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ABSTRACT 

Major advances in genomics studies, particularly the introduction of high-throughput 

sequencing and the evolution of genotyping platforms have led to the emergence of big data 

in the biological sciences and a growing need to make sense of this data. This has largely 

fostered the evolution of methods and tools for genomic data analysis (especially of 

diseased conditions) with the aim of uncovering the genotype-phenotype relationships in 

such diseased conditions. Due to the growing complexity and volume of next-generation 

sequencing data available in biological sciences, there is a growing need to developed 

pipelines that can handle these data while automating most of the steps involved in these 

analyses. The aim of this study is to develop a computational pipeline for the analysis of 

next-generation sequencing data using Nextflow and Docker. Since different steps and tools 

are involved in the analysis of whole genome and whole exome sequencing data, the aim 

of the study was achieved by developing scripts for selected genome analysis tools, building 

a computational pipeline for the selected tools and performing unit and integration testing 

for the pipeline. The pipeline which was built on the framework of the well-established 

GATK best-practices workflow, integrated the following tools: FastQC, MultiQC, Jellyfish, 

genomeScope2.0, BWA, GATK and SnpEff. These tools were involved in performing the 

different steps of the NGS analyses which included quality control check, genome size 

heterozygosity, alignment or mapping, variant calling and annotation. Nextflow was 

employed in this pipeline as a workflow management system and Docker was used for 

containerising all the tools and their software dependencies. The developed pipeline was 

then tested to verify its utility in NGS data analysis. Pipeline development is very important 

in genomics research because, it could help improve the quality and reliability of research 

outcomes and facilitate the sharing and comparison of data across different studies and 

research groups. Having a pipeline that can effectively be used in quick and simple analysis 

of genomes will significantly help in uncovering biologically meaningful or clinically 

significant variants. It is expected that the outcome of this study will significantly impact 

studies into the genetic basis of human diseases and precision medicine.    

 

Keywords: Next-generation Sequencing, Genomic analysis, Variant calling, Nextflow, 

Docker, Pipeline
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