
SUPPLEMENTARY MATERIALS 
 
 
 
Fig. S1. Variation in the secretion 
profile of single mutants (see fig. 
1C main text)., full set of mutants 
with environmental effect.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Fig. S2. Fitness and environmental effects are correlated. We plot the environmental effects 
of each single mutant (calculated as discussed in the methods) as a function of the fitness 
effect of that mutation. Both metrics are strongly correlated (Pearson’s ρ =  0.61, P<10-6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Fig. S3. Prediction of competition assay outcomes in the path to strong aerobic growth on 
citrate in E. coli was compared to the measured colony counts for each competition assay. 
All 120 competition assays were simulated using dynamic FBA (see Methods), and the 
experiments were performed as explained in the main text (Methods) 

 
 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
Fig. S4. Environmental effect and deformability are correlated in the local genotype space 
of E. coli. Here, the degree (i.e. number of interactions) in the network presented in figure 
3C (main text) is used as a proxy for deformability.  
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
Fig. S5. Additional examples of long range deformation similar to figure 4C (main text) 
using the 16 non-essential mutations M with largest environmental effect (shown as 
subpanel titles) other than ACKr (which is shown in Fig. 4C in the main text). We show 
average fitness differences (ΔF) in competition with A vs. in competition with M. ΔF 
always increases with mutational distance. Error bars represent SEM (N=100).  
 
 
 



Fig. S6. Average difference (absolute value) in growth rate between environments EM and 
EA (in grams of dry cell weight × hr-1) at varying genotype distances (gray line, shading 
represents SEM; N=100). Additional examples are shown, similar to figure 4D (main text), 
using the environments generated by the 16 non-essential mutations with largest 
environmental effect. Average difference in growth across environments always increases 
with mutational distance. Gray shading is SEM (N=100). 
 
 
 
 
 



 
 
Fig. S7. Derivation of Ara-3 strains used in competition experiments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table ST1. Ara-3 strains used in competition experiments.  
 

Clone Phenotype citT Duplication dctA Mutation Ara marker 

ZDB89 Cit++ + + – 

ZDB119 Cit++ + + + 

ZDB757 Cit– – + – 

ZDB904 Cit– – – – 

ZDB912 Cit+ + – – 

ZDB1244 Cit– – + + 

ZDB1245 Cit– – – + 

ZDB1246 Cit+ + – + 

 
 

 
Table ST2. Parameters used in dFBA simulations 
 

Parameters Local Mutational 
Neighborhood (Fig 1 ) 

Citrate Simulations (Fig2) 

Default Vmax 

 (mmol  ×  gr. -1  ×  hr-1) 
10 10 

Default uptake Km (uM) 0.01 0.01 

Death rate (%) 0 0.01 

Time Step (hr) 0.1 0.1 

Cycles 100 240 

Space Width (cm) 0.02 0.02 

Simulation layout Single cell  Single cell  

 
 
 


