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Maps of open chromat in – f rom genet ic s ignals to funct ion. 
Dirk Stefan Paul   Darwin College 
 

Genome-wide association (GWA) studies have been very successful in identifying genetic loci 

associated with complex traits, including common diseases. Many GWA signals map outside protein-

coding regions suggesting that the underlying functional variants may influence phenotype through 

regulation of gene expression. This thesis aims to address the challenge of identifying functional 

variants at these regions, and interpreting their biological consequences. 

 

I applied the formaldehyde-assisted isolation of regulatory elements (FAIRE) method to map 

nucleosome-depleted regions (NDRs), marking active regulatory elements. First, I used FAIRE-chip to 

map NDRs at known genetic loci associated with haematological and cardiovascular traits in a 

megakaryocytic and an erythroblastoid cell line. Then, I used FAIRE-seq to map NDRs genome-wide in 

primary human megakaryocytes and erythroblasts. I showed that (i) cell type-specific NDRs can guide 

the identification of regulatory variants; (ii) sequence variants associated with the corresponding 

platelet and erythrocyte traits were enriched in NDRs in a cell type-dependent manner; (iii) the 

majority of candidate regulatory variants in NDRs at known platelet quantitative trait loci affected 

protein binding, suggesting that this is a common mechanism by which sequence variation influences 

quantitative trait variation. As a proof-of-concept, I established the molecular mechanism of the 7q22.3 

platelet volume and function locus. I identified a megakaryocyte-specific NDR harbouring the non-

coding GWA index SNP rs342293, found to differentially bind the transcription factor EVI1 and affect 

PIK3CG gene expression in platelets and macrophages. Gene expression profiling of Pik3cg knockout 

mice indicated that PIK3CG is associated with gene pathways with an established role in platelet 

function. Lastly, I used the FAIRE data sets to characterise two low-frequency SNPs at the RBM8A 

locus, identified through exome sequencing of patients with thrombocytopenia with absent radii 

(TAR), a rare congenital malformation syndrome. This work revealed that compound inheritance of 

one of these two SNPs and a rare null allele causes TAR. The two regulatory variants located in an NDR 

resulted in reduced RBM8A transcription in vitro and reduced expression of the encoded Y14 protein 

in platelets from individuals with TAR. These data implicate insufficient Y14, a subunit of the exon-

junction complex, as the cause of TAR syndrome. 

 

This thesis demonstrates the utility of maps of open chromatin for identifying regulatory variants 

associated with genetic traits, and highlights through two examples how such data sets can be used to 

establish a functional mechanism. This information can aid the development of new treatments and 

diagnostic tools. 
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