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Abstract 
 

The role of regulatory variation in shaping phenotypes became apparent once 

significant species differences could not be explained by differences at DNA 

sequence level. Since then, the control of gene expression emerged as an essential 

process at the heart of cell-type differentiation and determination of phenotypic 

variance across multiple populations and tissues. Concurrent with the identification 

of genetic variants affecting transcript levels (eQTLs) across the human genome, 

large-scale genome-wide association studies (GWAS) shed light into the genetics of 

complex traits by detecting a multitude of susceptibility loci of modest effect-size. 

The goal of this thesis is to explore the role of regulatory variation in explaining 

genetic associations with complex traits and assess how that role differs across 

tissues. 

To address this aim, I first developed an empirical methodology called Regulatory 

Trait Concordance (RTC) that integrates eQTLs and GWAS results in order to reveal 

the subset of association signals due to proximal eQTLs (cis variants). By simulating 

different genomic regions, I show that this method outperforms simple correlation 

metrics between single nucleotide polymorphisms (SNPs). I observe a significant 

enrichment of regulatory effects among currently known GWAS loci and I apply the 

RTC method to prioritize relevant genes for each of the tested complex traits. For 

this purpose, I use gene expression data measured in lymphoblastoid cell lines 

(LCLs) derived from HapMap 3 individuals and I detect several potential disease-

causing regulatory effects, with a strong enrichment for immunity-related conditions. 

Furthermore, I present an extension of the method in trans, where interrogating the 

whole genome for downstream effects of the disease variant can be informative 

regarding its unknown primary biological effect.  

Given that certain phenotypes manifest themselves only in certain tissues, I next 

explore the complexity of regulatory tissue-specificity in three human cell-types: 

LCLs, skin and fat. I discover an abundance of eQTLs in each of the three tissues 

derived from a sample set of well-phenotyped female twins and I make use of the 

unique study design (matched co-twins) to validate the discoveries. I highlight the 

challenges of comparing eQTLs between tissues and propose that continuous 

significance estimates and direct comparison of the magnitude of effect on the fold 
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change in expression are essential properties providing a biologically realistic view of 

tissue-specificity. Under this framework, I find evidence for extensive tissue-

specificity: 30% of eQTLs are shared among the three tested tissues and of those, 

10-20% have significant differences in the magnitude of fold change between 

homozygote genotypic classes across tissues. 

Finally, I show that finding causal regulatory effects for complex disease associations 

is highly impacted by the tissue where expression is quantified and its relevance to 

the trait. I apply the RTC method on GenCord, a dataset where gene expression had 

been previously measured in LCLs, fibroblasts and primary T-cells derived from the 

same 75 individuals of Europeans descent. As expected, I find a large proportion of 

likely causal regulatory effects for GWAS signals to be tissue dependent (70% of all 

significant signals).   

 

Altogether, my results support the informative value of gene expression in explaining 

a subset of GWAS signals and highlight the need to explore a variety of cell-types for 

enhancing our understanding of the biology behind these associations. 
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