
Extended Data Fig. 6 | Stacked bar plots summarizing host conditions 
associated with GWSS clusters in all commensal SGBs. Each row represents a 
GWSS cluster within a SGB and is labeled according to the major host condition(s) 
associated with that cluster (Padj < 0.05, no regional bias). Associations were 
tested using general linear models. All tests were two-sided, and P values were 
adjusted using the Benjamini–Hochberg false discovery rate (FDR) procedure. 

Regional bias was assessed using two-sided chi-squared goodness-of-fit tests 
within each sweep; sweeps with P < 0.05 were classified as regionally biased. 
Within each row, the length of each colored segment represents the enrichment 
of samples from different host conditions in a given GWSS cluster, relative  
to their occurrences in the entire SGB, with segment colors denoting the 
respective conditions.
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Extended Data Fig. 7 | SGBs associated with host conditions. Heatmaps of 
statistically significant (Padj < 0.05) associations between entire SGBs and host 
conditions. Associations were tested using general linear models. All tests were 

two-sided, and P values were adjusted using the Benjamini–Hochberg false 
discovery rate (FDR) procedure.



Extended Data Fig. 8 | Functions enriched in genes specific to GWSS clusters 
in all SGBs. Bar plots show the percentage of genes annotated with selected 
COG categories and Pfam domains among all genes within GWSS clusters 
(“Total”) and among genes unique to GWSS clusters (“Sweep specific”) for each 
SGB. Only COG categories and Pfam domains in SGBs where the difference 

between “Total” and “Sweep specific” genes was statistically significant 
(P < 0.000005) are shown, i.e. COG category M (Cell wall/membrane/envelope 
biogenesis) and COG category L (replication, recombination, and repair). Bars 
are colored by the disease association status of each GWSS cluster: blue for 
negative associations, red for positive associations, and gray for no association.
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Extended Data Fig. 9 | Evaluating the sweep detection and age estimation 
pipeline with V. cholerae strains from the 7th pandemic. a. The L2 lineage 
identified as a distinct clonal GWSS cluster with a clear divergence gap from 
non-L2 isolates. Each dot represents a mock metagenome generated from a  

V. cholerae isolate genome. b. Neighbor-joining tree constructed from pairwise 
distances among mock metagenomes derived from isolates within the L2 
lineage and from non-L2 lineages.












