Decoding the Dark Spliceosome: A Computational and Quantitative Framework to Discover and Functionally Classify Pathogenic snRNA Variants in Rare Genetic Diseases
Project Description
Despite the success of whole-exome and whole-genome sequencing (WGS), 30–50% of patients with a suspected rare genetic disease end their diagnostic journey without a molecular cause. A large fraction of this missing heritability is thought to hide in the non-coding genome, and one class of non-coding genes has remained almost completely invisible to standard diagnostic pipelines: the small nuclear RNA (snRNA) genes that constitute the catalytic core of the spliceosome. These genes are short (~100–200 nt), highly repetitive and present in dozens of near-identical paralogs and pseudogenes, so conventional short-read variant callers systematically discard or misassign their reads. Between 2024 and 2026, a remarkable series of studies revealed that de novo and biallelic variants in spliceosomal snRNA genes (RNU4-2/ReNU syndrome, RNU2-2, RNU5B-1, RNU4ATAC and RNU6 paralogs) are among the most frequent monogenic causes of neurodevelopmental disorders and epilepsy, and — most recently — of autosomal-dominant retinitis pigmentosa. Crucially, every one of these discoveries was made within a single, pre-selected disease cohort. No study has yet asked, in a disease-agnostic way, how broadly snRNA variants contribute to human disease.
This project addresses two open questions at once: (i) how widespread are pathogenic snRNA variants across the full, unselected spectrum of undiagnosed rare disease; and (ii) for any given variant, how can we determine — both computationally and experimentally — whether it behaves as a dominant-negative molecule that is incorporated into the spliceosome and poisons its catalysis, or as a simple loss-of-function (null) allele. This distinction is not academic: it governs clinical variant interpretation and dictates the choice between allele-specific antisense-oligonucleotide silencing and gene-supplementation therapy.
The doctoral project is organised around three integrated objectives:
1. Disease-agnostic computational discovery. Develop and benchmark a dedicated, paralog-aware variant-calling pipeline (paralog-resolved alignment with mapping-quality filtering, copy-number-aware calling calibrated per locus, and structural annotation that maps each candidate onto cryo-EM spliceosome models) and apply it, without disease pre-selection, to a large cohort of undiagnosed patients. Long-read (Oxford Nanopore) amplicon data resolve the most duplicated loci; the pipeline is validated against a curated set of ~100 known pathogenic variants, targeting >95% sensitivity.
1. Quantitative functional classification. Over-express wild-type and mutant snRNAs in cells that retain their full endogenous complement and quantify transcriptome-wide splicing by ribo-depleted RNA-seq with PSI/ΔPSI analysis (rMATS-turbo, FRASER2, LeafCutter, SUPPA2). The mutant-versus-wild-type-overexpression contrast isolates genuine dominant-negative effects and yields a quantitative “dominant-negative score” that is correlated against patient transcriptomes.
1. Mechanistic dissection and a reporter for clinical triage. Resolve the affected step of the splicing cycle through branch-site usage analysis and quantitative snRNP-assembly proteomics, and build a fluorescent dual-reporter (GFP/mCherry) minigene assay for rapid, single-cell classification of variants of uncertain significance (VUS) — a scalable tool the field urgently needs.
The successful candidate will be trained at the interface of computational genomics, quantitative transcriptomics and functional RNA biology, working with state-of-the-art WGS, long-read and Illumina NovaSeq data within an established clinical–academic network that provides immediate access to patient cohorts, biological samples and sequencing infrastructure. The expected deliverables — an open, paralog-aware variant-calling pipeline, the first disease-agnostic catalogue of pathogenic snRNA variants, a quantitative variant-classification framework, and a reporter platform for VUS triage — directly address an unmet diagnostic and therapeutic need shared across many rare diseases.
Prospective Students
We welcome motivated candidates with a background in bioinformatics, computational biology, computer science, statistics, genomics, biotechnology, molecular biology or a related quantitative discipline. Familiarity with a scripting language (Python and/or R), command-line/Linux environments and the analysis of next-generation sequencing data is highly desirable, together with a genuine interest in RNA biology, splicing and human genetics. The project is primarily computational, but it offers ample opportunity to engage with wet-lab functional validation (molecular cloning, cellular models, RNA-seq, reporter assays) for candidates who wish to work across both domains.
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