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Tutorial at BITS 2017 - Modeling transcription regulation for system
medicine of common human diseases.
Transcription regulation is of central importance for nearly all processes in a
living system, and erroneous transcription control is causative for numerous
diseases. To enable a systems approach to transcription, we still have to struggle
with the very first step that is to infer underlying wiring diagrams. Empirical
information about the interaction of regulators (transcription factors) and the
regulated target genes, obtained by either conventional or high-throughput
methods, has been collected in the TRANSFAC database since 28 years, and
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statistical models inferred from this information have been included as
positional weight matrices (PWMs) and made available for the prediction of
regulatory sites as well. New extension includes syntax (relevant combinations)
and semantics (regulated processes) of regulatory sites. Extended annotation of
gene-disease associations is available in the Human Proteome Survey Database
(HumanPSD), connected with signaling pathways that control the activity of TFs
(TRANSPATH database). All this carefully curated information can be used in full
power to analyze disease related multi-omics data using recently created
geneXplain platform (http://www.genexplain.com/genexplain-platform), which
helps to decipher the molecular mechanisms of disease often on very early
stages of its progression. First of all, differentially expressed genes revealed by
microarray or RNA-seq analysis are combined with ChIP-seq/ATAC-seq and DNA
methylation assays to find disease-related enhancers. Next, genetic algorithms
reveal TFs synergistically acting in those enhancers. Finally, topology analysis of
signal transduction networks upstream of transcription factors identifies
master-regulators of the disease progression, which proposed as perspective
therapeutic targets.
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