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（様式３）

博士論文の要旨

氏 名 大田 達郎

論文題目 Eliminating uncertainty in the process of knowledge acquisition from the large-scale 

genomic data 

Genomic science has become a big data science since the advent of the high-

throughput sequencing (HTSeq) technologies which produce a massive amount of 

nucleotide sequence data. Sequence Read Archive (SRA) is a public data repository for 

the HTSeq, where researchers submit the raw data from HTSeq experiments, now 

archives more than 4 million samples.  To extract biological knowledge from these big 

data of genome sequences, researchers need to use computational software to perform 

various kinds of data analysis. 

Performing genomic data analysis is often a complicated process because many 

factors affect the application of data analysis software. For example, researchers need 

to confirm the target molecules of the sequencing experiment, the nature of the 

sequenced sample, the applied experimental instruments, and the used reagents to select 

appropriate software for data analysis. Researchers also have to understand the software 

operation often with many options and input parameters. Without sufficient background 

information and accurate operation of software, one cannot perform a proper data 

analysis, which results in producing the unreliable output. Thus, the precise description 

of the data analysis process is a key to evaluate the output of the research. However, it 

is not a manageable task for researchers to describe the precise process of knowledge 

extraction from the data without a system to support. Therefore, in this research through 

the case of database development from the public sequencing data, I propose the 

methods to describe the data analysis process to remove uncertainty. 



 

To describe the precise information of input data for the analysis, I developed 

a system to integrate sample metadata with publication information and statistics of 

sequencing quality.  I collected the relationships between the archived data and the 

published articles by text mining. The statistics of sequencing quality was calculated 

by using FastQC and processed with metadata. The developed system integrated the 

sample metadata with the related publication, which also enabled researchers to find 

related data from the public database easily. The calculated quality statistics of each 

sequencing data can provide more comparable attributes of the data rather than free text. 

The additional information helped to supplement the lack of description in the metadata, 

which also helps researchers to interpret the output of data analysis.  

 

The description of software used in the data analysis is also crucial to evaluate 

the output of the analysis. To describe the process of data analysis without any uncertain 

points, I developed a method to package the operations in an executable form with 

runtime information. The developed system named CWL-metrics works with the 

workflows described in the Common Workflow Language (CWL), a community 

standard of workflow description. Using CWL, researchers can describe the operations 

of tools and workflows in a structured form in YAML format. CWL also enables 

researchers to write their workflows in a format that is executable by multiple workflow 

runner implementations. CWL-metrics supports researchers to accumulate runtime 

metrics information of their workflows. The runtime metrics information with the 

workflow description in CWL can provide the information of what the workflows will 

do and how the researchers run them, which makes workflows highly portable and 

reproducible in any computational environment. 

 

The additional information to input data and the method to describe data 



analysis workflow in a reproducible form enable researchers to perform data analysis 

with a precise description of its processes. To demonstrate the data analysis with these 

methods, I developed a database and a web application using the public HTSeq data. 

The database, ChIP-Atlas, is to provide the results of data analysis of the public ChIP-

Seq and DNase-Seq to show the comprehensive data of transcription factor binding sites 

and open chromatin regions. By using the proposed methods to make data analysis 

process transparent, the users of ChIP-Atlas can evaluate the result of the analysis with 

the precise description of sample metadata and the data analysis workflow. 






