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Supplementary Figure 1 – Type 1 error P-value histograms. Distribution of P-values from 

the gene prioritization analysis, the reconstituted gene set enrichment analysis and the 

tissue/cell type enrichment analysis. DEPICT was run using the top 100 independent loci 

from (a) 100x a simulated GWAS (i.e. using a Gaussian simulated phenotype) using Diabetes 

Genetics Initiative consortium genotype data
1
 and (b) 100x a simulated GWAS using 

HAPGEN
2
 simulated genotype data. The near uniform distributions of P-values from both 

shows that DEPICT has no pronounced type 1 error. 
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Supplementary Figure 2 – Distribution of MAGENTA gene set enrichment P-values. 

MAGENTA
3
 was run 100 times using default settings on summary statistics from 100x a 

simulated GWAS (i.e. using a Gaussian simulated phenotype) using HapMap imputed 

Diabetes Genetics Initiative genotype data
1
. P-values from the 75 percentile model that was 

used are shown in the histogram. 
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Supplementary Figure 3 – Comparison of DEPICT and MAGENTA for human height. 

Comparison of DEPICT, which was run with 697 genome-wide significant height SNPs as 

input, and MAGENTA, which was run using the complete list of human height GWAS 

summary statistics
4
. DEPICT was run using 1,280 reconstituted gene sets, whereas 

MAGENTA was run using the pre-defined versions of these 1,280 gene sets. Both methods 

were run with default settings and the 75 percentile model P-values are shown for 

MAGENTA. 
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Supplementary Figure 4 – Comparison of DEPICT and MAGENTA for LDL.  

Comparison of DEPICT, which was run with 67 genome-wide significant LDL SNPs as 

input, and MAGENTA, which was run using the complete list of LDL GWAS summary 

statistics
5
. DEPICT was run using 1,280 reconstituted gene sets, whereas MAGENTA was 

run using the pre-defined versions of these 1,280 gene sets. Both methods were run with 

default settings and the 75 percentile model P-values are shown for MAGENTA. 
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Supplementary Figure 5 – Overview of DEPICT and MAGENTA comparison. We 

compared DEPICT to MAGENTA
3
 using GWAS data for Crohn’s Disease from the 

Inflammatory Bowel Disease Consortium
6
, for human height data from the GIANT 

Consortium
4
, and data for low-density lipoprotein-cholesterol (LDL) from the Global Lipids 

Genetics Consortium
5
. We checked that DEPICT and MAGENTA exhibited correct type 1 

error rates and ran each method on 1,280 gene sets having the same identifiers across both 

methods; DEPICT used reconstituted versions of the 1,280 gene sets and genome-wide 

significant SNPs only, while MAGENTA was run with its generic gene sets and considered 

the full set of association results, using both the 75
th
 and 95

th
 percentile cutoffs. For Crohn’s 

Disease, DEPICT identified 2.5 times more significant gene sets (FDR < 0.05) than 

MAGENTA, 2.8x more significant gene sets for height, and 1.1 times more significant gene 

sets for LDL. A similar excess of gene sets was observed at nominal significance (P < 0.05).  
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Supplementary Figure 6 – MAGENTA with reconstituted gene sets for Crohn’s Disease. 

Comparison of MAGENTA with predefined gene sets and reconstituted gene sets using 

Crohn’s Disease summary statistics
6
 (downloaded from www.ibdgenetics.org). MAGENTA 

was run using the pre-defined and reconstituted set 1,280 gene sets. Default settings were 

applied and the 75 percentile model P-values are shown. 
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Supplementary Figure 7 – MAGENTA with reconstituted gene sets for human height. 

Comparison of MAGENTA with predefined gene sets and reconstituted gene sets using 

genome-wide significant human height GWAS summary statistics
4
. MAGENTA was run 

using the pre-defined and reconstituted set 1,280 gene sets. Default settings were applied and 

the 75 percentile model P-values are shown. 
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Supplementary Figure 8 – MAGENTA with reconstituted gene sets for LDL. 

Comparison of MAGENTA with predefined gene sets and reconstituted gene sets using 

genome-wide significant low-density lipoprotein GWAS summary statistics
5
. MAGENTA 

was run using the pre-defined and reconstituted set 1,280 gene sets. Default settings were 

applied and the 75 percentile model P-values are shown. 
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Supplementary Figure 9 – ROC and precision and recall estimates. Receiver operating 

characteristics (ROC) curves based on DEPICT and GRAIL
7
 results for genome-wide 

significant SNPs for Crohn’s Disease
6
 (www.ibdgenetics.org) and human height

4
. The area 

under (AUC) the ROC curve estimate can be interpreted as the probability that a randomly 

chosen positive will rank higher than a randomly chosen negative. Precision measures the 

positive predicted value, whereas recall measures the sensitivity. A precision of 1 means that 

all positive genes were correctly classified as such and that there were no false positives. A 

recall of 1 means that all positive genes were classified as a positive gene. 
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Supplementary Figure 10 – DEPICT results LDL. The figure show significantly enriched 

gene sets (panel a), prioritized genes (panel b), and enriched tissue/cell types (panel c) for the 

DEPICT analysis of low-density lipoprotein cholesterol (LDL)
5
. The input to DEPICT were 

rsIDs from the 136 most associated SNPs (P < 1 × 10
-5

), which DEPICT converted to 87 fully 

independent loci (DEPICT locus definition). Unless otherwise stated, significance implies 

false discovery rate (FDR) below 5%. a, DEPICT identified 564 significant reconstituted 

gene sets. To group overlapping gene sets, we next computed the pairwise Pearson correlation 

of all significant gene sets and used Affinity Propagation method
8
 on the Pearson distance 

matrix to cluster gene sets that were highly correlated. The Affinity Propagation method 

automatically defines the number of independent clusters and identifies an exemplar for each 

cluster. We used the exemplar gene sets to label cluster and referred to clusters as ‘meta gene 

sets’. In the figure only exemplar gene sets are shown (there was no meta gene set that only 

contained a single gene set). Gene sets that had Pearson correlations above r = 0.3 were 

connected by edges, which were scaled according to degree of correlation (higher correlation 

is reflected by wider edges). Only gene sets with gene prioritization P-value < 5.0 × 10
-4

 are 

shown in the figure. Gene sets were color coded according to the DEPICT gene set 

enrichment P-value (lower P-values is reflected by darker colors). b, 35 genes were 

significantly prioritized (FDR < 0.05). Loci with labels containing multiple rsIDs denote 

DEPICT loci that resulted from overlapping input loci. c, DEPICT identified two significant 

tissue and three cell type annotations (marked in black). 
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Supplementary Note 1 – Locus definition calibration 

In total we tested 21 locus definitions varying the genetic distance (measured by the LD r
2
 

parameter), physical distance and distance to nearest recombination hotspot (Supplementary 

Table 2). The nearest gene to a given best-associated SNP was always included, and loci that 

were overlapping in terms of the genes mapped to them were merged into a single locus. We 

calculated the fraction of the Mendelian skeletal growth genes that were significantly 

prioritized in associated height loci
4
. A locus delineation based solely on r

2
 < 0.5 

(corresponding to a mean and median locus size of 155.2 kb and 88.8 kb, respectively) 

optimized the capture of the positive control genes (40 of 54, or 74% of human skeletal 

growth genes at 53 loci were prioritized by DEPICT). We note that using a locus definition 

solely based on 10 kb flanks to the lead SNP resulted in a similar fraction of predicted 

Mendelian human skeletal growth genes, but at lower sensitivity (29 of 39, or 74%). We 

conducted a similar analysis for 67 genome-wide significant loci for low-density lipoprotein 

cholesterol (LDL) loci
5
 using 14 Mendelian lipid genes reported in ref.

5
 as positive genes. 

The r
2
 cutoffs equal to 0.3 and 0.4 resulted in the highest fraction of prioritized Mendelian 

lipid genes with a better coverage than the other cutoffs at which all positive genes were 

correctly prioritized.  Prioritized lipid genes at the r
2 
= 0.4 cutoff had a slightly smaller mean 

gene prioritization P-value (P = 1.2 × 10
-4

) than prioritized lipid genes at the r
2
 = 0.3 cutoff (P 

= 4.4 × 10
-4

). 

 

Supplementary Note 2 – Varying the genotype data used by DEPICT 

A possible concern with our approach is that the bias correction and false discovery rate 

estimation steps rely on the Diabetes Genetics Initiative (DGI) CEU genotype data
1
 instead of 

the genotypes used to conduct the given primary GWAS. To explore how robust DEPICT is 

to changes in the genotype data used to compute null loci, we compared DEPICT results for 

697 genome-wide significant SNPs for human height
4
 from two different genotype data sets; 

DGI genotype data and data from a Dutch cohort
9
 (imputed towards HapMap Project

10
 release 

2) comprising 1,240 unrelated individuals. The Dutch genotype data-based null GWAS was 

computed the same way as the DGI based null GWAS. We correlated the gene prioritization 

z-scores between the two runs as well as the gene set z-scores and observed that both analyses 

yielded highly correlated results (r
2  

= 0.995, P < 2.2 × 10
-16

; r
2  

= 0.994; P < 2.2 × 10
-16

), 

which strongly suggests that DEPICT results are not contingent on the genotypes used to 

compute null loci. 

 

Supplementary Note 3 – Varying the number of null GWAS used by DEPICT 
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Having ensured that DEPICT is robust to changes in the underlying genotype data, we 

next assessed whether changing the number of permutated GWAS runs, used to 

generate null loci had any impact on results. We tested sets of background loci based 

on 200, 500 and 900 null GWAS runs and observed very high correlations between 

gene prioritization P-values, as well as between gene set enrichment P-values, and 

tissue/cell type enrichment analysis P-values (all Spearman r were between 0.991 and 

0.99997) indicating that DEPICT is robust to changes in the number of null GWAS 

runs used to do bias adjustments. 

 

Supplementary Note 4 – Names and affiliations of the members of the Genetic 

Investigation of ANthropometric Traits (GIANT) Consortium. 
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