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GMS themes: 
· Genomic and –omic technologies
· Functional genomics
· Genome biology (genomes and genetic variation)
· Genomics of disease
· Genomic analysis (bioinformatics and statistical genetics)
· From genes to clinic (target discovery, structural biology, medicinal chemistry)
· Application of genomics in the clinic (diagnostics and therapeutics)
Research Overview
My lab is interested in understanding how the genome functions and leveraging this to develop genome editing strategies to treat human disease. 
In higher eukaryotes many genes are controlled by regulatory elements called enhancers, which are often located hundreds of thousands of base pairs distant from the gene. Enhancers contain small sequences (~10bp) which bind transcription factors and these make physical contact with the proteins at the promoter to activate gene expression. Until recently, we have had limited ability to define the detail of physical contacts that control genes below 1kb resolution. 
We have recently developed a new method (Micro Capture-C, Hua et al., Nature 2021) to define genome architecture in unprecedented detail (down to base pair resolution). We are using the new technique to study the fundamental mechanisms of gene regulation and to define how variation in genome sequence links to human disease. These assays are very challenging to analyse and we have developed novel computational approaches for interrogating these data sets.
The lab also has expertise in cutting edge genome editing technology. As a haematologist with a specialist interest in bone marrow transplantation and cellular therapy, I am keen to develop novel clinical genome editing approaches. We have previously licenced a genome editing approach we have invented for treating thalassaemia and sickle cell disease to BEAM therapeutics and are hoping this will enter into the clinic in the near future. 
The lab specialises in combining wet lab approaches with computational biology and we have a number of exciting projects in both functional genomics and clinical genome editing.

Project areas: [please include several keywords or phrases reflecting your research area and proposed projects.]
Functional genomics, Chromsome conformation capture, Enhancer biology, Genome editing, Cellular Therapy, Bioinformatics

Specific project proposals:
·   ‘Using base pair resolution genome architecture to explore enhancer function’ 
·  ‘Developing a pipeline for treating rare genetic disease using genome editing’
Please contact directly for further information.
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Project proposal

Title: Using base pair resolution genome architecture to explore enhancer function
Supervisors: James Davies
Wet/dry lab mix (approx): 50% wet lab, 50% dry lab, but will tailor to the candidate
Description:
Careful study of the chromatin architecture and the effects of perturbations of regulatory elements using genome editing at individual genes has led to huge progress in our understanding of gene regulation. However, to date only a handful of genes have had their regulatory landscape defined in detail and the general principles by which genes are controlled are not defined on a molecular scale. In addition, there is very significant variability in chromatin architecture at different loci and there is little understanding of why this has evolved and how it impacts gene expression.
In this project we aim to use and adapt the new Micro Capture-C technique that we have developed to explore how enhancers make contact with gene promoters in detail and how this varies between different genes. We have preliminary data which shows how enhancers physically contact the promoter and gene body in far greater detail than has previously been possible. In this project we will use the method to define how enhancer promoter contacts are variable between different genes and how this alters when we make perturbations to the system using genetically engineered cellular models. We would also attempt to explore why the genome architecture is so variable at different sites in the genome using computational methods to interrogate why genes with distal enhancers would provide a selective advantage. 
Training Opportunities:
All basic approaches in molecular and cellular biology (PCR, Cloning, Cell culture etc.).  We also offer training in more specialised functional genomics techniques including chromatin immunoprecipitation, chromosome conformation capture, RNA-seq and single cell techniques.  We also have expertise in using cutting edge genome editing technology to modify the genome sequence in both cell lines and primary cells. There will be excellent training in the state-of-the-art FACS facility at the WIMM including isolation and purification of populations of haematopoietic cells. 
We also have expertise in bioinformatics. We are particularly interested in developing novel bioinformatic approaches to analyse next generation sequencing data. In particular, we have recently developed novel methods of analysing chromosome conformation capture datasets, which allow the data to be generated at much higher resolution than was previously possible. There is likely to be the opportunity to undertake the dedicated Centre for Computational Biology training course in bioinformatics.
Background reading / references:
· Hua P, Badat M, Hanssen LLP, Hentges LD, Crump N, Downes DJ, Jeziorska DM, Oudelaar AM, Schwessinger R, Taylor S, Milne TA, Hughes JR, Higgs DR and Davies JO (2021) ‘Defining genome architecture at base pair resolution’ Nature; 595, 125-129
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