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Abstract

Epigenetics is the sum total of the heritable changes in phenotype, independent and irrespective of the
genotype. It works by switching on or off the concerned enzymes. The ongoing research works focus
mainly on the revelation of the epigenetics behind the several diseases. Diverse classes of enzymes have
been studied duly pertaining to the four main systems running in the background viz., DNA methylation
processes, histone modifications, chromatin remodeling and nc-RNA silencing, resulting in epigenetic
modifications and the eventual constitution of epigenome. The methods used are Combined bisulfite
restriction analysis (COBRA), Chromatin Immuno-precipitation method (ChIP) and DNAase | seq.
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Introduction

The genomics era has witnessed an ascent in livestock genetics, all through the gain through

the advances in DNA technologies. For example, it gave the bead arrays that can genotype

500K SNPs and beyond along the bovine genome. This is a gain in predictive accuracy with

respect to genetic merit [, This increment accompanied several noteworthy changes in the

animal breeding industry, surpassing various the-then thresholds > %l One of the emerging

concepts here is epigenetics. During the process of development, an individual goes through a

chain of inbuilt chemical setups that dictate the standard segments of genome, at standard time,

at standard phase of development, at standard locations. These inherent biochemical setups

inclusive of the factors or stimuli that modify them are grouped and studied under epigenetics.

Conrad Hal Waddington (1907-1975) in 1942 derived the term ‘epigenetics’ from the

Aristotelian term ‘epigenesis’. ‘Epi’ from the Greek roots means ‘in addition to’. Epigenetics

thus implies ‘in addition to genetics’. Waddington defined it as the interaction between the

genes and their products which bring the phenotype into being. Evolutionary biologists

consider it as the study of transfer of non-genetic information across generations as well 1.

Earlier the edge of heritable considerations was not taken into account. The new and consensus

definitions of Epigenetics are mentioned as under: -

1. The collective heritable changes in phenotype arising independent of any change in
genotype, and in turn affects how cells read the genes.

2. Heritable phenotypic modifications without alteration of DNA sequence Pl Trans-
generational nature of epigenetics was acknowledged.

3. The structural adaptations of chromosomal region as to register, signal or perpetuate
altered activity states [,

4. The changes in gene function heritable mitotically and/or Meiotically, that cannot be
explained by changes in DNA sequence [,

5. Epigenetics has a regular and natural occurrence, influenced by factors inclusive of the
age, diet, stress, drugs, lifestyle, disease state of the subject, pollution and the immediate
environment.

It may manifest itself in many forms. They may be the permanent modifications in the
differentiation of diverse cell types ranging from brain cells to liver cells, all arising from the
same single-celled zygote or, it may have damaging effects that lead to diseases such as
cancers.
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Mechanism

DNA methylation and Demethylation, histone modifications
and non-coding RNA (ncRNA) associated gene silencing are
considered currently the three main systems responsible for
the initiation and sustenance of epigenetic change.
Meanwhile, chromatin remodeling evolved as another system
of the epigenetic modifications.

DNA methylation

Methylation of DNA makes gene inactive and non-functional,
hence down regulated. Methylation is the most studied
method for controlled gene expression {1, DNA methylation
refers to the addition of a methyl group (-CH3) to nucleotides,
thus silencing gene expression . The DNA methylation
patterns are distinct for each cell type, thus giving cell type
identity %, Enzymes involved herein are the DNMTs (DNA
Methyl transferase). DNMTs are of several types. Firstly, de
novo DNMTSs, which are essential during gametogenesis and
early embryogenesis for specific chromosomal DNA
methylation and designated as DNMT 3a and 3b — de novo
methyl transferase. Further, maintenance DNMTS, i.e. DNMT
1 which conserves the methylation patterns after each DNA
replication cycle and DNMT 2 which carries enzymatic
modifications in DNA and RNA methylation 14,

DNA methylation is very common modification which takes
place by enzymatic modifications in nucleotide by addition of
methyl groups to the cytosines at CpG islands, called the
repetitive elements and imprinted genes [*?. It is noteworthy
that the extent of methylation, in terms of hypermethylation or
hypermethylation, is linked to different physiological or
pathological processes. Generally, hypermethylation leads to
gene silencing, while hypomethylation leads to gene
expression [t31,

Histone modifications

In eukaryotes, there are two types of nuclear proteins viz.,
histone proteins and non-histone proteins (NHPs). The most
abundant nuclear proteins are histone proteins (consisting of
two rows of each core histone viz. H2A, H2B, H3, H4),
organized into a histone octamer with the DNA wrapped
around it forming the nucleosome. Histone tails gain
epigenetic chromatin tags required for post transcriptional
gene regulation. Post-translational modifications of histone
tails include, ribosylation, methylation, acetylation,
phosphorylation, ubiquitination and SUMOylation. Array of
biological phenomenon is associated with these histone
modifications for gene regulation and expression. Acetylation
and deacetylation are enzyme reversible (HAT and HDAC).
Acetylation of histone tails leads to more functionality of
genes by increasing its accessibility to different enzymes,
while decreasing affinity of histone to DNA.

In contrast, methylation of histone tails leads to non-
functionality by making the chromatin more condensed.
Acetylation cycle is maintained by 2 complementary principal
enzymes in the run viz., histone acetyl transferases (HAT) and
histone deacetylase (HDAC). Methylation silencing occurs at
Lys and Arg residue by HMTase. Phosphorylation occurs on
serine residue associated with transcriptional activation and
SUMOylation occurs at lysine residues, linking the covalent
attachment of other small ubiquitin associated modifier
proteins i.e., SUMOQO proteins to certain lysine residues.
SUMO proteins are also involved in various cellular processes
like as programmed cell death and stress related responses.
The linking or delinking of SUMO proteins to other proteins
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modulates their functionality. Histone tags and associated
modifications are easier to induce or remove through
enzymes, thus this phenomenon of histone coloration is a
dynamic process and relatively less enduring 51,

RNA-associated silencing

Turning on and off of genes can also be done by various
arrays of non-coding RNAs (ncRNAs) seen as RNA
interference, caused by noncoding RNAs both long and short
or antisense transcripts (RNAIi) 7 18 19 200, RNA modulates
gene expression by heterochromatin formation, DNA
methylation or histone tagging. MicroRNAs are evolving as
the major key factors for post-transcriptional modifications
and for directing modifications in gene expression. They play
a significant role in physiological and pathological states of
body. Non-coding RNA activities, including small RNAs,
microRNAs and large RNAs, modulate the translation,
transcription or protein structure, thereby affecting protein
activity 121221,

Anon-coding RNA i.e., ncRNA is a well-designed RNA
molecule which is transcribed from DNA but it is not
translated any further. Epigenetics correlated ncRNAs
molecules include these i.e., micro RNAs, short interfering
RNAs, Piwi-interacting RNAs and long non coding RNAs.
ncRNA operates at both i.e., transcriptional and post-
transcriptional levels 23241, These ncRNAs which are having
epigenetic interests can further be divided into two main
categories i.e., the short ncRNAs which are less than 30
nucleotides and other is the long ncRNAs which is more than
200 nucleotides. The 3 important sub classes of short non-
coding RNAs are microRNAs (miRNAs), short interfering
RNAs (siRNAs), and Piwi-interacting RNAs (piRNAs). Both
chief groups play an important role in heterochromatin
organization, histone modifications, DNA methylation
leveling and gene silencing %1,

Long non-coding RNA: Transcripts more than 100bp to
200bp in size. Long ncRNAs function in chromatin
remodeling, transcriptional regulation, post-transcriptional
regulation, and as precursor for siRNAs 261,

Short non-coding RNAS: Involved in development and gene
regulation.

MicroRNAs: These are primarily 20-22bp long and are
involved in negative control of their target gene expression
post transcriptionally. MicroRNAs (miRNAS) bind to a target
messenger RNA with a complementary sequence either to
induce cleavage or degradation, or to block translation done
via feedback mechanism that involves chromosome
methylation 7. 28],

Small interfering RNAs: The processing of long dsSRNA via
dicer enzyme forms siRNAs. Their mode of action is similar

to that of microRNAs. They are mainly used in gene silencing
[29],

Piwi interacting RNAs: Piwi-RNAs are named so because of
their interaction with the piwi family of proteins. They are
primarily involved in chromatin regulation and suppression of
transposon activity in germline and somatic cells %, piRNAs
that are antisense to expressed transposons, form complexes
with Piwi-proteins, and then target and cleave the transposon.
This cleavage generates additional piRNAs which further
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target and cleave additional transposons. This cycle continues
producing piRNAs in enough quantities which leads to
transposon silencing B,

Chromatin remodeling

Chromatin is the multifaceted complex of important histone
proteins which are having DNA wrapped around them like a
yarn ball. This special kind of packaging can accommodate
whole of the DNA into the nucleus itself. The complex
molecular organization can be modified by chemical groups
like as acetyl components, histone-associated enzymes and
non-coding RNAs like as miRNAs and siRNAs ¥4, These
chemical modifications change the structural organization of
chromatin complex, thus further upsetting or enhancing gene
expression. In general context, genetic functions of densely
packed chromatin are hindered, although the lightly folded
chromatin inclines to be functional and gets expressed easily.
Certain combinations of these chemical modifications
establish the popular “histone code”. Which can be read and
inferred by many different cellular factors, thus establishing
their transcriptional activation or repression as required by
cell 2, For instance, a quite common epigenetic modification
of euchromatin is triple methylation at certain lysine residues
of histone proteins of class H3 i.e., K4, K36, and K79 and a
very high level of histone acetylation, whereas
heterochromatin is characteristically enriched in tri-
methylation of various other lysine residues of H3 like as i.e.,
K9, K20, and K27 [33.34,

Causal factors

Epigenetor: A signal or some sort of induction is always
required for every biological process to start and execute the
requisite function. Likewise, some triggers or signals are
always required for the epigenetic modifications [36,
Epigenetor works directly or indirectly by inducing changes
in the vicinity of the cell to modify an epigenetic phenotype.
Epigenetic inducers can be pathogens, diet, radiations, toxin,
hormones, etc.

Nutrients: Nutrients may cause reversal of epigenetic
processes either by stimulating or inhibiting the enzymes that
catalyze DNA methylation or histone modification or by
altering the availability of substrates required for enzymatic
reactions leading to dynamic regulation of gene expression.
Besides perinatal period, adulthood is also the time prone to
phenotypic plasticity, contributing largely to developmental
programming. Li et al. (2016) 71 revealed that the folic acid
through in-ovo feeding improves hatchability, feed conversion
ratio (FCR), expression of MTHFR and MTRR genes, 1gG
and IgM concentrations due to improved folate metabolism
and immune-boost of the bird. The molecular mechanism
involved in this is splenic expression up-regulation due to
histone methylation of IL2 and IL4 promoters and inhibition
on the IL6 promoter [38 39,401,

Obeid (2013) [ reported about the direct delivery of methyl
group donors through diet. The methyl donors in feed are
methionine, folate, choline, vitamin B6, vitamin B12 and
others. Deficiency of any one of the members of methyl group
donors may be compensated by the availability of other
member. Deficiency of methyl group donors in diet may
increase the risk of some metabolic as well as production
diseases in birds 3. The process of DNA methylation
improves lean muscle growth in poultry (positively influences
the expression of a protein that increases the growth of

http://www.entomoljournal.com

pectoralis muscles of broilers) as well as egg production
(positively influences the dry matter intake). Ratriyanto et al.
(2009) ™3 reported the beneficial effects of methyl donor
supplementation in poultry feed on intestinal cells and gut
microflora. Hence, the nutri-epigenetics approach provides a
molecular foundation for understanding the relation between
the feed given throughout the life, the subsequent epigenetic
alterations and its role in improving the production in
livestock and poultry [44 451,

Environmental factors: Environmental factors may also
induce epigenetic modifications. Environmental agents, such
as chemical toxins or radiations, may enter the cells of a tissue
and interact with the genetic material. Environmental stress
factors are also thought to produce epigenetic factors though
this needs more research to be done 8. The immune system
is also subjected to epigenetic modification by environmental
factors. Bacterial infection in the bovine udder inhibits
lactation, independent of circulating prolactin levels by
epigenetic modification.

Children born during the period of the Dutch famine (1944-
1945) had increased rates of coronary heart disease and
obesity due to maternal exposure to famine during early
pregnancy compared to those not exposed to famine. Less
DNA methylation of the insulin-like growth factor Il (IGF2)
gene, an epigenetic locus was linked to it. In similar studies,
higher incidence of schizophrenia was reported among the
adults that were prenatally exposed to famine conditions 7],

Hormones: Hormones also influence the epigenetic makeup
of a cell and hence the organism, whether animal or poultry.
Melatonin and/or its metabolites, are considered as methyl
transferase inhibitors as they competitively inhibit methyl
transferase due to their structural identity with them. These
are involved in epigenetic modifications in various vital life
processes.

Methods for studying Epigenetic Modifications

The methylation sites in the particular DNA base sequence in
the genome are detected to know the epigenetic alterations
and the corresponding diagnostic marker for diseases such as
cancer. However ordinary genetic tests cannot detect
methylated regions. In recent years, various methods have
been developed to detect methylation. The most practiced
method is bisulfite sequencing which determines the DNA
sequence through bisulfite preparation of a DNA fragment to
change the base. Recently, identification of DNA methylation
is based on second-generation sequencing on a genome-wide
basis. Such technologies detect different DNA methylation
with different levels of coverage and resolution. The third-
generation technologies for sequencing bring deeper and more
accurate knowledge on the epi-genomic base modifications
and may help to develop specific bead-arrays for their use in
livestock [4€1,

The noteworthy methods that have evolved along with time in
the scientific world for the purpose of quantification of
epigenetic effects in an organism are mentioned as under:

Combined bisulfite restriction analysis (COBRA) method
A common technique for DNA methylation evaluation includ
es the use of sodium bisulfite chemistry to differentially conv
ert unmethylated cytosine residues to uracil, while unmodified
methylated cytosines are left. It is based upon unmodified cyt
osine quantification.
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Methylated cytosines can then be detected using specific dow
nstream methods of nucleic acid analysis, including PCR, gP
CR and sequencing.

In identifying and quantifying the level of methylation in a pa
rticular genomic region, this preparatory technique is used to
measure epigenetic modifications.

Chromatin immuno precipitation method (ChlP)

ChIP is a preparatory method requiring the use of highly speci
fic antibodies to the DNA-binding proteins.

This is usually followed by several techniques of nucleic acid
analysis, including PCR, gPCR, sequencing and microarray h
ybridization.

It can aid in assessing the association of certain proteins with

different genomic regions and the identification of genome re
gions associated with specific modifications of the histone.

DNase | Seq

Digital DNase and DNase Seq are two methods of generating
short DNA strands by nuclease digestion from nuclear-
accessible genomic regions. These short DNA strands are
isolated and examined by next-generation sequencing to
provide detailed sequence information on the accessible
genomic stretches for nuclease digestion % 0. 511 Researchers
practice these techniques to associate structural alterations
between DNA samples on a genome-wide scale. Moreover,
other methods include:

a.  Small RNA expression

http://www.entomoljournal.com

b.
C.

Methylated DNA immuno precipitation Seq (Me DIP-Seq)
Methylation-sensitive RE Seq.

Challenges in epigenetics for livestock breeding

Recent advances in epigenomics include genome-wide next-
generation  sequencing, genomic dynamic  imaging,
quantitative proteomics, and computational analysis. They
combined facilitated fine-detailed mapping of DNA
methylation and its derivatives (e.g. 5ShmC), captured histone
modifications in single cells, and also contributed
significantly to chromatin accessibility studies such as
chromosome conformation capture (3C) capture technologies
[52, 53]

Subsequently, these are significant, and these extreme effects
are assumed to include the unbalanced expression of
imprinted genes. There are also many imprinted human and
mouse genes printed in sheep (Table 1). In addition, many
imprinted genes were detected in numerous species including
cow, sheep, dog, pig, rabbit, chicken, opossum, lab opossum,
human, mouse and rat (Table 1). Actually there are about 60
(26.3 percent) confirmed imprinted genes in livestock (cow,
horse, dog, pig, chicken, Table 1) and most of them are found
in pigs and cows. Most importantly, due to its variation in
complex production traits, there is growing interest in the role
of certain imprinted genes, such as IGF2, in livestock. For
example, deposition of muscle mass and fat in pigs as well as
meat and milk production in beef and dairy -cattle,
respectively (54 55,

Table 1: List of imprinted genes by species

Organism | Imprinted | Paternally expressed | Maternally expressed Other?
Cow 20 12 8 —
Sheep 16 6 8 2 (1x isoform dependent, 1x unknown)
Dog 1 - 1 -
Pig 22 14 6 2 (1x tissue dependent, 1x biallelic)
Rabbit 1 1 - -
Chicken — — — —
Opossum 2 1 1 —
Lab Opossum 6 2 4 -
Human 97 61 29 7 (4% isoform dependent, 2x random, 1x unknown)
Mouse 124 50 62 12 (5% isoform dependent, 7x unknown)
Rat 6 3 3 -
Wallaby 5 4 1 —

a0ther: non-paternal or maternal form of allele expression in the zygote

DNMT1
: DNMT3 , TS
&GP G- p °--CpG
e o ——————————— | "
GpC { DNMT1 GpCi.o
MBD4
excision/repair deamination

Fig 1: DNA Methylation 4]
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Fig 2: Histone Modification [16]

bringing about phenotypic differences with or without
alteration of genetic sequence. These epigenetic alterations
Heterochromatin form basis of many diseases such as, cancers which are
heritable in nature. Most of these changes are due to the
unbalanced expression of imprinted genes causing variation in
complex production traits. So, causes of such diseases are to
be identified and accordingly precautions may be taken. The
recent advances in epigenomics include genome-wide next-
generation sequencing, dynamic imaging of genomic loci,
quantitative proteomics and computational analyses.

v Euchromatin
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