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Supplementary Figures and Legends 
 

 

 

 

 

 

Supplementary Figure 1 |  Representation of a gene regulatory network. A gene network is encoded by an 

N N̄ matrix W (a weighted adjacency matrix). The expression of a gene i is regulated by the products of other 

genes (sj: colored proteins), which bind to their respective cis-regulatory elements jΣ ǿƛǘƘƛƴ ǘƘŜƛǊ ǘŀǊƎŜǘΩǎ ǇǊƻƳƻǘŜǊ 

region (row wiύΦ !ƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƎŜƴƻǘȅǇŜ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ƴǳƳŜǊƛŎ ǾŀƭǳŜǎ ƛƴ WΣ ŀƴŘ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ 

ǇƘŜƴƻǘȅǇŜ ōȅ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎǘŜŀŘȅ-state vector (s), which maintains the gene-expression state of the network. 

The magnitude (color density) and the direction (not shown) of the interaction from gene j to gene i, is a function 

ƻŦ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ƎŜƴŜΩǎ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ǊŜƎǳƭŀǘƻǊ όsj) and its target cis-regulatory element encoded by entry 

wij. For entries wij<0, the product of gene j is an activator of gene i, and is a repressor if wij:0. For any entry wij;0, 

there is no (direct) regulatory interaction from the product of gene j on the expression of gene i. That is, there is no 

cis-sequence within the promoter region of gene i, which is recognized by transcription factor j. (Figure is adapted 

from Siegel and Bergman (2002). 
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Supplementary Figure 2 |  Evolving far from equilibrium. Plot shows the average evolved response in 

connectivity density, under stabilizing selection, over 30,000 generations for the sparse (open circles: Ő;0.1; 

;h0.008, f;0.07) and the dense (closed circles: Ő;0.9, h ;0.07, f;0.008) treatments networks shown in Fig. 1, 2. 

The expected equilibrium density for each (see Supplementary Equations), are shown with think dashed line. Inset 

shows the deviation from the expected equilibrium trajectory at time t. As networks evolve sparser 

connectedness, it naturally becomes more difficult for selection to find interactions which can be removed without 

ŎƻƳǇǊƻƳƛǎƛƴƎ ǘƘŜ ƴŜǘǿƻǊƪΩǎ ŦǳƴŎǘƛƻƴΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ƻƴ ŀǾŜǊŀƎŜΣ ǘƘŜ ǎǇŀǊǎŜ ǘǊŜŀǘƳŜƴǘ ƴŜǘǿƻǊƪǎ ŀǊŜ ŀƭǿŀȅǎ ǎŜŜƴ 

to be more robust when measured by the gross cost of perturbation (GCP) than the dense treatment networks 

(Fig. 2; also see Supplementary Fig. 3). Data are expectations and 95% confidence intervals for the mean of a single 

optimal individual sampled from each replicate population. 
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Supplementary Figure 3 |  Mutational robustness increases in populations evolving sparser networks. Vertical 

axis shows robustness to mutation measured with respect to the similarity to the optimal phenotype for that 

population. Mutational robustness is measured with the mutation operator (see Supplementary Methods) used to 

evolve each population. Plot shows evolutionary response in mutational robustness for the sparse (open circles) 

and dense (closed circles) treatment networks, from the first experiment (see Fig. 1, 2; also Supplementary Fig. 2), 

initialized far-from-equilibrium. Measure of mutational robustness shows same qualitative result as the measure 

for gross cost of perturbation (GCP) in Figure 2. Data are expectations and 95% confidence intervals for the mean 

of a single optimal individual sampled from each replicate population. 


