance of bacterial communities at

the phylum level; C-relative abundance of fungal communities at the phylum level; D-relative abundance of key fungal genera; E-relative abundance of

top 10 fungal species; F-relative abundance of Fusarium oxysporum; G-relative abundance of Fusarium solani; H-relative abundance of Nectria

haematococca; " P<0.05 "P<0.01.
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Fig.1 Structure of rhizosphere microbial communities in healthy and diseased Crocus sativus
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Red bars represent species significantly enriched in the Diseased
group, green bars represent species significantly enriched in the
Healthy group; Only species with LDA score >3 are shown.
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Fig. 2 LEfSe analysis of differentially abundant species in
fungal communities of healthy and diseased groups
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A-fungi; B-bacteria; species marked in red show significant negative correlations with both Fo and Fis; Color intensity represents the Spearman correlation

coefficient (r);"P < 0.05 “*P<0.01.
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Fig.3 Spearman correlations heatmap between enriched species in healthy group and pathogens Fo and Fs
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gene COG1020/NRPS highlighted with red ); C-differences at KEGG pathway level (Welch test, P < 0.05).
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Fig. 4 Differential functional analysis of rhizosphere microbiomes in healthy and diseased groups
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Fig.5 Spearman correlation heatmap between enriched differential species and key disease-resistant functions
(COG/KEGG ) in healthy rhizosphere
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