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Figure S1. Results of the multiple-tissue analysis for traits with at least one tissue/cell type passing
FDR<5% that are not displayed in Figure 2. Each point represents a tissue/cell type from either the GTEx
data set or the Franke lab data set. Large points pass the FDR<5% cutoff, —log,,(P)=2.75. GWAS data is
described in Table S4, gene expression data is described in the Online Methods and Tables S2-3, and the
statistical method is described in the Overview of Methods and the Online Methods. Numerical results

are reported in Table S6.
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Figure S2a. Results of the multiple-tissue analysis for all traits, for comparison with Figures S2b-e and
Figures S12-S15. —log_10(P) is displayed, truncated at 5, for results that pass the FDR < 5% threshold
of —log,,(P)=2.75. GWAS data is described in Table S4, gene expression data is described in the Online
Methods and Tables S2-3, and the statistical method is described in the Overview of Methods and the
Online Methods. Numerical results are reported in Table S6.
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Figure S2b. Results of the multiple-tissue analysis with proportion of genes changed from 10% to 5%.
—log_10(P) is displayed, truncated at 5, for results that pass the FDR < 5% threshold of —log,,(P)=2.91.
GWAS data is described in Table S4, gene expression data is described in the Online Methods and
Tables S2-3, and the statistical method is described in the Overview of Methods and the Online
Methods.
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Figure S2c. Results of the multiple-tissue analysis with proportion of genes changed from 10% to 20%.
—log_10(P) is displayed, truncated at 5, for results that pass the FDR < 5% threshold of —log,,(P)=2.84.
GWAS data is described in Table S4, gene expression data is described in the Online Methods and
Tables S2-3, and the statistical method is described in the Overview of Methods and the Online
Methods.
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Figure S2d. Results of the multiple-tissue analysis with the window size changed from 100kb to 50kb.
—log_10(P) is displayed, truncated at 5, for results that pass the FDR < 5% threshold of —log,,(P)=2.78.
GWAS data is described in Table S4, gene expression data is described in the Online Methods and
Tables S2-3, and the statistical method is described in the Overview of Methods and the Online
Methods.
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Figure S2e. Results of the multiple-tissue analysis with the window size changed from 100kb to 200kb.
—log_10(P) is displayed, truncated at 5, for results that pass the FDR < 5% threshold of —log,,(P)=2.83.
GWAS data is described in Table S4, gene expression data is described in the Online Methods and
Tables S2-3, and the statistical method is described in the Overview of Methods and the Online
Methods.



Epilepsy
Generalized epilepsy
Tourette syndrome
Bipolar disorder
Depressive symptoms
Schizophrenia
BMI
Smoking status
Neuroticism
Years of education
Primary biliary cirrhosis
Lupus
Rheumatoid Arthritis
Multiple sclerosis
Type 1 diabetes
Crohn's Disease
Inflammatory Bowel Disease
Ulcerative colitis
Celiac
Asthma
Eczema
Parkinson's disease
Focal epilepsy [l
LDL
HDL
Triglycerides
Autism
OCD
Migraine (all subtypes)
Migraine without aura
Fasting glucose
Type 2 diabetes
ADHD
Alzheimer's disease
Anorexia
Ischemic stroke
Early-onset stroke
Intracerebral hemorrhage
Migraine with aura
Coronary artery disease
FEV1/FVC
Waist-hip ratio (adj. BMI)
Height
FVC
Heel T-Score
Hypertension
Diastolic blood pressure
Systolic blood pressure

0.4

0.0

-0.4

> Ve n @z 0 C VUV nvao w U oo o —_4awn ~c o v T U OLUUEO Y =+ VSO
m%gwg'—zsgom::-—wmgzm Em%ggwEDwLmﬂJog-—xxms—muz-CgLOLL
c w2 20 o =0 ¢ o O o o T x > o =
Q0 570 m+< .5 o QT o © © = = ©co 302 3 o © O O ® 3 ® [ o w2 2
o258 come3clo0vo0sS oo cE020c 00 g¥sscooloyg O 9200
==5838c HBHELEIFEoZuuoOofJIn= 03 >o3QIvwchBEco> VG99
Qs .2 S [S== S5 A <WwWoT o ol B >S5H2 5 C 555 —T [58 o2
WoSTES 95050 <yoLRrLRY ) > So92c TVSuH52ETS [ —tss
o 0L >N £330 5, -OGJH—ME'E _tnE =) 2L ¥ Emggamv wg'c‘c
crz 8.2 9 = 2 —_Ec [ cC 0o gl o
2295 g20,9 Seygs3 g 29 = S35 g 26522873 838
=0 a2w0n 0w = © 5 om w ~ © £ U > © © © e
CsSmpa 6 58 g3p5%2 £ 02> § o<l - Qa
3" 8 o> S= 2> < <3 < T2 o )
c jut > & [} I} © w O N wosc & ==
Ll o © e} o = c T o9
] < o =) < @ 0 28
® 9] c I~ © o= be] o 7] n 0
a = = s= & 6 ® 8 >
€ 5 0 = a
© £
=
£

Figure S3. Estimates of enrichment correlations from the multiple-tissue analysis. Enrichment
correlation estimates that pass the FDR<5% cutoff (two-sided test for difference from 0) are displayed.
GWAS data is described in Table S4, gene expression data is described in the Online Methods and
Tables S$2-3, and the statistical method is described in the Online Methods.
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Figure S4. Comparison of GTEx and EN-TEx P-values. For each of 48 phenotypes, for each of 24 tissues
shared between GTEx and EN-TEX, significance levels from the analysis using gene expression-based
annotations are plotted against significance levels from the analysis using chromatin peaks.
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Figure S5. A heatmap of results from the analysis of 48 traits using chromatin data from the Roadmap
Epigenomics project and ENCODE. —log_10(P) is displayed, truncated at 5, for results that pass the FDR
< 5% threshold of —log_10(P) = 2.66. Numerical results are reported in Table S7. GWAS data is
described in Table S4, chromatin data is described in the Online Methods and Table S7, and the
statistical method is described in the Online Methods.
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Figure S6. Estimates of enrichment correlations from the chromatin analysis. Enrichment correlation
estimates that pass the FDR<5% cutoff (two-sided test for difference from 0) are displayed. GWAS
data is described in Table S4, chromatin data is described in the Online Methods and Table S7, and the
statistical method is described in the Online Methods.
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Figure S7. (a) A heatmap of Jaccard indices among gene sets for the 13 brain regions in GTEX, in the
multiple-tissue analysis. (b) A heatmap of Jaccard indices among gene sets for the 13 brain regions in
GTEX, in the analysis of GTEx brain regions only. The data is described in the Online Methods and
Table S2 and the statistical method is described in the Overview of Methods and Online Methods.
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Figure S8. Estimates of enrichment correlations from the analysis of brain regions. Enrichment
correlation estimates that pass the FDR<5% cutoff (two-sided test for difference from 0) are displayed.
GWAS data is described in Table S4, gene expression data is described in the Online Methods and
Tables S2, and the statistical method is described in the Online Methods.
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Figure S9. Results of the analysis of ImnmGen gene expression data and hematopoiesis ATAC-seq data
for traits with at least one ImmGen cell type passing FDR<5% not appearing in Figure 5. Large points
passed the FDR<5% cutoff, —log,,(P)=3.03 (ImmGen) or —log10(P)=2.32 (hematopoiesis). GWAS data is
described in Table S4, gene expression and chromatin data is described in the Online Methods and
Table S10, and the statistical method is described in the Overview of Methods and the Online

Methods. Numerical results for all traits are reported in Table S10.
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Figure S10. Estimates of enrichment correlations from the analysis of InmGen data. Enrichment
correlation estimates that pass the FDR<5% cutoff (two-sided test for difference from 0) are displayed.
GWAS data is described in Table S4, gene expression and chromatin data is described in the Online
Methods and Table $10, and the statistical method is described in the Online Methods.
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Figure S11. We repeatedly sub-sampled our dataset to a variety of sample sizes and ran our approach
on the sub-sampled dataset. Each box plot represents the z-scores of 25 randomly sub-sampled
datasets (center line, median; box limits, upper and lower quartiles; whiskers, max and min or 1.5x
interquartile range; pluses, outliers). (A) We assessed cortex enrichment for schizophrenia in the
multiple-tissue analysis, in which cortex was compared to all non-brain samples. We kept the ratio of
cortex samples to non-brain samples constant as we downsampled. (B) We assessed cortex
enrichment for schizophrenia in the analysis of GTEx brain regions, in which cortex was compared to

all other brain samples. We kept the ratio of cortex samples to other brain samples constant as we
Adowncamnled
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Figure S12. A heatmap of results from applying the SNPsea method to the gene expression data from
the multiple-tissue analysis. —log_10(P) is displayed, truncated at 5, for results that pass the FDR<5%
cutoff of —log,,(P)=2.74. Grey boxes denote analyses that did not complete successfully at 8GB of
RAM. GWAS data is described in Table S4 and gene expression data is described in the Online
Methods and Tables S2-3. Numerical results are reported in Table S12. SNPsea did not detect many of
the CNS enrichments for brain-related traits identified by LDSC-SEG (see Figure S2a for comparison).
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Figure S13. A heatmap of results from applying the DEPICT method with a P-value threshold of 5e-8 to
the gene expression data from the multiple-tissue analysis. —log_10(P) is displayed, truncated at 5, for
results that pass the FDR<5% cutoff of —log,,(P)=2.60. Grey boxes denote analyses that did not
complete successfully. GWAS data is described in Table S4 and gene expression data is described in
the Online Methods and Tables S3. Numerical results are reported in Table S13. DEPICT with a
threshold of 5e-8 did not detect many of the CNS enrichments for brain-related traits identified by
LDSC-SEG (see Figure S2a for comparison).
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Figure S14. A heatmap of results from applying the DEPICT method with a P-value threshold of 1e-5 to
the gene expression data from the multiple-tissue analysis. —log_10(P) is displayed, truncated at 5, for
results that pass the FDR<5% cutoff of —log,,(P)=2.48. Grey boxes denote analyses that did not
complete successfully. GWAS data is described in Table S4 and gene expression data is described in
the Online Methods and Tables S3. Numerical results are reported in Table S14. DEPICT with a
threshold of 1e-5 identified many enrichments, but in simulations did not have well-calibrated type |
error (see Figure S2a).
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Figure S15. A heatmap of results from applying MAGMA to the specifically expressed gene sets from
the multiple-tissue analysis. —log_10(P) is displayed, truncated at 5, for results that pass the FDR<5%
cutoff of —log,,(P)=2.54. GWAS data is described in Table S4 and gene expression data is described in
the Online Methods and Tables S2-3. Numerical results are reported in Table S15. MAGMA-SEG
identified many enrichments, but in simulations did not have well-calibrated type | error (see Figure
S2a).
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Figure S16. Number of the 100 simulated phenotypes that passed FDR < 5% for each method.
Simulations are described in the Supplementary note, and have a sample size of n=47,360 individuals.
(a) LDSC-SEG, (b) SNPsea, (c) MAGMA-SEG, (d)LDSC-SEG (Franke lab dataset only, included so that the
comparison to DEPICT can be on the same set tissues/cell types), (e) DEPICT with 5e-8 cutoff, (f)
DEPICT with 1e-5 cutoff. Numerical results are reported in Table S16.



Testis
Spleen
Prostate
Esophagus_Muscularis
Adrenal_Gland
Heart_Left Ventricle
Liver

Artery_Aorta
Artery_Coronary

Prostate | |
Spleen

Thyroid

Pancreas |

Testis

Muscle_Skeletal
Small_Intestine_Terminal_lleum
Liver

Artery_Aorta

Lung Uterus
Adrenal_Gland Colon_Transverse
Nerve_Tibial Esophagus_Mucosa

Stomach
Heart_Atrial_Appendage
Breast_Mammary_Tissue
Uterus
Colon_Transverse
Vagina

Artery_Coronary
Esophagus_Mucosa
Heart_Left_Ventricle
Esophagus_Gastroesophageal_Junction
Colon_Sigmoid
Esophagus_Muscularis

Heart_Atrial_Appendage
Pancreas
Breast_Mammary_Tissue
Thyroid

Colon_Sigmoid

Stomach
Esophagus_Gastroesophageal_junction
Muscle_Skeletal
Small_Intestine_Terminal_lleum
Vagina

Lung

Nerve_Tibial

(a) H3K27ac (b) Gene expression -
top 10% of genes by
total expression

Testis

Colon_Sigmoid
Esophagus_Gastroesophageal_Junction
Esophagus_Muscularis
Artery_Aorta
Artery_Coronary
Pancreas
Heart_Atrial_Appendage
Heart_Left_Ventricle
Muscle_Skeletal
Nerve_Tibial

Uterus

Liver

Adrenal_Gland
Breast_Mammary_Tissue
Thyroid

Lung

Spleen

Prostate
Esophagus_Mucosa
Vagina

Stomach
Colon_Transverse
Small_Intestine_Terminal_lleum (]

1.0

0.2

(c) Gene expression -
top 10% of genes by
specific expression

Figure S17. The Jaccard index between pairs of annotations. (a) Annotations are H3K27ac peaks from
EN-TEx. (b) Annotations are 100kb windows around the top 10% of genes by total average expression
in GTEX. (c) Annotations are 100kb windows around the top 10% of genes by specific expression in
GTEX.



