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Who am I?



Better understanding of  
cardio-vascular and  
metabolic diseases 
Gene ←→ function 
associations 
Translational medicine  
university hospital ⊕ reseach lab

l’institut du thorax
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Bioinformatics  

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

‣ Integration of multi-modal and 
multi-scale data  

‣ Predictive models



A national research infrastructure 
for Bioinformatics providing:  

Compute & Storage 

Tools & Workfows, Databases, 
Training, Open Sciences 

Communities: health, agronomy, 
biodiversity, microbiology

French Institute for Bioinformatics
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Actively involved in   

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

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



A practical overview on FAIR assessment, in 2 hours …

‣ ! Quick intro on FAIR principles  

‣ Knowledge graphs and semantic metadata  

- ! What are Knowledge Graphs, Computational Ontologies ?  

- ✏ How to create Knowledge Graphs ? (team work, "pen & paper")  

- ✏ How to write machine-readable semantic metadata ? (demo, python code)  

- ✏ How to query knowledge graphs with SPARQL (demo, python code)  

‣ Tools and resources for increased FAIRness  

- ! FAIR-Checker 

- ! Tools and workflow registries 

- ✏ Using FAIR-Checker and interpreting the FAIR assement results  

- ✏ Using the FAIR-Checker API and processing multiple resources 
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FAIR principles



Being findable by both human and machines
‣ "Pasteur" is not a good identifier  
→ used to designate many "Humans"  
→ used to designate many locations or 
institutions  
 
We need Persistent Globally Unique 
Identifiers
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‣ Rich metadata is key to identify 
relevant data 

- Entity kind/nature 

- Relationships with other entities  



Being interoperable
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‣ Technical: exchange protocols 
compatible with different 
systems, e.g., HTTPS 

‣ Syntactic: data and metadata 
structure and syntax, e.g., 
format, read/written by 
different systems  

‣ Semantic: data and metadata 
can be understood/actioned 
upon by different systems 
→ ontologies and vocabularies

#



Being accessible by both human and machines

‣ Open (and free) 
communication 
protocols (e.g. web 
standards) for everyone 
(human and software 
agents) ; CSV is a non-
proprietary format

9Image source: Wikipedia, http://www.flaticon.com

‣ Ability to specify  
access control



Being re-usable
‣ Clearly define a usage license  
→ legal condition for (re)use 

‣ Cumulative sciences need provenance  
- crediting 

• funders  
• creators  

- fine-grained documentation of  
data production  
fine-grained documentation of  
software components 

‣ Community standards 
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Knowledge Graphs



❶ Link data with Knowledge Graphs
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 a collection of interlinked descriptions of things  
(real-word objects, abstract concepts, events, etc.) 

✓ a database to store and 
retrieve information  

✓ a graph to represent 
multiple relationships 
and to perform 
network / community 
analysis 

✓ a knowledge base with 
formal semantics to 
perform logical 
reasoning, inferences …



Wikipedia → DBpedia Knowledge Graph
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http://dbpedia.org/sparql

SELECT DISTINCT ?gene ?entrez_id ?uniprot_id WHERE { 
    ?gene dbo:abstract ?abstract . 
    FILTER (regex(?abstract, "toxin")). 
    ?gene dbo:entrezgene ?entrez_id . 
    OPTIONAL {?gene dbo:uniprot ?uniprot_id} . 
}



Uniprot Knowledge Graph

14



Uniprot Knowledge Graph
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All protein 
sequences 
associated to 
Escherichia 
coli K-12 ? 



Massive (and diverse) data already available 
in the form of knowledge graphs …  

… how can we ensure machines/humans 
speak the same language ?  
 
What about semantic interoperability ? 



❷ Uniformly describe what is observed with data ? 
Computational ontology 

 a formal specification of a shared conceptualization  (Borst, 1997)  
→ 1,049 life science ontologies registered in BioPortal (2023)
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Human Phenotype Ontology 

Cerebral berry aneurysm

Dilatation of the cerebral artery

Abnormal cerebral artery morphology

Abnormal systemic arterial morphology

Abnormal vascular morphology

Abnormal vascular morphology

Abnormality of the cardiovascular system

is a

" Concepts (nodes) are connected 
with generalization relations (edges) "
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BioPortal
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Linked Open 
Data Cloud 
→ 1357 
interlinked 
RDF datasets 
in 2025

https://lod-cloud.net/versions/2025-09-02/lod-cloud.svg 

https://lod-cloud.net/versions/2025-09-02/lod-cloud.svg


Life-science semantic resources are massively interconnected  
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Knowledge Graphs are instrumental for FAIR principles

‣ By-design, built for being both human and machine-readable  
        → Interoperability ✅ 

‣ Semantic Web technologies provide open and standard protocols: URLs / 
HTTP / RDF format / SPARQL query language (W3C standards)  
        → Findability ✅ (URIs for identifying things on the web) 
        → Accessibility ✅  
        → Interoperability ✅ 

‣ Ontologies are community-aggreed controlled vocabularies 
        → Interoperability ✅  
        → Reuse ✅ 
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Creating machine-readable 
metadata with  

"mini Knowledge Graphs"



RDF to link data 
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Definitions
(1) An RDF statement expresses a relationship between two resources 

(things) 

(2) The subject and the object represent the two resources being related ;  
the predicate represents the nature of their relationship 

(3) The relationship is phrased in a directional way (from subject to object) 
and is called in RDF a property 

RDF triples are simple "subject | verb | object" sentences: 

<RAC1> <is a> <human gene> .  

<RAC1> <has_label> "Rac Family Small GTPase 1" . 

<seq1> <is a variant of> <RAC1> . 



Graphical syntax
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n :             a node in the knowledge graph 

:             a property/relation/edge in the knowledge graph 

:             a literal → simple textual, numerical, boolean, date value"…"

:             a special node, denoting an ontology concept/classC

 r 



Examples
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<http://RAC1> <http://is_a> <http://Human_Gene> . 

Human 
GeneRAC1

 is a 

<http://snp123> <http://is_a_variant_of> <http://RAC1> . 

snp123  is a variant of 
RAC1

<http://RAC1>  <http://has_amino_acids>  192 .

RAC1 has amino acids 192

http://rac1
http://is_a_variant_of
http://rac1


RDF graphs
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Definitions
(1) A graph structure is formed 

with a set of nodes (resources) 
and edges(relationships between 
resources) 

(2) A set of RDF triples is called an 
RDF graph. RDF is a directed, 
labeled graph data format for 
representing information/
knowledge on the Web.

Human 
Gene

 is a  

snp123

 is a variant of 

RAC1 Mitral 
stenosis

 is a risk factor for 



Writing RDF graphs with the Turtle syntax
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Definitions
(1) One line per triple, each 

element separated by 
space, each triple endswith 
a .  
S  P  O . 

(2) If two triples describe  the 
same subject, you can 
reuse it:   
S  P1  O1 ; 
   P2  O2  . 

(3) If two triples describe  the 
same subject and  
predicate, you can reuse it:   
S  P  O1 , O2 .

@prefix ns: <http://my/namespace/> . 

ns:RAC1    rdf:type ns:Human_gene . 

ns:snp123  ns:is_a_variant_of     ns:RAC1 ; 

           ns:is_a_risk_factor_for ns:Mitral_stenosis .

Human 
Gene

 is a  

snp123

 is a variant of 

RAC1 Mitral 
stenosis

 is a risk factor for 

http://my/namespace/


Hands-on session: from text to KG ✏
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Question #1

From wikipedia : “The insulin receptor (IR) is a transmembrane receptor that 
is activated by insulin, IGF-I, IGF-II and belongs to the large class of receptor 
tyrosine kinase.” 

Draft a graphical representation of the associated knowledge graph.  
✓ Identify verbs  →  RDF predicates 
✓ Identify linked entities,  

    who is a subject of a relation ?  
    who is the object of a relation ? 

https://en.wikipedia.org/wiki/Transmembrane_receptor
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/IGF-I
https://en.wikipedia.org/wiki/Insulin-like_growth_factor_2
https://en.wikipedia.org/wiki/Receptor_tyrosine_kinase


"Pen & paper" team work
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https://tinyurl.com/4xf83nxd

https://tinyurl.com/4xf83nxd


One of the many solutions 

31

“The insulin receptor (IR) is a transmembrane receptor that is activated by 
insulin, IGF-I, IGF-II and belongs to the large class of receptor tyrosine 
kinase.”

https://en.wikipedia.org/wiki/Transmembrane_receptor
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/IGF-I
https://en.wikipedia.org/wiki/Insulin-like_growth_factor_2
https://en.wikipedia.org/wiki/Receptor_tyrosine_kinase
https://en.wikipedia.org/wiki/Receptor_tyrosine_kinase


Hands-on session: from text to KG ✏
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Question #2

From wikipedia : “The insulin receptor (IR) is a transmembrane receptor that 
is activated by insulin, IGF-I, IGF-II and belongs to the large class of receptor 
tyrosine kinase.” 

Translate your KG into RDF triples. 

https://en.wikipedia.org/wiki/Transmembrane_receptor
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/IGF-I
https://en.wikipedia.org/wiki/Insulin-like_growth_factor_2
https://en.wikipedia.org/wiki/Receptor_tyrosine_kinase


In practice … 
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@prefix	ns:	<http://my/namespace/>	.	
@prefix	rdf:	<http://www.w3.org/1999/02/22-rdf-syntax-ns#>	.	

ns:insulin			ns:activates				ns:IR	.	
ns:IGF_I					ns:activates				ns:IR	.	
ns:IGF_II				ns:activates				ns:IR	.	

ns:IR			rdf:type		ns:TransmembraneReceptor	;	
								ns:belongs_to_class	ns:ReceptorTyrosineKinase	.

http://my/namespace/


Hands-on session: from text to KG ✏
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Question #3

Draft the knowledge graph 
associated to some of the 
RDF triples representing the 
P06213 Uniprot entity. 

https://rest.uniprot.org/uniprotkb/P06213.ttl 

@prefix	rdf:	<http://www.w3.org/1999/02/22-rdf-syntax-ns#>	.	
@prefix	up:	<http://purl.uniprot.org/core/>	.	
@prefix	annotation:	<http://purl.uniprot.org/annotation/>	.	
@prefix	citation:	<http://purl.uniprot.org/citations/>	.	
@prefix	range:	<http://purl.uniprot.org/range/>	.	
@prefix	faldo:	<http://biohackathon.org/resource/faldo#>	.	
@prefix	skos:	<http://www.w3.org/2004/02/skos/core#>	.	
@prefix	pubmed:	<http://purl.uniprot.org/pubmed/>	.	
@prefix	rdfs:	<http://www.w3.org/2000/01/rdf-schema#>	.	
@prefix	position:	<http://purl.uniprot.org/position/>	.	

<P06213>	rdf:type	up:Protein	;	
									up:citation	citation:2859121	,	
																					citation:2983222	;	
									up:annotation	annotation:PRO_0000016687	,	
																							annotation:PRO_0000016689	,	
																							annotation:VAR_015924	.	

citation:2859121	rdf:type	up:Journal_Citation	;	
																	up:title	"The	human	insulin	receptor	cDNA:	the	structural	basis	for	
hormone-activated	transmembrane	signalling."	;	
																	up:author	"Ebina	Y."	,	"Ellis	L."	;	
																	skos:exactMatch	pubmed:2859121	.	

annotation:PRO_0000016687	rdf:type	up:Chain_Annotation	;	
																										rdfs:comment	"Insulin	receptor	subunit	alpha"	;	
																										up:mass	83642	;	
																										up:range	range:22571007465304878tt28tt758	.	

range:22571007465304878tt28tt758	rdf:type	faldo:Region	;	
																																	faldo:begin	position:22571007465304878tt28	;	
																																	faldo:end	position:22571007465304878tt758	.

https://rest.uniprot.org/uniprotkb/P06213.ttl


"Pen & paper" team work
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https://tinyurl.com/4xf83nxd

https://tinyurl.com/4xf83nxd


Practice … from KG to text 
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https://www.ldf.fi/service/rdf-grapher

https://www.ldf.fi/service/rdf-grapher


Ontologies for FAIR 
bioinformatics tools and 

workflows



schema.org
‣ General purpose 

lightweight 
ontology  

‣ Aimed at 
annotating web 
pages  

‣ Targetting 
FINDABILITY 

‣ Originating from 
major search 
engines 
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http://schema.org


Dublin Core (aka DC-Terms)
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‣ lightweight ontology  

‣ Generic metadata 

‣ 22 classes  

‣ 55 properties



D-CAT
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https://www.w3.org/TR/vocab-dcat-3/

https://www.w3.org/TR/vocab-dcat-3/


EDAM

‣ A domain-specific ontology for Bioinformatics for annotating 

- usage context of bioinformatics tools (EDAM Topics) 

- what does the tool (EDAM Operations) 

- input and output data (EDAM Data, EDAM Formats) 
41



Hands-on session: RDF graphs in Python ✏
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Question #4

Run step-by-step the PART1 section of the Jupyter notebook available on the 
IFB cluster :  

  



Recap' 



A practical overview on FAIR assessment, in 2 hours …
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‣ ! Quick intro on FAIR principles  

‣ Knowledge graphs and semantic metadata  

- ! What are Knowledge Graphs, Computational Ontologies ?  

- ✏ How to create Knowledge Graphs ? (team work, "pen & paper")  

- ✏ How to write machine-readable semantic metadata ? (demo, python code)  

- ✏ How to query knowledge graphs with SPARQL (demo, python code)  

‣ Tools and resources for increased FAIRness  

- ! FAIR-Checker 

- ! Tools and workflow registries 

- ✏ Using FAIR-Checker and interpreting the FAIR assement results  

- ✏ Using the FAIR-Checker API and processing multiple resources 



A practical overview on FAIR assessment, in 2 hours …
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‣ ! Quick intro on FAIR principles  

‣ Knowledge graphs and semantic metadata  

- ! What are Knowledge Graphs, Computational Ontologies ?  

- ✏ How to create Knowledge Graphs ? (team work, "pen & paper")  

- ✏ How to write machine-readable semantic metadata ? (demo, python code)  

- ✏ How to query knowledge graphs with SPARQL (demo, python code)  

‣ Tools and resources for increased FAIRness  

- ! FAIR-Checker 

- ! Tools and workflow registries 

- ✏ Using FAIR-Checker and interpreting the FAIR assement results  

- ✏ Using the FAIR-Checker API and processing multiple resources 



Coffee break  
☕


