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Polyploidy and divergence

Polyploid
- Of a nucleus, having more than two haploid sets (2n) of 

chromosomes, for example, 3n is triploid, and 4n, 
tetraploid.

- Autopolyploids (A+A=2AA) and allopolyploids (A+B=2AB)

Polyploidization
- Gene duplication found in the evolutionary history of 50 ~ 
70% of angiosperms

- Important role in the evolution of diversity and novel 
functions of genes



Prevalent in genomes of flowering plants

Synoptic chart of cultivated wheat evolution
(de Moraes Fernandes, et al. 2000)



The fate of duplicate gene pairs

Three potential fates of duplicate gene pairs with 
multiple regulatory region (Force et al., 1999)



Gene-Protein Contact model

Assumption
- Considering only divergence in sequence of 

genes, but not of regulatory regions.
- Pmut is the probability of mutation affecting 

gene function.
- A link is the transcription relation between a 

gene and its product, protein.
- Not considering the time scale of duplication 

and divergence of genes. (considering as the 
steps of the evolution process)



Retaining and gene silencing

* Fixing as Pret=0.5
from Ohno (1970)

Acquiring a new function

Retaining (Pret)

Mutating (Pmut)

GPC model: Gene divergence



GPC model: Evolving network

Genome evolution via duplication
(n -> 2n*) and divergence

* Starting with the haploid number of chromosomes, N0=100

Duplication Divergence



GPC model: Rate equation

The expected number of nodes with k links 
at step t
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GPC model: Cumulative degree distribution

Degree distributions 
with different mutation 
rates (Pmut= 0.01, 
0.001, 0.0001)

* Data shown are 
means over 10 graphs 
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GPC model: Average degree versus step

Average degree <k> 
v.s. step for evolving 
networks with 
different mutation 
rates (Pmut= 0.01, 
0.001, 0.0001)

* Data shown are 
means over 10 graphs, 
from 100 (N0) nodes 
to about 400,000 
(N13) nodes
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A step means the whole progress of duplication and divergence in GPC model.



GPC model: Component size distribution
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network, evolving with 
different mutation 
rates (Pmut= 0.01, 
0.001, 0.0001)

* Data shown are 
means over 10 graphs 
of about 400,000 
(N13) nodes

The size means the number of vertices in each connected component.



Discussion
The mutation rate influences the topology of gene-
protein contact networks
: Considering the real time scale (e.g. using the 
synonymous substitution rate, Ks)

Comparison with random graphs
: Hard to find suitable random graphs

High performance computation needed
: Examination of topology of growing networks
(Example) Simulating growing graphs with 2 million 
nodes within 1 min.



Development environment
C++ computer language
: Most suitable for high-performance computation

The C++ Boost Graph Library
: http://www.boost.org/
: Using generic programming to provide general 
purpose graph classes and interfaces

Graph visualization software
Graphviz - http://www.graphviz.org/
ZGRViewer - http://zvtm.sourceforge.net/
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