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Functional Annotation DDBB
Introduction

 Last years has been an exponential increase in 
the number of annotation databases and in 
their content.

 Nucleic Acids Research online Molecular 
Biology Database Collection is a public 
repository that lists principal biological 
databases

 Updated every year. The Nov-2010 update 
includes 1330 databases !!

http://www3.oup.co.uk/nar/database/c/

http://www3.oup.co.uk/nar/database/c/
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Functional Annotation DDBB
Functional Databases

Some of the 
biological 
databases
contains 
Functional 
Information of 
the genes and 
sequences

http://www.ensembl.org/Homo_sapiens/
http://www.ensembl.org/Mus_musculus/
http://www.ensembl.org/Rattus_norvegicus/
http://www.ensembl.org/Drosophila_melanogaster/
http://www.ensembl.org/Caenorhabditis_elegans/
http://www.ensembl.org/Saccharomyces_cerevisiae/
http://arabidopsis.info/
http://www.ensembl.org/Gallus_gallus/


   

Functional Annotation DDBB
Gene Ontology (GO terms)

 The Gene Ontology project provides a 
controlled vocabulary to describe gene and 
gene product attributes in any organism

 Lastest version has 33808 terms (March, 2011)
 The controlled vocabularies of terms are 

structured

http://www.geneontology.org/

http://www.geneontology.org/


   

Functional Annotation DDBB
Gene Ontology (GO terms)

The three categories of GO

Molecular Function 

the tasks performed by individual 
gene products; examples are 
transcription factor and DNA 
helicase 

Biological Process 

broad biological goals, such as 
mitosis or purine metabolism, 
that are accomplished by ordered 
assemblies of molecular functions 

Cellular Component 

subcellular structures, locations, 
and macromolecular complexes; 
examples include nucleus, 
telomere, and origin recognition 
complex 



   

Functional Annotation DDBB
Gene Ontology (GO terms)

biological 
process

78842 genes

physiological 
process

55602 genes

cellular process
29557 genes

cell growth and/or
maintenance
21215 genes

transport
11722 genes

vesicle-mediated 
transport

1525 genes

secretory 
pathway

4505 genes

intracellular 
transport

2255 genes

Golgi vesicle 
transport
442 genes

ER to Golgi 
transport
190 genes

Levels

More 
detailed 

information

More general 
information

GO is  a DAG
 (Directed Acyclic Graph)

terms are
structured

 Annotations are given 
to the most specific 
(low) level.

True path rule: 
Annotation at a term 
implies annotation to all 
its parent terms

Annotation is given with 
an Evidence Code:
 EXP: inferred from 
Experiment
 IDA: inferred by direct 
assay
 TAS: traceable author 
statement
 ISS: inferred by 
sequence similarity
 IEA: electronic 
annotation



   

Functional Annotation DDBB
Gene Ontology (GO terms)

http://amigo.geneontology.org/cgibin/amigo/go.cgi

 AmiGO provides a web interface to search and 
browse the ontology and annotation data

 QuickGO (EBI) provides also a web interface

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

http://amigo.geneontology.org/cgi-bin/amigo/go.cgi
http://www.ebi.ac.uk/ego


   

Functional Annotation DDBB
GO Slim

 GO slims are cut-down versions of the GO 
ontologies containing a subset of the terms in 
the whole GO. They give a broad overview of 
the ontology content without the detail of the 
specific fine grained terms

http://www.geneontology.org/GO.slims.shtml

http://www.geneontology.org/GO.slims.shtml


   

Functional Annotation DDBB
InterPro

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

 A centralized database of protein families, 
domains, repeats and sites in which identifiable 
features found in known proteins can be 
applied to new protein sequences

Contents of InterPro 31.0 (Feb 2011)

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


   

Functional Annotation DDBB
Kyoto Encyclopedia of Genes and Genomes (KEGG)

KEGG pathways

http://www.genome.jp/kegg/

http://www.genome.jp/kegg/


   

Functional Annotation DDBB
KEGG



   

Functional Annotation DDBB
Reactome

 It is a free, online, open-source, curated pathway 
database encompassing many areas of human 
biology. Information is authored by expert biological 
researchers http://www.reactome.org/

http://www.reactome.org/


   

Functional Annotation DDBB
MicroRNA

● Involved in gene regulation
● Last versions has 15172 entries 
(Release 16, Sept 2010)
● The target database contains 
computationally predicted targets 
for microRNAs across many 
species

http://microrna.sanger.ac.uk/

http://microrna.sanger.ac.uk/


   

Functional Annotation DDBB
Jaspar TFBS

 The JASPAR database contains a curated, non-
redundant set of profiles, derived from published 
collections of experimentally defined transcription 
factor binding sites for eukaryotes

 The prime difference to similar resources 
(TRANSFAC, etc) consist of the open data acess, 
non-redundancy and quality

http://jaspar.genereg.net/

http://jaspar.genereg.net/


   

Functional Annotation DDBB
ORegAnno

 It's an open database for the curation of known 
regulatory elements from scientific literature 
(TFBS)

 Annotation is collected from users worldwide for 
various biological assays

http://www.oreganno.org/oregano/

http://www.oreganno.org/oregano/


   

http://string.embl.de/

Database for known and predicted proteinprotein interactions (direct and indirect associations)
Cover four sources of annotations: Genomic association (prokaryotes), highthroughput experiments (e.g. 
y2h), conserved coexpression, previous knowledge (textmining).

A combined score is calculated for every association based on benchmarks of the different types of 
associations against a common reference set.

Combined 
score 

(all sources)

Functional Annotation DDBB
String

http://string.embl.de/


   

Functional Annotation DDBB
Practical exercise

 About BCL2, BRCA1, ATM and P53(TP53):
 try to find the biological process and cellular 

components (GO terms), do they share some GO 
terms? Is that significant?

 Are they target of the same microRNA (mirbase)?
 What about protein functional domains (interpro)?
 Are they regulated by the same conserved motifs 

(ORegAnno)?
 Are they involved in a common disease or pathway 

(kegg, reactome)?
 ...



   

Functional Annotation DDBB
From GEPAS to Babelomics

Differential 
expression

Predictors

Clustering

List of genes 
(ie: 120 genes)

Data Analysis

Genes differentially expressed

Genes with same 
expression patterns

Predicting genes

Functional 
Profiling

Microarray 
Data

Preprocessing
(normalization, 
scaling, ...)
Tab matrix file

Next generation of 
High throughput
Sequencing

CGH array

Genes from a deleted
 or duplicated region



   

Functional Annotation DDBB
Babelomics try to answer these questions

 Is there any significant functional enrichment in 
my gene list?

 Are these genes involved in the same 
pathways?

 Are they sharing a specific microRNA 
regulation?

 Are they involved in the same disease?
 ...
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