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Coding variation drives human diseases in general, and developmental disorders in particular. 
While many causal mutations recur, the majority of cases cannot be resolved from sequence. 
Mutations with variable effects, dependent on the rest of the genome, further complicate 
diagnosis, as likely causal variants in probable genes are also present in unaffected relatives, 
and thus filtered out. Finally, a large category of mutations cannot confidently be ascribed an 
effect, and they remain of uncertain significance. Existing computational predictions to aid 
diagnosis are missing systematic large scale data on mutations previously unseen in healthy 
individuals or patients (Fowler and Fields 2014). 

The Saturation Genome Engineering (SGE) approach is a promising new technology that 
enables accurate measurements of mutation effect in cell culture (Findlay et al. 2018). It uses 
homology-directed repair of a CRISPR/Cas generated double strand break to systematically 
replace a targeted allele with all possible members of a variant library, such as all possible 
single nucleotide or amino acid changes. Large scale efforts are already underway to measure 
the effects of all variants in clinically important genes, and to use these for disease mutation 
discovery and prediction (Livesey and Marsh 2020). The generated data need to be jointly 
analysed, and placed in the context of background and disease variants to utilize them for 
diagnosis. Specialised solutions to process and store these data already exist (Esposito et al. 
2019; Rubin et al. 2017).  

To date, bioinformatic analysis tools have not been developed for industrial-scale measurement 
efforts, as the ones underway at the Wellcome Sanger Institute, nor are these data available 
via public resources at the European Bioinformatics Institute. For analyses, probabilistic models 
with latent variables to capture salient structure in the data, many developed in our labs, have 
been successful in all areas of genomics, from mutation effect assessment (Rentzsch et al. 
2019) to gene expression analyses (Stegle et al. 2012) and genetic perturbation screens (Allen 
et al. 2019). For storage and dissemination, the data do not yet feed into the existing and 
developing infrastructure of EMBL-EBI, which links out to the human functional genomic data of 
the last decades. 

The nascent availability of the comprehensive mutagenesis data at scale, as well as the 
complementary sources of information from structural biology, evolutionary genetics, population 
genomics, and clinical genetics are a chance to organize how we view and present the impact 
of a mutation. We can also generate additional measurements in cells from healthy unrelated 
individuals to test whether the established effects are universal. This ESPOD project proposes 
to derive accurate, multifaceted estimates of human coding mutation effect, and to measure 
their penetrance in cells from unrelated people. 
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In order to fill the gap, the candidate will build on the complementing expertise at the EMBL-EBI 
and the Wellcome Sanger Institute to compile, model, and generate large-scale mutagenesis 
data in human cells. To start, they will work closely with Zerbino lab to guide unification of SGE 
data produced at different centres into a single resource. This requires establishing the right 
statistical model for SGE at scale, leveraging information across exons and experiments 
performed in identical ways to get the best-calibrated mutation effect estimates. 
 
The next step is to re-synthesize our structural, functional, evolutionary, population genetics, 
and clinical understanding of mutation effect to establish the right integrative framework for SGE 
mutation effect estimates. Some aspects of this are already aggregated in the Ensembl Variant 
Effect Prediction framework (Thormann et al. 2019; McLaren et al., 2016). The goal is to extend 
this to naturally incorporate the full wealth of SGE derived information. It will be especially 
interesting to understand which quantities are correlated [e.g. impact on folding energy, 
probability of loss-of-function and CADD score], and which are independent. Similarly, 
comparison of SGE experiments could provide new insights into key questions such as cell line 
dependent effects, or epistatic interactions. All programmatically ingestible data sources could 
be used for this purpose in principle, and there is a further question of the extent to which this 
process can be automated. 
 
Given well-calibrated mutation effect estimates of cellular fitness, it is then important to 
characterize discrepancies from their context. In particular, we are interested in understanding 
the variable penetrance of known disease-causing mutations, and substantial differences 
between the best computational predictors of variant effect and the corresponding cellular 
measurements. We are further looking to ascertain whether the effect of the mutation in an 
individual is equal to the effect of the variant on gene multiplied by the effect of gene in the 
individual, or there is substantial departure from this expectation that should be studied further. 
To fulfil these goals, the candidate will work with the wetlab team in the Parts lab to generate 
bespoke mutation effect data in several healthy unrelated individuals for variants that are 
anomalous under our current understanding.  
  
In summary, we expect to develop methods to aggregate cell fitness mutation effect estimates 
across experiments in multiple laboratories, to delineate their shared and independent 
components in relation to other sources of variant impact, and to generate bespoke data for 
resolving discrepancies with computational predictions and clinical scores. 
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