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Introduction Figure 1

Development of the Radiation Biology Ontology (RBO) was motivated by
the need for a comprehensive, well-structured ontology for encoding
radiation biology metadata.
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The primary use-cases were archiving data in the STORE database
(https://www.storedb.org/), the repository for the RadoNorm Project, and
in Genelab (https://genelab.nasa.gov), NASA's ‘omics database.

The scope of radiobiology research ranges from physics to radiation
oncology to socio-legal studies; no existing ontology has the necessary
breadth or depth. In addition, a formal ontology has the advantage of
being usable for machine learning and, importantly, for tasks like data
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1.NASA GenelLab - the first comprehensive space-related omics database
(https://genelab.nasa.gov/)

2.Investigators can search, download, submit, privately share, and/or analyze
omics data from spaceflight and corresponding ground-analog experiments.

3.GenelLab Data Systems users can explore GenelLab datasets in the Data
Repository, submit omics data through the Submission Portal, analyze data
using GenelLab Analysis Platform tools, and Visualize study results through
Visualization Portal.

4.GenelLab also offers biospecimen processing services and NASA's Institutional
Scientific Collection is a space-research biobank that offers potential
investigators hundreds of biospecimens for further analysis.
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* We then identified and imported existing OBO Foundry

classes relevant to radiation Dbiology. We also
scrutinized datasets from investigations of radiation
effects in STORE and the NASA GenelLab and LSDA

repositories (Figure 1), and added additional classes,
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instances, and attributes into the RBO that should be
used to annotate these data.
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« We used open-source software (the Ontology
Development Kit, Protége and WebProtége), working
within the OBO Foundry framework ( Figure 2).

« Continuous  build integration tools allowed our
international RBO collaboration to be more efficient,
and focus its efforts on semantic model design. E.g.
Inclusion of instances for infrastructures.

Figure 2
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The RBO ontology

» The current release of RBO contains over 400
annotated classes and instances specific to the
study of radiation on biological systems, as well as
imports of more than 3000 additional classes from
other OBO Foundry ontologies

« RBO cross references 27 OBO ontologies directly
providing semantic linkage to most relevant

« Published through the OBO Foundry 2

Applications of the RBO

« Automated knowledge extraction using Natural
Language Processing
from scientific publications
from textbooks, reports
legacy datalbases

o Automated data curation
Metadata harmonization
Increase automation
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4, 148 classes of which 318 are novel

radiation biology classes with the rest drawn from
other ontologies. It has 254 Object properties and 350
instances such as large experimental infrastructures.

ground control study
internal contamination study
Laboratory study
Legal and governance study
lifespan study
marker discovery study
Mass media study
metabolomics study
mixed exposure route study
nuclear accident study
Nuclear industry study
offspring study
physiological study
Preparedness study
Civil protection study
Disaster planning study
Nuclear accident study
Situation awareness and decision support study
proteomics study
Security and law enforcement study
Bioterrorism study
Military Defence study
Social and psychosocial studies
Attitudinal study
Behavioural study
Communication study
Community study
Holistic approaches to governance study

Figure 3

RBO is built on the upper level BFO foundational ontology with seven upper levels as
parents for a wide range of entities, concepts and processes relevant to radiation
biology in its widest sense. It includes classes capturing concepts in physics, chemistry,
the environment, experimental science, society and disease amongst others.
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» Available through NCBI Bioportal web site3,
OntoBEE#, AberOWL® and application
programming interface at:

https://bioportal.bioontology.org/ontologies/RBO

« RBO has a Github site on:

https://github.com/Radiobiology-Informatics-

Consortium/RBBO where users may contribute to its

development.

RBO and FAIR data

 Lingua franca for data integration for meta-analyses.

« Scientific data discovery.

» Automated inference and machine learning for
example using graph convolutional artificial neural
networks.

In support of the principles of FAIR data, RBO supports data discovery and interoperability.
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« RBO is registered in appropriate repositories ( see above) with high
quality metadata for future content seekers

* Provides unique identifiers to retrieve all forms of digital content and
knowledge

» Standardised metadata allow for data discovery via semantic web
technologies — linked data

» Establishment of community standards for more facile knowledge
utilisation

« Use of common vocabularies to share terms and facilitate cross
datalbase and dataset queries
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