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Who am I?



l’institut du thorax
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Better understanding of  
cardio-vascular and  
metabolic diseases 

Gene ←→ function 
associations 

Translational medicine  
university hospital ⊕ reseach lab
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Bioinformatics  

‣ Massive production of genomic 
sequence & health data  
→ Workflows + HPC  

‣ Integration of multi-modal and 
multi-scale data  

‣ Predictive models



IFB = Elixir-FR
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A national research infrastructure 
for Bioinformatics providing:  

Compute & Storage 

Tools & Workfows, Databases, 
Training, Open Sciences 

Communities: health, agronomy, 
biodiversity, microbiology
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At IFB, I'm co-leading 

‣ Open sciences & interoperability  
FAIR-Checker, metadata standards, 
ontologies (Bioschemas, EDAM), 
data management plans  

‣ Health community:  
genomic data discoverability & 
sharing (Beacon, FEGA) +  
data integration (Knowledge Graphs)



How to evaluate 
research data 
FAIRness ?

[1] Gaignard, A., Rosnet, T., de Lamotte, F., Lefort, V., & Devignes, M. (2023). FAIR-Checker: supporting digital resource findability and reuse with Knowledge Graphs and Semantic Web 
standards. Journal of Biomedical Semantics, 14. https://doi.org/10.1186/s13326-023-00289-5

Thomas Rosnet

Marie-Dominique Devignes

Frédéric de Lamotte

https://doi.org/10.1186/s13326-023-00289-5


FAIR principles require tooling

FAIR principles  

‣ critical for open & reproducible 
sciences 

‣ result in many guidelines  

‣ technology agnostic guidelines  

How to implement the principles ... 
... and go beyond checklists ?  

Resource provider  
and developers  

need help and tooling.  

6

Australian Research Data Commons

https://www.go-fair.org/fair-principles   

https://www.nature.com/articles/sdata201618 
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Usage scenarios 

7

Where to publish ?  
Which registry ?  
Does it provide metadata ? 
Is it enough to be FAIR ? 

Improve metadata quality ?
Community specific 
standards ? 
Which technology ?

‣ Datasets 

‣ Training 

‣ Tools 

‣ etc …

‣ Dataverse 

‣ Bio.tools 

‣ Zenodo, 
Pubmed …



Why a (nother) tool ?

Assumptions	

‣ "Linked Data" and Semantic Web technologies are key  
in most of the FAIR principles (especially F, I, and R)  
… but technical skills are needed.  

Objectives	

‣ Provide a web interface for resource providers to evaluate FAIR 
metrics and make progress on FAIRification (iterative testing) 

‣ Provide additional tools for developers Leverage semantic web 
technologies (RDF, SPARQL, SHACL) to enhance the quality of 
metadata
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General approach
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A web UI + an API 
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FAIR-Checker  
inputs & outputs ?

🤔



FAIR-Checker consumes web pages
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‣ Users submit web page URLs or 
DOIs.  

‣ DOIs are resolved as web pages  

‣ FAIR-Checker consumes the reffered 
locations on the web



FAIR-Checker produces a FAIR assessment report 
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‣ Aggregated score per 
principle 

‣ Visualised with a radar plot  

‣ HTML badge summarising 
the whole evaluation



Detailed FAIR assessment results
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‣ Per metric evaluation with 
 

‣ Recommendations for 
improvement if  

‣ Detailed information on 
what is evaluated  

‣ Metrics can be computed 
individually 

0 ≤ s ≤ 2

s < 2



FAIR assessment badges
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‣ A badge points to a 
persistent, machine-readable 
result 

‣ The evaluation result is FAIR 
itself (DQV, PROV 
ontologies): 

‣ typed entities  

‣ linked to individual metrics 
and the evaluated resource 

‣ with provenance metadata 
(wasDerivedFrom, 
wasAttributedTo)



How is collected 
metadata ? 

🤔



1st approach, follows search engines recommendations

‣ General purpose 
lightweight 
ontology  

‣ Aimed at 
annotating web 
pages  

‣ Targetting 
FINDABILITY 

‣ Originating from 
major search 
engines 
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Schema.org is massively adopted 
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http://schema.org
http://webdatacommons.org


What is "understood" by search engines 
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→ Search engines parse RDF metadata and better "understand"  
the content of the web page



Advanced metadata harvesting
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‣ HTML rendering + parsing: 
Semantic metadata is 
extracted from the web page 
in JSON-LD, microdata, 
RDFa. (JSON-LD is the most 
adopted format) 

‣ Content negociation: 
Is the web server able to 
answer something different 
from a web page ? semantic 
metadata in RDF ? 

‣ FAIR Signposting: a protocol 
to guide machine where the 
metadata is stored (e.g. inside 
the web page, in a file on the 
server, at a remote location) 

TODO



How biodiversity-specific 
rules can be defined ?

🤔



Biodiversity-specific rules ? 
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🤔
Are generic FAIR metrics enough for basic FAIR 
assessment of Biodiversity resources ? do we need 
the Biodiversity community to refine the 
interpretation and scoring of each metric ? 

🤔
Can we reuse or extend Bioschemas 
profiles to increase the quality and 
completeness of Biodiversity 
metadata ?  



What is evaluated to assess FAIR principles? 
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What is evaluated to assess FAIR principles? 
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DC-Terms 
DCAT 
Schema.org

+ ODRL

+ DOAP,  
DBO, CC …

+ PROV-O, PAV



What is evaluated to assess FAIR principles? 
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"anyOf"

DC-Terms 
DCAT 
Schema.org

+ ODRL

+ DOAP,  
DBO, CC …

+ PROV-O, PAV



Biodiversity-specific rules ? 

24

🤔

Can we reuse or extend Bioschemas 
profiles to increase the quality and 
completeness of Biodiversity 
metadata ?  

🤔

Are generic FAIR metrics enough for basic FAIR 
assessment of Biodiversity resources ? do we need 
the Biodiversity community to refine the 
interpretation and scoring of each metric ? 



37 ± Life Science profiles

‣ different usage 
of schema.org 
for life sciences 

‣ Communities 
agree on 
minimal/
recommended/
optional 
annotation

25

http://schema.org


Metadata completeness
R1.3: (Meta)data meet domain-relevant community standards
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ex:myTool   rdf:type   schema:SoftwareApplication, prov:SoftwareAgent ; 
            schema:description "This tool does … " ; 
            schema:license <https://spdx.org/licenses/MIT.html> ; 
            schema:codeRepository <http://github.com/...> .

https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/


Profile → graph shapes

27

  
→ set of mandatory 
properties 

M = {p1, p2}

 
→ set of recommended 
properties 

R = {p3, p4, p5}

 → set of 
classes on which the profile 
is defined

C = {C1, C2}

  
→ a metadata profile composed 
by target classes, mandatory 
and  recommended properties 

P = {C, M, R}



Profile → graph shapes

27

  
→ set of mandatory 
properties 

M = {p1, p2}

 
→ set of recommended 
properties 

R = {p3, p4, p5}

 → set of 
classes on which the profile 
is defined

C = {C1, C2}

  
→ a metadata profile composed 
by target classes, mandatory 
and  recommended properties 

P = {C, M, R}

Generic SHACL template



Profile → graph shapes

27
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properties 
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properties 
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 → set of 
classes on which the profile 
is defined

C = {C1, C2}

  
→ a metadata profile composed 
by target classes, mandatory 
and  recommended properties 

P = {C, M, R}

Generic SHACL template

Generated  
SHACL constraints  
for validating P

→ 2 sh:path strong 
cardinality constraints  
on  and  and  
3 light cardinality 
constraints  
on ,  and   
for  or  instances. 

p1 p2

p3 p4 p5

C1 C2



Metadata completeness
R1.3: (Meta)data meet domain-relevant community standards
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Validation of Bioschemas 
profiles:      

   → rank missing metadata  
   → developer focus  
       on minimal metadata first

https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/


What are the main [benefits] 
and limits/risks of running 

checks at scale?

🤔



Large-scale FAIR metrics evaluations

https://bio.tools/ 30

Running FAIR-Checker over 
25.000+ bioinformatics softwares 
from Bio.tools.  

R1.1: Only 37,9% of the tools 
expose a licence 

R1.2: No provenance metadata  
→ massive impact if bio.tools 
developers provide PROV / PAV 
ontology terms

https://bio.tools/


Usage statistics

31

not yet public,  
work in progress



Usage statistics
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102,180 unique target URLs

47,537 unique target URLs evaluated 

more than 2 times

437 unique target URLs evaluated  

more than 10 times

not yet public,  
work in progress



Most evaluated domains
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Open Government Data, Austria

Open Research Knowledge Graph (scientific papers)

Central Statistics Office, Ireland

Protein Ontology

not yet public,  
work in progress



Evolution of FAIR scores  
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not yet public,  
work in progress



Large scale evaluation risks

34
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‣ FAIR-Checker (FC) relies on external services for metadata quality evaluation: Bioportal, 
Ontology Lookup Service, Linked Open Vocabulary
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- ✅ Caching strategy → need to "hardcode" the frequency of updates, increases FC 
memory consumption but small volumes 

- 🚀 Caching strategy ⊕ rate limit → faster evaluations on FC side and not 

‣ ❓Do we need external services for Biodiversity specific metrics ? 

‣ ❓Do we need to evaluate sensitive metadata ?  

- how to manage external authentication ? 😱 

- or provide encryption for registries working with sensitive metadata ? 👍  

• what about storing assemsent results for sensitive metadata ?  
not sure we want to address FAIRness evaluation of sensitive metadata … 
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How will recommendations 
be generated and kept 

consistent?

🤔



Recommendations  Score≥

‣ How a failed check becomes a human-friendly recommendation?  

‣ Is it a static text linked to a rule?  

‣ Does it point to standards, examples, or documentation?  

‣ Can recommendations be versioned, translated, and tailored per 
community? Are these recommendations going to be stored 
somewhere and/or made public?  

‣ This is essential for adoption, because communities will judge the 
tool by the quality of advice, not only the score.

36



Recommendations  Score≥

‣ Recommendations 
are in stored in a 
configuration file, 
they could be 
redefined in a 
community-specific 
plugin  

‣ Recommendation 
are short and 
technical, with links 
to the FAIR 
Cookbook 

‣ New metadata 
terms can be asked 
with GitHub issues

37



Recommendations  Score≥

‣ more complex &  
community-oriented  
metadata profiles can be 
authored and maintained 
under the Bioschemas 
umbrella 

‣ benefit from the Bioschemas 
gouvernance +  
web site (doc, training, 
examples, etc.) 

‣ automatically translated into 
SHACL shapes for 
validation in FAIR-Checker 

38



Recommendations  Score≥
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Let's consider these two datasets,"https://
www.gbif.org/dataset/4fa7b334-ce0d-4e88-
aaae-2e0c138d049e" and " https://doi.org/
10.57745/VNYZ9A" which one is the most FAIR ? 

not yet public,  
work in progress

AI
MCP 



Recommendations  Score≥

40

I'm a bioinformatics researcher, considering both this 
tool, "http://bio.tools/jaspar" and this workflow 
"https://workflowhub.eu/workflows/2054" which 
resource is the most FAIR ? can you conclude on the 
FAIRness of the two hosting registries ? 

not yet public,  
work in progress

AI
MCP 
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Milestones and 
deliverables



Milestones and deliverable for the FAIR-Checker dev task
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Milestone & Deliverables Type Contributors Date

M2.1 A FAIRness evaluation of representative 
entries in ENA, BioSample, and DiSSCo

Report Elixir-FR, Elixir-CH, 
Elixir-UK

T0+2

D2.1 Biodiv FAIR metrics implementation Software Elixir-FR,Elixir-UK T0+7

D2.2 Biodiv metadata profile (Bioschemas 
profile + SHACL rules)

Specification Elixir-UK,Elixir-FR, 
Elixir-CH

T0+9

D2.3 FAIR-Checker biodiversity plugin Software Elixir-FR, Elixir-CH, 
Elixir-UK

T0+12

Task T2. Implement biodiversity-specific FAIR assessment metrics 
through a FAIR-Checker biodiversity plugin



A community service, with many improvements

Future works  

‣ Support "FAIR-Signposting" for better metadata consumption  

‣ Extensibility trough "plugins" (Biodiversity plugin)  

‣ Bioschemas profile recommender  

‣ Allow users to test missing metadata  

‣ Retrospective usage study  

‣ Permanent IDs (e.g. https://w3id.org/fairchecker/data/
66f682517e5dc5bcb9430aef) 

‣ MCP server: interaction with LLM agents  

‣ Suggest semantic metadata based on AI generation pipeline 
43

https://fair-checker.france-bioinformatique.fr

https://w3id.org/fairchecker/data/66f682517e5dc5bcb9430aef
https://w3id.org/fairchecker/data/66f682517e5dc5bcb9430aef
https://w3id.org/fairchecker/data/66f682517e5dc5bcb9430aef
https://fair-checker.france-bioinformatique.fr


Additional resources

‣ W3C RDF Primer (https://www.w3.org/TR/rdf11-primer/) 

‣ W3C JSON-LD Primer (https://json-ld.org/primer/latest/) 

‣ JSON-LD playground (https://json-ld.org/playground/)  

‣ schema.org validator (https://validator.schema.org/) 

‣ Gaignard, A., Rosnet, T., de Lamotte, F., Lefort, V., & Devignes, M. (2023). FAIR-
Checker: supporting digital resource findability and reuse with Knowledge Graphs and 
Semantic Web standards. Journal of Biomedical Semantics, 14. https://doi.org/
10.1186/s13326-023-00289-5  

‣ Lamarre, P., Andersen, J., Gaignard, A., Cazalens, S. (2025). A Deep Dive into 
FAIRness Assessment: UReFM, a Formal Framework for Representing, Analyzing 
and Comparing Measures. In: Hameurlain, A., Tjoa, A.M. (eds) Transactions on 
Large-Scale Data- and Knowledge-Centered Systems LVIII. Lecture Notes in 
Computer Science(), vol 16080. Springer, Berlin, Heidelberg. https://doi.org/
10.1007/978-3-662-72116-2_4 
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https://www.w3.org/TR/rdf11-primer/
https://json-ld.org/primer/latest/
https://json-ld.org/playground/
http://schema.org
https://validator.schema.org/
https://doi.org/10.1186/s13326-023-00289-5
https://doi.org/10.1186/s13326-023-00289-5
https://doi.org/10.1007/978-3-662-72116-2_4
https://doi.org/10.1007/978-3-662-72116-2_4


Supplementary slides



Reuse of ontologies

F4: (Meta)data 
are registered or 
indexed in a 
searchable 
resource 

I2: (Meta)data 
use vocabularies 
that follow the 
FAIR principles 

R1.3: (Meta)data 
meet domain-
relevant 
community 
standards

46Zenodo dataset "Comparison of spatial transcriptomics technologies used for tumor cryosections"  https://zenodo.org/records/10863259

https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://zenodo.org/records/10863259


Do engines reach consensus on FAIR assessment ?

47

‣ Higher scores for FAIR-Checker  

‣ Last two entries: std. dev. > 25 % ? 



How much biased are FAIR assesment tools ?

48

Are all principle 
equally contributing 
to the global FAIR 
assesment score ? 

‣ Pay attention to identifiers (F), license + provenance +  
domain-specific standards (R) if you use FOOPS! 

‣ Not useful to spend energy on provenance or domain 
ontologies if you use FAIR-Evaluator … 

‣ … but pay attention to it if you use F-UJI. 

→ How to get a good FAIR score with a minimal effort  ?


