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Introduction — Bgee Database

8 Reference of healthy gene expression in human

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

5 Human data from RNA-Seq, Affymetrix, EST data
5 High-quality curation and consistent re-analyses

5 Multi-species gene expression database




Introduction — Bgee Database

H. sapiens M. musculus D. rerio D. melanogaster C. elegans P, paniscus P, troglodytes G. gorilla M. mulatta
human mouse zebrafish fruit fly nematode bonobo chimpanzee gorilla macaque

b

B. taurus M. domestica O. anatinus G. gallus A. carolinensis X. tropicalis
cattle i opossum platypus chicken green anole western clawed frog

D. simulans D. virilis D. mojavensis D. ananassae

Y g : /
E. europaeus C. porcellus O. cuniculus F. catus C. lupus familiaris E. caballus
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Gene Expression Omnibus
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« 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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Reanalyses to detect active expression
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Integrate all data types in Bgee




Data schema — GenEx semantic model



Bgee ( Gene webpage)

T i

5% Gene: APOC1 - ENSG00000130208 - Homo sapiens (human)

General information wlITEX

Ensembl ID ENSGO00000130208 &
Name APOCH1
Description apolipoprotein C-I [Source:HGNC Symbol;Acc:HGNC:607]

Organism  Homo sapiens (human)

Synonym(s) apo-ci, apoc-i, b2r526, q6ib97

Expression

Show 10 ¢ entries

Search:

Anat. entity ID Anatomical entity Developmental stage(s) Rank score  Expression score  Sources
UBERON:0002107 @ liver [+] 13 stages o
UBERON:0001114 @  right lobe of liver [+] 5 stages B}
UBERON:0035825 @ left adrenal gland cortex [+] 4 stages S o o n a cces s I b I e
UBERON:0001233 @  right adrenal gland [+] 4 stages
UBERON:0035827 @  right adrenal gland cortex [+] 2 stages th ro u g h

UBERON:0001234 @ left adrenal gland [+] 5 stages S P A R Q L
UBERON:0001235 @ adrenal cortex [+] 1 stage

UBERON:0002038 @  substantia nigra [+] 9 stages




« Bgee SPARQL endpoint:

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

Bgee SPARQL
endpoint

GenEx-based

SQL-to-RDF

Extractor (onto

e —
Bgee (MySQL)

« A user-friendly webpage to query

the Virtual RDF graph of Bgee
http://biosoda.expasy.org

Stats or e queriea service points:

Bio-Query*: Federated template search over biological

databases
earct erie SUELCUNN  Hide SPARQL Query Editor Limited results are on SPARQL Query Editor
1/PREFIX orth: <hittp://purl.org/net/orth#>
2 PREFIX up: <http://purl.uniprot.org/core/>
Reset / Reload About 3 PREFIX genex: <ﬁttp://pur1.arg/ﬂenex#>
4 PREFIX obo: <http://purl.obolibrary.org/obo/>
. § SELECT DISTINCT BanatEntity 7anatNane |
v Bgee database queries 6 7seq a orth:Gene
7 Texpr genex hasSequenceUnlt 7seq .
. 8 ?seq rdfs:label ?geneName
‘ W Retrieve anatomic entities 9 7expr genex:hasExpressionCondition ?cond
10 Zcond genex: hasAnatamicalEntity 7anatEntity .
11 7anatEnt1tK label 7anatName
B o X - 12 2cond obo: R0 0002162 <http://purl, uniprot.org/taxenony/10116> .
Scientific name of species in bgee with their uniprot taxon (i) #5 3|, FER (LCASE(7geneName) = LCASE('apocl
00:00:02
Human anatomic entities at
young adult developmental stage (i} @8 oo:00:02

Anatomic entities where the apoc1 gene is expressed ([}

B woz

Anatomic entities in rat where the

gene is expressed ) B8 oo0002

apoc1

36



A portion of the GenEx semantic model

https://biosoda.qgithub.io/genex/
rdfs:subClassOf

@ession k
efo:'developmental stage' Note:
genex:hasExpressionCondition genex:hasDevelopmentStage genex:isExpressedin
. C
genex:hasStrain , .,
——genex:hasConfidenceLevel {cio:'low confidence level',..., i ro. expressed In
8 ' cio:'high confidence lelvel'}
. . " "AAYsd: : ,
———genex:hasExpressionLevel—®»{ xsd:double genexchasSex nf{ezi\leu/\}isjfsréﬂig'
|—> "hermaphrodite"Mxsd:string
, "male"Mxsd:string ,
- "mixed"Mxsd:stri , "
genex:hasExpressionCharacteristic {lowly expressed,... highly annotated usdsting
’ expressed','ubiquitously expressed'

Property Inferred property
Anonymous \ __ VT o 7 P MR- >
Legend Datatype ( class ) 37




Querying organs where a gene is expressed for a given species

{—" #Anatomic entities in rat where

PREFIX orth: <http://purl.org/net/orth#> the apoc1 gene is expressed

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 7geneName . # ?seq Iscr:xrefEnsemblGene ?geneEns

?seq genex:iskExpressedin ?cond.

?cond genex:hasAnatomicalEntity 7anatEntity .

?anatEntity rdfs:label ?7anatName .

?cond obo:RO 0002162 <http://purl.uniprot.org/taxonomy/10116> . #rat
FILTER (LCASE(?geneName) = LCASE('Apoc1') ) }

38



Querying organs where a gene is expressed for a given species

{—" #Anatomic entities in rat where

PREFIX orth: <http://purl.org/net/orth#> the apoc1 gene is expressed

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 7geneName .
?seq genex:isExpressedin ?cond.
?cond genex:hasAnatomicalEntity 7anatEntity .
?anatEntity rdfs:label ?7anatName .
?cond obo:RO 0002162 <http://purl.uniprot.org/taxonomy/10116> . #rat
FILTER (LCASE(?geneName) = LCASE(‘Apoc1’) ) }

39



Querying organs where a gene is expressed for a given species
and developmental stage

PREFIX orth: <http://purl.org/net/orth#>

PREFIX up: <http://purl.uniprot.org/core/> & #Anatomical entities at the
PREFIX genex: <http://purl.org/genex#> - ’
PREFIX obo: <http://purl.obolibrary.org/obo/> Mouse S adUIt Stage Where the

apoc1 gene is expressed.

SELECT DISTINCT ?anatEntity 7anatName {

?seq a orth:Gene .

?seq rdfs:label 7geneName .

?seq genex:isExpressedin ?cond .

?cond genex:hasAnatomicalEntity 7anatEntity .

?anatEntity rdfs:label 7anatName .

?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') ) }

40



Conclusion



Conclusion

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

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

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

« Soon: http://spargl.bgee.org/sparq|




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

Documentation: https://biosoda.github.io/voidext
) O GitHub

Extended Vocabulary of Interlinked Datasets (VolDext
https://github.com/biosodal/voidext

Release 2019-06-30

This version:
http://purl.org/query/voidext

Latest version:
http://purl.org/query/voidext

Previous version (DEPRECATED):
Deprecated 30-VolDexi

Author and editor:
Tarcisio Mendes de Farias, SIB Swiss Institute of Bioinformatics

Contributor:

Christophe Dessimoz, University College London Vo | Dext RD F sC h ema voca b u | a ry

Kurt Stockinger, ZHAW Zurich University of Applied Sciences .
To be defined http://purl.org/query/voidext

Download serialization:

Format RDF/XML || Format N Triples

g
(@)
s
(=}
=
«
=
&
E
2
g
S
5
g
>

License:
N *Mendes de Farias T., Stockinger K., Dessimoz C. (2019) VolDext: Vocabulary
Visualization: and Patterns for Enhancing Interoperable Datasets with Virtual Links. In: On
the Move to Meaningful Internet Systems: OTM 2019 Conferences Lecture
Compatible with: Notes in Computer Science, vol 11877. Springer, Cham

http://rdis.org/ns/void https://doi.org/10.1007/978-3-030-33246-4_38




VolDext Metadata of interlinks among Bgee, OMA and UniProt

OMA RDF store UniProt RDF store
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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#> :r #Genes expressed IN the human'S bl'aln
PREFIX obo: <http://purl.obolibrary.org/obo/> : H ; :
PREFIX orth: <http://purl.orginetorthiis during the infant stage and their UniProt
PREFIX dcterms: <http://purl.org/dc/terms/> disease descriptions?

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 ;
Iscr: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 70 .
?0 0bo:RO 0002162 ?taxon2 .
obo:RO 0002162 rdfs:label “in taxon”.
?taxon2 up:commonName ‘human' .} MIT 1 }




Bgee-UniProt Federated Query Example — Part 2

SERVICE <http://spargl.uniprot.org/sparql> {
?uniprot rdfs:seeAlso 7gene_xref.
?gene_xref up:transcribedFrom ?genekns .
?uniprot up:annotation ?annotation .
?annotation a up:Disease Annotation .
?annotation rdfs:comment ?description . }}
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