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Decomposition of β̂ββ
T
V:β̂ββ under in-sample and external

reference LD
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Figure S1: si “ pβ̂ββ
T
uiq

2{wi as a function of the rank order of eigenvalue wi obtained under in-
sample LD (blue, rank=974) and external reference LD (red, rank=251) for a locus containing
1,377 SNPs. Each point represents the mean of si over 500 simulations. Figure S1a displays
the first 300 si. Figure S1b focuses on the first 50 si.



Comparison between HESS, LDSC, and Gamazon et

al.’s method in simulations
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Figure S2: Gamazon et al.’s method severely underestimates simulated heritability due
to overcorrection of bias by p

n
. Summary statistics were computed based on simulated

GWAS involving 50,000 individuals. Mean and standard errors were computed based on 500
simulations. Error bars represent 2 times the standard error.



Comparison between HESS and LDSC in simulations

0.02 0.04 0.06 0.08 0.1
0

0.02

0.04

0.06

0.08

0.1

0.12

simulated h
2

g
 (%)

e
s
ti
m

a
te

d
 h

2 g
 (

%
)

 

 

y=x

HESS(in−sample)

LDSC(in−sample)

(a) Percent causal: 20%
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(b) Percent causal: 20%
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(c) Percent causal: 40%
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(d) Percent causal: 40%

Figure S3: Comparison between HESS and LDSC at different percentages of causal SNPs
and simulated heritability at a 1Mb locus (1,377 SNPs). Figures on the left show results
obtained using in-sample LD. Figures on the right show results obtained using external
reference LD. Mean and standard errors were computed based on 500 simulations. Error
bars represent 2 times the standard error.
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(a) Simulation results at a 0.75 Mb locus (809 SNPs)
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(b) Simulation results at a 1.25 Mb locus (1,980 SNPs)
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(c) Simulation results at a 1.5 Mb locus (2,350 SNPs)

Figure S4: Comparison between HESS and LDSC under fixed-effect model at different sim-
ulated heritability at difference loci. In all simulations, 20% of the SNPs in each locus were
randomly selected to be causal. Figures on the left show results obtained using in-sample LD.
Figures on the right show results obtained using external reference LD. Mean and standard
errors were computed based on 500 simulations. Error bars represent 2 times the standard
error.
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(a) Simulation results at a 0.75 Mb locus (809 SNPs)
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(b) Simulation results at a 1 Mb locus (1,583 SNPs)
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(c) Simulation results at a 1.25 Mb locus (1,980 SNPs)
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(d) Simulation results at a 1.5 Mb locus (2,350 SNPs)

Figure S5: Comparison between HESS and LDSC under random-effect model at different
simulated heritability at difference loci. In all simulations, 20% of the SNPs in each locus
were randomly selected to be causal. Figures on the left show results obtained using in-
sample LD. Figures on the right show results obtained using external reference LD. Mean
and standard errors were computed based on 500 simulations. Error bars represent 2 times
the standard error.



Evaluating the variance estimates for h2
g,local of HESS
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Figure S6: Estimates for Varrĥ2
gs based on in-sample and external reference LD. Mean and

standard errors were computed based on 500 simulations. Error bars represent 2 times the
standard error.



Total SNP-heritability obtained by HESS and LDSC
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Figure S7: Estimates of total SNP-heritability obtained by HESS versus estimates obtained
by LDSC. We see a strong correlation (R “ 0.58) between HESS and LDSC estimates.



Comparing local SNP-heritability estimates obtained with

or without known total h2
g
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Figure S8: Local SNP-heritability estimates for height obtained without known total h2
g

versus estimates obtained using known total h2
g.



Percentage of total SNP-heritability attributable to dif-

ferent fractions of genome
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Figure S9: Stacked bar plot showing the percentage of total SNP-heritability (after removing
local SNP-heritability estimates at loci overlapping the HLA region) attributable to differ-
ent fractions of genome. We rank ordered all loci by their explained SNP-heritability and
quantified the fraction of total SNP-heritability attributable to different percentile ranges.
Traits with high polygenicity tend to have bars with height proportional to bin size, whereas
less polygenic traits tend to have bars much larger than bin size.



Correlations between traits across h2
g,local estimates
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Figure S10: Correlation heatmap showing the correlations between all 30 studied traits
across local SNP-heritability estimates. We group traits based on their corresponding GWAS
consortia.



Average local SNP-heritability across 30 traits at loci

displaying pleiotropic effect
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Figure S11: Manhattan-style plot displaying average local SNP-heritability across 30 traits.
We mark the 36 selected loci displaying pleiotropic in colors.



Cumulative fraction of total SNP-heritability versus frac-

tion of genome

Figure S12: Dotted curves show the cumulative fraction of total SNP-heritability covered
by loci with highest h2

g,local versus fraction of genome covered by these loci. Shaded region
shows 2 times the standard error obtained by jack-knifing over the loci.



Chromosomal SNP-heritability versus chromosome size
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Figure S13: Chromosomal SNP-heritability estimates versus chromosome size. We compute
chromosomal SNP-heritability by summing over local SNP-heritability within the chromo-
some. We obtain standard error estimates by summing variance estimates of local SNP-
heritability and then take the square root. Error bars represent 2 times the standard error.
High standard errors are likely due to relative small sample size of the GWAS.
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Figure S14: Chromosomal SNP-heritability estimates versus chromosome size (continued).
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Figure S15: Chromosomal SNP-heritability estimates versus chromosome size (continued).



Manhattan-style plots of h2
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Figure S16: Manhattan-style plots of local SNP-heritability across the genome. We group
traits based on their corresponding GWAS consortia.
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Figure S17: Manhattan-style plots of local SNP-heritability across the genome (continued).



Distribution of h2
g,local at loci with/without GWAS hits
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Figure S18: Box plots of h2
g,local at loci with and without GWAS hits.
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Figure S19: Box plots of h2
g,local at loci with and without GWAS hits.
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Figure S20: Box plots of h2
g,local at loci with and without GWAS hits.



Details of summary GWAS data for the 30 traits

Trait Sample size No. SNPs No. GWAS hits No. index SNPs Fractiona

BMI (Body Mass Index)1 229269 1859666 1851 79 5.31
Height (Height)2 244015 1854761 26374 476 31.15
HB (Haemoglobin)3 52666 1894024 459 24 1.38
MCH (Mean Cell Haemoglobin)3 44658 1892019 1585 37 2.25
MCHC (MCH Concentration)3 48252 1893281 223 15 0.9
MCV (Mean Cell Volume)3 49808 1893769 1602 46 3.08
PCV (Packed Cell Volume)3 46169 1893412 288 14 0.92
RBC (Red Blood Cell Count)3 46465 1892553 1132 31 2.1
PLT (Number of Platelets)4 66867 1954590 954 40 2.54
FG (Fasting Glucose)5 46186 1824182 290 12 0.97
FI (Fasting Insulin)5 46186 1822388 – – –
HBA1C (HBA1C)6 46368 1870395 187 11 0.6
HOMA-B (HOMA-B)5 46186 1820938 119 4 0.24
HOMA-IR (HOMA-IR)5 46186 1821061 – – –
HDL (High Density Lipoprotein)7 96335 1805617 3445 92 6.28
LDL (Low Density Lipoprotein)7 91529 1803637 2971 76 4.87
TC (Total Cholesterol)7 96596 1805676 4039 91 5.98
TG (Triglycerides)7 92768 1803908 3149 91 3.95
EY (Education Years)8 126559 1788888 11 4 0.25
FA (Forearm BMD)9 53236 4725343 152 3 0.18
FN (Femoral Neck BMD)9 53236 4637340 867 21 1.21
LS (Lumbar Spine)9 53236 4636561 1077 24 1.39
AM (Age at Menarche)10 132989 1821879 2391 73 4.61
COL (College)8 126559 1792881 61 3 0.2
RA (Rheumatoid Arthritis)11 14361/43923 4265540 19575 51 3.06
SCZ (Schizophrenia)12 32405/42221 4772186 8113 103 6.9
CD (Crohn’s Disease)13 17897/33977 4822932 5179 54 3.48
IBDb (Inflammatory Bowel Disease)13 13769/33977 4823603 9243 70 4.17
UC (Ulcerative Colitis)13 31666/33977 4823578 5114 42 2.45
T2D (Type 2 Diabetes)14 12171/56862 1806359 236 13 1.0

Table S1: Details of the summary GWSA data for the 30 analyzed traits. aFraction refers
to the fraction of genome with GWAS hits. bIBD refers to the union of CD and UC. For
case-control traits, we list sample size as No. cases / No. controls.



Total SNP-heritability estimation obtained by HESS and

LDSC

Trait h2
g(HESS) k Estimated λgc h

2:
g,local,gwas

Enrichmenta h2
g(LDSC)

BMI (Body Mass Index)1 16.5(0.5) 50 1.33 2.45(0.11) 3.22(0.27) 14.0(0.9)
Height (Height)2 59.4(0.3) 50 1.00 23.86(0.20) 1.73(0.05) 33.0(1.7)
HB (Haemoglobin)3 17.9(2.1) 16 1.29 1.40(0.28) 6.19(1.38) 27.4(1.4)
MCH (Mean Cell Haemoglobin)3 29.3(2.2) 14 1.32 3.16(0.39) 6.71(1.28) 39.5(2.6)
MCHC (MCH Concentration)3 10.9(2.5) 15 1.30 0.40(0.25) 5.41(1.70) 21.6(0.9)
MCV (Mean Cell Volume)3 26.3(2.0) 15 1.31 3.08(0.39) 5.66(0.91) 35.2(2.1)
PCV (Packed Cell Volume)3 16.7(2.5) 14 1.31 0.64(0.25) 4.71(1.26) 31.4(1.5)
RBC (Red Blood Cell Count)3 22.0(2.3) 14 1.32 1.61(0.35) 4.48(0.82) 34.2(1.7)
PLT (Number of Platelets)4 27.5(1.5) 20 1.26 2.41(0.25) 4.04(0.44) 30.2(1.4)
FG (Fasting Glucose)5 22.3(2.3) 14 1.20 0.66(0.21) 3.58(1.11) 27.6(1.6)
FI (Fasting Insulin)5 19.9(2.4) 14 1.19 0.10(0.06) 15.41(0.00) 24.0(1.0)
HBA1C (HBA1C)6 20.8(2.3) 14 1.24 0.69(0.20) 5.31(1.89) 31.8(1.2)
HOMA-B (HOMA-B)5 20.3(2.4) 14 1.19 0.06(0.12) 1.26(0.68) 24.2(1.1)
HOMA-IR (HOMA-IR)5 19.9(2.4) 14 1.20 0.11(0.06) 16.17(0.00) 24.9(1.1)
HDL (High Density Lipoprotein)7 39.4(0.9) 29 1.13 4.33(0.24) 2.78(0.26) 33.4(7.5)
LDL (Low Density Lipoprotein)7 33.0(1.0) 27 1.16 3.97(0.24) 3.34(0.33) 27.0(4.5)
TC (Total Cholesterol)7 35.5(0.9) 29 1.16 5.27(0.25) 3.19(0.28) 27.2(3.8)
TG (Triglycerides)7 34.8(0.9) 28 1.18 3.76(0.21) 3.69(0.47) 31.4(5.2)
EY (Education Years)8 19.9(0.8) 38 1.05 0.15(0.04) 3.20(1.45) 12.6(0.5)
FA (Forearm BMD)9 17.4(2.2) 16 1.18 0.19(0.10) 9.90(4.33) 20.6(0.9)
FN (Femoral Neck BMD)9 24.1(2.1) 16 1.17 1.43(0.25) 5.39(0.81) 26.7(1.2)
LS (Lumbar Spine)9 25.1(2.0) 16 1.17 1.61(0.26) 4.70(0.61) 26.7(1.1)
AM (Age at Menarche)10 27.8(0.7) 40 1.05 3.18(0.17) 2.60(0.16) 16.5(0.7)
COL (College)8 19.4(0.8) 38 1.08 0.13(0.04) 3.34(0.98) 11.6(0.5)
RA (Rheumatoid Arthritis)11 66.3(0.9) 18 1.20 5.98(0.32) 5.82(1.29) 34.0(8.7)
SCZ (Schizophrenia)12 64.5(0.7) 22 1.00 8.36(0.21) 2.20(0.15) 43.7(1.4)
CD (Crohn’s Disease)13 35.9(1.8) 16 1.12 3.64(0.37) 3.47(0.43) 31.4(2.1)
IBDc (Inflammatory Bowel Disease)13 35.3(1.4) 20 1.09 4.45(0.33) 3.66(0.39) 26.3(1.5)
UC (Ulcerative Colitis)13 31.9(2.1) 15 1.11 2.96(0.36) 4.35(0.73) 28.5(1.3)
T2D (Type 2 Diabetes)14 25.4(1.6) 19 1.19 0.71(0.16) 2.63(0.49) 24.5(1.1)

Table S2: Total SNP-heritability for the 30 traits obtained by HESS and LDSC. To obtain
LDSC estimate, we compute LD scores for all SNPs with MAF greater than 5% using
the same reference panel as used by HESS. Since HESS does not account for population
stratification, we obtain LDSC estimate without the intercept. h

2:
g,local,gwas refers to the

estimated SNP-heritability attributable to loci containing GWAS hit after all GWAS hits
are removed. aWe define enrichment as the ratio between the fraction of h2

g attributable to

h
2:
g,local,gwas and the fraction of genome covered by these loci. We obtain standard errors by

jack-knife over the loci.
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