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1 Introduction

In this Supplementary Note we give further information regarding method validation and
specifications, and the real data enrichment analysis results.

2 Effective number of annotations

For each of the 29 GWAS studies (Online Methods), we downloaded summary statistics,
which we used for greedy pruning of the sets of genetic variants per trait (Figure 1). Next, we
annotated each variant based on DNaseI hypersensitive site overlap (or LD r2 > 0.8 with such
a variant). In order to calculate the effective number of independent annotations we adapted
the approach proposed in Galwey, 2009 [17]. Specifically, for each phenotype we took the
binary (annotated/not annotated) matrix and calculated the eigenvalues λi of its correlation
matrix. Then the effective number of features was defined as Meff = (

∑M
i=1

√
λi)

2/(
∑M

i=1 λi)
, where M = 424 was the total number of annotations (DNaseI hypersensitive sites) used. As
a result we found between 182.8 and 194.5 effective numbers of annotations for the 29 traits
(Supplementary Table 3) and choose to use the most conservative for a Bonferroni correc-
tion of all traits, which gives P-value threshold of 2.6 × 10−4 at the 95% significance level.
Similarly, for the histone modification and segmentation data we used P-value thresholds of
4.7× 10−4 and 3.3× 10−5 at the 95% significance level, respectively.

3 Effect of distance to nearest TSS and number of LD

proxies

To investigate the effects of the possible confounding features, we added a correction for
each of the features, one at a time, and compared the resulting proportions of significant
annotations (DHS data) for each trait to a model that does not account for any of the
features. We performed this at the 10−8 GWAS threshold in all 29 GWAS datasets. We
found that in all settings we got fewer enrichments deemed as significant when using a feature
correction (Supplementary Figures 1b and 1c). This suggests that a number of enrichments
can be explained by our chosen features and therefore not accounting for them can introduce
confounding.

4 Enrichment of GWAS variants in DNaseI hypersen-

sitive sites

For each of the 29 GWAS studies, we performed enrichment analysis for each 424 ENCODE
and Roadmap Epigenomics cell type using GARFIELD such that we calculated odds ratios
(OR) at GWAS thresholds ranging from T < 10−1 to T < 10−8 (in powers of 10) and then
tested that enrichment at the four most significant thresholds, from T < 10−5 to T < 10−8.
Supplementary Figure 2 present enrichment wheel plots for each trait. Results highlight sets
of traits with cell type specific enrichment as well as ones with an overall enrichment.
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5 Multiple annotation enrichment estimates for GWAS

variants in DNaseI hypersensitive sites

For each of the GWAS studies for which we found multiple enrichments, we performed
multiple annotation enrichment analysis for each 424 ENCODE and Roadmap Epigenomics
cell type using GARFIELD at GWAS threshold of T < 10−8. We first calculated odds ratios
(OR) (and 95%CIs) for each annotation on its own, then sorted the annotations in order
of significance and finally sequentially added annotations to the model if they significantly
improved the model fit (Chi-square p-value < 0.05). Supplementary Figure 4 presents the
annotations left in the model for each trait at the end of this procedure, and their univariate
and multivariate model ORs and 95%CIs.

6 Enrichment in 25 state genome segmentations in 127

cell types

Similarly to the DNaseI hypersensitive site data, GARFIELD enrichment analysis was
run for each of the 29 phenotypes and each genome segmentation state and cell type. The
number of annotations was 25 × 127 = 3175 and the significance p-value threshold after
Bonferroni correction for the effective number of annotations was 3.3 × 10−5. Summary of
results for the T < 10−8 GWAS significance threshold are shown in Supplementary Figure
5, and state information and cell type information is given in Supplementary Tables 7 and
8, respectively.
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