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            Abstract
We introduce new statistical methods for analyzing genomic data sets that measure many effects in many conditions (for example, gene expression changes under many treatments). These new methods improve on existing methods by allowing for arbitrary correlations in effect sizes among conditions. This flexible approach increases power, improves effect estimates and allows for more quantitative assessments of effect-size heterogeneity compared to simple shared or condition-specific assessments. We illustrate these features through an analysis of locally acting variants associated with gene expression (cis expression quantitative trait loci (eQTLs)) in 44 human tissues. Our analysis identifies more eQTLs than existing approaches, consistent with improved power. We show that although genetic effects on expression are extensively shared among tissues, effect sizes can still vary greatly among tissues. Some shared eQTLs show stronger effects in subsets of biologically related tissues (for example, brain-related tissues), or in only one tissue (for example, testis). Our methods are widely applicable, computationally tractable for many conditions and available online.
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                    Fig. 1: Overview of fitting procedure in mash, which estimates multivariate distribution of effects present in the data.[image: ]


Fig. 2: Comparison of methods on simulated data.[image: ]


Fig. 3: Summary of primary patterns identified by mash in GTEx data.[image: ]


Fig. 4: mash uses learned patterns of sharing to inform effect estimates in the GTEx data.[image: ]


Fig. 5: Number of tissues shared by sign and magnitude.[image: ]


Fig. 6: Pairwise sharing by magnitude of eQTLs among tissues.[image: ]
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              The GTEx study data are available through dbGaP under accession phs000424.v6.p1. The GTEx summary statistics used in the mash analysis have been deposited in Zenodo (https://doi.org/10.5281/zenodo.1296399).
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