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Outline

• What is GO (Gene Ontology)?

• What tools do we use to work with it?

• (Combination of GO with other analyses)



What is Ontology?

1. a. Philos. The science or study of being; 
that branch of metaphysics concerned 
with the nature or essence of being or 
existence. 

1700s
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What is a Gene ?



• Unfortunately, not an ontology of genes, 
but rather of gene products

• It is an attempt to classify gene products 
using a structured language (controlled 
vocabulary) to give a consistent 
description of characteristics inherent to 
them. 

So what is Gene Ontology?



The Gene Ontology project is a major 
bioinformatics initiative with the aim of 
standardizing the representation of gene 
and gene product attributes across 
species and databases.

The project provides the controlled 
vocabulary of terms and gene product 
annotations from consortium members.



• Gene ontology is an annotation system which 
tries to describe attributes of gene products 
(what does it do? where? how?)

• It represents a unified consistent system, i.e. 
terms occur only once, and there is a dictionary 
of allowed words, which is consistent across 
species

• Furthermore, terms are related to each other: 
the hierarchy goes from very general terms to 
very detailed ones



Gene ontology is represented as a 
directed acyclic graph (DAG) 

Taken from: Nature Reviews Genetics 9:509-515 (2008)



• A child can have more than one parent 
(parents are closer to the root and are 
more general, children are further from the 
root and more specific)

• There are no cycles - there is a root

• It is a directed graph 

• You can skip levels in the graph





Ontology Relations

• Just as the ontology terms are defined, 
so are the relationships between them 
(the arrows). The terms are linked by 
three relationships:
– is_a
– part_of
– regulates, positively regulates, 

negatively regulates



Ontology Relations

• is_a is a simple class-subclass relationship, 
for example, nuclear chromosome is_a
chromosome.

• part_of is slightly more complex; C part_of
D means that whenever C is present, it is 
always a part of D. An example would be 
nucleus part_of cell; nuclei are always part 
of a cell, but not all cells have nuclei. 



A dotted line means an inferred relationship, 
e.g. one that has not been expressly stated

Taken from http://www.geneontology.org/



Taken from http://www.geneontology.org/



Ontology Structure

Every GO term must obey “the true path 
rule”: if the child term describes the gene 
product, then all its parent terms must also 
apply to that gene product. 



GO has 3 major divisions (roots)

• Biological Process

• Molecular Function

• Cellular Component



Biological Process
A biological process is series of events 

accomplished by one or more ordered assemblies 
of molecular functions. Examples of broad 
biological process terms are cellular physiological 
process or signal transduction. Examples of more 
specific terms are pyrimidine metabolic process or 
alpha-glucoside transport. It can be difficult to 
distinguish between a biological process and a 
molecular function, but the general rule is that a 
process must have more than one distinct steps.



Biological Process

A biological process is not equivalent to a 
pathway; at present, GO does not try to 
represent the dynamics or dependencies 
that would be required to fully describe a 
pathway. 



Molecular Function
Molecular function describes activities, such as catalytic or 
binding activities, that occur at the molecular level. GO 
molecular function terms represent activities rather than the 
entities (molecules or complexes) that perform the actions, and 
do not specify where or when, or in what context, the action 
takes place. Molecular functions generally correspond to 
activities that can be performed by individual gene products, 
but some activities are performed by assembled complexes of 
gene products. Examples of broad functional terms are 
catalytic activity, transporter activity, or binding; examples of 
narrower functional terms are adenylate cyclase activity or Toll 
receptor binding.



Molecular Function

It is easy to confuse a gene product 
name with its molecular function, and for 
that reason many GO molecular functions 
are appended with the word "activity".



Cellular Component

A cellular component is just that, a 
component of a cell, but with the proviso 
that it is part of some larger object; this 
may be an anatomical structure (e.g. rough 
endoplasmic reticulum or nucleus) or a 
gene product group (e.g. ribosome, 
proteasome or a protein dimer).



Cellular Component



Available GO Information
Current ontology statistics, as of 

June 15, 2022: 

43,613 terms

28,199 biological_process
4,184 cellular_component

11,230 molecular_function

3718 obsolete terms (not counted above)



What is not GO?
• Gene products: e.g. cytochrome c is not in the 

ontologies, but attributes of cytochrome c, such as 
oxidoreductase activity, are

• Processes, functions or components that are 
unique to mutants or diseases: e.g. oncogenesis 

• Attributes of sequence such as intron/exon 
parameters 

• Protein domains or structural features 
• Protein-protein interactions
• Environment, evolution and expression
• It is not complete, it is done “by hand” by curators 



Annotation
• What connects the GO terms to specific gene 

products
• Annotation is carried out by curators in a range of 

bioinformatics database resource groups. These 
groups then contribute their data to the central GO 
repository for storage and redistribution.

• There are two general principles: first, annotations 
should be attributed to a source; second, each 
annotation should indicate the evidence on which it 
is based.



Evidence Codes

Evidence codes — not all annotations are created equal
Taken from: Nature Reviews Genetics 9:509-515 (2008)



GO Pitfalls

• Not complete

• Computational annotations

• NOT qualifier

• Splice variants
• Identifier flagged as ‘obsolete’
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Type of annotation per species



Type of annotation per evidence



Type of annotation per evidence
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NOT annotations in the gene 
ontology (GO) database

Annotation qualifiers — to be or not to be is crucial for GO

Qualifiers:
contributes_to 

colocalizes_with 
NOT
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Splice Variants

• GO annotation is related to gene 
products, not proteins, so the defining 
unit is the gene

• If you have different splice variants that 
have opposite effects, you will have 
opposing annotation for the same gene, 
for example BCLX – the long form is anti-
apoptotic, the short form is pro-apoptotic, 
but they are from the same gene...
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