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Epigenetic regulation plays a pivotal role in defining cell identity and function,
contributing to the understanding of both physiological and pathological processes. The
interplay between DNA methylation, histone modifications, and chromatin remodeling
complexes governs transcriptional programs that maintain pluripotency or promote
lineage specification. In tumors, aberrant epigenetic modifications are increasingly
recognized as key drivers of oncogenesis, tumor heterogeneity, and treatment
resistance. Moreover, epigenetics offers a framework to investigate the molecular basis
of neuropsychiatric disorders, which often arise from complex interactions between
genetic predisposition and environmental stimuli. Thus, relevant information can be
tracked investigating the alterations in the epigenomics profiles in cells and tissues.
Epigenomics and epigenetics methodologies enable gene-specific or comprehensive
profiling of chromatin states and transcriptional regulatory landscapes, offering insights
into the molecular mechanisms underlying health and diseases. High-throughput
epigenomic approaches, such as whole-genome bisulfite sequencing, ChiP-seq or Hi-C
techniques, allow for the identification of genome-wide DNA methylation patterns,
histone mark distributions and tridimensional status of the genome. Single molecules
methylation analysis adds a further layer to the epigenetic landscape that allow to track
the evolution and oscillations of epigenetic profiles in single cells. Integrating epigenetic
and epigenomic data in these contexts not only enhances our understanding of disease
pathogenesis but also supports the development of biomarker-based diagnostic tools
and epigenetically guided therapeutic strategies.
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