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Deep learning has profoundly transformed
biology by revealing the structure of the
protein universe, with AlphaFold and related
models providing atomic-level reconstructions
at unprecedented scale. Yet structure is only
the beginning. The next grand challenge is
functional understanding: determining what
proteins do, how they interact, and how they
collectively give rise to biological processes.

Recent advances now make it possible to
address this gap ab initio. By learning directly
from protein sequences, new models can
reconstruct proteome-wide interactomes,
predict interaction interfaces, and classify large
families of homologous proteins by function.
This shift enables a systems-level interpretation
of genomes, where unknown proteins can

be placed into complexes, pathways, and
regulatory networks, opening the door to
scalable and mechanistic functional annotation.

This talk will present these emerging
approaches, our contributions to sequence-
based functional inference, and a number of
applications in environment and human health.
Together, these efforts illustrate how Al is
reshaping our ability to interpret life at scale,
and how the next phase of Al-driven biology will
move from structures to system.
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