
  
Short Abstract — We infer a large fitness landscape from 

high-throughput sequence data from the E. coli lac promoter 
region with ~200k sequences. The sequences are associated with 
measurements of transcriptional activity. Utilizing multivariate 
regression and L1 regularization (LASSO), we find the best 
linear and quadratic approximations to fit the data. We find 
the fitness landscape to be largely smooth and additive, with a 
small amount of synergistic epistasis. Our method also reveals 
the locations of binding sites, and their interactions without any 
prior knowledge and without any difficult optimization steps. 
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PURPOSE 
The relationships among genotype, phenotype and fitness 
are often complex and difficult to untangle. Because it is a 
map from a high dimensional space to a real valued number, 
it known sometimes as the fitness landscape. One can 
measure the fitnesses of different phenotypes or genotypes 
and to learn large scale properties of the landscape such as 
the amount of epistasis [1,2], the presence of stabilizing 
selection [3], and the reproducibility of evolutionary paths 
[4, 5]. Pitt et al [6] have measured the fitness landscape of 
~107 RNA sequences, and is to our knowledge the most 
detailed fitness landscape measured. Here we quantify a 
genotype-phenotype map using data from high-throughput 
sequencing and by applying multivariate linear regression 
with regularization. The data consists of mutanegized 
transcriptional regulatory sequences from the E. coli lac 
promoter [7]. In total ~200,000 lac promoters were 
mutagenized in a 75 bp region containing the cAMP receptor 
protein (CRP) and RNA polymerase (RNAP) binding sites (-
75:-1) over six experiments. Each sequence has an assigned 
bin corresponding to different fluorescence levels which 
indicate transcriptional activity. The relationship between 
transcriptional activity and fitness depends on the 
environment, which in this case is the presence or absence of 
cAMP or lactose. However the fitness, or the growth rate, 
and the transcriptional activity to enable the metabolism of 
lactose are likely to be correlated in the presence of large 
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amounts of lactose, and anti-correlated in the presence of 
catabolite suppression mediated by cAMP. Therefore, we 
consider transcriptional activity of the promoter as a direct 
measure of its fitness. 

METHODS AND RESULTS  
We regress the fitness on the presence of individual 

mutations assuming no epistasis among them and then 
assuming pairwise epistasis. We estimate the fit error 
through cross-validation and other tests. We find the fitness 
landscape to be largely smooth and additive, with a small 
amount of antagonistic epistasis. Non-epistatic contributions 
to fitness account for about half of the variance in the data. 
While pairwise epistatic interactions account for ~10% or 
less, their effect is statistically significant. We believe this to 
be the first estimation of the effects of epistasis among many 
individual nucleotide mutations over a large portion of a 
regulatory region. We infer the landscape for different 
environmental conditions (where lac expression is needed, 
and where it is not), and we find changes in the specificity of 
RNAP binding. We show that, compared to random 
sequences, the wild type provides an efficient regulation of 
transcription in both environments. Our method reveals the 
locations of binding sites, and their interactions without 
biophysical modeling and without any difficult optimization 
steps.  
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