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Abstract 

 

The circular chromosome conformation capture technique followed by high throughput 

sequencing (4C-seq) has been used in a number of studies to investigate chromatin structure 

by identifying interactions between DNA fragments. It is considered as a cost effective and 

powerful high resolution method which can study all interactions made across the genome by 

a given site of interest. This dissertation describes a data analysis methodology devoted to 

finding, on the basis of next generation sequencing data, genomic regions that are 

characterized by an elevated frequency of interactions. The main goal of this thesis is to 

present in detail this new analysis schema, which was developed by following two main 

requirements: adhering to the generally accepted rules of experimentation and striving at a 

comprehensive description of studied genomic events and signals.    

To begin with, we describe the preparation, the characteristics and the design of a 4C-seq 

experiment. Then, we present the most important 4C-seq data analysis methods. Against this 

background, we propose the new method of 4C-seq data analysis called 4CseqR. We describe 

all its elements, that is, the selected computational and statistical methods. All steps of the 

proposed analysis are studied and discussed. They proceed from the pre-processing of next-

generation sequencing reads, through the mapping and treatment of mapped reads, the 

normalization of read coverage, until the calling of significant contacts and the comparative 

statistical analysis of experimental variants. The latter step is based on two statistical 

approaches: analysis of continuous response variables by linear mixed models and analysis of 

discrete responses in contingency tables. Finally, a comparison between the results obtained 

by the proposed 4CseqR method and one of the existing method, fourSig, is presented.  

In order to illustrate the workflow and the results of the data analysis, datasets concerning two 

different species have been used, one from a study devoted to vernalization control in 

Arabidopsis thaliana by the FLOWERING LOCUS C (FLC) gene and another one from a 

study of long-range chromatin interactions in Mus musculus embryonic stem cells. 

Keywords: circular chromosome conformation capture (4C); next generation DNA 

sequencing; chromosomal interactions; NGS data analysis methods; linear mixed 

models; contingency tables; Fisher exact test 


