Systematic approaches to chromatin dynamics in gene regulatory coding.
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A priori comprehension of the gene regulatory code in eukaryotes based on genomic sequence alone is impossible due to: (i) bi-fold degeneration of the DNA-code, (ii) nonlinear signal integration by transcription coregulators, and (iii) under-determination.
Chromatin dynamics provide through covalent histone modifications a third information- and time-scale of nuclear coding. Gene regulation in an intact cell therefore is the integration of DNA-sequence, epigenetics, and chromatin dynamics.

In order to identify primary gene regulatory circuits and their plasticity, a systemic approach including chromatin dynamics is consequently required.

We have begun to formalize chromatin dynamics based on mean-field and single-molecule reaction kinetics and nonlinear thermodynamics and amended resulting models to numerical enumeration. Subsequently, using analytical methods, a computationally obligatory reduction in complexity of resulting time- and spacetime-dependent graphs is being realized. Resulting probability vectors for spacetime evolution of the chromatin dynamics can then be superimposed upon actual genomes and integrated with complex search heuristics and functional genomics data via the a[c]e - annotation of complex/combinatorial enhancers - platform which will be presented during the talk.

Our approach is systemic, modular, and open. Its descriptive and predictive accuracy intensifies in pace with increasingly available systematic experimental data, and should contribute to the deciphering of gene-regulatory code.
