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Introduction: The spatial organisation of the Arabidopsis thaliana genome has been studied in details
using imaging techniques [1,2]. These approaches unveiled distinctive features in the A. thaliana large-
scale genome organisation, such as the preferential positioning of the centromeres at the nuclear
periphery [1] and the proximity of the telomeres to the nucleolus [2]. Here, we combine this information
with physical models of chromatin and steered molecular dynamics (steered MD) simulations [3,4] to
address the role of the large-scale spatial restraints in the 3D genome arrangement, at the kilo base
resolution. The obtained 3D models are validated against recently published Hi-C data [5-7] using TADAbit,
a bioinformatics tool developed by our group [8]. This strategy will provide useful biological insights into the
structural arrangement of the A. thaliana genome highlighting the key features of its organisation.
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The chromatin of A. thaliana is represented as a chain of connected particles characterised by excluded
volume and bending rigidity interactions. The parameters of the model are set to describe the nominal
physical properties of the 30nm chromatin fiber [3,4]. Experimentally obtained restraint [1,2] are used to
guide the possible arrangements of the polymer during the steered MD simulations.
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Each chromosome chain is initially arranged in a solenoidal structure forming rosettes around the principal axis [3,4]. The resulting elongated
structures are randomly positioned and orientated within the nuclear space (represented as a sphere), while the nucleolus is maintained void of
particles.

During the steered MD simulation a set of additional restraints (harmonic potentials)

[1,2] are used to guide the 3D genome arrangement. These restraints are applied Solenoidal arrangement Steady-state arrangement
to tether the telomeres to the nucleolar periphery and to constrain the motion of
the centromeres within the peripheral region. Independent systems of
chromosome chains are simulated up to a steady-state arrangement, in which all
the spatial restraints are simultaneously satisfied.

Model validation using Hi-C experimental data

The obtained set of conformations are validated against publicly available Hi-C
data [5-7]. Hi-C data are analysed with TADbit [8], a biocinformatics tool designed to
study 3C-like data. TADbit covers all the steps of the Hi-C analysis from the
mapping of the sequences onto the reference genome to the normalisation of the
raw data by correcting for local biases. Here, we will develop and test new features
in TADbit such as the possibility to compare matrices collected in different
experiments. Tum

Summary: The aim of this ongoing project is to study the role of general polymer physics and large-scale spatial restraints (from imaging
experiments) in the 3D arrangement of A. thaliana genome. The final models are validated using recent Hi-C data and biocinformatics tools. This
approach will provide a characterisation of the interplay between the 3D genome organisation and functionally related features of chromatin in A.
thaliana.
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