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university hospital and the 
research lab
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Bioinformatics  

‣ Massive production of genomic 
sequence & health data  
→ high performance computing  

‣ Integration of multi-modal and 
multi-scale data  

‣ Predictive models 
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Intracranial aneurysms

‣ 3% of the general population 

‣ unpredictable rupture 

‣ 50% of death in case of rupture 



Multi-factorial disease → multi-scale data
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Neurovasc project (PEPR SN)

‣ Neurovasc: a national programme funded for 4 years by the french research agency to 
build a digital infrastructure to manage and exploit intracranial aneurysm data 

- 3 Research Institutes (Inria, Inserm, IMT Atlantique) 

- 2 Clinical Research Teams (Brest & Nantes academic hospitals) 

- 3 Universities (Bordeaux, Paris-Saclay, Nantes)
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Data integration & sharing challenges
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❶ How to collect high-
quality medical images 
from multiple hospitals/
MRIs ? 

❷ How to interlink and 
query multi-modal and 
multi-scale data while 
preserving privacy 
constraints ?

❸ How to mine and 
model patient 
trajectories from EHR 
data ? can we predict 
clinical outcomes ?



Bridging genomic data and 
public knowledge bases ?

Alexandrina Bodrug-Schepers, et al.. Semantic Beacons: a framework to support federated querying over genomic 
variants and public Knowledge Graphs. SWAT4HCLS 2025, Feb 2025, Barcelona, Catalonia, Spain. ⟨hal-04908530v2⟩

Alexandrina  
Bodrug

https://hal.science/hal-04908530v2
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The UniProt public knowledge graph



9

The UniProt public knowledge graph



9

The UniProt public knowledge graph



9

The UniProt public knowledge graph
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The UniProt public knowledge graph

Massive FAIR 

Life Science data



Knowledge graphs for clinical & genomic data
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A clinical and genomic 
intracranial aneurysm 
knowledge graph 

to find & exchange 
phenotypes/variants with 
reference terminologies ! 
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Anatomical structures ? Neuro-vascular 
tissues ?  

‣ UBERON  

‣ NCIT

Clinical data / phenotypes ?  
‣ SPHN  

‣ HPO  

‣ DUO

Genomic data ?  
‣ FALDO  

‣ SO / GENO 

‣ SIO 

A clinical and genomic 
intracranial aneurysm 
knowledge graph 

to find & exchange 
phenotypes/variants with 
reference terminologies ! 
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Privacy issues



Beacon protocol
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D., & Brookes, A. J. (2022). Beacon v2 and Beacon networks: A "lingua franca" for federated data discovery in biomedical genomics, and beyond. Human 
mutation, 43(6), 791–799. https://doi.org/10.1002/humu.24369 

Beacon: a standard and exchange protocol for more decentralized biomedical research 
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only speaks “beacon” 

https://doi.org/10.1002/humu.24369


Genomic variation data & “annotation”



Genomic variation data & “annotation”

‣ Large tabular file: 1 line per genomic 
variation, 1 column per individual   

‣ Specific columns for locating the 
variation in the genome  

‣ INFO column for annotations coming 
from external databases: e.g. 
pathogenicity scores (CADD v1.7: whole 
genome annotation database, 625G) 

https://cadd.gs.washington.edu/download 
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Issues & Objectives

⚠ Genomic variants must be safely kept on-site. 

⚠ Annotating genomic variants for biological interpretation is costly 
(data transfer + CPU).  

🚀 Massive and diverse reference data already available in the form of 
interoperable public knowledge graphs.  

❓ How to enable on-the-fly annotation of genomic beacon data with 
public knowledge graphs ?



Contributions 

(i) a semantic mapping for aligning Beacon genomic variations to 
state-of-the-art ontologies 

(ii) an architecture for on-the-fly FAIRification of genomic variation 
data 

(iii) a concrete federated query showcasing the integration of local 
genomic variation data and public knowledge graphs
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Intracranial aneurysm motivating use case

Data 
scientist 

Uniprot

WikidataBeacon

Which genomic variants are 
located in genes associated with 
the formation of blood vessels ?

proteins annotated with angiogenesis 
GO term or any sub-class ?❶

target proteins

location : chromosome , start and 
end  position for all these genes ?❷

biological samples with a mutation 
in the target DNA regions 

(chromosome, start, end)  ?❸

[{chromosome, start, end}, …]

genomic samples



❶ Semantic representation of genomic variants

‣ SO: Sequence Ontology 

‣ GENO: Genotype Ontology 

‣ FALDO: Feature Annotation Location Description 
Ontology 

‣ SIO: Semantic science Integrated Ontology
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No need to create a 
new ontology …  

variantInternalID

so:0001059
(Sequence Alteration)

a

faldo:location

faldo:Region

a
faldo:begin

faldo:end

a
geno:0000036

(reference allele)
sio:000300
(has value)

geno:0000382
(has variant part)

a

geno:0000002
(variant allele)

sio:000300
(has value)

faldo:position

faldo:Position

a

xsd:Integer

xsd:String
xsd:String

geno:0000382
(has variant part)

faldo:reference

a

so:0000353
(sequence assembly)

sio:000300
(has value)

xsd:String
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❷ RML Mapping for the Beacon API
semantic web

RML is a declarative mapping language to transform any XML, CSV, 
JSON structured document into RDF 

JSONPath expressions to locate specific data fields. 

itx:exact_pos_12345 rdf:type faldo:ExactPosition ; 
                      faldo:position 10093466 .

17https://rml.io/specs/rml/

{ "response": { "resultSets": 
[ { "results":  
  [{ "variation": { 

"location": { 
  "interval": { 

    "start": { "value": 10093466 }  
} } } }  
] 

}]}}

→ 

_:BeginPositionMap a rr:TriplesMap ; 
    rml:logicalSource [ 
        rml:source "reponse_beacon.json" ; 
        rml:referenceFormulation ql:JSONPath ; 
        rml:iterator "$.response.resultSets[∗].results[∗].variation.location.interval" ] ; 
    rr:subjectMap [ 
        rr:template “http://ourlab.org/ressources/exact_pos_{start.value}” ; 
        rr:class faldo:ExactPosition ] ; 
    rr:predicateObjectMap [ 
        rr:predicate faldo:position ; 
        rr:objectMap [ rml:reference "start.value" ; 
            rr:termType rr:Literal ; 
[…]

https://rml.io/specs/rml/
https://rml.io/specs/rml/


❸ Architecture for “Semantic” Beacons
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atcgtcgagga
cctccga

atcgtcgagga
cctccga

atcgtcgagga
cctccgaBeacon API

LS 
Knowledge 

Graph

ODMTP
mapper

RML 
mapping

Federated 
SPARQL 

query

SPARQL
Engine

HTTP 
Get

❶

❷ ❸

❹

SPARQL

SPARQL

Genomics 
data 

facility

Uniprot, GO, etc.

Moreau, B., Serrano-Alvarado, P., Desmontils, E., & Thoumas, D. (2017, October). Querying non-RDF Datasets using Triple Patterns. In 16th International Semantic Web 
Conference (ISWC2017).

+ MongoDB



Federated SPARQL query 
SELECT * WHERE { 
  SERVICE <https://sparql.uniprot.org/sparql> { 
    ?protein a up:Protein ; 
        up:organism taxon:9606 ;       
        up:classifiedWith ?goTerm . 
    ?goTerm rdfs:subClassOf* GO:0001525 . 
  } 
  BIND(SUBSTR(STR(?protein), STRLEN(STR(up:)) + 4) AS ?proteinID2) 
. 
   
  SERVICE <https://query.wikidata.org/sparql> { 
    ?wp wdt:P352 ?proteinID2 ; 
        wdt:P702 ?wg .  
    ?wg wdp:P644 ?wgss ; 
        wdp:P645 ?wgse . 
    ?wgss wdps:P644 ?startcoordinate ; 
        wdpq:P1057/wdt:P1813 ?chromosome ; 
        wdpq:P659/rdfs:label ?assembly . 
    ?wgse wdps:P645 ?endcoordinate ; 
        wdpq:P1057/wdt:P1813 ?chromosome ; 
        wdpq:P659/rdfs:label ?assembly . 
    FILTER(lang(?assembly) = "en") 
    FILTER(STR(?assembly) = "genome assembly GRCh38") 
  } 
   
  ?variant a so:0001059 ; 
    faldo:reference/sio:SIO_000300 ?chromosome ; 
    faldo:location/faldo:begin/faldo:position ?v_start ;  
    faldo:location/faldo:end/faldo:position ?v_end . 
   
  FILTER( (((?v_start >= xsd:integer(?startcoordinate)) &&  
            (?v_start <= xsd:integer(?endcoordinate)) ))  
        || ((?v_end >= xsd:integer(?startcoordinate)) &&  
            (?v_end <= xsd:integer(?endcoordinate))) ) 
} 
LIMIT 10

Be
ac

on
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SERVICE clauses for each  
remote data source 

Be
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Be
ac

on All local genomic variants 
matching the localization 
constraints



Conclusion  
and future works



Take-home message 

‣ Beacon is great for privacy-preserving genomic data discovery   

‣ However, it has a limited interoperability with public knowledge graphs such as Uniprot  

‣ Many ontologies are available to represent genomic data as knowledge graphs  

‣ This approach preserves decentralization and data source autonomy through federated 
SPARQL queries.  

‣ Future works include 

- addressing scalability issues (costly aggregate queries, non-selective queries on remote 
sources, distributed joins …) 

- addressing security issues in knowledge graph federations → SAFE-KG ANR project 

• safe federated query formulation (LLM)  

• safe and efficient federated query execution  

• decentralized access and usage policies, traceability and explainability  

21
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Performance issues

‣ Search and aggregate query over Beacon are costly 

- the reference implementation could be optimized 
(better indexing, etc.) 

‣ Annotating all variants of a VCF file could 
overwhelm the remote KG (e.g. Uniprot) 

‣ Non-selective enough queries on Uniprot can be 
overwhelming for the beacon endpoint 
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Security challenges
‣ Genomic data are inherently identifying  

- need AuthN and AuthZ for record-level access 

- can we detect re-identifying patterns at query design time ?  

- can we detect re-identifying risks at query run time ?  

‣ Working with aggregates is a trade-of  
but far from perfect:   

- "Beacon reconstruction attack”  
https://doi.org/10.1093/bioinformatics/btaf273 

‣ Potential data leaks in distributed joins  

- can we prevent “data leaks” at query design time ?  

- can we verify it at federated query run time ? 
25

https://doi.org/10.1093/bioinformatics/btaf273


TPF Server → converts TPQ into HTTP requests  
(compatible with Beacon API) 

API response → mapped to RDF triples (following our Mapping)

On the fly conversion Beacon API ←→ Linked Data
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Triple Pattern Query

Triple Pattern Fragment

On-Demand Mapping using Triple Patterns

*
*
*

*
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