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gene-" Approaches

Causal Genes Metric OLS RR EN LASSO

1%
Power 0.798 (0.100) 0.712 (0.111) 0.793 (0.108) 0.774 (0.118)

FDR 0.789 (0.077) 0.345 (0.119) 0.077 (0.083) 0.101 (0.100)

10%
Power 0.168 (0.125) 0.211 (0.031) 0.261 (0.062) 0.261 (0.061)

FDR 0.490 (0.144) 0.011 (0.019) 0.021 (0.026) 0.027 (0.029)

Other Methods

Causal Genes Metric PEGASUS VEGAS RSS SKAT MAGMA

1%
Power 0.809 (0.104) 0.869 (0.090) 0.773 (0.113) 0.744 (0.123) 0.870 (0.089)

FDR 0.833 (0.046) 0.832 (0.047) 0.301 (0.098) 0.806 (0.059) 0.848 (0.040)

10%
Power 0.426 (0.044) 0.420 (0.042) 0.251 (0.030) 0.342 (0.038) 0.488 (0.048)

FDR 0.449 (0.068) 0.470 (0.067) 0.134 (0.044) 0.429 (0.075) 0.474 (0.064)

Table S8. 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 population stratification (N = 10,000; h2 = 0.6). In this simulation, traits
were generated while using the top five principal components (PCs) of the genotype matrix as covariates.
GWA summary statistics were computed by fitting a single-SNP univariate linear model (via ordinary
least squares) without any control for the additional structure. We show the power of gene-" to identify
enriched genes under the Bonferonni-corrected threshold P = 3.55 ⇥ 10�5, corrected for 1,408 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.


