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Specifications of the genome -network model  

 
 
 

 

Due date: M3 (January 2013) 

Person in charge: Guillaume Beslon 

Partner in charge: INRIA 

Workpackage: WP2 (Development of an integrated modelling platform) 

Deliverable description: Specifications of the genome-network model: Description of the modeling 
choices for the genome-network integrated model. This model should include 
a realistic genomic structure as well as a metabolic network translated from 
the genome. 

 

Revisions: 
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1.0 
First version of the specification of the genome-network 
model 

27/01/14 C. Rocabert (INRIA) 

1.1 Corrections by G. Beslon 29/01/14 C. Rocabert (INRIA) 
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1.4 Adding references section 30/01/14 G. Beslon (INRIA) 
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1. Introduction  

Ç Although there has been much discussion on what is the appropriate level on 
which Darwinian selection operates, we now know that in many cases the 
interesting features arise through the occurrence of multiple levels of selection 
which act in concordance and/or in conflict. È 

Hogeweg and Takeuchi (2002) 

Micro-organisms react to many environmental changes by evolving through mutations and 
Darwinian selection. This remarkable ability to quickly evolve suggests that it could itself have been 
selected, if evolution favored  the most evolvab le lineages .  This Òevolution of evolutionÓ relies 
on two important concepts: the genotype -to -phenotype mapping and the fitness landscape . 
The central concept of EvoEvo is the following: if the genotype-to-phenotype mapping and the 
fitness landscape are allowed to change over time, if they can be (indirectly) selected, then they 
can evolve and acquire properties that could favor evolution in changing environments. 

Thus, to model and study EvoEvo, it is necessary to deal with multiple levels of organization  
(genetic structure and regulation, protein-protein network, metabolic network, population and 
species networks). INRIA and UU have developed independently two formalisms that are 
specifically dedicated to the study of indirect selection. INRIA used the "sequence-of-nucleotides" 
formalism to develop the aevol model (Knibbe, 2007a; Knibbe 2007b). Using this model, INRIA 
showed that indirect selection could select specific genetic and transcriptomic structures 
depending on the mutational and selective pressure (Knibbe, 2007b; Beslon, 2010a; Beslon, 
2010b). UU proposed the "pearls-on-a-string" (PoaS) formalism and used it to show that, in time-
varying environments, regulation networks, metabolic networks and species networks can acquire 
structures that increase the evolvability of the organisms (Crombach & Hogeweg, 2008). However, 
both models are restricted to specific levels of organization (figure 1). 

 

Figure 1 - Models developed by INRIA and UU cover multiple levels of organization. Aevol 
models the evolution of genome structure. R-aevol also permits to evolve genetic regulation 
networks (GRN). "Pearls-on-a-string" models have a simpler genome representation, but 
have been used by UU to cover several levels of organization. Genome-network model and 
integrated model are WP2 tasks. 

Genome GRN Metabolism Population Ecosystem 

GenotypeÐto-phenotype mapping 

aevol 

R-aevol 

Pearls-on-a-String 

Pearls-on-a-String with resource cycling 

Pearls-on-a-String virtual cell 

Genome-network model 

(?) Integrated model 
























