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DESCRIPTION

Imprinting epigenetics is a complex and captivating area of
study that has generated profound insights into the inher-
itance of characteristics and the development of various dis-
eases. Epigenetics, a term coined by British developmental
biologist C. H. Waddington in the mid-20" century, refers to
the study of heritable changes in gene expression or cellu-
lar phenotype that do not involve changes to the underlying
DNA sequence. In other words, it’s about how environmental
factors and experiences can leave marks on our genes, influ-
encing how they function. Imprinting epigenetics is a specific
aspect of epigenetics that deals with the regulation of gene
expression in a parent-of-origin-specific manner. Unlike most
genes, which have two active copies (one from each parent),
imprinted genes exhibit monoallelic expression, meaning that
only one of the two alleles is expressed while the other is si-
lenced. This intriguing phenomenon is essential for normal
development. It’s particularly critical during embryogenesis, as
it governs the establishment of the placenta and the proper
development of various tissues. In fact, defects in imprinting
can lead to severe developmental disorders and diseases. Im-
printed genes carry information about their parent of origin,
meaning that the allele inherited from the mother may have
different effects than the allele inherited from the father. This
parent-of-origin effect is best exemplified in the context of im-
printed genes. For instance, the maternal allele of an imprint-
ed gene might promote growth, while the paternal allele may
inhibit it. Methylation is a key player in imprinting epigenetics.
DNA methylation is a chemical modification that involves the
addition of a methyl group to a cytosine base within the DNA
molecule. In imprinted genes, these methyl marks are depos-
ited in a parent-of-origin-specific manner during early embry-
onic development. The addition or removal of these methyl

groups regulates gene expression and is responsible for the
parent-of-origin effect. The structure of chromatin, the materi-
al of which chromosomes are made, also plays a crucial role in
imprinting epigenetics. By altering the structure of chromatin,
imprinted genes can be either turned on or off. This chromatin
remodelling is heavily influenced by DNA methylation, histone
modifications, and non-coding RNAs. When the delicate bal-
ance of imprinting epigenetics is disrupted, it can lead to vari-
ous disorders. Perhaps the most well-known example is Prad-
er-Willi and Angelman syndromes, both of which result from
the loss of function of imprinted genes in a specific region of
chromosome 15. Prader-Willi syndrome causes obesity, intel-
lectual disabilities, and behavioural problems, while Angelman
syndrome leads to developmental delays and severe speech
impairment. These imprinting disorders are complex and often
difficult to treat, as they are caused by the silencing of a criti-
cal gene, which is usually difficult to reactivate. Imprinting epi-
genetics is a captivating field of study, not only for its medical
implications but also for its evolutionary significance. It raises
important questions about why such a complex and delicate
mechanism evolved. Some researchers suggest that it may be
a result of evolutionary conflicts between the interests of the
mother and father in offspring development. Imprinting epi-
genetics is a remarkable area of research that delves into the
intricate mechanisms governing the inheritance of traits and
the development of various diseases.
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