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GMS themes: 
· Genomic and –omic technologies
· Functional genomics
· Genome biology (genomes and genetic variation)
· Genomics of disease
· Application of genomics in the clinic (diagnostics and therapeutics)
Research Overview
De novo mutations (DNMs) are a significant contributor to human disease, affecting ~1:300 new births. We study the mechanisms by which these spontaneous mutations arise in the first instance, concentrating on the tissue where most of them originate, the human testis. 
Most (>80%) DNMs originate in the paternal germline during spermatogenesis, explaining why the main risk factor for DNMs is the age of the father at conception. The human testis represents a ‘repository’ of DNMs that can be exploited to study the processes by which new mutations are acquired at each generation. We have previously described a mechanism contributing to the paternal age-related increase in pathogenic DNMs called ‘selfish selection’, a process equivalent to ‘clonal hematopoiesis’ but occurring in the unique context of the male germline stem cell.  These ‘selfish DNMs’ become enriched with age, because they “hijack” the normal homeostatic mechanisms controlling spermatogonial stem cells to their own advantage. We have suggested that the mechanisms involved in selfish selection are similar to those described for tumorigenesis. However, unlike somatic variants in cancer, selfish mutations are transmitted across generations and have the potential to shape human genome evolution.  We aim to develop methods for identification of new genes/molecular pathways subject to selfish selection within the human testis and establish the potential impact that this process has on human disease and genome evolution. 
Another mechanism by which DNMs can be introduced in our genomes is through the process of mosaicism, which is increasingly being recognised as an important contributor to spontaneous disease. In this case, the DNM would have arisen early during one of the parents’ development and will be present in multiple eggs or sperm, leading to an increased recurrence risk (as high as 50%). Hence in clinical practice, it is important to be able to single-out DNMs due to gonadal mosaicism from the more common one-off events which have no risk of recurring in another child.
In the long-term, understanding the landscape of selfish mutations and developing strategies for personalised recurrence risk assessment will permit clinical implementation of non-invasive screening approaches for DNMs, similar to those currently in use for detection of aneuploidies.
Project areas: de novo mutations, mosaicism, NGS, gonadal development, spontaneous disorders
Specific project proposals: 
· Goriely Laboratory Project: ‘Probing selfish selection of de novo mutations’
· Estimating the genome-wide prevalence of mosaicism through analysis of large-scale genomic datasets (with Dr Nicky Whiffin)
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Project proposal
Title: Goriely Laboratory Project: ‘Probing selfish selection of de novo mutations’
Supervisors: Prof Anne Goriely
Wet/dry lab mix (approx): 80% wet lab, 20% dry lab
Description:
As mutations are at the origin of all genetic variations, understanding the factors that influence mutational rates and patterns (and the reason for which they occur) is crucial to the study of disease, evolution and genome diversity. It is now well established that ~60 new point mutations are acquired spontaneously at each generation. Although these point mutations initially arise as random miscopying events, preferentially from the paternal germline, we have described a process (selfish selection) by which some pathogenic de novo mutations (DNMs) become progressively enriched in the testis as men age. This project will aim to develop multi-disciplinary strategies to identify new genes/molecular pathways subject to selfish selection and establish the potential impact of this process on human disease and genome heterogeneity. 
Because selfish variants are selected in ageing testes and are present at elevated levels in the sperm of most men, they are anticipated to recur more frequently as DNMs in patient cohorts. Hence, one of the approaches we will follow consists in mining large DNM datasets derived from analysis of WES/WGS family trios. This analysis will generate a list of candidate variants/genes that are recurrently transmitted as DNMs. We will then assess whether these variants are enriched in human testes or sperm using custom assays for ultra-rare mutation detection (such a ‘RED-PCR’, rhAMPSeq or duplex sequencing).
Training Opportunities:
This project represents a unique opportunity to gain in-depth training in Human Genetics, germline stem cell biology and the application of Next-generation sequencing technologies for detection of ultra-rare variants. The project can be tailored to suit personal interests and need for training but will typically involve both a wet-lab component and bioinformatic analysis of genomic datasets.
Background reading / references:
· Maher GJ, Ralph HK, Ding Z, Koelling N, Mlcochova H, Giannoulatou E, Dhami P, Paul DS, Stricker SH, Beck S, McVean G, Wilkie AOM & Goriely A, 2018: Selfish mutations dysregulating RAS-MAPK signaling are pervasive in aged human testes, Genome Res. 28(12):1779-1790
· Giannoulatou E, McVean GAT, Taylor IB, McGowan SJ, Maher GJ, Iqbal Z, Pfeifer SP, Turner I, Burkitt-Wright EMM, Shorto J, Itani A, Turner K, Gregory L, Buck D, Rajpert-De Meyts E, Looijenga LHJ, Kerr B, Wilkie AOM & Goriely A, 2013: Contributions of intrinsic mutation rate and selfish selection to levels of de novo HRAS mutations in the paternal germline. Proc Natl Acad Sci USA, 110(50):20152-20157.
· Goriely A & Wilkie AOM, 2012: Paternal age effect mutations and selfish spermatogonial selection: causes and consequences for human disease. Am J Hum Genet. 90(2):175-200



Project proposal 
Title: Estimating the genome-wide prevalence of mosaicism through analysis of large-scale whole-genome dataset from family trios  
Supervisors: Dr Nicky Whiffin and Prof Anne Goriely  
Wet/dry lab mix (approx): 20% wet lab, 80% dry lab (flexible)
Description:
Although most de novo mutations (DNMs) occur as one-off events during spermatogenesis, they can also originate through a process called ‘mosaicism’. Mutations occurring during early embryonic development result in somatic and/or gonadal mosaicism and can be found at elevated levels across multiple tissues.  Mosaicism is increasingly recognised as a significant contributor to spontaneous disease, with recent studies highlighting that ~10% of ‘apparently’ DNMs found in children have actually arisen early during one of the parents’ development. This has important implications for genetic counselling as mosaic DNMs are likely present in multiple eggs or sperm and are associated with an increased recurrence risk (as high as 50%). Moreover, DNMs can also occur during the child’s own development, potentially causing a variable phenotype compared with the equivalent constitutive mutation. However, the contribution of mosaicism has been difficult to establish and is frequently overlooked in the analysis of large datasets because of the technical challenges associated with mosaic variant detection and calling. 
We propose to use and compare state-of-the-art calling algorithms (e.g. MuTect, Streka, DeepMosaic, MosaicHunter) to systematically analyse the whole-genome sequencing (WGS) data derived from the Genomics England 100K Genomes family trios dataset (~5000 trios). This will allow us to interrogate this dataset and single-out different classes of mosaic variants such as those that:
1. Are apparently de novo but are present at low levels in one of the parental samples 
2. Are present at levels deviating from the expected 50:50 ratio in the child
3. Are present in one parent at elevated levels but are in fact mosaic in this individual - this situation is anticipated to lead to missed diagnoses due to exclusion by bioinformatics pipelines used for DNM calling. 
For cases where we have access to biological samples, we will use ultra-deep NGS techniques to validate candidate mosaic variants derived from this analysis – this may include the analysis of paternal semen samples that provide a direct means to establish the contribution of gonadal mosaicism.  
Training Opportunities 
This project represents a unique opportunity to gain in-depth training in Human Genetics, analysis of large-scale genomics datasets and the application of Next-generation sequencing technologies for detection of rare variants. The project can be tailored to suit personal interests and need for training but will typically involve both bioinformatic and statistical analysis of large-scale genomic datasets combined with a wet-lab component to provide validation of the data generated in silico. 
References
Bernkopf M, Abdullah UB, et al, under review: The PREGCARE study: Personalized recurrence risk assessment following the birth of a child with a pathogenic de novo mutation https://www.biorxiv.org/content/10.1101/2022.07.26.501520v1
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