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(" Abdtract: Theterm epigeneticsrefersto heritable changesin phenotype (appearance) or expression of genes caused by mechanisms not involving\
changesin the underlying DA sequence. Theterm® epi” in Greek refersto inadditionto” or “ ontop of” . So epigeneticsissomething in addition
tothetraditional molecular basis of inheritance (genetics). Epigenetic changesremain through cdllular divisonsfor theremainder of the call’slife
and may also last for multiple generations, without changesin the underlying DNA sequence of the organism, instead, non-genetic factors cause
the organism's genesto behave differently?. It can do so because the epigenetic Sate varies among tissues and during a lifetime, whereasthe DNA
seguence remains essentially the same. This concept of cdllular adaptation to a changing Epigenetics, has incorporated the study of non-DNA
seguence- related heredity, at the epicenter of modern medicine becauseit can help to explain therelationship between anindividual’s genetic and
background, the environment, aging and disease. The common disease genetic and epigenetics (CDGE) mode provides an epidemiologic
framework that can incorporate epigenetic with genetic variation in the context of age-related susceptibility to disease. Under CDGE, the
epigenetics program can modify the effects of deleterious genes or may be influences by an adverse environment. Thus, including epigeneticsinto
epidemiologic studies of human disease may help explain the relationship between the genome and the environment and may provide new clues

\to modifying these effects in disease prevention and therapy.

J

INTRODUCTION

Epigenetics has many definition, which have changed over time. In
simple terms it is a specific molecular phenomena occurring in
organisms®. The term was coined by CH Waddington in 1942. When
Waddington coined the physical nature of genes and their role in
heredity was not known; he used it as a conceptual modal of how
genesmight interact with their surroundingsto produce a phenotype.
Robin Holliday defined epigenetics isthe study of the mechanisms
of temporal and spatial control of gene activity during the
development of complex organism®. Thus epigenetic can be used to
describe any aspect other than DNA sequence tat influences the
development of an organism. The modern definition of epigeneticis
modifications of the DNA or associated proteins, other than DNA
sequence variation, that carry information content during cell
divison®. The epigenome is a pardld to the world to genome and
refers to the overall epigenome state of a cell. The phrase genetic
code has a'so been adapted to the epigenetic code which describes
the set of epigenetic feature that create different phenotypes in
different cells. The epigenetic cede represent the tota state of cell,
with the position of each molecule accounted for; more typicaly,
the term is used in reference to systematic to measure specific,
relevant form of epigenetic information such asthehistone or DNA
methylamine.

MOLECULAR BASIS OF EPIGENETICS

The molecular basis of epigenetics is complex. It involves
modification of the activation of certain genes, without altering the
basic structure of DNA. In addition the chromatins of DNA may be
activated or silenced. Thismeansisthat each cell in the body hasthe
sameinstruction manual, but different cell typesusethem differently.
Epigenetic changesare preserved when cellsdivide. Most epigenetic
change only occur within the course of one individual organism’s
lifetime, but some epigenetic changes are inherited from generation
to the next®. Specific epigenetic processesinclude. (1) Paramutation
(2) Imprinting; (3) Reprogramming; (4) Transvection; (5) X -
chrosome inactivation; (6) Positiona effect; (7) Gene silencing; (8)
Carcinogenesis; (9) Teratogenesis; (10) cloning

Epigenetic research usesawiderange of molecular techniques likes;
(1) chromatin immunoprecipitation, (2) fluorescent in site
hybridization, (3) methylation-sengtiverestriction enzymes, (4) DNA
adenine methyltransferase (DamiD) and hisulfite sequencing, (5)
bioinformatics (computational epigenetic)

THE MECHANISM S OF EPIGENETICS

The basic mechanisms on which the whole epigenetic science
revolves are (8) DNA methylation and chromatin modification; (b)
RNA transcripts with encoded proteins; (c) Prions; (d) Structural
inheritance system.

A. DNA methylation

Basically, DNA methylation is a covalent addition of amethyl (CH)
group to the nucleotide cytosine. DNA methylation during cell
divison in mammals only at dinuclectide C-G (CpG) by virtue of
the enzyme DNA methyltransferacel. This occurs because during
semiconservative DNA replication, amethylated CpG on the parent
ispartnered with anewly synthesized unmethylated CpG on daughter
strand. DNA methyltrasferase | searches out this hemimethylated
DNA and places a new methyl group on the daughter CpG®. An
important environment connection to epigenetics is that the source
of methyl groups in this reaction is methionine an essential amino
acid, that is converted to a biologically active methyl donor state
through a pathway that involvesfolic acid.

A second well-studied exampl e of epigenetic mechanismischromatin
modification Chromatin modification refersto convent modification
of the histone protein that make up the nucleosomes around which
the DNA double helix is coiled approximately 2 turns of 200 base
pairs, including the linker DNA between each nucleosome. These
chemical modification also include methylation but in this case
involvethe amino acids arginine of lysineaswell as phosphorylation
of serine, acetylation of lysine, and ubiquitinylation of lysine’. Unlike
DNA methylation, the mechanism of maintaining chromatin
modification during cell division is not well understood because no
enzymehasyet beenidentified that recognizeschromatin modification
from the parent cell and reproduces them in the daughter cell®.
Because DNA methylation and chromatin remodeling play a centre
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role in many types of epigenic inheritance, the “epigenetic” is
sometimes used as a synonym for these process. However. This can
be mideading. Chromatin remodeling in not aways. Inherited and
not all epigenetic inheritance involves chromatin remodeling®.

B. RN transcripts and their encoded proteins
Sometimes a gene when become active, transcribes a product that
either directly or indirectly maintains the activity of that gene.
Example Hnf4 and Myo D enhance the transcription of many liver-
and muscle-specific genes, respectively their own, through the
transcription factor activity of the proteins they encode.

Other epigenetic change are mediated by the production of different
spliceforms of RNA or formation of double-stranded RNA (RNAI)
Descendants of the cell in which the gene was turned was in will
inherit this activity, even if the origina stimulus for gene-activation
is no longer present. A larger amount of RNA and protein is
contributed to the zygote by the mother during oogenesisor vianurse
cell, resulting in maternd effect phenotypes. A smaler quantity of
sperm RNA istransmitted from thefather, but thereisrecent evidence
that this epigenetic information can lead to visible change in severd
generations of offspring.

C. Prions

Prions are infectious proteinacious particles. These are capable of
forming an infection conformational state known asaprion aremore
loosely defined by their ability to catalyticaly convert other native
state version of the same protein to an infection conformational state.
Itisin thislatter sense that they can be viewed as epigenetic agents
capable of inducing a phenotypic change without a modification of
the genome®.

D. Structural inheritance systems

In ciliates such as tetrahymena and paramecium, genetically
identically cell show heritable difference in the patterns of ciliary
rows on their cell surface. Experimentaly dtered patterns can be
transmitted to daughter cell. It ssemsexisting structure act astemplates
for new structures. The mechanisms of such inheritance are unclear,
but reasons exist to assume that multicellular organisms aso use
existing cell structure to assemble new ones'®.

EPIGENETICS AND HUMAN DISEASE

1. Colorectal cancer due to loss of DNA methylation, This
hypomethylationleadsto abnormal activation of cancerousgenes,
along with geneticingtability and chromosomal rearrangements™.

2. Acute lymphocytic leukemia due to abnormal histone
modification and excess of chromatin factors such as trithorax
group proteins (ALL 1) that promote gene expression.

3. Metastatic cancers due to polycomb proteins (EZH2) that
SUPPress gene expression®.
Lung cancer dueto LOI in PEG/MEST gene.
Glioma dueto LOI in PEG3
Wilm's tumor dueto LOI in IGF2.
Rett syndrome which is a X- linked disorder to femdes. It is
caused by mutationsin methycytosine binding protein-encoding
gene2 (MECP2). Thisepigenetic mechanisminvolveschromatin
modifying genes, Inthisdiseaseinitially girlsare born normally,
but they gradually develop inability to talk and walk, movement
disorder, dementia and finaly death®.

8. ICF Syndromelmmunodeficiency, chromosomal ingtability and
facial anomalies is caused by mutation in de novo DNA
methyltansterase (DNMT3B)®.

9. Beckwith - Wiedemann syndrome (BWS), whichischaracterized
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by prenata overgrowth , middle abdomina wall defects, ear creases
or pits neonata hypoglycemia, and a high frequency of Wilms and
other embryonal tumors, such as rhabdomyosarcoma and
hepatoblastoma. BWSisaparadigmfor understanding theepigenetic
of cancer becauseit isarare familid disorder caused by epigenetic
changes in severd genes. Judt as Li- Fraumeni is a paradigm for
understanding the traditiond genetic of cancer because it involves
familid transmission of mutations the P53 gene. The idea for bath
BWS and Li-Fraumeni isthat what occurs condtitutiondly in these
well-defined syndromes may aso occur as somatic dterations in
common tumors, a principle of conventional cancer epidemiology
pioneered by Knudson'15, The basic epigenetic defect isLOI (loss
of imprinting) of insulin like growth factor (IGF2).

10. Angeman syndrome and Prader - Will syndrome - both can be
produced by the same genetic mutation chromosome 15 q partid
deetion, and the particular syndrome that will develop depends on
whether the mutation is inherited from the child's mother or from
their father’®, Thisis dueto the present of genomic imprinting inthe
region.

FUTURE PROMISES

If we peep into the future of epigenetic application, then first of al we

have to answer some basic question.

(1) How is epigenetic memory established and maintained

(2) What arethedeterminationin chromatin remodeling that maintain
epigenetic state?

Landmark experiments suggests thet subnuclear compartmentdization

isthe most important ingredient of chromatin state. Most studiestill date

have been targeting the nucleosome-the promoter, but it is suggested

that full understanding of carcinogenesis may require ducidation of the

role in specific topographic domain (nuclear periphery).

This hope of cancer epigenetics may lead to bresk through revolution in

cancer prevention and management, because of the fact thet epigenetic

changes are more mallegble than convention genetic mutations.

CONCLUSION

Human have just started to explore the unfathomable depths of
Epigenetics, which delves deeper into the mysterious genetic onion,
involving information stored in the proteins and chemica s that surround
and gtick to DNA. A five-year Human Epigenome Project tomgp dl the
DNA methyl 1 sStes was launched in October 2003 in the UK. Findly,
the fact that epigenetic anomalies can be reversed makes then inviting
targets for awhole new generation of medicine.

Thismay befirst timewehave heard of epigenetic Clearly, it won't bethe
lest.
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