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GMS themes: 
· Genomic and –omic technologies
· 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)
Research Overview
My lab’s overall goal is to discover how epigenetic systems are leveraged in cancer to create pathogenic gene expression states and to use this basic knowledge to develop new targeted therapies. I focus on high-risk infant and childhood acute lymphoblastic leukaemias (ALLs), the most common form of paediatric cancer, for which relapse and refractory disease is largely untreatable. In this group of aggressive cancers, we have recently discovered that Mixed Lineage Leukaemia rearrangements (MLL-r) cause an altered epigenetic landscape which may drive the emergence of novel enhancers and pathogenic gene expression states. Epigenetics is often defined as heritable changes in gene expression that don’t alter the underlying DNA sequence, driven by many effectors including the covalent modification of histone proteins. Histones are part of the chromatin DNA/protein complex, and many histone modifications act as docking sites for the binding of chromatin protein complexes. Histone modifications are associated with key regulatory elements in the genome such as enhancers. Enhancers are essential for both normal and aberrant gene expression, but we currently have no understanding of how aberrant enhancer activity contributes to patient prognosis. To address this fundamental question, we will now exploit our novel CRISPR/Cas9 human fetal derived ALL models to discover whether enhancer emergence in ALL is dependent on a pre-existing permissive epigenetic state or is created de novo. We will also investigate how distinct chromatin proteins drive enhancer function and create the gene expression states that define prognosis in poor risk ALLs. 
Project areas: epigenetics; 3D genome; enhancers; leukaemia; acute lymphoblastic leukaemia; infant leukaemias; gene regulation; transcription; epigenomics; bioinformatics
Specific project proposals:
·   How do chromatin proteins drive aberrant enhancer activity in leukaemia?
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Project proposal
Title: How do transcription factors create new enhancers?
Supervisors: Prof Thomas Milne
Wet/dry lab mix (approx): 50% wet lab, 50% dry lab
Description:
Enhancers are key regulatory elements that control gene expression and function by acting as docking sites for transcription factors. Most work on enhancers (including our own) has concentrated on methods of removing specific factors to determine their effect on endogenous enhancer function. This is essentially a loss of function approach and provides useful information on what factors are necessary for enhancer function. However, to really understand what each factor contributes to enhancer behaviour, gain of function approaches are required to test for sufficiency of a factor. To accomplish this, we used a TetO array inserted into a gene desert region in mouse ES cells. By fusing a protein of interest to the TetR DNA binding domain, it is possible to anchor a protein or domain of interest at this gene desert region and determine whether it can recruit specific activities de novo. Our preliminary findings demonstrate that anchoring the MYB transactivation (TA) domain is sufficient to initiate transcription from regions more than 50kb distal to the TetO locus, and this is associated with increases in H3K27ac and increased DNA interactions as measure by chromosome conformation capture techniques. Conversely, we have found that other major transcription factors such as RUNX1 lack this intrinsic ability to create enhancers de novo. This suggests that transcription factors have varying abilities to impact enhancer function.
The goal of this project will be to screen key transcription factors from haematopoietic stem cells for their ability to create novel enhancers de novo, in order to better understand the relationship between transcription factor function and enhancer activity. This project will involve interactions with other labs in the WIMM (such as the Hughes, Davies and Wilkinson labs) and will use a broad range of cutting-edge technologies. 
Training Opportunities:
This project will use a broad range of cutting-edge technologies including state of the art techniques for the analysis of gene regulation on a genome-wide level (single cell ATAC-seq, ChIP-seq, Capture C, nascent RNA-seq, Micro Capture-C), and genome editing (e.g. CRISPR/CAS9) approaches. Training will be specifically provided in these molecular biology techniques as well as in bioinformatics, including machine learning approaches where appropriate. 
Background reading / references:
· Harman, J.R. etal  (2021). A KMT2A-AFF1 gene regulatory network highlights the role of core transcription factors and reveals the regulatory logic of key downstream target genes. Genome Res. DOI: 10.1101/gr.268490.120
· Crump, N.T. et al (2021). Chromatin accessibility governs the differential response of cancer and T cells to arginine starvation. Cell Rep. 35: 109101. DOI: 10.1016/j.celrep.2021.109101
· Crump, N.T. etal (2021). BET inhibition disrupts transcription but retains enhancer-promoter contact. Nat Commun. 12: 223. DOI: 10.1038/s41467-020-20400-z
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