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Network Organization 

Patterns: 

   - Motifs 
   - Modules 

   - Topology 

Network Evolution 
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- Binding + Expression data 

Reconstruction of the regulatory 

architecture was automatic and 
required no prior knowledge of 

the regulators that control 
transcription during the cell cycle 
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Emergence and maintenace of: 

Complexity 

Evolvability 

Genome architecture 

Motifs 

Modularity 

Redundancy 

Robustness  

Unjustified summoning of natural 

selection and adaptation  

Absence of null model: How would neutral evolution take place? 

Absence of population-level processes 

as generative forces 
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$ = ul/ug 

Consider... 
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ul = nu 

Consider... TFBS birth and death process 

# nucleotide of TFBS 

Mutation rate / nucleotide 

ug = (L-n+1)nu/4n 

# of sites where TFBS can originate non-coding DNA adjacent to a gene 

~100bp prokaryotes 

104-106bp eukaryotes 

$TFi
~10-104 

$TFi
~0.001-10 

Vertebrates & Vascular plants: 

Many more TFBS!!! 
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Recruitment of upstream activator 
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Self-reliant (s) 

Upstream dependent (ups) 

Redundantly regulated (rr) 

Transitions between states occour 

every 1/ug generations 

Neutral transitions between 

alternative regulatory mechanisms 
can occour few million generations 

or less!!! 

Nearly independent of population size 
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Recombination – The all mighty 

Loss of ups A allele %  recombinational 

inactivation 
Possible acquisition of latent regulatory 

elements 

All recombinantes with at least 1 parental 

rr allele are functional 

Indirect recombinational advantage of rr 

allele % increases with population size 

Equilibrium frequencies for an effectively 

infinite population: 

Nearly all individuals carry rr! 

~ 1-8sqrt(u)                                ~ <0.001 
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Even in most non-recombinogenic 

backgrounds, with sufficiently large 
N, recombination inactivation 

promotes rr alleles if regulatory 
sites are closer than 100bp 
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!! Selection acts poorly on insertions 

!! Species with small N accumulate 

excess DNA % natural susceptibility to 

TFBS arisal 

!! High levels of rr alleles expected 

regardless of selective advantage 

!! Microbial species: little non-coding 

DNA % few targets for TFBS arisal 

!! Large N can be sufficient to promote 

rr alleles % recombinational inactivation 
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Increasing regulatory factors... 

No recombination 
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Increasing regulatory factors...With recombination 

Large N 

Feed-foward motif 

=D(



Larger number of interacting genes 

!! Increasing number of TFBS (k) increases potential pathways  

(high computational cost) 

!! System with low $% mutation pressure primary governing force  

(multicellular eukariotes) 

!! Probability distribution of all alternative pathways: approximated by matrix description 

of pathway architecture 

!! Stochastic gain/loss of regulatory elements 

!! Confirm previous results 

!! Overall level of node connectivity 
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Larger number of interacting genes 

!! Power-law as inferred for PINs and TRNs? 

!! Problematical evolutionary interpretations 

of node connectivity paterns (non-adaptive 

origin, time variability, k, $ etc.) 
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Conclusions 

!! Dependence of average pathway architecture on population-genetics environment 

!! Considerable variation between expected patterns 

!! Even with constant average pathway architecture: changes in regulatory network 

!! Predict allelic variation in regulatory mechanisms in natural populations  

(e.g. echinoderm) 

!! Network complexity not necessarily fixed by selection 

!! Complexity, modularity, motifs, redundancy and other features cannot be directly 

attributed to natural selection 

!! Limits of models of evolution by saltational events: pre-specified rules for stochastic 

node attachment, gene duplication, TFBS origins with no intermediate states in a 

populational context, fixation of mutation is not instantaneous 

!! Inadequacy of null models generated by randomization and saltational changes as 

neutral models of evolution 

>/(


