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Functional genomics confronts researchers with a deluge of new functional genomic experiments
and technologies aimed at understanding biological function on the genome scale. For example,
the Genomes to Life (GTL) Environmental Stress Pathway Project generates gene expression,
gene knockout, proteomic, metabolomic, and protein-protein interaction data. How to rationally
construct biological interpretations and determine their significance based on many instances of
multiple data types?

Two dimensional clustering, i.e., biclustering, of gene expression data can reveal ‘modules’ of
genes and experiments in which genes exhibit a common pattern. Such modules represent
associations between genes and can be used to reconstruct regulatory networks. As functional
genomic datasets and data types proliferate it has become advantageous to: a) utilize multiple
data types simultaneously, b) determine confidence from combined data, and c) systematically
form hypothesis from multiple types of evidence. Basic biclustering has limitations, which can
be overcome by algorithms instead designed to search a dataset for biclusters. However, while
there is a small number of bicluster search methods which allow for multiple data types, non
allow for flexible integration of broadly understood gene and protein features.

We have developed a random-walk statistical algorithm to search for biological modules that
maximize a summary criterion. The main novelty of the algorithm lies in modeling three
different common data types: gene-by-experiment, gene-by-gene, and gene-by-feature (where
‘protein’ can be substituted for ‘gene’). An overall criterion is computed from a weighted linear
combination of summary statistics and correlation measures. Significant features for sets of
genes are discovered via a cross-validated R2 of association sub-criterion from data-adaptive
fitting. An empirical null distribution provides significance scores for the sub-criteria and overall
criterion. The algorithm identifies multiple potentially overlapping biclusters , each with distinct
contributions from specific sub-criteria and datasets.

To benchmark module discovery we evaluate this and related methods using a highly annotated
functional genomic compendium as well as simulated datasets with synthetic modules. We also
present preliminary findings for Saccharomyces cerevisiae and select prokaryotes.
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