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(A) N = 5,000 with 1% Enriched Genes (B) N = 5,000 with 10% Enriched Genes

(C) N = 10,000 with 1% Enriched Genes (D) N = 10,000 with 10% Enriched Genes

Figure S20. Scatter plots assessing how regularization on SNP-level summary statistics
a↵ects the ability to identify enriched genes in simulations with population stratification
(h2 = 0.6). Here, the narrow-sense heritability of the simulated quantitative traits is h

2 = 0.6 and
sample sizes are set to N = 5,000 in (A, B) and N = 10,000 in (C, D). 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. Results are shown comparing the -log10
transformed gene-level P -values derived by gene-" with Elastic Net (EN) regularization on the y-axis
and without regularization (labeled as OLS) on the x-axis. The horizontal and vertical dashed lines
are marked at the Bonferonni-corrected threshold P = 3.55 ⇥ 10�5 corrected for the 1,408 genes on
chromosome 1 from the UK Biobank genotype data. True positive causal genes used to generate the
synthetic phenotypes are colored in red, while non-causal genes are given in grey. Genes in the top right
quadrant are selected by both approaches. Genes in the top left and bottom right quadrants are uniquely
identified by gene-"-EN and gene-"-OLS, respectively. To illustrate the importance of regularization on
SNP-level summary statistics, we highlight the true positive genes only identified by gene-"-EN in blue.
Each plot combines results from 100 simulated replicates (see Section S2).


