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Gene Duplication 
 Gene duplication or gene amplification 

 Duplication of a region of DNA that contains a gene  

 Key role in evolution  

 

 Reasons: 

 Error in homologous recombinations 

 Retrotransposition events 

 Duplication of an entire chromosome 



Significance: 
 Second copy of the gene 

 Free from selective pressure 

 Mutations of it have no deleterious effects 

 Gene copy accumulates mutations faster than a 
functional single-copy gene 

 Plants: very high -  maize -hexaploid 

 Additional benefits: 

 Increase the fitness of the organism  

 Ice  Fish 

 Digestive gene duplication – anti freeze  



Orthologs & Paralogs 



inParalogs & outParalogs 
 Duplication events occur both before and after 

speciation.  

 Inparalogs 

 Paralogs that arose through a gene duplication event 
after speciation 

 Outparalogs 

 Arise following a gene duplication 

 Preceding speciation  

 In different species  and derived from a more ancient 
shared duplication event 



Why are we interested? 
 Inparalogs can form a group of genes that together are 

orthologous to a gene in another species.  

 Cross species modeling advantage?! 

 Experiments on a human gene function can often be 
carried out on other species if an orthologous homolog 
to the human gene can be found in the genome of that 
species 

 Ex: orthologs in zebrafish, mouse 



Inparanoid eukaryotic ortholog 
database 
 Collection of ortholog groups between 17 whole genomes 

 Anopheles gambiae 

 Caenorhabditis briggsae 

 Caenorhabditis elegans 

 Drosophila melanogaster 

 Danio rerio 

 Takifugu rubripes 

 Gallus gallus 

 Homo sapiens 

 Mus musculus 

 

 Pan troglodytes 

 Rattus norvegicus 

 Oryza sativa 

 Plasmodium falciparum 

 Arabidopsis thaliana 

 Escherichia coli 

 Saccharomyces cerevisiae 

 Schizosaccharomyces 
pombe 



Overview 
  Proteome Databases 

     

 

    BLAST 

 

 

   Clustering Algorithm 



Clustering Algorithm 
 



Clustering Algorithm 
 Step 1 - Seed identification 

 B2 and C2 are the original seed-ortholog pair 

 Inparalog score of 1.0 assigned 

 All inparalogs are clustered around this pair 

 Identification of seed-inparalog 

 Other inparalogs are scored according to their relative 
similarity to the seed-inparalog 

 Why is B1 and C1 not considered as seed though they are 
orthologous???? 



Clustering Algorithm 
 Step 2: Inparalog score calculation 

 Inparalog score of C3 =  

(Blast[C2:C3]Blast[C2:B2])/(Blast[C2:C2]Blast[C2:B2])  

 

 where Blast[X:Y] is the averaged blast score between X 
and Y in bits.  

 C1 and B1 are orthologous to each other but are 
outparalogs of the other cluster and thus form a cluster 
of their own 

 



Cluster analysis Cut off score 



InParanoid database: Table 



Paranoid Database analysis 
 How to interpret results 

 Protein dataset 

 Total protein set obtained protein databases 

 Proteins analyzed 

 Total no of proteins used in inparanoid clustering 

 Symmetric? 

 Insight on gene duplication 

 Distance principle not applicable for orthologs 

 

 



Various tools 
 Human vs All 

 Allows the user to select an organism to display all 
Inparanoid clusters between it and human 

 All species vs All 

 Similar except that one can freely choose which two 

 organisms to pick 

 Both approaches displays all possible inparalogs 



Tools continued 
 Gene Search 

 Requires an identifier 

 Text search 

  More flexible search which first outputs a list of genes 
whose annotation matches the query text string 

 Blast Search 

  Allows one to enter a sequence to Blast against the 
protein datasets 

 



Result Summary 
Cluster  name 



 



 



Orthophylogram 
 Phylogenetic tree 

 Based on the average fraction of InParanoid orthologs 
between species 

 99 species 



Inparanoid -Cross Species 
Advantage 
 Orthophylogram – great source for cross species 

similarity information 
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