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Background 

 

 
• Working in Biomedical ontology since 2008 

• Working with Gene Ontology, Cell Ontology, Protein Ontology, 
Infectious Disease Ontology, 

Ontology for Biomedical Investigators 
Since 2008 

Immunology wet lab experience for more 
than 15 years  





Ontology as a branch of  philosophy is the 
science of  what is, of  the kinds and structures of  
the objects, properties and relations in every area of  
reality.  

From onto-logos, the science of  being. 



Controlled Vocabulary:  
Is a restricted list of  words used for labeling, indexing or 
categorizing    
 
Taxonomy: 
 Is a classification system. The taxonomy in a controlled 
vocabulary indicates a hierarchical structure based on 
an IsA relationship 
 
Ontology: 
 Is a controlled vocabulary with a taxonomy more 
complex than complex than just IsA relation. 

Confusion with the word ontology  



List of  terms in a specific domain that have 
different type of  relationships in addition to IsA 
relation and have textual and logical definitions.  

ONTOLOGY 



What is an ontology (in 
Computer Science) 

�  Provides a schema for organizing data 

�  Data annotation (e.g. NLP) and reusability 

�  Underlying concept for semantic web (World Wide Web 
Consortium Web 3C) 

�  Allows semantic reasoning by computer systems 
(Computable) 

�  Results in improved web searchers (e.g. Google, 
Microsoft, Facebook) 

�  In biomedical research used for: classification of  data, 
representation of  standards, enhanced searches 



Ontology Key Points 

�  Ontology provides unique identifiers for classes and relations that 
represent a phenomena  within a specific domain. 

�  Ontology provides labels for classes and relations.  

�  Ontology provides metadata associated with classes and relations that 
allow human users to understand their meaning and contribute to 
consistent use in annotation and other applications. 

�  Ontology provides axioms and formal definitions that enable 
computational access to some aspects of  the meaning of  the classes 
and relations. 

�  Combining the four main features of  ontology facilitates semantic 
integration of  heterogeneous multimodal data within and across 
domains and enable novel data mining methods that span traditional 
boundaries between domains and data types. 



Scientific ontologies have special features 
Every term must be such that the developers of  the 

ontology believe it to refer to some entity on the 
basis of  the best current scientific evidence 

(Important role of  instances that we can observe in 
the laboratory) 

Biomedical Ontology 



A methodology for building and 
testing ontologies 

applied thus far in the biomedical domain on: 

�  FMA 
�  FuGO 
�  GO + other OBO Ontologies 
�  HL7-RIM 
�  ICF (International Classification of  Functioning, 

Disability and Health) 
�  ISO Terminology Standards 
�  NCI Thesaurus 
�  SNOMED 
�  UMLS Semantic Network 
 



Upper Level ontologies are ontologies that consist of very general terms 
common across all domains. Application ontologies are ontologies that 
consist of very specific term in a particular domain 
 



Upper ontology 
BFO – Basic Formal Ontology 
BORO – Business Objects Reference Ontology 
CIDOC Conceptual Reference Model 
Cyc (Cyc is not just an upper ontology, it also contains 
many mid-level and specialized ontologies as well) 
UMBEL – Upper Mapping and Binding Exchange Layer, a 
subset of  OpenCyc 
DOLCE – Descriptive Ontology for Linguistic and Cognitive 
Engineering 
GFO – General Formal Ontology 
SUMO – Suggested Upper Merged Ontology 

Formal ontologies 

Upper Level ontologies are ontologies that consist of very general 
terms common across all domains. Application ontologies are 
ontologies that consist of very specific term in a particular domain 
 



BFO    
BASIC FORMAL ONTOLOGY  

The Basic Formal Ontology  is a small, upper level ontology that is 
designed for use in supporting information retrieval, analysis and 
integration in scientific and other domains. BFO is a genuine upper 
ontology. Thus it does not contain physical, chemical, biological or other 
terms which would properly fall within the coverage domains of  the 
special sciences. BFO is used by more than 250 ontology-driven 
endeavors throughout the world. http://ifomis.uni-saarland.de/bfo/ 



BFO STRUCTURE 











Examples of  BFO-based ontology 
frameworks in other areas 

UNEP Ontology 
Framework 

United Nations Environment 
Programme  

CIA Ontology 
Framework 

Central Intelligence Agency 

USGS National Map United States Geological Survey 

Joint Doctrine 
Ontologies 

US Air Force Research Labs 

Common Core 
Ontologies (CCO) 

US Army / I2WD and ARL, IARPA, 
JIDO, ONR, AFRL 

TRIP Ontologies Federal Highway Administration 
(FHWA) Transportation Research 
Informatics Platform (TRIP) 







Ontology Repositories for Life 
Sciences 

�  Ontobee  
http://www.ontobee.org/  

�  Bioportal project  
http://bioportal.bioontology.org/ 
 

�  Ontology Look up service 
http://www.ebi.ac.uk/ols/index  

 

Best practices for developing ontologies @ OBO foundry:  
http://www.obofoundry.org/  
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The OBO Foundry : a step-by-
step, principles-based approach 

�  Developers commit in advance to collaborating with 
developers of  ontologies in adjacent domains and  

�  To working to ensure that, for each domain, there is 
community convergence on a single ontology 



OBO FOUNDRY PRINCIPLES 

�  COMMON GOVERNANCE 

�  COMMON TRAINING 

�  ROBUST VERSIONING 

�  COMMON ARCHITECTURE 





Ontologies adopting the BFO structure 



OWL: W3C Web Ontology Language  

Key features of  OWL is automatic reasoning (aka 
classification) with a reasoner using Description Logic 
(DL) which can perform several tasks including: 
 
Subsumption, automatically organizes classes in an 
ontology into a hierarchy of  sub/super-classes 
 
Consistency, highlight inconsistent statements e.g. a 
given compound can’t be organic and inorganic at the 
same time  because these are disjoint 
 
Querying, answering questions about an ontology (e.g. 
query languages like SPARQL and SPARQ-DL) 





Same word can have  different 
meanings 

Same meaning can be express using  
different words 



What is Blood? 
 
Tissue  
 
Fluid 



What is wrong here? 

https://bioportal.bioontology.org/search?utf8=✓&query=blood&button= 



Controlled vocabularies 

� Particular concept is assign to a 
single term 



What does it mean that Ontology has 
relationships? 



Most general 
term 

Most specific 
term 

Hierarchy 



Example 

Plasmacytoid dendritic cell  

Dendritic cell 

Hematopoietic cell 

Cell 
Is_a 

Is_a 

Is_a 
T cell 

Is_a 

Neuron 
Is_a 



Example 

 conventional dendritic cell  

Part_of  

Part_of  

Lymph node 

TLR4  
Part_of  

TIR domain 



http://bioportal.bioontology.org/ontologies/OBOREL?p=properties 



Which is the problem we are 
going to solve by using 
ontology 



How to find your data? 
How to reason with data when you find it?  
How to understand the significance of  the 
data you collected 3 years earlier?  
How to integrate with other people’s data? 
Part of  the solution must involve consensus based, 
standardized terminologies and 
coding schemes 

http://ontology.buffalo.edu/08/TrainingCourse 



How Ontology can help researcher 





Ontology annotation 



How to create annotation 

Manual curation 

Computer inference 







Evidence code    
A simple controlled vocabulary used to record evidence that supports 
the association between the gene and the GO term 
 



Why develop an Ontology? 

• To share common understanding 
of  the entities in a specific domain 
• Among people  
• Among software 
• Among people and software  



Legend for maps  



Ontologies are legends for data 



NCBO 
• Dissemination and Ontology Best 
Practices of  the National Center for 

Biomedical Ontology  
 
 

• http://bioontology org 



Toll-Like Receptor Signaling in Vertebrates: Testing the Integration of  Protein, Complex, and Pathway 
Data in the Protein Ontology Framework. Masci et al.2015 

Ontologies are modular 
Example: The Protein Ontology 



http://pir.georgetown.edu/cgi-bin/ipcSF?id=PIRSF800008 
http://pir.georgetown.edu/cgi-bin/pro/browser_pro?ids=PR:000001155 
http://research.bioinformatics.udel.edu/pro/entry/PR%3A000001155/ 



Sequence ontology 









Ontologies are Modular 
Example: The Cell Ontology 

 

An improved ontological representation of  dendritic cellsas a paradigm for all cell type. Masci et al. 2009 



Bridging Multiple Ontologies: Representation of  the Liver Immune Response. Masci et al. 2011 

Ontologies are modular 
Example: The Liver Immunology 

Ontology 
 





Example ontologies 
Basic Formal Ontology (BFO)  
http://ifomis.uni-saarland.de/bfo/ 

Common Anatomy Reference Ontology (CARO) 
http://www.bioontology.org/wiki/index.php/CARO:Main_Page 

Environment Ontology (EnvO)  
http://environmentontology.org/ 

Foundational Model of  Anatomy (FMA) 
http://sig.biostr.washington.edu/projects/fm/ 

Gene Ontology (GO) 
http://geneontology.org/ 

Protein Ontology (PRO) 
http://pir.georgetown.edu/pro/ 

Cell Ontology (CL) 
http://cellontology.org/ 

Infectious Disease Ontology (IDO) 
http://infectiousdiseaseontology.org/page/Main_Page  

Ontology for Biomedical Investigations (OBI) 
http://obi-ontology.org/page/Main_Page 

Phenotypic Quality Ontology (PATO) 
http://wiki.obofoundry.org/wiki/index.php/PATO:Main_Page 

Relation Ontology (RO)  
http://www.obofoundry.org/ro/ 



Ontologies and terminologies 
 
 
SNOMED 
http://www.ihtsdo.org/snomed-ct 

Unified Medical Language System  
http://www.nlm.nih.gov/research/umls/ 

National Cancer Institute Thesaurus 
https://ncit.nci.nih.gov/ncitbrowser/ 

HL7 Reference Information Model 
http://www.hl7.org/implement/standards/product_brief.cfm?product_id=78 

International Classification of  Diseaseas ICD  
http://www.who.int/classifications/icd/en/ 



Can we reasoning on this? 

GUTMANN DH., NEURO ONCOL 2015 



� To enable reuse of  data and 
information 

� Avoid re-invention of  the wheel 

� Introduce standards to allow 
interoperability and automatic 
reasoning 



Helping comunication between 
researchers 



annamaria.masci@duke.edu 


