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            Abstract
Volumetric variations of the human brain are heritable and are associated with many brain-related complex traits. Here we performed genome-wide association studies (GWAS) of 101 brain volumetric phenotypes using the UK Biobank sample including 19,629 participants. GWAS identified 365 independent genetic variants exceeding a significance threshold of 4.9â€‰Ã—â€‰10âˆ’10, adjusted for testing multiple phenotypes. A gene-based association study found 157 associated genes (124 new), and functional gene mapping analysis linked 146 additional genes. Many of the discovered genetic variants and genes have previously been implicated in cognitive and mental health traits. Through genome-wide polygenic-risk-score prediction, more than 6% of the phenotypic variance (Pâ€‰=â€‰3.13â€‰Ã—â€‰10âˆ’24) in four other independent studies could be explained by the UK Biobank GWAS results. In conclusion, our study identifies many new genetic associations at the variant, locus and gene levels and advances our understanding of the pleiotropy and genetic co-architecture between brain volumes and other traits.
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                    Fig. 1: The number of independent significant variant-level associations discovered in UKB GWAS (nâ€‰=â€‰19,629 subjects) at different significance levels.[image: ]


Fig. 2: Genes identified in gene-based association analysis of ROI volumes (nâ€‰=â€‰19,629 subjects) that have been linked to cognitive traits and mental health disorders in previous GWAS.[image: ]


Fig. 3: Selected pairwise genetic correlations between ROI volumes (nâ€‰=â€‰21,821 subjects) and other traits.[image: ]


Fig. 4: Prediction accuracy (incremental R-squared) of PRSs constructed by UKB GWAS (nâ€‰=â€‰19,629 subjects) summary statistics on the four independent datasets.[image: ]
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                Data availability

              
              The data used in this work were obtained from five publicly available datasets: the UKB study, the HCP study, the PING study, the PNC study and the ADNI study. We used 50 sets of publicly available GWAS summary statistics from several GWAS databases. The data resources are summarized in Supplementary Table 24. All UKB and meta-analysis GWAS summary statistics of 101 ROI volumes can be found at https://github.com/BIG-S2/GWAS.

            

Code availability
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