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Chromatin and the three-dimensional organization of the human genome

Istvan Ladunga
University of Nebraska-Lincoln, USA

e present specific complexes of transcription factors and histone remodeling enzymes that are highly correlated with the

formation of intrachromosomal DNA loops in the human genome. These DNA-loops bring proximal promoter regions
into physical contact with distal enhancers, connect co-expressed genes and genes of locus control regions, and responsible
for the three-dimensional organization of the cellular nucleus. Our results are based on published recent high-resolution
methods of Chromosomal Conformation Capture (HiC, 5C) have revealed tens of thousands of DNA loops within the human
chromosomes. We also used ~45 million binding sites of transcriptional regulators and polymerases based on the chromatin
immunoprecipitation experiments of the Encyclopedia of DNA Elements Project. We found statistically highly significant
and reproducible enrichment of CCCAT-binding factor (CTCF), double-strand break repair protein RAD21, zinc-finger
DNA binding protein ZNF143, Yin-Yang 1, and several others. We found that several interconnected DNA-loops bring highly
co-regulated genes into 3D proximity despite large distances in sequence. A detailed analysis of the alpha-globin cluster is
presented in both pluripotent embryonic stem cells and lung fibroblasts in human and to some extent, in murine cells. In
general terms, we present a correspondence between to co-regulation network of the human genome, the patterns of chromatin
modifications, the binding sites of the transcriptional regulators, and the three-dimensional architecture of the chromosomes.
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