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Finding epistasis in high-throughput experimental data
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Motivation and Aim: Epistasis is one of the most important factors of molecular
evolution. Epistasis in its simplest form stands for a phenomenon when the fitness of
double mutant differs from the fitness expected from the two single mutants [1]. For
higher-order epistasis, we look for the deviation between the fitness of multiple mutant
and the fitness expected from all the mutants of lower order [2]. Another concept in
protein fitness landscapes is multi-dimensional epistasis. This is the type of epistasis
when experimental data cannot be fitted by a monotonic function of fitness potential, the
linear combination of contributions from single amino acid substitutions [3]. To analyze
epistasis, we have to find hypercubes either in two-dimensional space or in a higher-
dimensional space. Different designs of experiments can produce combinatorially
complete datasets of genotypes [2] or much bigger datasets where nucleotide variants
are generated randomly [1].

Methods and Algorithms: Three algorithms were designed and implemented to obtain
the results.

Results: First, in the presented work we find all hypercubes in the random mutagenesis
dataset of yeast protein HIS3 [4]. For more than 700 thousand measured phenotypes
we found more than 170 millions hypercubes, the biggest dataset available so far. Next,
we realize here an idea that genotypes can be searched at any distance. Thus, we can
investigate epistasis in hyperrectangles, not only in hypercubes. Using this approach, we
found much more rectangles in genotype space than squares. And last, we present here a
completely new type of multi-dimensional epistasis when two groups of four genotypes
fit unidimensional picture individually but not simultaneously. In the presented work we
elucidated all >20000 cases when the multi-dimensional epistasis of that kind can occur
in the experimental data of GFP [1].

Conclusion: Overall, the methods presented here have practical importance for the
analysis of fitness landscapes.
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