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Genome duplications (polyploidy) / ancient genome 
duplications (paleopolyploidy)/ ancient genome 

hybridization (allo-paleopolyploidy)

Mechanism? e.g. a diploid cell undergoes 
failed meiosis, producing diploid gametes, 
which self-fertilize to produce a tetraploid
zygote. 

How to detect paleoploidy?

Non-sequitur? How this lecture fits in the 
course. 

• Something to expect in gene trees. 
– If I see two paralogs in human my first guess is that they duplicated at 

base of vertebrares: provides scenario/search image
• We want to detective What has happened, this is generally difficult: 

here we are clear what happened because of synteny ….
• Some fringe /  in extremis discussion of paralogy & orthology
• Much more well defined exposition of 

– Again importance of gene loss: provides nice example of expansion 
contraction / biphasic model of genome evolution

– Changes in Speed of evolution
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Phylogenetic timing of duplicates hints are massive 
duplications at the base of vertebrates
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Paramecium genome duplications
Comparison of two scaffolds originating from a 

common ancestor at the recent WGD 

Whole genome (all 
scaffolds) can be aligned 

to itself

Saccharomyces cerevisiae
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Just before genome duplication

Just after genome duplication

More time after genome duplication

Unaligned view (removing gaps just like in cerevisiae has occurred) 
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Saccharomyces cerevisiae Problem reciprocal gene loss (illustrated with an extreme 
case); how to solve?
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Problem reciprocal gene loss (illustrated with an extreme 
case); how to solve?

Just before genome duplication

Outgroup!

Just after genome duplication

Outgroup

Just after genome duplication

Outgroup
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More time after genome duplication

Outgroup Outgroup

Problem reciprocal gene loss (illustrated with an extreme 
case); how to solve?

Outgroup

Outgroup
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Outgroup Outgroup

Outgroup genomes allowed full 
alignment of cerevisiae to itself

Wong et al. 2002 PNAS 

Including detection of centromeric 
resulting from WGD
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… maybe it was not a whole genome 
duplication but a hybridization?

Clearer example of allopolyploidy (& genome dominance)
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Vertebrate genome 
duplication: duplicated 

clusters

Human S. cerevisiaeBony Fish
SHARKS! (Chondrichthyes)

Lamprey
Ciona

Lancelet (amphioxus) 
Allowed mapping vertebrate
WGD

Local-synteney
conservation between 

human and lancelet  

Chordate linkage groups
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Duplicated wnt “clusters” detected via
lancelet outgroup

wingless (Wnt) : a paradigmatic example of the pervasiveness of gene 
loss during metazoan evolution. (after gene duplication)

Wnt example of gene loss after WGD

Tandem 
duplications at 
base of animals

WGD at base of 
vertebrates

W
NT
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• a

Nature. 2011 Apr 10. [
Ancestral polyploidy in seed plants and angiosperms.
Jiao Y, Wickett NJ, Ayyampalayam S, Chanderbali AS, Landherr L, 
Ralph PE, Tomsho LP, Hu Y, Liang H, Soltis PS, Soltis DE, Clifton 
SW, Schlarbaum SE, Schuster SC, Ma H, Leebens-Mack J, 
Depamphilis CW.

All from gene trees!!!

Is it always genome duplication?

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jiao%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wickett%20NJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ayyampalayam%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chanderbali%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Landherr%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ralph%20PE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tomsho%20LP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hu%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liang%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soltis%20PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soltis%20DE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Clifton%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schlarbaum%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schuster%20SC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ma%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leebens-Mack%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Depamphilis%20CW%22%5BAuthor%5D
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Phytophthoras have many paralogous blocks
(HOM blocks)

Adapted from: C Martens and Y van de Peer BMC Genomics (2010) 

2HOM block with conserved orientation

2HOM block with unconserved orientation

2HOM block being part of a 3HOM block

HOM block features do not point to a 
WGD

Species 2HOM blocks TE-filtered
Full set > 2 copies Same scaffold 2 copies,

different scaffolds
P. infestans 253 86 14 25 55
P. ramorum 128 31 1 16 15
P. sojae 207 35 4 15 18

majority originated from recent species-
specific duplications

E.g: in P. infestans, 132 out of 146 (90%) blocks analysed is species-specific, 
so cannot result from a WGD in the Phytophthora ancestor

Individual duplications are even more 
often species-specific
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http://ohnologs.curie.fr/img/home1.png

Genome duplications turn out to be (much) more 
frequent (than anticipated)
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Reconstructed map of genome duplications allows unprecedented 
mapping of evolutionary history of genes in genomes

YGOB
Post –

WGD chrom“A”

WGD

outgroup

Post – WGD chrom“B”

YGOB

outgroup

Post – WGD chrom“B”

WGD

Post –
WGD chrom“A” Reconstruction of genome duplications allows unprecedented 

mapping of evolutionary history of genes in genomes
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Reconstructed map of genome duplications allows 
unprecedented mapping of evolutionary history of 

genes in genomes: “pseudo-orthology”
Major fate is gene loss

Paramecium genome duplications
Comparison of two scaffolds originating from a 

common ancestor at the recent WGD 
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In paramecium 3 
or 4 WGD Massive gene loss

eukaryogenesis origin of animals
Whole genome 

duplication at the base 
of vertebrates

WGD’s sometimes correlate to (adaptive) 
radiation?
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Correlation to (adaptive) radiation?

• Vertebrates
• Flowering plants
• Teleosti most

species rich group 
of vertebrates

• Yeasts

Explanations for adaptive radiation?
Incompatibility at essential loci

Explanations for 
adaptive radiation?

Regulatory innovations

Non-sequitur? How this lecture fits in the 
course. 

• Something to expect in gene trees. 
– If I see two paralogs in human my first guess is that they duplicated at 

base of vertebrares: provides scenario/search image
• We want to detective What has happened, this is generally difficult: 

here we are clear what happened because of synteny ….
• Some fringe /  in extremis discussion of paralogy & orthology
• Much more well defined exposition of 

– Again importance of gene loss: provides nice example of expansion 
contraction / biphasic model of genome evolution

– Changes in Speed of evolution


