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Context. Machine learning techniques have made significant progress in prediction of favourable structures
from amino acid sequence in proteins. However, understanding and making predictions for the global energy
landscape is a much harder problem. In particular, a key research goal is to predict the pathways by
which functional forms of a protein are reached from an unfolded ensemble. Knowledge of these pathways
has tremendous potential for important applications, especially drug design. For example, the transient
conformations exposed during folding might provide good targets for binding of small molecules, with more
specificity than the targets presented by the final functional state.

Goals. The key to navigating the relevant conformational space is to understand the interplay of the
torsional angles that largely define the three-dimensional structure of a protein or peptide [1]. Extensive
databases of local minima in this space, and the transition states that connect them, have been harvested
in previous work [2, 3, 4, 5] but remain largely unexploited for machine learning predictions.

The first step in this analysis is to try and predict whether two minima have a direct connection, and the
next step would be to predict the corresponding transition state geometry. These capabilities are necessary
to make predictions for the longer, multistep pathways associated with protein folding [1].

We have recently contributed several insights on these topics. First, using existing databases for tripep-
tides and the knowledge of the angular degrees of freedom the direct connectivity, we have shown that missing
connections can be predicted reliably [Z]. Second, we have developed novel sampling strategies in torsion
angle space, yielding diverse backbone conformations at an unprecedented pace [6, 7].

We anticipate that combining these insights, as well as novel mixture models in torsion angle space, will
yield important insights for folding pathways and kinetics. There is an exciting opportunity to advance the
state-of-the-art in this field, which would have important and wide-ranging impacts.

Training. PhD thesis in machine learning or theoretical biophysics or computer science
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