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Three parts

1. Function in model vs non model organisms

2. Function large scale

3. Gene and genome duplication: evolution of function



Who am I?

PhD: Evolution of rodent genomes, 1997

Postdoc / Lecturer / Postdoc: Zoology, Evo-
Devo, Structural biology

Prof bioinformatics, Department of Ecology and 
Evolution, University of Lausanne, since 2005

Research group:

• Animal Evo-Devo

• Gene duplication

• Natural selection

• Bgee database
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What is function?



Poll

What is the function of the heart?

1. to pump blood through the body

2. to make a noise that Doctors can listen to

3. to get heart attacks



Function in biology

Selected-effect definition of 
function:
• what a structure was selected to do

Causal role definition of function:

• ahistorical ways in which a component 
contributes to a capacity of a system

Doolittle et al 2014 https://doi.org/10.1093/gbe/evu098



BRCA1 "Breast cancer type 1 susceptibility protein"

https://www.uniprot.org/uniprotkb/P38398



Sources of information 
on function



Model Organism Databases

AGR consortium https://doi.org/10.1534/genetics.119.302523

Flybase
Wormbase

RGD
ZFIN

SGD
MGI

Gene Ontology



Annotation

Associating a biological object to a feature, based on 
evidence.

Examples:

• associating a Gene Ontology term (e.g. "centrosome 
cycle") to a gene based on best Blast hit (uncurated 
annotation)

• associating a Gene Ontology term (e.g. "tubulin binding") 
to a gene based on reading an experimental paper 
(curated annotation)



Functional annotation in model organisms

Evidence

• small scale experiments: mutants, in situ…

• large scale experiments: RNA-seq, screens…

• phenotypes, expression, interactions, diseases, …

• computational: domains, orthology…

Annotation to genes or proteins

• Model Organism Databases

• generalist databases, e.g., UniProt

• curated or automatic



Functional annotation in non model organisms

Evidence

• small scale experiments: mutants, in situ…

• large scale experiments: RNA-seq, screens…

• phenotypes, expression, interactions, diseases, …

• computational: domains, orthology…

Annotation to genes or proteins

• Model Organism Databases

• generalist databases, e.g., UniProt

• curated or automatic



Computational annotation of non model genomes

• Orthology or similarity network-based methods

• many software, fast moving field
• InterProScan:

• curated associations domain – function

• find domains in predicted proteins

Blum et al https://doi.org/10.1093/nar/gkaa977



The Gene Ontology

https://www.ebi.ac.uk/QuickGO/term/GO:0021535
https://www.uniprot.org/uniprot/O42366



Gene Ontology: 3 ontologies

Molecular function
• what does the gene product do?

Biological process
• in which process does it act?

Cellular component
• where does it act?



The GO describes selected effect functions

The GO does not cover 

• pathological roles ("lymphome")

• experimental conditions ("in vitro")

• evolutionary relations ("orthologue of")

• gene product type ("protein")



Discussion

You have a new genome, what's the next experiment?



Gene expression as an indicator of function

RNA-seq:

• cheap and straightforward to apply to different species, 
conditions, or individuals

Provides:

• where and when a gene is expressed

• how highly it is expressed

• which genes are co-expressed

• link between phylogenomics and Evo-Devo

Doesn't provide:

• specific aspects of the phenotype

• information for housekeeping genes
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Bgee condition annotations

Anatomical entity 
+ cell type

Developmental and life stage

Sex Strain



Curation: wild-type healthy only

Informative on selected function of genes

Evolutionarily relevant (comparisons between species)

Reference for biomedical studies



Quality control and condition filtering

Raw data processing

Data standardization and mapping to ontologies

Integrate all data types in Bgee

In situ
hybridization data

EST data Affymetrix data Bulk RNA-Seq and 
scRNA-Seq data



Data integration in Bgee

Calls present / absent from each data type

Ø integrated calls

Expression level or evidence rank for each data type

Ø integrated expression scores



Apoc1 gene (liver specific inhibitor of lipoprotein)



Diverse genomes: 👍
Function of diverse genes: 😅




