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Introduction – Bgee Database

Reference of healthy gene expression in human

Information of tissue specificity, and functionally-relevant tissues for 
each gene

Human data from RNA-Seq, Affymetrix, EST data

High-quality curation and consistent re-analyses

Multi-species gene expression database



Introduction – Bgee Database

D. pseudo obscura D. virilis D. mojavensisD. yakubaD. simulans

E. caballusO. cuniculus C. lupus familiarisF. catusC. porcellusE. europaeus

D. ananassae
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Quality control and condition filtering

In situ
hybridization

data

EST data Affymetrix
data RNA-Seq data

• Select only healthy wild-type expression data

• Specific quality controls for each data type
E.g.: IQRray, a new method for Affymetrix microarray quality control, 
and the homologous organ conservation score, a new benchmark 
method for quality control metrics.
Rosikiewicz M., Robinson-Rechavi M., 2014, Bioinformatics
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Quality control and condition filtering

Reanalyses to detect active expression

In situ
hybridization

data

EST data Affymetrix
data RNA-Seq data

Continuous data (e.g. RNA-Seq) Discrete data (e.g. In situ) 



Quality control and condition filtering

Reanalyses to detect active expression

Remapping to Uberon ontology
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Quality control and condition filtering

Reanalyses to detect active expression

Remapping to Uberon ontology

Integrate all data types in Bgee

In situ
hybridization

data

EST data Affymetrix
data RNA-Seq data



Data schema – GenEx semantic model
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Bgee (Gene webpage) 

Soon accessible 
through 
SPARQL



• Bgee SPARQL endpoint:
http://biosoda.expasy.org/rdf4j-
server/repositories/bgeelight

• A user-friendly webpage to query 
the Virtual RDF graph of Bgee

http://biosoda.expasy.org
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A portion of the GenEx semantic model 
https://biosoda.github.io/genex/

genex:isExpressedIn

ro:’expressed in’ 
⊑

*Note:



PREFIX orth: <http://purl.org/net/orth#>
PREFIX up: <http://purl.uniprot.org/core/>
PREFIX genex: <http://purl.org/genex#>
PREFIX obo: <http://purl.obolibrary.org/obo/>

SELECT DISTINCT ?anatEntity ?anatName {
?seq a orth:Gene .
?seq rdfs:label ?geneName . # ?seq lscr:xrefEnsemblGene ?geneEns
?expr genex:hasSequenceUnit ?seq .
?expr genex:hasExpressionCondition ?cond .
?cond genex:hasAnatomicalEntity ?anatEntity .
?anatEntity rdfs:label ?anatName .
?cond obo:RO_0002162 <http://purl.uniprot.org/taxonomy/10116> . #rat 
FILTER (LCASE(?geneName) = LCASE('Apoc1') )  }
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Querying organs where a gene is expressed for a given species
#Anatomic entities in rat where
the apoc1 gene is expressed

?seq genex:isExpressedIn ?cond.



PREFIX orth: <http://purl.org/net/orth#>
PREFIX up: <http://purl.uniprot.org/core/>
PREFIX genex: <http://purl.org/genex#>
PREFIX obo: <http://purl.obolibrary.org/obo/>

SELECT DISTINCT ?anatEntity ?anatName {
?seq a orth:Gene .
?seq rdfs:label ?geneName .
?seq genex:isExpressedIn ?cond.
?cond genex:hasAnatomicalEntity ?anatEntity .
?anatEntity rdfs:label ?anatName .
?cond obo:RO_0002162 <http://purl.uniprot.org/taxonomy/10116> . #rat 
FILTER (LCASE(?geneName) = LCASE('Apoc1') )  }
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Querying organs where a gene is expressed for a given species
#Anatomic entities in rat where
the apoc1 gene is expressed



PREFIX orth: <http://purl.org/net/orth#>
PREFIX up: <http://purl.uniprot.org/core/>
PREFIX genex: <http://purl.org/genex#>
PREFIX obo: <http://purl.obolibrary.org/obo/>

SELECT DISTINCT ?anatEntity ?anatName {
?seq a orth:Gene .
?seq rdfs:label ?geneName .
?seq genex:isExpressedIn ?cond . 
?cond genex:hasAnatomicalEntity ?anatEntity .
?anatEntity rdfs:label ?anatName .
?cond genex:hasDevelopmentalStage ?stage .
?stage rdfs:label ?stageName .
?cond obo:RO_0002162 ?taxon . #in taxon property .
?taxon up:commonName ?commonName .

FILTER ( LCASE(STR(?commonName)) = LCASE("Mouse") ) .
FILTER (CONTAINS(?stageName,'adult') && LCASE(?geneName) = LCASE('apoc1') ) }
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Querying organs where a gene is expressed for a given species 
and developmental stage

#Anatomical entities at the 
Mouse’s adult stage where the 
apoc1 gene is expressed.



Conclusion



Conclusion

In this tutorial, we learned how to query gene expression patterns from 
the Bgee database with SPARQL

We described the main part of the GenEx semantic model used to 
represent the core data provided by Bgee. 
• GenEx documentation: https://biosoda.github.io/genex

SPARQL endpoint
http://biosoda.expasy.org/rdf4j-server/repositories/bgeelight

• Soon: http://sparql.bgee.org/sparql



VoIDext* vocabulary to describe interlinks among distributed and 
indepenedt datasets on the Web 

Documentation: https://biosoda.github.io/voidext

https://github.com/biosoda/voidext

VoIDext RDF schema vocabulary
http://purl.org/query/voidext

*Mendes de Farias T., Stockinger K., Dessimoz C. (2019) VoIDext: Vocabulary 
and Patterns for Enhancing Interoperable Datasets with Virtual Links. In: On 
the Move to Meaningful Internet Systems: OTM 2019 Conferences Lecture 
Notes in Computer Science, vol 11877. Springer, Cham 
https://doi.org/10.1007/978-3-030-33246-4_38



VoIDext Metadata of interlinks among Bgee, OMA and UniProt



A Conjunctive Federated Query: 
Bgee and UniProt databases



Bgee-UniProt Federated Query Example – Part 1
PREFIX up: <http://purl.uniprot.org/core/>
PREFIX genex: <http://purl.org/genex#> 
PREFIX obo: <http://purl.obolibrary.org/obo/>
PREFIX orth: <http://purl.org/net/orth#>
PREFIX dcterms: <http://purl.org/dc/terms/>
PREFIX sio: <http://semanticscience.org/resource/>

SELECT DISTINCT ?geneEns ?uniprot ?description {
SERVICE <http://biosoda.expasy.org/rdf4j-server/repositories/bgeelight> {

SELECT ?geneEns {
?geneB genex:isExpressedIn ?cond ;

lscr:xrefEnsemblGene ?geneEns .
?cond genex:hasDevelopmentalStage ?st .
?cond genex:hasAnatomicalEntity ?anat .
?st rdfs:label 'infant stage'^^xsd:string .
?anat rdfs:label 'brain'^^xsd:string .
?geneB orth:organism ?o .
?o obo:RO_0002162 ?taxon2 .
obo:RO_0002162 rdfs:label “in taxon”.
?taxon2 up:commonName 'human' .} LIMIT 10 }

#Genes expressed in the human's brain 
during the infant stage and their UniProt
disease descriptions?



Bgee-UniProt Federated Query Example – Part 2

SERVICE <http://sparql.uniprot.org/sparql> {
?uniprot rdfs:seeAlso ?gene_xref.
?gene_xref up:transcribedFrom ?geneEns .
?uniprot up:annotation ?annotation .
?annotation a up:Disease_Annotation .
?annotation rdfs:comment ?description . }}
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