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1 Introduction.  
 
Protein interaction networks grow larger and more complex as the number of genes in an organism 
increases. Macroscopic properties of these networks (such as their connectivity distribution) and 
microscopic properties (such as network motifs [1]) can be used to understand the principle governing 
their evolutionary growth. A prominent mechanism for network growth is the evolutionary process of 
gene duplications, which is known to contribute to the formation and development of genomes as 
we see today.  These duplication events can be replication of a single gene or gene segment, or on 
the other extreme, the duplication of the entire genome.  Following such duplication events, there is 
a transient period that results in either gene loss or functional divergence of the duplicate pair 
members [2].  
 
We propose a model for network growth incorporating gene duplication and asymmetric divergence of 
duplicates in the genome, and compare this model to the S. cerevisiae protein-interaction network. 
The model was found to reproduce many of the statistical properties of the observed proteomic 
network. We then study the motifs in the protein interaction network (small subgraphs occurring in 
the network in frequencies that are significantly higher than in randomized networks) induced by 
pairs of duplicated genes. The prevalence of particular network motifs is dependent on the 
duplication history of the network. From the statistical distribution of these motifs we are able to 
estimate the rate at which new interactions are formed and old interactions lost in the transient period 
following a duplication event.  

 
2 Duplication 
 
Kellis et.al. demonstrate [3] that a whole genome duplication has occurred in the history of the S. 
cerevisiae genome.  Following the whole genome duplication event in the history of S. cerevisiae’s 
genome, the majority of the newly created genes were lost. However, the genome retains a significant 
number of duplicate genes. It is the protein interaction patterns of these remaining gene pairs we use 
to measure parameters pertaining to the transient period of equilibration following the genome 
duplication.  
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3 Motifs 
We look at the prevalence of network motifs between pairs of duplicate genes in the protein 
interaction network.  Some motifs can appear as a direct result of gene duplication (Figure 1). 
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Figure 1: Motif creation by gene duplication 
 

However, not all motifs can be created via gene duplication alone. Many motifs, such as the motif 
at the end of the process in Figure 2, are only possible if new interactions between the surviving 
duplicate genes are created, or if old interactions are deleted.    
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Figure 2: Example of motif not accessible by duplication alone. 
 
We establish the statistical distribution of all possible motifs among pairs of surviving S. cerevisiae 
duplicate genes.  Using this distribution we estimate the interaction creation and destruction 
probabilities (for surviving duplicate pairs) during the transient period following genome 
duplication.  
  
4   Conclusions 

 
Gene duplication events have played a prominent role in the evolutionary history of genomes, and 
in the growth of the S. cerevisiae genome in particular.  A model of gene duplication combined 
with asymmetric divergence of gene pairs was found to reproduce many of the statistical properties 
of the S. cerevisiae interaction network.  We then look at duplication within the genome.   From the 
interaction patterns these pairs exhibit today, we estimate the parameters that governed their 
functional divergence. 
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