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Epigenetics, potentially heritable changes in genome function that occur without alterations to DNA sequence, is an important but
understudied component of ecotoxicology studies. A wide spectrum of environmental challenge, such as temperature, stress, diet,
toxic chemicals, are known to impact on epigenetic regulatory mechanisms. Although the role of epigenetic factors in certain
biological processes, such as tumourigenesis, has been heavily investigated, in ecotoxicology field, epigenetics still have attracted
little attention. In ecotoxicology, potential role of epigenetics in multi- and transgenerational phenomenon to environmental
stressors needs to be unrevealed. Natural variation in the epigenetic profiles of species in responses to environmental stressors,
nature of dose-response relationships for epigenetic effects, and how to incorporate this information into ecological risk assessment
should also require attentions. In this review, we presented the available information on epigenetics in ecotoxicological context. For
this, we have conducted a systemic review on epigenetic profiling in response to environmental stressors, mostly chemical exposure,

in model organisms, as well as, in ecotoxicologically relevant wildlife species.
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INTRODUCTION

Epigenetics refers to potentially heritable changes in genome
function, such as gene activity or silencing, that occur without
alterations to DNA sequence [1-3]. Commonly studied epi-
genetic mechanisms include chromatin remodeling (DNA
methylation and histone modifications) and RNA-mediated
modifications (e.g. non-coding RNA and microRNA) [4]. Envi-
ronmental challenges can have immediate impact on epigen-
etic regulation in an individual or a population, and can be
transmitted through mitotic and meiotic cell divisions and
passed on to subsequent generations [3]. While certain epi-
genetic changes can result in increased risk of development of
certain diseases, such as neurological disorders and cancers
either immediately or at a later stage in life (adult onset of dis-
ease), others can be beneficial leading to plasticity and adap-
tation [2]. As a wide spectrum of environmental challenges
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(e.g. temperature, stress, diet, toxins) are known to impact on
epigenetic regulatory mechanisms, epigenetics is an impor-
tant component of ecotoxicology studies, it is however under-
studied so far.

Although the role of epigenetic factors in certain biological
processes, such as tumourigenesis, has been heavily investi-
gated [5-6), there are still areas that have either been neglected
or have attracted little attention. For example, the impact of
variation in the degree of methylation of otherwise identical
genes (epialleles) on phenotypic and physiological endpoints
in organisms is not yet broadly appreciated, in part because
the phenomenon of epigenetics is not typically part of the de-
sign of physiological investigations. Furthermore, still enig-
matic and somewhat ill-defined is the relationship between
the overarching concept of epigenetics and interesting trans-
generational phenomena (e.g. ‘maternal/parental effects’)
that alter the physiological phenotype of subsequent genera-
tions. The lingering effect on subsequent generations of an
initial environmental disturbance in parent animals can be
profound, with genes continuing to be variously silenced or
expressed without an associated change in gene sequence for
many generations. Other areas that require further attention
are: how natural variation in the epigenetic profiles of species
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alters their responses to environmental stressors, what evi-
dence is available on the nature of dose-response relation-
ships for epigenetic effects, and how to incorporate this infor-
mation into ecotoxicology studies, such as chemical risk as-
sessment.

CURRENT STATUS OF EPIGENETICS IN
ECOTOXICOLOGY

Epigenetics parameters (markers) include DNA methylation,
histone modifications (methylation, acetylation, phosphoryla-
tion, ubiquitinylation etc.), non-coding RNAs and newest
member of this group is epitranscriptome [7]. Epigenetic
mechanisms were first described as major agents in develop-
ment and differentiation, but they appear as key components
of the organism’s response to environmental changes by mod-
ulating gene expression and other genome functions. Many
organisms respond to environmental conditions by showing
phenotypic plasticity, which means producing different phe-
notypes from the same genotype [8-9]. Increasing evidence
shows that at least part of this phenotypic plasticity in animals
exposed to environmental factors (such as diet, temperature,
etc.) is mediated by epigenetics in a wide variety of organisms
including vertebrates, insects and plants [10-14]. Environmen-
tal epigenetics investigates the cause-effect relationships be-
tween specific environmental factors that trigger adaptive re-
sponses in the cell and changes in epigenetic modifications.
Given the dynamic and potentially reversible nature of the dif-
ferent types of epigenetic marks, environmental epigenetics
constitutes a promising venue for developing fast and sensible
biomonitoring programs. Indeed, several epigenetic biomark-
ers have been successfully developed and applied in tradition-
al model organisms (e.g., human and mouse). Nevertheless,
the lack of epigenetic knowledge in other ecologically and en-
vironmentally relevant organisms has hampered the applica-
tion of these tools in a broader range of ecosystems. Fortu-
nately, that scenario is now changing thanks to the growing
availability of complete reference genome sequences and the
development of high-throughput DNA sequencing and bioin-
formatics tools.

Toxico-epigenomics is the study of epigenomic changes
caused by exposure to toxins/toxicants. Several studies (mostly
in humans, primates and rodents) report epigenetic modifica-
tions related to exposure to chemicals and their relationship
with the appearance of cancer [15]. Moreover, environmental
exposures to chemicals can also affect the epigenetic status of
ecotoxicologically relevant species of fish, plants and inverte-
brates [3]. Anthropogenic substances present in the environ-
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ment have been found to not only chemically modify DNA
and/or histones, but also affect (either by stimulation or inhi-
bition) the enzymes activities involved in epigenetic control.

A summary of the recent published reports on applications
of epigenetics to ecotoxicology studies can be found in Tables
1 and 2. These studies reinforce the idea that environmental
stressors affect epigenetic markers, but the exact mechanisms
of action are still unknown and further investigations are re-
quired. Environmental epigenetic analyses have extraordinary
potential to advance our understanding of cellular and organ-
ismal responses to ecological challenges, and could serve as a
promising source of rapid and sensitive tools for pollution bio-
monitoring of ecotoxicity species. The characterization of po-
tentially hazardous substances may create a new field in eco-
toxicology, but it would require the development of suitable
epigenetic biomarkers both in mammals including humans,
in other established model organisms and in environmental-
ly-relevant species. In recent years, epigenetic tools have
gained traction in ecotoxicology studies; the availability of ge-
nome assemblies for ecotoxicology-relevant species, and the
wide conservation of known epigenetic components and
mechanisms, will help drive further advances. In this regard,
some researchers have already suggested that the “epigenetic
foot-print” of an organism could be used as a tool to identify
previous exposures to pollutants [16]. However, epigenetic
knowledge and applications in ecologically relevant organ-
isms still lags far behind mammalian and other model organ-
isms. Importantly, we currently have a very limited under-
standing of the impact of environmental challenges on epi-
genetic mechanisms, subsequent phenotypic effects, and how
often they are transmitted across generations. In order to fully
achieve the promise of ecotoxicology studies, epigenetic
mechanisms, in parallel with genetic mechanisms, should be
considered in ecological risk assessments and sensible bio-
monitoring programs[16-17]

EPIGENETIC PROFILING IN RESPONSE TO
ENVIRONMENTAL STRESS IN MODEL ORGANISMS

Tables 1 presented the available information on epigenetic
profiling in response to environmental chemical exposure in
model organisms. Most environmental epigenetic studies
were conducted on zebrafish, Danio rerio, followed by water
flea, Daphnia magna. Studies on the nematode, Caenorhab-
ditis elegans, and fruit fly, Drosophila melanogaster were also
conducted. Most of D. rerio and D. magna studies were on
DNA methylation, whereas, most of C. elegans studies were on
non-cording RNA and histone modifications.
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EPIGENETIC PROFILING IN RESPONSE TO
ENVIRONMENTAL STRESS IN WILDLIFE SPECIES

Tables 2 presented the available information on epigenetic
profiling in response to environmental chemical exposure in
wildlife species, which are mostly ecological and ecotoxico-
logical relevant non-model organisms. Most of studies using
wildlife species were on DNA methylation.

FUTURE DIRECTION: EPIGENETICS IN
ECOLOGICAL RISK ASSESSMENT

Various environmental factors, including chemical exposure,
can modulate epigenome, the regulator of gene expressions,
of several species, including model (Table 1) and non-model
field organisms (Table 2). Some of the studies reported trans-
generational inheritance of the exposure, i.e., epigenetic
changes continued in non-exposed progeny. Real efforts are
in progress to identify specific epigenetic marks which could
provide ‘signature of xenobiotic exposure’ and linking epigen-
etic effects with toxicant induced altered phenotypes such as
adverse outcomes, increased stress resistance, etc. Nonethe-
less, huge knowledge gap and challenges need to be overcome
to integrate or organize toxicoepigeneics data in adverse out-
come pathway (AOP) framework and/or risk assessment pro-
cesses [7, 108-109].
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