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DNAmethylation is an epigenetic modification that adds amethyl group to cytosine within CpG dinucleotides.
CpG-rich regions often occur in gene promoters and regulatory elements. Methylation at these sites is a rela-
tively stable, heritable mark that modulates transcription, chromatin state and genome stability [1]. Dysreg-
ulation is linked to several diseases including cancer [2].

Each CpG on a single DNA molecule is either methylated or unmethylated. While mean methylation levels
capture the overall tendency of a locus to be methylated, they fail to differentiate between fundamentally
different underlying stochastic configurations.

We use Shannon entropy to quantify randomness and develop a simulation framework to explore the entropy
landscape [3]. We sample probability vectors from a symmetric Dirichlet prior on the simplex and condition
them to a specified mean methylation. Accepted distributions are used to compute entropy and site-level
summaries. Simulating ~10 million reads per setting and comparing to whole-genome nanopore calls from
human blood, we found that entropy is low at extreme means and peaks near 0.5. Increasing CpG count
expands the space of possible methylation patterns and so increases entropy, while the Dirichlet concentration
controls dispersion.

Shannon entropy is thus a sensitive metric of epigenetic heterogeneity, while simple Dirichlet-based models
are able to reproduce the characteristics of distributions seen in empirical data.
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