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A multicolour polymer model for the prediction of
3D structure and transcription in human chromatin
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Within each human cell, three types of RNA polymerases and a panoply of different types of transcription fac-
tors bind chromatin to simultaneously determine 3D chromosome structure and transcriptional programme.
Experiments suggest that, in some cases, different types of proteins segregate to form specialised transcription
factories, while in others they mix and gather together, binding the same chromatin regions. Here, we use
coarse grained molecular dynamics simulations to study the coupled 3D structure and transcriptional dynam-
ics of chromatin fibers and whole human chromosomes, via a polymer model which accounts for multiple
types – or “colours” – of DNA-binding proteins, mimicking complexes containing RNA polymerase I, II, and
III, or cell-type-invariant and cell-type-specific transcription factors.
Our simulations show the appearance of both segregated and mixed clusters, depending on their size, with
larger clusters being more likely mixed: this is suggestive a transition between the two types of clusters based
on simple biophysical parameters. Second, the model leads to non-trivial spatio-temporal correlations be-
tween different transcription units, dependent on the underlying chromosome structure. Finally, it predicts
transcriptional data better than previously considered models.
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