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Supplementary Data File 1

Data structure
The query process requires three components as input: a pre-defined eQTL set list, a collection of gene sets, and query regions.

eQTL set is a group of eQTL SNP and gene pairs, showing association between the SNP and the expression level of the gene. Let  be the eQTL set, which contains  eQTL-gene pairs:
 


eQTL set list is a collection of multiple eQTL sets. Usually these eQTL sets are collected from different tissues. For example, in this study, we collected eQTL sets from GTEx project, which are composed of eQTL studies from 44 types of tissues. Let  be the index of the tissue from which eQTL set is collected, the eQTL set list in this study contains:. Within one tissue , the eQTL set contains:

where  is the total number of SNP-gene pairs in the eQTL set from tissue .


Gene sets are defined as a collection of groups of gene organized by their functions. One gene set, , contains member genes , with  as the number of genes in the gene set . 

Query regions are genomic intervals provided by user. Let  be the query regions, where  is the total number query regions. 
By default, all the regions are considered as unordered. If the regions are ordered by an associated score, then we denote the scores as . 


Find genes associated with query region via eQTLs
One major step of this tool is to associate query regions to genes using eQTL information. Take eQTL set from one tissue as an example, the query process starts by overlapping query regions with the eQTL genomic locations. Then the genes associated with the covered eQTL SNPs were counted for downstream analysis. If the query regions contain no order information, then standard enrichment tests were performed between the associated genes and pre-defined gene sets. 



Enrichment Test
For the unordered query regions, one tail fisher exact test is carried out via a contingency table. Currently we provide two options to construct the contingency table: SNP-based and gene-based. The gene-based method is the default.
For gene-based method, the contingency table is:
	
	#gene in set 
	#gene not in set 

	#gene associated with eQTLs covered by query
	a
	

	#gene associated with eQTLs not covered by query
	c
	d


Here  is the total number of genes from  that are covered by query regions, and  is the total number of genes within gene set . 

For SNP based method, the contingency table is:
	
	#SNPs associated with a member gene of  
	#SNPs associated with a member gene of 

	#SNP covered by query region
	a
	b

	#SNP not covered by query region
	c
	d


Here  is the total number of eQTL SNPs from  that are covered by query regions, and  is the total number of eQTL SNPs that are associated with any member gene of gene set . 

The p-value from the one-tail fisher exact test is calculated as:


One enrichment score will be assigned to the combination of pair  and . After enumerating all the pairs, the scores are used to rank all the eQTL set and gene set pairs. The top ranked gene set and tissue type shows enrichment of the query regions.

If the query regions are ordered with additional quantity , then the following logistic regression is performed to analysis the relationship between the query regions and the effect in the gene set.

Given a group of query regions  of length , and the associated score , we’d like to quantify the relationship between  and one gene set . Let  be a response vector of length , with values:

We fit:  to evaluate the significance of the association between  and .



Rank-based permutation test
[bookmark: _GoBack]Within each tissue, given the query regions and the m eGenes whose eQTLs overlapped with these regions (referred to as probe eGenes), we rank all the pathways based on the enrichment of probe eGenes. Next we randomly sample m eGenes to replace the original set of probe eGenes and calculate the enrichment of the sampled eGenes in each pathway. Repeat the previous step a large number of times to obtain a tissue-specific null distribution of the ranks for each pathway. Finally, the enrichment of the original set of probe eGenes in every pathway is evaluated by comparing the pathway’s original rank to its null distribution. In this study, we performed 1000 permutations and use 0.001 as the permutation p-value cut-off. 


Assessment of tissue specificity
Once the eQTL set list is ready, the tissue specificity is evaluated by the number of tissues one SNP is detected as eQTL SNP out of all the tissues. For example, for one SNP , the tissue specificity is defined as: 
,
where is the identity function,  if  is eQTL SNP in tissue , and  otherwise.





Table S1 - GTEx eQTL dataset

	Tissue
	#eQTLs
	#eGenes
	Sample size
	Abbreviation
	

	Uterus
	34898
	595
	70
	Uterus 
	

	Vagina
	36787
	543
	79
	Vagina 
	

	Brain_Hippocampus
	45082
	769
	81
	Brain_Hi 
	

	Brain_Hypothalamus
	47800
	754
	81
	Brain_Hy 
	

	Brain_Anterior_cingulate_cortex_BA24
	48156
	803
	72
	Brain_AncicoBA 
	

	Small_Intestine_Terminal_Ileum
	49481
	901
	77
	Small_InTeIl 
	

	Ovary
	61493
	1056
	85
	Ovary 
	

	Brain_Putamen_basal_ganglia
	61776
	1115
	82
	Brain_Pubaga 
	

	Prostate
	62308
	957
	87
	Prostate 
	

	Liver
	70680
	1145
	97
	Liver 
	

	Brain_Frontal_Cortex_BA9
	81320
	1370
	92
	Brain_FrCoBA 
	

	Brain_Nucleus_accumbens_basal_ganglia
	82542
	1372
	93
	Brain_Nuacbaga 
	

	Pituitary
	91339
	1427
	87
	Pituitary 
	

	Brain_Caudate_basal_ganglia
	102579
	1682
	100
	Brain_Cabaga 
	

	Brain_Cortex
	104279
	1796
	96
	Brain_Co 
	

	Artery_Coronary
	107798
	1634
	118
	Artery_Co 
	

	Spleen
	107916
	1951
	89
	Spleen 
	

	Cells_EBV-transformed_lymphocytes
	134765
	2112
	114
	Cells_EBly 
	

	Brain_Cerebellar_Hemisphere
	136029
	2304
	89
	Brain_CeHe 
	

	Colon_Sigmoid
	137749
	1968
	124
	Colon_Si 
	

	Esophagus_Gastroesophageal_Junction
	138999
	1932
	127
	Esophagus_GaJu 
	

	Adrenal_Gland
	148394
	2312
	126
	Adrenal_Gl 
	

	Stomach
	176839
	2480
	170
	Stomach 
	

	Brain_Cerebellum
	185183
	2975
	103
	Brain_Ce 
	

	Heart_Atrial_Appendage
	205016
	2854
	159
	Heart_AtAp 
	

	Breast_Mammary_Tissue
	210293
	2782
	183
	Breast_MaTi 
	

	Pancreas
	217828
	3237
	149
	Pancreas 
	

	Colon_Transverse
	220878
	3133
	169
	Colon_Tr
	

	Adipose_Visceral_Omentum
	226731
	3037
	185
	Adipose_ViOm 
	

	Heart_Left_Ventricle
	245680
	3299
	190
	Heart_LeVe 
	

	Skin_Not_Sun_Exposed_Suprapubic
	280086
	3917
	196
	Skin_NoSuExSu 
	

	Artery_Aorta
	345598
	4517
	197
	Artery_Ao 
	

	Testis
	397671
	5457
	157
	Testis
	

	Lung
	403658
	4986
	278
	Lung 
	

	Esophagus_Muscularis
	405313
	5012
	218
	Esophagus_Mus 
	

	Whole_Blood
	430501
	5073
	338
	Whole_Bl 
	

	Esophagus_Mucosa
	438247
	5435
	241
	Esophagus_Muc
	

	Muscle_Skeletal
	460683
	5276
	361
	Muscle_Sk 
	

	Artery_Tibial
	496615
	5882
	285
	Artery_Ti 
	

	Adipose_Subcutaneous
	497872
	6005
	298
	Adipose_Su 
	

	Skin_Sun_Exposed_Lower_leg
	505248
	6171
	302
	Skin_SuExLole 
	

	Cells_Transformed_fibroblasts
	546363
	6480
	272
	Cells_Trfi 
	

	Nerve_Tibial
	573655
	6990
	256
	Nerve_Ti
	

	Thyroid
	577857
	6814
	278
	Thyroid
	

	Total
	1702612
	16562
	
	
	





Table S2 - Result Table
A list of all the columns and a description of the columns of the query result table.

	Column name
	Description

	Tissue
	The tissue from which the eQTL study was performed

	name_pthw
	Name of the pathway 

	eQTL_pthw
	Number of eQTLs that are associated with a member gene from this pathway

	eQTL_total_tissue
	Number of total eQTL SNPs (associated with any gene) in this tissue

	eQTL_query
	Number of eQTL SNPs covered by the query regions

	eQTL_pthw_query
	Number of eQTL SNps covered by the query regions, and associated with a member gene from this pathway

	log_ratio
	Log of the ratio between pathway SNPs and background SNPs; only used as a reference to compare with enrichment test statistics

	pval_fisher
	p-value of fisher exact test, based on number of SNPs; only used as a reference to compare with gene-based statistics

	pval_hypergeom
	p-value of hyper geometric test, based on number of SNPs; only used as a reference to compare with gene-based statistics

	num_gene_set
	Number of genes in the current pathway

	num_gene_query
	Number of genes associated with SNPs covered by the query regions

	num_gene_hit
	Number of genes associated with SNPs covered by the query regions AND is a member gene of the current pathway

	gene_hit
	Identifier(s) of the hit gene(s), separated by “;”

	log_ratio_gene
	Log of the ratio between pathway genes and background genes; only used as a reference to compare with enrichment test statistics

	pval_fisher_gene
	p-value of fisher exact test, based on number of genes

	pval_hypergeom_gene
	p-value of hyper geometric test, based on number of genes

	gene_hit_symbol
	Gene SYMBOL of the hitted gene(s), separated by “;”

	avg.tissue
	The average number of tissues that the hit SNPs were identified as eQTL SNPs. A SNP is defined as hit SNP if the associated gene is identified as hit gene. This is a direct measurement of tissue specificity.






Table S3 – 12 diseases from immunoBase.
	Abbr.
	Disease
	OMIM ID

	AS
	Ankylosing Spondylitis
	106300

	ATD
	Autoimmune Thyroid Disease
	275000 and 140300

	CEL
	Celiac Disease
	212750

	CRO
	Crohns Disease
	266600

	JIA
	Juvenile Idiopathic Arthritis
	604302

	MS
	Multiple Sclerosis
	126200

	PBC
	Primary Biliary Cirrhosis
	109720

	PSO
	Psoriasis
	177900

	RA
	Rheumatoid Arthritis
	180300

	SLE
	Systemic Lupus Erythematosus
	152700

	T1D
	Type 1 Diabetes
	222100

	UC
	Ulcerative Colitis
	191390





Figure S1
[image: ../../figures/Figure_S1/Fig_S1.png]

Number of genes within the 10kbps neighboring regions of eQTLs are shown. Numbers are color coded as shown in the legend. The majority of eQTLs have less than three genes within their 10kbps neighboring regions. This proportion is invariant across different tissues. The largest number of neighbor genes within 10kbps range is 22 (not shown in the figure). 


Figure S2.

[image: ]

Scatter plots that illustrate the different level of correlation between sample sizes and various statistics across the 44 tissue types profiled by GTEx: (A) the number of significant eQTLs identified in a tissue. (B) the number of significant eGenes identified in a tissue. (C) the number of significantly enriched pathways identified by the Fisher’s exact test when given a set of query genomic regions that are known to harbor genetic variants associated with Psoriasis. (D) the number of significantly enriched pathways identified by the rank-based permutation test when given a set of query genomic regions that are known to harbor genetic variants associated with Psoriasis.




Figure S3.


[image: ]
Query result of Psoriasis risk regions using ranked-based permutation test of enrichment. Heat map of eQTL enrichment (evaluated by the rank-based permutation test) in different Tissue Pathway combinations for the Psoriasis. Each row of the heat map represents a pathway; each column represents a tissue type. Each cell shows the significance of enrichment indicated by –log (percentile). Red color indicates strong enrichment, while blue indicates no enrichment. Three groups of nine pathways with distinct DTS are selected to generate the heat map and labeled as groups 1~3.
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