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Section 2 – Project Information
	Project Title

	Deep learning of nascent transcription dynamics to predict mature mRNA production

	Project Summary
The production of mature messenger RNA (mRNA) from a human protein-coding gene is a highly regulated process involving transcription by RNA polymerase II (RNAPII) and co-transcriptional RNA processing, including splicing and cleavage/polyadenylation. Transcription proceeds through multiple stages, such as initiation, pausing, elongation and termination, all of which influence the final amount of mature mRNA produced.

Recent advances in artificial intelligence and the availability of large-scale genomic and transcriptomic datasets have enabled the development of deep-learning approaches to predict gene-expression outputs. However, most existing models rely on DNA sequence features or mature RNA measurements and therefore do not explicitly capture the dynamic transcriptional and RNA-processing events that determine gene-expression outcomes.

This PhD project will use nascent-transcription datasets, which provide direct information on RNAPII activity and RNA-processing dynamics on chromatin, to develop deep-learning models of gene expression. The aim is to determine whether incorporating transcriptional dynamics improves the prediction of mature mRNA abundance and reveals mechanisms that limit productive gene expression.

The student will combine next-generation sequencing analysis, deep learning and mathematical modelling to address questions such as how RNAPII dynamics influence mRNA production, how transcription and RNA processing interact, and whether predictive models generalise across biological contexts.

The project is suitable for students from biology, bioinformatics, computer science, mathematics, physics or related quantitative disciplines. Joint supervision by Dr Michael Tellier (gene regulation, genomics and transcriptomics) and Dr Cavallaro (artificial intelligence and mathematical modelling) will provide interdisciplinary training at the interface of molecular biology and AI.

	Techniques that will be undertaken during the project
The project will combine bioinformatics analyses of multiple genome-wide datasets that are publicly-available and currently unpublished from our lab, including ChIP-seq, RNA-seq, and nascent transcription techniques (mNET-seq, PRO-seq, POINT-seq, TT-seq), with development of a deep learning model and mathematical modelling approaches.
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