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The development of complex tissues relies on the precise assignment of cell identity. At the molecular

scale, this process depends on the deposition of epigenetic modifications - such as methylation - that are

regulated by complex biochemical networks and occur at specific regions on the DNA and chromatin.

Here we show that, despite the complexity of epigenetic regulation, dynamical scaling and self-similarity

of DNA methylation marks emerge in embryonic development. Drawing on single-cell multi-omics ex-

periments, super-resolution microscopy, and statistical physics, we demonstrate that these phenomena

originate in a dynamical feedback between DNA methylation and the formation of nanoscale dynamic

chromatin aggregates. These nanoscale processes lead to genome-wide increase in DNA methylation

marks following a power law and self-similar correlation functions. Using this framework, we identify

methylation patterns that precede gene expression changes in embryonic symmetry breaking. Our work

identifies linear sequencing measurements as a laboratory to study mesoscopic biophysical processes in

vivo.


