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Evolution of gene 
expression



Discussion

Describe in 2 words what you expect of the evolution of 
gene expression



Gene expression is a quantitative trait

Price et al https://doi.org/10.1038/s41559-022-01761-8

• Expression level
• Tissue-specificity
• Ratio of expression between conditions, e.g., male/female



Evolution of gene expression in mammals

Brawand et al https://doi.org/10.1038/nature10532

Gene expression clusters by homologous organ, 
not by species



Evolution of gene expression in mammals

Cardoso-Moreira et al https://doi.org/10.1038/s41586-019-1338-5



Sex-biased gene expression

Drosophila melanogaster

Timema californicum

Djordjevic et al https://doi.org/10.1038/s41437-022-00536-y



Convergent evolution of gene expression in 
venom glands

Zancolli et al https://doi.org/10.1073/pnas.2111392119



Gene expression is 
informative for 

organismal evolution



"Ortholog conjecture"



Poll

To transfer annotations to a non model organism, you trust 
most:

1. protein domains

2. orthologous genes

3. genes with a Blast hit



Ortholog conjecture No Ortholog conjecture
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Robinson-Rechavi https://hal.archives-ouvertes.fr/hal-02535687

Orthology and function



GO similarity of orthologs and paralogs: Surprise!

Human-mouse
(A) Biological Process ontology, (B) Molecular Function ontology

Nehrt et al 2011 https://doi.org/10.1371/journal.pcbi.1002073



47% 1%

Altenhoff et 2012 al https://doi.org/10.1371/journal.pcbi.1002514

GO similarity of orthologs and paralogs: Bias…



Expression similarity of orthologs and paralogs

Nehrt et al https://doi.org/10.1371/journal.pcbi.1002073

Chen & Zhang 2012 https://doi.org/10.1371/journal.pcbi.1002784



Pairwise correlation of tissue-specificity of 
expression of orthologs and paralogs

43
Kryuchkova-Mostacci & Robinson-Rechavi 2016 https://doi.org/10.1371/journal.pcbi.1005274



Dunn et al 2018 https://doi.org/10.1073/pnas.1707515115

Phylogenetic contrast of tissue-specificity of 
expression of orthologs and paralogs (1)



Phylogenetic contrast of tissue-specificity of 
expression of orthologs and paralogs (2)

Begum & Robinson-Rechavi 2020 https://doi.org/10.1093/molbev/msaa288

after branch length standardizationrestricted to trees passing diagnostic 
tests for phylogenetic independence

randomized trees have similar results to the first phylogenetic tests
(and to old paralogs in trees passing diagnostic tests)



Humanization of yeast genes: functional 
divergence between paralogs

Laurent et al 2020 https://doi.org/10.1371/journal.pbio.3000627



Phylogenomics of function is hard

Evidence gene A Evidence gene A' Apparent 
conclusion

Relevance

Experiment X: function x Homology transfer: function x Conserved function No: circular reasoning

Experiment X: function x Experiment Y: function y Different function No: experiments cannot be 

compared

Experiment X: function x Experiment X: function x Conserved function Yes: evolutionary conservation

Experiment X: function x Experiment X: function x' Different function Yes: evolutionary change

Robinson-Rechavi https://hal.archives-ouvertes.fr/hal-02535687



Poll

Do you believe the ortholog conjecture?



Gene list enrichment



Discussion

One scenario where you need the function of a list of genes



General principle of gene list enrichment

Biologically relevant terms = GO terms

List of interesting genes

Associations gene – term = GO annotations

Are the genes in the list more associated to certain GO 
terms than expected by chance?



Over-representation test

Genes annotated with a given GO term
Genes not annotated with a given GO term

Is the given annotation class over- or 
under- represented compared to a 
reference?

Reference 
gene list 

Your gene list
 of interest

slide from Paul Thomas (GO consortium)



Over (under) representation test example

or binomial
or hypergeometric

slide from Paul Thomas (GO consortium)



# observed

#expected

Overrepresent (+) or under-
representation (-)

Fold enrichment

P value

# in the reference list

slide from Paul Thomas (GO consortium)



TopAnat



GO-like enrichment of expression in anatomy

For each anatomical structure:

Fisher / Hypergeometric test

Deconvolution of ontology graph (topGO)

Gene list Other genes

Expressed n1 n3

Not expressed n2 n4



http://bgee.org/



Pitfalls of enrichment analyses

• Background is critical

• Multiple testing

• Non independence of terms



Function provides 
insight into genome & 

species evolution
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