Additional files
Additional file 1: Format: PDF. Supplementary Figures S1–S21, supporting variant quality control, population structure, selective sweeps, landscape genomics, cold phenotyping, GWAS, vvi-miR169 family characterization, and transgenic functional validation.
Additional file 2: Format: XLSX. Germplasm passport, whole-genome resequencing alignment metrics, chromosome-wide SNP densities, and individual ADMIXTURE ancestry coefficients (Q-matrix) for the grapevine collection and the outgroup.
Additional file 3: Format: XLSX. Genome-wide selective sweep outliers and lineage-specific functional enrichments in grapevine.
Additional file 4: Format: XLSX. Summary and loadings of environmental multivariable PCA, ordinary and partial Mantel test matrices, variation partitioning analysis components across transcontinental lineages, and Bio6-associated genotype–environment association loci and pathways.
Additional file 5: Format: XLSX. Phenotypic dynamics, genome-wide association hits, and fine-mapping co-localization for grapevine cold tolerance.



