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The vision of precision medicine is to diagnose patients more accurately
and treat them more effectively taking into account their individual
genomic, life-style, and environmental factors. Machine learning is expected
to play a major role in implementing this vision, using the capability of
machine learning methods to learn from very complex training datasets and
to produce consistent, repeatable predictions (diagnoses, prognoses,
treatment recommendations) for test cases.

In this talk, I will focus on three of our own works in this area. Machine
learning models typically exploit strong correlations between input and
output variables but scientists want to discover causal mechanisms. We
have explored the task of discovering causal relationships from
observational data, employing data mining methods to generate candidate
causal relationships and adopting quasi-experimental design to test the
significance of the candidates. Our method HUME discovers single causes in
the application domain of pharmacogenomics, using network analysis for
candidate generation. Biomedical datasets tend to be small and high-
dimensional. Fortunately, related public datasets are available, and transfer
learning is a promising approach to increase the effective dataset size. We
have used drug response prediction as our driving application, where we
want to transfer from large pre-clinical datasets to small clinical datasets.
We have proposed AITL, which adjusts for the discrepancies in both the
input and the output space, employing adversarial domain adaptation and
multi-task learning. Machine learning models for precision medicine need to
be explainable. Our method DBKANN adopts a knowledge-based approach
that employs the available biological knowledge on how proteins form
complexes and act together in pathways to form the architecture of a deep
neural network. BDKANN does not only achieve high accuracy but also
enables meaningful explanations of individual predictions and the discovery
of novel connections in the biological network.

In the last part of the talk, I will introduce single-cell RNA sequencing, a new
technology which creates gene expression profiles at single-cell resolution,
and enables new types of deeper biomedical analyses such as the discovery
of cell-types and their relevance for phenotype prediction. I will sketch
some of our ongoing work in the area of single cell data science.
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