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Open Science

• Open publication access
• Open scholarly 

communication
• Open research data



Open Science

“Open science is an approach based on open cooperative 
work and systematic sharing of knowledge and tools as 

early and widely as possible in the process”

Open Access to 
publications

Responsible 
management of 

data (FAIR 
principles)

Information 
about outputs / 

tools / 
instruments to 
validate/re-use 
results and data

Digital /physical 
access to results 

to validate the 
conclusions

Open access to 
data ‘as open as 

possible, as 
closed as 
necessary’
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• Must manage the digital research data in line with the FAIR 
principles (Findable, Accessible, Interoperable, Reusable)

• Data Management Plan (DMP) is required by M6; updated mid-
project and at end of project

• Deposit (meta)data as soon as possible after 
production/generation or after processing and quality controls

• Deposit data in a trusted repository and make them open as 
soon as possible (deadlines set in DMP), following the “as open 
as possible, as closed as necessary” (open by default) principles

• Data closed if necessary, but metadata must be FAIR and unde
r CCO (trusted repositories will automatically share metadata in 
CCO)

• Open licence, preferentially CC-BY or CC0 licence

• Detailed information about research outputs or tools/instruments 
needed to re-use or validate the data (e.g. data, software, 
algorithms, protocols, models, workflows, electronic notebooks)

Examples of 
metadata
author(s) name, 
author(s) ORCID, DOI, 
licence, language, 
journal, title, etc. 
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EC Requirements



Why do we need to share data?

Evidence support for publications
Reproducibility
Accountability

Data and resource reuse and reanalysis
Resilience
New discovery
Prevention of duplication
Supports RRRs
Value for funding

Coordination and integration of projects
Training and education resources



Where’s the data?



Data resources
Dedicated international data type 

specific databases

General data agnostic databases

Journal supplementary information 
sites

Your laptop

Your (ex) post doc’s laptop
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The STORE database

Protocols and 
software

Epidemiological, 
health and genetic
data

Primary experimental data

Funded by the European 
Commission EURATOM 
Programme and the 
Bundesamt fuer
Strahlenschutz since 2009 

Legacy datasets

Social sciences and 
policy documents

Environmental data

Free to the entire community 
and sustained by the BfS
Self curation, upload and 

controlled access. 

Funded by Euratom research and training programme 2014-2018 under grant agreement No 900009.

http://www.storedb.org



FAIR sharing 



OPEN AND FAIR ARE NOT THE 
SAME THING

“Open” is about data rights and licensing.
“FAIR” is about mechanics.

Anne Raugh



FAIR IS PRIMARILY CONCERNED WITH 
PROGRAMMATIC PROCESSING

FAIR recognizes that data is diverse and scattered across cyberspace. 
Software processing levels the playing field.

The FAIR Principles at go-fair.orgAnne Raugh



FAIR is not a binary state

FAIRness is a spectrum. There are various ways to increase FAIRness and they can be 
applied incrementally.

BUT

• Use of generic data repositories is not very FAIR

• Lack of granularity in metadata

• Lack of metadata standards relevant to theme or community

• Non-grounded

The FAIR Principles at go-fair.org
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1. NASA GeneLab - 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. GeneLab Data Systems users can explore GeneLab datasets in the Data 
Repository, submit omics data through the Submission Portal, analyze 
data using GeneLab Analysis Platform tools, and Visualize study results 
through Visualization Portal.

4. GeneLab 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.



NASA Life Sciences Data Archive 
(LSDA)

The LSDA is a collection 
of NASA’s life sciences 
research data and 
information, consisting of 
human, animal, microbe, 
and plant studies 
conducted from 1958 to 
present.



Standardisation of metadata

Ontologies

Comprised of standardised hierarchical 
concepts and relationships

Capture semantic data and metadata



Radiation Biology Ontology (RBO)

Basic Formal 
Ontology 

(BFO)

Disease 
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Taxon

• Facilitates data retrieval and query expansion 
from NASA’s GeneLab ‘omics database and 
STORE

• Contains over 200 annotated classes and 
instances specific to the study of radiation on 
biological systems, as well as imports of more 
than 3500 additional classes from 13 other OBO 
Foundry ontologies 

• Published through the OBO Foundry

• Available through NCBI Bioportal web site and 
application programming interface at 
https://bioportal.bioontology.org/ontologies/RBO
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How FAIR is STORE?

 Unique identifier

 Identifier persistence

 Resolvable identifier (identifiers.org)

 Structured metadata

 Grounded metadata (resolvable metadata IDs)

• Data identifier explicitly in metadata

• Metadata identifier explicitly in metadata

 Programmatic access

 Licenses



Work to be done

• Full implementation of the RBO 
ontology

• Implementation of the REST services

• Implementation of automated 
versioning 

• Refinement of user interface

• Implement ISA-TAB to add licences, 
metadata and data IDs etc to data 
header. 

• Investigate automatic extraction of 
candidate metadata classes from data 
record using NLP.



Semantic data standards and metadata

• Discovering and integrating data between 
databases

• Federated queries and query expansion
• Semantic integration
• Ontologies permit the assertion of defined 

relationships between concepts

RBO cross references 13 OBO ontologies 
directly providing semantic linkage to most 
relevant databases

• Construction of Knowledge Graphs
• Graph embeddings for data representation
• Classification and similarity
• Inductive inference
• Learning over graph convolutional neural 

networks

Using open data to create new 
knowledge

Wilson et. Al. (2023) Machine intelligence for radiation science: International 
Journal of Radiation Biology, DOI: 10.1080/09553002.2023.2173823
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