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            Abstract
We developed a likelihood-based approach for analyzing summary-level statistics and external linkage disequilibrium information to estimate effect-size distributions of common variants, characterized by the proportion of underlying susceptibility SNPs and a flexible normal-mixture model for their effects. Analysis of results available across 32 genome-wide association studies showed that, while all traits are highly polygenic, there is wide diversity in the degree and nature of polygenicity. Psychiatric diseases and traits related to mental health and ability appear to be most polygenic, involving a continuum of small effects. Most other traits, including major chronic diseases, involve clusters of SNPs that have distinct magnitudes of effects. We predict that the sample sizes needed to identify SNPs that explain most heritability found in genome-wide association studies will range from a few hundred thousand to multiple millions, depending on the underlying effect-size distributions of the traits. Accordingly, we project the risk-prediction ability of polygenic risk scores across a wide variety of diseases.
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                    Fig. 1: Q-Q plots comparing observed distributions of association statistics against those expected under the fitted models for three representative traits.[image: ]


Fig. 2: Estimated effect-size distributions for susceptibility SNPs based on the best fitted (M2 or M3) model for continuous (top) and binary traits (bottom).[image: ]


Fig. 3: Projected number of discoveries (top) and corresponding percentage of GWAS heritability explained (bottom) based on the best-fitted (M2 or M3) model for effect-size distribution for continuous (left) and binary (right) traits.[image: ]


Fig. 4: Expected area under the curve (AUC) for polygenic risk prediction models with SNPs included at the optimal significance (Î±) threshold (red solid line) and at the genome-wide significance level of 5â€‰Ã—â€‰10â€“8 (black solid line).[image: ]
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