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	Title of the project: Combined deep learning and synthetic-based approaches to unravel the genetic determinants of enhancer versus promoter activity of Epromoters
	Lead: Aitor González (TAGC, INSERM U1090)
	co 1: Badih Ghattas (I2M)
	co 2: Salvatore Spicuglia (TAGC, INSERM U1090)
	Abstract: Regulation of gene transcription is accomplished by proximal (promoters) and distal (enhancers) regulatory elements. However, a strict dichotomy model is now challenged and a major question in the field is to define the genetic determinants of the different regulatory activities. The Spicuglia team has previously identified Epromoters as cis regulatory elements with both enhancer and promoter (E/P) activities and is currently using high-throughput approaches to evaluate both activities in thousands of wild-type and mutant DNA sequences. In this project, we will build a sequence-based deep learning model of Epromoters to unravel the genetic determinants of enhancer vs. promoter activities. The model will be challenged and refined in back and forth exchanges between model predictions, experimental validation and synthetic generation of Epromoters. A. González and S. Spicuglia will supervise the overall project. A. González will supervise data processing, integration and analysis. B. Ghattas will supervise the design and validation of the deep learning models to predict E/P activities. S. Spicuglia supervises the experimental work to generate model input data and experimentally validate the predictions. 
	Keywords: Cis-regulatory elements, genetic variants, machine learning, synthetic biology
	Objectives: 1) To process NGS data from the dual reporter assay.
2) To create a deep learning model of DNA sequences to predict E/P activities. 
3) To design de-novo synthetic regulatory sequences with defined E/P activities.
4) To evaluate experimentally E/P activities in synthetic sequences.
5) To analyse the model predictions to infer the logics of E/P activities at the DNA sequence level and assessment of natural genetic variants. 



	Proposed approach: Regulation of gene transcription in higher eukaryotes is accomplished through the involvement of transcription start site (TSS)-proximal (promoters) and -distal (enhancers) regulatory elements. It is now well acknowledged that enhancer elements play an essential role during development and cell differentiation, while genetic alterations in these elements are a major cause of human disease. The classical definition of enhancers implies the property to activate gene expression at a distance, while promoters induce local gene expression. However, this basic dichotomy has been challenged by broad similarities between promoters and enhancers. Using high-throughput enhancer reporter assays, the team of Salvatore Spicuglia, at the TAGC laboratory demonstrated that a subset of gene-promoters, termed Epromoters, actually works also as bona fide enhancers and regulates distal gene expression. Subsequent studies from our and other labs have since suggested that Single Nucleotide Polymorphisms (SNPs) affecting distal gene expression are significantly enriched within Epromoters. Overall, these findings have significant implications for the understanding of complex gene regulation in normal development and open the intriguing possibility that physiological traits or disease-associated variants lying within a subset of (E)promoters might also directly impact distal gene expression. Previous work has suggested that the intrinsic and external factors controlling the promoter and enhancer activity of a given Epromoter are not necessarily the same. To understand the mechanistic bases of the proximal versus distal regulation, the Spicuglia team recently developed a dual reporter assay allowing us to simultaneously measure the promoter and enhancer activity of a given Epromoter. This approach will allow the assessment of hundreds of wild-type or mutated Epromoters in parallel, including natural genetic variants, in human lymphoblastoid cells. In the present project, the PhD student will develop deep learning approaches to computationally model the sequence determinants of enhancer and promoter activity in Epromoters. Based on these models, he/she will infer the grammatical rules dictating the enhancer versus promoter activity of Epromoters and prioritize genetic variants according to their impact on regulatory potential and transcriptional activity in a large panel of genotyped individuals. Predictions will be assessed experimentally by biologists of the Spicuglia team in a back-and-forth strategy until the development of a stable model of the genetic determinants influencing enhancer versus promoter activity. 
	Inter: Dr. Salvatore Spicuglia is an expert in mammalian transcriptional regulation and his lab implements high-throughput reporter assays to quantitatively assess enhancer activity in mammals.
Dr. Aitor González is a Bioinformaticien that uses a variety of methods including machine learning to analyse gene regulatory regions and variants.
Prof. Badih Ghattas is an expert in statistics and machine learning that has applied predictive models in genomics since many years.
The student will collaborate with members of the TAGC laboratory under the supervision of Salvatore Spicuglia and Aitor González to prepare the sequences that will be generated by experimentalists. A deep learning model will then be created under the supervision of both Aitor González and Badih Ghattas that is able to predict the enhancer vs. promoter activities. The model will be used to gain different insights suchs as the sequence composition that defines the promoter vs. enhancer activities with the help of all three supervisors.


	Expected profile: The PhD candidate should have a master in bioinformatics or related fields, with a solid background in computer science, statistics and/or mathematics. The candidate should be interested in “omics” data analyses, genomics and gene regulation. Previous experience in manipulating NGS data and/or deep learning and in collaborations with experimental biologists is an advantage.
	Project continuation: This is a new CENTURI project. The TAGC has the necessary funding and human ressources to cover the experimental part of the project (ANR, H2020 ITN)
	References: • Bernardo P. de Almeida, Franziska Reiter, Michaela Pagani, Alexander Stark. DeepSTARR predicts enhancer activity from DNA sequence and enables the de novo design of enhancers. doi:10.1101/2021.10.05.463203
• W Kopp, R Monti, A Tamburrini, U Ohler, A Akalin. Deep learning for genomics using Janggu. Nat Commun. 2020 Jul 13;11(1):3488. doi: 10.1038/s41467-020-17155-y.
• Andersson, R., Sandelin, A. Determinants of enhancer and promoter activities of regulatory elements. Nat Rev Genet 21, 71–87 (2020). https://doi.org/10.1038/s41576-019-0173-8
• Medina A, Santiago D, Puthier D, Spicuglia S. (2018) Wide-spread enhancer activity from core promoters. TiBS. 43(6):452-468.
• Core, L., Martins, A., Danko, C. et al. Analysis of nascent RNA identifies a unified architecture of initiation regions at mammalian promoters and enhancers. Nat Genet 46, 1311–1320 (2014). https://doi.org/10.1038/ng.3142
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Badih Ghattas
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