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Summary:

Parkinson’s Disease (PD) has a clear genetic component which may be monogenic, oligogenic or
complex (Blauwendraat et al. 2019). A handful of genes that cause monogenic forms of PD have
been identified allowing a better understanding of the biological aetiology of risk and the
identification of underlying pathways (including autophagy-lysosomal networks, membrane
trafficking, immune response, synaptic vesicles and microtubule function) (e.g. Masaracchia et al.
2018, Fernandez-Mosquera et al. 2025). However, the majority of PD cases exhibit incomplete
penetrance and are expected to have a complex genetic risk mechanism that includes many genes,
common and rare variants that affect multiple processes at different time points and environmental
factors (Nalls et al. 2019). This makes the identification of universal biomarkers difficult (Pitz et al.
2024).

This project proposal aims to cut across these genetic classifications to provide a holistic overview of
genetic contributions to PD through multi-omic analyses of large datasets. These analyses will focus
on 700 unsolved patients in the Genomics England (GEL) 100,000 Genomes Project (100kGP) who
are affected with Early Onset PD (mean onset age = 46 years). The proposal builds on a previous GSK-
funded project in which genomic analyses of the PD cohort in 100kGP, were undertaken, leading to
identification of ~70 putative novel candidate PD genes.

Since that time, a range of other ‘omics data have been made available in 100kGP. 138 PD patients
have matched transcriptomic (Illumina), proteomic (SOMAscan/ SOMAIlogic), long-range sequencing
(ONT), metabolomics (Metabolon) and epigenomic data. This unique resource will enable us to
evaluate the clinical potential of multi-omic analyses and the value added by such characterisation.
Multi-omic modelling can allow the detection of interactive effects within and between molecular
levels (Rohart et al., 2017). This latter point is of critical importance in PD where it is likely that
combinations of variants will ultimately explain risk. Understanding these combinations will afford
better target and biomarker identification through the identification of potential mechanisms for
drug intervention.

GEL data is linked to hospital episode statistics (HES), including in/outpatient visits, allowing some
assessment of clinical severity. To further investigate links with clinical progression and disease
severity, the project will utilise PD data from biobanks (e.g. UK-Biobank, All-of-Us), which are likely to
include more complex cases of genetic risk, and from clinical cohorts (e.g. Accelerating Medicines
Partnership (AMP), Parkinson’s Progression Markers Initiative (PPMI).

All individuals across the databases will also be classified in terms of polygenic risk quartiles to
identify individuals with a high polygenic risk of PD (Kim et al 2024 and Nalls et al 2019, which
explains 16-36% of the variance). Patterns of non-polygenic components and environmental
exposures will be modelled across high-risk individuals who manifest PD and those who do not to
identify risk and protective features. This last step will allow us to move beyond single gene disorders
and understand the continuum of PD moving towards individual risk models both in terms of risk and



resilience. Ultimately, this will be essential for the prediction of progression and the identification of
biomarkers of wider relevance.

Aims and Objectives

1. Undertake uni-omics analyses of the PD cohort in 100kGP
2. Undertake integrated multi-omics analysis of GEL PD cohort to
i identify potential biomarkers linked to PD and
ii. provide functional assessment of 70 candidate genes previously identified
3. Investigate clinical correlations between ‘omics results, polygenic risk profiles and disease
severity and progression using a range of PD datasets eg 100kGP, All-of-Us, AMP, PPMI

Alignment with therapeutic area and key scientific theme(s):
e Using data from human samples, identify potential mechanisms for drug intervention that
differ based on disease stage.
e Discovery and validation of biomarkers (from human samples) reflecting various
pathophysiologies that can be used to predict patient phenotype and track response to
therapy.

Project delivery:

Experimental Methodology

Uni-omic analyses will be performed using gold-standard pipelines available in GEL. Integrated multi-
omics will use a combination of statistical, machine learning, and tensor decomposition approaches
building on the approach taken for multi-omics analysis recently used for the covid COMBAT study
(COvid-19 Multi-omics Blood ATlas (COMBAT) Consortium, 2022). Pathway and network enrichment
analyses will be applied to interpret the biological relevance of integrative components, and
visualization tools developed to facilitate exploration of the multi-omics data.

We envisage that each aim of the project will take 1 year to complete, creating distinct milestones for
the Fellow to work to.

Training for Fellow

The fellow will be provided with extensive training in data handling, bioinformatics and linkage to
clinical datasets relevant to the project, including multi-omics.

This will enable them to develop an understanding of the different ‘omics datasets and their
relationship to disease. The Fellow’s clinical background will help relate clinical symptoms to
underlying biological mechanisms and the identification of potential alternative diagnoses.

The fellow will also model interactions between the genetic risk background (polygenic risk), higher-
effect rare variants and demographic and clinical elements to understand how these factors come
together to influence progression in PD. The project enables the unique resource of multi-omics data
available in GEL to interrogated and presents opportunities to apply the expertise gained to other
disease projects of interest to GSK.

Research environment:

The fellow will be embedded within the CHG’s Translational Genomics Group, University of Oxford
which specialises in genomics analysis of WGS and GEL data. We are collaborating with Prof Heather
Harrington (Department of Mathematics) on multi-omics analysis and with Prof Ira Milosevic on
functional validation of selected PD targets. Access agreements for GEL are already in place and
analyses are currently free to user. We will apply for access to the other cohorts as the project
progresses as project agreements are often time-limited in nature.
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