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Epigenetic mechanisms of gene regulation such as DNA methylation are normally 
associated with stable states of gene expression in differentiated cells. However in 
mammalian germ cells and early embryos there is large scale reprogramming of DNA 
methylation patterns together with the potential to create epigenetic diversity between 
cells and individuals. This could be important for cell fate decisions in development 
and for creating disease phenotypic diversity in populations. The recent development 
of single cell whole genome methylation sequencing together with new computational 
algorithms in our labs now allows this epigenetic diversity directly to be assessed.  
 
Bisulfite sequencing (BS-Seq) enables genome-wide profiling of epi-alleles at single base-pair 
resolution. In mammalian systems, sequencing costs currently prohibit the high-resolution 
analysis of epigenomes in larger sample sets. Conversely, deep methylation profiling of 
individual cells is experimentally challenging, irrespective of cost. This is because of low 
starting material and experimental limitations in current protocols. The goal of this project is to 
overcome these limitations by developing improved analysis tools to enable analysing sparse 
population- and single-cell BS-Seq datasets. Using these methods, we aim to investigate the 
heterogeneity of DNA methylation between individuals in a population and, using single cell 
genomics technologies, from cell to cell. 
 
Using the mouse as a mammalian model system, this project will benefit from existing and 
forthcoming data sets generated in the Reik lab (e.g. 1,2). A first aim will be to pursuit new 
analysis routes to enable reconstruction of the methylation landscape from sparse low-
coverage data. This will drastically reduce the cost in bulk BS-Seq profiling, and more 
importantly enable whole-genome analysis of single-cell BS-Seq profiles. Building on prior 
work of both groups 3,4, we hope to develop new algorithms that leverage correlations 
between epi-alleles including 1) between neighbouring sites due to shared methylated  
regions (see 3,5) and 2) between multiple samples, for example because of smooth transitions 
in a developmental time course or relatedness in a pedigree. We will also incorporate an epi-
allelic reference panel, building on existing high-coverage bulk BS-Seq experiments in the 
Reik lab. By identifying methylation haplotypes in this large compendium of experiments, it is 
possible to impute epi-alleles from low-coverage data, which is similar to the principles used 
for DNA-imputation 6. We are particularly interested in methods that can be applied to single-
cell methylation profiles, which pose analysis challenges due to large proportions of technical  
noise. In joint analysis of a collection of BS-Seq experiments, the developed tools will improve 
the estimation of individual methylation rates at the resolution of single base pairs and 
methylated regions, as well as attributing methylation variability into different causes. 
 
The computational goals of this project are tied in with experimental aims to characterize the 
variability of DNA methylation reprogramming in mouse primordial germ cells, early embryos, 
and pluripotent stem cells 1. We have recently proposed a molecular mechanism for the 
generation of methylation diversity between primed pluripotent cells, and have shown that the 



methylome in subpopulations of such cells is variable 7. First, we will monitor this 
developmental process in cells from multiple generations of an inbred mouse family, which 
shares ideas with our prior work in A. thaliana 3. This characterization of variation across 
generations will be complemented with BS-Seq profiling in an F1 cross between two 
genetically divergent inbred strains (such as M.m.domesticus and M.castaneus), providing 
allele-specific estimates of DNA methylation rates 8. By comparing the variability across 
generations in a constant genetic background (inbred mouse family) with the differences 
between alleles (F1 cross), we hope to characterize the heritable component and the genetic 
architecture of DNA methylation reprogramming. In addition, we plan to study the variability of 
the same developmental process between cells from identical individuals, which is now 
possible thanks to new single-cell BS-Seq protocols developed in the Reik lab 9. We plan to 
generate single-cell profiles for dozens of cells in multiple individuals, allowing to investigate 
the causes of methylation heterogeneity between individual cells. The Reik lab has already 
generated first single-cell BS-Seq datasets that span more than 50 cells 9, demonstrating the 
viability of this approach. The experimental aims of this project will also foster important 
technology development. To enable for high-throughput experimentation, we aim to establish 
single-cell BS-Seq on the C1 Fluidigm platform at the EBI-Sanger single-cell genomics centre, 
in which Wolf Reik is a founding member. By integrating the data form these different 
experiments into a single model, we will be able to decompose the variation of DNA 
reprogramming into components due to spontaneous epigenetic changes between 
generations, genetic factors and the heterogeneity between individual cells. Finally, these epi-
genetic variation data will be tied together with transcriptional profiles from the same samples, 
thereby forming the basis to characterize the epigenetic component of phenotype variability, 
such as in a disease context. 
 
This project offers attractive training opportunities for the Fellow. The EBI provides an ideal 
environment for research on computational models and bioinformatics methods. The Stegle 
lab has extensive expertise in statistical genomics, modelling of biological variability and 
genetic analyses. Complementary to this, the Fellow will benefit from close interactions with 
the Reik lab, which is involved in key international epigenetic framework programs including 
EU Blueprint and Epigenesys. Here, the Fellow will be able to design experiments and create 
some of the raw data. This provides a training opportunity at the cutting edge of both dry and 
wet lab epigenomics. 
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