BIOFRAME, An algorithmic platform for integrative modeling in systems biology
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Bioframe (www.bioframe.net) is a project that targets the conception of a bioinformatics platform for integrative modeling in systems biology. Systems biology is the study of an organism, viewed as an integrated and interacting network of genes, proteins and biochemical reactions. It aims at gaining insight in the structure of these molecular and regulatory networks through integrative modeling of large amounts of high-throughput molecular data. 

The Bioframe consortium is composed of the major bioinformatics labs in Flanders (University of Leuven, University of Ghent, University of Antwerp and the Flanders Interuniversity Institute for Biotechnology (VIB)). The project is funded for four years by the Flanders Institute for innovation and technology (IWT).

Algorithms form the core of the integrated modeling and pathway analysis approaches on which systems biology is relying. The Bioframe consortium has started the development of several algorithms for data integration and network analysis. Here we will present two of those that have reached an advanced stage of development and testing, The DISTILLER and LEMONE algorithms.

LeMoNe (Learning Module Networks) is an algorithm for the reconstruction of a module network from expression data. The final module network is composed of multiple clusters of co-expressed genes and their associated regulators (the regulation program). The regulation program is composed of multiple candidate regulators that have an expression profile correlated to the profile of the genes in the cluster, across all the experiments or even a subset of them. The LeMoNe algorithm relies on a robust statistical framework, based on an ensemble scoring of multiple solutions, both for the clustering of co-expressed genes and the assignment of regulators. We have tested and applied this algorithm on large expression datasets in prokaryotes (E. coli) and eukaryotes (S. cerevisiae, C. elegans, H. sapiens, A. thaliana). 

DISTILLER is a data integration framework that searches for condition-dependent transcriptional modules by combining expression data with information on the direct interaction between a regulator and its corresponding target genes. We developed a method that combines the advantages associated with the efficiency of an itemset mining search strategy with those related to statistical scoring measures. DISTILLER allows an efficient simultaneous search for genes that are co-expressed, the conditions in which the genes are co-expressed and the regulators that are responsible for the observed co-expression. In other words, it simultaneously identifies biclusters and their complex regulatory programs. The modules are prioritized by assigning a score based on their statistical significance and their overlap with previously identified modules. DISTILLER has been applied to very large E. coli expression compendia.
