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Many variants related to complex traits have been identified by Genome-wide association 

studies (GWAS), but translating them into target genes from a multi-omics dimension has 

posed a major challenge over the past decade. Here, we first present a comprehensive 

interaction map of nuclear dynamics of 3D chromatin-chromatin interactions (H3K27ac BL-

HiChIP) and RNA-chromatin interactions (GRID-seq) to reveal genomic variants that 

contribute to complex skeletal muscle-associated traits. In a genome-wide scan, we provide 

systematic fine mapping and gene prioritization from GWAS leading signals that underlie 

phenotypic variability of growth rate, meat quality, and carcass performance. A set of 

candidate causal variants and 54 target genes previously not detected were identified, with 

71% of these candidate causal variants choosing to skip over their nearest gene to regulate 

the target gene in a long-range manner. We further provide cohort validation for three 

functional variants regulating KLF6 related to Days to 100 Kg (AGE), MXRA8 related to Lean 

meat percentage (LMP), and TAF11 related to Loin muscle depth (LMD). Moreover, we find 

that this multi-omics interaction map consists of functional communities that are enriched in 

specific biological functions, and GWAS target genes can serve as core genes for exploring 



peripheral trait-relevant genes. Overall, utilizing RNA-chromatin and chromatin-chromatin 

interactions simultaneously and investigating their mutual effects on transcriptional regulation 

provide new approaches and insights for future association studies. 
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