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Machine learning is widely used to analyze biological sequence data. Non-sequential models such as SVMs or
feed-forward neural networks are often used although they have no natural way of handling sequences of
varying length. Recurrent neural networks such as the long short term memory (LSTM) model on the other
hand are designed to handle sequences. In this study we demonstrate that LSTM networks predict the
subcellular location of proteins given only the protein sequence with high accuracy (0.902) outperforming
current state of the art algorithms. We further improve the performance by introducing convolutional filters
and experiment with an attention mechanism which lets the LSTM focus on specific parts of the protein. Lastly
we introduce new visualizations of both the convolutional filters and the attention mechanisms and show how
they can be used to extract biologically relevant knowledge from the LSTM networks.
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Rhea, a manually curated resource of biochemical reactions.
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Rhea (http://www.ebi.ac.uk/rhea) is a comprehensive and non-redundant resource of expert-curated
biochemical reactions described using species from the ChEBI (Chemical Entities of Biological Interest)
ontology of small molecules. Rhea is designed for the functional annotation of enzymes and the description of
genome-scale metabolic networks, providing stoichiometrically balanced enzyme-catalyzed reactions,
transport reactions and spontaneously occurring reactions. Rhea reactions are used as a reference for the
reconciliation of genome-scale metabolic networks in the MetaNetX resource (www.metanetx.org) and serve
as the basis for the computational generation of a library of theoretically feasible lipid structures in
SwissLipids (www.swisslipids.org). Recent developments include the provision of reactions involving complex
macromolecules such as proteins, nucleic acids and other polymers and substantial growth of Rhea through
sustained literature curation efforts.



