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Introduction: New sequencing technologies have improved our abilities to collect biological 

information for large scale population studies. The availability of public datasets and the rise of 

federated genomic databases have allowed researches to find rare genomic variants. An increasing 

computing power is required to produce meaningful scientific contributions from high-dimensional 

genomic data. Cloud services have become affordable and popular among bioinformatics groups for 

computational-intensive tasks [1]. The combination of large scale datasets and cloud environments 

has resulted in new challenges to make genomic research more reproducible, which means the ability 

of other researchers to achieve the same results of the original analysis [2]. Task-specific bundles of 

software called containers have been used to guarantee that tools will always give the same results 

regardless of the computing environment. Domain-specific languages for describing tools and 

workflows have helped documentation and automation of bioinformatics data analysis protocols. To 

make our own genomic data analyses more reproducible, we have changed the methods we used to 

describe bioinformatics tools and workflows, and how we execute large scale data processing tasks. 

 

Materials and Methods: We created several Docker container images for bioinformatics tools. We 

also wrote description files for those tools using the Workflow Description Language (CWL), which 

is platform-independent and follows open standards. Docker images and CWL files were submitted 

to Dockstore, a web service that provides bioinformatics tools and workflows. Described tools and 

workflows have been used by our Biostatistics and Computational Biology Laboratory (BCBLab) for 

performing RNA-seq, small RNA-seq, whole-genome bisulfite sequencing and exome sequencing 

data analyses. 

 

Results: Validation tests showed that our workflows always generate the same results when executed 

in different computing environments. All tools and workflows are reusable reducing the effort to 

perform new analyses. Processing time was reduced since the entire analysis is performed 

automatically using optimized software executors capable of dynamically manage available 

computing resources. Disk space required to store genomic data was minimized because intermediary 

analysis files can be removed after execution and recovered whenever they are required. 

 

Discussion: Improvements in bioinformatics workflows have contributed to increase reproducibility 

and reusability of genomic data analyses. There are opportunities to develop new tools that facilitate 

utilization of description files and container images through application programming interfaces and 

user-friendly graphical interfaces. 

 

Conclusion: The use of software containers and definitions of tools and workflows allowed us to 

make our genomic research fully reproducible. We have plans to apply our methods on future large 

scale genomic data analyses using cloud computing services. 
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