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Beyond Mendelian boundaries, inheritance 

occurs through genomic imprinting. The field of 

epigenetics explores how human development and 

numerous inherited disorders defy the Mendelian law 

of heredity. Epigenetics demonstrates that 

adjustments in gene expression are more intricate than 

variations in DNA sequence and take into account the 

environment's impact on gametes prior to fertilisation. 

The progeny inherits these modifications when they 

transpire in the sperm or egg cells and result in 

fertilisation. DNA methylation is a kind of gene 

silencing called genomic imprinting. Whereas the 

active allele is unmethylated, the repressed allele is 

methylated. 

According to the traditional definition, 

epigenetics is the study of changes in gene activity that 

are heritable during mitosis and/or meiosis but do not 

result from modifications to the DNA sequence. The 

main epigenetic mechanism that can cause parent-of-

origin effects to appear is known as genomic 

imprinting, which happens when two alleles at a 

location are not functionally comparable. Since 

genomic imprinting impacts both male and female 

progeny, it results from parental inheritance rather 

than gender. Environmental influences can cause 

epigenetic modifications at various stages of life. 

Histones, nucleosomes, and DNA are the three main 

substrates on which epigenetic regulation acts. In 

addition to encoding information beyond DNA 

sequence, epigenetic mechanisms are essential for 

brain development and the enduring impacts of 

environmental signals on foetuses and adults. 

DNA methylation is a kind of gene silencing 

called genomic imprinting. Whereas the active allele is 

unmethylated, the repressed allele is methylated. 

Methylation is the chemical reaction that affixes tiny 

molecules known as methyl groups to certain DNA 

sequences during this stamping process. DNA 

methylation is the most well-studied epigenetic mark 

and a biological process that is essential to higher 

species' normal development. The process of 

methylation involves attaching a methyl (CH3) group 

covalently to a cytosine residue at position C5, 

creating 5-methylcytosine (5 mC). The cellular DNA 

methylation machinery, which consists of Dnmt1, 

Dnmt3a, Dnmt3b, and Dnmt3L, mediates DNA 

methylation. Early embryonic development is a 

dynamic time when parent and lineage-dependent 

alterations to the genome occur in DNA methylation. 

The evolution of genomic imprinting has been 

explained by a number of theories, the most well-

known of which are the kinship theory and the sex-

specific selection theory. The kinship theory is based 

on differences in relatedness between the maternal 

and paternally derived alleles of a person.  

According to the kinship theory, the paternally 

derived allele will express growth enhancers that act 

in development, while the maternally derived allele 

will repress genes that increase an offspring's share of 

maternal resources. When it comes to paternal origin, 

inheritance is asymmetric for X-linked loci, and 

imprinting permits sexually dimorphic expression 

from these loci. Quantitative genetic models of X-

linked loci under weak selection indicate that when 

selection is more pronounced against one sex, 

expression of alleles originating from the other sex in 

the progeny. 

In mammals, two major genome-wide 

epigenetic reprogramming events occur during 

gametogenesis and early embryogenesis. The precise 

molecular mechanisms involved in creating and 

maintaining genomic imprints are still unknown, but 

much is known about the fundamentals: imprinted 

genes are frequently found in clusters containing one 

or more imprinting control regions (ICRs), and ICRs 

frequently display distinct patterns of DNA 

methylation depending on whether the allele is 

paternally or maternally inherited. The parental allele-

specific epigenetic marks are heritable to the daughter 
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cells, but must be reset in each successive generation 

to establish parental-specific imprints. 

In addition to being heritable, detectable 

through molecular analysis, and serving as markers of 

the parental origin of genomic areas, genomic imprints 

also pattern their own replication. Genomic imprints 

have a major functional impact that goes beyond 

simply designating homologous genetic alleles as 

descended from a mother or father. This is because 

they suppress the expression of one of the parental 

alleles, leading to an imbalance in the expression of 

genes between homologous alleles. 

The imprint's lifecycle  

The imprint's lifecycle Genomic footprints 

alter in distinctive ways as an organism goes through 

its life cycle. When germ cells divide to become sperm 

or eggs, imprints are "established." They are 

"maintained" in the growing organism as 

chromosomes duplicate and segregate following 

fertilisation. Early on, impressions are "erased" in the 

emerging organism's germ cells. The imprinting cycle 

is then completed by establishing once more at a later 

point in germ-cell development. Imprints are altered 

and preserved in somatic cells as they mature. It is 

necessary to read the imprints that are formed in the 

parental germlines, preserved in the early embryo, 

and completely developed throughout differentiation. 

Reading is the process by which chromatin imprints or 

methylation are translated into differentiable gene 

expression. Biassed allelic expression arises from 

imprinting, which gives preference to expression from 

one paternal locus over the other. 

In addition to learning disabilities and aberrant 

eating and appetite, Prader-Willi syndrome (PWS) 

patients may also experience a severe affective 

psychotic disease that resembles bipolar disorder. This 

involves the loss of antisense transcripts, which 

suppresses the production of UBE3A, the paternal 

chromosome-encoded ubiquitin ligase that binds to 

E6-AP (E6-associated protein). This results in the 

reactivation of the paternal copy of the gene, which is 

ordinarily expressed only from the maternal 

chromosome, and an increase in dosage.  

To sum up, genomic imprinting is a significant 

inheritance process that will be examined in more 

detail in genetic research in the future. It's a 

complicated process that starts with methylation of 

DNA in chromosomal alleles. The development or 

progression of a disease can be determined by DNA 

methylation, which is influenced by several external 

factors.  
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