Decoding the Functional Genome: An Integrated Genomics Platform Coupling Massively Parallel Assays with Single-Cell and Spatial Multi-Omics to Dissect Genotype–Phenotype Relationships
Project Description
Genome and exome sequencing have transformed human genetics, yet the central challenge of the post-genomic era is no longer generating sequence but interpreting it. For every protein-altering variant of known consequence, sequencing studies return hundreds of variants of uncertain significance (VUS), and the overwhelming majority of disease- and trait-associated alleles identified by genome-wide association studies fall in non-coding, cis-regulatory DNA whose function cannot be read directly from sequence. Computational pathogenicity predictors remain, by consensus, among the weakest forms of evidence for clinical classification, precisely because the relationship between genotype and molecular phenotype is context-dependent: the same nucleotide change can be silent in one cell type and disruptive in another, and active in one chromatin environment yet inert in its native locus. Closing this genotype-to-phenotype gap at scale, experimentally, quantitatively, and in the appropriate cellular context, is one of the defining problems of contemporary functional genomics.
Multiplexed assays of variant effect (MAVEs) now make it possible to measure the functional consequences of thousands to millions of sequence variants in a single experiment. Massively parallel reporter assays (MPRA) and their derivatives quantify the transcriptional activity of large libraries of regulatory elements and variants by coupling each candidate sequence to a barcoded reporter and deconvoluting activity by high-throughput sequencing. These largely episomal assays are unrivalled for throughput, but they interrogate sequences outside their native chromatin and genomic neighbourhood and therefore cannot fully recapitulate endogenous regulatory behaviour. Genome-integrated strategies, in which designed libraries are inserted at defined chromosomal positions and assayed in situ, restore native context, at the cost of throughput. This project is built on the premise that the two approaches are complementary, and that integrating them with single-cell and spatial -omics readouts can convert variant-effect measurement from a one-dimensional activity score into a multi-layered, cell-type-resolved map of biological consequence.
The doctoral project will develop and apply an integrated genomics platform that couples high-throughput episomal Massive Parallel Reporter Assays (MPRA) with genome-integrated Multiplexed Integrated Testing of Elements (MITE), site-specific, in-locus assays that report variant and element function within native chromatin, and reads both out using single-cell and spatial transcriptomic and epigenomic technologies. The unifying goal is to dissect, systematically and quantitatively, how genetic variation propagates from sequence to molecular phenotype to cellular phenotype, and to translate these measurements into predictive sequence-to-function models and a scalable framework for classifying variants of uncertain significance.
The project is organised around three integrated objectives:
1. Integrative design and massively parallel reporter screening. Build a computational pipeline that nominates and prioritises candidate regulatory elements and variants by integrating whole-genome sequencing, epigenomic maps (ATAC-seq, ChIP-seq/CUT&RUN, DNA methylation) and chromatin-conformation data, and use it to design tiled and saturation-mutagenesis MPRA libraries. Episomal MPRA — including lentiviral-integration formats where appropriate — will quantify allele-specific transcriptional activity across thousands of elements and variants, establishing a first-pass, high-throughput map of cis-regulatory function and allelic effect.
1. Genome-integrated, in-context functional testing (MITE). Develop genome-integrated multiplexed assays in which designed element and variant libraries are inserted at defined genomic loci (e.g. via site-specific recombinases or CRISPR-mediated knock-in) and assayed within native chromatin in disease-relevant human cellular models, including iPSC-derived lineages. By comparing matched episomal and integrated measurements, the project will isolate genuine, context-dependent regulatory effects, distinguish dominant-negative from simple loss-of-function behaviour, and benchmark which variants require endogenous context for accurate functional classification.
1. Single-cell and spatial multi-omics integration and modelling. Deploy single-cell and spatial transcriptomic and epigenomic readouts to deconvolve variant and element effects across cell types, differentiation trajectories and tissue architecture, moving beyond bulk averages toward cell-type-resolved sequence–function relationships. By jointly modelling MPRA, MITE and single-cell/spatial data, the candidate will train quantitative genotype–phenotype maps and deliver an interpretable framework for prospective VUS triage — a tool of direct relevance to clinical variant interpretation and to the mechanistic study of gene regulation in development and disease.
The successful candidate will be trained at the interface of computational genomics, functional genomics and quantitative cell biology, working with state-of-the-art high-throughput sequencing, synthetic DNA-library design, genome engineering, and single-cell and spatial -omics within the Laboratory of Integrative Genomics and its established academic and clinical network, which provides access to disease cohorts, human cellular models and sequencing infrastructure. The expected deliverables, an integrated computational design pipeline, paired episomal (MPRA) and genome-integrated (MITE) variant-effect platforms, a single-cell and spatial multi-omics analysis framework, and quantitative genotype–phenotype models for VUS classification, address an unmet need shared across human genetics: turning the flood of genomic variants into interpretable, context-aware biological knowledge.
Prospective Students
We welcome motivated candidates with a background in molecular biology, genomics, biotechnology, bioinformatics, computational biology, computer science, statistics or a related discipline. Hands-on experience with molecular cloning, cell culture (including iPSC and/or genome engineering) and next-generation sequencing is highly valued for wet-lab-oriented candidates, while familiarity with a scripting language (Python and/or R), command-line/Linux environments and the analysis of sequencing data is highly desirable for computationally oriented candidates. The project deliberately spans both domains: candidates wishing to work primarily at the bench, primarily in computation, or across both are equally encouraged to apply. A genuine interest in functional genomics, gene regulation and human genetics is essential.
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