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Querying SIB resources with SPARQL 
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Orthologues are 
Two homologous genes in two different species that derive from 

a single gene in the last common ancestor of the species 
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A1 and A2 are orthologues B1 and B2 are orthologues 
Eugene V Koonin “An apology for orthologs - or brave new memes”, Genome Biol. 2001; 2(4) 



Orthologues genes and 
Last Common Ancestors 
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“a crucial property of  orthologs, which is both theoretically 

plausible and empirically supported, is that  

they typically perform equivalent functions  

in respective organisms” 

Orthology is a proxy for gene function 
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OrthoDB analysis flow 
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OrthoDB – a catalog of 
hierarchical orthologous groups 
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http://orthodb.org 



OrthoDB – a catalog of 
hierarchical orthologous groups 

• 15K organisms 

– 1271 Eukaryota 

– 5609 Bacteria 

– 404 Archaea 

– 7963 Viruses 

• 40M genes 

• 1005 taxonomic levels 

• 9M orthologous groups 
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OrthoDB – two APIs 

• Queries via programmable URLs 

• SPARQL endpoint, http://sparql.orthodb.org 
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OrthoDB taxonomic tree 
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rdf:type 
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Clades, Species and Organisms 

Species, Organsims 

?clade a :Clade; up:scientificName "Escherichia". 
?taxon a :Species; up:scientificName ?tx_name; rdfs:subClassOf+ ?clade.  
?org a :Organism,?taxon; up:scientificName ?org_name. 

Clades 

?clade a :Clade;  rdfs:subClassOf+ taxon:2;   up:scientificName ?name. 

Result IRIs for clade, taxon, org are functional URLs pointing to OrthoDB pages 
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Find Last Common Ancestor (LCA) for  
fruit fly and honey bee 

select * 
where { 

?lca a :Clade ; up:scientificName ?lcaname . 
taxon:7227  rdfs:subClassOf* ?lca . 
taxon:7460 rdfs:subClassOf* ?lca . 
filter (not exists { 

?xca a :Clade ; rdfs:subClassOf ?lca . 
taxon:7227    rdfs:subClassOf* ?xca . 
taxon:7460   rdfs:subClassOf* ?xca . 

}) 
} 
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Organism predicates 

<organism> up:scientificName S 

:genomeID S 
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Genes 

Genes 

?org a :Organism; up:scientificName "Escherichia coli, genome GCF_001617565.1". 
?gene a :Gene; up:organism ?org; :name ?gene_name; :description ?description. 

Result IRIs for org, gene are functional URLs pointing to OrthoDB pages 
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Gene predicates 

<gene> :name S 

:description S 

:aaSequence S 

:geneTranslatedLength I 

:Xref 

I :geneNbExons 

[…] 
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Orthologous groups (OGs) 
Orthogroups 
select ?og ?og_name ?distance ?clade_name  (count(1) as ?cnt) 
where { 
?org a :Organism; up:scientificName "Escherichia coli, genome GCF_001617565.1". 
?gene a :Gene; up:organism ?org; :name "alaS"; :memberOf ?og. 
?og :ogBuiltAt [up:scientificName ?clade_name; :taxTreeDistance ?distance];  
:name ?og_name; :hasMember ?gene2 
} group by ?clade_name ?og ?og_name ?distance order by ?distance  

Result IRIs for org, gene are functional URLs pointing to OrthoDB pages 
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Hierarchy of OGs is a paraphrase of the 
gene in evolutionary retrospective 
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Evolutionary stable genes persist 
through hierarchy of clades 
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BUSCO- Benchmarking Sets of 
Universal Single-Copy Orthologs  
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Orthologous group predicates 

<og> :name S 
rdfs:label S 

:ogTotalGenesCount I 

:ogEvolRate F 

I 

I 

I 
I 

I 

F 
I 

:ogSingleCopyGenesCount 

:ogMultiCopyGenesCount 

:ogInSpeciesCount 

:cladeTotalSpeciesCount 

:ogMedianProteinLength 

:ogStddevProteinLength 

:ogMedianExonsCount 

I :ogPercentSingleCopy 

I :ogPercentInSpecies 

:xref […] 
F :ogStddevExonsCount 
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External references, aka xrefs 
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<gene> 
<gene> 

<gene> 

:Gene 

:OrthoGroup 

:xref 

:Xref 

:xrefResource 

:Uniprot 

:Ensembl 
Transfer by 

quorum 

:Entrez 

:Entrezprotein 

:Interpro 

:Geneontology 

:matchPosition S 

:Ensemblgenomes 

:Nextprot 



Human and zebra-fish immune system 
orthologous genes: use of GO-terms 
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select ?gene_h_name ?gene_zf_name ?og_description ?go_id ?go_name 
where { 
?gene_h a :Gene; :name ?gene_h_name; :memberOf ?og. # both genes in same OG 
?gene_h up:organism/a [up:scientificName "Homo sapiens"] 
?gene_zf a :Gene; :name ?gene_zf_name; :memberOf ?og. # both genes in same OG 
?gene_zf up:organism/a [up:scientificName "Danio rerio"]. 
. 
?og a :OrthoGroup; :ogBuiltAt [up:scientificName "Vertebrata"];  
:name ?og_description; :ogEvolRate ?evolrate; :xref [a :Xref; :xrefResource ?xref] 
. 
?xref a :Geneontology; rdfs:label ?go_id;  :name ?go_name. 
filter (contains(?go_name,'immune response')) 
} order by desc(?evolrate) limit 6 



Genes from fastest-evolving OGs 
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Genes from slowest-evolving OGs 
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Federation OrthoDB - NextProt 
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prefix : <http://purl.orthodb.org/> 
PREFIX np: <http://nextprot.org/rdf#> 
 
select distinct ?gene_h_name ?gene_zf_name ?disease 
where { 
 service <https://sparql.nextprot.org/> { 
 select ?entry ?disease WHERE { 
 ?entry np:isoform / np:disease / rdfs:comment ?disease 
} limit 99 
} 
?gene rdfs:seeAlso ?entry; :name ?gene_h_name;  :memberOf /:hasMember ?gene2. 
?gene2 :name ?gene_zf_name; up:organism/a [up:scientificName "Danio rerio"].  
} limit 20 



ZF orthologues of human genes 
implicated in a disease  
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Federation OrthoDB - OMA 
select * where { 
?gene_odb a :Gene; :name ?gene_name_odb; rdfs:seeAlso ?up;  
:memberOf/:name ?og_name.  
filter (?up = uniprot:P12345) 
 
service <https://sparql.omabrowser.org/> { 
?gene_oma a orth:Protein; rdfs:label ?gene_name_oma; lscr:xrefUniprot ?up. 
?node orth:hasHomologousMember* ?gene_oma . 
}} limit 3 
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OrthoDB rank @ YummyData 

https://yummydata.org/endpoints 
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https://yummydata.org/endpoints


Computational evolutionary genomics 
group (Evgeny Zdobnov) 
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