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Controlling and understanding representations
in state-space models of biological sequences

State-space models process sequence data one token at a time. A state vector is updated with
each consumed token, and stores a compressed “memory” of past tokens. To be effective, the
model must be able to recognize and exploit long-range correlations between tokens along the
sequence. This is a particularly important issue in applications of these models to biological
sequences, such as proteins or RNA, where sites may be far-apart along the sequence, yet
interact closely in the folded 3D structure of the molecule. Since the latent state vector encodes
all the information that the model needs to construct future tokens of the sequence, one can try
to find ways of controlling this latent vector during generation to modify aspects of the
sequence, e.g., to manipulate desired properties of an artificial protein.

We will attack these issues from both a computational and a theoretical side. On a
computational side, we will apply state-space models (such as MAMBA [3]) to biological
sequence data, and develop algorithms to manipulate state representation vectors to design
sequences with desired properties (e.g. through disentangled representations [1] or guidance
[5]). Designed molecules can be tested experimentally with collaborators [4]. On a theoretical
side, we will formulate simplified models and exploit methods from statistical physics (e.g.,
dynamical mean-field theory [2]), aiming at understanding how these models learn about
long-range interactions and how token representations can be controlled during generation to
modify properties of designed sequences.

This interdisciplinary internship and PhD project are aimed at students with a strong background
and interest in statistical physics, machine learning, biology, and coding.
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