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Pseudogenes – sequences of genomic DNA lacking the protein coding capability of
their paralogous counterpart.

*similar to the original gene

*accumulate disablements (in-frame stop codons, sequence
frameshifts)

*without function

*released from selective pressure (neutral evolution)

*not overlapping any known gene

~20 000 in human

Duplicated /nonprocessed Processed (~8000 (~3600) in human)

Origin: Unequal crossing over Origin: Retrotransposition



Unequal
crossing over

Retrotransposition



The expression of the Makorin1 gene 
is controlled by one of its pseudogene
copies, Makorin1-p1. The figure shows 
two ways in which this might happen. 
a, An RNA-mediated mechanism. 
Here, messenger RNA copies of the 
pseudogene and gene compete for a 
destabilizing protein that binds a 
crucial 700-nucleotide region near the 
beginning of the mRNAs. This 
destabilizing protein might be an 
RNA-digesting enzyme (RNase). b, A 
DNA-mediated mechanism. Here, 
regulatory elements in the 700-
nucleotide region of the pseudogene
and gene compete for transcriptional 
repressors. 

Hirotsune et al (2003) An expressed pseudogene regulates the messenger-RNA 
stability of its homologous coding gene. Nature 423, 91-96.



1. Look for conserved pseudogenes common to human and 
mouse, originating from one duplication predating the human
mouse species split and having evolved as pseudogenes since
species split.

2. Test the potential functionality of the found pseudogenes using
enrichment of transcription and synteny. 



12 687
protein pairs 11 146 quartets

1453 sequence
quartets



The substitution rates are specified by the rate matrix Q = 
{qij} defined by:

ω – nonsynonymous/synonymous rate ratio

κ – transition/transversion rate ratio

π – equilibrium frequency of codon

µ – normalizing rate factor



Conserved pseudogenes originating before the species split

Evolutionary scenario S1



Both pseudogenes originate independently of each other, after
species split

Evolutionary scenario S2



Transition from gene to pseudogene occurred subsequent to
the species split

Evolutionary scenario S3



Histogram of Likelihood Quotients when 
Comparing Scenarios S1 and S2

Histogram of Likelihood Quotients when Comparing 
Scenarios S1 and S3



Number of Sequence Pairs in Each Class Favoring a Particular Scenario 

Class 1 – have detectable disablements and do not overlap any Ensemble gene prediction

Class 2 – have detectable disablements and overlap an Ensembl gene prediction

Class 3 – no detectable disablements and do not overlap any Ensemble gene prediction

Class 4 – no detectable disablements and overlap an Ensembl gene prediction

Result: 30 quartets for which the sequences suggest that:

1) The pseudogenes are evolutionarily conserved since before the human and mouse
speciation

2) They have been pseudogenes since prior to the speciation



p-Values for Scenario Comparisons and Pseudogene Expression Evidence (Number of 
Matching EST and mRNA Sequences) for the 20 Syntenic S1 Quartets.

Any reciprocal best hit longer than 100 bp and with more than 99% sequence identity to 
the query sequence was retrieved.



Conservation between Human and Mouse Gene and Pseudogene

Sequences for the 20 Syntenic S1 Sequences
Blue stars indicate genes. Red circles indicate pseudogenes. The histogram 
shows, for reference, the conservation of all genes giving rise to pseudogenes.

0.5 substitutions per site

67% sequence identy for regions under
no selective pressure



Conservation Percentage in and around the Pseudogene



An alignment of the processed copies to the ATXN7L3 human and mouse protein-coding genes. The human 
as well as the mouse ATXN7L3 contains 12 exons, which are all present in the respective duplicates. 
Approximate exon borders are shown in yellow.
The most interesting part consists of columns 1–468 (boxed green), which according to several EST and 
mRNA sequences is the only segment expressed. It consists of a highly conserved part, 1–288 (red), which is 
a potential open reading frame, followed by part 289–468 with pseudogenic disablements.



Conservation estimates can, even together with expression 
evidence, be expected to be insufficient for revealing whether 
an individual pseudogene is functional or not.

Results: 742 class 1 pseudogenes favoring S1.

Human-chimpanzee

Percentage of Expressed Pseudogenes in Relation to Their Conservation p-Values 



Human–Chimpanzee Conserved and Expressed Pseudogene Pairs


