
 
 

ABSTRACT 

The rapidly falling cost and increasing quality of DNA and RNA sequencing 

associated with the “Next-Generation” sequencing platforms has required the 

development of new techniques and algorithms for processing and analyzing the 

ever increasing volume of data being generated, expanding the opportunity for 

bioinformatics research in the area of high-throughput sequencing. 

The development of these new sequencing platforms has also enabled the 

development of new protocols, including ChIP-Seq, which uses Chromatin 

Immunoprecipitation and massively parallel sequencing to identify genomic binding 

sites of nuclear-associated proteins with high specificity.  The availability of this 

protocol has been one of the driving forces behind the growing field of epigenetics, in 

which gene expression changes and heritable traits are produced without 

modifications to the DNA of a cell.  One of first software applications, and one of the 

most widely used for the protocol is the FindPeaks software described in this thesis.   

A second challenge associated with the dramatic increase in data made 

available by the adoption of next-generation sequencing is the storage and retrieval 

of variations across a wide variety of samples collected.  We also describe the 

Variation Database, a scalable open source database schema and API that has been 

deployed to provide rapid access to single nucleotide variations across a wide variety 

of sequencing data from next-generation platforms.  The Variation Database 

deployed at the Genome Sciences Centre has been utilized to gain insight into a 

variety of diseases and to identify recurrent variations in several forms of cancer. 

Finally, we describe work done to gain insight into the mechanisms of breast 

cancer through the sequencing and analysis of eight mammary ductal carcinoma cell 

lines and a set of four B-cell derived matched normal cell lines, illustrating similarities 

and differences between them.  With both RNA and DNA data available, a rich 

background of information, including RNA-expression and single nucleotide 

substitutions, allows for a diverse set of metrics to be explored.  This work also 

includes the proposal of a pathway exhibiting differential expression between the 

cancer-derived and normal-derived cell lines and shows a wide variety non-

synonymous disruptions.   
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