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What are ontologies for?

 3 major categories of use
 Knowledge management (indexing and retrieval of data 

and information, access to information, mapping among 
ontologies)

 Data integration, exchange and semantic 
interoperability

 Decision support and reasoning (data selection and 
aggregation, decision support, natural language 
processing applications, knowledge discovery).

Barriers to usability of biomedical ontologies

[Bodenreider, YBMI 2008]



1. Knowledge management



Knowledge management

Annotating data and resources
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Terminology in ontology

Ontology as a source of vocabulary
 List of names for the entities in the ontology

(ontology vs. terminology)
Most ontologies have some sort of terminological 

component
 Exceptions: GALEN, LOINC

Not all surface forms represented
 Often insufficient for NLP applications
 Large variation in number of terms per concept across 

ontologies
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Annotating gene products

Gene Ontology
http://www.geneontology.org/
 Functional annotation of gene products

in several dozen model organisms
Various communities use the same controlled 

vocabularies
Enabling comparisons across model organisms
Annotations

 Assigned manually by curators
 Inferred automatically (e.g., from sequence similarity)

http://www.geneontology.org/�
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GO  Annotations for Aldh2 (mouse)

http:// www.informatics.jax.org/

http://www.informatics.jax.org/�
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GO  ALD4 in Yeast

http://db.yeastgenome.org/

http://db.yeastgenome.org/�
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GO  Annotations for ALDH2 (Human)

http://www.ebi.ac.uk/GOA/

http://www.ebi.ac.uk/GOA/�
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Indexing the biomedical literature

Medical Subject Headings (MeSH)
http://www.nlm.nih.gov/mesh/
 Used for indexing and retrieval

of the biomedical literature (MEDLINE)
 Indexing

 Performed manually by human indexers
 With help of semi-automatic systems (suggestions)

e.g., Indexing Initiative at NLM

 Automatic indexing systems

http://www.nlm.nih.gov/mesh/�


MeSH  MEDLINE indexing
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MeSH  MEDLINE indexing
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Coding clinical records

 SNOMED CT
http://www.ihtsdo.org/
 Clinical documentation
 Problem list

 International Classification of Diseases
ICD family (ICD 10, ICD 9-CM)
http://www.who.int/classifications/icd/en/
 Billing (US)
 Epidemiology (worldwide)

 Morbidity
 Mortality statistics

http://www.ihtsdo.org/�
http://www.who.int/classifications/icd/en/�


Knowledge management

Accessing biomedical information
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Resources for biomedical search engines

 Synonyms
Hierarchical relations
High-level categorization
Co-occurrence information
Translation
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MeSH “synonyms”  MEDLINE retrieval

MeSH entry terms
 Used as equivalent terms for retrieval purposes
 Not always synonymous

 Increase recall without hurting precision
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MeSH “synonyms”  MEDLINE retrieval
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MeSH hierarchies  MEDLINE retrieval

MeSH “explosion”
 Search for a given MeSH term

and all its descendants
 A search on Adrenal insufficiency

also retrieves articles indexed with
Addison disease
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…
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Co-indexing

http://www.gopubmed.com/

http://www.gopubmed.com/�
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Resources for text annotation

Named entity recognition software
 MetaMap (UMLS) – NLM

http://metamap.nlm.nih.gov/
 NCBO Annotator (BioPortal) – NCBO

http://bioportal.bioontology.org/annotator#
 Many other academic tools (e.g., NaCTeM)
 Many commercial tools

Annotated corpora
 CALBC – EBI

http://www.calbc.eu/

http://metamap.nlm.nih.gov/�
http://bioportal.bioontology.org/annotator�
http://www.calbc.eu/�


2. Data integration, exchange and 
semantic interoperability
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“Standards”

Ontologies help standardize patients data
 Facilitate the exchange of data across institutions
 Help connect “islands of data” (silos)

 In conjunction with
 Information models

 Clinical research (e.g., BRIDG, CDISC)
 Healthcare (e.g., CDA)

 Messaging standards (HL7 messaging)
e.g., exchange orders/results between labs and hospitals
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“Meaningful use” of health IT

 3 major standards
 SNOMED CT – Clinical documentation

http://www.ihtsdo.org/
 Quality measures, decision support

 RxNorm – Medications
http://www.nlm.nih.gov/research/umls/rxnorm/
 Quality measures, medication reconciliation, 

pharmacovigilance

 LOINC – Lab tests and observations
http://loinc.org/
 Quality measures, public health (newborn screening)

http://www.ihtsdo.org/�
http://www.nlm.nih.gov/research/umls/rxnorm/�
http://loinc.org/�
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Semantic interoperability projects  caCORE

Cancer Common Ontologic Representation 
Environment
 Infrastructure developed to support an interoperable 

biomedical information system for cancer research
 Uses the NCI Thesaurus as a component

http://ncit.nci.nih.gov/

http://ncit.nci.nih.gov/�
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Data integration

Warehousing approach
 Ontologies help define the schema and convert data

Mediation / Federation
 Ontologies help convert between local and global 

schemas
Linked data / Mashups

 Ontologies provide a reference for equivalent entities 
across datasets
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Trans-namespace integration

Genome
annotations

GOModel
organisms

NCBI
Taxonomy

Genetic
knowledge bases

OMIM
Other

subdomains

…

Anatomy

FMA

UMLS
Addison Disease  (D000224)

Addison's disease 
(363732003)

Biomedical
literature

MeSH

Clinical
repositories

SNOMED CT

UMLS
C0001403



3. Decision support and reasoning

Data selection and aggregation, decision 
support, natural language processing 

applications, knowledge discovery
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Decision support

Clinical decision support
 Ontologies help normalize the vocabulary and increase 

the recall of rules
 Ontologies provide some domain knowledge and make 

it possible to create high-level rules (e.g., for a class of 
drugs rather than for each drug in the class)

Other forms of decision support
 Based on automatic reasoning services for OWL 

ontologies (e.g., grading gliomas with NCIt)
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Knowledge discovery

By standardizing the vocabulary in a given 
domain, ontologies are enabling resources for 
knowledge discovery through data mining

Less frequently, the structure of the ontology is 
leveraged by data mining algorithms

Example of available datasets
 ICD-coded clinical data (in conjunction with non-

clinical information, e.g., environmental data)
 Annotation of gene products to the GO (function 

prediction)



Barriers to usability of biomedical 
ontologies
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Availability

Many ontologies are freely available
The UMLS is freely available for research 

purposes
 Cost-free license required

Licensing issues can be tricky
 SNOMED CT is freely available in member countries 

of the IHTSDO
Being freely available

 Is a requirement for the Open Biomedical Ontologies 
(OBO)

 Is a de facto prerequisite for Semantic Web applications
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Discoverability

Ontology repositories
 UMLS: 156 source vocabularies

(biased towards healthcare applications)
http://www.nlm.nih.gov/research/umls/

 NCBO BioPortal: ~200 ontologies
(biased towards biological applications)
http://bioportal.bioontology.org/

 Some overlap between the two repositories
Need for discovery services

http://www.nlm.nih.gov/research/umls/�
http://bioportal.bioontology.org/�
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Formalism

 Several major formalism
 Web Ontology Language (OWL) – NCI Thesaurus
 OBO format – most OBO ontologies
 UMLS Rich Release Format (RRF) – UMLS, RxNorm

Conversion mechanisms
 OBO to OWL
 LexGrid (import/export to LexGrid internal format)
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Ontology integration

Post hoc integration, form the bottom up
 UMLS approach
 Integrates ontologies “as is”, including legacy 

ontologies
 Facilitates the integration of the corresponding datasets
 Current harmonization efforts (e.g., IHTSDO)

Coordinated development of ontologies
 OBO Foundry approach
 Ensures consistency ab initio
 Excludes legacy ontologies
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Quality

Quality assurance in ontologies is still imperfectly 
defined
 Difficult to define outside a use case or application

 Several approaches to evaluating quality
 Collaboratively, by users (Web 2.0 approach)

 Marginal notes enabled by BioPortal
 Centrally, by experts

 OBO Foundry approach

 Important factors besides quality
 Governance
 Installed base / Community of practice
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