[image: ]Supplementary Figure 1. Optimization strategies for SNP panel discovery. (A) GA strategy: a population of (k)-SNP candidate panels is initialized and iteratively updated through selection, crossover, and mutation. Candidate panels are scored by variety discrimination, and evolution proceeds until convergence or the maximum number of iterations is reached, followed by local/duplicate-focused refinement of the best panel. (B) Hybrid strategy: informative SNPs are first ranked to construct an initial (k)-SNP panel by greedy search. Multiple restart panels are then explored and refined through SNP-swap local improvement and duplicate-focused optimization. When only a few unresolved pairs remain, a last-mile targeted refinement is applied before outputting the final panel.
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