








Nature Microbiology

Resource https://doi.org/10.1038/s41564-024-01723-9

Extended Data Fig. 5 | See next page for caption.
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Extended Data Fig. 5 | Differences between six functional clusters in the same 
species analyzed by the Kruskal–Wallis test with Dunn post hoc tests. (A) The 
P values of inter-cluster comparison for FGPs in eight species. The UMAP plot 
presented the functional clusters involved in the analysis. The heat map showed 
the P values. (B) Dunn post hoc test performed on the FGPs of carbohydrate 

transport and metabolism. (C) Dunn post hoc test performed on the FGPs of 
lipid transport and metabolism. (D) Dunn post hoc test performed on the FGPs 
of amino acid transport and metabolism. FGP: functional gene proportion (the 
number of functional genes in a certain pathway/the number of all annotated 
genes in single cell); UMAP, Uniform Manifold Approximation and Projection.
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Extended Data Fig. 6 | SPIEC-EASI analysis. The interaction networks of 213 cell units and the interactions between the HSP90+ HMACs—Basfia_succiniciproducens 
and other associated cell units. SPIEC-EASI, Sparse Inverse Covariance Estimation for Ecological Association Inference.
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Extended Data Fig. 7 | Carbohydrate metabolic activity analysis. Average classic carbohydrate metabolic FGPs of 10 sub-functional clusters generated from HMACs. 
FGPs, functional gene proportions, the number of functional genes in a certain pathway/the number of all annotated genes; HMACs, high metabolic activity cells.
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Extended Data Fig. 8 | Active cell proportion analysis. Active cell proportion of 10 sub-functional clusters generated from HMACs in each classic carbohydrate 
metabolic pathway. HMACs, high metabolic activity cells.
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Extended Data Fig. 9 | Marker genes and biofilm formation pathway activity 
analysis of 8 sub-population functional clusters form B. succiniciproducen 
cells. (A) The UMAP plot of eiight sub-population functional clusters form  
B. succiniciproducen cells. (B) Marker genes of eight sub-population functional 
clusters form B. succiniciproducen cells. (C) Transformational relationships 

between clusters “Multi signal cells”, “Integrase+ cells”, and “Transposase+ 
formate/nitrite TCs”. (D) “Biofilm.formation_P” pathway activity and two key 
gene proportion, n = 200 and 121 biologically independent cells. Data are 
presented as mean values +/- SEM. Two-side Wilcoxon rank sum test was used for 
data analysis. UMAP, Uniform Manifold Approximation and Projection.
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