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Introduction
Apomixis (asexual mode of reproduction through seeds) results 

into the production of progenies genetically identical to the female 
parent. It is a unique, naturally-occurring mode of reproduction in 
plant which produces seed without meiosis and/or fertilization of the 
egg cell. To understand the difference between sexual and apomictic 
seed development pathways, it is necessary to first look at the events 
required for sexual seed development. Seed formation in flowering 
plants (angiosperms) begins with the switching from vegetative 
to reproductive growth in the plant. This leads to the formation of 
flower containing male (anther) and female (ovule) reproductive 
organs which produce diploid gamete-precursor cells. Male gamete-
precursor cells differentiate into anther, while a single female gamete-
precursor cell differentiates into megaspore mother cell in ovule. 
Male and female gamete-precursor cells undergo meiosis followed 
by mitosis to form mature multicellular male and female gamete. 
Seed development initiates with the fertilization of ovule with pollen, 
containing two sperm cells. One of the sperm cells fuses with the egg 
cell in the ovule (that gives rise to the diploid embryo), while the 
other sperm cell fuses with the diploid central cell to form triploid 
endosperm (which provides essential nutrients to the developing 
embryo). Tissues surrounding the developing embryo and endosperm 
form seed coat of the mature seed. In contrast, apomixis can occur 
by various mechanisms that share three common developmental 
components: 

i.	bypassing meiosis during embryo sac formation (apomeiosis) 

ii.	development of embryo without fertilization (parthenogenesis) 

iii.	Formation of endosperm either without fertilization or fertilization 
with sperm cell. 

Thus, the major events that characterize apomixis include: 
avoidance of meiotic reduction during embryosac formation, 
fertilization-independent embryo development, and the formation 
of endosperm with/without fertilization.1 Apomixis may occur by 
different pathways, the most common is the gametophytic apomixis 
which occurs through the formation of an unreduced female 
gametophyte. In diplospory, the progenitor cell of the unreduced 
embryosac is the megaspore mother cell, whereas in apospory, a 
somatic nucellar cell or even integument differentiates to form an 
aposporous initial (AI) and initiates gametophytic development. In 
both the cases, the egg cell develops parthenogenetically. While in 
many of the grasses, either fertilization of the central cell is required 
for apomictic seed development (pseudogamy) or the central cell 
develops autonomously to produce the endosperm.

Apomixis not only provides a means of clonal propagation 
through seeds (because the progenies produced through apomixis 
are genetically identical to the mother plant), but also makes genetic 
improvement of the species difficult and time consuming. It restricts 
varietal development process to selection of elite lines from the 
natural variants only in the apomictic species, and no other breeding 
approach works.2–3 Induction of parthenogenesis by transferring 
specific gene(s) to a crop plant may be a step towards synthesizing 
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Abstract

Apomixis is an asexual mode of reproduction through seeds in plant which results 
in clonal multiplication of the maternal plant due to the absence of meiosis and 
fertilization of egg cell. It has been reported to occur in >300 plant species belonging 
to >35 angiosperm families. Apomixis has been common in polyploid grasses, and 
poorly represented in the crop species. If apomixis could be incorporated in crop 
plants, its impact on agriculture could be overwhelming because apomixis promises 
to maintain hybrid vigor in the progenies over the generations. However, engineering 
apomixis in crop plant is considered to be one of the greatest challenges mainly 
because of the limited knowledge about the genetic basis and regulatory mechanisms 
underlying the apomictic seed development. The genetic and molecular bases of 
apomixis is still intriguing from both developmental and evolutionary perspectives. 
Coexistence of apomixis and sexuality in an individual plant suggests that apomixis is 
reversibly superimposed upon sexuality. Epigenetic control of apomixis is an attractive 
and emerging theory being investigated with growing support from the studies on 
sexual plants wherein mutations in epigenetic pathway genes resulted into apomixis-
like phenotypes. With the growing evidences for epigenetic variations as important 
regulator of stress-associated genes, and the evidence for upregulation of stress-
associated metabolite (spermidine and polyamine) biosynthesis, epigenetics is likely 
to be in focus of future studies on apomixis. Therefore, apomixis could be introgressed 
into crop plants in future by switching-off the sexual pathway to an apomixis-like 
route by transferring the candidate gene(s). However, flexibility to switch apomixis/
sexuality on and off would be necessary for crop breeding purposes.
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apomixes.4 Apomixis can be combined with haploid induction to 
rapidly obtain homozygous lines in breeding programs. Genes for the 
components of apomixis have been reported to be tightly linked in 
majority of apomictic species.5 Evidences indicate that the components 
of apomixis can be uncoupled by recombination and epigenetics.6 
However, even after considerable efforts during the last four decades, 
success in transferring apomixis to a crop species has not yet been 
materialized, mainly because all the gene(s) for the components of 
apomixis have not yet been identified, cloned and characterized.3,7

Spread of apomixis in plants
Apomixis has been reported in more than 35 angiosperm 

families and in over 300 plant species, 75% of which belong to three 
families viz. Poaceae et al.8 Unfortunately, barring a few exceptions 
from some forage grasses and fruit trees, apomixis is not common 
in crop species. It is believed that it occurs mostly in polyploid 
genotypes.9 Interestingly, Kumar et al.,10 identified a rare obligate 
sexual, polyploid (tetraploid) plant of Cenchrus ciliaris. However, 
discovery of apomixis in diploid species11 proves that polyploidy is 
not an absolute necessity for apomixes.12 Recently, Kumar et al.,8 
reported no correlation between the mode of reproduction (apomixis) 
and ploidy level (polyploid) or habit (perennial) in the Cenchrus spp. 
available in India. While four apomictic Cenchrus spp. were reported 
to be perennial in nature, C. myosuroides (a perennial and polyploidy 
species) was found to be obligate sexual. They also reported two 
polyploid species (C. echinatus and C. myosuroides) to be sexual, 
and a diploid species (C. setigerus) to be apomictic. All these indicate 
that polyploidy is not an absolute requirement for apomixis. Thus, 
occurrence of apomixis in polyploids is still debated with a strong yet 
poorly understood correlation between apomixis and polyploidy.8,13,14

 In spite of the expected faithful transmission of maternal genotype 
to the progenies, sufficient genetic variability has often been observed 
in apomictic populations.15 At least three different processes have 
been proposed to contribute to the genetic variability.16 First is the 
build-up of genetic variations in apomictic individual due to the 
accumulation of new mutations, just like it occurs in any sexual plant. 
Second may be the leaky-process of apomixis, wherein the apomictic 
mode of reproduction is supplemented by a small and often irregular 
amount of sexuality which may add new/recombinant genotypes to 
the population. A third process for creating genetic variation in an 
apomictic population may be the facultative mode of reproduction. 
All of these processes have been widely discussed and analyzed by 
different researchers.3,17–19

Breeding for apomixis
Although considerable yield enhancement has been recorded 

due to the adoption of Green Revolution technologies including 
high-yielding, input-responsive hybrid varieties of crops, efforts are 
continuously being made to further increase productivity of crop 
plants to feed the burgeoning global population. The global population 
is expected to reach 9billion by 2050 with the growth of 2-3billion 
people over the next 35years.20 To feed the ever-growing global 
population, we need to produce more food and livelihood opportunities 
from less per capita arable land and water (i.e. more from the less). 
There are several challenges in sustainably feeding the growing 
global populations. Over the centuries, plant breeding has followed 
the general pattern of introduction, selection and hybridization. Once 
an elite genotype is introduced, selection and breeding strategies lead 
towards the development of new varieties for enhanced yield/quality. 

Clonal multiplication of a superior genotype has been successful via 
vegetative propagation; however, it does not work in case of annual 
crops like rice, wheat and maize. Interestingly, fixing of genotype 
occurs naturally in certain plant species through apomictic mode of 
production. Theoretically, apomixis can be introgressed into desired 
crop plant through conventional breeding, but the process is very 
slow (time-consuming) and laborious at field level. This requires 
embryological/progeny analysis of a huge breeding population for 
several generations to select apomictic genotypes after each round 
of backcrossing.21 Moreover, there are several breeding constraints 
including the availability of desirable/appropriate parental lines and 
efficient techniques (including molecular markers) for screening 
the segregating populations. Obligate sexual plant, which can be 
used as female parent, is one of the prerequisites for this. However, 
occurrence of obligate sexual genotype is rare because over a long 
period apomictic individuals outnumber the sexual one. Nevertheless, 
obligate sexual plant in different apomictic species has been identified 
in the natural population.10,22,23 A natural variant of Indian accession 
of buffelgrass was identified and reported to be obligate sexual, 
protogynous and self-incompatible in nature,24 which could be an 
appropriate material for cross-hybridization in breeding for apomixis.

Successful use of apomixis in crop breeding requires deeper 
knowledge of the mechanisms regulating reproductive development 
in plants. Our molecular understanding of apomixis can be greatly 
improved if molecular markers and the genes/pathways involved 
in the development of embryo and embryosac could be identified. 
A large amount of cytological, ecological, embryological, genetic 
and molecular data are becoming available from several apomictic 
species,8,10,25,26 some of the candidate genes have been tested in 
Arabidopsis thaliana to elucidate the mechanisms of apomeiosis, 
parthenogenesis and apomixis. However, none of them could 
mimic the apomixis process. Newer concepts are being proposed to 
link apomixis with regulation of reproductive pathways, including 
chromatin remodeling (epigenetics), apomixis-bearing chromosome 
(accumulated with transposable elements), role of auxin in deciding 
fate of the embryosac and the egg cell development,27 which require 
proper validation at least in the model plant system. 

Genetics and molecular biology of apomixis
Evidences for single dominant locus responsible for apomeiosis 

and parthenogenesis are available from aposporous grasses 
including  Pennisetum/Cenchrus,28 Brachiaria,29 Paspalum30 and 
Tripsacum.31 With the advent of DNA-based molecular markers, a new 
generation of markers has been introduced which has revolutionized 
research in the biological sciences. Since the development of DNA-
based markers, they are continuously being modified/improved to 
enhance their efficiency, and being utilized to bring about automation 
in the process of genome analysis.32 Different types of DNA markers 
are available now to analyze polymorphism as well as to tag the gene 
of interest. Among these, simple sequence repeat (SSR) marker has 
been developed more recently, and the marker is expected to bring 
even more rapid advances in markers development and their use 
in crop breeding programs.33 To better understand the process of 
apomixis, molecular markers linked with apomictic/sexual mode of 
reproduction are necessary in handling huge segregating populations.3 
Studies based on molecular markers indicate that there is an apospory-
specific genomic region (ASGR) in  Pennisetum/Cenchrus  is which 
is physically large, hemizygous and heterochromatic.34 The available 
data on apomictic mode of reproduction in plants indicate that 
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apomixis is under simple genetic control in C. ciliaris.3,19,34,35 Poa 
pratensis,36 Panicum maximum,37 Pennisetum squamulatum,28,38,39 
Brachiaria decumbens,29 Paspalum notatum30 and Tripsacum 
dactyloides.40 Apomixis bypasses meiotic reduction of chromosomes 
and fertilization of egg cell with pollen to exclude sexual processes 
towards production of the progenies that are genetic clone of the 
female parent. This happens in case of obligate apomicts, but those 
that do not totally exclude sexual reproduction are called facultative 
because they produce seeds through both sexual as well as apomictic 
means. Growing evidences suggest that apomixis and sexual 
reproduction share some key regulatory mechanisms;41 therefore, 
some of the researchers believe that the line between apomixis and 
sexuality is ambiguous. This also indicates that apomixis might have 
resulted from deregulation of sexuality, rather than its emergence as a 
novel mode of reproduction.

The molecular markers reported to be linked with sexual and 
apomictic modes of reproduction8,10,42,43 may be utilized for screening 
of segregating population, mapping of genes responsible for the mode 
of reproduction and their characterization using a reverse genetics 
approach.44 Identification of molecular markers for apomixis8,19,42 
and sexuality,43 development of mapping/segregating populations,3,19 
standardization of plant regeneration45–47 and genetic transformation 
protocols48,49 are some of the efforts made by the author to understand 
the process of apomixis in Cenchrus ciliaris. Further, gametophytic 
apomixis has been reported to be genetically controlled by two or more 
linked loci in different aposporous and diplosporous species.28 In C. 
ciliaris, there are evidences for simple genetic control of apomixes.3,19 
Apomictic C. ciliaris reproduces by apospory which is characterized 
by apomeiosis and parthenogenesis. Recently, ASGR-BABY BOOM-
like (PsASGR-BBML) gene from Pennisetum squamulatum (L.) R.Br. 
was reported to express in egg cells before fertilization and induced 
parthenogenesis, thus produced haploid offsprings in transgenic 
sexual pearl millet.4 Spatial and temporal shift in the expression of 
the genes of reproductive pathways in sexual and apomictic plants 
has been reported.50 Epigenetic regulatory mechanisms can be 
used to explain such deregulation. Although recent studies reveal 
transcriptional basis of the female germline development in sexual 
model plant Arabidopsis thaliana,51 only little is known about the 
epigenetic regulation of apomixis.

Epigenetics and gene regulation
There are growing evidences that chromatin modifications, 

small inhibitory RNA (siRNA) and DNA methylation are involved 
in regulation of gene expression at transcriptional and post-
transcriptional levels. Epigenetics refers to the heritable variations in 
phenotypic/gene expression pattern resulting from the modification 
of DNA, histones and small-RNA biogenesis without changing the 
underlying nucleotide sequences.52 Among the above epigenetic 
regulatory mechanisms, DNA methylation is considered to be the 
best understood.53 DNA methylation and histone modifications are 
influenced by various abiotic and biotic factors, resulting into better 
adaptability of the plants to the adverse environmental conditions. 
DNA methylation has been reported to play a key role in gene 
expression through RNA-directed DNA methylation (RdDM) of 
genes as well as by inducing histone modifications. Methylated 
cytosine (5-mC) has been reported to be involved in many important 
biological processes, including movement of transposable elements 
(TEs), genome imprinting and regulation of gene expression.54 
Methylated cytosine, also known as the fifth base, was identified 

long before the DNA was recognized as the genetic material. Content 
of 5-mC in genomic DNA varies considerably among eukaryotes. 
The nuclear genome of higher plants may contain more than 50% 
5-mC in all the three nucleotide sequence contexts: CG, CHG, and 
CHH (where H=C, T, or A). While DNA methylation is restricted to 
symmetric CG context in mammals, non-CG methylation is prevalent 
in embryonic stem cells of plant. Also, cytosine methylation in CHG 
and CHH context is predominant in TEs, but CG methylation is 
abundant in both TEs and the functional genes.55 In mammals and 
plants, centromeric and pericentromeric regions of chromosomes and 
the repetitive elements are heavily methylated. The level of 5-mC 
is determined by DNA methylation and demethylation processes. 
Methylation can be removed from the DNA by active and/or passive 
mechanisms. Promiscuous methylation requires to be pruned by 
demethylases to create a desired methylation pattern. Demethylation 
may also be required to activate specific genes or to reset epigenetic 
state of the genome in response to the environmental perturbations 
or during the developmental stages.56 Covalent modification of 
histone proteins is another epigenetic mechanism to control gene 
expression. Histone modifications, particularly methylation of 9th 
lysine residue of histone H3 (H3-K9), cause chromatin condensation 
and block transcriptional initiations. Cytosine methylation can further 
reinforce histone modification patterns conducive to gene silencing. 
Some histone modifications such as acetylation, phosphorylation and 
ubiquitination have been reported to enhance gene transcription,57 
while biotinylation and sumoylation have been reported to repress the 
gene expression.58 Dynamic histone modification may get converted 
into DNA methylation, which are often more stable.59

Genetic analysis of Arabidopsis mutants impaired for the genes 
of siRNA biogenesis pathway revealed the involvement of siRNAs 
in RNA-directed DNA methylation (RdDM). In Arabidopsis, a 24-
nt siRNA was reported to down regulate the expression of P5CDH 
through mRNA cleavage, leading to reduced proline degradation, and 
enhanced proline accumulation resulting into salt stress tolerance.60 
More studies would be required to unravel the roles of RdDM pathway 
in epigenetic gene regulation and their applications in epigenetic 
manipulation for genetic engineering. Further understanding the 
epigenetic mechanisms of gene regulation may not only provide 
basic information for regulation of stress-associated genes, but it 
may provide a valuable platform for efficient use of plant genetic 
engineering towards enhanced tolerance to environmental stresses. 
Therefore, deciphering epigenetic machineries of gene expression 
has become an important area of scientific investigations to better 
understand the biological processes in plants.

Epigenetic control of apomixis
Apomixis has been proposed to be evolved to let the plant 

species propagate under adverse environmental conditions. Reactive 
oxygen species (ROS) are produced in excess in plants under various 
environmental stresses. Although ROS are also generated in plants 
under optimal growth conditions, but at very low concentration. Most 
environmental adversaries trigger enhanced production of ROS, 
and plants have innate systems for scavenging/detoxifying ROS. 
Polyamines (putrescine, spermidine and spermine) are low molecular 
weight, polycationic aliphatic molecules that are well-known for anti-
senescence and anti-stress effects due to their antioxidant properties. 
Spermidine is known to be involved in protection of DNA from 
oxidative stress by quenching free radicals arising from ROS.61 Gene 
for spermine/spermidine synthase has been identified to be present 
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in the ASGR of P. squamulatum.62 Higher activity of spermidine 
metabolism in the AI cell was correlated with the requirements for 
the repair of DNA damage caused due to oxidative stress. Hence, 
environmental stresses and the increased levels of ROS have been 
considered to be major driving force for the evolution of apomixes.63 
Existence of variability in developmental processes and the type of cells 
from which the apomixis process begins in a vegetatively propagated 
apomictic plant indicate that the process is not tightly regulated, 
and supports the possible involvement of epigenetic regulatory 
mechanisms in controlling apomixis process. Hypothesizing apomixis 
to be epigenetically regulated, comparative analyses of small-RNA, 
histone modifications and cytosine methylation in the apomictic 
and sexual individuals have been initiated. TEs make a significant 
proportion of genomes of higher plants and their activation/movement 
can have a range of effects, including genome evolution, structural 
and functional alterations in gene expression, gene deletion and 
insertion. Therefore, control on movement of TEs becomes crucial 
for the integrity of the host genome. TEs are generally enriched in the 
centromeric and telemetric regions, which are highly methylated and 
packed as heterochromatic regions. In maize, most of the TEs have 
been found to be restricted to the methylated, heterochromatin regions. 
This indicates that TEs and other repetitive sequences are the primary 
targets of DNA methylation which play an important role in structural 
and functional alterations in  plants. Role of retrotransposons in 
apomictic development has also been speculated, but exact role of 
retrotransposon and its differential expression in apomictic and sexual 
individual are not yet clear. In a study to elucidate the role/involvement 
of retrotransposons in apomixis in Cenchrus ciliaris, different classes 
of retrotransposons were identified from the available EST/BAC 
sequence database of C. ciliaris. Expression analysis was performed 
to see if the retrotransposons are differentially expressed in obligate 
apomictic and sexual plants. Among the 19 different retrotransposons 
tested for their expression/activity, six of them were observed to show 
their activity associated with apomixis in apomictic plants, indicating 
their possible role in apomixis (Unpublished results).

One of the retrotransposon (C-105) showing ~90% sequence 
homology in apomictic and sexual C. ciliaris plants was used to 
determine the role of epigenetic (DNA methylation) regulation, if any, 
on its differential activity in apomictic and sexual plants. Bisulfite 
sequencing of the retrotransposon (~0.3Kb fragment) revealed 
hypermethylation in the region in the sexual plant. More than 95% 
cytosine in the fragment analyzed was found to be methylated in 
sexual plant, compared to only 35% in apomictic plant. More than 
8-fold increase in methylation in CHH context, a minor increase in in 
CG context, but no change in cytosine methylation in CHG context 
was observed in sexual plant (Figure 1). It is also hypothesized that 
apomixis represents reversible epigenetic silencing of sexual pathway. 
Mutant analyses have shown that transition from somatic fate to 
reproductive fate in Arabidopsis ovules is epigenetically controlled 
by a sRNA-mediated silencing pathway involving ARGONAUTE 9 
(AGO9) protein.64 Loss-of-function of ago104 (a maize homolog of 
AGO9) also resulted in apomixis-like traits, giving rise to ~70% of 
functional unreduced female gametes.65 Further support for epigenetic 
regulation of apomixis was provided by comparative analyses of sexual 
development in maize with the apomixis process in its wild relative 
apomictic Tripsacum.66 The results indicate difference in expression 
of only a small number of chromatin remodeling enzymes (e.g. CMT3 
and DRM2) between apomicts and sexual individuals. Interestingly, 
features of apospory or diplospory have recently been observed in 

Arabidopsis and maize carrying mutant alleles of the genes involved 
in DNA methylation and siRNA pathways.64,66 Podio et al.,67 reported 
artificial phenotype reversion in a natural apomictic Paspalum simplex 
because of epigenetically induced variation in gene expression. 
Author’s studies on epigenetic regulation of apomixis, it was found 
that certain regions of C. ciliaris genome are hypermethylated in 
obligate sexual plants compared to that in the obligate apomictic 
plants.68 The role of TEs in epigenetic control of the genes associated 
with apomixis in Cenchrus is also being investigated (Unpublished 
data). However, causal link between epigenetic mechanism(s) and 
apomixis is yet to be established.69,70 Thus, epigenetic regulation 
of apomixis is an attractive theory as it potentially accounts for the 
facultative nature of apomixis as well as the ability of apomicts to 
revert back to sexuality.

Figure 1Cytosine methylation in different contexts (CG, CHG and CHH 
contexts) in obligate apomictic and obligate.

Use of apomixis in crop breeding
Apomixis has tremendous potential applications in agriculture 

particularly in hybrid seed production for maintaining hybrid vigor 
over the generations.71 Introgression of apomixis from wild relatives 
to a crop species and transformation of sexual genotype into an 
apomictic genotype is long-awaited dreams of plant breeders who 
believe that introduction of apomixis in agronomically important 
crops will have revolutionary implications. If apomixis can be 
successfully engineered in a crop plant with a sufficient degree 
of flexibility, its impact on agriculture could be overwhelming. 
Apomixis may help fixing the desired genotype immediately in a 
desired plant, developing hybrids for most of the crops, development, 
mass production and maintenance of elite parental lines. In addition, 
it can revolutionize plant breeding procedures by adopting individual 
plant-based strategies instead of the currently used family-based 
strategies. It can also provide ecologically sound protection from 
horizontal transfer of transgenes by introducing autonomous apomixis 
into male-sterile line. The potential benefits of harnessing apomixis 
are many including exploitation of heterosis by resowing the best 
hybrids, clonal propagation of superior genotypes through seeds etc. 
Apomixis can also be helpful in clonally propagated crops wherein 
pathogens (mainly endophytic) get accumulate over successive 
rounds of vegetative propagation and seriously limit the yield/quality 
of the produce. Apomixis can eliminate expensive/difficult tissue 
culture procedures used for disease-free multiplication of planting 
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material. It can also make storage of planting material easier, and 
allow saving the produce used as planting material, for example in 
case of potato, sugarcane etc. Materials used for clonal propagation 
(e.g. tubers, corms, stem cuttings) have serious disadvantages due to 
the infection of pathogens, especially viruses. Making the propagation 
material free from diseases requires cumbersome techniques, while 
propagation through apomictic seeds can make this easier because 
seeds carry much fewer plant viruses. Therefore, use of apomictic 
seeds as multiplication material instead of plant parts is expected to 
minimize the severity of viral disease.7 Fixing a heterozygous genotype 
using apomixis can make breeding programs faster and cheaper. 
Apomixis can also provide one of the possible containment strategies 
for minimizing gene-flow from genetically modified organisms to 
reduce biosafety issues.72,73 Because many apomictic plants produce 
no viable or compatible pollen, it is possible that apomixis can be 
used to develop GM plants with reduced risk of gene-flow without 
compromising seed. Despite numerous advantages mentioned above, 
apomixis could not be introduced/transferred to a domesticated crop 
species, as yet.27

Conclusion and future perspectives
Recent data indicate that apomictic seed development in plants 

is linked to a dynamic pattern of transcriptional activity in ovule 
probably regulated through epigenetic mechanisms. Epigenetic model 
of regulation of apomixis is still in infancy and predicts that reversible 
changes in chromatin configuration might alter the expression of 
key genes of apomictic pathway at different developmental stage 
or in different cell types.1 The observation that in many apomictic 
species the developmental program is not tightly conserved, and that 
differences in the initiation of apomixis in response to environmental 
conditions/stresses provide evidences to support the view that apomixis 
is epigenetically regulated. Such flexibility is the characteristic of 
epigenetic regulatory mechanism. Epigenetic regulation provides a 
way to achieve desirable variability and adaptive advantages without 
altering DNA sequence.74 Importantly, generation of epialleles 
can alter the timing of expression of gene(s) controlling cellular or 
physiological processes during plant development. Inheritance of such 
adaptive epialleles could provide increased fitness to the plant in the 
changing environmental conditions and enhanced adaptive flexibility. 
Identification and functional analysis of several epigenetic regulatory 
factors involved in gametophyte and seed development process confirm 
the role of epigenetic regulation in sexual plant reproduction.4,75,76 It is 
expected that future studies on epigenetic regulation of the components 
of apomixis and sexual seed development would possibly verify 
whether epigenetic mechanisms really play role in apomixis or not. 
Unless we understand the regulatory mechanism(s) controlling sexual/
apomictic seed development it would be difficult to transfer/introduce 
this wonderful trait in crop plant for its successful/sustainable use to 
enhance crop production. Several groups of scientists are currently 
working world over to identify the gene(s) involved, to functionally 
validate the candidate genes in model plant, to establish proof of the 
concept of introducing apomixis in crop plant as well as to understand 
the regulatory mechanisms controlling apomixis/sexuality in plant. 
With the rapidly improving tools and techniques of molecular biology 
and biotechnology, it is expected that soon we may achieve complete 
understanding about this amazing biological phenomenon, and we 
might be able to use it for the benefits of humankind in the near future.
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