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Section 2 – Project Information
	Project Title

	Deep learning approaches for predicting transcription and RNA processing dynamics

	Project Summary 

	The production of a mature mRNA from a human protein-coding gene is a
complex process requiring transcription by RNA polymerase II (RNAPII), which
is based on multiple steps, including transcription initiation, RNAPII pausing and
pause release, elongation, and termination. In addition, transcription is
associated with co-transcriptional RNA capping, splicing, and cleavage and
polyadenylation. Over the past decade, the combination of advances in AI and
the generation of large amount of genomic and transcriptomic data is now
allowing the development of deep learning models to analyse and predict gene
expression outputs.
The aim of this PhD project is to take advantage of nascent transcription data,
that provide information on RNAPII and RNA processing dynamics occurring on
chromatin, to develop a deep learning model to improve our understanding and
prediction of gene expression output. Several variables can affect the production
of mature mRNAs, including premature termination of transcription (RNAPII not
going to the end of the gene), RNAPII stalling, backtracking, and congestion, and
low RNA processing efficiency. The idea is therefore to use nascent transcription
data to take into account these different variables in the deep learning model.
The project will therefore be of interest to a student with biology/bioinformatics,
computational, mathematics, or physics background who wants to gain expertise
in deep learning, next generation sequencing data analysis and mathematical
modelling. The student will be jointly supervised by Dr Tellier (regulation of
gene expression, genomic, transcriptomics) and Dr Cavallaro (AI, mathematical
modelling).

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datasets that are publicly-available and currently unpublished from our lab,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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