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Abstract

Basically epigenetic mechanisms control development and regulate gene
expression in various types of cells of the organism, each carrying similar DNA
sequence. In simple language, the nucleotides of DNA are letters of the complicated
text and these epigenetic labels or marks are the spaces, punctuations, sentences,
paragraphs and styles which give meaning to this complicated text. Here we
have tried to discuss the epigenetic markers like DNA methylation at CpG
dinucleotide, covalent modifications of histone proteins and details of noncoding
RNA’s including long ncRNA’s, miRNA. Besides importance of IncRNA’S has been
discussed in dosage compensation in X linked genes with role of Xi where heavy
dosage of X linked genes get compensated with role of Xist and long noncoding
RNAs and further the value of genome imprinting in ART and various disorders like
Beckman Wiedeman Syndrome (BWS), Russell silver syndrome (RSS) is discussed
with just opposing marks on similar loci on same chromosomes. Further role of
environmental stressors in stresses is discussed. Role of famines in both Chinese
as well as Dutch famines highlights immediate changes can affect on future
generations.
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Environmental pollutants and medications may affect fetal epigenetic marks e.g.,

is in choline intake in pregnancy increased placental promoter methylation of Citation: Kochar Kaur K, Allahbadia G, Singh

cortisol regulation genes CRH and NR3IC=>improved stress response in children
by lowering cortisol levels in H-P-A axis. Thus future of epigenetics research
lies in understanding the effects of interaction of epigenetics and environment
emphasis on fetal programming understanding and uncovering role of medicine
and nutrition and assesses risk for adult onset disease.
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Introduction

Epigenetic mechanisms play a fundamental role in controlled
development and gene expression in different types of cells of
an organism, carrying the same genomic DNA sequence. These
mechanisms control differences in the gene expression that
are mitotically heritable although not altering the primary DNA
sequence [1]. A large number of proteins write, read or erase
particular epigenetic modifications and thus define where and
when the transcriptional machinery can access the primary

DNA sequence to drive normal growth and differentiation in
the developing embryo along with the fetus. Different type
of epigenetic marks work in concert to drive appropriate gene
expression. These are DNA methylation at CpG dinucleotides,
covalent modifications of histone proteins, noncoding RNA’s
(ncRNA) along with other complementary mechanisms
contributing to higher order chromatin organization, within the
cell nucleus. There are two special examples e.g., chromosome
inactivation and genome imprinting, which explains how
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important are the epigenetic mechanisms in regulating
correct patterns of gene expression during early development
chromosome inactivation basically is an example of dosage
compensation in females leading to monoallelic expression of a
huge number of X linked genes in female. Genome imprinting is
a process in which special genes carrying epigenetic marks from
parents of origin have the capacity for getting monoallelic parent
of origin specific cell types at specific times of development. In
germ cells in development as well as in embryo, there is genome
wide reprogramming which is responsible for erasure as well
as reestablishing of the correct epigenetic patterns. In contrast
to these naturally occurring processes, the processes used in
induced pluripotent stem cells from somatic cells are quite
different [2], reviewed by Huang et al[3].

Changes in epigenetics can occur by different mechanisms and
lead to infertility and imprinting disorders. Genetic as well as
environmental factors impact genetic marks, which develop
phenotypic differences varying from normal variation to human
disease [4]. Both environmental factors e.g., starvation as well
as artificial reproductive technologies (ART) have been shown
to affect the epigenome of the embryo e.g., of the epigenetic
changes which are associated with maternal starvation in fetal
life can remain throughout adulthood, contributing to late onset
disorders e.g., CVS disorders and type 2 diabetes mellitus [5-9].

Epigenetic marks

There is lot of crosstalk between various epigenetic marks like
DNA methylation, histone modifications, NC RNA to regulate
epigenome [10-11]. The ENCODE project, was a large collaborative
one, which was developed to define all of the functional elements
in the human genomes, got published recently having big datasets
regarding histone modifications, transcription etc. These data
point to both global as well as regional changes which overlap
regarding epigenetic features, which in combination regulate
gene expression [12].

DNA methylation

DNA methylation is one of the most studied mechanisms [13].
Methylation is associated with gene silencing through binding of
methylation sensitive DNA binding proteins and or by interacting
with various modifications of histone proteins, which modulate
access of gene promoters to transcriptional machinery [14].
Basically DNA methylation in eukaryotic species involves the
transfer of a methyl group to the cytosine of the CpG dinucleotide.

Histone modifications

Chromatin has a basic unit which is made up of an octamer of
histone proteins, 2 each of H2A, H2B, H3 and H4, DNA wraps
around this core which gives stability to the structure along with
capacity to regulate gene expression. Each core histone within
a nucleosome has a globular domain along with a very dynamic
N-terminal tail extending from the globular domain. They have
tails which can cause a number of post translational modifications,
which induce acetylation, methylation, phosphorylation,
ubiquitylation, sumoylation. ADP and ribolysation proteins
isomerization, citrullization, butyration, propionylation, and

2

2016

VOL. Z INO. 4 2U

Journal of Clinical Epigenetics

ISSN 2472-1158

glycosylation [15]. 11 histone post translational modifications,
were analyzed in the ENCODE project data, which includes
acetylation along with methylation which mark active as well
as regressive chromatin, besides modifications which were
associated with transcription. They identified different chromatin
stages which induced an active, bimodal, and inactive, each of
which has different functional properties [15]. Bimodal data in
which a combination of active and repressive marks are there,
in the chromatin, of the promoter region of the gene, helps in
reprogramming changes in gene expression which might be
expected during early development, when differentiation and
specification occur [16].

Regulatory ncRNAs

Eukaryotic gene transcripts, upto75% of genomic DNA, roughly
3% of these transcripts encode for proteins, of which main are
ncRNAs, which are classified based on their size and function
[12,15,17]. They include small interfering RNA (Si RNA), micro
RNA (miRNA) and long noncoding RNA (IncRNA), which have
important roles in gene expression, regulation at various levels,
like transcription, degradation of mRNA, splicing and translation
[18]. Si RNA’s are double stranded RNA (dsRNA), which mediates
posttranscriptional silencing, which is in part done by inducing
heterochromatin to recruit histone deacetylase complexes [19].
MiRNA are class small 18-24 nucleotides in length [20-22].

Linc RNA, a subset of IncRNA shows high conservation across
different species. They have been shown to guide chromatin
modifying complexes to specific genomic loci establishment
of and participating in cell types-specific epigenetic states. In
embryonic development, especially by IncRNA regulated by the
pluripotent transcription factors like OCT4 and NANOG facilitate
cell lineage specific gene expression [23]. They also play an
important role in development processes of X chromosomal
inactivation and genome imprinting [24].

The Role of long noncoding RNA (IncRNA) in
dosage compensation

In species with genetic sex determination such as XX female,
XY male system in mammals and in the ZW female; ZZ male
system in birds, males and females have a difference in sex
chromosome-linked gene dosage which has resulted in the
evolution of dosage compensation mechanism in mammals
which is realized by the inactivation of one of the X chromosomes
through coating by a IncRNA called Xist (Xinactive specific
transcript). The 19 kilobase long transcript Xist is only transcribed
from inactive X chromosome and coats hundreds of genes. Prior
to inactivation an IncRNA that is antisense to Xist called Tsix is
down regulated from one of the X chromosomes resulting in
the Xist and inactivation of the X chromosome. On the active X,
the maintenance expression of Tsix prevents the full-length Xist
expression and X linked gene expression is unaffected (reviewed
by Moran [25]). This phenomenon on dosage compensation in
mammals is clearly regulated by IncRNAs. But in other groups
such as birds there is no inactivation of one sex chromosome of
the homogametic sex. However there is potential involvement of
IncRNAs in dosage compensation in chicken as well. Chickens and
other birds have a ZZ male, ZW female sex chromosome system.
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The Z-linked transcription factor gene DMRT1 is thought to play a
role in avian sex determination by directing testis development in
Zz embryos. Overexpression of DMRT1 induces the male specific
genes HEMGN, SOX9 and AMH (Figure 1) [26].

MHM is a 2.2 kilobase sequence absent in other birds and MHM
is located within a region of Z chromosome which corresponds to
hyper acetylation of histone H4 which is associated with increased
gene expression or second hypothesis MHM may regulate by in
male cells ZZ MHM is hyper methylated and transcriptionally
silent, whereas in female cells Z which is hypo methylated and
transcribed. Being near DMRT]Y, it is suggested it may influence
to dampen DMRT1 in female cells, by MHM IncRNA coating the
chromosome adjacent to DMRT locus, inducing local chromatin
conformational changes which may interfere by TF binding
[2]-7further reviewed by Rastetter et al.

Special Types of Epigenetic Regulation

XInactivation: This compensates for differences, in X linked
genes, females silence most of one of their 2X Chromosome
through a process known as X chromosome inactivation [29].
Embryo s having > 1XC (XXX, XXY) undergo rapid X chromosome
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inactivation at the blastocyst in the early embryogenesis [30]. X
chromosome inactivation is controlled by a master switch locus
called the X Inactivation Centre (XIC), which regulates in cis the
expression of lincRNA gene XIST (Xinactive specific transcript)
and also antisense transcript unit TSIX. In mouse the XIC senses
the number of X C’s. This involves coating of all future inactive X
chromosomes by the Xist RNA followed by polycromb repressor
complex 2 reruitment and then addition of silencing chromatin
marks such as histone H3 and H4 hypoacetylation. H3 lysine 27
methylation and DNA methylation at CpG rich promoters [31,32].
This process which is still incompletely understood restricts each
diploid cell to one active copy of the X chromosome.

Genome Imprinting: This is an epigenetic process by which the
male and the female germline impart specific marks or imprints,
onto particular chromosomal regions [33]. With these certain
chromosomal regions provide capacity for monoallelic parent
of origin specific expression at certain times of development or
in specific cell types. For a normal imprinted gene expression,
number of specific paternal alleles needs contribution from
alleles from both parents. Thus imprinted dysregulation results
from changing the number or appropriation of paternal alleles.
Extreme examples are where contribution occurs in conceptuses
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Figure 1 Courtesy Rasmetter et al. [28] Potential roles of the non-coding RNAs MHM in chicken .In ZZ male gonadal cells, Z linked MHM, a
noncoding RNA, is methylated and transcriptionally silent. The neighbouring DMRT1 gene is transcribed and is required for testis
development, activating genes such as HEMOGENandSOX9.miRNA 202-3pis also expressed in testis and may play a role in cord
organisation. In ZW female cells MHM is hypo methylated and transcribed into long non coding RNAs that coast the Z adjacent to the
DMRT1 locus. It may quench DMRT1 expression leading to less DMRT1 protein and allowing ovarian pathways genes to become active
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only from one parent of origin, either maternal or paternal. In
mature cystic ovarian teratoma (MCT) occurring from meiotic
errors during oocyte maturation (gynegenetic fetus) only
maternally derived chromosomes are found. This causes the
development of a cyst which contains tissues from all 3 embryonic
germ layers. While in contrast in an androgenetic conceptus,
carrying two paternal genomes and no maternal genome,
fails to drive embryonic life, fetal development and results in
hydatidiform mole (AnCHM) MCT and AnCHM display the serious
biological consequences of uniparental inheritance [34], which
demonstrates that both parental genomes are required for
normal development of an embryo with the paternal genome
being required for extraembryonic tissues and maternal genome
being essential for embryonic development.

Autosomal genes get expressed from both paternal and maternal
alleles whereas imprinted genes are expressed almost entirely
from one allele, the maternal or the paternal in a specific
manner being from parent of origin. Thus the imprinted gene
gets expressed from the paternal allele when the maternal
counterpart gets silenced or reversely it is the maternal allele
which is expressed and paternal allele is silenced [35]. These
Imprinted genes do not follow Mendelian genetics and one
cannot predict parent of origin specificity for gene expression
[36]. Roughly 100 genes have been reported as imprinted on
the website http://igc.otago.ac.nz/home.html . These genes can
play important pivotal roles in embryonic, placental, fetal growth
along with neurodevelopment [36-38]. Imprinted genes cluster
together forming imprinted domains, which have been found
on C number 6, 7, 11, 14, 15 and 20 in human beings [38-40].
Imprinted genes get regulated by imprinting centres (ICs) present
on these domains. Such ICs are characterized by differential
methylated regions (DMRs). These DMRs carry parent of origin
specific DNA methylation and histone modification marks. These
cis acting DMRs along with Trans acting factors form the basis of
the parent of origin specific gene expression of imprinted genes,
e.g., are insulin like growth factor 2 [(IGF2/H19)-IC core regulates
the paternal expression of IGF2, with the maternal expression of
H19,2 genes located practically in the same imprinted domain 90
kilobase apart [41].

PGCs and Epigenetic Reprogramming

In PGCs there is erasure involving whole genome and
reprogramming of epigenetic marks. Whether egg or sperm will
develop from such early precursors is dictated by the sex of the
developing embryo. In this sex specific differentiation there is
parent of origin specific prints which get established in sperms
and oocytes. In mice it has been seen that PGCs move towards
genital ridge at day 8.5 of embryonic life [E8.5] and then reaching
endpoint by E11.5 [42]. Between E11.5 and E13.5 at the site
where future gonads develop is believed where genome wide
demethylation of PGCs occur [43]. This methylation decreases
globally with only 7% of CpGs remaining methylated, as compared
to 70-80% embryonic stem cells and somatic cells [44]. Gene
promoter specific for germ cells get methylated in early PGCs, and
become demethylated and are expressed during reprogramming
[45]. At this time as well PGCs of female embryo down regulate

4

2016

VOL. Z INO. 4 2U

Journal of Clinical Epigenetics

ISSN 2472-1158

Xi RNA expression from the inactive X chromosome (Xi) [46,47],
thus equivalent two X Cs may participate in meiosis for the female
gamete production. Methylation in PGCs is established by Dnmt3a
and Dnmt3L recruitment [48]. ZFP57 (a KRAB zinc finger protein)
also plays important role in oocyte imprint establishment [39,49].
Timing of gamete development differs between male and female
embryos. Epigenetic reprogramming of oocyte begins much later
than in sperm. Beginning at puberty, is nearly complete in each
oocyte at the time of ovulation.

Role of oocyte candidate transcriptomic factors

Global epigenetic analysis has shown that mammalian metaphase
Il oocytes have a greater capacity to epigenetically reprogramed
somatic cell nuclei towards ESC like state [50-52]. Recently Zhou
et al. demonstrated a T cell dependent immune response upon
transplantation into a perfectly matched syngeneic mouse, a
phenomenon which is not seen in syngeneic transplantation of
ESC [53]. Hence it was considered maybe oocytes possess specific
factors which are lacking in current factor based reprogramming
approaches. With the suggestion by various authors on global
genetic analysis that mammalian metaphase Il oocytes may
possess a higher capacity to epigenetically reprogram somatic cell
nuclei toward an embryonic stem cell (ESC) line like state, Awe et
al. proposed, based on the suggestions of Gurdon and Wilmut
that the oocyte maybe involved in loosening somatic chromatin
[54] and thereby providing the transcription regulatory apparatus
access to repressed genes by which they would significantly
increase epigenetic reprogramming [55].

To test this hypothesis they tested a list of candidate oocyte
reprogramming factors (CORF) which are significantly expressed
in metaphase Il oocyte. Having focused on 2 different species in
earlier studies unbiased global analysis of oocytes from 3 species
(human, rhesus monkey, mouse) demonstrated 8 CORFs (ARID2,
ASFTA, ASFTB, DPPA3, ING3, MSL3, HIFOO, and KDMG6B ) having
significant (p < 0.05, FC > 3)expression in oocytes of all 3 species,
having well established roles in loosening/up chromatin structure.
Besides that they identified additional CORFs which fit with their
proposed chromatin opening fate transformation (COFT) model.
ARID2, which plays a key role in activating gene expression
through the PBAF chromatin remodelling complex [56]. ASF1A
and ASF1S which are histone-remodelling chaperones that
cooperate with chromatin assembly factorl (CAF1), which plays
a key role in remodelling chromatin in pluripotent embryonic
cells [57,58]. BRDT which plays a role in the reorganization of
acetylated chromatin in germ cells [59]. DPPA3 and DPPAS5 which
are pluripotency associated factors with DPPA3 in particular
playing a known role in altering chromatin structure in oocytes
[60,61]. Rpsbka5 which contributes to gene activation by histone
phosphorylation [58]. TADA2L, a component of the ATAC complex
which, has histone acetyl transferase (HAT) activity on histones H4
and H2A. ING3, a component of the NuA4 HAT x that is involved in
transcriptional activation of select genes principally by acetylation
of nucleosomal histones H4 and H2A. MLL3, which activates
transcription through methylation of Lys-4 of Histone H3 and is
essential in maintaining the haematopoietic stem cell state [62].
8B). MSL3, a component of the MSL complex that is responsible
for majority of histone H4 acetylation at Lys-16 which is implicate
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in the formation of more open chromation structure, specially
by inhibiting the formation of the compact 30-nanometer-like
fibers and impending the ability of chromatin to form cross-
fiber interactions [63]. NCOA3, a nuclear receptor coactivator
that displays HAT activity [58]. HIFOO, the oocyte specific linker
histones that has greater mobility than somatic histones and
plays a key role in generating the increased instability of the
embryonic chromatin structure following fertilization and somatic
cell nuclear transfer [64] and KDME6B, a histone demethylase that
specifically demethylases Lys-27 of Histone H3 here by prevents
the formation of repressive chromatin through polycromb group
(PcG) protein complex PRC1 building [65]. These CORFs may
be able to augment both Takayashus and Shinya Yamannaki’s
previous identified reprogramming factors (Oct4 or POU5F1),
Sox2, Kruppel like factor 4 (KLF4), cMYC and potentially facilitate
the removal of epigenetic memory in induced pluripotent stem
cells and reduce the expression of immunogenicity of genes in
iPSc derivatives, having applications in personalized PSC based
therapeutic.

Male infertility and epigenetics

Male Infertility and Methylation: In DNA methylation there is
methyl group addition to 5th position of cytosine ring (5 meC) in
CpG dinucleotide from 5’adenosyl methionine; 3-5% of cytosine
dinucleotide in mammalian genomic DNA, appear in the form
of 5 meCP [66]. By definition CpG islands are sequences with an
observed to expected ratio of CpG > 0.6 and with length > 500 bp
[67]. They are not randomly distributed in the genome. CpGisland
promoters are mostly unmethylated e.g., housekeeping genes
promoters, whereas CpG islands located in the promoter and/orin
the regulatory regions of transposable elements are methylated,
which involves the parasitic transposable and repetitive elements
from replicating CpG promoters are frequently hypermethylated
in somatic cells.

New data point to DNA methylation may occur in embryonic cells
at cytosine residues in CpA or CpT residues [68,69]. During male
germ development Sasaki et al. showed there was accumulation
along with loss of asymmetric non CpG methylation. Still the
bialleliic form of non CpG methylation is unclear [70]. Methylation
getting established is necessary for proper spermatogenesis and
sperm production [71].

It was shown in mouse germ cells that there is global
demethylation—-remethylation in which erasure of somatic cells
patterns by denovo DNA methylation [66,72-75].

Demethylation occurs in PGCs between 8-13 days post coitum
(dpc) of the developing embryo and erases all methylation marks
[45,76,77]. Specialized remethylation occurs in spermatogonic
and type 1 spermatocytes before they enter meiosis, thus all
spermatozoa transmit correct paternal imprint [72].

Although methylation gets acquired mostly during fetal life
complete levels of DNA methylation do not get achieved till
the pachytene spermatocyte stage, thus postnatally and before
meiosis [78]. Four imprinted loci are methylated in male germline
only namely; Igf2/H19, Rasgrfl, DIk1-Gtl-2, and Zdbf2.
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Activities of DNMTs are absolutely essential for normal
completion of spermatogenesis. Conditional Dnmt3a knockout
(KO) in germ cell impairs spermatogenesis by germ cell apoptosis
and is associated with methylation of paternally imprinted genes
[48]. Meiotic arrest is induced in Dnmt3 LKO due to chromatin a
synapsis. Dysregulation of methylation process of imprinted genes
and repeated sequences is also observed. Having been studied
in mice exhaustively in humans very few studies exist. Only in
two studies there was methylation of H19DMRin spermatogonia
and also the expected demethylated stage of MEST/PEG1 in
spermatogonia and typel spermatocytes [79,80]. In human
beings it is thought that just like in mice these methylation
markers get acquired before entry into meiosis. Though it is not
clear whether it occurs during fetal life, perinatal period or the
pubertal period. Studying relation between male infertility in
humans with use of immunostaining for DNA methylation in a
study, if there were high global methylation levels of ejaculated
sperm DNA, it corresponded to higher pregnancy rates as
compared to those having methylation defeats having infertility
[81]. Using Methylight staining of 36 target genes using ilumina
platform showed improperly increased levels of DNA methylation
of imprinted genes along with repetitive elements in poor quality
semen samples [82]. According to them increased methylation
occurred due to an improper erasure of methylation marks in
cases of oligo-astheno-teratozoospermia (OAT), rather than from
denovo methylation following epigenetic reprogramming. They
suggested that besides imprinted genes broad epigenetic defects
were also seen with sperm defects.

Aston et al. utilizing llumina infinium human methylation 27
Bead chip assay showed that there was a genome wide altered
DNA methylation pattern in man with whose semen parameters
were defective [83], thus correlating global methylation levels
of sperms with infertility. Marques studying imprinted genes
comparing paternal methylated H19DMR and unmethylated
MESTDMR in spermatozoa from fertile and infertile men. They
found loss of methylation of HI9DMR in men with OAT along
with an association between H19DMR methylation decrease and
decreased sperm count [84,85]. An abnormal methylation state
of MEST DMR was also seen in oligozoospermic patients contrary
to expectations. This was confirmed by Kobayashi et al. on
various other imprinted genes which showed loss of methylation
at H19 and GLT2DMRs, and improper methylation acquisition at
PEG 1, LIT1, ZAC, PEG3, SNRPN loci in cases of moderate—severe
oligozoozoospermia [86]. Also one found association between
sperm abnormalities after ART with same imprinting errors
reported [87,88]. Although techniques used for methylation study
was bisulfate conversion and cloning sequencing techniques.
This technique shows allele specific methylation state of but
represents poorly the methylation status of samples being
examined. With the use of combination of bisulfate conversion
with pyro sequencing a qualitative analysis of methylation
levels at each CpG position included in IGF2and H19DMR (47
different CpGs) in a population of both oligozoospermic as well as
normozoospermic men [88]. They confirmed that the drastic loss
of methylation restricted to IGF2DMR2 (mainly IGF2DMR2) as
well as H19DMR correlated with the severity of oligozoospermia.
From this data, it was suggested that there are few DMRs having
a greater sensitivity to defects of methylation as compared to
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others. Probably different DNA compaction state of following
sites, explained by Boissonas [88].

Various other groups confirmed errors of methylation
(hypermethylation or demethylation) which were associated
with OAT with use of various techniques [83,89-91]. Some groups
studied methylation of promoter implicated in spermatogenesis.
There was abnormal methylation of the DAZL promoter [92] and
the CREM promoter [93,94], were shown in men having OAT
methylation status of the promoter genes involved in methylene
tetrahydrofolate reductase (MTHFR) gene promoter was studied
[95]. This particular gene encodes an important enzyme of folate
pathway, which maintains availability of methionine. Methionine
can be converted toS-adenosylmethionine, the universal methyl
donor for many substrates which includes DNA hyper methylation
of MTHFR promoter was seen in 53% of non-obstructive
zoospermia [96] and in some cases of idiopathic infertility
[97]. Still there are a lot of unanswered questions regarding
methylation errors. One possible explanation is that abnormal
DNA configuration during spermatogenesis where histones and
protamine play a role in the maintenance on methylation markers
of male gametes [98].

Histone Modifications: For histone acetylation/removal, of
acetyl group, one needs the enzymes histone acetyl transferase
and decaetylase, respectively, to activate genes [99]. Chromatin
relaxation occurs following histone acetylation and thus makes it
more available for transcription factors while decetylation brings
about gene silencing [99]. H3 & H4 lysine residues acetylation
is high in male stem cells and gets removed during meiosis but
there is reacytylation of H4K in elongated spermatids, which is
a prerequisite for histone to protamine exchange [100]. Use of
an HDAC inhibitor trichlorstane a caused a marked decrease in
the number of spermatids and severe male infertility [101,102].
MethylationofH3 orH4lysineresiduescan promotegeneactivation
or repression is regulated by histone methyl transferases (HMT)
or histone deacetylases (HDM), generally associated with gene
expression, whereas H3K4 methylation is generally associated
with gene expression, whereas H3K9 and H3K27 methylation is
linked to gene silencing and heterochromatin. There isimportance
of establishment and removal of methylation markers, which
is crucial for spermatogenesis. Mono, di and trimethylation
modifications of H3K4, H3K9, and H3K27peaks and increases
during meiosis, but the removal of H3K9 by the end of meiosis is
a must for spermiogenesis onset. There are enzymes responsible
for these modifications. In mice reduction of histone H3K4
methyl transferase MII2 activity=>marked decrease in number
of spermatocytes by an apoptotic process=>developmental
block in the differentiation of spermatocyte cycle [103]. Also loss
of LSD1/KDM1 an H3K4HDM during meiosis gives rise to germ
cell apoptosis and infertility [104,105]. Disruption of JHDM2A
in mice causes total loss of TNP1 and P1 expression, with
defective chromatin condensation and infertility [1]. JHDM2A
is an H3K9HDM, has a targeted action during spermiogenesis.
JHDM2A binds to the core promoter regions of TNP1 and P1
lead to induction of transcriptional activation of removal of H3K9
methylation. Crotonoyl methylation (C*H*°) addition on lysine
residues of all core histones leads to histone modifications known
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as crotonoylation. It makes sex chromosome but also gonosomes
and confers gene resistance to transcription repressors [107]. Thus
histone tail modifications play important role in spermatogenesis.

Role of histone to protamine transition

Transition from histone to protamine is an important step in
regarding spermiogemesis, which is favoured by histone hyper
acetylation [108]. The P1/P2 ratio normally is 0.08-1.2 [109]
in humans. There is increased DNA fragmentation, suggesting
that incorrect DNA compaction, is more exposed to DNA
damage and more oxidative stress [110-113]. Alterations of P1/
P2ratio are very rare in fertile men but common in men with
infertility [15,111,114]. Both increased and decreased P1/P2
ratio=>infertility and thus under expression of either of P1 and P2
are linked to male subfertility [115-118]. Brunner et al. by novel
proteomic approach combining peptide based bottom up and
intact protein top down mass spectrometry, identified epigenetic
marks on histones and protamines in the mouse sperm. A total
of 26 posttranslational modifications(PTMs)on specific residues
of the core H2B, H3 & H4 and the linker histone h1 four of which
had not been described previously in any tissue or cell line. They
also found 11 novel PTMs on the protamine PRM1 and PRM2
and observed that they are present in specific combination
on individual protamines. They concluded both histones and
protamine carry multiple PTMs in the adult mouse sperm. Specific
protamine combination may form a “protamine code”, just
similar to the ‘histone code”. This suggested a potential role for
PTMs on sperm histones and protamine sin epigenetic signatures
underlying transgenerational inheritance [119 Brunner 2014].

Roles of spermatozoal RNAs

Spermatozoa contain many specific RNAs, mRNAs, miRNA spiwi
interacting RNA’s (piRNAs), which could be useful for embryo
development by modifying gene expression upon fertilization
[120,121]. With use of reverse transcriptase polymerase chain
reaction, in situ hybridization, along with oligo DNA microarray
hybridization have allowed the identification of certain mRNAs
in mature human spermatozoa some of which encode protamine
and hormonal receptors [122]. Spermatozoa RNAs are markers
of male infertility especially concerning spermatogenesis.
Abnormally increased mRNA retention in ejaculated sperm
associated with protamine translation dysregulation, protamine
deficiency in sperm along with infertility [123]. P1 and P2
transcript levels are also reported to be lower in ejaculated
sperms of asthenozoospermic men [123] has been suggested
that sperm RNAs playa dynamic role and contribute to stabilizing
the nuclear envelope and the interaction between DNA histone
during protamine transition. Thus they may mark DNA sequences,
which stay bound to histones which is important for embryo
development [124]. Microarray technologies show different
mMRNA’s pattern between fertile and infertile men, which were
associated with pregnancy rates in ART [125-127], reviewed in
Boisonnass [128].

Epigenetic Reprogramming in Embryo

Prior to fertilization there is different but distinct patterns of
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DNA methylation and chromatin organization in sperm and
egg which governs the gene expression [129]. In sperm DNA is
tightly condensed by protamines. During embryo reprogramming
starts with paternal genome decondensing as their protamines
get replaced by maternally derived histones [129]. Immediately
following fertilization paternal pronuclear genome goes through
demethylation [130-136]. In maternal genome demethylation
follows, so that at 4 cell stage of the embryo the DNA methylation
status of 2 paternal genomes is equalized [136]. Epigenetic
marks at imprinted genes are protected by specific proteins
from epigenetic reprogramming throughout the preimplantation
development of embryo [43].

Commitment for lineage

Once blastocyst is formed the inner cell mass (ICM) and
trophectoderm each carry distinct epigenetic signatures [129].
Decreasing levels of the 5 hydroxyl methyl cytosine (5 hmC) and
TET oxidases are associated with progressive differentiation and
silencing the genes responsible for early development [137,138].
Distinct epigenetic signatures would have been acquired by the
time cells become fully committed to their lineage which reflects
their phenotype, developmental history along with environmental
influences [129]. Trophectoderm derived placental cells, remain
relatively hypo methylated as compared to derivatives of ICM
[139], with role of placenta in endometrial invasion along with
lesser need for marked differentiation along with longevity [129].

Human Diseases Associated with Epigenetic
D Dysregulation

Dysregulation of epigenetic control mechanisms leads to
disruption of multiple organ systems. Mutations in proteins
which establish, remove or recognize various epigenetic marks
may negatively affect the development of multiple organ systems,
which is seen in multiple human genetic syndromes like ATRX (a
thalassemia, mental retardation) Rubinstein Taylor [OMIN180849,
CREBBP/EP300] [140], CHARGE (CHD7) and Reit syndrome
[OMIM 312750, MECP2] [141]. Epimutation is an aberrant DNA
methylation/histone modification pattern. These alterations
happen in presence or absence of underlying genomic change
and thus are known as primary and secondary epimutation,
respectively. Primary epimutation leads to aberrant erasure or
maintenance of epigenetic marks. Non imprinted genes somatic
epimutation, which occur due to mitotic abnormalities in the
normal maintenance of epigenetic marks can lead to abnormal
growth regulation, e.g., is 20% of breast cancer shows hyper
methylation of the BRCA1 promoter, in combination with an
inherited/somatic mutation on 2nd allele [142]. Decrease growth
potential also results from an epimutation. Promoter methylation
of wingless type MMTV integration site family member 2 (WNT2)
in placenta is associated with decreased birth weight percentile
in neonate, showing a single epigenetic involvement can affect
female phenotype [143].

In Human Disease and Imprinting: There is more complicated
epigenetic regulation for imprinted genes as compared to non-
imprinted genes, giving more chance to acquired epigenetic
errors. Parental contribution of specific imprinted regions access
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genome can get disrupted by a number of different mechanisms
including genetic and/or epigenetic change. Primary epimutation
can occur from errors in reprogramming in imprinting. Failure to
erase imprint leads to genome of one sex which carries imprint
of the other sex. On fertilization this gametes leads to a zygote
carrying uniparental imprints on both the parental chromosomes.
Failure to establish appropriate imprints in the sperms or oocytes
may lead to various disorders of growth and development which
includes infertility [90]. Uniparental disomy (UPD) is one of the
genomic alterations which lead to imprinting disorders, where
both homologues of a chromosome segment or a region, gets
inherited from only one parent, with no contribution from
opposite parent. UPD at specific areas containing imprinted
regions can cause imprinted disorders whereas from non-
imprinted genome are not associated with disease [144]. UPD of
any chromosome is believed to occur in 1:3500 live births [145].
Deletion or duplication of imprinted genomic area can change the
parental contribution that is 2nd way how these imprinted genes
may be regulated. There are imprinted genes get expressed in
placenta, and have functional role in fetal growth retardation and
brain development [146].

Thus epigenetic and associated genetic changes at imprinted
genes lead to human disease which often shows aberrant growth
and an abnormal neurodevelopment. Neurologic and psychiatric
disorders in a deregulation of imprinted genes are involved
with effects if parents of origin ,one set involved added in PWS
Angelmann syndrome(AS)two very gene 15g-t P11.q13 [86].
Paternal deletion of C15q11-13 leading to PWS, while a maternal
deletion of C 15q11-13 leading to AS [39].

One of the pediatric growth disorders because of abnormal
imprinting is Beckwith-Wiedman syndrome (BWS). BWS
Patients present with macroglossia, macrosomia, visceromegaly;
embryonal tumors like hepatoblastoma, neuroblastoma,
Wilms tumor, rhabdomyosarcoma, omphalocoele, neonatal
hypoglycemia, ear creases, pits, adrenocortical cytomegaly and
renal abnormalities [35]. Pregnancies where fetus has BWS, are
usually associated with polyhydramnios, huge placenta, very long
thickened umbilical cord and a risk of preterm delivery [148,149].
This is also associated with mesenchyme dysplasia of placenta
[88]. There are 2 different epimutation hypo methylation of
the proximal IC on the maternal chromosome along with hyper
methylation of the distal IC on the maternal chromosome. Hyper
methylation at IC2 can occurs as a secondary epimutation if there
is an underlying deletion of maternal IC2 region.

When BWS occur with paternal UPD of C 11P15.5 genomic
imprints at both in 1C1 and IC2 get affected [41]. There are
epigenome types—phenotype correlations exhibited by BWS
patients e.g., tumor risk is seen with patients with BWS, with
molecular abnormality, which include down regulation of IC1.

Russel Silver syndrome (RSS) is a syndrome where both pre
and post natal growth are affected, patients having dysmorphic
features, along with different presence of limb: body asymmetry
along with developmental delay. 2 different epigenetic defects
have been seen in RSS till date [150] 1st is maternal UPD of C 7,
which is present in 10% of RSS cases [151]. Hypo methylation at
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IC1 on the paternal C 11p15.5 is seen in 45% of patients [150-
154]. This is opposite both in phenotype as well as genotype to
BWS with gain in methylation occurring in same region. Funnily
some males with oligo zoospermia are seen to lack parental
methylation in IGF2/H191C1 locus on Cp11p15.5, in their sperm
[155]. Thus children inheriting the C from father are at greater
risk of developing the risk of developing RSS [150].

Imprinting disorders include imprinting errors at multiple
imprinted domains e.g., in both BWS and RSS, some patients
exhibited loss of methylation, not only at IClon Cp11p15.5-IC1
for RSS and IC2for BWS but also show this at other loci. Why
multilocus loss of methylation (MLOM), occurs is unclear. This
also occurs is transient neonatal diabetes mellitus, having initial
defect in PLAGL1DMR on C6qg24, which is associated with LOM
at other DMRs [156,157]. It is believed that this MLOM is due
to homozygous mutation in the ZFP57 gene. ICRs are genetically
divergent across species despite genomic imprinting being
conserved in mammals. Hur et al. to study if ICRs play a species
specific role in regulating imprinting at a given locus examined
the H19/Igf2 imprinted locus, the misregulation of which is
associated with BWS and SRS. They generated a knockout in
which the endogenous H19/1gf2 ICR (mICI) is replaced by the
orthologous human ICR (hICl) sequence called H19 (hICI). They
showed that hICl concentration functionally replaces mICl on the
maternal allele. In contrast paternally transmitted h1Cl lead to
growth restriction, abnormal hICI methylation and loss of H19
and IGF2 imprinted expression. Imprint establishment at hi C1
is impaired in the male germ line which is associated with an
abnormal composition of histone post translational modification
as compared to m1Cl. Thus this study revealed evolutionary
divergent paternal imprinting at ICl between mice and humans.
Conserved maternal imprinting mechanism and function of ICI
shows the possibility of modeling maternal transmission of hiCl
mutations associated with BWS in mice. They further proposed
the analysis in paternal knockout H19 (+hiCl) mice to elucidate
molecular mechanisms which may underlie SRS [158]. This gene
encodes an oocyte derived maternal factor which takes part in
preimplantation maintainance of imprints at multiple loci.

Mutations in the NLRP gene are also associated with imprinting
errors helping at multiple genomic loci. Being members of
CATERPILLER family of proteins, NLRP proteins are involved in
inflammation and apoptosis [39]. Mutations of NLRP7 in the
oocyte are associated with aberrant imprinting at multiple loci,
which causes formation of partial hydatidiform mole where the
term ‘biparental’ is used because of origin from both oocyte and
sperm.

Art in Epigenetics: Increasing incidence of BWS [159,161-
165] and AS [160] is observed in some studies in children
conceived with ART. Some studies contradict that [165]. Further
Vermeiden et al. reviewed if these imprinting disorders got
increased following IVF or ICSI [166]. There can be problem at
level of ovulation inductions [167]. Fauque et al. at the level of
in vitro culture of gametes and embryos [168]. Umdhane et al.
to study the hypothesis regarding after ICSI some embryos fail
to develop normally and they may have imprinting disorders
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which are associated with developmental failure they analyzed
the methylation profile of HI9DMR, a paternally imprinting
control region in high grade blastocyst, in couples where they are
available. They found marked hypomethylation in the paternal
allele in half of the embryos, independently of the stage which
they were arrested (morula, compacted morula, preblastocysts or
graded blastoctsts). Conversely same embryos showed significant
methylation on the maternal allele whereas few others showed
both hypomethylation of the paternal allele and abnormal
methylation of the maternal allele. The matching sperm at the
origin of the embryo exhibited normal methylation patterns.
Thus, hypomethylation of the paternal alleles in the embryo does
not seem to be inherited in the early embryo. Analysis of a few
oocytes suggests that the defects in erasure of the allele in some
embryos. None of these imprinting alterations could be related
to a particular stage of developmental arrest, compared with the
high grade blastocysts, embryos with development failure are more
likely to have an abnormal imprinting at H19 (p < 0.01) [169].

In gametes a methylation at imprinting control regions (ICRs)
gets established in a sex specific manner, and needs to be
maintained stably during development in somatic cells to ensure
the correct mammalian expression of imprinted genes. Besides
DNA methylation, these ICRs are marked by specific histone
modifications. If these marks are essential for maintainance of
genome imprinting is unclear. Zhang et al. showed that histone
H3 lysine 9methylases H9aand GTP are required for stable
maintainance of imprinted DNA methylationin embryonic stem
cells. However their catalytic activity and the G9a/GLP dependent
H3K9me2 mark are completely dispensable for imprinting
maintenance, despite the genome wide loss of non imprinte DNA
methylation in H3K9me2 depleted cell. They provided additional
evidence that the G9a/GLP complex protects imprinted DNA
methylation by recruitment of DNA methyl transferases, which
antagonize TET deoxygenase-dependent erosion of DNA
methylation at ICRs [170].

Conclusions

Basically epigenetic mechanisms control development and
regulate gene expression in various types of cells of the organism,
each carrying similar DNA sequence. In simple language,
nucleotide of DNA are letters of the complicated text and
these epigenetic labels or marks are the spaces, punctuations,
sentences, paragraphs and styles which gives meaning to this
complicated text. Here we have tried to discuss the epigenetic
markers like DNA methylation at CpG dinucletotide, covalent
modifications of histone proteins and details of noncoding RNAs
including long ncRNAs, miRNA. Besides importance of IncRNAs
has been discussed in dosage compensation in X linked genes
with role of Xi and further the value of genome imprinting in
ART and various disorders like BWS, RSS or both. Further role
of environmental stressors in stresses. Role of famines in both
Chinese as well as Dutch famines highlights immediate changes
[3,6,156] and effects on future generations [171,172]. Epigenetic
information can be inherited through the mammalian germ
line and represents a plausible Tran’s generational carrier of
environmental information. Carone et al. carried out expression
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profiling screen for genes in mice that responded to paternal
diet. Offspring of males fed a low protein diet exhibited increased
hepatic expression of many genes involved in lipid and cholesterol
biosynthesis and decreased levels of cholesterol esters, relative
to the offspring of males fed a control diet. Epigenomic profiling
of offspring livers revealed numerous modest 20% conjugates
in cysteine methylation, depending on paternal diet including
reproductive changes in methylation over a liker or enhancer
for the key lipid regulator para. These results in conjunction with
recent epidemiological data indicate that paternal diet can affect
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cholesterol and lipid metabolism in offspring and define a model
to study environment reprogramming in the human genome
[173]. Environmental pollutants and medications may affect fetal
epigenetic marks e.g., is in choline intake in pregnancy increased
placental promoter methylation of cortisol regulation genes CRH
and NR3I leading to improved stress response in children by
lowering cortisol levels in H-P-A axis. Thus future of epigenetics
research lies in understanding the effects of interaction of
epigenetics and environment emphasis on fetal programming,
understanding and uncovering role of medicine and nutrition and
assesses risk for adult onset disease.
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