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Abstract

DNA methylation, an epigenetic modification crucial for gene regulation, exhibits remarkable heterogeneity across different tissues, developmental
stages and individuals. This mosaic-like pattern of methylation plays a pivotal role in cellular identity, differentiation and disease susceptibility.
Understanding the intricacies of this heterogeneity offers insights into fundamental biological processes and opens avenues for therapeutic
interventions. This review delves into recent advancements in elucidating the complex landscape of DNA methylation mosaic, highlighting its
implications in health and disease.
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Introduction Intracellular heterogeneity

One of the most striking aspects of DNA methylation mosaic is its presence

In the intricate tapestry of life, our genetic code is not a static blueprint but within a single organism's cellular milieu. Even within a homogeneous
a dynamic script, subject to subtle alterations that can profoundly impact our population of cells, such as those derived from a single tissue or organ,
health and development. Among these modifications, DNA methylation stands individual cells can display distinct methylation profiles. This intracellular
out as a pivotal player, orchestrating gene expression patterns with exquisite  heterogeneity has profound implications for cellular function and identity,
precision. However, recent research has unveiled a remarkable complexity ~contributing to the diversity observed in cell fate decisions, developmental
within this epigenetic landscape-a mosaic of methylation patterns that varies ~ Processes and disease susceptibility [4].
not only between individuals but also within different cell types of the same Cell type specificity
organism. This phenomenon, known as DNA methylation mosaic, offers a

captivating glimpse into the nuanced interplay between genetics, environment Moreover, DNA methylation mosaic is not uniform across different cell
and cellular identity [1]. types. Each cell type exhibits its own unique methylation landscape, shaped

by a combination of genetic factors, environmental cues and epigenetic
- . regulatory mechanisms. This cell type specificity underscores the importance
Literature Review of context in interpreting DNA methylation patterns and highlights the dynamic

nature of epigenetic regulation in maintaining cellular identity and function [5].

Before delving into the intricacies of DNA methylation mosaic, it's crucial
to grasp the fundamentals of this epigenetic mechanism. DNA methylation
involves the addition of a methyl group to the cytosine base of DNA, typically The emerging understanding of DNA methylation mosaic has profound
occurring at CpG dinucleotides. This modification can exert a regulatory implications for human health and disease. Dysregulation of DNA methylation
influence on gene expression, serving as a molecular switch that can toggle ~ Patterns has been implicated in a myriad of conditions, including cancer,
genes on or off. In general, regions of high methylation, such as promoter neurological disorders and developmental abnormalities. The heterogeneity

regions, tend to silence gene expression, whereas regions of low methylation ~ inherent in DNA methylation mosaic adds another layer of complexity to
facilitate transcriptional activity. these associations, raising important questions about the role of epigenetic

variation in disease etiology, progression and therapeutic interventions [6].

Implications for health and disease

The epigenetic mosaic Future directions

Traditionally, DNA methylation has been viewed through a binary lens—
genes are either methylated or unmethylated. However, advances in high-
resolution sequencing technologies have revealed a more intricate reality.
Rather than uniform methylation patterns, individual cells and tissues exhibit
a mosaic-like distribution of methylated and unmethylated CpG sites. This
heterogeneity can arise from various sources, including stochastic fluctuations
during DNA replication, environmental exposures and cell lineage-specific
regulatory mechanisms [2,3].

As our knowledge of DNA methylation mosaic continues to evolve, so
too does our appreciation of its implications for biology and medicine. Future
research efforts will undoubtedly focus on elucidating the mechanisms
underlying intracellular and intercellular heterogeneity in DNA methylation,
as well as exploring its functional consequences in health and disease.
Furthermore, advances in single-cell epigenomics technologies promise to
provide unprecedented insights into the dynamics of DNA methylation mosaic
at the level of individual cells, paving the way for more precise diagnostics and
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DNAmethylation mosaic is its role in cellular identity and differentiation. During
development, cells undergo epigenetic changes, including DNA methylation,
to establish and maintain specific gene expression profiles associated with
different cell types. The presence of methylation mosaicism suggests that
even within a seemingly homogeneous population of cells, there is underlying
variability in epigenetic regulation. This variability may contribute to cell fate
decisions and the emergence of diverse cell types within tissues.

Moreover, DNA methylation mosaic has implications for disease
pathogenesis and progression. Aberrant DNA methylation patterns are
associated with various diseases, including cancer, neurodevelopmental
disorders and aging-related conditions. The presence of methylation
mosaicism may contribute to intra-tumor heterogeneity, influencing tumor
evolution, metastasis and therapeutic response. Additionally, in neurological
disorders, methylation mosaicism in brain cells may underlie phenotypic
variability and disease progression. Studying DNA methylation mosaic poses
technical challenges due to the need for single-cell resolution techniques.
Advances in single-cell epigenomics technologies, such as single-cell bisulfite
sequencing and single-cell ATAC-seq, have enabled researchers to explore
methylation heterogeneity at unprecedented resolution. These approaches
allow for the identification of rare cell populations, characterization of cell-to-
cell variability and inference of cell lineage trajectories.

Conclusion

In the intricate dance of life, DNA methylation mosaic emerges as a
fascinating phenomenon, weaving a complex tapestry of epigenetic regulation
within and between cells. As we unravel the intricacies of this mosaic, we gain
deeper insights into the mechanisms that shape our genetic destiny and the
profound influence of epigenetic variation on health and disease. By embracing
the complexity of DNA methylation mosaic, we move closer to realizing the full
potential of epigenetics in precision medicine and personalized healthcare.
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