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The problem
Gene therapy works best when a therapeutic gene is switched on only in the cells that need it,  for example, only in the light-sensing rod and cone cells of the retina, and not in neighbouring cell types. This selectivity is controlled by short DNA sequences called promoters. Today's promoters are largely hand-picked from nature: they are often too long to fit inside the delivery vehicle used in gene therapy (the AAV viral vector, which carries at most ~4.7 kb of DNA), and they are rarely perfectly cell-type-specific. Designing better, more compact promoters by hand is hard because we still don't fully understand the regulatory "grammar", which combinations of DNA motifs, spacing and context switch a gene on in one cell type and off in another.
The idea
Instead of designing promoters by hand, PROMetheus will use generative AI, the same family of methods behind modern protein design, to invent short (~200 bp), synthetic DNA promoters from scratch, and then test them directly in living retinal tissue. As proof of concept, the team has already built Promoter-GPT, a first-generation model trained on ~700,000 real promoter sequences that can already generate compact promoters with cell-type-selective activity in cell lines. The PhD project will take this from a cell-line prototype to a validated tool for retinal gene therapy.
What the PhD student will do
1. Year 1 — Design and benchmark generative DNA models. Compare state-of-the-art architectures (autoregressive transformers, diffusion models, discrete flow-matching, and CNN-guided approaches) for generating short, strong, cell-type-specific promoters, training and testing them on large public datasets of promoter activity.
1. Year 2 — Specialise the model for the retina. Fine-tune the best-performing model on single-cell RNA-seq and ATAC-seq data from the human retina, so it learns to generate promoters that are switched on selectively in rods, cones, or retinal ganglion cells.
1. Year 3 — Test the designs in living tissue. Help evaluate the top AI-designed promoters in mouse and pig retina, packaged into AAV vectors and read out with a single-cell reporter assay, to see how well the computational predictions hold up in vivo.
What you'll learn / what we're looking for
This is a genuinely interdisciplinary project bridging machine learning, genomics and gene therapy. You will develop skills in deep generative modelling (transformers, diffusion/flow-matching models), single-cell genomics data analysis, and depending on your interests and background direct exposure to AAV vector design and in vivo experiments through the group's wet-lab collaborators.
1. Students with a biology or bioengineering background: strong quantitative aptitude and willingness to learn deep learning frameworks (Python, PyTorch) and prior coding experience.
1. Students with a computer science background: interest in genomics and molecular biology is essential, since interpreting biological results correctly is central to the project.
Why this project
PROMetheus sits at the frontier of AI-driven biomolecular design, an area where generative models have already transformed protein engineering but have not yet delivered an equivalent breakthrough for DNA regulatory elements. The project offers a rare combination: cutting-edge generative modelling, access to real single-cell and MPRA datasets, and — through TIGEM's infrastructure and clinical gene-therapy programs — a direct path from a computational design to an experimentally validated, potentially clinically relevant promoter. Beyond retina, the workflow developed here is designed to generalise to any setting where closely related cell types need to be told apart, from immune subsets to disease-specific cell states.
Environment
The student will be based at TIGEM (Pozzuoli, Naples), with access to the TIGEM Bioinformatics Core, High-Performance Computing cluster, NGS facility, and animal house, as well as an international collaborations.
