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[bookmark: _Hlk203830611][bookmark: _Hlk198287043]Fig S1. The STR mutational landscape in Col-0 derived lines. (A) STR mutation rates (per STR locus per generation) by repeat motif type in different genomic regions. Error bars indicate mean ± SE. (B) De novo STR mutation preference analysis schematic. Natural Poly STR: STR loci with length variation in 1,168 accessions. MA Fixed STR, STR loci without variation; MA Poly STR, STR loci with length variation in mutation accumulation lines (MA). Observed %: the proportion of MA Poly STR that intersects with Natural Poly STR. Expected %: the proportion of randomly selected MA STR that overlaps with Natural Poly STR.
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[bookmark: _Hlk203830673]Fig S2. Intra- and interspecific STR mutational landscape across different repeat motifs. (A) The counts of STRs for each repeat motif in the A. thaliana. (B) Distribution of STR mutation types within ten assembled genomes across different repeat motifs. For motifs, we selected the top three most abundant types from each STR unit category. (C) STR mutation types detected between A. thaliana and A. lyrata across different repeat motifs.
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[bookmark: _Hlk198889388][bookmark: _Hlk203830707]Fig S3. Analysis of polymorphic STRs across populations. (A) Principal component analysis based on genome-wide SNPs (left) and STR genotypes (right) for ten defined population classes of A. thaliana. Each point represents an individual accession, colored by population, with the 55 newly added accessions highlighted in gray. (B) Number of polymorphic STR loci with different repeat motif identified in 1,168 accessions. (C) Polymorphic STRs shared among all populations, grouped by repeat motif. (D) Boxplots showing sequencing depth (× coverage) for each population class. Boxes denote the interquartile range (IQR), horizontal lines the median, whiskers extend to 1.5 × IQR, and dots indicate outliers; blue point mark the mean depth for each class.
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[bookmark: _Hlk142148322][bookmark: _Hlk122639988][bookmark: OLE_LINK54][bookmark: _Hlk142148365][bookmark: OLE_LINK8][bookmark: _Hlk203830740][bookmark: _Hlk142148402]Fig S4. The effects of STRs on gene expression. (A) Effect size (beta value) of eSTRs located in different genomic regions. Beta value of the y-axis represents the correlation coefficient between STR length and expression variation, and a value greater than 0 indicates a positive correlation. Binomial test was used. *, p < 0.05; **, p < 0.01; ***, p < 0.001. (B) Effect size of eSTRs with different unit size. Binomial test was used. (C) Enrichment of STRs in different genomic regions of associated genes in eQTL analysis. NS, STRs that were not reported to be significantly related with any gene expression; related, STRs that were significantly associated with at least one gene expression variation but were not reported as causal; causal, STRs that were reported as causal for at least one gene expression variation. Fisher’s exact test was used. (D) GO enrichment of genes with eSTRs (eGenes) by agriGO. Fisher’s exact test was used.
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[bookmark: _Hlk203830760]Fig S5. Repeat-motif–based analysis of eSTRs and sSTRs. (A) Proportion of eSTRs classified as not significant (NS), related, or causal across different repeat motifs. (B) Proportion of sSTRs classified as NS, related, or causal across different repeat motifs.
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[bookmark: _Hlk203830781]Fig S6. GWAS analysis using STR loci. Manhattan plots are shown for 14 phenotypes. The red horizontal line corresponds to the significance threshold (0.05/STR loci number) and blue horizontal line corresponds to the significance threshold (0.01/STR loci number).
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