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SPECIFIC REACTIONS OF PLANTS TO ABIOTIC STRESSES  
WITH PHYSIOLOGICAL BIOCHEMICAL AND  

MOLECULAR PERSPECTIVES 
 

Jelena Bošković114; Jelena Mladenović115; Vera Popović116; Vladica Ristić117; 
Aleksandar Stevanović118; Ljubica Šarčević-Teodosijević119 

 

Abstract 
 

Plant abiotic stress responses are vital yield restricting aspect in agriculture. Recent 
technology in plant biology allows research of such stress responses at a molecular 
scale in plants. Plants responses to abiotic stress are often considered as a complex 
process. Systems biology approaches allow visualizing and understanding how plant 
life works to overcome abiotic stress. These technologies have made noticeable 
contributions to the modern day improvements in our knowledge of plant biology. 
So, in this review, omics studies and the system biology approach towards abiotic 
stress tolerance in plants are highlighted. Therefore, the recent advances in biological 
sciences, such as transcriptomics, metabolomics, and proteomics, have assisted our 
understanding of the stress tolerant strategies adopted by plants, which could be 
further utilized to breed tolerant species. 
 
Key words: Abiotic stress, plants genomics, proteomics, transcriptomics, system biology. 

 
Introduction 

 
Abiotic stresses have always been a major concern for agronomic crops in terms of 
yield reduction. Plants are vulnerable to abiotic stresses, which include drought, 
salinity, and the accretion of heavy metals. The data have portrayed an alarming 
situation, with a crop yield reduction of 70% caused by abiotic stresses, which is 
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considered the major constraining factor to crop productivity (1, 2). Natural resources 
are diminishing, which poses a serious question to agriculture stakeholders: how can 
food demand be managed for a rapidly growing population? Plants are always at the 
verge of risk when grown under natural conditions and often encounter abiotic 
stresses. Under such conditions, plants have developed some strategies that they 
adopt according to the prevailing conditions. Some plants can escape, whilst others 
try to avoid the lethal effects of the stresses (3, 4). However, some plants adopt a 
tolerant mechanism. Nevertheless, among all the mentioned strategies, they have to 
lose a certain amount of yield, but the tolerant mechanism is somehow less destructive 
for plants in comparison to other adopted strategies. Scientists have revealed that this 
process is very complex and engages with multiple processes, such as extensive 
modifications to metabolic and biochemical levels, which lead to the alteration of 
morpho-physiological pathways [5]. Furthermore, some changes in transcription and 
translational processes have also been noted. The advantage here is it clubs based 
descriptive approaches based on data integration predictive approaches based 
computational simulation that helps biologists to retrieve information from data 
gathered with the multitude of omics technologies and synthesised network models 
and also to study their response and pattern of growth in a simple and predictive 
manner. This approach brings down differences between biological studies and 
integrates them with computer science, mathematics, physics and chemistry. 
However, the essence of this area of study is still under debate over it to be a 
multidimensional data analysis field or dynamic modelling technique. 
Plants are devoid of escaping as they are sessile and thus face the environmental 
condition as it is. Due to this, evolution has helped them to develop flexibility in their 
reaction to environmental stress caused by both abiotic as well as biotic factors like 
pathogen and pest attacks, sunlight/UV, drought, temperature, and nutritional stress. 
This flexibility refers to the genetic potential of the plant optimised for its survival in 
a wide range of environmental stress. Duplication events at the genome level in the 
past have led to the diversification of duplicated genes and pathways. Even such 
events and their analysis are not simple as they are complicated and the variable 
environment will elicit complex responses resulting from a different group of 
pathways and their components. This is also affected by the growth stage and the 
nutritional status of the system involved. Because of such complexities studying 
responses at the molecular level with the help of transcript and protein profiling is a 
difficult task to follow. Biological research has always been an integrative approach 
with the involvement of physiological, morphological, molecular, biochemical and 
genetic information pieces as seen in the case of plant breeding and ecological studies 
[4]. System biology studies have extended this practice to genome-scale, offering 
answers to complex issues by enabling virtual test and analysis and hypothesis testing 
[5]. The research at present is focused on to model stress response mechanisms of 
plants and to define their effect on many such different plant processes [6]. Recently 
these efforts are reinforced by an extensive range of software [7], made to develop an 
advanced and intuitive projection of the experimental data, and for designing 
networks and models that can allow users to generate new hypotheses for future 
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research. The principal needs for plant growth are carbon source, energy (light), water, 
and mineral nutrient. Abiotic stress is defined as physical environmental conditions 
that hamper the normal plant life processes, thereby reducing growth as well as yield 
below optimum levels. And the response of a plant to such stresses can be dynamic 
and complex (8; 9) as they can be both elastic (reversible) and plastic (irreversible). The 
effect of stress response faced by a plant depends on either the plant tissue or an organ 
as a whole. For example, transcriptional responses to stress in roots are specific, 
distinctive and are quite diverse depending on the stress involved (10). The level and 
duration of stress (acute vs chronic) also have a significant effect on the nature of the 
response (11; 12). Water stress or water deficit can inhibit plant growth by de- creasing 
water uptake by the expanding cells, as a result altering the enzymatic and rheological 
properties of the plant cell wall; for instance, by the activity of ROS (reactive oxygen 
species) on the enzyme of the cell wall. Rather than this, water stress also affects the 
interaction of cell wall components; calcium and pectate and ultimately reacts on cell 
wall non-enzymatically [13]. Furthermore, the activity of aquaporin and xylem 
embolism also affect the water conductance to the expanding cells [14]. The initial 
water stress primarily inhibits growth be- fore hampering the process of 
photosynthesis or respiration [15]. To study all these mechanisms, it is essential to 
know the process of abiotic stress response in plants. So, in this review, the different 
omics approach towards abiotic stress sponse in plants is elaborated along with the 
integrated system biological approaches which will help to understand the 
perspective towards abiotic stress response in plants. 

 
Genomic Study of Plants in Response to Abiotic Stress 

 
The changing environmental conditions lead to trigger an extensive range of abiotic 
stress responses in plants, which may affect growth inhibition due to changing of 
transport and metabolic processes. Among other stresses, ion im balance and 
hyperosmotic stress primarily influence by abiotic stress. Abiotic stress can increase 
the production and accumulation ROS, which was not at all good and may be 
detrimental to plants at higher concentrations and ultimately results in oxidative 
stress. This oxidative stress brings a significant imbalance in a cell compartment and 
leads to serious physiological challenges. Excess production of ROS causes damage to 
the biomolecules like proteins, carbohydrates, lipids, DNA and sometimes leading to 
apoptosis. Rather than this commencement of stress can also trigger some initial 
sensors (mostly unknown) which result into activation of the cytoplasmic Calcium 
ions and protein signal- ling pathways that show the way to physiological changes 
through stress-responsive gene expression. In case of both in vivo (greenhouse, field) 
and in vitro (tissue cultures) situation plant expose to different environmental stress 
such as water stress, osmotic and salinity stress, temperatures stress, wounding, light 
condtions, and atmospheric variables is of utmost importance. The plant response is 
unusual and complexed as it triggers and influences the integration of stress effects 
and responses at diverse underlying levels of organisation over space and time [16]. 
Under field conditions, these responses are often synergistically or antagonistically 
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affected by the superimposition of additional stresses. Mainly, drought and salinity 
are two major abiotic factors that draw up the boundaries of crop productivity [17]. 
To enhance crop productivity, it is important to recognise the mechanism of plant 
responses to environmental stress. All those abiotic stress in no way works alone and 
a complicated mechanism of diverse interacting environmental elements contributes 
at varying ranges to the general stress. The transduction pathways for osmotic and 
different environmental stress responses are probably to be very complex and could 
contain signal molecules which include ABA, cyclic nucleotides, and inositol 
polyphosphates. Thus, the best mechanism(s) by which plant life responds to drought 
or excessive salinity stays unresolved. Consequently, engineering genes that defend 
and preserve the character and shape of cell additives can enhance tolerance to stress. 
However, on the molecular level, the maximum of the modifications are probably the 
result of changes with inside the expression of genes. Therefore, it is critical to discover 
the applicable genes and represent their regulation in reaction to water and/ or 
salinity stress [18]. 

 
Gene expression in response to drought stress 

 
When plant exposed to drought, a large number of genes regulation were identified. 
To get the indepth knowledge about the specific function of these genes and their role 
in plant adaptation to water scarcity a broad range of tools, from gene expression 
patterns to the use of transgenic plants are being utilised. Many physiological 
parameters that structure out the plant adaptation to drought stress such as root size 
and depth, phenology, hydraulic conductivity and the storage of reserves are usually 
linked with structure and development of plant are more constitutive rather than 
stress induced. Rather than this tolerance to drought in plant largely lies in its ability 
to get rid of surplus radiation, concomitant stress under natural conditions. The 
physiological and molecular changes responsible for leaf photo protection mainaly 
those in relation to thermal dissipation, and oxidative stress is being actively re- 
searched. The results revealed that most of the drought-regulated genes are also 
responsive to light (KNAT3, KNAT4, SEN1, DIN9, DIN10, and ACP4) and/ or 
circadian rhythm (e.g., CCA1, WNK1, and FSD1), indicating towards the fact that 
drought might affect a plant’s light and circadian cycles and/or vice versa [19]. Rather 
than this, some drought-regulated genes are also responsible for multiple stresses and 
stimuli. For example, RD29B, COR47, and ERD14 have been identified to be both 
responsive to water deficiency and low-temperature stress; while RD20 and RD22 are 
identified as responsive to salinity and desiccation; VSP2 is suggested to be responsive 
to high temperature, oxidative stress, insect, aridness, salinity and wounding. It was 
reported that 67 genes that shown responses to all nine stress treatments (cold, osmotic 
stress, salt, drought, genotoxic stress, ultraviolet light, oxidative stress, wounding, and 
high temperature) [20]while RHL41 (At5g59820) only revealed responsive against 
salinity, wounding, heat, cold, oxidative stress, light stimulus and chitin. In recent 
times, emerging microarray technology has been used to discover stress-responsive 
genes in Arabidopsis [20]. To a certain extent, this technology has also been employed 
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to study soybean gene transcription under water stress in root and shoot (leaf) tissues 
at vegetative stage. For improvement of the stress tolerance of plants by gene transfer, 
mostly stress-inducible genes were used [21]. Even though hundreds of genes are 
identified to be involved in abiotic stress response only a few numbers of them have 
been well characterised [22], the functions of the remaining genes unclear and there 
are probably still more genes yet to be discovered. 

 
Gene expression in response to salinity stress 

 
There are numerous evidences illustrating the changes in the gene expression 
occurring in plants in the aftermath of exposure to salt. During the last decade, a large 
number of salt-responsive genes have been identified and analysed. Salinity tolerance 
exists in a broad range, from very high plants (Beta vulgaris) to ex- tremely low plants 
(Citrus spp.). Salt-tolerant genes were identified from salt tolerance species gives a 
direction to a better understanding of the mechanisms that differentiate them from 
their salt-sensitive counterparts. A number of different approaches have been 
undertaken to identify genes whose expression is influenced by salinity in plants. A 
plethora of techniques has been employed to identify and isolate genes whose 
expressions are influenced by salinity. Most of these experimental designs involve 
screening cDNA libraries that have been iso- lated from plants cells exposed to salt 
treatment. Differential screening with probes that are derived from mRNA isolated 
from salt-stressed and non-stressed plant tissue is one of the most successful methods 
used to isolate salt-responsive cDNA clones from these libraries. Nowadays, salt-
sensitive mutants of yeast used cDNAs encoding proteins increase the salt tolerance. 
According to Pulla and coworkers [23] reported that cDNA clone having an S-
adenosyl-L-methionine synthetase (SAMS) gene, called PgSAM (isolated from a 
commercial medicinal plant called Panax ginseng), gives the protection against 
different abiotic stresses. The prediction towards the encoding of a precursor protein 
of 307 amino acid residues may share high homology with a number of other plants 
SAMS [24]. There was a significant homology between the partial amino acid sequence 
of the protein and the nucleotide sequence of CSA with the mammalian glutathione 
peroxidase (GP). There was an increased level of ex- pression of Cit-SAP in NaCl 
treated cultured citrus cells as well as in citrus plants irrigated with saline water, its 
homology to GP point out to the possibility that salt stress may be increasing the 
production of free radicals. Another study in rice (Oryza sativa) using cDNA 
microarray including about 1700 independent cDNAs was carried out to recognise 
cold, drought, high salinity, and/or ABA inducible genes. This analysis identified a 
total of 73 genes as stress-inducible candidate genes of which 62, 57, 43 and 32 genes 
were induced by drought, high salinity, ABA and cold respectively. Out of these 73 
stress-inducible rice genes, 51 have already been reported in Arabidopsis with a 
similar function or a gene name. Transcriptome analysis also revealed novel stress 
inducible genes, suggesting some differences between Arabidopsis and rice in terms 
of their response to stress [25]. 
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Gene expression in response to nutrient stress 

 
Amount of nutrient and mineral present interfere with the regular plant growth and 
development. Therefore one of the crucial goals of the plant breeding is to achieve 
high nutrient potency. Transcription analysis and micro array studies of 6172 genes in 
shoots and roots of Arabidopsis performed to check with macronutrients (like 
Nitrogen and Phoshporus), and/or microelements (like iron or Zinc) associated with 
P depletion. It was reported that near about 30% of these genes (nearly 1835 genes) 
were shown up or down regulation by two folds or more during the first 72 h under 
Phosphorus deprivation. These genes show a broad range of functions. In roots system 
more number of genes show down regulation (296 genes were specifically inhibited 
and 141 specifically upregulated) where as in shoot system the reverse occurred (617 
down regulated and 488 upregulated genes) [26]. It’s significant to point out that an 
adaptative reprogramming undoubtedly desires the more of downregulated genes 
than upregulated genes. Expression and signal transduction pathways embody 
transcription factors, macromolecule kinases, and enzymes related to 
phosphoinositide metabolism [27]. For instance, a 104-kDa macromolecule, SAP 104 
(that accumulates in rice seedlings in response to several abiotic stress conditions) and 
immunological homologues of rice SAP 104 have been detected in many species both 
monocots and dicots. It might be projected that plants experiencing stress would 
require a strong protein turnover machinery that can degrade stress damaged and 
environmentally regulated proteins. 

 
Gene expression in response to heavy metal stress 

 
Despite the fact that much of the progress made in the analysis of gene expression 
done at the mRNA levels have shared a depth understanding of plant’s response to 
heavy metals, there are still many avenues to be discovered regarding the functional 
translated portions of a plant genome. A number of cellular regu latory proteins or 
signalling proteins participating in cell growth, apoptosis were targeted due to the 
carcinogenic effect of metals. Some factor was responsible for the expression of 
protective genes involved in DNA repair, powering immune system, restricting the 
proliferation of damaged cells, and inducing apoptosis [28]. Reported by many 
previous researchers most toxic stresses are due to heavy metal exposure that affects 
gene expression, through the modulation of genes such as NF-kB, AP-1, and p53 
activities. Plants under heavy metal stress respond via distinct mitogen activated 
protein kinase (MAPK) pathways, cellular signal- ling mechanisms in roots due to an 
increased level of copper and cadmium ions. For instance, it was seen in alfalfa 
(Medicago sativa) seedlings that the exposure to a higher amount of copper or cadmium 
ions activated four distinct MAPKs: SIMK, MMK2, MMK3, and SAMK were also 
reported [29]. Meta stress induces the formation of small metal-binding peptides 
called phytochelatins [30], they encode phytochelatin synthases and regulates the 
metal detoxification process in eukaryotes [31]. Phytochelatins also sequestered 
phytochelatin-metal complexes into the vacuoles to assist tolerance for heavy metal 
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stress. Tonoplast localized Abc2 transporter mediates phytochelatin by accumulation 
in vacuoles and the- reby confers cadmium tolerance [32]. Expression of the serine 
acetyltransferase (SAT) gene family in Arabidopsis thaliana was studied in response to 
exposure to heavy metal cadmium (Cd). Expression of all the SAT genes was 
upregulated at different levels by Cd treatment in the leaf lamella, trichomes, root and 
stem cortex [33]. 

 
Transcriptomics: A Key to Understanding Abiotic Stress  

Responses in Plants 
 
Transcriptome profiling study contributes to a transparent understanding of plant 
responses to abiotic stresses. Recently, transcriptome analysis aided by next-
generation sequencing (NGS), RNA-seq for sRNAs and their relevance in genomics 
research, have improved plant genomic resources [34]. Five thousand three hundred 
sixty-five variably expressed probe sets were identified. Alamo, a switch grass cultivar 
opened to heat stress, exploiting switch grass Affymetrix gene chips [35]. By analysing 
transcriptomes under heat stress, 16 common genes have been identified in four 
monocots; switch grass, rice, wheat and maise. As most of them were associated with 
protein refolding processes; they can be exploited as valuable biomarkers for 
identifying heat sensitive plant genotypes. Wakasa and coworkers worked on RNA 
sequencing-mediated expression profiling in the transgenic rice plants, produced as a 
result of homologous recombination, in which endogenous genomic OsIRE1 (ER 
stress sensor/transducer) was replaced by missense alleles that were defective in 
ribonuclease activity [36]. These results give direction towards mining valuable 
information about the ER stress response and the discovery of new ER stress-related 
genes. A comparison of plant faces under laboratory conditions and in the field are 
exposed to several types of stresses that claim agonistic or antagonistic responses or 
at the same time a number of potentially unrelated responses to a specific stress 
condition.  
Asimilar result was reported by Rasmussen and coworkers by comparing 
transcriptome changes in ten different Arabidopsis thaliana ecotypes under diverse 
stresses and their combinations [37]. This study revealed that a majority of the 
transcriptome changes i.e., 61%, in response to double stresses were not projected from 
the responses to the single stress treatments. In light of this research, researchers have 
outlined coexpression network modules responding to single as well as combined 
stresses. Studies on RNA-seq analysis of Chenopodium quinoa under four different 
water treatments (field capacity to drought) exhibited an overlap among drought 
stress tolerance and other similar abiotic stress mechanisms [38]. Kudapa and 
coworkers [39] employed several Sanger EST collections of chickpea, along with 
sequence data from two different Next Generation Sequencing platforms (Illumina 
and FLX/454) of chickpea, to produce an extensive transcriptome assembly (CaTA 
v2). Additionally, NIPGR (National Institute of Plant Genome Research, India) has 
developed the Chickpea Transcriptome Database (CTDB), which can provide 
comprehensive datasets and in- formation about the chickpea transcriptome. Apart 
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from NGS, another technique; subtractive cDNA suppression hybridisation (SSH) 
technology has proved to be very effective in transcriptomic studies in revealing stress 
responses [40]. Transcriptome sequencing of chrysanthemum plants under 
dehydration stress using the Illumina sequencing also cleared the understanding of 
the molecular mechanisms of dehydration stress responses [41]. Zhu and coworkers 
[42] employed a comparative microarray analysis approach to explore the 
transcriptome changes in cotton under five different abiotic stresses. Their study 
revealed the functional genes and also the stress-related pathways. This suggested an 
interaction of responsive genes or pathways towards multiple abiotic stresses in the 
cotton seedlings. Transcriptomic technolo- gies can be exploited to provide a deep 
understanding and unbiased representation of the transcript datasets, which is very 
crucial in non-model plants that lack genome sequence information [43]. However, 
the frequent inconsistency between protein levels and loads of cognate gene 
transcripts suggests the requirement of complementary analysis of the proteome for 
future validation of candidate genes and their pathways [44]. 

 
Proteomics: A Closer Look at Translatome  

Regulating Cellular Responses 
 
Basically, gen-Omics studies depend on transcriptome analysis over ever changing 
external conditions so as to explore transcripts that are differentially regulated, and 
sometimes it is hypothesised that changes in transcript levels might result in 
corresponding changes in macromolecule levels. However, it has been shown by 
many workers that macromolecule levels don’t usually essentially corresponds to 
messenger RNA levels [45; 46] Anderson and co-authors [47] reported that there is a 
very low level of correlation in quantity between mRNA and protein abundance. 
Protein level can be regulated by changing either the rate of synthesis, stability of the 
m RNA, or the stability of the protein itself [48]. The study of translatome is in 
reference to the pool of all RNAs that are present with ribosomes purified using an 
affinity tag. Study of the translatome or proteome can confirm the presence as well as 
gives a direct measure of the quantity present. Proteins are the functional entities or 
translated portion of the genome that play a crucial role in plant stress response. It 
allows us to understand the pro- tein networks and metabolic pathways involved in 
stress tolerance mechanism. Identification of a master regulator protein that plays a 
key role in the abiotic stress response pathway is of utmost importance for developing 
or modelling a genetically engineered crop so as to allow us to understand stress 
response. Halbeisen co-authors [49] analysed the transcriptome along with the 
translatome in yeast cells which were exposed to different stresses, to study the 
discrepancy between transcripts and the protein levels. Their analysis suggested that 
transcriptome and translatome show a strong coordinated response, particularly 
under severe stress. In A. thaliana, an investigation was undertaken to study the trans- 
lational regulation under control and sublethal hypoxia stress conditions by precise 
mapping of ribosome footprints (RFs) on mRNAs, the results showed that there was 
nearly 100-fold variation in the efficiency of translation of the mRNAs under each 
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condition. Such studies have illuminated scientific research about the peculiarity of 
posttranscriptional and translational regulation controlled by a lower level of external 
stress [50]. Translational efficiency of individual mRNAs of A. thaliana seedling after 
exposure to temperature stress was studied by Yanguez co-authors [51] using genome 
wide analysis and they concluded that translation exerts a wide regulation on gene 
expression. Unlike some mRNAs where the translation is severely re- pressed, 
translation of homeostasis and also stress-related mRNAs do follow a differential 
pattern. Their work established that mRNAs with specific characte- ristic features, 
such low 5-UTR G + C content and small cDNA length, are translated preferentially. 
Proteomics have been extensively employed by researchers to solve the problem of 
heavy metal stress. Brassica juncea L. roots, under Cd stress, overexpress sulfite 
reductase and O-acetyl serine sulfhydrylase proteins because of the reduction of 
sulfate to its cysteine form [52]. Proteomics study involving leaf mesophyll tonoplast 
of Hordeum vulgare L, revealed an MRP like ABC transporter along with two novel 
CAX transporters (CAX1a and CAX5), indicating Cd2+ transport into the vacuole [53]. 
Additionally, in Glycine max L. leaf samples, the abundance of both Hsp70 as well as 
peroxiredoxin were reported [54] and up-regulation of Cd− chelating pathways 
proteins were re- ported in different plant species viz. A. thaliana, G. max and Linumus 
itatissi- mum,. [55] [56] [57] [58]. Similar work has also been carried out in Lupinus albus 
roots with B deficiency, where proteins that are involved in cell division or metabolic 
processes were down-regulated [59]. Increased expression of proteins involved in 
ROS detoxification, defence responses, photosynthesis and chlorop- last organisation 
were reported in Zea mays under Cr stress [60]. 

 
Metabolomics: Pinning Down the Stress-Responsive Pathways 

 
In recent years, metabolOmics provided a new horizon to plant stress related studies 
and has become an indispensable tool in deciphering the molecular mechanisms 
underlying stress responses [61]. Exposure to stresses makes the plant metabolism to 
undergo reconfiguration to maintain the metabolic homeostasis and generation of 
compounds that face the stress. In light of recent developments, like metabolOmics 
and systems biology approaches, detailed information about the crucial components 
of metabolic pathways have been obtained. Metabolomic studies of A. thaliana plants 
studied under drought stress has revealed that the accumulation of different 
metabolites, such as amino acids such as gamma amino butyrate (GABA), proline, 
tricarboxylic acid (TCA) cycle metabolites and raffinose family oligosaccharides, and 
which are known to be pro- duced in response to drought stress in plants [62]. ABA-
dependent transcriptional regulation which is responsible for activation of many 
stress-related metabolic pathways, have been reported using mutant and 
transcriptomic approach [62]. Metabolite profiling has revealed a temporal distinction 
in A. thaliana leaves when subjected to mild osmotic stress [63]. Correlating with the 
tran- scriptional response matured leaves expressed typical drought-responsive genes 
like proline, erythritol and putrecine that gradually decreased in expanding leaves 
[64]. The same was observed in metabolic studies that pointed out the va- riable 
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response and degrees of desiccation of plant metabolism temporally. As expected, 
amino acid metabolism showed that most of the amino acids accumu- lated in severely 
desiccated leaves as compared to mildly desiccated leaves. 
Metabolite profiling done in maise and wheat when exposed to water stress conditions 
suggested a common change in the levels of metabolites like branched-chain amino 
acids (BCAAs) [65]. Verslues and Juenger [66] reported an important role of metabolic 
regulation that pointed out the regulation of photosynthesis and accumulation of 
osmolytes as a drought stress response in A. thaliana. Caldana and co-workers [67] 
analysed transcriptome and metabolome profiling of A. thaliana subjecting it to eight 
different environmental conditions. Metabolic response under high light displayed an 
accumulation of photorespiratory intermediates like glycine and glycolate in the early 
phase. Interestingly, they have also reported similar responses during the midphase 
of high light stress and low-temperature treatments, including accumulation of 
fructose, phenylalanine and shikimate, and a decrease in succinate. However, the 
physiological basis of such overlapped responses is currently not well understood. 
Kusano and co-workers [68] analysed the effect of UV light on A. thaliana metabolism 
and reported a biphasic response. In the early phase of stress, major changes in levels 
of primary metabolites, including ascorbate derivatives, were seen. Classically 
defined UV-B protectants, such as flavonoids and phenolics, showed mid- to late-term 
responses. Cell priming upon early exposure to UV-B involving reprogramming of 
the metabolism can be suggested for efficient diver sion of carbon towards aromatic 
amino acid precursors of the phenyl propanoid pathway [69]. Metabolite profiling 
done in A. thaliana leaves has helped in explaining the metabolic basis of darkness 
induced senescence and the function of mitochon- drial alternative; electron transport 
pathway under dark treatment [70]. In other metabolite profiling studies, an increase 
in BCAAs, i.e. leucine, valine, isoleucine, and other amino acids sharing synthetic 
pathways with BCAAs i.e. thre nine, lysine and methionine were reported under 
abiotic stress conditions [71]. The authors have suggested BCAAs function to be as 
compatible osmolytes since drought stress leads to an increase in accumulation of 
BCAAs in the plant tissues. Interestingly, protein degradation also serves as an 
alternative respiratory substrate for plants under stress [72]. All of these techniques 
have greatly in- creased our understanding related to candidate genes, proteins and 
their path- ways playing major roles in plant stress responses but there is still a long 
arena to be explored. More recently, researchers have tried to combine either two or 
all three Omics approaches to have a holistic view of stress responses [73]. Zeng and 
co-workers [74] have combined these Omics approaches to study the alka- loid 
biosynthesis in Macleaya sp. Phosphate-deficient studies in A. thaliana roots done by 
Lan coworkers [75] showed multiple levels of gene regulation thereby suggesting 
integrated measurement, interpretation of changes in protein and transcript is 
sufficient for generating a complete package of the components critical for stress 
responses. 
A data warehouse of maise; OPTIMAS-DW has been developed by Colmsee and co-
workers [76]. It is capable of handling various data domains, integrates data from 
these domains (such as metabolomics, ionomics, transcriptomics, proteomics, 
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phenomics) and enables the user to explore different systems biolo- gy questions. 
Amiour and coworkers [77] studied the potential use of ‘Omics’ studies for a better 
understanding of whole-plant nitrogen. Srivastava and co-workers [78] put forward a 
data evaluation strategy to derive an efficient way of compiling complex and multi-
platform datasets to obtain major biological information in transgenic Populus plants 
harbouring superoxide dismutase gene. It provided system-level information on the 
responses to oxidative stress and ROS metabolism. 

 
Systems Biology Approach towards Abiotic Stress Response in Plants 

 
Co-expression analyses identifying regulatory hubs 

 
Investigation of co-expression of candidate genes utilising online, analytical scientific 
instruments, like ATTED-II [79], is a significant utilisation of transcriptomics data. For 
knowing consistency ties and finding major genes, this methodology is extremely 
stimulating. MYB transcription factors managing glucosinolate biosynthesis in 
Arabidopsis were identified by Hirai and co-authors [80] owing to S and N deficiency 
approach of metabolomics and transcriptomics. In glucosinolate digestion, genes and 
also the metabolites were discov- ered to be coordinately controlled [81]. A quality co-
articulation network investigation of 1094 microarrays of Arabidopsis was conducted 
by Mao and co-authors using a non-target methodology and recognised 382 modules 
[82]. 
Photosynthesis, protein unity and response to oxidative stress were three primary 
components with the most hubs. Using the InferGene software programme, Carrera 
and coworkers [83] analysed the Arabidopsis genome to de- velop a regulatory model 
for it. Ten numbers of genes, including KAN3 (auxin), MYB29 (gibberellin), MYB121 
(abscisic acid), ERF1 (ethylene) and ANAC0366 (stress response TFs), were projected 
as the most relevant expressed genes in the Arabidopsis genome. While researching the 
drought response, Lorenz and co- workers [84] found a number of hubs in 
transcriptional units of loblolly pine roots. An inositol transporter gene thioredoxin, a 
cardiolipin synthase or phosphatidyl transferase gene, 9-cis-expoxycarotenoid 
dioxygenase gene, SnRK2 kinase gene and zeatin O-glucosyltransferase gene have 
been the highly marked and ranked hubs established [84]. The key regulators of the 
pathway of phospholipid metabolism, the signalling pathway of ABA biosynthesis 
and the path- way of cytokine metabolism are all these genes. The coexpression 
analysis was examined by Weston and coworkers [85] to find a way to identify six 
abiotic stress reaction modules in Arabidopsis, including Calcium signal transduction 
genes and ankyrin-repeat protein genes. Using this approach and analysis, tests were 
conducted to investigate the response of heat and light on various plant species and 
evidence were reported involving heat shock proteins, heat tolerance, ROS, 
photosynthesis and metabolism of oligosaccharides [86].  In addition, auxin was also 
found to interact with the ABA thus raising the plant’s ABA sensitivity (90). 
Polymerase silencing (ADP-ribose) improved the greater threshold to light stress in 
Arabidopsis [91]. Reduced oxidative stress and enhanced energy use efficiency were 
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part of the increased abiotic stress tolerance [92]. Kusano and co-authors [93] 
conducted a time series experiment utlising both metabolomics as well as 
transcriptomics analyses on the effects of Ultraviolet-B light on Arabidopsis. They 
found that plants responded in two stages by upregulating primary metabolites 
during the first stage and by producing secondary defensive metabolites, in phenolics, 
in the second phase. Phenolic induction corresponded to transcripts that were 
participating in the phenylpropanoid pathway. However, the primary metabolism 
transcripts were less stable, showing that some mechanisms could regulate this 
pathway [94]. 

 
Integration of Omic Approach 

 
The integration of transcript analysis and metabolite profiling has accomplished some 
convergence of methods; it could be most easily documented in this way to represent 
the reasoning of those downstream effects of changed transcription [95]. The 
increasing focus on metabolomics research is evident in the generation of metabolite 
detectors and repositories that integrate metabolite profiling and transcript profiling 
[96]. The lack of information on metabolomic flux parameters [97], that could be 
mitigated by the use of new powerful tools and procedures for imaging of NMR, 
which is a known weakness at present [97]. Experiments should have based on the 
performance of protein molecules or groups of proteins [98]. Specific profiling 
frameworks can bring together information on processes dependent on abiotic stress 
that must be fit into a plant-wide stress repository by bioinformatics to create novel 
phenotypes and also allows the exporting of this information to crop species. The 
genetic reaction of plants to abiotic stresses is usually described as a dynamic process 
based on the regulation of stress-related gene transcription. Recent results have, 
however, pointed towards new layers of complexity and regulation. In the plants 
exposed to abiotic stress, upstream biochemical molecules are responsible for the 
regulation of schedules and quantities of particular stress responses. The actual 
transcriptome that promotes the stress response is defined through post-
transcriptional mechanisms compared to RNA processing, alternative splicing, as well 
as RNA silencing [98]. Many posttranslational adjustments like sumoylation and 
ubiquitination control the triggering of previously molecules existing outside 
regulatory proteins to maintain a rapid stress response. Besides that, there has been a 
bridge between these mechanisms that clearly demonstrates additional and overlaid 
levels of complexity in response to the environmental conditions. The system of 
posttranscriptional and posttranslational changes maintains downstream stress-
related gene expression that are temporally and spatially appropriate. 
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Future Perspectives studies 

 
In this review paper, the genomic studies, transcriptomic studies, proteomics studies 
as well as the metabolomics studies of plants in response to abiotic stress were dis 
cussed. Systems biology of plant stress responses calls for a massive quantity of 
genome statistics for the microarray research from samples mainly in diverse stress 
conditions. Methods like nuclear magnetic resonance and mass spectroscopy need to 
be advanced in addition to identifying a larger quantity of proteins as well as 
metabolites in plant samples. Computational strategies to make strong models that 
capture the complexities of plant biological processes also are required. In this review, 
the systems biology approach along with the integration of omic approach towards 
abiotic stress response in plants was also discussed. The aggregate of data integration 
and modelling can also additionally assist in making the digital plant grow to be a 
reality. The capacity to perform in silico experiments in such a plant will revolutionize 
the study of plant systems biology. The linkage of key regulatory locations or genes 
to its phenotypic tendencies will permit for fast development in genetic manipulation 
in crop plants. Omics research has accrued many statistics at transcript, protein and 
metabolite levels to understand the survival potential of plants in abiotic stress.  
Climate change and agriculture productivity are directly linked. It is the leading cause 
of several environmental stresses, including drought, salinity, and metal toxicity in 
soil and the environment. An increase in these environmental stresses is a major global 
concern for crop productivity and food security. The deleterious effects of these 
environmental stresses hamper plant physiological, biochemical, and molecular 
mechanisms, including ROS scavenging, metabolic energy supply, signal 
transduction, redox homeostasis, glycolysis, and the biosynthesis of carbohydrates 
and nucleotides. Moreover, increased intrusions have led to environmental 
contamination with a toxic concentration of heavy metals/metalloids. Furthermore, 
the uptake of these toxic metals/metalloids leads to their enhanced accumulation in 
food, which causes serious health problems in human beings. These emerging threats 
are devastating for global crop production; thus, a comprehensive understanding of 
the biological processes is required to cope with toxic metals/metalloid toxicity in the 
emerging technological era, and it is important to develop climate-smart plants that 
are adaptive to extreme environments. 
In plants, the stress tolerance pattern against abiotic stress is more complex to develop 
and engineer as compared to biotic stress due to the involvement of various signaling 
pathways. Therefore, the expression of a gene(s), with the combination of some 
proteins and metabolites, is preeminent concerning the signaling and regulatory 
pathways that are involved in stress tolerance. Stakeholders are continuously working 
to improve the genetic structure of plants and achieve significant progress; however, 
the complexities of the various mechanisms that are involved in stress tolerance 
capabilities are still under examination. With the technological advancements in 
operating tools and omics approaches, scientists are systematizing genetic codes into 
improved combinations that will be more effective against abiotic stresses. Therefore, 
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more studies should be carried out by adopting the multidisciplinary approaches of 
omics technology, i.e., transcriptomics, metabolomics, and proteomics, to modify 
important cash crops against the future threats of abiotic stresses. 
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