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Supplementary Figures
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(A) LASSO (↵ = 0)
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(B) Elastic Net (↵ = 0.5)
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(C) Ridge Regression (↵ = 1)
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(D) No Regularization

Figure S1. Simulation study results showing the Pearson correlation between various de-
grees of gene-" regularized SNP-level e↵ect size estimates and the true e↵ect sizes that
generated the complex traits. Assessed regularization techniques are the (A) LASSO [16], (B) Elas-
tic Net [17], (C) Ridge Regression [18], and (D) no regularization of ordinary least squares (OLS) e↵ect
sizes which serves as a baseline. Here, we take real genotype data on chromosome 19 from N = 5, 000
randomly chosen individuals of European ancestry in the UK Biobank (see Section S1). We then as-
sumed a simple linear additive model for quantitative traits while varying the narrow-sense heritability
(h2 = {0.01, 0.05, 0.10, 0.15, 0.20, 0.25}). We considered two scenarios where traits are generated with
and without additional population structure (colored as pink and blue lines, respectively). In the for-
mer setting, phenotypes are simulated while also using the top five principal components (PCs) of the
genotype matrix as covariates to create stratification. These PCs contributed to 10% of the phenotypic
variance. In both settings, GWA SNP-level e↵ect sizes were derived via OLS without accounting for any
additional structure. The y-axis shows Pearson correlation between gene-" regularized e↵ect sizes and
the truth. On the x-axis of each plot, we vary the number of causal SNPs for each trait (i.e., {1, 5, 10, 15,
20, 25}%). Results are based on ten replicates (see Section S2), with the error bars representing standard
errors across runs.


