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A fundamental goal of genetics is to understand how variation in biological se
quences gives rise to differences in measurable characteristics called phenotypes. 
The mapping from genotype (DNA, RNA or protein sequence) to phenotype can 
be difficult to model and interpret because the space of possible sequences is 
enormous and combinations of mutations interact in complex ways. We describe 
how to use a Bayesian method called Gaussian process regression to learn geno
type-phenotype maps. We demonstrate that Gaussian process regression with 
our priors yields better predictive performance on several datasets and show 
how the learned prior can be interpreted to provide clues into how phenotype 
arises from genotype biologically. We derive tractable analytical expressions for 
computing a broad class of statistics under these models that would ordinarily 
require predictions across the entire sequence space, and discuss how this new 
“kernel trick” can be used both to interpret the structure of the genotype-
phenotype map and to navigate toward regions of sequence space with desirable 
properties.
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