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Ontologies, what are they, 
and why do we need them?

• "To support the sharing 
and reuse of formally 
represented knowledge 
among AI systems, it is 
useful to define the 
common vocabulary in 
which shared knowledge is 
represented”. A 
specification of a 
representational 
vocabulary for a shared 
domain of discourse -
definitions of classes, 
relations, functions, and 
other objects - is called an 
ontology.” (Gruber 1993)



An ontology is a structured vocabulary.

Biological ontologies have 
two key features:

1. A hierarchical 
constrained vocabulary. 

2. Relationships between 
terms of different types.



www.geneontology.org



http://www.geneontology.org
Gene Ontology Consortium

The Pathogen 
Group

Schizosaccharomyces pombe
Genome Sequencing Project

DictyBaseQuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



Gene Ontology - 2008
• Flies - Drosophila & Glossina FlyBase  GeneDB
• Yeasts - Saccharomyces, Schizosaccharomyces & Candida SGD, 

GeneDB  & CGD
• Mouse - Mouse Genome Database (MGD & GXD)
• Rat - Rat Genome Database (RGD)
• Weed - The Arabidopsis Information Resource (TAIR)
• Worm - WormBase
• Dictyostelium - dictyBase
• InterPro/UniProt at EBI - InterPro
• Human - UniProt, Ensembl, NCBI, Incyte, Celera, Compugen
• Parasites - Plasmodium, Trypanosoma, Leishmania - GeneDB
• Microbes - Vibrio, Shewanella, B. anthracus, … - ex-TIGR
• Grasses - rice & maize - Gramene database
• zebra fish - ZFIN
• Chicken, cow - Agbase
• Tetrahymena - Tetrahymena DataBase (TGD)
• Coming: Xenopus, Aspergillus, Chlamydomonas, & more.



tree directed 
acyclic graph



o ISA (hypernomy/hyponomy)
o as in: an elephant is a mammal

o PARTOF (meronomy/holonomy)
o as in: a trunk is part of an elephant

Classes of parent-child 
relationship.





Extending the GO model.

OBO

Open Biomedical Ontologies.

http://obo.sf.net/

aka - extended go - (ego)



obo.sf.net







1. Open Source
2. Common syntax
3. Unique ID space
4. Versioned
5. Delineated content
6. Terms have textual definitions
7. Relations from the Relations Ontology
8. Well documented
9. Community of users
10.Collaboratively developed

OBO Foundry Principles



The glue - an ontology of relations.





[Term]
id: GO:0000273
name: lipoic acid metabolic process
intersection_of: GO:0008152 ! metabolic process
intersection_of: has_participant CHEBI:16494 ! lipoic acid

GO is now moving to using cross-products between
different OBO ontologies.



OBO Case Studies.

ANATOMIES

PATO - An ontology for phenotypes.

ENVO & GAZ - Ontologies for biological
collections.





Lee Niswander Nature Reviews Genetics 4, 133-143 (February 2003) ‏

Conservation of gene 
expression and role in limb 

development



Why do we care about homology when building an 
anatomy ontology?

Consider an anatomy ontology of vertebrates:

skeletal system
cranial skeletal system

parietal bone (in_organism human) ‏
parietal bone (in_organism zebrafish) 
frontal bone (in_organism human)‏
frontal bone (in_organism zebrafish) ‏

Homologous : frontal bone (zebrafish) and parietal bone (human)‏

f
pa

Different genes and developmental processes may underlie the 
development of the zebrafish frontal and the human frontal, even 

though they have the same name and are similarly located



PATO
An ontology for 

phenotypes.





543"increased bone growth"

122"bone hyperplasia"

34"hyperplastic bone"

8"hyperplastic bones"

28"massive bones"

4"huge bones"

16"big bones"

136"enlarged bone"

75"enlarged bones”

713“large bone”

251“large bones”

# of recordsQuery



www.informatics.jax.org/searches/MP_form.shtml 



The Plant Trait Ontology
www.gramene.org/plant_ontology/trait.ontology

www.gramene.org/plant_ontology/trait.ontology



These are both pre-composed 
ontologies.

They can, however, be de-composed 
into entities, the things being 
described, and their qualities, that is
as EQ statements:

EQ = Entity + Quality
• Entity = Anatomy, GO process, Disease.
• Quality = PATO, the ontology of qualities.



Pre-composed-phenotype statement:

MP term: kinked tail
Synonym: crooked tail
Synonym: kinky tail
Synonym: tail kinks
MP id: MP:0000585
Definition: a sharp bend or zigzag in the tail.

Post-composed-phenotype statement:

Entity = tail; Quality = kinked.



Entity Quality
ZAO:head PATO:decreased size
ZAO:liver PATO:aplastic
ZAO:tail PATO:curved up
GO:swim bladder inflation PATO:arrested



PATO’s Top level divisions





Measurements
• PATO – part of a representation of 
qualitative phenotypic information

• More often than not it is important to 
record quantitative information that results 
from a specific measurement of a quality

The tail of my mouse is 2.1 cm



Mapping PATO to the UO



Entities are drawn from other OBO ontologies.

Anatomy ontologies
Cardiovascular system

heart
atrium
ventricle

Gene Ontology
CNS development

brain development
forebrain development
hindbrain development



Human and zebrafish SOX9 mutations in PATO syntax.

Curation of mutant phenotypes and human diseases 
using a common vocabulary can provide candidate 
genes and mutant models of disease.

Human, SOX9
(Campomelic dysplasia)

Zebrafish, sox9a
(jellyfish)

Scapula: hypoplastic Scapulocorocoid: aplastic
Lower jaw: decreased size Cranial cartilage: hypoplastic
Heart: malformed Heart: edematous
Phalanges: decreased length Pectoral fin: decreased length
Long bones: bowed Cartilage development: disrupted



What is an annotation?

An assertion defining the relationship 
between a type and an instance.

• My heart is an instance of the type heart.
• My hair is an instance of the type hair with 

the quality brown(ish).

Ontologies contain types. Annotations link 
types and instances.



www.phenote.org





Allows on-the-fly composition 
of compound terms.

• “apoptosis” of “neuron” in the “fly epidermis”
(GO,Cell Ontology, FlyBase)

• “S-phase” of “neuroblast” (GO,Cell Ontology)

• “aster” of “human spermatocyte” (GO, 
Foundational Model for [Human] Anatomy)



The environment and geography:

envo and gaz.



Provide me a list of all samples collected in, or 
records of, higher plants recorded in, 
Berkeley,  or the County of Alameda, or the 
State of California, or the coterminal 
States of the United States of 
America, or North America, or the Nearctic 
Region, or the Holarctic Region.

Provide me a list of all samples collected in a 
watercourse in Matto Grosso do Sol.

Provide me a list of all samples collected in, or 
records of, Diatoms from, a saline
environment that is neither an ocean nor a 
sea.



http://gensc.org/gc_wiki/index.php/EnvO_Project





http://gensc.org/gc_wiki/index.php/GAZ_Project





Thanks to:

The GO Consortium.

The Open Biomedical Ontologies community.

National Center for Biomedical Ontology.

The Genome Standards Consortium.


