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Updates on Pseudogene 
Analysis in Human and Mouse

Mark Gerstein & Paul Muir

GENCODE meeting 
21st June 2018
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Pseudogenes
are non functional,
evolutionary fossils

Systematic annotation and 
analysis of pseudogene 
complements in genomes of 
human and model organisms

1977
Pseudogenes’ 

structure & formation 
mechanisms

1980s 1990s 2000-present

Pseudogene “has homologous 
structure, [is] nearly as long 
as, and almost an exact repeat 
of, the gene itself”

A Pseudogene Structure in 
5S DNA of Xenopus laevis
C. Jacq, J. R. Millier and 
G.G. Browniae
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The Gerstein lab has a long history in pseudogene 
annotation and analysis
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A canonical pseudogene

Gerstein and Zheng SciAm 2006 
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Review of pseudogene biogenesis

Gerstein and Zheng SciAm 2006 

GENOMIC 
DNA

Exon

Gene

Intron

Disabling
 Mutation

Promoter

Unitary pseudogene
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Future work

•Finalize the annotation for mouse

•Improve the annotation in mouse strains 

•Pseudogenes as personalized annotations 

•Pseudogene annotation customized for human disease studies



7
-L

ec
tu

re
s.

G
er

st
ei

nL
ab

.o
rg

Pseudogenes in the mouse 
lineage
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Comparisons across the mouse and primate lineages 

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Mouse strains

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Pseudogene annotation pipeline

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Comparison of pseudogene annotations

Mouse strains have comparable pseudogene contents in both size and biotype distribution.

Fewer annotations in more divergent species due to use of reference mouse coding set. 
Sisu C.*, Muir P.*  et al., NComms., Submitted
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Unitary pseudogenes in human and mouse lineages

Foreign Strain/ 
Specie

Mouse 
Orthologs

Foreign Proteins 
without Mouse 

Orthologs

MAP to MOUSE 
Six frame blast
Filtering & 
Merging hits
Parent & 
Biotype 
Identification

Filter known 
pseudogenes

Automatic 
Predictions

Unitary 
Pseudogenes

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Loss and gain of function in human and mouse 
lineages

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Pan-genome pseudogene annotation distribution

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Historical patterns of transposon-mediated 
pseudogene genesis

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Gene Ontology enrichment analysis of parent 
genes

Highly abundant protein families show 
up in GO analysis of pseudogenes.
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Cross strain gene ontology and Pfam family analysis of 
pseudogenes

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Gene Ontology term enrichment 
amongst pseudogenes
(biological processes)

Processed and duplicated 
pseudogenes enriched for 
different functions.

Processed pseudogenes 
enriched for: 
• ribosomal functions
• cell cycle
• translation and RNA 

processing
• ubiquitination. 

Duplicated pseudogenes 
enriched for:
• apoptosis
• sensory and olfactory 

processes
• immune functions. 
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Sisu C.*, Muir P.*  et al., NComms., Submitted
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Transcriptional activity in 
reference genome

15% of mouse pseudogenes show 
evidence of residual transcription 
across multiple tissues

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Conserved pseudogenes with 
transcriptional activity – this 
set of pseudogenes may need 
further review to ensure they are 
not misclassified functional 
elements.

Strain-specific pseudogenes 
with transcriptional activity –
largely residual activity from 
pseudogenes with regulatory 
regions which have not decayed.

Transcriptional activity in mouse strains 

Sisu C.*, Muir P.*  et al., NComms., Submitted
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mouse.pseudogene.org

Sisu C.*, Muir P.*  et al., NComms., Submitted
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Summary

•The first draft of pseudogene annotation in 18 mouse strains and the 
reference genome

•On average 15-20% of are strain specific and ~ 25% are ancestral, 
being conserved in all the strains.

•Top pseudogene families are matching closely the human 
counterparts.

•While human TE activity became silent after the retrotransposition
burst, TE are still active in mouse strains.

•Similar to human, pseudogene prolific genes are not enriched in 
paralogs and vice versa.

•Pseudogene localization suggests multiple large scale genomic 
rearrangements between the out group - wild strains and the reference 
(lab strains) mouse genome.

•A significant proportion of show signs of transcriptional activity.
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CHESS – pseudogenes or coding genes?

18311

Pseudopipe

15474 Retro
finder

Gencode 14694

131918877
8919

• CHESS genes exclude   
GENCODE pseudogenes

•Test the overlap between 
CHESS genes and PseudoPipe
& Retrofinder genes
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43 unique genes intersect pseudoexons with a 1bp 
minimum overlap 

• 5/6 PseudoPipe
pseudoexons have 100% 
sequence overlap

•28/41 Retrofinder exons 
have 100% sequence 
overlap 

•Others: 8-83% sequence 
overlap

18311

Pseudopipe

15474 Retro
finder

CHESS  1178

6

41

4
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Is CHS.7402 a pseudogene?
• Similar to a protein from the crab eating macaque
>XP_005566708.1 PREDICTED: carbohydrate-binding protein AQN-1-
like isoform X2 [Macaca fascicularis]

MRLSRAFAWSLLCSIATIVTAPFATAPSDCGGHYTDEYGRIFNYVGPKTECVWIIELNPGDIVVV
AIPELKGFVCGKEYVEVLDGPPGSESLGRICEAFSTFYHSSSNIITIKYSREPSHPPTFFEIYYF
VDAWSTH

APSDCGGHYTDEYGRIFNYVGPKTECVWIIELNPGDIVVVAIPELK KGFVCGKEYVEVLDGP
PGSESLGRICEAFSTFYHSSSNIITIKYSREPSHPPTFFEIYYFVDAWSTH (macaque)  
APSDCGGHYTDEYGRIFNYAGPKTECVWIIELNPGEIVTVAIPDLK  RGFACGKEYVEVLDGP
PGSESLDRICKAFSTFYYSSSNIITIKYSREPSHPPTFFEIYYFVDAWSTH (human)

Misses the first 20 amino acids
Does not contain any indels or stop condon disablements 
Potentially a duplicated pseudogene? 


