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Linked Life Data Features

• Link data between different data silos applications

• Put the information into context

• Generate new instance mappings

• Analyze the knowledge locked into text

• Expose the data for access via the HTTP protocol
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Interactions and Pathways

Biological Pathway Exchange

Drugs

Linked Open Drug Data

Genes and Proteins

Linked Life Data
RDF Warehouse

Ontologies and Thesauri

The Open Biomedical Ontologies 

Unified Medical Language System®

Documents

Text-Analysis

Semantic Annotations

Over 4 billion 
RDF 

statements!
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The Warehousing Integration Process

Data Source 
Identification

Flat files OBO files XML RDBMS RDF

Special tailored 
transformer

OBO to SKOS 
converter Custom XSLT RDBMS to RDF 

formatter

Linked Life Data warehouse

Reasoner Instance 
Mappings

Semantic 
Annotations
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Design Decisions: URI naming convention 

R1: Preserve the original RDF structure if distributed by the 
owner.

R2: Use resolvable URIs for the data sources with no RDF 
distribution

R3: Construct the generated URIs in the form of 
lld:resource/db/type/id

R3: Identify the graph names with lld:resource/db

R4: Name all generated predicate URIs lld:resource/db/predicate

R5: Generate stable new URIs based on unique label that 
describes the resource (see dataset provenance and updates)
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Design Decisions: Dataset Provenance and Updates

Step 1 Regenerate the data source 

Step 2 Delete the existing graph information

Step 3 Import the new data

Constrains:

• Every data source has its own named graph

• Only stable URI must be generated
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Design Decisions: Linked Data Mapping

• How well interlinked is the linked data cloud?
– Many interesting queries are difficult to be expressed in SPARQL

– String functions could not be index

– Often there are misplaced identifiers
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Design Decisions: Linked Data Mapping #2

• Identified 6 linked data 
integration patterns

• Define meta‐rules to 
connect resources with 
various predicates

• Manually controlled 
process

The blue lines and the blue text of the captions 
(used either as part of the URI or literals) 
designate the criteria for linking the information
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New Type of Possible Query #1

Select drugs related to 
asthma that are linked to 
a curated molecular 
interaction in the 
literature where the 
protein is known to cause 
inflammatory response

PREFIX rdf: <http://www.w3.org/1999/02/22‐rdf‐syntax‐ns#>
PREFIX skos: <http://www.w3.org/2004/02/skos/core#>
PREFIX biopax2: <http://www.biopax.org/release/biopax‐level2.owl#>
PREFIX uniprot: <http://purl.uniprot.org/core/>
PREFIX drugbank: <http://www4.wiwiss.fu‐

berlin.de/drugbank/resource/drugbank/>

SELECT DISTINCT ?fullname ?drugname
WHERE {
?interaction rdf:type biopax2:physicalInteraction .
?interaction biopax2:PARTICIPANTS ?participant .
?participant biopax2:PHYSICAL‐ENTITY ?physicalEntity .
?physicalEntity skos:exactMatch ?protein .
?protein uniprot:classifiedWith <http://purl.uniprot.org/go/0006954>.
?protein uniprot:recommendedName ?name.
?name uniprot:fullName ?fullname .
?target skos:exactMatch ?protein .
?drug drugbank:target ?target .
?drug drugbank:genericName ?drugname .
?drug drugbank:indication ?indication .

}

The red graph patterns indicate the usage of 
mapping rules.
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Design Decisions: Semantic Annotations
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pmid:17714090

umls:C0035204

COPD

Bronchial Diseases

Respiration Disorders

umls:C0006261

Chronic Obstructive 
Airway Diseases

Asthma umls:C000496

Ian A Yang

Clinical and experimental pharmacology …
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New Type of Possible Query #2

Select all located in Y‐
chromosome, human 
genes with known 
molecular interactions, 
which are analysed with 
'Transfection'

PREFIX rdf: <http://www.w3.org/1999/02/22‐rdf‐syntax‐ns#>
PREFIX skos: <http://www.w3.org/2004/02/skos/core#>
PREFIX gene: <http://linkedlifedata.com/resource/entrezgene/>
PREFIX core: <http://purl.uniprot.org/core/>
PREFIX biopax2: <http://www.biopax.org/release/biopax‐
level2.owl#>
PREFIX lifeskim: <http://linkedlifedata.com/resource/lifeskim/>
PREFIX umls: <http://linkedlifedata.com/resource/umls/>
PREFIX pubmed: <http://linkedlifedata.com/resource/pubmed/>

SELECT distinct ?genedescription ?prefLabel ?pmid
WHERE {
?interaction rdf:type biopax2:interaction .
?interaction biopax2:PARTICIPANTS ?p .
?p biopax2:PHYSICAL‐ENTITY ?protein .
?protein skos:exactMatch ?uniprotaccession .
?uniprotaccession core:organism

<http://purl.uniprot.org/taxonomy/9606> .
?geneid gene:uniprotAccession ?uniprotaccession .
?geneid gene:description ?genedescription .
?geneid gene:pubmed ?pmid .
?geneid gene:chromosome 'Y' .
?pmid lifeskim:mentions ?umlsid .
?umlsid skos:prefLabel 'Transfection' .
?umlsid skos:prefLabel ?prefLabel .

}
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Query Results
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New Type of Possible Query #3

Select all participating in 
interactions human genes 
which are drug target and 
are analysed with 
'Transfection'

PREFIX rdf: <http://www.w3.org/1999/02/22‐rdf‐syntax‐ns#>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf‐schema#>
PREFIX skos: <http://www.w3.org/2004/02/skos/core#>
PREFIX gene: <http://linkedlifedata.com/resource/entrezgene/>
PREFIX core: <http://purl.uniprot.org/core/>
PREFIX biopax2: <http://www.biopax.org/release/biopax‐level2.owl#>
PREFIX lifeskim: <http://linkedlifedata.com/resource/lifeskim/>
PREFIX umls: <http://linkedlifedata.com/resource/umls/>
PREFIX pubmed: <http://linkedlifedata.com/resource/pubmed/>
PREFIX drugbank: <http://www4.wiwiss.fu‐
berlin.de/drugbank/resource/drugbank/>

SELECT distinct ?genedescription ?prefLabel ?drugname ?pmid
WHERE {
?interaction rdf:type biopax2:interaction .
?interaction biopax2:PARTICIPANTS ?p .
?p biopax2:PHYSICAL‐ENTITY ?protein .
?protein skos:exactMatch ?uniprotaccession .
?uniprotaccession core:organism

<http://purl.uniprot.org/taxonomy/9606> .
?geneid gene:uniprotAccession ?uniprotaccession .
?geneid gene:description ?genedescription .
?geneid gene:pubmed ?pmid .
?pmid lifeskim:mentions ?umlsid .
?umlsid skos:prefLabel 'Transfection' .
?umlsid skos:prefLabel ?prefLabel .
?target skos:closeMatch ?geneid.
?drug drugbank:target ?target .
?drug rdfs:label ?drugname .

}
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Query Results
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Classical Information Retrieval Queries

• Lucene based index

• Special predicate to 
execute full‐text queries

• Multiple retrieval 
modes
– Literal

– RDF molecules

select * where {

?article <http://www.ontotext.com/luceneQuery> "+lung 
COPD^5 asthma^3".

?article <http://www.w3.org/1999/02/22‐rdf‐syntax‐ns#type> 
<http://linkedlifedata.com/resource/pubmed/Citation>.

?article 
<http://linkedlifedata.com/resource/pubmed/articleTitle> 
?title.

} limit 1000
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Wrap‐up

• LLD is free and actively developed public service available:

http://linkedlifedata.com

• We have new improved UI

• LLD uses OWLIM engine which is experimentally proven to 
scale up to:
– 20 billion RDF statements (15 billions explicit)

– On a computer that costs less than 10’000$

• Why not give it a try?
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