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GWAS signals are enriched in
regulatory DNA
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Fig. 5. De novo Identification of pathogenic cell types. GWAS SNPs
are systematically enriched in the regulatory DNA of disease-specific
cell types throughout the full range of significance (P-values). Shown
are SNPs tested for association with the autoimmune disorders Crohn's
disease (A) and multiple sclerosis (B), and the cardiovascular trait QRS
duration (C). Note the increasingly selective enrichment of disease-
associated variants within DHSs of specific pathogenic or trait-determining
cell or tissue types. Note also that enrichment within cell-selective reg-
ulatory DNA persists well below conventional P-value thresholds for
genome-wide significance.
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MS GWAS hits enriched in
transcription factor binding sites
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NFKB1 locus in MS GWAS
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IKZF3/ORMDL3 locus in MS GWAS
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Aligning DHSs Over Samples
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ldentify detectable DHS clusters
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QC+ DHS clusters
capture most MS heritability
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Challenge 2: Gene expression correlation

_ QQ plot for P Value of Correlation Between
P=3ed One DHS and 14000 Genes

| Gene 1 Gene 2

CD3  weeeeeee— e cps .-
CD14 — B cp14

CD3M ————e— I cD34 .
Thymus ———— B Thymus

Kidney ~ I Kidney g
Lung - | Lung 3
Heart - | Heart

Brain

-- Brain 7

-log10{Expected)

Before Correction After

Fetal_Kidney_Right
Fetal Renal_Corlex
Fetal_Kidney_Left

Fetal_Renal_Pelvis

*
.
.
4 - 3 « . 4
Fetal_Lung_Right .
Fetal_Lung ¢ <, HIH .
Fetal_Lung_Lef $ - 5 Z L
Fetal_Intestine_Small .t i i 1 .
Fetal_Inestine_Large ] 23 ] | .
Fetal_Adrenal_Gland i 1 i
Fetal_Kidney £ HEEE | |
.
Fetal Heart L I3h
obilize _Primary_Cells 2~ X1
etal | le_Arm L | I ! «
Fetal_Muscle_Leg = HEL . J 4
Fetal_Thymus
Fetal Brain ,
CD3_Primary_Cells

CDB_Primary_Cells
CD4_Primary_Cells

CD19_Primary_Cells
CD14_Primary_Cells

-y s aa

lambda

6 16 17 18 19 20 21 2 3 4 5 6 7 5 10 11 12 1
N h fA! CIITyp N b IA( CIITyp

Parlsa Shooshtarl




Gene

Gene-DHS
correlation
posterior
CP x PPA

DHS

Posterior
probability

of association
PPA

SNP

Approach

/ NN

Regulatory
posterior

RP = 2(PPApys)

|

Total gene posterior

GP = z(CPDHS ,gene X F)F)ADHS)

|

|

Parisa Shooshtari



“ Application to MS GWAS
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MS GWAS hits enriched in
transcription factor binding sites
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MS GWAS risk effect: NFKB1 locus
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MFI p-p65 NFKB

MS patients show altered NFkB
signaling in CD4* T cells
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MS risk effect near NFKB1 alters
signalingbin CD4+ cells
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MS variant in TNFRSF1A alters
TNFoa-dependent NFkB signaling
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GWAS loci harbor many NFkB
genes

NFkB Pathwa

Upstream

stimulation

6.7 x 102
7.7 x

8.66 x 10°

NFkB Inhibition

Housley, unpublished



Model: NFkB signaling variation
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