
Epigenetics 
 

 

Epigenetic mechanisms typically involve heritable alterations in chromatin structure, 

which, in turn, regulate gene expression. Fundamental insights about epigenetic 

heritability have come from studies of cell division and development. However, there is 

increasing evidence that the regulation of chromatin structure through histone acetylation 

and DNA methylation might mediate long-lasting behavioral changes in the context of 

learning and memory. This idea is fascinating because similar mechanisms are used for 

triggering and storing long-term memories at the cellular level during, for example, cell 

differentiation. Another intriguing aspect of this hypothesis is that the storage of lifelong 

behavioral memory might involve lasting changes in the physical, three-dimensional 

structure of DNA itself. 

 

 

Epigenetics: 
 

The term “epigenetics” was originally coined to describe the development of phenotype 

from genotype. That term has evolved to describe all heritable gene regulatory events 

distinct from primary DNA sequence. It is the study of reversible heritable changes in 

gene function that occur without a change in the sequence of nuclear DNA. 

 

Most epigenetic changes occur during cell division (mitosis) and manifest only during an 

individual’s life time. If, however, a mutation occurs in the DNA, some of these 

epigenetic changes might be inherited by the subsequent generations. 

 

Specific epigenetic processes include:- 

 

1. Imprinting 

2. Paramutation 

3. Gene silencing 

4. Chromosome X-inactivation 

5. Maternal effect 

6. Position effect 

7. Carcinogenesis progression 

8. Effects of teratogens 

9. Regulation of histone 

10. Modifications of heterochromatin 

11. Cloning 

 

 

History of epigenetics 
 

Epigenetics was coined by C. H. Waddington in 1942 as a combination of two words 

genetics and epigenesis, where epigenesis is used to describe the differentiation of cells 

from their initial totipotent state in embryonic development. When Waddington coined 

the term the physical nature of genes and their role in heredity was not known; he used it 



as a conceptual model of how genes might interact with their surroundings to produce a 

phenotype.  

 

Robin Holliday defined epigenetics as "the study of the mechanisms of temporal and 

spatial control of gene activity during the development of complex organisms. Thus 

epigenetic can be used to describe anything other than DNA sequence that influences the 

development of an organism. 

Molecular basis of epigenetics 

The molecular basis of epigenetics is complex. It involves modifications of the activation 

of certain genes, but not the basic structure of DNA. Additionally, the chromatin proteins 

associated with DNA may be activated or silenced. This shows why these differentiated 

cells in multi-cellular organisms express only the genes that are necessary for their own 

activity. Epigenetics changes are preserved when cells divide. Most epigenetic changes 

only occur within the course of one individual organism's lifetime, but, if a mutation in 

the DNA has been caused in sperm or egg cell that results in fertilization, then some 

epigenetic changes are inherited from one generation to the next 

 

Importance of Epigenetics 

 

Epigenetic changes are essential to normal development, but these changes can also cause 

problems including the disabling of genes that suppress tumors. At present, more than a 

dozen drugs that target epigenetic changes are in clinical trials. Epigenetics in Biology 

and Medicine offers a comprehensive overview of epigenetics, both in normal functions 

and disease states. This book presents contributions from international experts, 

addressing both theoretical and methodological issues. It discusses cell biology and the 

role of epigenetics in human, animal, and plant diseases. The text also covers DNA 

methylation inhibitors, histone modifications, and epigenomics, as well as the impact that 

diet has on epigenetic changes. 

 

 

A wide range of molecular biologic techniques are employed to further understand the 

epigenetic phenomena. They include-  

 

1. Fluorescent in situ hybridization (FISH) 

2. Chromatin immunoprecipitation 

3. Restriction enzymes 

4. bisulfite sequencing 

5. DNA adenine methyltransferase identification 

 

There are number of mechanism used in the epigenetics: 

1. Chromatin remodelling 

2. RNA transcripts 

3. Prions 



 

 
 
 

1.  Chromatin remodelling 

 

DNA wraps itself around the sphere-shaped histone proteins to form chromatin. 

Remodelling of this chromatin is one of the steps involved in regulating gene expression. 

 

One method of bringing about this is by changing the manner in which the DNA wraps 

itself around the histones. However, Chromatin remodeling is mainly mainly through two 

methods:  

 

a. Histone modification-Modifying the amino acids that make up the histone proteins will 

bring about a change in their shape. This ensures that the DNA does not completely 

unwind during vital functions such as transcription and that only few genes are 

transcribed. These modifications are more in the unstructured N-termini of the DNA 

known as ‘the histone tails. 

 

b. DNA methylation - The second method is by the addition of methyl groups to the DNA, 

to convert the base cytosine to 5-Methylcytosine. High methylated regions of the DNA 

are known to be transcriptionally less active, although the reason is not thoroughly 

understood.  

 

Methylation of cytosine can be inherited specifically from a parent. This mechanism, 

known as genetic imprinting, acts as a method for tracing the origin of a chromosome. 

 

DNA methylation is the main epigenetic process that controls allelic imprinting - a 

phenomenon by which only one allele (or form) of a certain gene is expressed depending 

on which parent it originated from. The gene retains a memory regarding its origin and 

DNA methylation is part of this 'memory' process. Loss of this selective expression or 

imprinting (LOI) has been strongly linked to cancer susceptibility 

 

http://www.medindia.net/patients/patientinfo/epigenetics-molecular-basis.htm


2. RNA Transcripts  

 

A wide range of small RNAs have been discovered that could possibly be playing a part 

in epigenetic gene regulation and expression. Sometimes the RNAs produced by the 

genes may control the expression of other genes thereby playing a role in epigenetic 

inheritance. It must be remembered that RNAs and proteins are contributed by the 

mother to the embryo and this results in the ‘maternal effect phenotypes.’ 

 

3. Prions  

 

Protiens generally fold into several specific units in order to function. Some proteins, on 

the other hand, form an infectious conformational state -- the prion. These infectious 

units are capable of converting other normal proteins into prions and that is where their 

epigenetic influence comes into play. 
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