Figure S1 Optimal SNP cutoff determination for hierarchical clonal differentiation (A) Distribution of core-genes SNPs divergence thresholds for discriminating inter-clonal groups between ST164(IC11) and ST2(IC2) isolates. Vertical dashed line indicates the optimal differentiation cutoff. (B) Corresponding silhouette analysis with maximum value marking the critical threshold. (C) Intra-clonal threshold determination for sublineage differentiation within ST2 isolates. (D) Associated silhouette profile validating subclonal partitioning efficacy.





















Figure S2 Lineage-specific chromosomal integration patterns of blaOXA-23 in ST164 and ST2 isolates. Target site duplications (TSDs) are indicated by purple vertical lines. In ST164 isolates, blaOXA-23 is present in two copies within Tn2006 elements: one integrated into an RND efflux transporter permease gene with the 9-bp TSD AAAATATCG, and another located between ABC transporter ATPase and site-specific integrase genes with the 9-bp TSD AAAATTGAG. In ST2 isolates, exemplified by Ab2332, blaOXA-23 resides within a Tn2009 element featuring the characteristic 9-bp TSD AAAATATTT. Arrows denote transcriptional orientation.


















 

Figure S3 Phylogenetic analysis of globally distributed blaNDM-1-positive ST2 and ST164 CRAb isolates. (A) 756 blaNDM-1-positive ST2 CRAb isolates; (B) 238 blaNDM-1-positive ST164 CRAb isolates. From the innermost to the outermost ring: country of isolation, year of isolation, KL/OCL type, and acquired carbapenemase genes.
 









 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S4 Phylogenetic hierarchy supplement. Branch lengths represent pairwise core-genome SNP distances between ST164 (founder) and its single-locus variants (SLVs), highlighting the mutational steps from the central ST164 lineage.
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