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In addition to forming the iconic double-helix, DNA also adopts other topologies, such as a G-
quadruplexes, a four-stranded structure rich in guanine sequences. Recently, it has been found that 
G-quadruplexes are widespread across the cellular DNA and play crucial roles in vivo, specifically 
interfering with gene transcription of processes linked with aging and cancer. With the increasing 
realization of their biological importance, there is the need to characterise the relationship between 
the structure of quadruplexes and their function, i.e., relating their biophysical structure to their 
thermodynamic and kinetic behaviour. Understanding the dynamics of quadruplexes would be 
crucial to the design of effective drugs that can interfere with the folding and unfolding of these 
structures. 

This project will extend and develop a set of techniques based on graph-theory and stochastic 
processes to the analysis of DNA structures. Through the analysis of the all-atom network of 
biophysical interactions, we will obtain a multiscale graph partition of the molecular structure that 
captures the organisation of quadruplexes of different topologies across all scales. In addition, the 
computational and mathematical methods invoke concepts from network theory and statistical 
physics to study how perturbations propagate through the molecule, as a means to detect the 
complex interplay of structural motifs at different time scales. The methods are computationally 
efficient allowing for full in silico mutational analysis. In addition to the novel theoretical approach, 
the predictions can be further tested against state-of-the art single molecule/single cell data 
collected in the lab. 

  

The project will be appropriate for a Physics, Chemistry, Mathematics or Engineering graduate with a 
good degree (at least a 2.1 or equivalent) who wishes to learn how to apply their physical sciences and 
computational skills to biological problems.  

Eligibility: The studentship is for 4 years, covering fees and bursary (stipend) for a one year MRes course, 
followed by a three year PhD, subject to passing the MRes.  Full funding is restricted to students fulfilling the 
3-year UK residence rule, but there is a small proportion of studentships for EU nationals that have not been 
ordinarily residing in the UK for 3 years prior to the start of the studentship. However these are extremely 
competitive.  

The studentship is part of the Centre for Doctoral Training of the Institute of Chemical Biology at 
Imperial.  For more information, check the website: www.icb-cdt.co.uk/
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