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GMS themes: 
· Genomic and –omic technologies
· Functional genomics
· 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
Our research aims to refine and to develop diagnostic and therapeutic strategies for improved healthcare provision to patients with immune-mediated and infectious diseases. 
We are using functional genetics, in vitro, ex vivo and in vivo experimental approaches to:
(i)	Identify and functionally assess pleiotropic genetic variation to help uncover drug repurposing opportunities for immune-mediated diseases
(ii)	Benchmark drug-dependent modulation of immune system function against that of protective genetic variants
(iii)	Investigate the balance between protection against immune-mediated disease and the risk for malignancy and infection to help predict drug-associated side effects
(iv)	Utilise pleiotropic genetic variation for the development of novel, next generation treatment strategies for severe immune-mediated diseases

We are using single-cell and spatial transcriptomics and proteomics, and hyperplexed imaging approaches to:
(i)	Perform deep immunoprofiling of the site of pathology and of peripheral blood to better characterise disease mechanisms and identify potential biomarkers and therapeutic targets
(ii)	Perform deep immunoprofiling of the site of pathology before and after therapeutic intervention to elucidate mechanisms and identify biomarkers of drug response and resistance and identify correlates  
(iii)	Spatiotemporally map immune response kinetics, across individuals with different ethnic backgrounds, to help improve therapeutic development and to help design ‘intelligent’ vaccines

Projects can be tailored to personal interests but will mainly involve data analysis/bioinformatics and potentially a wet lab component.

Project areas: Autoimmunity; Molecular & cellular immunology; Single-cell and spatial transcriptomics; Functional genomics; Gene regulation  
Specific project proposals:
·  ‘TYK2 as a genetically determined drug target against multiple immune-mediated diseases’ 
·  ‘Spatially resolved molecular and cellular profiling of immunopathological responses’
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Project proposal
Title: TYK2 as a genetically determined drug target against multiple immune-mediated diseases
Supervisors: Dr Calliope Dendrou
Wet/dry lab mix (approx): 10% wet lab, 90% dry lab
Description:
Cross-trait genetic associations are common for the immune-mediated diseases (IMDs), indicating a sharing of etiological mechanisms, despite variation in the precise organs affected for each disorder. However, more systematically profiling these associations - not just between IMDs but across the broader disease phenome - is beginning to provide valuable translational insights. Given the hundreds of loci that can be associated with any single IMD, the scale and nature of cross-trait association patterns can help to pinpoint genetic variants and biological pathways to be prioritized for further investigations in a therapeutic context. For example, associations across multiple diseases can reveal targets amenable to drug repositioning approaches, whilst different directions of association for different diseases may suggest trade-offs that can inform patient stratification and that may predict potential side effects as a result of therapeutically manipulating particular biological pathways.
Based on such cross-trait analyses and investigating genetic variants with the same patterns of association, the TYK2 locus serves as an immunological ‘hub’ around which several other associated loci can be organized, suggesting that TYK2 functions at the centre of several different signalling pathways each implicated in different IMDs. Moreover, TYK2 has emerged as a promising drug target. The project will involve interrogating the relationship between disease-associated genetic variation and the dynamics of TYK2-dependent immune cell signalling, as well as assessing the how the genetic effect relates to the impact of a novel allosteric TYK2 inhibitor. The project will be well suited to a student interested in bioinformatics/data analysis but can also include a wet-lab component depending on interest.
Training Opportunities:
The proposed project will involve single-cell RNA sequencing, bulk RNA-seq, proteomics and/or imaging data analysis.
Background reading / references:
· Cortes A et al. (2020) Identifying cross-disease components of genetic risk across hospital data in the UK Biobank. Nature Genetics, 52, 126-134. 
· Cortes A et al. (2017) Bayesian analysis of genetic association across tree-structures routine healthcare data in the UK Biobank. Nature Genetics, 49, 1311-1318. 
· Dendrou CA et al. (2016) Resolving TYK2 locus genotype-to-phenotype conflict reveals therapeutic optimum for autoimmunity. Science Translational Medicine, 8, 363ra149. 
· Makin S (2021) Cracking the genetic code of autoimmune disease. Nature, 595, S57-S59.



Project proposal
Title: Spatially resolved molecular and cellular profiling of immunopathological responses
Supervisors: Dr Calliope Dendrou
Wet/dry lab mix (approx): 100% dry lab
Description:
Molecular profiling techniques are valuable tools for understanding cellular function in health and disease, investigating pathophysiological mechanisms, setting clinical diagnoses, monitoring disease prognosis and identifying drug targets. 
The project will involve the integration of biochemical signatures derived from Fourier-transform infrared microspectroscopy with gene expression signatures derived from the application of spatial transcriptomics and single-nuclear transcriptomics techniques, using central nervous system tissue from patients with neuroinflammatory disease versus controls. A particular interest is in cross-correlating the biochemical and gene expression signatures and intercellular interactions in the tissue areas around the infiltrating immune cells to assess how the damage spreads from the immune lesions to the adjacent tissue.

Training Opportunities:
The proposed project will involve: microspectroscopy, single-nuclear RNA sequencing, spatially resolved transcriptomics and spatial proteomics data analysis; depending on interest there may be opportunities for wet lab analyses.
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