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Finding which gene is which in a set of genomes (orthology)

Homology: common ancestry



  



  

Original definition of orthology and paralogy by Walter Fitch (1970, 
Systematic Zoology 19:99-113):

"Where the homology is the result of gene duplication so that both 
copies have descended side by side during the history of an 
organism, (for example, alpha and beta hemoglobin) the genes 
should be called paralogous (para = in parallel). 

Where the homology is the result of speciation so that the history 
of the gene reflects the history of the species (for example alpha 
hemoglobin in man and mouse) the genes should be called 
orthologous (ortho = exact)."



  



  

Corollary:

 Orthology definition is purely on evolutionary terms (not 
functional, not synteny…)

 There is no limit on the number of orthologs or paralogs that a 
given gene can have (when more than one ortholog exist, there 
is nothing such as “the true ortholog”)

 Many-to-Many orthology relationships do exist (co-orthology)

 No limit on how ancient/recent is the ancestral relationship of 
orthologs and paralogs

 Orthology is non-transitive (as opposed to homology)



  

Why predicting orthology is important?

 Important implications for phylogeny: only sets of 
orthologous genes are expected to reflect the underlying 
species evolution (although there are many exceptions)

 The most exact way of comparing two (or more) genomes in 
terms of their gene content. Necessary to uncover how 
genomes evolve.

 Implications for functional inference: orthologs, as compared 
to paralogs, are more likely to share the same function 



  

Classical approach:  phylogenetic inference

- Build a gene tree
- Compare to the species tree
- Infer duplications and speciation events
- Assign orthology and paralogy relationships accordingly



  



  

Going genome-wide scale: 
Everything must be done automatic and “blind”



  



  
Gabaldón, T. Genome Biology 
(2008)

a) Best bidirectional hits
b) COG, MCL-clustering approach
c) InParanoid
d) Tree reconciliation
e) Species-overlap (PhylomeDB)



  



  



  



  



  

How many orthologous groups? 3 at the level of vertebrates, 1 at the level of chordates



  



  

Methods based on phylogeny where not used at a 
large scale due to limitations in computational 
power (phylogenetics is costly).

However, these has changed recently, fast 
pipelines and algorithms are available:

Ensembl trees, PhylomeDB, TreeFam, etc..



  



  



  



  

Horizontal gene transfer

Incomplete lineage sorting

Gene conversion
Hybridization
Introgression



  



  



  

Species overlap to detect duplications and speciations



  



  



  

www.phylomedb.org



  



  

MetaPhOrs
(Meta-Phylogeny-Based-Orthologs)

COG

FOG

Use existing tree repositories Reconstruct trees for orthologous groups

Integrate and use consistency across datasets as a proxy of reliability

  result: phylogeny-based predictions across 800 genomes with a confidence score



  



  

http://orthology.phylomedb.org



  

Functional Implications of 
orthology



  

After duplication: diversify or die (neofunctionalization or subfunctionalization models)



  



  



  



  

Comparison of differences in tissue-specific patterns of expression across orthologs 
and paralogs.

Huerta-Cepas. et. al. (Brief. In Bioinf. Special issue on orthology)



  



  



  



  Gabaldón and Koonin (2013) Nat. Rev. Gen. 



  

Thanks
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