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General  Context:  Genomes  of  eukaryotes  are  packaged  in  a  condensed  nucleoprotein  complex  called
chromatin, whose primary unit, the nucleosome, is composed of about 147 DNA base pairs wrapped around a
core of histone proteins. The chain made by the succession of nucleosomes and free DNA (linker DNA) along
(~1 nucl/200bp) is called the nucleosomal  array or  chromatin fiber.  Further levels of  genome condensation
occurs  through  higher-order  assembly  of  the  nucleosomal  array  that  is  controlled  in  part  by  nucleosome-
nucleosome interaction and chromatin-binding proteins. By modulating accessibility of underlying DNA to the
nuclear environment, chromatin (via nucleosomes position, 3D folding) plays an essential role in the regulation of
genome activity  such  as  gene transcription,  replication,  repair  and insertion  of  transposable  elements.  But
despite its importance, the mecanisms that regulate the assembly of nucleosomal array and its higher-order 3D
folding remain unclear due to the lack of quantitative modeling. 

Objective: In this project we will focus on the theoretical investigation of higher-order folding of the chromatin
fiber: how chromatin fiber 3D organisation depend on the local nucleosome dynamics (fully vs partial wrapping of
the nucleosomal DNA), on the nucleosome distribution (periodic vs random), and eventually on nucleosome-
nucleosome interaction (strength, shape, valency ?). Expected results (1) Internship: Using computational tools
(MD & MC) already developped in the group [1] (Fig Left), the student will derive chromatin higher-order folding
pattern compatible with experimental high resoluted contact maps (Micro-C) obtained recently [2] (Fig Right). 

Reference:  [1]  Socol et al., Nucleic Acids Res 47: 6195–6207 (2019) [2] Ohno et al. Cell 176: 520 (2019).
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