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Principles of eukaryotic gene expression were studied theoretically by developing
statistical mechanical and computational models of gene expression. By using a statistical mechanical
model, stochastic behavior of ?enes was analyzed with the "eddy" current representation of probability
flow, and importance of multiple stages of non-adiabatic fluctuations, i.e., super-non-adiapatic
fluctuations, was shown. Methods of genome-scale simulation of chromosome structure and movement
(genome-MD) were developed and applied to budding yeast and human nuclei. Genome-MD revealed correlatin
between spatial distribution and transcriptional activity of genes in budding yeast nucleus. Fluctuations
and transitions in expression dynamics of embryonic stem cells were examined theoretically and effects of
super-non-adiabatic fluctuations were analyzed.
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