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gene-" Approaches

Causal Genes Metric OLS RR EN LASSO

1%
Power 0.707 (0.111) 0.567 (0.107) 0.624 (0.115) 0.638 (0.123)

FDR 0.591 (0.132) 0.260 (0.161) 0.004 (0.022) 0.006 (0.030)

10%
Power 0.101 (0.030) 0.172 (0.060) 0.013 (0.012) 0.010 (0.007)

FDR 0.119 (0.101) 0.365 (0.160) 0.060 (0.192) 0.056 (0.183)

Other Methods

Causal Genes Metric PEGASUS VEGAS RSS SKAT MAGMA

1%
Power 0.719 (0.108) 0.787 (0.106) 0.744 (0.107) 0.636 (0.114) 0.753 (0.109)

FDR 0.605 (0.127) 0.626 (0.116) 0.116 (0.126) 0.575 (0.142) 0.677 (0.108)

10%
Power 0.117 (0.019) 0.065 (0.015) 0.054 (0.012) 0.093 (0.016) 0.118 (0.017)

FDR 0.132 (0.101) 0.226 (0.154) 0.091 (0.128) 0.116 (0.106) 0.162 (0.106)

Table S11. Empirical power and false discovery rates (FDR) for detecting enriched genes
(genes containing at least one causal SNP) after correcting for multiple hypothesis testing
in simulations with gene boundaries augmented by a 50 kilobase (kb) bu↵er (N = 5,000;
h2 = 0.6). We computed standard GWA SNP-level e↵ect sizes (estimated using ordinary least squares)
as input to each method listed. We show the power of gene-" to identify enriched genes under the
Bonferonni-corrected threshold P = 2.61⇥ 10�5, corrected for 1,916 genes simulated using chromosome
1 from the UK Biobank genotype data (see Section S2). Results for gene-" are shown with LASSO,
Elastic Net (EN), and Ridge Regression (RR) regularizations. We also show the power of gene-" without
regularization to illustrate the importance of this step (OLS). Additionally, we compare the performance
gene-" with five existing methods: PEGASUS [6], VEGAS [7], RSS [10], SKAT [11], and MAGMA [15].
The last is a Bayesian method and is evaluated based on the “median probability criterion” (i.e., posterior
enrichment probability of a gene is greater than 0.5). All results are based on 100 replicates and standard
deviations of the estimates across runs are given in the parentheses. Approaches with the greatest power
are bolded in purple, while methods with the lowest FDR is bolded in blue.


