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Gene Ontology Analysis
…of a selected list of

(differentially expressed) genes

A Quantitative Overview to Gene Expression Profiling

A. Reverter – Sept. 2006, UAB, Barcelona, Spain

Gene Ontology
Introduction

• Searching for all of the available information about each 
gene of interest is very time consuming. This is hampered  
further by the wide variations in terminology. 

• The Gene Ontology (GO) project is a collaborative effort to 
address the need for consistent descriptions of gene 
products in terms of their ‘biology’ and in a species-
independent manner.

• About 12,000 defined concepts, in a DAG (Direct Acyclic 
Graphs) with two link types (part-of, is-a) under three roots:

• Cellular component
• Biological process 
• Molecular function.

• Used as annotations for genes (19,408 terms as of 22/1/06)

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

• Gene Ontology (GO) is a collection of controlled 
vocabularies describing the biology of a gene product 
in any organism

• There are 3 independent sets of vocabularies, or 
ontologies:

• Molecular Function (MF)
– e.g. ”DNA binding” and ”catalytic activity”

• Cellular Component (CC)
– e.g. ”organelle membrane” and ”cytoskeleton”

• Biological Process (BP)
– e.g. ”DNA replication” and ”response to stimulus”
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Biological Process
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Gene Ontology
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Cellular Component
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Gene Ontology
References Khatri and Draghici, 2005

http://vortex.cs.wayne.edu/projects.htm#Onto-Express
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Gene Ontology
Analysis

In a given list of genes of interest (eg. DE), is there 
a Gene Ontology term that is more represented 
than what it would be expected by chance only?

The hypergeometric distribution arises from sampling from a 
fixed population.

10 balls

• We want to calculate the probability for drawing 7 or more white 
balls out of 10 balls given the distribution of balls in the urn

20 white balls
out of

100 balls

The Hypergeometric Test

A Quantitative Overview to Gene Expression Profiling

A. Reverter – Sept. 2006, UAB, Barcelona, Spain



6

Gene Ontology
Analysis



















−
−










=

x

n

zx

tn

z

t

xtnz ),,,(P

The Hypergeometric Test

20 white balls
out of

100 balls

t =  N of balls draws from the ball 10
z = N of ball from the particular condition (ie. White) 7
n =  N of ball in the urn 100
x =  N of ball in the urn with the particular condition (ie. White) 20

P = 0.000368
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The Hypergeometric Test

20 white balls
out of

100 balls
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Gene Ontology
Analysis The Hypergeometric Test

IGA: Iterative Group Analysis (Breitling et al. 2004)
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Gene Ontology
Example Reverter et al. (2004) J. Anim Sci 82:3430

Genes = 7,638

DE Genes

450

387
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