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Section 2 – Project Information
	Project Title

	Integrating Disease-Relevant Epigenomics and AI to Identify Functional Genetic Variants in Cardiovascular Disease

	Project Summary 

	Cardiovascular diseases (CVD) are a leading cause of death and morbidity worldwide1, placing a major burden on patients and healthcare systems. Improving outcomes requires a better understanding of the biological mechanisms and risk factors that drive disease. Genetic variation is a major contributor to CVD risk. While genome-wide association studies have identified specific risk loci2-7, the challenge now lies in identifying causal variants, affected genes and understanding the molecular mechanisms through which these variants influence vascular cell behaviour.

CVD involves multiple cell types (which may vary, depending on the disease) and it is likely that the effect of a causal variant only manifests under specific conditions, such as cell type, stress or environment signal. It is therefore challenging to translate the findings from GWAS into further mechanistic insights into how genetic variation contributes to CVD.

Artificial intelligence (AI) offers powerful new tools to address this challenge. AI models, including deep learning and large language models, are increasingly used in genomics to predict regulatory activity and prioritise candidate variants8, but these models require better data to perform optimally. To reflect the complexity of CVD development and pathology, we need to generate data from disease-relevant cell types under disease-relevant conditions to maximise the accuracy of AI models and uncover likely candidate variants for further experimental validation.

This interdisciplinary project will generate epigenomic data from primary human vascular cells exposed to disease-associated conditions, including pro-inflammatory stimuli and flow. These data will be used to train and fine-tune AI models through transfer learning, enhancing their ability to predict variant function in a vascular context. The top candidate variants will then be prioritised for experimental validation using genome editing and other functional assays.

The overall goal is to develop AI-enhanced frameworks for variant prioritisation that account for the dynamic, context-specific nature of vascular biology. This work has the potential to uncover novel mechanisms of CVD and inform future strategies for personalised risk prediction and therapeutic targeting.
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