Title: Application of Language and Signal Processing and Machine Learning to Bioinformatics and Biomedical Informatics

In this talk I will present how, mature algorithms from language processing, signal processing machine learning can be applied to knowledge discovery and information extraction from biological sequences.  As examples, two applications of this approach in bioinformatics will be presented (1) genome signature discovery and (2) transmembrane segment prediction in protein sequences.  I will then present my current research, which is on computational discovery of protein-protein interactions. 

"N-gram" comparisons across genomes using Biological Language Modeling approach showed that biological sequence language differs from organism to organism, and has resulted in identification of genome signatures.  Conclusions from this study, in combination with a text-summarization approach and wavelet signal processing technique were applied to study a biologically important but technically challenging and unsolved problem of predicting transmembrane segments. This novel approach lead to the development of an algorithm called TMpro, which reduced error rate of prediction by 30-50% compared to previous state-of-the-art methods. 

Current research: Biological interaction networks, especially protein-protein interaction (PPI) networks are key to understanding how organisms function, how a faulty gene can lead to a disease in the whole organism, or how a pathogen attacks a host organism. From a computer science perspective, discovering PPIs means predicting edges in a vast network. Algorithmically and topologically, a PPI network is not radically different from a social network. However, the discovery and elucidation of biological networks requires measurement and construction of complex features, and the confirmation of interactions and pathways. Both processes can be multi-faceted, costly, and uncertain.  Hence creative computational thinking via active, proactive and transfer learning is crucial to synthesize and evaluate the most informative and cost-effective features and interaction experiments, and to cope with experimental error in a scalable manner. The primary research of my group is to develop new proactive learning and transfer learning algorithms, in order to accurately predict edges in PPI networks at the “omic” level . In other words, we strive to develop new methods for in-silico predictive modeling of the within-species (e.g. human) interactome – the PPI-network which represents direct and indirect (via signaling and other pathways) interactions, and its extension to cross-species (e.g. pathogen-host) bi-partite PPI graphs.  Cataloguing such interactomes is a major enabler for biomedical research, and we propose to develop the computational powertools to accelerate the process.
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