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Abstract

Advances in genomic technologies have revealed that chromosomal architecture is a dynamic
entity that shapes genomic function, rather than just a structural framework. Synthetic
biology research has shown that fundamental biological processes, such as chromatin
structure organization and RNA transcription, can occur in random DNA sequences with low
specificity. This suggests that function emerges from context-specific constraints imposed on
pervasive genomic activity. We will present spatial constraints in eukaryotic genomes in both
one and three-dimensional contexts. Starting with the simple genome of S. cerevisiae, we will
demonstrate a strong functional segregation related to the genome's structure, function, and
evolutionary history. Examining more complex genomes, we will discuss examples of
underlying spatial constraints, including the co-expression of nearby genes, the formation of
regulatory hubs in three dimensions, and the role of genome architectural proteins in
mediating gene regulation in disease and development. The goal is to show how the
organization of the cell nucleus influences the translation of initial biochemical signals into
widespread changes in gene expression.
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