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Inferring Biological Functions with Explainable Algorithms
Data-driven machine learning models that infer biological functions from sequences are
replacing the costly experimental measurements in a number of application areas in biology
including protein, small-molecule, and genome engineering. These data-driven models largely
owe their success to the recent advancements in over-parameterized models in machine
learning such as deep neural networks (DNNs). However, the number of labeled sequences
available for training such models has remained small compared to the vastness of the
combinatorial sequence space. In addition, these biological functions are typically complex,
manifesting as rugged landscapes with high-order nonlinear (epistatic) interactions. The
combination of these two factors makes the biological inference problem statistically
challenging.
In this talk, I view the problem of inferring biological functions from a statistical signal
processing perspective. I first discuss a fundamental interpretation-computation tradeoff in
explaining DNNs in terms of their epistatic interactions. I then discuss how to develop a new
hybrid algorithm that blends techniques from optimization and coding theory to regularize
DNNs for inducing a biologically-relevant prior into their architecture. Our combinatorial
method enables DNNs to predict protein functions using up to three times less number of
sequences and explains them in terms of their higher-order epistatic interactions.
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