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Section 2 – Project Information
	Project Title

	Understanding control of genome folding by cohesin

	Project Summary
Our genome is several metres long, yet must be stored within cells only a few micrometres in diameter. Within this confined space, the genome must be precisely organised to allow essential DNA-based processes to occur. Key to this organisation are cohesin and related structural maintenance of chromosomes (SMC) complexes, conserved molecular machines that shape chromosomes across all domains of life.

Cohesin is best known for ensuring accurate chromosome segregation during cell division by holding sister chromatids together. However, it also has important roles in gene regulation, DNA repair and recombination. Despite its central importance, we still do not fully understand how cohesin is regulated to perform these diverse functions. Cohesin can organise interphase chromosomes by extruding DNA into loops, contributing to chromatin loops and topologically associating domains (TADs).

Loop extrusion brings distant DNA regions into close proximity and can facilitate interactions between regulatory elements such as enhancers and promoters. It is regulated by factors including CTCF, which can act as a directional barrier to cohesin, and WAPL, which controls how long cohesin remains associated with chromatin. How these factors regulate the molecular activities and conformational states of cohesin remains an important unanswered question.

This project aims to uncover the molecular mechanisms that regulate cohesin and thereby control genome organisation. We will investigate how cohesin interacts with regulatory factors such as CTCF and WAPL and how these interactions control cohesin activity on DNA. We will combine advanced structural approaches, including cryo-electron microscopy (cryo-EM), with biochemical reconstitution and cell-based approaches to determine how cohesin is regulated and how these mechanisms contribute to genome organisation, gene regulation and chromosome maintenance.

	Techniques that will be undertaken during the project
The project applies advanced quantitative techniques through single-particle cryoEM and structural studies. We will perform high-resolution 3D reconstructions to determine molecular architecture, using computational image analyses, particle classification and model building & refinement. These methods enable interpretation of structural heterogeneity and conformational dynamics. In addition, we will probe molecular interactions using quantitative biophysical tools to provide mechanistic insights.
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