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Supplementary Note 1
[bookmark: _z8eqpbd4awla]Whole-Genome Sequencing
Whole-genome sequences from n = 125 Thoroughbred horses were available for imputing SNP genotypes to whole genome sequence level. N=28 samples were resequenced at 12× coverage and n=97 samples were resequenced at 15× coverage using Illumina technology (Illumina NovaSeq platform, PE150, and Illumina NovaSeq X Plus platform, PE150). The raw sequencing reads were trimmed using fastp v0.23.4 [1]. Trimming included adapter detection and removal, as well as removal of polyG and polyX tails using default fastp parameters. Quality filtering was applied with a Phred quality score ≥ Q15, allowing up to 40% of bases to be below this threshold, and length filtering was applied to discard reads shorter than 15 bp. Trimmed reads were processed using a containerized WAGS pipeline comprising two steps for germline short and structural variant analysis, specifically OneWAG and ManyWAGS [2]. Default settings were used to produce genomic variant call format (GVCF) files for each sample, including alignment to the built-in reference genome EquCab3 using BWA-MEM. GVCFs were then combined and jointly genotyped. SNPs were filtered using variant quality score recalibration (VQSR) with built-in MNEc2M array sites, while indels were filtered using the default hard-filtering approach. The complete VCF file was annotated using VEP with a manually obtained reference to the EquCab3.0 GTF from Ensembl release 103, compatible with the VEP version in the container.
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Figure S1: (a) Distance of training reQTLs (orange), non-training reQTLs (blue), and all eQTLs (grey) to the TSS of the target gene. (b) Comparison of distances to TSS between training reQTLs and non-traning reQTLs, and between training reQTLs and all top cis-eQTLs. Differences in distance distributions were assessed using the Wilcoxon rank-sum test.  (c, d) represented the significantly enriched GO terms for exercise reGenes in UE vs. UR and training reGenes in TR vs. UR. The size of each dot corresponded to the number of genes enriched in the respective terms, with larger dots indicating a greater number of enriched genes. The color gradient represented the P-value of significance, where redder shades denoted more statistically significant enrichment. (e) Proportion of transcription factor (TF) genes among exercise reGenes (blue), non-exercise reGenes (grey), training reGenes (orange), and non-training reGenes (grey), respectively. Error bars represented standard deviations. The significant P-value was detected by two-sample proportion test.
[image: ]
Figure S2: Manhattan plot depicting results from GWAS. (a, b, and c) presented the GWAS outcomes for average distance for all horses, best racing distance for elite horses, and best racing distance for nonelite horses, respectively. The two red horizontal line indicated the P-value threshold for genome wide significance using the Bonferroni (BF) and Benjamini–Hochberg (BH) for multiple testing. (d) Regional association and linkage disequilibrium (LD) plot for the top associated locus for BRD-ELI GWAS. Regional association plot showing the –log₁₀(P) values of SNPs from the GWAS around the lead SNP (chr18: 66857339). The colour of each SNP represents the LD (r²) with the lead SNP. The bottom triangle represents the pairwise LD (r²) pattern, where red indicates strong LD and yellow indicates weaker LD.
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Figure S3: QQ plot showing the distribution of P values from the GWAS for 5 phenotypes, including average distance for all horses (S3a), best racing distance for all horse (S3b), best racing distance for elite horses (S3c), and best racing distance for nonelite horses (S3d), and speed of horses at two years of age (S3e), respectively.  
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Figure S4: Manhattan plot depicting results from Conditional GWAS. (a, b, c, and d) presented the conditional GWAS outcomes for average distance for all horses, best racing distance for all horses, best racing distance for elite horses, and best racing distance for nonelite horses, respectively. The red horizontal line indicated the P-value threshold “5e-8”.
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Figure S5: Principal component analysis (PCA) of gene expression profiles. (a) PCA of all horses included in the eQTL mapping. (b) PCA of horses used in the reQTL analysis comparing UE vs. UR. (c) PCA of horses used in the reQTL analysis comparing TR vs. UR. 
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