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Section 2 – Project Information
	Project Title

	Which path does selection take? Experiments with genomic and epigenomic data.

	Project Summary 
Populations of biological organisms have a priori different systems to react to selection pressures, e.g. selecting for genomic variants directly affecting the phenotype, selecting for individuals where beneficial genes are expressed more strongly, or selecting for hypermutators that simply increase the de novo mutation rate to produce more variation that may include further beneficial variants.

While selection on genomic variants is well researched, both in a variety of species and theoretically, the mechanisms of epigenomic changes are far less well understood. This also stems from the differences in epigenomic mechanisms between species.

Your goal is to build on the theoretical and simulation setup from https://doi.org/10.7554/eLife.89470.4 for genomic and epigenomic variation to design forwards-in-time simulations, with an added selection pressure to analyse how the different levels of genetics-related variation change due to the selection pressure. This includes evaluating how population genomic diversity statistics for genomic variation could measure such changes also on the epigenomic side (a currently developing topic: https://doi.org/10.1038/s41467-025-55989-6), and how these can be used to implement inferring selection signals, as routinely done for genomic data (reviewed in https://doi.org/10.1146/annurev-genet-111523-102651). These simulations will be set up for different epigenomic mechanisms, mimicking animals, plants or reflecting our current knowledge for insects or crustaceans (for instance Daphnia).

You will then revisit published combined genomic and epigenomic data sets and search these for the different levels of selection, using the insights of their detection assessed in the simulation study. This is a project between genomics theory, bioinformatics and data analysis, so experience with and interest in programming (any language, our labs mainly use R and Python) and data analysis is a great basis for the project.

	Techniques that will be undertaken during the project
• Translating first principles from genomics and ecology into a bioinformatic simulation setup
• Extension or de novo development of an efficient simulation setup for genomic and epigenomic data
• Population epigenomics tool development
• Bioinformatic data analytics for big multiomics data
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