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Abstract

Recent work has demonstrated that some functional categories of the genome contribute dispropor-
tionately to the heritability of complex diseases. Here, we analyze a broad set of functional elements,
including cell-type-specific elements, to estimate their polygenic contributions to heritability in genome-
wide association studies (GWAS) of 17 complex diseases and traits spanning a total of 1.3 million phe-
notype measurements. To enable this analysis, we introduce a new method for partitioning heritability
from GWAS summary statistics while controlling for linked markers. This new method is computation-
ally tractable at very large sample sizes, and leverages genome-wide information. Our results include
a large enrichment of heritability in conserved regions across many traits; a very large immunological
disease-specific enrichment of heritability in FANTOMS5 enhancers; and many cell-type-specific enrich-
ments including significant enrichment of central nervous system cell types in body mass index, age at
menarche, educational attainment, and smoking behavior. These results demonstrate that GWAS can

aid in understanding the biological basis of disease and provide direction for functional follow-up.

Introduction

In GWAS of complex traits, much of the heritability lies in single-nucleotide polymorphisms (SNPs) that
do not reach genome-wide significance at current sample sizes.!»> However, many current approaches
that leverage functional information®? and GWAS data to inform disease biology use only SNPs in

7 assume only one causal SNP per locus,® or do not account for LD.? We

genome-wide significant loci,?”
can improve power by estimating the proportion of SNP heritability' attributable to various functional
categories, using information from all SNPs and explicitly modeling LD.

Previous work on partitioning SNP heritability has used restricted maximum likelihood (REML)
as implemented in GCTA.1%13 REML requires individual genotypes, but many of the largest GWAS
analyses are conducted through meta-analysis of study-specific results, and so typically only summary
statistics, not individual genotypes, are available for these studies. Even when individual genotypes are
available, using REML to analyze multiple functional categories becomes computationally intractable
at sample sizes in the tens of thousands. Here, we introduce a method for partitioning heritability,
stratified LD score regression, that requires only GWAS summary statistics and LD information from
an external reference panel that matches the population studied in the GWAS.

We apply our novel approach to 17 complex diseases and traits spanning 1,263,072 phenotype mea-

surements. We first analyze non-cell-type-specific annotations and identify heritability enrichment in
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many of these functional annotations, including a large enrichment in conserved regions across many
traits and a very large immunological disease-specific enrichment in FANTOMS5 enhancers. We then
analyze cell-type-specific annotations and identify many cell-type-specific heritability enrichments, in-
cluding enrichment of central nervous system (CNS) cell types in body mass index, age at menarche,

educational attainment, and smoking behavior.

Results

Overview of methods

Our method for partitioning heritability from summary statistics, called stratified LD score regression,
relies on the fact that the x? association statistic for a given SNP includes the effects of all SNPs that
it tags.!41® Thus, for a polygenic trait, SNPs with high linkage disequilibrium (LD) will have higher x>
statistics on average than SNPs with low LD.!® This might be driven either by the higher likelihood of
these SNPs to tag an individual large effect, or their ability to tag multiple weak effects. If we partition
SNPs into functional categories with different contributions to heritability, then LD to a category that
is enriched for heritability will increase the x? statistic of a SNP more than LD to a category that does
not contribute to heritability. Thus, our method determines that a category of SNPs is enriched for
heritability if SNPs with high LD to that category have higher x? statistics than SNPs with low LD to
that category.

More precisely, under a polygenic model,! the expected x? statistic of SNP j is
ENG] = N> 7cl(j,C) + Na+1, (1)
c

where N is sample size, C' indexes disjoint categories, £(j,C) is the LD Score of SNP j with respect
to category C' (defined as £(j,C) = >, 7%(j,k)), a is a term that measures the contribution of
confounding biases,'® and 7¢ is the per-SNP heritability in category C' (Methods). Equation (1) allows us
to estimate 7¢ via a (computationally simple) multiple regression of X? against £(j, C'). The method easily
generalizes to overlapping categories and case-control studies'® (Methods). We define the enrichment of
a category to be the proportion of SNP heritability explained divided by the proportion of SNPs. We
estimate standard errors with a block jackknife,'® and use these standard errors to calculate z-scores,
P-values, and FDRs (Methods). We have released open-source software implementing the method (Web

Resources).
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To apply LD score regression (or REML) we must first specify which categories we include in our
model. We created a “full baseline model” from 24 main annotations that are not specific to any cell
type (Table S1; see Methods and Web Resources). Below, we show that including many categories in
our model leads to more accurate estimates of enrichment. The 24 main annotations include: cod-
ing, UTR, promoter, and intron;'” histone marks H3K4mel, H3K4me3, H3K9ac® and two versions of
H3K27ac;'® 19 open chromatin reflected by DNase I hypersensitivity Site (DHS) regions;® combined
chromHMM /Segway predictions,?’ which are a computational combination of many ENCODE annota-
tions into a single partition of the genome into seven underlying “chromatin states,”; regions that are

19 and

conserved in mammals;?' super-enhancers, which are large clusters of highly active enhancers;
active enhancers from the FANTOMS5 panel of samples, which we call FANTOMS5 enhancers.?? For the
histone marks and other annotations that differ among cell types, we combined the different cell types
into a single annotation for the baseline model by taking a union. To prevent our estimates from being

13 we also included 500bp windows around each func-

biased upwards by enrichment in nearby regions,
tional category as separate functional categories in the baseline model, as well as 100bp windows around
ChIP-seq peaks when appropriate (see Methods). This yielded a total of 53 (overlapping) functional
categories in the baseline model, including a category containing all SNPs.

13 we also

To prevent our estimates from being biased upwards by enrichment in nearby regions,
included 500bp windows around each functional category as separate categories in the full baseline model,
as well as 100bp windows around ChIP-seq peaks when appropriate (Methods). The 24 main annotations
plus additional windows and a category containing all SNPs yielded a total of 53 (overlapping) functional

categories in the full baseline model.

Simulation results

In order to assess the robustness of the method, we performed a variety of simulations. We used

23 imputed

chromosome 1 genotypes of controls from the Wellcome Trust Case Control Consortium,
using a 1000 Genomes reference panel.?* After quality control, we had 2,680 individuals and 360,106
SNPs (Methods). We simulated quantitative phenotypes with a heritability of 0.5 using an additive
model. For each simulation, SNP effect sizes were drawn from a normal distribution with mean zero
and variance (i.e., average per-SNP heritability) determined by functional categories. We estimated

the enrichment of the DHS category, i.e., (%h?)/(%SNPs), using three methods:(1) REML with two
categories (DHS/Other), (2) LD score regression with two categories (DHS/Other), and (3) LD score
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regression with the full baseline model (53 categories, described above). Since REML with 53 categories
did not converge at this sample size and would be computationally intractable at sample sizes in the
tens of thousands, we did not include it in our comparison; an advantage of LD score regression is that
it is possible to include a large number of categories in the underlying model. We report means and
standard errors of the mean over 100 independent simulations.

We first performed three sets of simulations where the causal pattern of enrichment was well modeled
by the two-category (DHS/Other) model; for these, all three methods performed well, although LD score
regression with the full baseline model had larger standard errors around the mean (Figure la). For
example, the standard errors around the mean in simulations with no DHS enrichment were 0.08 for
REML, 0.11 for two-category LD score regression and 0.19 for LD score regression with the full baseline
model. For the first set of simulations, all SNPs were causal and SNP effect sizes were drawn i.i.d. from
a normal distribution. For the second set of simulations, all SNPs were causal and SNP effect sizes were
drawn independently from a normal distribution, but the variance of the normal distribution depended
on whether the SNP was in a DHS region, and two variances (DHS and Other) were chosen so that the
proportion of heritability of DHS would be 3x more than the proportion of SNPs. For the third set of
simulations, only SNPs in DHS regions were causal, and effect sizes of DHS SNPs were drawn i.i.d. from
a normal distribution.

Next, to explore the realistic scenario where the model used to estimate enrichment does not match
the (unknown) causal model, we performed three sets of simulations where all causal SNPs were in a
particular category, but the model used to estimate heritability did not include this causal category. The
three sets of simulations were (1) all causal SNPs in coding regions, yielding 1.6x DHS enrichment due
to coding/DHS overlap, (2) all causal SNPs in FANTOMS5 enhancers, yielding 4.0x DHS enrichment due
to FANTOMS5 enhancer/DHS overlap, and (3) all causal SNPs in 200bp DHS flanking regions, yielding
Ox DHS enrichment. For the coding and FANTOMS5 enhancer causal simulations, we made the full
baseline model into a misspecified model by removing the causal category (and windows around the
causal category). Results from these simulations are displayed in Figure 1b).

The two-category estimators were not robust to model misspecification and consistently over-estimated
DHS enrichment by a wide margin. LD score regression with the full baseline model gave more accurate
mean estimates of enrichment. Specifically, for the simulations with coding and FANTOMS5 Enhancers
causal, LD score regression with the full baseline model gave unbiased mean enrichment estimates of
1.8x (s.e. 0.22) and 4.2x (s.e. 0.22), respectively, while the mean enrichment estimates of REML and

two-category LD score regression were nearly double these. The full baseline model includes a 500bp
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Figure 1: Simulation results. Enrichment is the proportion of heritability in DHS regions divided by the
proportion of SNPs in DHS regions. Bars show 95% confidence intervals around the mean of 100 trials.
(a) From left to right, the simulated genetic architectures are 1x DHS enrichment, 3x DHS enrichment,
and 5.5x DHS enrichment (100% of heritability in DHS SNPs). (b) From left to right, the simulated
genetic architectures are 200bp flanking regions causal, coding regions causal, and FANTOMS5 Enhancer
regions causal. For simulations with coding or FANTOMS5 Enhancer as the causal category, we removed
the causal category and the window around that category from the full baseline model in order to simulate
enrichment in an unknown functional category.

window around DHS but not a 200bp window, and gave a mean estimated DHS enrichment of 0.65x
(s.e. 0.22) when the 200bp flanking regions were causal, which is inflated relative to the true enrichment
of 0x but much less inflated than > 3x mean enrichment estimates given by the two-category methods.

In summary, while these simulations include exaggerated patterns of enrichment (e.g., 100% of her-
itability in DHS flanking regions), the results highlight the possibility that two-category estimators of
enrichment can yield incorrect conclusions. Although we cannot entirely rule out model misspecification
as a source of bias for LD score regression with the full baseline model, we have shown here that it
is robust to a wide variety of patterns of enrichment, because including many categories gives it the

flexibility to adapt to the unknown causal model.
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Application to real data

We applied LD score regression with the full baseline model to 17 diseases and quantitative traits:
height, BMI, age at menarche, LDL levels, HDL levels, triglyceride levels, coronary artery disease, type
2 diabetes, fasting glucose levels, schizophrenia, bipolar disorder, anorexia, educational attainment,
smoking behavior, rheumatoid arthritis, Crohn’s disease, and ulcerative colitis (Table S2, Web resources).
This includes all traits with publicly available summary statistics with sufficient sample size and SNP
heritability, measured by the z-score of total SNP-heritability (Methods), spanning a total of of 1,263,072
unique phenotype measurements. We removed the MHC region from all analyses, due to its unusual
LD and genetic architecture. Figure 2 shows results for the 24 main functional annotations, averaged
across nine independent traits (Methods). Figure 3 shows trait-specific results for selected annotations
and traits (Methods). Tables S3 and S4 show meta-analysis and trait-specific results for all traits and
all 53 categories in the full baseline model.

We observed large and statistically significant enrichments for many functional categories. A few
categories stood out in particular. First, regions conserved in mammals?’ showed the largest enrich-
ment of any category, with 2.6% of SNPs explaining an estimated 35% of SNP heritability on average
across traits (P < 1075 for enrichment). This is a significantly higher average enrichment than for
coding regions, and provides evidence for the biological importance of conserved regions, even though
the biochemical function of many conserved regions remains uncharacterized.?> Second, FANTOMS5

22 were extremely enriched in the three immunological diseases, with 0.4% of SNPs explaining

Enhancers
an estimated 15% of SNP heritability on average across these three diseases (P < 1075), but showed no
evidence of enrichment for non-immunological traits (Figure 3). Third, repressed regions were depleted:
46% of SNPs explain only 29% of heritability on average (P < 0.006), consistent with the hypothesis
that these are regions of low activity.2’ We did not see a large enrichment of H3K27ac regions marked as
super-enhancers over all H3K27ac regions; the estimates for enrichment were 1.8x (s.e. 0.2) and 1.6x (s.e.
0.1), respectively. This lack of enrichment supports the argument that super-enhancers may not play a
much more important role in regulating transcription than regular enhancers.?6 For many annotations,
there was also enrichment in the 500bp flanking regions (Table S3). Analyses stratified by minor allele
frequency produced broadly similar results for all of these enrichments (Table S5; see Methods).

We performed two different cell-type-specific analyses: an analysis of 220 individual cell-type-specific

annotations, and an analysis of 10 cell-type groups. The 220 individual cell-type-specific annotations are

a combination of cell-type-specific annotations from four histone marks: 77 from H3K4mel,® 81 from
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Figure 2: Enrichment estimates for the 24 main annotations, averaged over nine independent traits.
Error bars represent 95% confidence intervals around the estimate.

H3K4me3,® 27 from H3K9ac,® and 35 from H3K27ac'® (Table S6, Methods). When ranking these 220
cell-type-specific annotations, we wanted to control for overlap with the functional categories in the full
baseline model, but not for overlap with the 219 other cell-type-specific annotations. Thus, we added
the 220 cell-type-specific annotations individually, one at a time, to the full baseline model, and ranked
these 220 annotations by the P-value for the coefficient corresponding to the annotation. This P-value
tests whether the annotation contributes significantly to per-SNP heritability after controlling for the
effects of the annotations in the full baseline model. We assessed statistical significance at the 0.05 level
after Bonferroni correction for 220 x 17 = 3,740 hypotheses tested. (This is conservative, since the
220 annotations are not independent.) We also report results with false discovery rate (FDR) < 0.05
(computed over 220 cell types for each trait). For 15 of the 17 traits, the top cell type passed an FDR
threshold of 0.05. The top cell type for each trait is displayed in Table 1, with additional top cell types
reported in Table S7.
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Figure 3: Enrichment estimates for selected annotations and traits. Error bars represent 95% confidence
intervals around the estimate.

We combined information from related cell types by aggregating the 220 cell-type-specific annotations
into 10 groups (Figure 4 legend and Table S6; see Methods). For each trait, we performed the same
analysis on the 10 group-specific annotations as with the 220 cell-type-specific annotations. We assessed
statistical significance at the 0.05 level after Bonferroni correction for 10 x 17 = 170 hypotheses tested,
and we again also report results with false discovery rate (FDR) < 0.05 (now computed over all cell-type
groups and traits). For 16 of the 17 traits (all traits except anorexia), the top cell type group passed an
FDR threshold of 0.05. Results for the 11 traits with the most significant enrichments (after pruning
closely related traits) are shown in Figure 4, with remaining traits in Figure S1.

These two analyses are generally concordant, and show highly trait-specific patterns of cell-type
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Phenotype Cell type Tissue Mark —logio(p)
Height Chondrogenic dif** Bone H3K27ac  6.81
BMI Fetal brain* Fetal brain  H3K4me3 4.48
Age at menarche Fetal brain** Fetal brain H3K4me3 12.25
LDL Liver (BI)* Liver H3K4mel 4.76
HDL Liver (BI)* Liver H3K4mel 4.51
Triglycerides Liver (BI)* Liver H3K4mel 3.99
Coronary artery disease | Adipose nuclei* Adipose H3K4mel 4.21
Type 2 Diabetes Pancreatic islets Pancreas H3K4me3 2.87
Fasting Glucose Pancreatic islets* Pancreas H3K27ac  3.93
Schizophrenia Fetal brain** Fetal brain H3K4me3 18.51
Bipolar disorder Mid frontal lobe* Brain H3K27ac  4.42
Anorexia Angular gyrus Brain H3K9ac 2.61
Years of education Angular gyrus** Brain H3K4me3 6.63
Ever smoked Inferior temporal lobe* Brain H3K4me3 3.21
Rheumatoid arthritis CD4+ CD25- IL17+ stim Th17**  Immune H3K4mel 6.76
Crohn’s disease CD4+ CD25- IL17+ stim Th17**  Immune H3K4mel 7.59
Ulcerative colitis CD4+ CD25- IL17+ stim Th17**  Immune H3K4mel 6.37

Table 1: Enrichment of individual cell types. We report the cell type with the lowest P-value for each
trait analyzed. * denotes FDR < 0.05. ** denotes significant at p < 0.05 after Bonferroni correction for
multiple hypotheses. Sample sizes are in Table S2.

enrichment. They also recapitulate several well-known findings. For example, the top cell type for each
of the three lipid traits is liver (FDR < 0.05 for all three traits). For both type 2 diabetes and fasting
glucose, the top cell type is pancreatic islets (FDR < 0.05 for fasting glucose but not type 2 diabetes).
For the three psychiatric traits, the top cell type is a brain cell type (FDR < 0.05 for schizophrenia
and bipolar disorder but not for anorexia) and the top cell-type group is CNS (significant after multiple
testing for schizophrenia and bipolar disorder but not for anorexia).

There are also several new insights among these results. For example, the three immunological
disorders show patterns of enrichment that reflect biological differences among the three disorders.
Crohn’s disease has 40 cell types with FDR < 0.05, of which 39 are immune cell types and one (colonic
mucosa) is a GI cell type. On the other hand, the 39 cell types with FDR < 0.05 for ulcerative colitis
include nine GI cell types in addition to 30 immune cell types, whereas all 39 cell types with FDR < 0.05
for rheumatoid arthritis are immune cell types. The top cell type for all three traits is CD44 CD25-
IL17+ PMA Ionomycin simulated Th17 primary. Thl7 cells are thought to act in opposition to Treg
cells, which have been shown to suppress immune activity and whose malfunction has been associated
with immunological disorders.?”

For

We also identified several non-psychiatric phenotypes with enrichments in brain cell types.

both BMI and age at menarche, cell types in the central nervous system (CNS) ranked highest among

10
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Figure 4: Enrichment of cell type groups. We report significance of enrichment for each of 10 cell-type
groups, for each of 11 traits. The black dotted line at —logy(P) = 3.5 is the cutoff for Bonferroni
significance. The grey dotted line at —log,q(P) = 2.1 is the cutoff for FDR < 0.05. For HDL, three of
the top individual cell types are adipose nuclei, which explains the enrichment of the “Other” category.

individual cell types, and the top cell-type group was CNS, all with FDR < 0.05. These enrichments
support previous human and animal studies that propose a strong neural basis for the regulation of energy
homeostasis.?® For educational attainment, the top cell-type group is CNS (FDR < 0.05) and of the
ten cell types that are significant after multiple testing, nine are CNS cell types. This is consistent with
our understanding that the genetic component of educational attainment, which excludes environmental
factors and population structure, is highly correlated with 1Q.2 Finally, for smoking behavior, the CNS
cell-type group is significant after multiple testing correction, and the top cell type is again a brain cell

type, likely reflecting CNS involvement in nicotine processing.
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Discussion

We developed a new statistical method, stratified LD score regression, for identifying functional en-
richment from GWAS data that uses information from all SNPs and explicitly models LD. We applied
this method to GWAS data spanning 17 traits and 1.3 million phenotype measurements. Our method
identified strong enrichment for conserved regions across all traits, and immunological disease-specific
enrichment for FANTOMb5 enhancers. Our cell-type-specific enrichment results confirmed previously
known enrichments, such as liver enrichment for HDL levels and pancreatic islet enrichment for fasting
glucose. In addition, we identified enrichments that would have been challenging to detect using existing
methods, such as CNS enrichment for smoking behavior and educational attainment—traits with one
and three genome-wide significant loci, respectively.??>39 Stratified LD score regression represents a sig-
nificant departure from previous methods that require raw genotypes,'? use only SNPs in genome-wide

7 assume only one causal SNP per locus,® or do not account for LD? (see Methods for

significant loci,>”
a discussion of other methods). Our method is also computationally efficient, despite the 53 overlapping
functional categories analyzed.

Although our polygenic approach has enabled a powerful analysis of genome-wide summary statis-
tics, it has several limitations. First, the method requires a very large sample size and/or large SNP
heritability, and the trait analyzed must be polygenic. Second, it requires an LD reference panel matched
to the population studied; all results in this paper are from European datasets and use 1000G Europeans
as a reference panel. Third, our method is currently not applicable to studies using custom genotyping
arrays (e.g., Metabochip; see Methods). Fourth, our method is based on an additive model and does
not consider the contribution of epistatic or other non-additive effects, nor does it model causal con-
tributions of SNPs not in the reference panel; in particular, it is possible that patterns of enrichment
may be different at extremely rare variants. Fifth, the method is limited by available functional data:
if a trait is enriched in a cell type for which we have no data, we cannot detect the enrichment. Last,
though we have shown our method to be robust in a wide range of scenarios, we cannot rule out model
misspecification caused by enrichment in an unidentified functional category as a possible source of bias.

The polygenic approach described here is a powerful and efficient way to learn about functional
enrichments from summary statistics, and it will become increasingly useful as functional data continues

to grow and improve, and as GWAS studies of larger sample size are conducted.
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Web Resources

e ldsc software:
github.com/bulik/ldsc

e DNasel Digital Genomic Footprinting (DGF) annotations:* 13

http://hgdownload.cse.ucsc.edu/goldenPath/hgl19/encodeDCC/wgEncodeUwDgt/

e Transcription factor binding sites:> '3

http://hgdownload.cse.ucsc.edu/goldenPath/hg19/encodeDCC/wgEncodeAwgTfbsUniform/

e Segway-chromHMM combined enhancer annotations:2°

ftp://ftp.ebi.ac.uk/pub/databases/ensembl/encode/integration_data_jan2011/

byDataType/segmentations/jan2011

o Super-enhancers and H3K27ac: Available as a supplementary table to Hnisz et al 2014.'°

e Conserved regions:?! 3!

http://compbio.mit.edu/human-constraint/data/gff/

e FANTOMS5 Enhancers:22

http://enhancer.binf.ku.dk/presets/

o Post-processed H3K4mel, H3K4me3, and H3K9ac:?

https://www.broadinstitute.org/mpg/goshifter/

e Height3? and BMI?? summary statistics:

www.broadinstitute.org/collaboration/giant/index.php/GIANT consortium data_files

e Menarche summary statistics:34

WWW.reprogen.org

e LDL, HDL, and Triglycerides summary statistics:3>

www.broadinstitute.org/mpg/pubs/1ipids2010/

o Coronary artery disease summary statistics:36

www.cardiogramplusc4d.org

e Type 2 diabetes summary statistics:3”

www.dlagram-consortium.org

o Fasting glucose summary statistics:3®

www.magicinvestigators.org/downloads/
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30

e Schizophrenia,'® Bipolar Disorder,3 Anorexia,*’ and Smoking behavior3® summary statistics:

www.med.unc.edu/pgc/downloads

e Education attainment summary statistics:2”

WWW.SSgac.org

e Rheumatoid arthritis summary statistics:*!

http://plaza.umin.ac. jp/ yokada/datasource/software.htm

e Crohn’s disease and ulcerative colitis summary statistics:*2
www.ibdgenetics.org/downloads.html

We used a newer version of these data with 1000 Genomes imputation.
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Methods

Stratified LD score regression

We begin with a derivation of Equation (1) for overlapping categories in a sample with no population
structure or other confounding. The derivation of the intercept term in the presence of confounding is
identical to the derivation in previous work.!?

Let y; be a quantitative phenotype in individual i, standardized to mean 0 and variance 1 in the
population, and let X;; be the genotype of individual 7 at the j-th SNP, standardized so that for each

SNP j, X;; has mean 0 and variance 1 in the population. We will assume a linear model:

vi= Y XiB(G) + e
JjE€EG

where G is some fixed set of SNPs, 5;(G) is the effect size of SNP j, and ¢; is mean-0 noise.

We define 5(G) = (81(G), ..., Bm(G)) as the hypothetical result of multiple linear regression of y on
X at infinite sample size. Thus, (G) depends on the set G; for example, if G is the set of genotyped
SNPs then 3;(G) includes the causal effects of non-typed SNPs that are tagged by SNP j, whereas if G
contains all SNPs, then 3;(G) will reflect only the true effect at SNP j.

We will define the heritability of the set G of SNPs to be

he = Bi(G)

jea

and the heritability of a category C C G to be

hg (€)= Bi(G)*.
jec

The definition of h%(C) depends on both G and C; for example, if C is the set of SNPs with minor allele
frequency (MAF) greater than 5%, hZ(C) will be larger if G = C than if G contains SNPs with lower
MATF since in the first case hZ(C) includes tagged effects of low-frequency SNPs, whereas in the second
case the low-frequency effects are included in h% (G \ C).

Suppose that we have a sample of N individuals. Let y = (y1,...,yn), and let X be the N x M
matrix of standardized genotypes, where M = |G|. (We will assume that our sample is large enough

that normalizing each SNP within our sample is roughly equivalent to normalizing each SNP in the
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population.) Let € = (e1,...,€en) be a vector of residuals. Then we can write
y=XB(G) + e

Let Bj be the estimate of the marginal effect of SNP j in our sample, given by

- 1

where X is the j-th column of X. Define x? statistics X? = NBJQ

Our goal here is to estimate h% (C), where G is the set of 1000G SNPs that have minor allele count
greater than five in Europeans, and C is a functional category, such as coding SNPs or SNPs that are in
H3K4me3 regions in fetal brain tissue. From now on, we will omit the dependence on G, understanding
G to be the set of 1000G SNPs with minor allele count greater than five in Europeans. We would like
to estimate this quantity from summary statistics; i.e., the input to our method will be {X?}jeR» where
R is the set of SNPs that were tested in a GWAS. We will also need LD information from a reference
panel.

Substituting y = X8 + € into the the definition of Bj, we get

~ 1 1 .
b= N XX X =Dy,
where ﬁj is the j-th row of the in-sample LD matrix D = XTX/N and €; = XjTe/N. For a single entry

Bj, this means that

Bi =Y #inBr + €},
k

where 7, :== D(j, k) and €, has mean 0 and variance o2 /N.

To estimate hZ(C), we will model 8 as a mean-0 random vector with independent entries. We will
allow the variance of 3; to depend on certain functional properties of SNP j; for example, we will allow
coding and non-coding SNPs to have different variances. More precisely, we will assume we have C
functional categories Cy,...,Cc C {1,...,M}. One of the categories must always contain all SNPs to

allow for baseline heritability. We will model the variance of 3; as

Var(8)) = Y 7. (2)

c:j€C,
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In the case that the C. are disjoint, we will have 7. = h?(C..)/M (C..), where M (C.) is the number of SNPs
in Ce.

Consider the expectation of X? =N sz

2
E[x}] = NE (Z kB + eé)

k

= N> i%B[B}] + NE[¢']]
k

:Nz:f?,i ( Z TC> + No?
k

c:keCe.
~2 2
:NE Te E e + Nog,
c keCe

where the second equality follows because the random variables are all independent with mean O.
Let r;, denote the true correlation between SNPs j and £ in the underlying population. In an
unstructured sample, E[7%,] ~ 3, + 1/N.

We now have

E[X?] = NZTC Z f?k+NU§
c

c:keCe
=N> 7 Y (3 -1/N)+N> 7 Y (1/N)+No?
c c:keCe. c kel)e
AN Y T
c keC.

= NZTCE(j, c) + ZVar(ﬂk) + Noz,
c k

where £(j,¢) :== > cc. r?k. The variance of y; is 3, Var(8;) + o2. Since our phenotype has variance

one, we can replace »_ j Var($3;) + o2 with 1, giving us our main equation:

ENG] = N> 7l(je)+1 (3)

Our goal is to estimate h?(C.) = 3 cc B3 & 3¢, Var(B;), given a vector of x? statistics and LD
information either from the sample or from a reference panel. To estimate Var(3;), we need to estimate

each of the coefficients 7., and then we apply Equation (2). To estimate 7., we first compute £(j, ¢), then
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we regress X? on £(j,c). This is called stratified LD score regression.

We estimate standard errors using a block jackknife over SNPs with 200 equally-sized blocks of
adjacent SNPs,'® and use these standard errors to calculate z-scores, P-values, and FDRs. To minimize
standard error, we remove outliers by excluding SNPs j with X? > max{80,0.001N}, where N is the
maximum sample size in the study, and we also weight the regression in a way that takes into account
both over-counting and heteroskedasticity due to LD (see below). We remove the MHC region from all

analyses.

Proportion of heritability and GC correction. As described above, stratified LD score
regression is a method for estimating h?(C) for a given category C. However, we are often more interested
in estimating the proportion of heritability 22(C)/h?. For this, we estimate h?(C) and h? separately and
divide the estimates. For inference, we jackknife the proportion, rather than jackknifing the numerator
and denominator separately.

Estimating the proportion of heritability is possible for summary statistics with GC correction,
even though GC correction makes estimating the category specific heritability and total heritability
impossible. This is because GC correction introduces a multiplicative error into estimates of both h%(C)

and h2,'® but the two multiplicative errors are equal, and cancel out in the ratio.

Choice of regression SNPs and reference SNPs. The derivation above does not incorporate
imperfect imputation. Ideally, we would prune our x? statistics to a set of “regression SNPs” with
imputation accuracy above 0.9, but since imputation accuracy is not always available, we instead use
HapMap Project Phase 3 (HapMap3*3) SNPs as a proxy for well-imputed SNPs. So for the purposes of
this paper, our regression SNPs are always the HapMap3 SNPs.

However, we do not assume that only HapMap3 SNPs are causal. It is important that our model
allow as many SNPs as possible to contribute causally, since if we use a model with, for example, only
HapMap3 SNPs causal then we are assigning causality of any SNP that is tagged by HapMap3 but not
included in HapMap3 to the HapMap3 SNPs that tag it. This is problematic specifically for functional
partitioning because the functional categories containing the causal SNP may not be the same as the
functional categories of the HapMap3 SNPs that tag it.

Recall that h%(B) is the heritability of set B defined using a model that allows any SNP in set A
to be causal. Another way to restate our above point is that we are interested in h%qo(C) rather than

hirapaaps(C) because a model that only allows HapMap3 SNPs to be causal is allowing non-HapMap3

22


https://doi.org/10.1101/014241
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/014241; this version posted January 23, 2015. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-ND 4.0 International license.

heritability to be tagged by HapMap3 SNPs and therefore potentially assigning heritability to the wrong
functional category. For this reason, our set of potentially causal SNPs—i.e., the set of SNPs in our
reference panel—is the set of 1000G SNPs?* with minor allele count greater than five in Europeans.
However, there is a problem introduced by having many reference panel SNPs that are not tagged
by regression SNPs: it leads us to extrapolate the enrichments at well-tagged SNPs to the rare SNPs on
our reference panel that are not well-tagged. In other words, we estimate 7, using summary statistics
at HapMap3 SNPs, and then we multiply these coefficients by the number of SNPs in the relevant
categories in 1000G, extrapolating the enrichments observed at HapMap3 SNPs to all 1000G SNPs.
To prevent ourselves from this extrapolation, we only estimate enrichments of categories containing
common SNPs—i.e., SNPs with MAF > 0.05, all of which we assume to be well-tagged by HapMap3.
Let G denote the set of SNPs with MAF > 0.05. Then for any category C, we can estimate C NG
without potentially inaccurate extrapolation. For this reason, the proportions of heritability that we

report throughout this manuscript are h%y5o(C N G)/h3000c(9)-

Out-of-bounds estimates. Stratified LD score regression can give heritability estimates that are
not between 0 and 1. When an unbiasedness is important—for example, when we are averaging estimates
over several simulation replicates—we do not adjust these out-of-bounds estimates. However when mean
squared error is more important than unbiasedness—for example, when reporting the results of a single
analysis—we truncate these estimates to be between 0 and 1. To get a confidence interval around the

truncated estimate, we intersect the original confidence interval with the interval [0, 1].

Custom genotyping arrays. LD score regression is not currently applicable to studies using a
custom genotyping arrays. For these arrays, SNPs that are more likely to have a large effect size also

have a larger sample size, and this dependency is not modeled in the above derivation.

Regression weights. To minimize standard error, we weight the regression in a way that takes
into account both over-counting and heteroskedasticity due to LD. For over-counting, we compute LD
Scores within HapMap3 SNPs; call these £p,,3(j). We also compute ¢1900c(J, ¢) for all categories ¢ in
our model. The variance of X? is proportional to (1 + N Y, 7.l1000c(j,¢))?, but we do not have 7.
We use a rough approximation of 7. obtained by taking the mean over regression SNPs of both sides of
Equation (3) and assuming that all the 7. are equal. This gives us 7 = (Y2 — 1) / (N - £(j)) , where ¥?

is the mean of x7 and £(4) is the mean of >__¢1000c(j,¢), both taken over regression SNPs. We then
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weight SNP j by the inverse product of the over counting weights and heteroskedasticity weights:

1
w; = . _ . .
T lms () (L + N7 Y, lroooc (4, €))?
Baseline model. The 53 functional categories, derived from 24 main annotations, were obtained as

follows:

e Coding, 3’-UTR, 5-UTR promoter, and intron annotations from the RefSeq gene model were

obtained from UCSC'” and post-processed by Gusev et al.'?

e Digital genomic footprint and transcription factor binding site annotations were obtained from

ENCODE? and post-processed by Gusev et al.'3

e The combined chromHMM/Segway annotations for six cell lines were obtained from Hoffman et
al.?% CTCF, promoter flanking, transcribed, transcription start site, strong enhancer, and weak

enhancers are a union the six cell lines; repressed is an intersection over the six cell lines.

e DNase I hypersensitive sites (DHSs) are a combination of ENCODE and Roadmap data, post-
processed by Trynka et al.> We combined the cell-type-specific annotations into two annotations
for inclusion in the full baseline model: a union of all cell types, and a union of only fetal cell types.

DHS and fetal DHS.

e H3K4mel, H3K4me, and H3K9ac were all obtained from Roadmap and post-processed by Trynka
et al.’ For each, we took a union over cell types for the full baseline model, and used the individual

cell types for our cell-type-specific analysis.

e One version of H3K27ac was obtained from Roadmap, post-processed,'® and a second version of
H3K27ac was obtained from the data of Hnisz et al.'® For each, we took a union over cell types

for the full baseline model, and used the individual cell types for our cell-type-specific analysis.

e Super enhancers were also obtained from Hnisz et al,!° and comprise a subset of the H3K27ac
annotation from that paper. We took a union over cell types for the full baseline model

21
1.,

e Regions conserved in mammals were obtained from Lindblad-Toh et a post-processed by Ward

and Kellis.3!
e FANTOMS5 enhancers were obtained from Andersson et al.22

e For each of these 24 categories, we added a 500bp window around the category as an additional

category to keep our heritability estimates from being inflated by heritability in flanking regions.'3
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e For each of DHS, H3K4mel, H3K4me3, and H3K9ac, we added a 100bp window around the ChIP-

seq peak as an additional category.

e We added an additional category containing all SNPs.

WTCCC1 genotypes. We used chromosome 1 genotypes from the NBS and 1966BC control co-
horts from the Wellcome Trust Case-Control Consortium.2? Imputation of the genotypes to integrated
phasel v3 1000 Genomes and QC were done as in Gusev et al.;'® we removed any SNPs that were

below a MAF of 0.01, were above 0.002 missingness, or deviated from Hardy-Weinberg equilibrium at a

P < 0.01.

Choice of phenotypes. We quantified the combination of sample size and heritability by the z-
score of total SNP-heritability in the baseline analysis. We applied our method to all traits with available
summary statistics, and removed all traits with a heritability z-score less than six. We then removed
one of each pair of traits with a large genetic correlation (> 0.95): college attendance, which has a very
high genetic correlation with years of education, and total cholesterol, which has a very high genetic

correlation with LDL.16

Meta-analysis over traits. For our meta-analysis over traits, we identified pairs of traits with
substantial sample overlap and trait correlation by using the intercept of LD score regression for genetic
covariance. Specifically, we identified pairs of traits for which the intercept on N1N2 scale, which is an
unbiased estimator of phenotypic correlation times sample overlap, was at least 10% of the sample size
of either of the traits, and we excluded one of each such pair. The remaining set of traits was: Height,
BMI, menarche, LDL levels, coronary artery disease, schizophrenia, educational attainment, smoking
behavior, and rheumatoid arthritis. We then performed a random-effects meta-analysis of proportion of

heritability over these phenotypes for each functional category. The results are in Figure 2 and Table S3.

Choice of traits to include in Figure 3. Height, BMI, age at menarche, and schizophrenia are
the four traits with the highest combination of SNP heritability and sample size, which we quantify by the
z-score of total heritability in the baseline analysis. We also included a meta-analysis of immunological
diseases, since they have a different pattern of enrichment from other traits; for example FANTOMS5
enhancers are very enriched for immunological diseases but not for other traits. This meta-analysis
included only rheumatoid arthritis and Crohn’s disease; we excluded ulcerative colitis because that

dataset shares controls with the Crohn’s disease dataset.
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Robustness to derived allele frequency. To check that our results are not affected by a derived-
allele-frequency-dependent genetic architecture, we repeated the meta-analysis over traits with a model
that contained all of the categories of the full baseline model as well as seven derived allele frequency
bins to the model as extra annotations: 0-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.6, 0.6-0.8, and 0.8-1. This
allowed for effect size to depend on derived allele frequency, independently of functional annotation.
These results are very similar to our results without derived allele frequency bins, and are displayed in

Table S5.

Cell-type specific analysis. We used all available cell types from the four histone marks, exclud-
ing cell lines and cells labeled as cultured cells to limit ourselves to data with the clearest biological
interpretation. The resulting cell-type-specific annotations are listed in Table S6. We then added each
annotation individually to the baseline model and evaluated the significance of the coefficient 7. of the
cell-type-specific annofarh2014naturetation. Next, we combined the 220 cell-type-specific annotations

into 10 cell-type groups and repeated the same analysis.

Discussion of other methods. There are no other methods designed to estimate genome-wide
components of heritability from summary statistics. However, there are existing methods that identify
enriched functional categories and cell types from summary statistics; here, we discuss a few of these
methods.

A paper by Pickrell® combines GWAS data with functional data to identify enriched and depleted
functional categories, and leverages the resulting model to increase GWAS power. While the method
is effective at increasing power and identifies many interesting enrichments, it is unclear whether the
method is effective at ranking cell types; for example, fetal fibroblasts are the top cell type for Crohn’s
disease. This could be because the model only allows for one causal SNP per locus, or could be a result
of including all cell types simultaneously, thereby penalizing redundant cell types.

Kichaev et al.” introduce a new method that leverages functional data for improved fine-mapping.
Their method also outputs annotations associated with disease. While their method is effective in
increasing fine-mapping resolution, it is again unclear whether the method is effective at ranking cell
types; for example, the cell types they identify as contributing the most to HDL, LDL, and Triglycerides
are muscle, kidney, and fetal small intestine, respectively, whereas the top cell types for those three
phenotypes identified using our method are liver, liver, and liver. The lower power of this method in

ranking cell types is likely because it considers only genome-wide significant loci. Similarly, a recent
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method from Farh et al.® focuses on fine-mapping and considers only genome-wide significant loci,
although their cell-type-specific results are more concordant with known biology.

Maurano et al. use enrichment of SNPs passing P-value thresholds of increasing stringency to identify
important cell types. However, they are implicitly assuming that the functional annotation at a GWAS
SNP matches the functional annotation at the causal SNP. While this could be true for functional
annotations composed of very wide regions, it is not likely to be true for functional annotations composed
of smaller regions, such as conserved regions. Moreover, their method does not account for total LD, and
so could give biased results if used to compare functional annotations with different average amounts of
total LD.

The method of Trynka et al.® (also see a more recent manuscript**) is conservative in its identification
of enrichment, comparing to a null obtained by local shifting rather than a genome-wide null, and
leverages only genome-wide significant SNPs. As a result, they have very low power not only in traits such
as bipolar disorder which have few genome-wide significant loci, but even for traits such as rheumatoid
arthritis that have many significant loci. (Lowest P-value 10~% much larger than the lowest P-value

given by LD Score regression, 2 x 1077.)
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Annotation Prop. SNPs ?ggg:hsfsgent
Coding 0.015 315
Conserved 0.026 34
CTCF 0.024 490
DGF 0.138 208
DHS 0.168 358
FANTOMS5 Enhancer 0.004 289
Enhancer 0.063 678
Fetal DHS 0.085 339
H3K27ac!? 0.391 12411
H3K27ac!® 0.269 1051
H3K4mel 0.427 1676
H3K4me3 0.133 941
H3K9ac 0.126 964
Intron 0.387 6537
PromoterFlanking 0.008 266
Promoter 0.031 4192
Repressed 0.461 572
Super Enhancer 0.168 54744
TFBS 0.132 509
Transcribed 0.345 484
TSS 0.018 813
3-prime UTR 0.011 844
5-prime UTR 0.005 197
Weak Enhancer 0.021 249

Table S1: Annotations used. For DHS, H3K/mel, H3K/me3, and H3K9ac, we include peaks and regions

20 we union over siz cell lines

as two annotations. For the annotations from the Hoffman segmentation,
for each category except Repressed, where we take an intersection instead. We also include a 500bp

window around each annotation as a separate annotation in the model.
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Phenotype Reference/consortium N
Height Lango Allen et al., 2010 Nature 133,858
BMI Speliotes et al., 2010 Nat Genet 123,912
Age at menarche Perry et al., 2014 Nature 132,989
LDL Teslovich et al., 2010 Nature 95,454
HDL Teslovich et al., 2010 Nature 99,900
Triglycerides Teslovich et al., 2010 Nature 96,598
Coronary Artery Disease Schunkert et al., Nat Genet 2011 86,995
Type-2 Diabetes Morris et al., 2012 Nat Genet 69,033
Fasting glucose Manning et. al., Nat Genet, 2012 58,074
Schizophrenia SCZ Working Group of the PGC, 2014 Nature 70,100
Bipolar Disorder Bip Working Group of the PGC, 2011 Nat Genet 16,731
Anorexia Boraska et al., 2014 Mol Psych 17,767
Educational attainment  Rietveld et al., Science 2013 101,069
Ever smoked TAG Consortium, 2010 Nat Genet 74,035
Rheumatoid Arthritis Okada et al., 2014 Nature 38,242
Crohn’s Disease Jostins et al., 2012 Nature 20,883
Ulcerative Colitis Jostins et al., 2012 Nature 27,432

Table S2: Phenotypes used in the main analyses. The total number of phenotype measurements is
1,263,072. There is sample overlap among the studies, so the number of unique individuals is lower.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.104 (0.012)  7.122 (0.840)
Coding + 500bp 0.065 0.190 (0.030)  2.938 (0.467)
Conserved 0.026 0.347 (0.039)  13.322 (1.500)
Conserved + 500bp 0.333 0.654 (0.026)  1.966 (0.078)
CTCF 0.024 -0.004 (0.019)  -0.176 (0.789)
CTCF + 500bp 0.071 0.059 (0.019)  0.825 (0.272)
DGF 0.138 0.358 (0.094)  2.604 (0.686)
DGF + 500bp 0.542 0.761 (0.069)  1.405 (0.128)
DHS peaks 0.112 0.224 (0.063)  2.005 (0.566)
DHS 0.168 0.285 (0.069)  1.699 (0.410)
DHS + 500bp 0.499 0.788 (0.041)  1.580 (0.082)
FANTOMS5 Enhancer 0.004 -0.003 (0.009) -0.727 (2.160)
FANTOMS5 Enhancer + 500bp | 0.019 0.017 (0.017)  0.878 (0.896)
Enhancer 0.063 0.238 (0.050)  3.764 (0.784)
Enhancer + 500bp 0.154 0.359 (0.042)  2.334 (0.272)
Fetal DHS 0.085 0.238 (0.043)  2.805 (0.512)
Fetal DHS + 500bp 0.285 0.591 (0.058)  2.073 (0.204)
H3K27ac'® 0.391 0.631 (0.054)  1.612 (0.138)
H3K27ac'? 4 500bp 0.423 0.664 (0.059)  1.572 (0.140)
H3K27ac'® 0.269 0.490 (0.054)  1.818 (0.200)
H3K27ac'® + 500bp 0.336 0.611 (0.040)  1.817 (0.118)
H3K4mel peaks 0.171 0.447 (0.040)  2.611 (0.235)
H3K4mel 0.427 0.792 (0.065)  1.857 (0.152)
H3K4mel + 500bp 0.609 0.910 (0.039)  1.494 (0.064)
H3K4me3 peaks 0.042 0.158 (0.025)  3.780 (0.599)
H3K4me3 0.133 0.344 (0.045)  2.582 (0.336)
H3K4me3 + 500bp 0.255 0.487 (0.056)  1.905 (0.220)
H3K9ac peaks 0.039 0.248 (0.024)  6.399 (0.618)
H3K9ac 0.126 0.408 (0.056)  3.233 (0.441)
H3K9ac + 500bp 0.231 0.504 (0.040)  2.184 (0.172)
Intron 0.387 0.462 (0.014)  1.192 (0.035)
Intron 4 500bp 0.397 0.521 (0.015)  1.313 (0.037)
PromoterFlanking 0.008 0.004 (0.011)  0.448 (1.314)
PromoterFlanking + 500bp 0.033 0.081 (0.018)  2.433 (0.531)
Promoter 0.031 0.087 (0.016)  2.806 (0.512)
Promoter + 500bp 0.039 0.080 (0.016)  2.063 (0.424)
Repressed 0.461 0.286 (0.063)  0.619 (0.137)
Repressed + 500bp 0.719 0.446 (0.049)  0.620 (0.068)
Super Enhancer 0.168 0.304 (0.035)  1.804 (0.210)
Super Enhancer 4 500bp 0.172 0.319 (0.037)  1.857 (0.216)
TFBS 0.132 0.445 (0.063)  3.357 (0.479)
TFBS + 500bp 0.343 0.503 (0.052)  1.464 (0.152)
Transcribed 0.345 0.407 (0.038)  1.179 (0.111)
Transcribed + 500bp 0.763 0.721 (0.028)  0.945 (0.036)
TSS 0.018 0.104 (0.023)  5.682 (1.278)
TSS + 500bp 0.035 0.172 (0.029)  4.940 (0.827)
3-prime UTR 0.011 0.054 (0.009)  4.892 (0.856)
3-prime UTR + 500bp 0.027 0.074 (0.011)  2.730 (0.412)
5-prime UTR 0.005 0.028 (0.008)  5.243 (1.385)
5-prime UTR + 500bp 0.028 0.065 (0.010)  2.340 (0.374)
Weak Enhancer 0.021 0.070 (0.023)  3.323 (1.090)
Weak Enhancer + 500bp 0.089 0.199 (0.030)  2.238 (0.335)

Table S3: Proportion of SNP-heritability and enrichment for different functional categories. We
display results meta-analyzed across nine traits for each of the 53 annotations, including two
distinct H3K27ac annotations (Methods). Although true SNP-heritability is non-negative, we
report here unbiased estimates, we can be negdtive (Methods).
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.127 (0.036)  8.661 (2.475)
Coding + 500bp 0.065 0.192 (0.034)  2.979 (0.521)
Conserved 0.026 0.340 (0.051)  13.029 (1.950)
Conserved + 500bp 0.333 0.636 (0.053)  1.913 (0.159)
CTCF 0.024 0.050 (0.045)  2.118 (1.909)
CTCF + 500bp 0.071 0.089 (0.048)  1.249 (0.669)
DGF 0.138 0.585 (0.085)  4.253 (0.621)
DGF + 500bp 0.542 0.983 (0.066)  1.815 (0.122)
DHS peaks 0.112 0.429 (0.107)  3.837 (0.958)
DHS 0.168 0.512 (0.120)  3.050 (0.717)
DHS + 500bp 0.499 0.787 (0.062)  1.579 (0.124)
FANTOMS5 Enhancer 0.004 0.013 (0.019)  2.930 (4.429)
FANTOMS5 Enhancer + 500bp | 0.019 0.014 (0.023)  0.711 (1.224)
Enhancer 0.063 0.184 (0.064)  2.906 (1.018)
Enhancer + 500bp 0.154 0.396 (0.054)  2.573 (0.353)
Fetal DHS 0.085 0.281 (0.089)  3.311 (1.050)
Fetal DHS + 500bp 0.285 0.504 (0.080)  1.770 (0.280)
H3K27ac'? 0.391 0.782 (0.035)  1.999 (0.089)
H3K27ac'® 4 500bp 0.423 0.780 (0.043)  1.846 (0.101)
H3K27ac'® 0.269 0.533 (0.065)  1.978 (0.243)
H3K27ac'® + 500bp 0.336 0.674 (0.061)  2.005 (0.181)
H3K4mel peaks 0.171 0.422 (0.091)  2.465 (0.530)
H3K4mel 0.427 0.965 (0.074)  2.261 (0.173)
H3K4mel + 500bp 0.609 0.946 (0.036)  1.553 (0.060)
H3K4me3 peaks 0.042 0.075 (0.053)  1.791 (1.263)
H3K4me3 0.133 0.429 (0.071)  3.215 (0.535)
H3K4me3 + 500bp 0.255 0.584 (0.054)  2.286 (0.211)
H3K9ac peaks 0.039 0.266 (0.060)  6.851 (1.539)
H3K9ac 0.126 0.558 (0.066)  4.428 (0.520)
H3K9ac + 500bp 0.231 0.602 (0.055)  2.612 (0.237)
Intron 0.387 0.448 (0.031)  1.156 (0.081)
Intron + 500bp 0.397 0.532 (0.025)  1.340 (0.064)
PromoterFlanking 0.008 -0.046 (0.025)  -5.400 (3.021)
PromoterFlanking + 500bp 0.033 0.116 (0.034)  3.453 (1.029)
Promoter 0.031 0.089 (0.033)  2.848 (1.057)
Promoter + 500bp 0.039 0.101 (0.020)  2.603 (0.528)
Repressed 0.461 0.115 (0.093)  0.248 (0.203)
Repressed + 500bp 0.719 0.369 (0.039)  0.513 (0.054)
Super Enhancer 0.168 0.384 (0.026)  2.280 (0.155)
Super Enhancer + 500bp 0.172 0.398 (0.023)  2.317 (0.137)
TFBS 0.132 0.455 (0.083)  3.438 (0.628)
TFBS + 500bp 0.343 0.682 (0.065)  1.984 (0.190)
Transcribed 0.345 0.572 (0.094)  1.657 (0.272)
Transcribed + 500bp 0.763 0.652 (0.052)  0.854 (0.068)
TSS 0.018 0.107 (0.038)  5.853 (2.103)
TSS + 500bp 0.035 0.174 (0.032)  4.991 (0.905)
3-prime UTR 0.011 0.102 (0.032)  9.240 (2.857)
3-prime UTR + 500bp 0.027 0.118 (0.032)  4.380 (1.176)
5-prime UTR 0.005 0.045 (0.022)  8.310 (4.056)
5-prime UTR, + 500bp 0.028 0.069 (0.023)  2.470 (0.840)
Weak Enhancer 0.021 0.018 (0.043)  0.853 (2.025)
Weak Enhancer + 500bp 0.089 0.109 (0.048)  1.229 (0.539)

(S4.A) Proportion of heritability and enrichment for different functional categories for Height.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.104 (0.027)  7.071 (1.813)
Coding + 500bp 0.065 0.129 (0.032)  1.992 (0.500)
Conserved 0.026 0.508 (0.059)  19.504 (2.270)
Conserved + 500bp 0.333 0.545 (0.068)  1.640 (0.205)
CTCF 0.024 -0.027 (0.049) -1.135 (2.051)
CTCF + 500bp 0.071 0.025 (0.045)  0.358 (0.640)
DGF 0.138 0.034 (0.124)  0.249 (0.899)
DGF + 500bp 0.542 0.674 (0.068)  1.244 (0.125)
DHS peaks 0.112 0.125 (0.100)  1.123 (0.894)
DHS 0.168 0.093 (0.123)  0.554 (0.733)
DHS + 500bp 0.499 0.890 (0.123)  1.785 (0.246)
FANTOMS5 Enhancer 0.004 0.003 (0.018)  0.792 (4.139)
FANTOMS5 Enhancer + 500bp | 0.019 -0.004 (0.026) -0.218 (1.364)
Enhancer 0.063 0.259 (0.052)  4.083 (0.829)
Enhancer + 500bp 0.154 0.305 (0.052)  1.980 (0.337)
Fetal DHS 0.085 0.112 (0.089)  1.320 (1.045)
Fetal DHS + 500bp 0.285 0.572 (0.081)  2.008 (0.284)
H3K27ac'? 0.391 0.514 (0.037)  1.315 (0.096)
H3K27ac'® 4 500bp 0.423 0.564 (0.039)  1.334 (0.093)
H3K27ac'® 0.269 0.447 (0.059)  1.660 (0.221)
H3K27ac'® 4 500bp 0.336 0.557 (0.067)  1.657 (0.199)
H3K4mel peaks 0.171 0.394 (0.102)  2.298 (0.595)
H3K4mel 0.427 0.668 (0.092)  1.565 (0.216)
H3K4mel 4 500bp 0.609 0.880 (0.052)  1.445 (0.086)
H3K4me3 peaks 0.042 0.150 (0.054)  3.583 (1.295)
H3K4me3 0.133 0.219 (0.057)  1.646 (0.429)
H3K4me3 + 500bp 0.255 0.405 (0.054)  1.585 (0.212)
H3K9ac peaks 0.039 0.279 (0.056)  7.206 (1.452)
H3K9ac 0.126 0.214 (0.066)  1.699 (0.520)
H3K9ac + 500bp 0.231 0.450 (0.051)  1.952 (0.222)
Intron 0.387 0.424 (0.032)  1.094 (0.083)
Intron + 500bp 0.397 0.490 (0.030)  1.233 (0.076)
PromoterFlanking 0.008 0.004 (0.023)  0.477 (2.702)
PromoterFlanking + 500bp 0.033 0.042 (0.035)  1.262 (1.035)
Promoter 0.031 0.080 (0.031)  2.559 (0.989)
Promoter + 500bp 0.039 0.060 (0.024)  1.565 (0.615)
Repressed 0.461 0.321 (0.105)  0.696 (0.227)
Repressed + 500bp 0.719 0.619 (0.032)  0.860 (0.045)
Super Enhancer 0.168 0.217 (0.019)  1.289 (0.114)
Super Enhancer + 500bp 0.172 0.251 (0.022)  1.464 (0.129)
TFBS 0.132 0.357 (0.087)  2.692 (0.659)
TFBS + 500bp 0.343 0.438 (0.071)  1.275 (0.207)
Transcribed 0.345 0.442 (0.088)  1.280 (0.256)
Transcribed + 500bp 0.763 0.775 (0.051)  1.015 (0.067)
TSS 0.018 0.059 (0.030)  3.239 (1.670)
TSS + 500bp 0.035 0.097 (0.030)  2.792 (0.874)
3-prime UTR 0.011 0.059 (0.022)  5.352 (2.007)
3-prime UTR + 500bp 0.027 0.054 (0.021)  2.013 (0.796)
5-prime UTR 0.005 0.035 (0.018)  6.541 (3.287)
5-prime UTR, + 500bp 0.028 0.055 (0.022)  1.984 (0.794)
Weak Enhancer 0.021 0.119 (0.039)  5.640 (1.837)
Weak Enhancer + 500bp 0.089 0.236 (0.044)  2.658 (0.495)
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(S4.B) Proportion of heritability and enrichment for different functional categories for BMI.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.123 (0.030)  8.413 (2.059)
Coding + 500bp 0.065 0.094 (0.035)  1.453 (0.537)
Conserved 0.026 0.462 (0.063)  17.725 (2.414)
Conserved + 500bp 0.333 0.616 (0.090)  1.853 (0.271)
CTCF 0.024 0.022 (0.051)  0.935 (2.150)
CTCF + 500bp 0.071 0.049 (0.053)  0.689 (0.749)
DGF 0.138 0.207 (0.113)  1.508 (0.823)
DGF + 500bp 0.542 0.429 (0.084)  0.793 (0.155)
DHS peaks 0.112 0.008 (0.120)  0.071 (1.071)
DHS 0.168 0.052 (0.135)  0.311 (0.806)
DHS + 500bp 0.499 0.631 (0.096)  1.265 (0.193)
FANTOMS5 Enhancer 0.004 -0.000 (0.022) -0.028 (5.150)
FANTOMS5 Enhancer + 500bp | 0.019 0.006 (0.025)  0.321 (1.315)
Enhancer 0.063 0.137 (0.061)  2.163 (0.960)
Enhancer + 500bp 0.154 0.215 (0.059)  1.397 (0.384)
Fetal DHS 0.085 0.108 (0.093)  1.272 (1.100)
Fetal DHS + 500bp 0.285 0.291 (0.101)  1.020 (0.356)
H3K27ac'? 0.391 0.455 (0.037)  1.164 (0.094)
H3K27ac'® 4 500bp 0.423 0.489 (0.052)  1.158 (0.123)
H3K27ac'® 0.269 0.409 (0.071)  1.517 (0.264)
H3K27ac'® 4 500bp 0.336 0.486 (0.070)  1.446 (0.207)
H3K4mel peaks 0.171 0.471 (0.116)  2.747 (0.678)
H3K4mel 0.427 0.621 (0.085)  1.455 (0.200)
H3K4mel + 500bp 0.609 0.847 (0.057)  1.391 (0.094)
H3K4me3 peaks 0.042 0.211 (0.071)  5.042 (1.695)
H3K4me3 0.133 0.237 (0.067)  1.779 (0.502)
H3K4me3 + 500bp 0.255 0.308 (0.064)  1.207 (0.249)
H3K9ac peaks 0.039 0.220 (0.062)  5.671 (1.596)
H3K9ac 0.126 0.345 (0.066)  2.736 (0.520)
H3K9ac + 500bp 0.231 0.460 (0.055)  1.996 (0.240)
Intron 0.387 0.437 (0.035)  1.129 (0.090)
Intron + 500bp 0.397 0.537 (0.031)  1.353 (0.078)
PromoterFlanking 0.008 0.020 (0.031)  2.394 (3.660)
PromoterFlanking + 500bp 0.033 0.056 (0.033)  1.684 (0.992)
Promoter 0.031 0.123 (0.033)  3.945 (1.051)
Promoter + 500bp 0.039 0.116 (0.025)  2.995 (0.660)
Repressed 0.461 0.385 (0.100)  0.835 (0.216)
Repressed 4 500bp 0.719 0.513 (0.038)  0.714 (0.053)
Super Enhancer 0.168 0.213 (0.030)  1.264 (0.176)
Super Enhancer + 500bp 0.172 0.233 (0.029)  1.357 (0.171)
TFBS 0.132 0.437 (0.098)  3.301 (0.737)
TFBS + 500bp 0.343 0.427 (0.092)  1.244 (0.268)
Transcribed 0.345 0.436 (0.086)  1.263 (0.250)
Transcribed + 500bp 0.763 0.681 (0.057)  0.893 (0.075)
TSS 0.018 0.165 (0.043)  9.064 (2.354)
TSS + 500bp 0.035 0.167 (0.036)  4.786 (1.040)
3-prime UTR 0.011 0.034 (0.022)  3.053 (1.948)
3-prime UTR + 500bp 0.027 0.047 (0.020)  1.762 (0.761)
5-prime UTR 0.005 0.042 (0.021)  7.792 (3.826)
5-prime UTR, + 500bp 0.028 0.059 (0.031)  2.129 (1.101)
Weak Enhancer 0.021 0.011 (0.045)  0.542 (2.148)
Weak Enhancer + 500bp 0.089 0.113 (0.054)  1.274 (0.602)

(S4.C) Proportion of heritability and enrichment for different functional categories for Age at menarche.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.128 (0.093)  8.740 (6.337)
Coding + 500bp 0.065 0.502 (0.089)  7.782 (1.380)
Conserved 0.026 0.264 (0.124)  10.111 (4.756)
Conserved + 500bp 0.333 0.811 (0.143)  2.438 (0.429)
CTCF 0.024 0.179 (0.109)  7.506 (4.590)
CTCF + 500bp 0.071 0.079 (0.106)  1.109 (1.493)
DGF 0.138 0.542 (0.192)  3.938 (1.398)
DGF + 500bp 0.542 0.806 (0.149)  1.489 (0.276)
DHS peaks 0.112 0.417 (0.189)  3.730 (1.691)
DHS 0.168 0.505 (0.247)  3.008 (1.473)
DHS + 500bp 0.499 0.810 (0.162)  1.623 (0.325)
FANTOMS5 Enhancer 0.004 -0.050 (0.047)  -11.493 (10.749)
FANTOMS5 Enhancer + 500bp | 0.019 -0.006 (0.047) -0.323 (2.442)
Enhancer 0.063 0.500 (0.157)  7.895 (2.477)
Enhancer + 500bp 0.154 0.524 (0.121)  3.406 (0.783)
Fetal DHS 0.085 0.370 (0.194)  4.370 (2.290)
Fetal DHS + 500bp 0.285 0.783 (0.133)  2.746 (0.466)
H3K27ac'? 0.391 0.776 (0.093)  1.984 (0.237)
H3K27ac'® 4 500bp 0.423 0.962 (0.075)  2.277 (0.177)
H3K27ac'® 0.269 0.829 (0.155)  3.075 (0.575)
H3K27ac'® 4 500bp 0.336 0.772 (0.100)  2.298 (0.298)
H3K4mel peaks 0.171 0.430 (0.264)  2.512 (1.539)
H3K4mel 0.427 1.179 (0.151)  2.765 (0.354)
H3K4mel + 500bp 0.609 1.056 (0.094)  1.733 (0.154)
H3K4me3 peaks 0.042 0.069 (0.186)  1.658 (4.459)
H3K4me3 0.133 0.628 (0.173)  4.715 (1.296)
H3K4me3 + 500bp 0.255 0.933 (0.181)  3.652 (0.710)
H3K9ac peaks 0.039 -0.028 (0.165)  -0.712 (4.249)
H3K9ac 0.126 0.751 (0.167)  5.951 (1.324)
H3K9ac + 500bp 0.231 0.832 (0.187)  3.607 (0.812)
Intron 0.387 0.472 (0.082)  1.218 (0.212)
Intron + 500bp 0.397 0.657 (0.050)  1.654 (0.126)
PromoterFlanking 0.008 0.055 (0.073)  6.544 (8.609)
PromoterFlanking + 500bp 0.033 0.264 (0.087)  7.895 (2.605)
Promoter 0.031 0.140 (0.073)  4.499 (2.352)
Promoter + 500bp 0.039 0.173 (0.048)  4.475 (1.248)
Repressed 0.461 -0.077 (0.140)  -0.167 (0.304)
Repressed 4 500bp 0.719 0.168 (0.077)  0.234 (0.107)
Super Enhancer 0.168 0.439 (0.059)  2.608 (0.351)
Super Enhancer + 500bp 0.172 0.467 (0.059)  2.721 (0.345)
TFBS 0.132 0.871 (0.231)  6.576 (1.747)
TFBS + 500bp 0.343 0.787 (0.152)  2.291 (0.443)
Transcribed 0.345 0.573 (0.139)  1.659 (0.403)
Transcribed + 500bp 0.763 0.627 (0.106)  0.821 (0.139)
TSS 0.018 0.086 (0.097)  4.746 (5.306)
TSS + 500bp 0.035 0.452 (0.083)  12.976 (2.387)
3-prime UTR 0.011 0.035 (0.045)  3.190 (4.086)
3-prime UTR + 500bp 0.027 0.109 (0.041)  4.044 (1.528)
5-prime UTR 0.005 0.015 (0.041)  2.768 (7.486)
5-prime UTR, + 500bp 0.028 0.088 (0.069)  3.154 (2.471)
Weak Enhancer 0.021 0.145 (0.096)  6.876 (4.532)
Weak Enhancer + 500bp 0.089 0.257 (0.109)  2.890 (1.221)
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(S4.D) Proportion of heritability and enrichment for different functional categories for LDL.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.058 (0.058)  3.986 (3.937)
Coding + 500bp 0.065 0.309 (0.064)  4.788 (0.993)
Conserved 0.026 0.269 (0.075)  10.339 (2.870)
Conserved + 500bp 0.333 0.582 (0.121)  1.749 (0.364)
CTCF 0.024 -0.049 (0.068) -2.077 (2.851)
CTCF + 500bp 0.071 0.032 (0.084)  0.453 (1.178)
DGF 0.138 0.093 (0.195)  0.676 (1.420)
DGF + 500bp 0.542 0.735 (0.149)  1.358 (0.275)
DHS peaks 0.112 0.219 (0.193)  1.960 (1.727)
DHS 0.168 0.289 (0.190)  1.721 (1.132)
DHS + 500bp 0.499 0.921 (0.214)  1.846 (0.428)
FANTOMS5 Enhancer 0.004 0.001 (0.049)  0.162 (11.325)
FANTOMS5 Enhancer + 500bp | 0.019 -0.004 (0.051) -0.213 (2.700)
Enhancer 0.063 0.211 (0.125)  3.332 (1.971)
Enhancer + 500bp 0.154 0.512 (0.101)  3.327 (0.658)
Fetal DHS 0.085 0.091 (0.137)  1.079 (1.620)
Fetal DHS + 500bp 0.285 0.736 (0.116)  2.583 (0.407)
H3K27ac'? 0.391 0.802 (0.067)  2.051 (0.172)
H3K27ac'® + 500bp 0.423 0.828 (0.072)  1.960 (0.171)
H3K27ac'® 0.269 0.904 (0.190)  3.353 (0.705)
H3K27ac'® + 500bp 0.336 0.839 (0.082)  2.495 (0.244)
H3K4mel peaks 0.171 0.602 (0.221)  3.515 (1.291)
H3K4mel 0.427 1.055 (0.165)  2.474 (0.388)
H3K4mel + 500bp 0.609 1.035 (0.093)  1.699 (0.153)
H3K4me3 peaks 0.042 0.019 (0.129)  0.451 (3.082)
H3K4me3 0.133 0.530 (0.129)  3.975 (0.970)
H3K4me3 + 500bp 0.255 0.690 (0.111)  2.702 (0.435)
H3K9ac peaks 0.039 0.240 (0.121)  6.195 (3.118)
H3K9ac 0.126 0.632 (0.106)  5.015 (0.842)
H3K9ac + 500bp 0.231 0.856 (0.110)  3.714 (0.477)
Intron 0.387 0.523 (0.070)  1.349 (0.180)
Intron + 500bp 0.397 0.603 (0.048)  1.518 (0.120)
PromoterFlanking 0.008 -0.039 (0.038)  -4.590 (4.512)
PromoterFlanking + 500bp 0.033 0.071 (0.058)  2.111 (1.727)
Promoter 0.031 0.180 (0.073)  5.785 (2.340)
Promoter + 500bp 0.039 0.162 (0.046)  4.197 (1.182)
Repressed 0.461 0.143 (0.114)  0.310 (0.246)
Repressed 4 500bp 0.719 0.312 (0.072)  0.434 (0.100)
Super Enhancer 0.168 0.531 (0.051)  3.151 (0.305)
Super Enhancer + 500bp 0.172 0.535 (0.048)  3.120 (0.281)
TFBS 0.132 0.358 (0.189)  2.706 (1.428)
TFBS + 500bp 0.343 0.601 (0.142)  1.749 (0.413)
Transcribed 0.345 0.445 (0.108)  1.289 (0.314)
Transcribed + 500bp 0.763 0.839 (0.070)  1.100 (0.091)
TSS 0.018 0.066 (0.057)  3.601 (3.136)
TSS + 500bp 0.035 0.306 (0.072)  8.782 (2.072)
3-prime UTR 0.011 -0.014 (0.036) -1.224 (3.289)
3-prime UTR + 500bp 0.027 0.071 (0.040)  2.623 (1.498)
5-prime UTR 0.005 0.082 (0.041)  15.172 (7.520)
5-prime UTR, + 500bp 0.028 0.086 (0.039)  3.076 (1.410)
Weak Enhancer 0.021 0.081 (0.077)  3.859 (3.629)
Weak Enhancer + 500bp 0.089 0.321 (0.105)  3.605 (1.181)
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.052 (0.049)  3.542 (3.318)
Coding + 500bp 0.065 0.252 (0.051)  3.899 (0.786)
Conserved 0.026 0.269 (0.080)  10.309 (3.077)
Conserved + 500bp 0.333 0.664 (0.090)  1.997 (0.271)
CTCF 0.024 -0.019 (0.078)  -0.814 (3.294)
CTCF + 500bp 0.071 0.010 (0.077)  0.137 (1.078)
DGF 0.138 0.237 (0.150)  1.724 (1.092)
DGF + 500bp 0.542 0.690 (0.108)  1.275 (0.199)
DHS peaks 0.112 0.145 (0.162)  1.293 (1.447)
DHS 0.168 0.249 (0.166)  1.484 (0.989)
DHS + 500bp 0.499 0.941 (0.125)  1.886 (0.250)
FANTOMS5 Enhancer 0.004 -0.047 (0.030)  -10.766 (6.886)
FANTOMS5 Enhancer + 500bp | 0.019 0.030 (0.052)  1.551 (2.737)
Enhancer 0.063 0.232 (0.115)  3.657 (1.815)
Enhancer + 500bp 0.154 0.559 (0.105)  3.630 (0.685)
Fetal DHS 0.085 0.333 (0.128)  3.929 (1.512)
Fetal DHS + 500bp 0.285 0.649 (0.119)  2.276 (0.419)
H3K27ac"? 0.391 0.768 (0.060)  1.964 (0.152)
H3K27ac'® + 500bp 0.423 0.759 (0.054)  1.797 (0.127)
H3K27ac'® 0.269 0.750 (0.149)  2.783 (0.551)
H3K27ac'® + 500bp 0.336 0.797 (0.091)  2.373 (0.272)
H3K4mel peaks 0.171 0.132 (0.163)  0.772 (0.951)
H3K4mel 0.427 0.823 (0.144)  1.929 (0.337)
H3K4mel + 500bp 0.609 1.181 (0.072)  1.939 (0.119)
H3K4me3 peaks 0.042 0.121 (0.112)  2.907 (2.685)
H3K4me3 0.133 0.452 (0.083)  3.394 (0.622)
H3K4me3 + 500bp 0.255 0.736 (0.104)  2.881 (0.406)
H3K9ac peaks 0.039 0.172 (0.095)  4.441 (2.449)
H3K9ac 0.126 0.502 (0.088)  3.978 (0.699)
H3K9ac + 500bp 0.231 0.751 (0.108)  3.259 (0.469)
Intron 0.387 0.475 (0.055)  1.225 (0.141)
Intron + 500bp 0.397 0.550 (0.037)  1.385 (0.094)
PromoterFlanking 0.008 0.050 (0.043)  5.945 (5.067)
PromoterFlanking + 500bp 0.033 0.112 (0.060)  3.356 (1.806)
Promoter 0.031 0.162 (0.052)  5.203 (1.657)
Promoter + 500bp 0.039 0.153 (0.045)  3.962 (1.160)
Repressed 0.461 0.081 (0.102)  0.176 (0.222)
Repressed + 500bp 0.719 0.400 (0.066)  0.556 (0.091)
Super Enhancer 0.168 0.395 (0.038)  2.346 (0.224)
Super Enhancer + 500bp 0.172 0.425 (0.035)  2.477 (0.203)
TFBS 0.132 0.435 (0.159)  3.284 (1.204)
TFBS + 500bp 0.343 0.545 (0.121)  1.586 (0.353)
Transcribed 0.345 0.512 (0.097)  1.483 (0.281)
Transcribed + 500bp 0.763 0.582 (0.097)  0.763 (0.128)
TSS 0.018 0.065 (0.051)  3.562 (2.801)
TSS + 500bp 0.035 0.290 (0.058)  8.341 (1.661)
3-prime UTR 0.011 0.003 (0.037)  0.253 (3.372)
3-prime UTR + 500bp 0.027 0.057 (0.031)  2.101 (1.152)
5-prime UTR 0.005 -0.012 (0.025) -2.291 (4.617)
5-prime UTR, + 500bp 0.028 0.046 (0.035)  1.652 (1.244)
Weak Enhancer 0.021 0.047 (0.069)  2.237 (3.266)
Weak Enhancer + 500bp 0.089 0.265 (0.093)  2.982 (1.042)

(S4.F) Proportion of heritability and enrichment for different functional categories for Triglycerides.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.074 (0.057)  5.050 (3.886)
Coding + 500bp 0.065 0.261 (0.068)  4.043 (1.049)
Conserved 0.026 0.203 (0.096)  7.808 (3.677)
Conserved + 500bp 0.333 0.568 (0.144)  1.708 (0.433)
CTCF 0.024 -0.040 (0.105)  -1.659 (4.397)
CTCF + 500bp 0.071 -0.070 (0.122)  -0.980 (1.713)
DGF 0.138 0.743 (0.256)  5.402 (1.858)
DGF + 500bp 0.542 0.860 (0.143)  1.587 (0.265)
DHS peaks 0.112 0.361 (0.254)  3.229 (2.271)
DHS 0.168 0.514 (0.264)  3.063 (1.575)
DHS + 500bp 0.499 0.943 (0.164)  1.891 (0.330)
FANTOMS5 Enhancer 0.004 -0.040 (0.053) -9.331 (12.124)
FANTOMS5 Enhancer + 500bp | 0.019 0.045 (0.063)  2.359 (3.329)
Enhancer 0.063 0.394 (0.130)  6.217 (2.046)
Enhancer + 500bp 0.154 0.406 (0.120)  2.635 (0.777)
Fetal DHS 0.085 0.282 (0.200)  3.324 (2.364)
Fetal DHS + 500bp 0.285 0.746 (0.164)  2.618 (0.575)
H3K27ac"? 0.391 0.727 (0.087)  1.859 (0.221)
H3K27ac'® + 500bp 0.423 0.801 (0.084)  1.895 (0.198)
H3K27ac'® 0.269 0.639 (0.141)  2.370 (0.523)
H3K27ac'® + 500bp 0.336 0.837 (0.129)  2.490 (0.384)
H3K4mel peaks 0.171 0.497 (0.197)  2.901 (1.148)
H3K4mel 0.427 0.783 (0.164)  1.835 (0.384)
H3K4mel + 500bp 0.609 1.137 (0.086)  1.866 (0.141)
H3K4me3 peaks 0.042 0.266 (0.156)  6.363 (3.724)
H3K4me3 0.133 0.288 (0.126)  2.161 (0.949)
H3K4me3 + 500bp 0.255 0.890 (0.146)  3.482 (0.571)
H3K9ac peaks 0.039 0.381 (0.141)  9.820 (3.633)
H3K9ac 0.126 0.686 (0.139)  5.439 (1.105)
H3K9ac + 500bp 0.231 0.788 (0.123)  3.418 (0.535)
Intron 0.387 0.483 (0.065)  1.248 (0.167)
Intron + 500bp 0.397 0.525 (0.049)  1.323 (0.124)
PromoterFlanking 0.008 0.001 (0.057)  0.071 (6.744)
PromoterFlanking + 500bp 0.033 0.108 (0.071)  3.237 (2.115)
Promoter 0.031 0.104 (0.071)  3.344 (2.270)
Promoter + 500bp 0.039 0.068 (0.047)  1.765 (1.220)
Repressed 0.461 0.395 (0.168)  0.856 (0.365)
Repressed + 500bp 0.719 0.359 (0.074)  0.499 (0.103)
Super Enhancer 0.168 0.414 (0.053)  2.459 (0.317)
Super Enhancer + 500bp 0.172 0.415 (0.058)  2.418 (0.337)
TFBS 0.132 0.364 (0.211)  2.751 (1.595)
TFBS + 500bp 0.343 0.487 (0.156)  1.418 (0.454)
Transcribed 0.345 0.302 (0.142)  0.874 (0.410)
Transcribed + 500bp 0.763 0.677 (0.113)  0.887 (0.148)
TSS 0.018 0.185 (0.077)  10.152 (4.239)
TSS + 500bp 0.035 0.141 (0.080)  4.061 (2.291)
3-prime UTR 0.011 0.055 (0.045)  5.018 (4.040)
3-prime UTR + 500bp 0.027 0.151 (0.064)  5.624 (2.358)
5-prime UTR 0.005 -0.003 (0.037) -0.542 (6.731)
5-prime UTR, + 500bp 0.028 0.029 (0.054)  1.036 (1.958)
Weak Enhancer 0.021 0.128 (0.091)  6.055 (4.326)
Weak Enhancer + 500bp 0.089 0.285 (0.113)  3.200 (1.266)
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.026 (0.071)  1.784 (4.820)
Coding + 500bp 0.065 0.104 (0.089)  1.614 (1.378)
Conserved 0.026 0.347 (0.130)  13.300 (4.990)
Conserved 4 500bp 0.333 0.688 (0.178)  2.068 (0.536)
CTCF 0.024 -0.080 (0.120)  -3.350 (5.048)
CTCF + 500bp 0.071 0.013 (0.112)  0.182 (1.580)
DGF 0.138 0.014 (0.330)  0.099 (2.402)
DGF + 500bp 0.542 1.011 (0.184)  1.867 (0.340)
DHS peaks 0.112 0.130 (0.303)  1.167 (2.710)
DHS 0.168 0.385 (0.329)  2.296 (1.963)
DHS + 500bp 0.499 1.009 (0.173)  2.022 (0.346)
FANTOMS5 Enhancer 0.004 -0.004 (0.055) -0.922 (12.664)
FANTOMS5 Enhancer + 500bp | 0.019 -0.050 (0.070) -2.628 (3.653)
Enhancer 0.063 0.258 (0.147)  4.068 (2.315)
Enhancer + 500bp 0.154 0.503 (0.141)  3.270 (0.916)
Fetal DHS 0.085 0.208 (0.271)  2.458 (3.193)
Fetal DHS + 500bp 0.285 0.577 (0.180)  2.025 (0.631)
H3K27ac'® 0.391 0.581 (0.110)  1.485 (0.280)
H3K27ac' + 500bp 0.423 0.748 (0.107)  1.771 (0.253)
H3K27ac'® 0.269 0.699 (0.189)  2.593 (0.703)
H3K27ac'® + 500bp 0.336 0.760 (0.135)  2.263 (0.403)
H3K4mel peaks 0.171 0.586 (0.242)  3.419 (1.413)
H3K4mel 0.427 0.799 (0.232)  1.873 (0.544)
H3K4mel + 500bp 0.609 1.006 (0.102)  1.652 (0.168)
H3K4me3 peaks 0.042 0.186 (0.152)  4.460 (3.639)
H3K4me3 0.133 0.517 (0.159)  3.879 (1.195)
H3K4me3 + 500bp 0.255 0.651 (0.142)  2.549 (0.557)
H3K9ac peaks 0.039 0.043 (0.174)  1.120 (4.494)
H3K%ac 0.126 0.632 (0.186)  5.012 (1.472)
H3K9ac + 500bp 0.231 0.746 (0.147)  3.237 (0.638)
Intron 0.387 0.526 (0.071)  1.357 (0.184)
Intron + 500bp 0.397 0.510 (0.056)  1.283 (0.140)
PromoterFlanking 0.008 0.064 (0.081)  7.616 (9.630)
PromoterFlanking + 500bp 0.033 0.122 (0.110)  3.631 (3.298)
Promoter 0.031 0.098 (0.086)  3.132 (2.762)
Promoter + 500bp 0.039 0.059 (0.053)  1.522 (1.381)
Repressed 0.461 0.122 (0.230)  0.264 (0.500)
Repressed + 500bp 0.719 0.380 (0.084)  0.528 (0.117)
Super Enhancer 0.168 0.307 (0.068)  1.824 (0.405)
Super Enhancer + 500bp 0.172 0.317 (0.062)  1.850 (0.364)
TFBS 0.132 0.242 (0.248)  1.827 (1.876)
TFBS + 500bp 0.343 0.628 (0.184)  1.829 (0.535)
Transcribed 0.345 0.695 (0.219)  2.013 (0.634)
Transcribed + 500bp 0.763 0.557 (0.124)  0.730 (0.162)
TSS 0.018 0.140 (0.087)  7.668 (4.788)
TSS + 500bp 0.035 0.044 (0.090)  1.276 (2.595)
3-prime UTR 0.011 -0.021 (0.048)  -1.927 (4.355)
3-prime UTR + 500bp 0.027 0.020 (0.057)  0.751 (2.105)
5-prime UTR 0.005 0.077 (0.116)  14.223 (21.390)
5-prime UTR, + 500bp 0.028 0.097 (0.072)  3.480 (2.576)
Weak Enhancer 0.021 0.143 (0.140)  6.792 (6.655)
Weak Enhancer + 500bp 0.089 0.280 (0.127)  3.152 (1.423)

(S4.H) Proportion of heritability and enrichment for different functional categories for Type 2 Diabetes.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 -0.014 (0.085) -0.960 (5.787)
Coding + 500bp 0.065 0.206 (0.087)  3.184 (1.342)
Conserved 0.026 0.286 (0.120)  10.982 (4.588)
Conserved + 500bp 0.333 0.874 (0.153)  2.629 (0.460)
CTCF 0.024 -0.044 (0.117)  -1.842 (4.905)
CTCF + 500bp 0.071 -0.036 (0.132) -0.501 (1.862)
DGF 0.138 0.394 (0.297)  2.861 (2.156)
DGF + 500bp 0.542 0.723 (0.173)  1.335 (0.319)
DHS peaks 0.112 0.170 (0.291)  1.523 (2.607)
DHS 0.168 0.711 (0.307)  4.238 (1.829)
DHS + 500bp 0.499 0.564 (0.204)  1.132 (0.410)
FANTOMS5 Enhancer 0.004 -0.001 (0.057) -0.176 (13.183)
FANTOMS5 Enhancer + 500bp | 0.019 0.057 (0.072)  2.975 (3.775)
Enhancer 0.063 0.358 (0.172)  5.658 (2.710)
Enhancer + 500bp 0.154 0.519 (0.139)  3.370 (0.900)
Fetal DHS 0.085 0.375 (0.215)  4.424 (2.537)
Fetal DHS + 500bp 0.285 0.763 (0.206)  2.677 (0.722)
H3K27ac'® 0.391 0.679 (0.097)  1.737 (0.248)
H3K27ac'® + 500bp 0.423 0.734 (0.096)  1.737 (0.227)
H3K27ac'® 0.269 0.734 (0.175)  2.723 (0.649)
H3K27ac'® + 500bp 0.336 0.952 (0.158)  2.833 (0.471)
H3K4mel peaks 0.171 0.865 (0.281)  5.049 (1.641)
H3K4mel 0.427 0.743 (0.179)  1.742 (0.420)
H3K4mel + 500bp 0.609 1.017 (0.117)  1.670 (0.193)
H3K4me3 peaks 0.042 -0.014 (0.157)  -0.323 (3.750)
H3K4me3 0.133 0.583 (0.154)  4.372 (1.156)
H3K4me3 + 500bp 0.255 0.638 (0.141)  2.496 (0.553)
H3K9ac peaks 0.039 0.297 (0.153)  7.658 (3.941)
H3K9ac 0.126 0.753 (0.173)  5.973 (1.370)
H3K9ac + 500bp 0.231 0.542 (0.151)  2.350 (0.654)
Intron 0.387 0.596 (0.086)  1.539 (0.223)
Intron + 500bp 0.397 0.593 (0.064)  1.492 (0.162)
PromoterFlanking 0.008 -0.075 (0.071)  -8.868 (8.458)
PromoterFlanking + 500bp 0.033 0.126 (0.084)  3.750 (2.512)
Promoter 0.031 0.087 (0.080)  2.795 (2.576)
Promoter + 500bp 0.039 0.163 (0.067)  4.214 (1.722)
Repressed 0.461 0.326 (0.195)  0.707 (0.423)
Repressed + 500bp 0.719 0.308 (0.096)  0.429 (0.133)
Super Enhancer 0.168 0.311 (0.064)  1.848 (0.381)
Super Enhancer + 500bp 0.172 0.436 (0.064)  2.541 (0.371)
TFBS 0.132 0.420 (0.230)  3.173 (1.733)
TFBS + 500bp 0.343 0.497 (0.179)  1.446 (0.523)
Transcribed 0.345 0.502 (0.186)  1.454 (0.539)
Transcribed + 500bp 0.763 0.511 (0.139)  0.670 (0.182)
TSS 0.018 -0.066 (0.085) -3.643 (4.645)
TSS + 500bp 0.035 0.113 (0.093)  3.243 (2.678)
3-prime UTR 0.011 -0.019 (0.053)  -1.722 (4.823)
3-prime UTR + 500bp 0.027 -0.010 (0.063) -0.367 (2.325)
5-prime UTR 0.005 0.041 (0.084)  7.573 (15.417)
5-prime UTR, + 500bp 0.028 0.120 (0.066)  4.312 (2.389)
Weak Enhancer 0.021 0.210 (0.117)  9.946 (5.568)
Weak Enhancer + 500bp 0.089 0.313 (0.131)  3.523 (1.472)

(S4.1) Proportion of heritability and enrichment for different functional categories for Fasting Glucose.

41


https://doi.org/10.1101/014241
http://creativecommons.org/licenses/by-nd/4.0/

aCC-BY-ND 4.0 International license.

bioRxiv preprint doi: https://doi.org/10.1101/014241; this version posted January 23, 2015. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under

Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.085 (0.022)  5.823 (1.489)
Coding + 500bp 0.065 0.127 (0.026)  1.970 (0.398)
Conserved 0.026 0.287 (0.044)  11.028 (1.677)
Conserved + 500bp 0.333 0.658 (0.047)  1.979 (0.141)
CTCF 0.024 -0.041 (0.032) -1.716 (1.344)
CTCF + 500bp 0.071 0.079 (0.033)  1.118 (0.460)
DGF 0.138 0.168 (0.083)  1.222 (0.604)
DGF + 500bp 0.542 0.667 (0.057)  1.232 (0.106)
DHS peaks 0.112 0.066 (0.070)  0.587 (0.625)
DHS 0.168 0.175 (0.083)  1.045 (0.493)
DHS + 500bp 0.499 0.687 (0.058)  1.377 (0.115)
FANTOMS5 Enhancer 0.004 -0.024 (0.015)  -5.438 (3.564)
FANTOMS5 Enhancer + 500bp | 0.019 -0.001 (0.020) -0.068 (1.033)
Enhancer 0.063 0.029 (0.043)  0.465 (0.675)
Enhancer + 500bp 0.154 0.238 (0.040)  1.544 (0.263)
Fetal DHS 0.085 0.216 (0.070)  2.547 (0.825)
Fetal DHS + 500bp 0.285 0.486 (0.060)  1.705 (0.211)
H3K27ac'® 0.391 0.503 (0.027)  1.287 (0.070)
H3K27ac'? 4 500bp 0.423 0.552 (0.036)  1.306 (0.085)
H3K27ac'® 0.269 0.372 (0.045)  1.381 (0.168)
H3K27ac'® + 500bp 0.336 0.544 (0.042)  1.618 (0.125)
H3K4mel peaks 0.171 0.412 (0.072)  2.407 (0.420)
H3K4mel 0.427 0.646 (0.053)  1.514 (0.124)
H3K4mel + 500bp 0.609 0.794 (0.034)  1.304 (0.056)
H3K4me3 peaks 0.042 0.188 (0.048)  4.511 (1.144)
H3K4me3 0.133 0.292 (0.046)  2.192 (0.342)
H3K4me3 + 500bp 0.255 0.353 (0.040)  1.383 (0.156)
H3K9ac peaks 0.039 0.239 (0.042)  6.163 (1.085)
H3K9ac 0.126 0.287 (0.051)  2.278 (0.404)
H3K9ac + 500bp 0.231 0.457 (0.037)  1.981 (0.161)
Intron 0.387 0.513 (0.024)  1.323 (0.063)
Intron 4 500bp 0.397 0.524 (0.019)  1.321 (0.047)
PromoterFlanking 0.008 0.029 (0.021)  3.397 (2.545)
PromoterFlanking + 500bp 0.033 0.070 (0.025)  2.099 (0.754)
Promoter 0.031 0.068 (0.028)  2.192 (0.887)
Promoter + 500bp 0.039 0.037 (0.021)  0.952 (0.531)
Repressed 0.461 0.450 (0.070)  0.975 (0.152)
Repressed + 500bp 0.719 0.627 (0.027)  0.873 (0.038)
Super Enhancer 0.168 0.247 (0.022)  1.467 (0.130)
Super Enhancer + 500bp 0.172 0.253 (0.019)  1.475 (0.113)
TFBS 0.132 0.217 (0.059)  1.639 (0.447)
TFBS + 500bp 0.343 0.372 (0.059)  1.083 (0.171)
Transcribed 0.345 0.391 (0.062)  1.133 (0.180)
Transcribed + 500bp 0.763 0.812 (0.035)  1.064 (0.046)
TSS 0.018 0.053 (0.027)  2.918 (1.467)
TSS + 500bp 0.035 0.107 (0.023)  3.081 (0.662)
3-prime UTR 0.011 0.062 (0.019)  5.583 (1.693)
3-prime UTR + 500bp 0.027 0.085 (0.020)  3.140 (0.758)
5-prime UTR 0.005 0.020 (0.012)  3.656 (2.215)
5-prime UTR + 500bp 0.028 0.055 (0.020)  1.975 (0.710)
Weak Enhancer 0.021 0.016 (0.032)  0.759 (1.537)
Weak Enhancer + 500bp 0.089 0.146 (0.040)  1.643 (0.447)

(S4.J) Proportion of heritability and enrichment for different functional categories for Schizophrenia. For many
annotations there is heritability in the 500bp flanking regions, as cautioned by Gusev et al.'> We believe, as
hypothesized by Gusev et al., that this flanking heritability inflates the estimates of DHS heritability in Gusev et al.
However, our work confirms the main message of Gusev et al. that much of the heritability of many traits, including
schizophrenia, is located in regulatory regions. 42
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.186 (0.090)  12.671 (6.108)
Coding + 500bp 0.065 0.200 (0.086)  3.098 (1.336)
Conserved 0.026 0.302 (0.115)  11.588 (4.413)
Conserved + 500bp 0.333 0.527 (0.115)  1.586 (0.345)
CTCF 0.024 0.013 (0.111)  0.556 (4.672)
CTCF + 500bp 0.071 0.138 (0.104)  1.944 (1.466)
DGF 0.138 0.723 (0.241) 5.251 (1.754)
DGF + 500bp 0.542 0.854 (0.169)  1.578 (0.313)
DHS peaks 0.112 0.447 (0.211) 4.001 (1.890)
DHS 0.168 0.670 (0.251)  3.993 (1.495)
DHS + 500bp 0.499 0.735 (0.170)  1.474 (0.340)
FANTOMS Enhancer 0.004 0.013 (0.046)  2.987 (10.718)
FANTOMS5 Enhancer 4+ 500bp | 0.019 -0.106 (0.053) -5.564 (2.793)
Enhancer 0.063 0.317 (0.130)  4.999 (2.059)
Enhancer + 500bp 0.154 0.299 (0.123)  1.940 (0.797)
Fetal DHS 0.085 0.264 (0.186)  3.120 (2.199)
Fetal DHS + 500bp 0.285 0.555 (0.169) 1.947 (0.595)
H3K27ac'? 0.391 0.456 (0.089)  1.166 (0.226)
H3K27ac'® 4 500bp 0.423 0.564 (0.085)  1.335 (0.202)
H3K27ac'® 0.269 0.574 (0.136)  2.132 (0.505)
H3K27ac'® 4 500bp 0.336 0.727 (0.116)  2.162 (0.346)
H3K4mel peaks 0.171 0.719 (0.215)  4.196 (1.256)
H3K4mel 0.427 0.970 (0.166)  2.274 (0.389)
H3K4mel + 500bp 0.609 0.754 (0.099)  1.238 (0.162)
H3K4me3 peaks 0.042 0.038 (0.124)  0.905 (2.967)
H3K4me3 0.133 0.573 (0.147)  4.295 (1.101)
H3K4me3 + 500bp 0.255 0.220 (0.121)  0.861 (0.473)
H3K9ac peaks 0.039 0.160 (0.125)  4.124 (3.225)
H3K9ac 0.126 0.450 (0.153)  3.572 (1.214)
H3K9ac 4 500bp 0.231 0.502 (0.117)  2.176 (0.508)
Intron 0.387 0.509 (0.092)  1.313 (0.237)
Intron + 500bp 0.397 0.608 (0.066)  1.531 (0.166)
PromoterFlanking 0.008 0.051 (0.063)  6.090 (7.507)
PromoterFlanking + 500bp 0.033 0.081 (0.085)  2.429 (2.541)
Promoter 0.031 0.140 (0.085)  4.500 (2.711)
Promoter + 500bp 0.039 0.128 (0.065)  3.317 (1.671)
Repressed 0.461 0.402 (0.184)  0.871 (0.400)
Repressed 4 500bp 0.719 0.460 (0.068)  0.640 (0.094)
Super Enhancer 0.168 0.288 (0.047)  1.712 (0.278)
Super Enhancer + 500bp 0.172 0.252 (0.043)  1.469 (0.250)
TFBS 0.132 0.459 (0.218)  3.462 (1.645)
TEFBS + 500bp 0.343 0.507 (0.153)  1.477 (0.444)
Transcribed 0.345 0.311 (0.179)  0.900 (0.518)
Transcribed + 500bp 0.763 0.773 (0.107)  1.013 (0.140)
TSS 0.018 0.081 (0.070)  4.435 (3.863)
TSS + 500bp 0.035 0.244 (0.074)  7.016 (2.135)
3-prime UTR 0.011 0.094 (0.062)  8.508 (5.598)
3-prime UTR + 500bp 0.027 0.072 (0.052)  2.664 (1.921)
5-prime UTR 0.005 0.122 (0.052)  22.400 (9.543)
5-prime UTR + 500bp 0.028 0.129 (0.052)  4.656 (1.873)
Weak Enhancer 0.021 0.168 (0.103)  7.988 (4.864)
Weak Enhancer + 500bp 0.089 0.217 (0.098)  2.435 (1.107)

(S4.K) Proportion of heritability and enrichment for different functional categories for Bipolar disorder.

43


https://doi.org/10.1101/014241
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/014241; this version posted January 23, 2015. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-ND 4.0 International license.

Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.017 (0.068)  1.145 (4.645)
Coding + 500bp 0.065 0.140 (0.059)  2.169 (0.915)
Conserved 0.026 0.186 (0.110)  7.128 (4.214)
Conserved + 500bp 0.333 0.635 (0.124)  1.910 (0.373)
CTCF 0.024 0.019 (0.098)  0.802 (4.130)
CTCF + 500bp 0.071 0.012 (0.107)  0.162 (1.499)
DGF 0.138 0.257 (0.240)  1.865 (1.743)
DGF + 500bp 0.542 0.573 (0.144)  1.058 (0.266)
DHS peaks 0.112 0.041 (0.212)  0.367 (1.894)
DHS 0.168 -0.021 (0.272)  -0.126 (1.623)
DHS + 500bp 0.499 0.780 (0.173)  1.564 (0.346)
FANTOMS5 Enhancer 0.004 -0.118 (0.044) -27.161 (10.087)
FANTOMS5 Enhancer 4+ 500bp | 0.019 0.037 (0.050)  1.915 (2.600)
Enhancer 0.063 0.117 (0.117)  1.852 (1.845)
Enhancer + 500bp 0.154 0.237 (0.112)  1.537 (0.731)
Fetal DHS 0.085 0.222 (0.199)  2.618 (2.343)
Fetal DHS + 500bp 0.285 0.458 (0.169) 1.606 (0.595)
H3K27ac'? 0.391 0.528 (0.077)  1.350 (0.197)
H3K27ac'® + 500bp 0.423 0.435 (0.089)  1.030 (0.211)
H3K27ac'® 0.269 0.362 (0.136)  1.343 (0.503)
H3K27ac'® + 500bp 0.336 0.467 (0.116)  1.391 (0.344)
H3K4mel peaks 0.171 0.481 (0.215)  2.806 (1.253)
H3K4mel 0.427 0.867 (0.153)  2.033 (0.358)
H3K4mel + 500bp 0.609 0.798 (0.107)  1.309 (0.175)
H3K4me3 peaks 0.042 0.101 (0.116)  2.424 (2.770)
H3K4me3 0.133 0.205 (0.124)  1.538 (0.929)
H3K4me3 + 500bp 0.255 0.277 (0.121)  1.086 (0.472)
H3K9ac peaks 0.039 -0.025 (0.138) -0.656 (3.572)
H3K9%ac 0.126 0.244 (0.129)  1.935 (1.019)
H3K9ac + 500bp 0.231 0.178 (0.122)  0.771 (0.528)
Intron 0.387 0.417 (0.066)  1.076 (0.170)
Intron + 500bp 0.397 0.429 (0.054)  1.081 (0.137)
PromoterFlanking 0.008 0.041 (0.060)  4.904 (7.124)
PromoterFlanking + 500bp 0.033 0.114 (0.077)  3.412 (2.313)
Promoter 0.031 0.022 (0.069)  0.692 (2.223)
Promoter + 500bp 0.039 -0.027 (0.043) -0.694 (1.116)
Repressed 0.461 0.402 (0.179)  0.871 (0.389)
Repressed 4 500bp 0.719 0.724 (0.063)  1.006 (0.088)
Super Enhancer 0.168 0.171 (0.048)  1.017 (0.284)
Super Enhancer + 500bp 0.172 0.238 (0.045)  1.387 (0.263)
TFBS 0.132 0.309 (0.177)  2.330 (1.340)
TEFBS + 500bp 0.343 0.386 (0.159)  1.125 (0.462)
Transcribed 0.345 0.397 (0.158)  1.150 (0.456)
Transcribed + 500bp 0.763 0.685 (0.113)  0.897 (0.147)
TSS 0.018 0.078 (0.074)  4.287 (4.044)
TSS + 500bp 0.035 0.081 (0.062)  2.336 (1.767)
3-prime UTR 0.011 0.005 (0.040)  0.477 (3.639)
3-prime UTR + 500bp 0.027 0.052 (0.047)  1.935 (1.737)
5-prime UTR 0.005 0.001 (0.039)  0.261 (7.157)
5-prime UTR + 500bp 0.028 0.029 (0.053)  1.041 (1.900)
Weak Enhancer 0.021 0.126 (0.085)  5.969 (4.039)
Weak Enhancer + 500bp 0.089 0.139 (0.094)  1.564 (1.058)

(S4.L) Proportion of heritability and enrichment for different functional categories for Anorexia.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.103 (0.045)  7.009 (3.040)
Coding + 500bp 0.065 0.154 (0.053)  2.383 (0.821)
Conserved 0.026 0.398 (0.074)  15.273 (2.853)
Conserved + 500bp 0.333 0.785 (0.092)  2.362 (0.277)
CTCF 0.024 -0.040 (0.062) -1.658 (2.610)
CTCF + 500bp 0.071 0.063 (0.076)  0.888 (1.071)
DGF 0.138 0.065 (0.163)  0.474 (1.183)
DGF + 500bp 0.542 0.644 (0.111)  1.189 (0.205)
DHS peaks 0.112 0.346 (0.155)  3.093 (1.391)
DHS 0.168 0.333 (0.184)  1.985 (1.099)
DHS + 500bp 0.499 0.995 (0.133)  1.994 (0.266)
FANTOMS5 Enhancer 0.004 0.002 (0.030)  0.406 (7.007)
FANTOMS5 Enhancer + 500bp | 0.019 0.074 (0.042)  3.860 (2.194)
Enhancer 0.063 0.307 (0.085)  4.851 (1.342)
Enhancer + 500bp 0.154 0.390 (0.087)  2.537 (0.568)
Fetal DHS 0.085 0.355 (0.146)  4.190 (1.728)
Fetal DHS + 500bp 0.285 0.870 (0.128)  3.052 (0.450)
H3K27ac'? 0.391 0.530 (0.060)  1.354 (0.154)
H3K27ac'® 4 500bp 0.423 0.468 (0.077)  1.107 (0.182)
H3K27ac'® 0.269 0.312 (0.099)  1.157 (0.369)
H3K27ac'® 4 500bp 0.336 0.480 (0.083)  1.429 (0.248)
H3K4mel peaks 0.171 0.602 (0.140)  3.511 (0.818)
H3K4mel 0.427 0.678 (0.145)  1.589 (0.341)
H3K4mel 4 500bp 0.609 0.781 (0.076)  1.282 (0.125)
H3K4me3 peaks 0.042 0.147 (0.095)  3.510 (2.275)
H3K4me3 0.133 0.358 (0.093)  2.685 (0.699)
H3K4me3 + 500bp 0.255 0.401 (0.087)  1.569 (0.340)
H3K9ac peaks 0.039 0.299 (0.084)  7.717 (2.178)
H3K9ac 0.126 0.442 (0.088)  3.509 (0.697)
H3K9ac + 500bp 0.231 0.500 (0.076)  2.170 (0.329)
Intron 0.387 0.471 (0.047)  1.215 (0.121)
Intron + 500bp 0.397 0.464 (0.038)  1.169 (0.095)
PromoterFlanking 0.008 0.001 (0.045)  0.073 (5.314)
PromoterFlanking + 500bp 0.033 0.055 (0.050)  1.636 (1.493)
Promoter 0.031 0.030 (0.047)  0.973 (1.521)
Promoter + 500bp 0.039 0.041 (0.036)  1.070 (0.922)
Repressed 0.461 0.511 (0.139)  1.107 (0.302)
Repressed 4 500bp 0.719 0.498 (0.050)  0.693 (0.070)
Super Enhancer 0.168 0.188 (0.035)  1.113 (0.206)
Super Enhancer + 500bp 0.172 0.216 (0.033)  1.259 (0.190)
TFBS 0.132 0.453 (0.135)  3.420 (1.020)
TFBS + 500bp 0.343 0.457 (0.129)  1.330 (0.376)
Transcribed 0.345 0.205 (0.110)  0.594 (0.320)
Transcribed + 500bp 0.763 0.731 (0.077)  0.958 (0.101)
TSS 0.018 0.052 (0.049)  2.840 (2.673)
TSS + 500bp 0.035 0.159 (0.050)  4.558 (1.428)
3-prime UTR 0.011 0.038 (0.028)  3.478 (2.503)
3-prime UTR + 500bp 0.027 0.068 (0.033)  2.543 (1.240)
5-prime UTR 0.005 0.056 (0.033)  10.371 (6.120)
5-prime UTR, + 500bp 0.028 0.132 (0.040)  4.754 (1.436)
Weak Enhancer 0.021 0.138 (0.069)  6.540 (3.277)
Weak Enhancer + 500bp 0.089 0.276 (0.072)  3.105 (0.804)
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(S4.M) Proportion of heritability and enrichment for different functional categories for Years of education.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.116 (0.077)  7.929 (5.258)
Coding + 500bp 0.065 0.114 (0.077)  1.759 (1.188)
Conserved 0.026 0.402 (0.125)  15.414 (4.811)
Conserved + 500bp 0.333 0.750 (0.134)  2.256 (0.403)
CTCF 0.024 0.095 (0.128)  3.973 (5.371)
CTCF + 500bp 0.071 0.215 (0.132)  3.029 (1.862)
DGF 0.138 0.419 (0.287)  3.048 (2.088)
DGF + 500bp 0.542 0.896 (0.208)  1.655 (0.384)
DHS peaks 0.112 0.352 (0.268)  3.153 (2.396)
DHS 0.168 0.433 (0.286)  2.581 (1.706)
DHS + 500bp 0.499 0.958 (0.206)  1.921 (0.413)
FANTOMS5 Enhancer 0.004 0.006 (0.050)  1.319 (11.432)
FANTOMS5 Enhancer + 500bp | 0.019 -0.109 (0.072) -5.736 (3.778)
Enhancer 0.063 0.326 (0.152)  5.141 (2.408)
Enhancer + 500bp 0.154 0.387 (0.166)  2.513 (1.078)
Fetal DHS 0.085 0.538 (0.241)  6.346 (2.845)
Fetal DHS + 500bp 0.285 0.808 (0.180)  2.834 (0.630)
H3K27ac'? 0.391 0.494 (0.093)  1.263 (0.237)
H3K27ac'® 4 500bp 0.423 0.379 (0.131)  0.897 (0.309)
H3K27ac'® 0.269 0.192 (0.178)  0.713 (0.661)
H3K27ac'® 4 500bp 0.336 0.549 (0.153)  1.634 (0.455)
H3K4mel peaks 0.171 0.643 (0.257)  3.751 (1.501)
H3K4mel 0.427 0.946 (0.224)  2.218 (0.525)
H3K4mel + 500bp 0.609 0.750 (0.136)  1.231 (0.223)
H3K4me3 peaks 0.042 0.176 (0.180)  4.210 (4.313)
H3K4me3 0.133 0.275 (0.154)  2.066 (1.154)
H3K4me3 + 500bp 0.255 0.259 (0.148)  1.016 (0.581)
H3K9ac peaks 0.039 0.233 (0.153)  6.009 (3.951)
H3K9ac 0.126 0.252 (0.151)  2.002 (1.194)
H3K9ac + 500bp 0.231 0.162 (0.147)  0.702 (0.635)
Intron 0.387 0.372 (0.081)  0.960 (0.210)
Intron + 500bp 0.397 0.443 (0.068)  1.115 (0.171)
PromoterFlanking 0.008 -0.017 (0.061)  -1.974 (7.269)
PromoterFlanking + 500bp 0.033 -0.001 (0.094) -0.032 (2.795)
Promoter 0.031 -0.010 (0.070)  -0.334 (2.245)
Promoter + 500bp 0.039 -0.019 (0.055)  -0.483 (1.420)
Repressed 0.461 0.192 (0.218)  0.417 (0.473)
Repressed 4 500bp 0.719 0.504 (0.094)  0.701 (0.131)
Super Enhancer 0.168 0.135 (0.061)  0.800 (0.365)
Super Enhancer + 500bp 0.172 0.071 (0.062)  0.414 (0.359)
TFBS 0.132 0.743 (0.245)  5.613 (1.849)
TFBS + 500bp 0.343 0.385 (0.217)  1.121 (0.630)
Transcribed 0.345 0.276 (0.197)  0.798 (0.570)
Transcribed + 500bp 0.763 0.739 (0.113)  0.969 (0.148)
TSS 0.018 0.065 (0.087)  3.591 (4.777)
TSS + 500bp 0.035 0.046 (0.081)  1.309 (2.315)
3-prime UTR 0.011 0.009 (0.053)  0.839 (4.758)
3-prime UTR + 500bp 0.027 -0.005 (0.054) -0.171 (2.012)
5-prime UTR 0.005 -0.009 (0.046) -1.695 (8.473)
5-prime UTR, + 500bp 0.028 0.029 (0.059)  1.048 (2.126)
Weak Enhancer 0.021 0.136 (0.116)  6.438 (5.507)
Weak Enhancer + 500bp 0.089 0.212 (0.129)  2.387 (1.450)
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(S4.N) Proportion of heritability and enrichment for different functional categories for Ever smoked.
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.174 (0.090)  11.891 (6.155)
Coding + 500bp 0.065 0.365 (0.081)  5.659 (1.262)
Conserved 0.026 0.109 (0.115)  4.195 (4.402)
Conserved 4 500bp 0.333 0.771 (0.122)  2.319 (0.368)
CTCF 0.024 -0.006 (0.113)  -0.261 (4.762)
CTCF + 500bp 0.071 -0.152 (0.114)  -2.140 (1.610)
DGF 0.138 0.871 (0.251)  6.331 (1.826)
DGF + 500bp 0.542 1.065 (0.147)  1.966 (0.271)
DHS peaks 0.112 0.357 (0.255)  3.195 (2.283)
DHS 0.168 0.523 (0.272)  3.121 (1.619)
DHS + 500bp 0.499 0.858 (0.145)  1.719 (0.290)
FANTOMS5 Enhancer 0.004 0.158 (0.071)  36.410 (16.488)
FANTOMS5 Enhancer + 500bp | 0.019 0.283 (0.084)  14.848 (4.407)
Enhancer 0.063 0.379 (0.154)  5.984 (2.437)
Enhancer + 500bp 0.154 0.668 (0.120)  4.342 (0.778)
Fetal DHS 0.085 0.567 (0.199)  6.690 (2.345)
Fetal DHS + 500bp 0.285 0.537 (0.157)  1.882 (0.551)
H3K27ac'® 0.391 0.980 (0.086)  2.506 (0.219)
H3K27ac' + 500bp 0.423 0.957 (0.083)  2.263 (0.195)
H3K27ac'® 0.269 0.951 (0.161)  3.530 (0.597)
H3K27ac'® + 500bp 0.336 0.792 (0.112)  2.358 (0.333)
H3K4mel peaks 0.171 0.502 (0.201)  2.931 (1.173)
H3K4mel 0.427 0.884 (0.191)  2.072 (0.448)
H3K4mel + 500bp 0.609 1.041 (0.085)  1.709 (0.140)
H3K4me3 peaks 0.042 0.313 (0.144)  7.501 (3.435)
H3K4me3 0.133 0.750 (0.149)  5.628 (1.119)
H3K4me3 + 500bp 0.255 0.610 (0.124)  2.387 (0.484)
H3K9ac peaks 0.039 0.146 (0.139)  3.770 (3.580)
H3K%ac 0.126 0.335 (0.149)  2.655 (1.178)
H3K9ac + 500bp 0.231 0.434 (0.130)  1.883 (0.562)
Intron 0.387 0.416 (0.071)  1.073 (0.184)
Intron + 500bp 0.397 0.513 (0.052)  1.291 (0.132)
PromoterFlanking 0.008 0.017 (0.073)  2.049 (8.639)
PromoterFlanking 4+ 500bp 0.033 0.228 (0.095)  6.818 (2.846)
Promoter 0.031 0.251 (0.079)  8.046 (2.526)
Promoter + 500bp 0.039 0.169 (0.056)  4.364 (1.442)
Repressed 0.461 0.179 (0.145)  0.388 (0.315)
Repressed + 500bp 0.719 0.260 (0.078)  0.362 (0.109)
Super Enhancer 0.168 0.563 (0.061)  3.341 (0.362)
Super Enhancer + 500bp 0.172 0.615 (0.059)  3.582 (0.346)
TFBS 0.132 0.791 (0.221)  5.970 (1.666)
TFBS + 500bp 0.343 0.552 (0.182)  1.607 (0.531)
Transcribed 0.345 0.302 (0.144)  0.875 (0.418)
Transcribed + 500bp 0.763 0.596 (0.104)  0.781 (0.136)
TSS 0.018 0.341 (0.091)  18.703 (4.996)
TSS + 500bp 0.035 0.372 (0.080)  10.679 (2.290)
3-prime UTR 0.011 0.073 (0.047)  6.588 (4.219)
3-prime UTR + 500bp 0.027 0.107 (0.055)  3.958 (2.056)
5-prime UTR 0.005 0.019 (0.044)  3.562 (8.104)
5-prime UTR, + 500bp 0.028 0.150 (0.063)  5.381 (2.248)
Weak Enhancer 0.021 0.230 (0.116)  10.914 (5.510)
Weak Enhancer + 500bp 0.089 0.424 (0.108)  4.762 (1.214)
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(S4.0) Proportion of heritability and enrichment for different functional categories for Rheumatoid arthritis.


https://doi.org/10.1101/014241
http://creativecommons.org/licenses/by-nd/4.0/

aCC-BY-ND 4.0 International license.

bioRxiv preprint doi: https://doi.org/10.1101/014241; this version posted January 23, 2015. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under

Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.125 (0.071)  8.551 (4.851)
Coding + 500bp 0.065 0.352 (0.065)  5.453 (1.007)
Conserved 0.026 0.069 (0.072)  2.640 (2.766)
Conserved + 500bp 0.333 0.919 (0.098)  2.765 (0.296)
CTCF 0.024 -0.050 (0.087) -2.081 (3.645)
CTCF + 500bp 0.071 -0.127 (0.083) -1.781 (1.174)
DGF 0.138 0.770 (0.182)  5.600 (1.324)
DGF + 500bp 0.542 1.088 (0.090)  2.009 (0.166)
DHS peaks 0.112 0.303 (0.136)  2.713 (1.220)
DHS 0.168 0.154 (0.177)  0.915 (1.057)
DHS + 500bp 0.499 0.713 (0.126)  1.430 (0.253)
FANTOMS5 Enhancer 0.004 0.169 (0.042)  39.042 (9.623)
FANTOMS5 Enhancer + 500bp | 0.019 0.428 (0.073)  22.468 (3.853)
Enhancer 0.063 0.237 (0.096)  3.740 (1.519)
Enhancer + 500bp 0.154 0.554 (0.106)  3.600 (0.691)
Fetal DHS 0.085 0.398 (0.133)  4.693 (1.570)
Fetal DHS + 500bp 0.285 0.686 (0.131)  2.406 (0.461)
H3K27ac'? 0.391 0.838 (0.049)  2.143 (0.126)
H3K27ac'® + 500bp 0.423 0.840 (0.060)  1.987 (0.141)
H3K27ac'® 0.269 0.768 (0.121)  2.849 (0.450)
H3K27ac'® + 500bp 0.336 0.748 (0.074)  2.227 (0.221)
H3K4mel peaks 0.171 0.506 (0.169)  2.953 (0.987)
H3K4mel 0.427 0.742 (0.132)  1.739 (0.310)
H3K4mel + 500bp 0.609 1.004 (0.068)  1.648 (0.111)
H3K4me3 peaks 0.042 0.318 (0.157)  7.621 (3.765)
H3K4me3 0.133 0.675 (0.147)  5.064 (1.100)
H3K4me3 + 500bp 0.255 0.669 (0.126)  2.618 (0.492)
H3K9ac peaks 0.039 0.082 (0.113)  2.109 (2.926)
H3K9ac 0.126 0.231 (0.122)  1.834 (0.964)
H3K9ac + 500bp 0.231 0.565 (0.101)  2.450 (0.438)
Intron 0.387 0.400 (0.068)  1.032 (0.176)
Intron + 500bp 0.397 0.504 (0.054)  1.268 (0.135)
PromoterFlanking 0.008 -0.054 (0.045) -6.361 (5.315)
PromoterFlanking + 500bp 0.033 0.018 (0.066)  0.535 (1.959)
Promoter 0.031 0.146 (0.065)  4.685 (2.075)
Promoter + 500bp 0.039 0.137 (0.047)  3.553 (1.223)
Repressed 0.461 0.102 (0.114)  0.222 (0.248)
Repressed 4 500bp 0.719 0.392 (0.052)  0.545 (0.072)
Super Enhancer 0.168 0.554 (0.050)  3.289 (0.297)
Super Enhancer + 500bp 0.172 0.594 (0.046)  3.462 (0.270)
TFBS 0.132 0.614 (0.195)  4.635 (1.474)
TFBS + 500bp 0.343 0.730 (0.133)  2.126 (0.386)
Transcribed 0.345 0.402 (0.124)  1.163 (0.359)
Transcribed + 500bp 0.763 0.747 (0.081)  0.978 (0.106)
TSS 0.018 0.248 (0.073)  13.613 (4.019)
TSS + 500bp 0.035 0.398 (0.070)  11.424 (2.013)
3-prime UTR 0.011 0.021 (0.035)  1.909 (3.148)
3-prime UTR + 500bp 0.027 0.171 (0.076)  6.347 (2.827)
5-prime UTR 0.005 0.040 (0.045)  7.436 (8.298)
5-prime UTR, + 500bp 0.028 0.151 (0.047)  5.413 (1.703)
Weak Enhancer 0.021 0.101 (0.069)  4.797 (3.258)
Weak Enhancer + 500bp 0.089 0.258 (0.084)  2.903 (0.940)
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.172 (0.088)  11.727 (6.022)
Coding + 500bp 0.065 0.421 (0.079)  6.529 (1.218)
Conserved 0.026 0.203 (0.091)  7.786 (3.478)
Conserved + 500bp 0.333 0.878 (0.123)  2.639 (0.369)
CTCF 0.024 -0.101 (0.106)  -4.218 (4.430)
CTCF + 500bp 0.071 -0.077 (0.111)  -1.087 (1.559)
DGF 0.138 0.901 (0.247)  6.546 (1.795)
DGF + 500bp 0.542 1.117 (0.134)  2.063 (0.248)
DHS peaks 0.112 0.706 (0.218)  6.319 (1.950)
DHS 0.168 0.416 (0.236) 2.481 (1.409)
DHS + 500bp 0.499 0.815 (0.165)  1.635 (0.330)
FANTOMS5 Enhancer 0.004 0.181 (0.049) 41.783 (11.190)
FANTOMS5 Enhancer + 500bp | 0.019 0.285 (0.076)  14.939 (3.999)
Enhancer 0.063 0.348 (0.135)  5.490 (2.133)
Enhancer + 500bp 0.154 0.699 (0.138)  4.544 (0.897)
Fetal DHS 0.085 0.360 (0.186)  4.243 (2.200)
Fetal DHS + 500bp 0.285 0.550 (0.170)  1.929 (0.596)
H3K27ac'® 0.391 0.989 (0.084)  2.527 (0.214)
H3K27ac' + 500bp 0.423 1.031 (0.088)  2.440 (0.209)
H3K27ac'® 0.269 0.848 (0.163)  3.148 (0.603)
H3K27ac'® + 500bp 0.336 0.813 (0.132)  2.420 (0.394)
H3K4mel peaks 0.171 0.710 (0.243) 4.142 (1.418)
H3K4mel 0.427 0.774 (0.173)  1.814 (0.406)
H3K4mel + 500bp 0.609 0.911 (0.078)  1.495 (0.128)
H3K4me3 peaks 0.042 0.264 (0.174)  6.318 (4.161)
H3K4me3 0.133 0.709 (0.179)  5.321 (1.345)
H3K4me3 + 500bp 0.255 0.707 (0.137)  2.767 (0.536)
H3K9ac peaks 0.039 0.276 (0.144)  7.125 (3.713)
H3K9ac 0.126 0.584 (0.172)  4.634 (1.367)
H3K9ac + 500bp 0.231 0.692 (0.122)  3.002 (0.531)
Intron 0.387 0.364 (0.082)  0.941 (0.210)
Intron 4 500bp 0.397 0.506 (0.055) 1.275 (0.138)
PromoterFlanking 0.008 0.030 (0.055)  3.586 (6.532)
PromoterFlanking + 500bp 0.033 0.049 (0.080)  1.464 (2.381)
Promoter 0.031 0.150 (0.072)  4.799 (2.296)
Promoter + 500bp 0.039 0.185 (0.054)  4.797 (1.392)
Repressed 0.461 0.065 (0.160)  0.140 (0.347)
Repressed + 500bp 0.719 0.275 (0.072)  0.383 (0.100)
Super Enhancer 0.168 0.567 (0.062)  3.365 (0.367)
Super Enhancer + 500bp 0.172 0.616 (0.057)  3.593 (0.331)
TFBS 0.132 1.144 (0.283) 8.637 (2.134)
TFBS + 500bp 0.343 0.660 (0.173)  1.921 (0.503)
Transcribed 0.345 0.446 (0.162)  1.291 (0.470)
Transcribed + 500bp 0.763 0.677 (0.107) 0.888 (0.140)
TSS 0.018 0.209 (0.065)  11.447 (3.569)
TSS + 500bp 0.035 0.307 (0.076)  8.827 (2.188)
3-prime UTR 0.011 0.034 (0.053) 3.111 (4.792)
3-prime UTR + 500bp 0.027 0.176 (0.065)  6.524 (2.425)
5-prime UTR 0.005 0.097 (0.043)  17.831 (7.949)
5-prime UTR + 500bp 0.028 0.204 (0.073)  7.325 (2.612)
Weak Enhancer 0.021 0.057 (0.099)  2.723 (4.693)
Weak Enhancer 4+ 500bp 0.089 0.328 (0.106)  3.690 (1.190)
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Annotation Prop. SNPs  Prop. h? Enrichment
Coding 0.015 0.108 (0.013)  7.357 (0.859)
Coding + 500bp 0.065 0.192 (0.030)  2.979 (0.469)
Conserved 0.026 0.359 (0.042)  13.762 (1.603)
Conserved + 500bp 0.333 0.656 (0.026)  1.972 (0.080)
CTCF 0.024 -0.014 (0.019)  -0.578 (0.807)
CTCF + 500bp 0.071 0.043 (0.020)  0.601 (0.278)
DGF 0.138 0.367 (0.097)  2.669 (0.702)
DGF + 500bp 0.542 0.747 (0.071)  1.380 (0.132)
DHS peaks 0.112 0.221 (0.065)  1.978 (0.584)
DHS 0.168 0.280 (0.071)  1.666 (0.420)
DHS + 500bp 0.499 0.756 (0.040)  1.516 (0.081)
FANTOMS5 Enhancer 0.004 -0.004 (0.009) -0.853 (2.162)
FANTOMS Enhancer + 500bp | 0.019 0.016 (0.018)  0.815 (0.921)
Enhancer 0.063 0.242 (0.051)  3.825 (0.811)
Enhancer + 500bp 0.154 0.349 (0.043)  2.266 (0.280)
Fetal DHS 0.085 0.236 (0.044)  2.787 (0.517)
Fetal DHS + 500bp 0.285 0.559 (0.059)  1.960 (0.207)
H3K27ac'® 0.391 0.628 (0.055)  1.605 (0.141)
H3K27ac'® + 500bp 0.423 0.664 (0.060)  1.571 (0.142)
H3K27ac'® 0.269 0.485 (0.056)  1.798 (0.207)
H3K27ac'® + 500bp 0.336 0.607 (0.042)  1.806 (0.124)
H3K4mel peaks 0.171 0.464 (0.041)  2.711 (0.241)
H3K4mel 0.427 0.807 (0.066)  1.891 (0.156)
H3K4mel + 500bp 0.609 0.899 (0.041)  1.476 (0.067)
H3K4me3 peaks 0.042 0.166 (0.026)  3.966 (0.616)
H3K4me3 0.133 0.345 (0.045)  2.587 (0.335)
H3K4me3 + 500bp 0.255 0.488 (0.058)  1.909 (0.227)
H3K9ac peaks 0.039 0.259 (0.025)  6.674 (0.635)
H3K9ac 0.126 0.409 (0.057)  3.240 (0.452)
H3K9ac + 500bp 0.231 0.502 (0.041)  2.178 (0.178)
Intron 0.387 0.467 (0.014)  1.206 (0.035)
Intron + 500bp 0.397 0.528 (0.015)  1.329 (0.037)
PromoterFlanking 0.008 0.010 (0.011)  1.137 (1.346)
PromoterFlanking + 500bp 0.033 0.083 (0.018)  2.488 (0.543)
Promoter 0.031 0.091 (0.016)  2.923 (0.521)
Promoter + 500bp 0.039 0.079 (0.017)  2.045 (0.441)
Repressed 0.461 0.268 (0.065)  0.581 (0.141)
Repressed + 500bp 0.719 0.443 (0.049)  0.616 (0.068)
Super Enhancer 0.168 0.303 (0.036)  1.797 (0.214)
Super Enhancer + 500bp 0.172 0.316 (0.038)  1.843 (0.221)
TFBS 0.132 0.440 (0.065)  3.321 (0.492)
TFBS + 500bp 0.343 0.481 (0.054)  1.399 (0.156)
Transcribed 0.345 0.430 (0.039)  1.244 (0.112)
Transcribed + 500bp 0.763 0.726 (0.028)  0.951 (0.037)
TSS 0.018 0.105 (0.024)  5.768 (1.303)
TSS + 500bp 0.035 0.171 (0.029)  4.907 (0.839)
3-prime UTR 0.011 0.053 (0.010)  4.781 (0.872)
3-prime UTR + 500bp 0.027 0.075 (0.011)  2.792 (0.422)
5-prime UTR 0.005 0.029 (0.008)  5.309 (1.402)
5-prime UTR + 500bp 0.028 0.067 (0.011)  2.395 (0.384)
Weak Enhancer 0.021 0.070 (0.024)  3.326 (1.141)
Weak Enhancer + 500bp 0.089 0.190 (0.031)  2.138 (0.343)

Table S5: Proportion of heritability and enrichment for different functional categories, meta-
analyzed over nine traits, including derived allele frequency bins in the model (Methods).
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Cell type Cell-type group Mark
Fetal adrenal H3K4mel Adrenal/Pancreas
Fetal adrenal H3K4me3 Adrenal/Pancreas
Pancreas H3K4mel Adrenal/Pancreas
Pancreas H3K4me3 Adrenal/Pancreas
Pancreatic islets H3K27ac Adrenal/Pancreas
Pancreatic islets H3K4mel Adrenal/Pancreas
Pancreatic islets H3K4mel Adrenal /Pancreas
Pancreatic islets H3K4me3 Adrenal/Pancreas
Pancreatic islets H3K4me3 Adrenal/Pancreas
Pancreatic islets H3K9ac Adrenal/Pancreas
Angular gyrus H3K27ac CNS
Angular gyrus H3K4mel CNS
Angular gyrus H3K4me3 CNS
Angular gyrus H3K9ac CNS
Anterior caudate H3K27ac CNS
Anterior caudate H3K4mel CNS
Anterior caudate H3K4me3 CNS
Anterior caudate H3K9ac CNS
Cingulate gyrus H3K27ac CNS
Cingulate gyrus H3K4mel CNS
Cingulate gyrus H3K4me3 CNS
Cingulate gyrus H3K9ac CNS
Fetal brain H3K4mel CNS
Fetal brain H3K4me3 CNS
Fetal brain H3K4me3 CNS
Fetal brain H3K9ac CNS
Germinal matrix H3K4me3 CNS
Hippocampus middle H3K27ac CNS
Hippocampus middle H3K4mel CNS
Hippocampus middle H3K4me3 CNS
Hippocampus middle H3K9ac CNS
Inferior temporal lobe H3K27ac CNS
Inferior temporal lobe H3K4mel CNS
Inferior temporal lobe H3K4me3 CNS
Inferior temporal lobe H3K9ac CNS
Mid frontal lobe H3K27ac CNS
Mid frontal lobe H3K4mel CNS
Mid frontal lobe H3K4me3 CNS
Mid frontal lobe H3K9ac CNS
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Neurosphere H3K27ac CNS

Substantia nigra H3K27ac CNS

Substantia nigra H3K4mel CNS

Substantia nigra H3K4me3 CNS

Substantia nigra H3K9ac CNS

Aorta H3K4me3 Cardiovascular
Fetal heart H3K4mel Cardiovascular
Fetal heart H3K4me3 Cardiovascular
Fetal heart H3K9ac Cardiovascular
Fetal lung H3K4mel Cardiovascular
Fetal lung H3K4me3 Cardiovascular
Fetal lung H3K9ac Cardiovascular
Left Ventricle H3K4mel Cardiovascular
Left Ventricle H3K4me3 Cardiovascular
Lung H3K4mel Cardiovascular
Lung H3K4me3 Cardiovascular
Right atrium H3K4mel Cardiovascular
Right atrium H3K4me3 Cardiovascular
Right ventricle H3K4mel Cardiovascular
Right ventricle H3K4me3 Cardiovascular
Breast fibroblast primary H3K4mel Connective/Bone
Breast fibroblast primary H3K4me3 Connective/Bone
Chondrogenic dif H3K27ac Connective/Bone
Osteoblast H3K27ac Connective/Bone
Penis foreskin fibroblast primary H3K4mel Connective/Bone
Penis foreskin fibroblast primary H3K4me3 Connective/Bone
Colon smooth muscle H3K27ac Gastrointestinal
Colon smooth muscle H3K4mel Gastrointestinal
Colon smooth muscle H3K4me3 Gastrointestinal
Colon smooth muscle H3K9ac Gastrointestinal
Colonic mucosa H3K27ac Gastrointestinal
Colonic mucosa H3K4mel Gastrointestinal
Colonic mucosa H3K4me3 Gastrointestinal
Colonic mucosa H3K9ac Gastrointestinal
Duodenum Mucosa H3K4mel Gastrointestinal
Duodenum Mucosa H3K4me3 Gastrointestinal
Duodenum Mucosa H3K9ac Gastrointestinal
Duodenum mucosa H3K27ac Gastrointestinal
Duodenum smooth muscle H3K27ac Gastrointestinal
Duodenum smooth muscle H3K4mel Gastrointestinal
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Duodenum smooth muscle H3K4me3 Gastrointestinal
Esophagus H3K4mel Gastrointestinal
Esophagus H3K4me3 Gastrointestinal
Fetal large intestine H3K4mel Gastrointestinal
Fetal large intestine H3K4me3 Gastrointestinal
Fetal small intestine H3K4mel Gastrointestinal
Fetal small intestine H3K4me3 Gastrointestinal
Fetal stomach H3K4mel Gastrointestinal
Fetal stomach H3K4me3 Gastrointestinal
Gastric H3K4mel Gastrointestinal
Gastric H3K4me3 Gastrointestinal
Rectal mucosa H3K27ac Gastrointestinal
Rectal mucosa H3K4mel Gastrointestinal
Rectal mucosa H3K4me3 Gastrointestinal
Rectal mucosa H3K9ac Gastrointestinal
Rectal smooth muscle H3K27ac Gastrointestinal
Rectal smooth muscle H3K4mel Gastrointestinal
Rectal smooth muscle H3K4me3 Gastrointestinal
Rectal smooth muscle H3K9ac Gastrointestinal
Sigmoid colon H3K4mel Gastrointestinal
Sigmoid colon H3K4me3 Gastrointestinal
Small intestine H3K4mel Gastrointestinal
Small intestine H3K4me3 Gastrointestinal
Stomach mucosa H3K4mel Gastrointestinal
Stomach mucosa H3K4me3 Gastrointestinal
Stomach mucosa H3K9ac Gastrointestinal
Stomach smooth muscle H3K27ac Gastrointestinal
Stomach smooth muscle H3K4mel Gastrointestinal
Stomach smooth muscle H3K4me3 Gastrointestinal
Stomach smooth muscle H3K9ac Gastrointestinal
CD14 H3K27ac Immune

CD14 primary H3K4mel Immune

CD14 primary H3K4me3 Immune

CD15 primary H3K4mel Immune

CD15 primary H3K4me3 Immune

CD19 H3K27ac Immune

CD19 primary (BI) H3K4mel Immune

CD19 primary (BI) H3K4me3 Immune

CD19 primary (UW) H3K4mel Immune

CD19 primary (UW) H3K4me3 Immune
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CD20 H3K27ac Immune
CD25+4+ CD127- Treg H3K27ac Immune
CD25- CD45RA+ naive H3K27ac Immune
CD25- IL17+ Thl7 stim H3K27ac Immune
CD25- IL17- Th stim MACS H3K27ac Immune
CD25int CD1274+ Tmem H3K27ac Immune
CD3 primary H3K27ac Immune
CD3 primary (BI) H3K4mel Immune
CD3 primary (BI) H3K4me3 Immune
CD3 primary (UW) H3K4mel Immune
CD3 primary (UW) H3K4me3 Immune
CD34 primary H3K4mel Immune
CD34 primary H3K4me3 Immune
CD4 memory primary H3K4mel Immune
CD4 memory primary H3K4me3 Immune
CD4 naive primary H3K4mel Immune
CD4 naive primary H3K4me3 Immune
CD4 primary H3K4me3 Immune
CD4+ CD25+ CD127- Treg primary H3K4mel Immune
CD4+ CD25+ CD127- Treg primary H3K4me3 Immune
CD4+ CD25- CD45R0+ memory primary H3K4mel Immune
CD4+ CD25- CD45R0+ memory primary H3K4me3 Immune
CD4+ CD25- CD45RA+ naive primary H3K4mel Immune
CD4+ CD25- CD45RA+ naive primary H3K4me3 Immune
CD4+ CD25- IL17+ PMA Ionomycin stim Th1l7 primary H3K4mel Immune
CD4+ CD25- IL17+ PMA Ionomycin stim Th17 primary H3K4me3 Immune
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary H3K4mel Immune
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary H3K4me3 Immune
CD4+ CD25- Th primary H3K4mel Immune
CD4+ CD25- Th primary H3K4me3 Immune
CD4+ CD25int CD127+ Tmem primary H3K4mel Immune
CD4+ CD25int CD1274 Tmem primary H3K4me3 Immune
CD56 primary H3K4mel Immune
CD56 primary H3K4me3 Immune
CD8 memory primary H3K4mel Immune
CD8 memory primary H3K4me3 Immune
CD8 naive primary (BI) H3K4mel Immune
CD8 naive primary (BI) H3K4me3 Immune
CDS8 naive primary (UCSF-UBC) H3K4mel Immune
CD8 naive primary (UCSF-UBC) H3K4me3 Immune
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CD8 naive primary (UCSF-UBC) H3K9ac Immune
CD8 primary H3K4me3 Immune
Fetal thymus H3K4mel Immune
Fetal thymus H3K4me3 Immune
Mobilized CD34 H3K27ac Immune
Mobilized CD34 primary H3K4mel Immune
Mobilized CD34 primary H3K4me3 Immune
Peripheralblood mononuclear primary H3K4mel Immune
Peripheralblood mononuclear primary H3K4me3 Immune
Peripheralblood mononuclear primary H3K9ac Immune
Spleen H3K4mel Immune
Spleen H3K4me3 Immune
ThO H3K27ac Immune
Thl H3K27ac Immune
Th2 H3K27ac Immune
Thymus H3K4mel Immune
Treg primary H3K4me3 Immune
Fetal kidney H3K9ac Kidney
Kidney H3K27ac Kidney
Kidney H3K4mel Kidney
Kidney H3K4me3 Kidney
Kidney H3K9ac Kidney
Liver H3K27ac Liver
Liver (BI) H3K4mel Liver
Liver (BI) H3K4me3 Liver
Liver (BI) H3K9ac Liver
Liver (UCSD) H3K4mel Liver
Liver (UCSD) H3K4me3 Liver
Adipose nuclei H3K27ac Other
Adipose nuclei H3K4mel Other
Adipose nuclei H3K4me3 Other
Adipose nuclei H3K9ac Other
Breast luminal epithelial H3K4mel Other
Breast myoepithelial H3K4mel Other
Breast myoepithelial H3K4me3 Other
Breast myoepithelial H3K9ac Other
Breast vHMEC H3K4mel Other
Breast vHMEC H3K4me3 Other
Fetal placenta H3K4mel Other
Fetal placenta H3K4me3 Other
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Ovary H3K4mel Other
Ovary H3K4me3 Other
Penis foreskin keratinocyte primary H3K4mel Other
Penis foreskin keratinocyte primary H3K4me3 Other
Penis foreskin keratinocyte primary H3K9ac Other
Penis foreskin melanocyte primary H3K4mel Other
Penis foreskin melanocyte primary H3K4me3 Other
Placenta amnion H3K4mel Other
Placenta amnion H3K4me3 Other
Placenta chorion H3K4mel Other
Placenta chorion H3K4me3 Other
Fetal leg muscle H3K4mel Skeletal muscle
Fetal leg muscle H3K4me3 Skeletal muscle
Fetal trunk muscle H3K4mel Skeletal muscle
Fetal trunk muscle H3K4me3 Skeletal muscle
Psoas muscle H3K4mel Skeletal muscle
Psoas muscle H3K4me3 Skeletal muscle
Skeletal muscle H3K2T7ac Skeletal muscle
Skeletal muscle H3K4mel Skeletal muscle
Skeletal muscle H3K4me3 Skeletal muscle
Skeletal muscle H3K9ac Skeletal muscle

Table S6: Cell types used in the cell-type-specific analysis. When the same cell type in the same histone
mark from more than one institution was used, the institution is given in parentheses.
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Cell type Cell type group Mark —logio(p)
Chondrogenic dif** Connective/Bone  H3K27ac  6.81
Penis foreskin fibroblast primary**  Connective/Bone ~ H3K4mel 6.43

Fetal lung** Cardiovascular H3K4mel 6.34
Fetal stomach** GI H3K4mel 5.48
Colon smooth muscle* GI H3K4mel 4.64
Aorta* Cardiovascular H3K4me3 4.64

Fetal lung* Cardiovascular H3K9ac 4.31
Stomach smooth muscle* GI H3K4me3 4.26
Osteoblast* Connective/Bone  H3K27ac  4.04
Penis foreskin fibroblast primary* Connective/Bone H3K4me3 3.96
Stomach smooth muscle* GI H3K4mel 3.94
Fetal leg muscle* Skeletal Muscle H3K4me3 3.91
Fetal trunk muscle* Skeletal Muscle H3K4me3 3.72

Rectal smooth muscle* GI H3K4me3  3.57
Fetal lung* Cardiovascular H3K4me3 3.37
Rectal smooth muscle* GI H3K4mel 3.32
Fetal placenta* Other H3K4me3 3.26
Adipose nuclei* Other H3K4mel 3.1

Ovary* Other H3K4mel 3.06
Fetal large intestine® GI H3K4me3 3.05
Placenta chorion* Other H3K4me3  2.98
CD34 primary* Immune H3K4mel 2.96

Penis foreskin melanocyte primary*  Other H3K4mel 2.95
Skeletal muscle*® Skeletal Muscle H3K9ac 2.93

Mobilized CD34 primary* Immune H3K4mel 2.88
Fetal stomach* GI H3K4me3 2.87
Mobilized CD34 primary* Immune H3K4me3  2.87

Fetal adrenal*
Breast fibroblast primary*

Adrenal/Pancreas H3K4me3 2.86
Connective/Bone ~ H3K4me3 2.85

Duodenum smooth muscle* GI H3K4mel 2.81
Colon smooth muscle* GI H3K4me3 2.76
Ovary* Other H3K4me3 2.7

Fetal brain* CNS H3K4me3 2.62
Skeletal muscle* Skeletal Muscle H3K4mel 2.6

Fetal small intestine* GI H3K4me3 2.6

Colon smooth muscle* GI H3K2T7ac 2.57
Lung* Cardiovascular H3K4me3  2.56
Liver (UCSD)* Liver H3K4me3 2.53
Esophagus* GI H3K4me3 2.53
Placenta amnion* Other H3K4me3  2.48
Right ventricle* Cardiovascular H3K4me3  2.47
Sigmoid colon* GI H3K4me3 2.44
Fetal leg muscle* Skeletal Muscle H3K4mel 2.44
Colonic mucosa* GI H3K4me3 2.18
Right atrium* Cardiovascular H3K4me3 2.14
CD34 primary* Immune H3K4me3 2.13
Gastric* GI H3K4me3  2.08
Skeletal muscle* Skeletal Muscle H3K4me3 2.07
Lung* Cardiovascular H3K4mel 2.06
Pancreatic islets* Adrenal/Pancreas H3K4me3  2.05
Adipose nuclei* Other H3K9ac 2.01
Right atrium* Cardiovascular H3K4mel 1.98
Stomach smooth muscle* GI H3K27ac 1.96
Rectal smooth muscle* GI H3K27ac  1.95
Breast fibroblast primary* Connective/Bone H3K4mel 1.93
Germinal matrix* CNS H3K4me3 1.92
Small intestine* GI H3K4me3 1.91
Fetal placenta* Other H3K4mel 1.91

(S7.A) Enrichment of top cell types for Height. * = significant at FDR < 0.05. ** = significant at p < 0.05 after
correcting for multiple hypotheses.
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Cell type Cell type group Mark —logio(p)
Fetal brain* CNS H3K4me3  4.48
Penis foreskin fibroblast primary* Connective/Bone H3K4me3 4.43
Inferior temporal lobe* CNS H3K4mel 4.3
Mid frontal lobe* CNS H3K9ac 4.25
Anterior caudate* CNS H3K4me3 4.25
Mid frontal lobe* CNS H3K27ac 3.96
Anterior caudate* CNS H3K9ac 3.91
Cingulate gyrus® CNS H3K4mel 3.73
Inferior temporal lobe* CNS H3K4me3 3.73
Penis foreskin keratinocyte primary*  Other H3K9ac 3.72
Mid frontal lobe* CNS H3K4me3 3.71
Hippocampus middle* CNS H3K4mel 3.66
Inferior temporal lobe* CNS H3K9ac 3.59
Fetal brain* CNS H3K9ac 3.57
Hippocampus middle* CNS H3K9ac 3.47
Cingulate gyrus* CNS H3K9ac 3.46
Hippocampus middle* CNS H3K4me3 3.4
Germinal matrix* CNS H3K4me3 3.4
Cingulate gyrus* CNS H3K4me3 3.4
Anterior caudate* CNS H3K4mel 3.31
Substantia nigra* CNS H3K4me3 3.24
Angular gyrus* CNS H3K2T7ac 3.05
Penis foreskin melanocyte primary* Other H3K4me3 2.83
Angular gyrus* CNS H3K4me3 2.76
Substantia nigra* CNS H3K4mel 2.75
Pancreatic islets* Adrenal/Pancreas H3K4me3 2.6
Cingulate gyrus* CNS H3K27ac 2.57
Fetal adrenal* Adrenal/Pancreas  H3K4me3  2.57
Angular gyrus* CNS H3K9ac 2.51
Inferior temporal lobe* CNS H3K2T7ac 2.39
Breast myoepithelial* Other H3K4me3 2.35
Substantia nigra* CNS H3K9ac 2.26
Substantia nigra* CNS H3K2T7ac 2.22
Hippocampus middle* CNS H3K27ac 2.07

(S7.B) Enrichment of top cell types for BMI. *
correcting for multiple hypotheses.

significant at FDR < 0.05. **
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Cell type Cell type group Mark —logio(p)
Fetal brain** CNS H3K4me3 12.25
Pancreatic islets** Adrenal/Pancreas H3K4me3 11.73
Angular gyrus** CNS H3K4me3 11.22
Germinal matrix** CNS H3K4me3 11.18
Fetal adrenal** Adrenal/Pancreas H3K4me3 11.12
Mid frontal lobe** CNS H3K4me3 11.11
Inferior temporal lobe** CNS H3K4me3 10.22
Cingulate gyrus** CNS H3K4me3 9.94
Anterior caudate** CNS H3K4me3 8.91
Psoas muscle** Skeletal Muscle H3K4me3 8.66
Right ventricle** Cardiovascular H3K4me3 8.58
Pancreatic islets** Adrenal/Pancreas  H3K9ac 7.74
Fetal leg muscle** Skeletal Muscle H3K4me3 7.71
Pancreas™* Adrenal/Pancreas H3K4me3 7.26
Hippocampus middle** CNS H3K4me3 7.19
Breast myoepithelial** Other H3K4me3 6.93
Fetal trunk muscle** Skeletal Muscle H3K4me3 6.87
Peripheralblood mononuclear primary** Immune H3K4me3 6.66
Penis foreskin melanocyte primary** Other H3K4me3 6.53
Fetal stomach** GI H3K4me3 6.26
Gastric** GI H3K4me3 6.24
Right atrium** Cardiovascular H3K4me3 6.24
CD4+ CD25- CD45RA+ naive primary** Immune H3K4me3 6.16
CD4+ CD25int CD127+ Tmem primary** Immune H3K4me3 5.96
Ovary** Other H3K4me3 5.64
Penis foreskin fibroblast primary** Connective/Bone ~ H3K4me3  5.57
Substantia nigra** CNS H3K4me3 5.41
Esophagus** GI H3K4me3 5.35
Colonic mucosa** GI H3K4me3 5.3
Fetal large intestine** GI H3K4me3 5.14
Fetal placenta** Other H3K4me3 5.07
Fetal brain** CNS H3K9ac 5.05
Aorta* Cardiovascular H3K4me3 4.74
CD8 naive primary (BI)* Immune H3K4me3 4.49
CD14 primary™* Immune H3K4me3  4.49
Fetal small intestine* GI H3K4me3  4.43
Breast vHMEC* Other H3K4me3  4.39
CD4+ CD25- Th primary* Immune H3K4me3 4.38
CD34 primary* Immune H3K4me3  4.37
Placenta amnion* Other H3K4me3 4.34
Angular gyrus* CNS H3K9ac 4.33
Penis foreskin keratinocyte primary™* Other H3K4me3 4.3
Pancreatic islets* Adrenal/Pancreas H3K4me3  4.26
Mid frontal lobe* CNS H3K9ac 4.23
CD4+ CD25- CD45R0+ memory primary* Immune H3K4me3 4.14
Rectal smooth muscle* GI H3K4me3 4.12
Left Ventricle* Cardiovascular H3K4me3 4.11
CD8 memory primary* Immune H3K4me3 4.06
CD4+ CD25+ CD127- Treg primary* Immune H3K4me3 4.05
Placenta chorion* Other H3K4me3 4.05
CD8 naive primary (UCSF-UBC)* Immune H3K4me3 3.77
Anterior caudate* CNS H3K9ac 3.73
Cingulate gyrus® CNS H3K9ac 3.69
CD19 primary (UW)* Immune H3K4me3  3.63
CD4+ CD25- IL17+ PMA Ionomycin stim Th17 primary* Immune H3K4me3  3.58
CD4 naive primary* Immune H3K4me3  3.53
Fetal brain* CNS H3K4me3  3.53
Lung* Cardiovascular H3K4me3 3.5
Mid frontal lobe* CNS H3K27ac 3.43
Breast fibroblast primary™® Connective/Bone H3K4me3 3.41

(S7.C) Enrichment of top cell types for Age at menarche. * = significant at FDR < 0.05. ** = significant at p <
0.05 after correcting for multiple hypotheses.
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Cell type Cell type group Mark —logio(p)
Liver (BI)* Liver H3K4mel 4.76
Fetal adrenal* Adrenal/Pancreas H3K4mel  3.41
CD14 primary* Immune H3K4mel 3.33
Liver* Liver H3K27ac 2.97
Adipose nuclei Other H3K9ac 2.71
(S7.D) Enrichment of top cell types for LDL. * = significant at FDR < 0.05. ** =
correcting for multiple hypotheses.
Cell type Cell type group  Mark —logio(p)
Liver (BI)* Liver H3K4mel 4.51
Adipose nuclei*  Other H3K4mel 4.26
Liver* Liver H3K27ac 3.61
Adipose nuclei*  Other H3K9ac 3.34
Adipose nuclei*  Other H3K4me3  3.08
CD14 primary*  Immune H3K4mel 2.86
Adipose nuclei*  Other H3K2T7ac 2.84
Liver (BI)* Liver H3K9ac 2.74
Liver (BI)* Liver H3K4me3 2.66
(S7.E) Enrichment of top cell types for HDL. * = significant at FDR < 0.05. ** =
correcting for multiple hypotheses.
Cell type Cell type group  Mark —logio(p)
Liver (BI)* Liver H3K4mel 3.99
Liver* Liver H3K27ac 3.66
Liver (BI)* Liver H3K9ac 3.02
Duodenum Mucosa  GI H3K4me3 2.71
Liver (UCSD) Liver H3K4me3  2.68

significant at p < 0.05 after

significant at p < 0.05 after

(S7.F) Enrichment of top cell types for Triglycerides. * = significant at FDR < 0.05. ** = significant at p < 0.05

after correcting for multiple hypotheses.

Cell type Cell type group  Mark —logio(p)
Adipose nuclei* Other H3K4mel 4.21
Duodenum Mucosa*  GI H3K4mel 3.43
Colonic mucosa* GI H3K9ac 3.01
Duodenum Mucosa GI H3K9ac 2.78
Rectal mucosa GI H3K9ac 2.68

(S7.G) Enrichment of top cell types for Coronary artery disease. * = significant at FDR < 0.05. ** = significant at
p < 0.05 after correcting for multiple hypotheses.

Cell type Cell type group Mark —logio(p)
Pancreatic islets Adrenal/Pancreas H3K4me3  2.87
Pancreatic islets Adrenal/Pancreas H3K27ac 2.73
Fetal large intestine  GI H3K4mel 2.49
Fetal small intestine  GI H3K4mel 2.31
Adipose nuclei Other H3K9ac 2.27

(S7.H) Enrichment of top cell types for Type 2 Diabetes. * = significant at FDR < 0.05. ** = significant at p <

0.05 after correcting for multiple hypotheses.

Cell type Cell type group Mark —logio(p)
Pancreatic islets* Adrenal/Pancreas H3K27ac  3.93
Pancreatic islets* Adrenal/Pancreas H3K4mel 3.1
Pancreatic islets Adrenal/Pancreas H3K4me3 2.93
Pancreatic islets Adrenal/Pancreas H3K4me3 2.25
Fetal small intestine ~ GI H3K4mel 2.18

(S7.I) Enrichment of top cell types for Fasting Glucose. * = significant at FDR < 0.05. ** = significant at p < 0.05

after correcting for multiple hypotheses.
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Cell type Cell type group Mark —logio(p)
Fetal brain** CNS H3K4me3 18.51
Mid frontal lobe** CNS H3K4me3 14.44
Germinal matrix** CNS H3K4me3 12.68
Mid frontal lobe** CNS H3K9ac 11.27
Angular gyrus** CNS H3K4me3  10.89
Inferior temporal lobe** CNS H3K4me3  10.77
Cingulate gyrus** CNS H3K9ac 10.27
Fetal brain** CNS H3K9ac 10.24
Anterior caudate** CNS H3K4me3 9.66
Cingulate gyrus** CNS H3K4me3 9.34
Pancreatic islets** Adrenal/Pancreas H3K4me3  8.65
Anterior caudate** CNS H3K9ac 8.5
Angular gyrus** CNS H3K9ac 8.33
Mid frontal lobe** CNS H3K27ac 8.1
Anterior caudate** CNS H3K4mel 7.92
Inferior temporal lobe** CNS H3K4mel 7.43
Psoas muscle** Skeletal Muscle H3K4me3  7.38
Fetal brain** CNS H3K4mel 7.21
Inferior temporal lobe** CNS H3K9ac 7.03
Hippocampus middle** CNS H3K9ac 6.03
Pancreatic islets** Adrenal/Pancreas  H3K9ac 5.79
Penis foreskin melanocyte primary** Other H3K4me3 5.68
Angular gyrus** CNS H3K2T7ac 5.63
Cingulate gyrus** CNS H3K4mel 5.55
Hippocampus middle** CNS H3K4me3 5.55
CD34 primary** Immune H3K4me3 5.33
Sigmoid colon** GI H3K4me3 5.3
Fetal adrenal** Adrenal/Pancreas H3K4me3 5.2
Inferior temporal lobe** CNS H3K2T7ac 5.08
Peripheralblood mononuclear primary** Immune H3K4me3 5.03
Gastric** GI H3K4me3 4.93
Substantia nigra* CNS H3K4me3 4.71
Fetal brain* CNS H3K4me3  4.58
Hippocampus middle* CNS H3K4mel 4.48
Ovary* Other H3K4me3 4.19
CD19 primary (UW)* Immune H3K4me3 4.15
Small intestine® GI H3K4me3  4.07
Lung* Cardiovascular H3K4me3 3.93
Fetal stomach* GI H3K4me3  3.89
Fetal leg muscle* Skeletal Muscle H3K4me3  3.82
Spleen* Immune H3K4me3  3.77
Breast fibroblast primary™* Connective/Bone H3K4me3  3.69
Right ventricle* Cardiovascular H3K4me3 3.67
CD4+ CD25- Th primary* Immune H3K4me3 3.66
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary* Immune H3K4mel 3.66
CD8 naive primary (UCSF-UBC)* Immune H3K4me3  3.65
Pancreas™® Adrenal/Pancreas H3K4me3  3.63
CD4+ CD25- Th primary* Immune H3K4mel 3.56
CD4+ CD25- CD45RA+ naive primary* Immune H3K4mel 3.56
Colonic mucosa* GI H3K4me3 3.49
Right atrium* Cardiovascular H3K4me3  3.48
Fetal trunk muscle* Skeletal Muscle H3K4me3  3.47
CD4+ CD25int CD127+ Tmem primary* Immune H3K4me3  3.46
Substantia nigra* CNS H3K9ac 3.44
Placenta amnion* Other H3K4me3  3.38
Breast myoepithelial* Other H3K9ac 3.26
CDS8 naive primary (BI)* Immune H3K4mel 3.24
Substantia nigra* CNS H3K4mel 3.18
Cingulate gyrus* CNS H3K27ac 3.1
CD4+ CD25- CD45RA+ naive primary* Immune H3K4me3 3.06

(S7.J) Enrichment of top cell types for Schizophrenia. * = significant at FDR < 0.05. ** = significant at p < 0.05
after correcting for multiple hypotheses.
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Cell type Cell type group  Mark —logio(p)
Mid frontal lobe* CNS H3K27ac 4.42
Penis foreskin keratinocyte primary  Other H3K9ac 3.05
Fetal brain CNS H3K9ac 2.92
Fetal brain CNS H3K4me3 2.9

Mid frontal lobe CNS H3K4me3 2.78

(S7.K) Enrichment of top cell types for Bipolar disorder. * = significant at FDR < 0.05. ** = significant at p <
0.05 after correcting for multiple hypotheses.

Cell type Cell type group  Mark —logio(p)
Angular gyrus CNS H3K9ac 2.61
Mid frontal lobe CNS H3K9ac 2.38
Mid frontal lobe CNS H3K4mel 2.36
Anterior caudate CNS H3K9ac 2.28
Cingulate gyrus CNS H3K9ac 2.22

(S7.L) Enrichment of top cell types for Anorexia. * = significant at FDR < 0.05. ** = significant at p < 0.05 after
correcting for multiple hypotheses.
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Cell type Cell type group Mark —logio(p)
Angular gyrus** CNS H3K4me3 6.63
Fetal brain** CNS H3K4me3  6.05
Mid frontal lobe** CNS H3K4me3 5.99
Anterior caudate** CNS H3K4me3 5.73
Inferior temporal lobe** CNS H3K4me3 5.63
CD56 primary** Immune H3K4me3 5.32
Germinal matrix** CNS H3K4me3 5.29
Mid frontal lobe** CNS H3K9ac 5.26
Cingulate gyrus** CNS H3K9ac 4.98
Cingulate gyrus** CNS H3K4me3 4.94
CDS8 naive primary (UCSF-UBC)* Immune H3K4me3  4.88
Penis foreskin melanocyte primary* Other H3K4me3 4.73
Mid frontal lobe* CNS H3K27ac 4.43
Peripheralblood mononuclear primary* Immune H3K4me3  4.39
CD34 primary* Immune H3K4me3 4.12
Fetal brain* CNS H3K9ac 4.03
CD14 primary* Immune H3K4me3 4.01
Inferior temporal lobe* CNS H3K9ac 3.98
Angular gyrus* CNS H3K9ac 3.96
Sigmoid colon* GI H3K4me3 3.83
Pancreatic islets* Adrenal/Pancreas  H3K9ac 3.83
CD4+ CD25int CD127+ Tmem primary* Immune H3K4me3  3.72
Anterior caudate* CNS H3K9ac 3.65
Hippocampus middle* CNS H3K4me3 3.65
CD19 primary (UW)* Immune H3K4me3 3.63
Small intestine® GI H3K4me3  3.52
CD4+ CD25- Th primary* Immune H3K4me3 3.45
Lung* Cardiovascular H3K4me3 3.19
CD4+ CD25- CD45R0+ memory primary*  Immune H3K4me3 3.19
Hippocampus middle* CNS H3K9ac 3.17
Liver (UCSD)* Liver H3K4me3  3.08
Fetal placenta* Other H3K4me3 3.08
Fetal adrenal* Adrenal/Pancreas H3K4me3 3.04
Right atrium* Cardiovascular H3K4me3  2.99
Pancreatic islets* Adrenal/Pancreas H3K4me3  2.96
CD8 naive primary (UCSF-UBC)* Immune H3K9ac 2.95
CD3 primary (BI)* Immune H3K4me3 2.94
Angular gyrus* CNS H3K27ac 2.93
CD4+ CD25- CD45RA+ naive primary™ Immune H3K4me3  2.93
Gastric* GI H3K4me3 2.92
CD4 naive primary* Immune H3K4me3 2.89
CD8 memory primary* Immune H3K4me3 2.78
CD3 primary (UW)* Immune H3K4me3 2.76
Rectal smooth muscle* GI H3K4me3 2.73
Fetal brain* CNS H3K4me3 2.67
Esophagus* GI H3K4me3 2.66
CD8 naive primary (BI)* Immune H3K4me3  2.58
Left Ventricle* Cardiovascular H3K4me3 2.56
CD19 primary (BI)* Immune H3K4me3 2.56
Fetal thymus* Immune H3K4me3 2.52
Breast vHMEC* Other H3K4me3 2.51
CDS8 primary* Immune H3K4me3 2.51
Psoas muscle* Skeletal Muscle H3K4me3 2.51
Peripheralblood mononuclear primary* Immune H3K9ac 2.5
Ovary* Other H3K4me3  2.47
Pancreas* Adrenal/Pancreas H3K4me3  2.46
Breast fibroblast primary* Connective/Bone H3K4me3  2.45
CD4+ CD25+ CD127- Treg primary™* Immune H3K4me3 2.36
Placenta amnion* Other H3K4me3 2.34
Right ventricle* Cardiovascular H3K4me3 2.33

(S7.M) Enrichment of top cell types for Years of education. * = significant at FDR < 0.05. ** = significant at p <
0.05 after correcting for multiple hypotheses.
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Cell type Cell type group Mark —logio(p)
Inferior temporal lobe¥*  CNS H3K4me3 3.21
Cingulate gyrus* CNS H3K27ac 3.2
Substantia nigra* CNS H3K27ac  3.16
Hippocampus middle* CNS H3K27ac  3.13
Breast myoepithelial* Other H3K9ac 3.06
Inferior temporal lobe*  CNS H3K4mel 2.93
Anterior caudate* CNS H3K27ac  2.81
Inferior temporal lobe*  CNS H3K27ac 2.81
Angular gyrus* CNS H3K27ac 2.77
Pancreatic islets* Adrenal/Pancreas H3K4mel 2.55

(S7.N) Enrichment of top cell types for Ever smoked. * = significant at FDR < 0.05. ** = significant at p < 0.05

after correcting for multiple

hypotheses.

Cell type Cell type group  Mark —logio(p)
CD4+ CD25- IL174+ PMA Ionomycin stim Th17 primary** Immune H3K4mel 6.76
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary**  Immune H3K4mel 6.11
CD4+ CD25- CD45R0+ memory primary** Immune H3K4mel 5.92
CD4 memory primary** Immune H3K4mel 5.88
CD4+ CD25+ CD127- Treg primary** Immune H3K4mel 5.83
CD25- IL17- Th stim MACS** Immune H3K27ac 5.7
Th2** Immune H3K27ac 5.5
CD8 memory primary** Immune H3K4mel 5.38
CD4 naive primary** Immune H3K4mel 5.26
CD4+ CD25- Th primary** Immune H3K4mel 5.25
CD19 primary (UW)** Immune H3K4mel 5.25
CD4+ CD25int CD127+ Tmem primary* Immune H3K4mel 4.88
CD4+ CD25- CD45RA+ naive primary* Immune H3K4mel 4.75
CD3 primary (BI)* Immune H3K4mel 4.64
CD3 primary (UW)* Immune H3K4mel 4.63
CD25- IL17+ Th17 stim* Immune H3K2T7ac 4.55
CD8 naive primary (UCSF-UBC)* Immune H3K4mel 4.49
CD8 naive primary (BI)* Immune H3K4mel 4.45
Tho* Immune H3K27ac 4.09
CD25+ CD127- Treg* Immune H3K27ac 4.09
Th1* Immune H3K27ac 3.96
CD19 primary (BI)* Immune H3K4mel 3.91
CD56 primary* Immune H3K4mel 3.77
Treg primary* Immune H3K4me3 3.63
CD3 primary* Immune H3K27ac 3.62
CD20* Immune H3K27ac 3.45
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary* Immune H3K4me3 3.45
CD4+ CD25- IL17+ PMA Ionomycin stim Th17 primary* Immune H3K4me3 3.17
CD4+ CD25+ CD127- Treg primary™® Immune H3K4me3 3.1
CD4+ CD25int CD1274 Tmem primary* Immune H3K4me3 2.76
Peripheralblood mononuclear primary* Immune H3K9ac 2.58
CD25int CD127+ Tmem* Immune H3K27ac 2.27
CD4+ CD25- CD45R0+ memory primary* Immune H3K4me3 2.24
CD4+ CD25- CD45RA+ naive primary* Immune H3K4me3 2.2
CD8 memory primary* Immune H3K4me3  2.17
CD19* Immune H3K27ac 2.13
CD4 memory primary* Immune H3K4me3  2.12
Peripheralblood mononuclear primary* Immune H3K4mel 2.12
CD4+ CD25- Th primary* Immune H3K4me3 1.98

S7.0) Enrichment of top cell types for Rheumatoid arthritis. * = significant at FDR < 0.05.
g

< 0.05 after correcting for multiple hypotheses.
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Cell type Cell type group  Mark —logio(p)
CD4+ CD25- IL17+ PMA Ionomycin stim Th17 primary** Immune H3K4mel 7.59
Th1** Immune H3K27ac 6.54
CD25- IL17+4 Th17 stim** Immune H3K27ac 6.5
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary** Immune H3K4mel 6.24
CD4 memory primary** Immune H3K4mel 5.88
Th2** Immune H3K27ac 5.87
CD4+ CD25- Th primary** Immune H3K4mel 5.59
CD8 memory primary** Immune H3K4mel 5.13
CD14 primary** Immune H3K4mel 5.03
CD3 primary (UW)** Immune H3K4mel 4.96
Tho* Immune H3K27ac 4.8
CD56 primary* Immune H3K4mel 4.8
CD25- IL17- Th stim MACS* Immune H3K27ac 4.72
CD4+ CD25- CD45R0+ memory primary* Immune H3K4mel 4.7
CD4 naive primary* Immune H3K4mel 4.51
CD4+ CD25int CD1274 Tmem primary* Immune H3K4mel 4.44
CD4+ CD25- CD45RA+ naive primary* Immune H3K4mel 4.36
CDS8 naive primary (BI)* Immune H3K4mel 4.31
CD19 primary (UW)* Immune H3K4mel 4.26
CD8 naive primary (UCSF-UBC)* Immune H3K4mel 4.2
CD4+ CD25- IL174+ PMA Ionomycin stim Th17 primary* Immune H3K4me3 4.18
CD19 primary (BI)* Immune H3K4mel 4.17
CD3 primary (BI)* Immune H3K4mel 3.73
CD4+ CD25+ CD127- Treg primary™® Immune H3K4mel 3.62
CD3 primary* Immune H3K27ac 3.25
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary* Immune H3K4me3 3.16
CD34 primary™ Immune H3K4mel 2.87
Peripheralblood mononuclear primary* Immune H3K9ac 2.87
CD15 primary* Immune H3K4mel 2.85
Spleen* Immune H3K4mel 2.7
CD4 primary* Immune H3K4me3 2.49
Peripheralblood mononuclear primary* Immune H3K4mel 2.46
CDS8 primary* Immune H3K4me3 2.44
CD14* Immune H3K27ac 2.18
CD4 memory primary* Immune H3K4me3 2.12
Colonic mucosa* GI H3K4mel 2.11
CD19 primary (BI)* Immune H3K4me3 2.1
CD4 naive primary* Immune H3K4me3 2.09
Mobilized CD34 primary* Immune H3K4mel 2.08
CD25int CD127+ Tmem* Immune H3K27ac 2.04

(S7.P) Enrichment of top cell types for Crohn’s disease. * = significant at FDR < 0.05. ** = significant at p < 0.05
after correcting for multiple hypotheses.
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Cell type Cell type group  Mark —logio(p)
CD4+ CD25- IL174+ PMA Ionomycin stim Th17 primary** Immune H3K4mel 6.37
CD25- IL17+ Th17 stim** Immune H3K27ac 5.53
CD4+ CD25- CD45R0+ memory primary** Immune H3K4mel 5.48
CD4 memory primary** Immune H3K4mel 5.19
CD4+ CD25+ CD127- Treg primary* Immune H3K4mel 4.88
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary* Immune H3K4mel 4.73
CD3 primary* Immune H3K27ac 4.72
Th2* Immune H3K2T7ac 4.5
CD25+ CD127- Treg* Immune H3K27ac 4.42
Colonic mucosa* GI H3K4mel 4.17
Spleen* Immune H3K4mel 4.06
CD4+ CD25- IL17+ PMA Ionomycin stim Th17 primary* Immune H3K4me3 4.04
CD4+ CD25- Th primary* Immune H3K4mel 4.03
Colonic mucosa* GI H3K27ac 4.0
Th1* Immune H3K2T7ac 3.96
CD4 naive primary™® Immune H3K4mel 3.91
CD4+ CD25int CD127+ Tmem primary™* Immune H3K4mel 3.87
CD8 memory primary* Immune H3K4mel 3.84
Rectal mucosa* GI H3K4mel 3.74
CD19 primary (UW)* Immune H3K4mel 3.72
Colonic mucosa* GI H3K9ac 3.63
Rectal mucosa* GI H3K9ac 3.57
CD25- IL17- Th stim MACS* Immune H3K27ac 3.54
CD25int CD127+ Tmem* Immune H3K2T7ac 3.45
ThO* Immune H3K27ac 3.44
CD8 naive primary (UCSF-UBC)* Immune H3K4mel 3.43
CD56 primary* Immune H3K4mel 3.21
Rectal mucosa* GI H3K27ac 3.16
CD19 primary (BI)* Immune H3K4mel 2.95
Treg primary™* Immune H3K4me3 2.93
CD8 naive primary (BI)* Immune H3K4mel 2091
CD3 primary (UW)* Immune H3K4mel 2.83
CD4+ CD25- CD45RA+ naive primary* Immune H3K4mel 2.7
CD3 primary (BI)* Immune H3K4mel 2.44
Rectal mucosa* GI H3K4me3 2.29
CD4+ CD25- IL17- PMA Ionomycin stim MACS Th primary* Immune H3K4me3 2.24
Duodenum smooth muscle* GI H3K27ac 2.17
Duodenum Mucosa* GI H3K4mel 2.15
CD34 primary* Immune H3K4mel 2.12

(S7.Q) Enrichment of top cell types for Ulcerative colitis. * = significant at FDR < 0.05. ** = significant at p <
0.05 after correcting for multiple hypotheses.
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Figure S1: Enrichment of cell type groups for traits not included in Figure 4.The black dotted line at
—log,o(P) = 3.5 is the cutoff for Bonferroni significance. The grey dotted line at —log;,(P) = 2.1 is the
cutoff for FDR < 0.05.
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