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Abstract
Background: Fish act as an affordable source of animal protein as well as the source for many other substances of
nutraceutical importance. Under rapid biomagnification of pollutants, low tolerance to climatic stressors increase
susceptibility of various fish to large-scale mortality. Therefore, understanding the magnitude and type of their
responses to individual or multiple climatic factors/stressors may help to conserve the genome of threatened
organisms of pharmaceutical or nutraceutical importances such as fish. The study of the broad range of genetic
material under varied climatic conditions, i.e., ecogenomics, such as nucleotide sequences of DNA and RNA that is
present in the same fish species under particular environmental condition due to climatic changes seems to be
important for their management.
Aim: The aim of this study was to gather information about nutraceutical values, ecogenomics data, and issues
related to handling ecogenomics data and to identify limitations to study influences of climatic changes that may
lead to design appropriate conservation strategies, despite existence of multiple constraints for conservation
implications against climate change adaptations.
Method: Related literature in PubMed and other electronic database were analyzed for this study. As per the
requirement, the numbers of articles found on a particular terminology such as “fish,” “ecogenomics,” and “ecogenomics
in fish,” in PubMed were only included.
Results: It was observed that despite high nutritional and nutraceutical values of fish, study on their ecogenomics is very
limited. Rate of climate change, restraints to climate change adaptation, several limitations to migration, constraints to in
situ adaptation, connectedness of populations and level of gene flow, and capacity of plasticity for adaptation are many
of the constraints that lead to changes in fish physiology, but the effects of such constraints on genomic instability in
fish are scantily studied. On the other hand, a huge amount of generated ecogenomic data on other organisms create
challenges for annotation of protein and gene sequences. However, the challenges are now gradually becoming
achievable to counter the ecogenomic issues.
Conclusion: Emphasis must be given to study on ecogenomics changes in fish and other aquatic organisms.
Conserving germplasm of endangered and threatened fish species, and delivering genetically resistant fish variety,
seem to be essential for effective management actions under climatic altered states. It will assist adaptation of fish
having nutraceutical values in the face of current and future climate changes and chemical pollution in environments
particularly in aquatic ecosystems.
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Background
A fish is a paraphyletic group of organisms that consist of
all gill-bearing aquatic craniate animals that lack limbs
with digits (Paital & Rivera-Ingraham, 2016). Fish being
poikilotherm is a natural and prime target to subtle increase in temperature of their habitat as a consequence of
global warming (Paital & Chainy, 2016). This is because
these organisms along with some of the homeotherms as
well, lack proper physiological mechanism(s) to regulate
internal body heat in relation to changing environmental
temperature (Carey & Lawson, 1973; Goldman, 1997;
Lefevre, McKenzie, & Nilsson, 2017; Markovic et al., 2017;
Paital et al., 2014, b; Paital et al., 2015; Paital et al., 2016;
Paital & Tripathy, 2015). Other climatic and chemical
stressors are also believed to discharge similar pressure on
different organisms including fish, albeit the titer of the
stressors controls (Chainy et al., 2016; Paital & Bohidar,
2011; Paital, 2016d; Paital & Chainy, 2014. Samanta & Paital, 2016; Subudhi et al., 2008, 2009) specific molecular
uphill or down regulation, and finally, it leads to inconsistent cellular physiology (Paital & Chainy, 2013a; Paital,
2014b). Consequently, their energy metabolism may be
susceptible under changing environmental temperature
and air exposure like stressors (Galli & Richards, 2012;
Millan et al., 2017; Paital, 2013; Paital, 2014b; Paital &
Chainy, 2014). Increase in metabolism due to elevated environmental temperature may be reflected by some unwarranted biochemical reactions. As a result, it may cause
development of oxidative stress in the species leading to
various pathophysiological changes which may span from
retarded growth, faulty reproduction to early aging, and finally death (Chainy et al., 2016; Millan et al., 2017; Paital,
2016b; Paital, 2017; Paital et al., 2016, b; Paital et al., 2017;
Anonymous, 2017).
In poikilothermic animals such as fish, cellular metabolic
depression or shut down induced by climatic stressors is
expected to stimulate multiple changes at genomics level
(Chainy et al., 2016; Paital & Rivera-Ingraham, 2016; Paital,
Bal, Rivera-Ingraham, & Lignot, 2017). Unfortunately, a
focused review article indicating ecogenomic studies and
related issues is not available in the literature. Various organisms susceptible for climatic factors such as fish are
to be studied at their genomics instability level. Therefore,
it is an appropriate time to have scientific studies that are
necessary to unveil the interaction between the changing
global warming and genome of poikilotherms in general
and fish in particular.
Ecogenomics study included the accumulation of slow
changes in genome of organisms under environmental
pressures. Under such long-term condition, the same
species in different localities of globe slightly differs at
their genome level. These are detected using molecular
taxonomic tools at nucleotide level, even at single nucleotide polymorphism level. Present-day climate change
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issues have widespread effects on organisms (Rocha et
al., 2017; Wu et al., 2017). Climatic factors may also influence genomics of various organisms including that of
aquatic one. It is because of rapid biomagnification of
pollutants and other anthropogenic factors probably that
create accumulation of mutation albeit that takes millions of years (Ali et al., 2017; Buczkowski & Bertelsmeier, 2017; Hermoso, 2017). Literature suggests that
works on climate change induced ecogenomics changes
in animals in general and aquatic animals in particular
have received least attention. Aquatic animals are more
susceptible to several man-made and natural insults, as
results of accumulation and biomagnification of pollutants as well as due to their poikilothermic nature (Paital,
2013; Paital, 2014a, 2014b; Paital & Chainy, 2016; Paital
et al., 2017b). Anthropogenic factors due to fast
urbanization seem to be a main contributor to impact at
genomics level of aquatic organisms (Paital & Rivera-Ingraham, 2016). Irrespective of socio-economic status of
any human race, fish flesh acts as a source of consumption for easily digestible proteins and various nutraceuticals. However, scanty research on ecogenomics study of
fish, high consumption, and nutraceutical value of their
flesh demand more studies on fish models (Paital &
Rivera-Ingraham, 2016). This short review was aimed to
gather information and to confirm on fish flesh as nutraceutical source and to check whether literature deals
with their genomic instability phenomena such as single
nucleotide polymorphism and epigenetic changes. These
points may address to conserve the germplasm of susceptible animals especially fish under climatic changes.
It may lead to better exploit the fish and fisheries’ resources judiciously (Sampaio, Trindade, Varheim, Paital,
Eriksson, et al., 2015).
In relation to ecogenomics studies, works on other animals than fish are not limited. However, day by day, data
generated under wet laboratory experimental approaches
especially the generated sequences of genes and proteins
are accumulating with a high speed. It leads to a problem
to handle such data especially for their annotation to
reach a conclusion. This is a common issue with all animals including fish. Therefore, another focus of this short
review was also to find out the issues related to handling
ecogenomics data at in silico level.

Main text
Literature collection on fish ecogenomics and
conservation

Articles available in PubMed site were exclusively considered for collecting literature for the present study,
and relevant literature from google.com pages and other
electronic databases were also included. To limit the literatures exclusively on invertebrates or fish (or any poikilothermic models) in relation to ecogenomics studies,
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“advanced” search option in PubMed was used at
https://www.ncbi.nlm.nih.gov/pubmed/advanced. Under
“Builder” bar, “Date-Entrez” option was selected to limit
the literatures exclusively with the recent one, for
example, literatures from 2010 to 2017. Each term such
as “Climate change,” “fresh water,” “genomics,” “invertebrates,” and “fish” was searched alone and then combined to filter and limit the searched topic(s). This was
achieved by adding each word into “history” one by one,
under “builder” option. The raw data obtained was given
as supplementary file, and the numbers of articles found
in each hit with a single term or multiple terms were
noted and plotted graphically. Nowadays, although modern tools and techniques to study ecogenomics of organisms are available, the reason(s) and possible irradiation
for the cause behind scantily available literature on ecogenomics of fish were found to be less. The reason behind such scanty literature on ecogenomics of fish was
also gathered from authentic electronic sources other
than PubMed such as Google Scholar. To restrict the
length of the article and its reference, the numbers of articles found under search option on a particular
terminology such as “ecogenomics + climate change” or
“ecogenomics + fish” in PubMed were only considered
for counting the total number of articles. Few relevant
articles out of the total result obtained, were discussed
to restrict the length of references.
Nutraceutical importance of fish

Curing a disease or alleviating pain or injury by a single
or combination of remedies constitutes an important
part of a therapy (Hati et al., 2012; Paital et al., 2014b;
Paital et al., 2017; Sahoo et al., 2017). Sometimes, diet
can be used as a source for the treatment of disease(s)
(Bergeron and Jacques, 1989). For example, in case of
wound healing, supportive diets, especially animal proteins, are recommended in many clinical cases other than
externally used antibiotics (Mat et al., 1994; Mat et
al.,1998; Radinnurafiqahet al., 2016; Terkelsen et al.,
2000). It is because many chemically active compounds
present in various diets contribute to treat a particular
symptoms of a disease or the whole disease (Kakati et al.,
2006). Sometimes, such food substances are called as
“having medicinal properties,” are used for therapeutic
purposes, and are different from pharmaceuticals (Mahawar & Jaroli, 2008). When the formers are purified from
animal or plant, they are usually called as biopharmaceuticals (Pedrono et al., 2004). More particularly, the term
“nutraceuticals” is used when food or products derived
from food are used as supplement for therapeutic purposes (Subudhi et al., 2009). Vitamins, minerals, highdensity fatty acids, and herbal products are few of the examples (Hege et al., 2004; Roos et al., 2002; Prabhakar &
Roy, 2009). Fisheries’ products also are found to have
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antioxidant properties (Salte et al.,1996; Roos et al., 2002;
Rooset al., 2007; Rajakumar, 2003; Prabhakar & Roy, 2009;
Paital & Chainy, 2013a, 2013b). Therefore, Hippocrates
correctly opined “Let food be thy medicine.” Therefore,
the cost-effective nutraceuticals have always a special demand in every section of people especially by the economically weaker section. In this context, fish and fisheries’
products are used as a main resources of vital nutrients
like the easily digestible proteins, high-density fats (as
macronutrients), vitamins, and minerals (as micronutrients) (Zhang & Beymen, 1993; Yao et al., 2006). Therefore,
they are regarded as the “easy source of cost-effective animal proteins” and “rich food” for the people of economically weaker section, because fish protein has many
beneficial physiologic role than other proteins (Sivell et al.,
1984; Skeie et al., 2009).
The key nutraceuticals in flesh of fish, namely longchain polyunsaturated fatty acids (PUFA) mainly the eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
and fat-soluble vitamins, make fish diet popular (Logan,
2004; Mahata, 2002). These nutraceuticals have high role
in protecting cardiovascular complications. Owing to the
importance of fish and fisheries’ products, a number of
nutraceuticals have been used as remedies in medical
sciences (Hamada & Nagai, 1995). For example, to lessen
the complications or treat diseases such as cancer, viral
infections (Fernandez et al., 1999; Mozaffarian & Rimm,
2006; Higa, 1996; Costa-Neto, 2005), rickets (Rajakumar,
2003), dermatologic problems (Ozçelik et al., 2000), hypertension especially during pregnancy (Olafsdottir et al.,
2006), and parasitic (fungi and bacteria) infections (Moore
et al., 1993; Agosta, 1996), fisheries’ products are exclusively used as nutraceuticals. Fisheries products are also
used for cardiac stimulation, as anti-tumor and analgesic
(Finki, 1984; Lockington, 1878; Lesueur, 1824); for arthritis
(Adeodato, 1997), as antinociceptive (Mat et al.,1997) and
as anti-inflammatory (Greenhaigh & Gamelli, 1987); for
obesity (Micallef et al., 2009), to boost coagulation of
blood in human (Walbaum, 1792) and other mammals
(Salte et al., 1996); and for nerve cell stimulation (Colwell,
1997) and narcotic and analgesic purposes (Bisset, 1991),
to handle coronary heart disease and stroke (Sidhu, 1993,
2003; Gezondheidsraad, 2004; Kris-Etherton et al., 2002);
fish in diets are also believed to be used as promising
nutraceuticals.
Externally used fish-derived creams also are found to
be beneficial in human (Baie & Sheikh, 2000). Important
fish-derived nutraceuticals such as PUFA, EPA, DHA,
protein C anticoagulant, and iron (Roos et al., 2007);
polybrominated diphenyl ethers and polychlorinated
biphenyls (Akutsu et al., 2006); and tetrodotoxin (TTX)
are resourced from fish as diet. Many important fishes
such as dogfish sharks (Squalus acanthias Linnaeus
1758), Eptatretus stoutii (Lockington, 1878), Dasyatis
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sabina (Lesueur, 1824), cod, herring, salmon (especially
Atlantic salmon (Salmo salar Linnaeus 1758)), sardines
and turbot (Gruenwald et al., 2002; Stene et al., 2000;
Adeodato, 1997), and rainbow trout (Oncorhynchus
mykiss) (Walbaun, 1792; Salte et al., 1996) contribute
substantially to the field of fisheries’ nutraceuticals.
Therefore, “ichthyotherapy” seems to be a highly emerging area of research (Grassberger & Hoch, 2006). To
proceed with the above emerging filed ecogenomics
study on of fish seems to be highly important.
Literature on fish ecogenomics in PubMed

Ecogenomics is a multidisciplinary subject and considered as the union among subjects such as molecular taxonomy, ecology, and finally evolution (Glockner et al.,
2016). The foremost objective of this newly emerging
subject is to elucidate the mechanisms of adaptation in a
new habitat. Ecological and evolutionary research frequently demonstrates that species, populations, and individuals are adapted to their own environment, i.e., the
fitness of individuals is higher in their home environment than in other environments. Therefore, ecogenomics explains the adaptation of an animal in terms of
longstanding genomics adaptation to grow in a new environment (Ottesen, 2016). The balance between selection and other evolutionary forces (more specifically,
drift and migration) gives a clue for adaptation. The molecular mechanism to unravel the black box for environmental changes and phenotype adaptation is the primary
topic in ecogenomics. It gives the mechanistic causes of
phenotypic variation due to molecular adaptation including nucleotide variation in both DNA and RNA and
variation in the level of gene expression. The former
gives the clue for fitness variation, and incorporating
genomics tools may allow identification of the genes that
are actually evolving (Lee & Mitchell-Olds, 2006). Identifying the genes affected by evolution for a better (from
production point of view) and resistant (against climatic
changes, habitat extremities, diseases, etc.) species selection is the key objective of ecogenomics study. It is perceived that the ecogenomics study of non-model species,
reconciliation of experimental languages of ecology and
evolutionary biology with molecular biology, development of specific ecogenomics data analysis tool, and
adoption of a multidisciplinary cooperative research culture are the four important tasks for ecologists working
on ecogenomics (Ouborg & Vriezen, 2007). Therefore,
such ecogenomics studies on fish in large scale from
multi-habitats across the world could be helpful in identifying the fish variety naturally occurring with better
nutraceutical values.
Literatures on climate change issues are substantially
published in PubMed. Results of the literature survey on
ecogenomics studies indicate that researches on climate

Page 4 of 11

change issues have exclusively been studied, albeit most
are limited on vertebrates. The numbers of such literature, i.e., “ecogenomics in fish + climate change”, were
found to be very less, i.e., 392 articles out of > 27 × 103
total articles published on climate change issues. Articles
on ecogenomics combined with bioinformatics tools on
vertebrates are also very less and were ~ 40. And articles
on ecogenomics of invertebrates, which are more susceptible to risk under climatic stressors, were almost
most negligible, and results of the present study show
that it is nil in PubMed (Fig. 1a, b). Similarly, various
combinations searched in relation to ecogenomics in
edible fish and their conservation also resulted into all
total eight articles out of > 14 × 104 total articles on
marine organisms and 58,000 articles on marine aquatic
organism (Fig. 1c).
Issues with ecogenomics studies and their handling

High-speed urbanization and its consequences on climate changes that lead to conservation issues are two of
the biggest challenges faced by eco-physiologists and
conservationists (Paital & Chainy, 2012a, 2012b; Paital,
2016d, 2016f; Paital & Chainy, 2013a, 2013b). Increase
in the rate of urbanization and environmental pollution
have several harmful effects on human lifestyle, health
and disease management matters, social and food security issues, and ultimately climate change issues (Paital,
2016c). Multiple disturbances to a larger extent in different major food chains result in considerable modulations
in ecosystems. Since such processes continue in most of
the developing countries such as India, where, the rate
of anthroposition is high, they eventually attribute to
physiology of animals from time to time. Finally, results
also lead to large-scale destruction of the inhabiting organisms (Anonymous, 2017). Aquatic ecosystems are
more vulnerable to be affected by such climatic extremities (Fig. 2). For example, 2 years ago and recently,
large-scale die-off episodes of fishes were noticed on
regular interval 5 June 2016 at the Bata River, near Balijhara (20.5136926 N, 85.6629975 E), Odisha, India. More
than 500,000 fish carcasses were counted in the above
area after the event had happened. Following similar episode on 8th August, large-scale mortality of marine
fishes were recorded near Gopalpur port of Odisha,
India. And the contributing factors behind such disastrous fish mortality were identified as high
anthroposition-induced hypoxia in Bata River and pollution in Gopalpur case. Similarly, ~ 1,800,000 carcasses of
blue buttons appeared in Astaranga beach (19° 51′ 37.1″
N + 86° 13′ 30.3 ″ E) along the east coast of Bay of Bengal, India. Similar large-scale die-off events due to climatic changes have been noticed in different places
across the world (Paital & Rivera-Ingraham, 2016).
Therefore, restriction of sudden and huge changes in
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Fig. 1 Literature about ecogenomics in (edible) fish and invertebrates in relation to climate change in PubMed. a–c Figures show the search results
with specific terms. Least work has been done on (edible) fish and aquatic invertebrates in relation to their ecogenomics

biodiversity due to climatic changes such as global
warming and pollution are few of the challenging issues
for eco-physiologists (Harvell et al., 1999; Leaf, 1989; Epstein, 1999; Tollefson, 2012). In this context, conserving
the germplasm of both the susceptible and endangered
(aquatic) species must be under the keen focus of
researchers.
Results of the present study on literature survey in
PubMed indicate that a number of published articles on
climate change issues are high (Song et al., 2017) (Fig. 1).
However, articles on ecogenomics changes in organisms
under climatic stressor(s) are very scanty leading to less
information on this important issue (Laikre et al., 2016;
Petersen et al., 2016). Poikilotherms are under high risk
under the changing climatic conditions. This is because
of the lack of the regulatory capacity at cellular or subcellular level to climatic factors such as temperature and
salinity (Paital & Chainy, 2010, 2012b; Paital et al., 2016,

b; Paital et al., 2017, 2017; Paital & Samanta, 2013).
Therefore, it is highly recommended to focus the research on climatic issues especially changes in organisms
at genomics level (Shragai et al., 2017).
Conservation of aquatic germplasm including fish under
climatic stress conditions

Conservation of germplasm of endangered species has
now become one of the biggest challenges for biologists
working on ecogenomics (Paital & Chainy, 2012a; Luo et
al., 2016). Recent case of the death of Toughie, the
world’s last (believed to be) Rabbs’ fringe-limbed treefrog
in Georgia, USA, is a latest example. It shows the
symbol of the extinction crisis, when Toughie died at his
home Atlanta Botanical Garden (Handwerk, 2016). The
scenario is even worst in aquatic ecosystems including
marine ecosystems. In mid-January 2017, it is warned
that if the present rate of fossil fuel burning will not be
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Fig. 2 Possible correlation between climate change and epigenomics
in aquatic animals, for example fish, modulated by metabolism.
Climate change is responsible to increase the mean global temperature
which may lead to produce many unwanted metabolites such as
reactive oxygen species (ROS) in susceptible aquatic animals, for
example fish. Increase in single or multiple stressors such as pollutants,
temperature, and salinity can also be responsible to produce ROS via
diminishing antioxidant defense system (ADS) and mitochondrial
membrane potential (MMP). Persistent stressors above threshold values
in turn may increase epigenomics changes in animals by elevating
oxidative stress. Other vital processes such as decrease in ATP synthesis,
increasing the chance to disease susceptibility (DS), proteostasis (PS),
and protein misfolding (PM), in animals can lead to additional ROS
production, thereby disturbing heir physiology and shortening their
longevity. Due to multiple and consistent aquatic stressors, physiological
processes such as genomics instability, telomere shortening, and
mitochondrial dysfunction can also lead to elevate genomics instability
in aquatic animals which may ultimately decrease their longevity

checked and continue, it can lead to severe bleaching of
coral reefs and will hit about 99% of coral reefs bleaching in each upcoming year. Coral bleaching happens due
to hot environment that makes them uncomfortable. And
finally, it results in rejection of the mutualism between
algae zooxanthellae and corals, on which their live ultimately depends. It is calculated that about 90% of the Great
Barrier Reef of Australia has been affected by the latest episodes of climate change events and 20% of corals have
already been killed. As per the latest in silico analyses,
models predict even more urgency to avoid upcoming
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alarmed conditions for corals that are vulnerable to be
bleached. About 87 countries or territories home to >
500 km2 of reef. On average, these reefs are predicted to
experience very high-speed annual bleaching by 2043
because of making living corals vulnerable to starvation
and diseases. It ultimately can lead to a coral-free ocean,
one of the alarming predictions that may lead to worsen
oceanic ecosystems (Radford, 2016). This is just one of the
examples of large-scale die-off events, and dramatic
climatic changes are believed to be the most important
contributory factors to it (Leaf, 1989).
One of the cellular mechanisms that affect population
is believed to be the changes at their genomics level
(Laikre et al., 2016; Petersen et al., 2016). Finally, the
ecogenomics changes act as raw material for evolution.
Therefore, it is suggested that standing genetic variation
and new mutations, space-for-time substitutions, environmental gradients and phenotypic clines, and signatures of selection and gene expression are to be analyzed
using modern wet laboratory and in silico tools (Paital,
2016a, 2016e; Paital et al., 2011, 2013, 2015b). It is to be
done to quantify the magnitude and type of changes (especially genetic) in organisms as a function of climatic
changes. The data obtained can be helpful for the construction of biodiversity corridors and their implications
for conservation, helping in assisted migration, ex situ
conservation and creation of germplasm banks, in situ
conservation and protecting refugia, etc. Few such steps
can be taken to conserve the genome of threatened species (NECR081, 2016). However, man-made climatic
changes as a consequence of pollution can be also contributory factors for genomics and epigenetic changes that
finally affect the germplasm of inhabiting organisms.
Therefore, multiple approaches including ecogenomics
studies, being one of the most important of them, need to
be adapted to conserve the species both terrestrial and specifically aquatic that are moving slowly towards extinction
(Kroeker, 2016; Barlow et al., 2016; Cinner et al., 2016). For
example, the combination of the Great Barrier Reef of
Australia, frequent climatic disasters such as El Nino, and
permanent rise in atmospheric CO2 level to reach above
threshold values (> 400 ppm) and its impacts on other
aquatic organisms including fish needs timely appropriate
scientific approaches to be studied and handled (Paital et
al., 2016, b; 2017b; Cinner et al., 2016). Otherwise, the
current aquatic species susceptible to various insults may
undergo rapid extinction from the ecosystem. So, urgent
need of ecogenomics studies at evolutionary level is required to reveal their mechanism of extinction.
Ecogenomics and evolutionary studies for conservation
of organisms

One of the major key factors for evolution is the gradual
change in genome of an organism over time. The
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accumulation of such genetic changes in germ line of an
organism tends to originate a new survivor on the earth—the
so called new species. Undoubtedly, the process takes
millions of years to manifest (Gee & Howlett, 2009). On the
other hand, pollutants along with other factors have tremendous mutagenic roles. So, the survivors and those who
surpass the environmental extremities, for example, high
pollution, are expected to be affected at their germ line level
(Pagel, 2009) (Fig. 3). Does this process has any role in
further adaptation or vulnerability of the offsprings of the
survivors, should be the challenging question in eco-genetic
studies. Therefore, ecogenomics studies are accepted as few
of the highly demanding and emerging area of researches
(Shubin et al., 2009). Not only drawing correlation between
the transcript expression levels and the high environmental
fluctuations, in organisms, but also the point mutation or
any epigenetic changes should be correlated with climatic
changes especially under pollutant exposure. Population
ecology and population genetics need to be merged together
to highlight the effects of climatic changes on animals (Budd
& Telford, 2009). In this regard, least works have been done
on animals especially in invertebrates; those are susceptible
to climatic changes (Fig. 1, Additional file 1: Figure S1).
Approaches to solve ecogenomics and conservation issues

Although literature is very less on ecogenomics studies in
organisms and especially in poikilothermic models,
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preliminary works can be done using simple, freely available online tools. Genomics disorders as a result of climatic changes can be predicted by analyzing respective
protein disorders using both in silico simulation approaches, because annotation of the genome, transcriptome, and proteome data is now becoming easier, albeit
some particular challenging issues are to be dealt (Bolívar
et al., 2014). For example, using bioinformatics tools such
as DisEMBL, ExPASy, PONDR, GlobPlot, and NORSp, effects of temperature on protein disorder prediction, is a
milestone achieved to study eco-physiology (Mizianty et
al., 2011). Even metabolic signatures of an animal are
studied using recent advanced techniques such as mass,
Raman, and NMR spectrometries and microarray. Studying the site-specific modifications of proteins and genes
such as oxidation, alkylation, phosphorylation, and methylation can give potential clues to be correlated with genetic or epigenetic changes under fluctuated environmental
conditions (Misra & van der Hooft, 2016). Among wet laboratory approaches to study the ecogenomics of organisms, next-generation sequencing is considered to be one
of the most advanced technologies to reveal the genome
of organisms with a short time span under any experimental condition including under eco-stressors. However,
translation of the obtained data to annotate into accurate
DNA sequence(s) with the above technique is a limitation
and still is a challenging issue for molecular biologists

Fig. 3 Climatic factor can lead to genomics instability via physiological tissue-specific responses in aquatic organisms as a function of several
lively processes
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(Tongsima et al., 2011). It becomes more challenging during DNA assembly and annotation, when an unknown
genome of an organism is sequenced, although by much
improved computational biology and bioinformatics tools,
it is gradually becoming easier (Huang et al., 2016; Paital
et al., 2016, b; 2017, b, c).
To avoid such limitations, most of the current approaches should rely on the simulation of climate-change
parameters under laboratory conditions to study the effects
on physiology of aquatic organisms of fisheries’ importance
including fishes. Such simulation approaches also demand
the urgency to set up and carefully monitor the changes in
physiology and genomics of fishes under natural ecosystems. For example, such experimental approaches can be
undertaken in parallel with satellite-based analyses of water
parameters aiming to understand and predict large-scale
destruction events in aquatic bodies (Paital et al., 2016, b,
2017, b). Despite some limitations, ecogenomics certainly is
going to remove the issues exist in thrust areas of conservation biology and conventional conservation strategies as
stated recently (Luo et al., 2016). With these newer trends
in ecology and genome biology, researches have become
interested to conserve the flora and fauna of the earth by
several ecogenomics approaches (Luo et al., 2016; Laikre et
al., 2016; Ueno et al., 2016; Falcone et al., 2016; Gernot et
al., 2016) (Fig. 3). Therefore, marriage among ecology,
genomics, and computational biology may clear the path of
the conservationists to save the flora and fauna especially
that of fishes by ecogenomics approaches. Further, it will
also lead to the unraveling of several theories on the genetic
basis of adaptation among fishes under changes in climatic
conditions (Orr, 2015).

Conclusions
Fish flesh is a reasonably priced source of animal protein
as well as considered as a cheap source of nutraceuticals
such as PUFA, EPA, DHA, and TTX. However, the ratio
between demand and production is increasing day by day
especially in developing countries such as India. On the
other hand, changing climatic conditions is also found to
be a contributory factor to create challenges to reduce the
above ratio. Therefore, scientific planning, management,
and judicious use of fish and fisheries’ resources seem to
be important tasks for the present-day fishery biologist.
The above tasks are found to be fortified under the changing climatic conditions. Especially, study at the genome
level in various fish models as a function of climate
change may give clues for the better management.
Additional file
Additional file 1: Figure S1. Literature in PubMed about ecogenomics,
climate change, and conservation of animals especially aquatic animals.
Each figure shows the search results with specific terms. (DOC 847 kb)
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