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Introduction
Plants have evolved complex molecular mechanisms by which they 

adapt and tolerate these adverse conditions. When they perceive stress 
conditions, plant cells reprogram their cellular processes by triggering a 
network of signalling events leading to changes in gene expression and 
eventually altered cellular response. Exposure of plants to unfavourable 
environmental conditions such as extreme temperature, heavy metals, 
drought, water availability, air pollutants, nutrient deficiency or salt 
stress can increase the production of ROS [1]. To protect themselves 
against these toxic oxygen intermediates, plant cells and cell organelles 
like chloroplast, mitochondria and peroxisomes employ antioxidant 
defence systems. A great contract of research has established that 
the induction of the cellular antioxidant machinery is important for 
protection against plant stresses. The components of antioxidant 
defence system are enzymatic and non-enzymatic. Enzymatic include 
SOD, CAT, APX, MDHAR, DHAR and GR and non-enzymatic are 
GSH, ascorbic acid, carotenoids and tocopherols. The above said 
antioxidants found in almost all cellular compartments, demonstrating 
the importance of ROS detoxification for cellular survival [2].

The finding of the ascorbate-glutathione pathway genes in almost 
all cellular compartments as well as the high affinity of APX for H2O2 
plays a crucial role in controlling the level of reactive oxygen species in 
these compartments. Plants acclimate to stresses by triggering a cascade 
or network of events that starts with stress perception and ends with 
the expression of a series of target genes. The key components of the 
stress response association are illustrated. These are stress stimulus, 
signals, transducers, transcription regulators, target genes, and stress 
responses, including morphological, biochemical, and physiological 
changes. Cis-acting regulatory elements (CARE) are key switches for 
the transcriptional regulation of a dynamic network of gene expression 
controlling different biological processes, including abiotic stress 
responses, hormone responses and developmental processes. Especially, 
understanding regulatory gene networks in stress response cascades 
depends on victorious functional analyses of  cis acting elements. 
The ever-improving accuracy of transcriptome expression profiling 
has led to the identification of various stresses responsive. CARE in 
the promoter regions of stress-inducible genes involved in stress and 

hormone responses. Different transcription factors interact with CARE 
in promoter regions and make a transcriptional initiation complex on 
the TATA box core promoter upstream of the transcriptional initiation 
sites [3]. In this process, different interactions between CARE and 
transcription factors function as molecular switches for transcription 
to determine transcription initiation events. The roles of CAREs play 
in transcription are well defined in higher plants, and these include 
core promoter elements, enhancers, silencers and insulator sequences. 
The core promoter motifs are located ~35 bp, either upstream region 
of the transcription start site and include TATA box or initiator [4]. 
Plant stress signals activate transcription factors by induction of genes, 
proteins activation by phosphorylation, and proteins degradation via 
proteasome. We consider that it is potential to determine CAREs in the 
stress responsive promoters to understand the molecular switches of 
stress inducible genes which are binding sites for transcription factor 
located in the promoter regions of genes are the functional elements 
that determine the timing and location of transcriptional activity. Long 
year, wide promoter analyses have identified a large number of which 
are major molecular switches involved in the transcriptional regulation 
of a dynamic network of gene activities controlling many biological 
activity and plant stress response [5]. CARE also involved in the 
dehydration, salinity, heat, cold and ABA responsive transcription of 
APX, SOD, MDHAR, DHAR, and GR genes [6]. As well acknowledged, 
regulation of gene expression includes a broad range of mechanisms 
that are used by cells to enhance or reduce the construction of specific 
gene products is informally termed gene regulation. 
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Abstract
CAREs play an important role in plant stress tolerance by interacting with transcription factors and controlling the 

expression of many stress related potential genes. Recognition of promoters and their regulatory elements is one of the 
crucial challenges in biotechnology. In this study, we examine cis acting regulatory element in 5’ upstream regions (~1 kb) 
of Asc-Glu pathway genes such as SOD, APX, MDHAR, DHAR, and GR. The evolutionary relationships amongst these 
sequences were deciphered using MEGA v. 6.0. The promoter region these genes contain various cis acting regulatory 
elements such as MBS, DRE/C repeat, W box, HSE, TCA element, LTR, ABRE box, ARE box, Wun and DRE that 
have significant role in stress tolerance Asc-Glu promoter sequences analysis revealed their specific responsiveness or 
overlapping in various environment stress and significantly contribute toward plant growth and development. 
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The present study was aimed to examine to in silico 
analysis of promoters of (APX), superoxide dismutase (SOD), 
monodehydroascorbate reductase (MDHAR), dehydroascorbate 
reductase (DHAR), and glutathione peroxidase (GR) sequences present 
up to 1000 bp upstream region and evolutionary relationship of major 
ascorbate glutathione pathway genes of Oryza sativa in involve plant 
defence responses against plant stress tolerance.

Materials and Methods
Database search 

The sequences of rice genes that are involved in the ascorbate-
glutathione pathway such as Ascorbate peroxidise (APX), 
Monodehydroascorbate reductase (MDHAR), Dehydroascorbate 
reductase (DHAR), Super oxide dismutase (SOD) and Glutathione 
reductase (GR) and their upstream regions were retrieved from NCBI 
databases (http://www.ncbi.nlm.nih.gov). 

Identification of 5’ regulatory region of antioxidant genes 
involved in ascorbate glutathione pathway in rice genome

All the upstream nucleotide sequences and coding domain 

sequences concerned in plant stress defences mechanism were 
confirmed against the Oryza sativa genome using Basic local alignment 
Tool (http://blast.ncbinlm.gov/blast/cgi). Locus link was used to 
identify genomic sequences of 1 kbp extending 5’ from the translation 
start site of each antioxidant gene family involved in plant stress defence 
mechanism. These sequences were used for the computational analysis.

Cis acting regulatory element analysis (CAREs)

1.0 kbp of 5’ upstream region of each antioxidant gene family 
involved in plant stress defence mechanism in rice were scanned for 
the presence of putative cis-regulatory element with registered in Plant 
CARE (http://bioinformatics.psb.ugent-be/webtools/plantcare/html/) 
and PLACE (http://www.dna.affrc.go.jp/PLACE/signalscan.html) 
tools. The details of sources of the upstream sequences of antioxidant 
protein/ enzymes encoding genes in Oryza Sativa are given in Table 1.

Evolutionary relationship analysis

For evolutionary relationship, maximum parsimony trees for all five 
protein sequences were created using Molecular Evolutionary Genetics 
Analysis Version 6.0. The relationships between adjacent nodes were 
based on bootstrap support from 5000 replicates. The number indicated 
percentages against each node.

In vitro analysis 

Plant leaves were collected and treated with sterile solutions of 5.2 
mM Methyl Viologen (MV), 5.2 mM H2O2, 5.2 mM ethephon (ET) and 
5.2 mM salicylic acid (SA), for 12 h. Each treatment was performed 
in triplicate. Total cellular extracts were prepared at 4 oC, and used in 
activity assays. The activities of APX, GR and SOD were determined 
through spectrophotometer. 

Results
Genomic sequences of 1.0 kbp upstream from the translational 

start site of individual gene as indicated by start of the coding region 
were used in the promoter prediction software to identify the presence 
of several plant stress responsive CAREs. A total of 21 nucleotide 
sequences of all five genes of Oryza sativa were studied for upstream 
analysis. These genes were analyzed to understand the regulation 
of above genes in response to drought, cold, salinity, heat, and plant 
pathogen interaction (Table 2). An extensive search of the CARE 
and their positions was done by PlantCARE tools and PLACE which 
identified stress responsive CARE motifs in upstream region of Oryza 
sativa. These motifs are potential molecular switches for transcriptional 
regulation of a dynamic network of gene activities controlling different 
stress tolerances (Table 3).

S.No Accession number Gene Chr Upstream Position
1 Os07g0694700 OsAPX2 7 30242486-30244486
2 Os04g0434800 OsAPX7 4 21643400-21645400
3 Os02g0553200 OsAPX8 2 21724632-21726632
4 Os08g0549100 OsAPX4 3 9892281-9894281
5 Os04g0223300 OsAPX3 4 8230030-8232030
6 Os03g0285700 OsAPX1 3 9895065-9897065
7 Os12g0178200 OsAPX5 12 30244443-30246443
8 Os08g0557600 MDHAR1 8 27987348-27989348
9 Os09g0567300 MDHAR2 9 23478010-23480010

10 Os05g0116100 DHAR 1 5 853556-855556
11 Os05g0116100 DHAR 2 5 853556-855556
12 Os05g0323900 MNSOD 1 5 15026945-15028945
13 Os05g0323900 MNSOD 1 3 13234205-13236205
14 Os03g0351500 Cu/Zn SOD1 3 13233403-13236503
15 Os08g0561700 Cu/Zn SOD2 8 28220474..28223510
16 Os07g0665200 Cu/Zn SOD4 7 28735747-28737763
17 Os03g0412300 Cu/Zn SOD 5 3 17682881-17685194
18 Os04g0573200 Cu/Zn SOD 3 4 29272920-29277349
19 Os06g0143000 Fe SOD 6 2257406-2259406
20 Os10g0415300 GR1 10 3519523-3521523
21 Os02g0813500 GR 2 2 3408219-3410219

Table 1: Gene identified for upstream analysis with their accession number and 
upstream positions on their chromosome.

Cis element Motif Function APX MDAR DHAR GR SOD
ABRE TACGTG ABA responsiveness 5 9 1 4 8
ARE TGGTTT anaerobic induction 13 2 0 5 11
BOX-W1 TTGACC Fungal elicitor-responsive element 12 2 2 9 5
C-repeat/
DRE TACCGACAT dehydration, low-temp and salt stresses 1 2 5 0 5

HSE AAAAAATTTC Heat stress responsiveness 3 0 3 3 12
LTR CCGAAA Low-temperature responsiveness 5 0 1 1 5
MBS CGGTCA MYB binding site drought-inducibility 17 1 2 11 22
TC-rich repeats ATTCTCTAAC Defence and stress responsiveness 7 2 3 0 11
TCA-element TCAGAAGAGG Involved in salicylic acid responsiveness 2 1 2 4 9
WUN Motif TCATTACGAA Wound-responsive element 4 5 8 6 7

Table 2: Names of the identified cis-acting elements and their predicted functions, the selected    cis-acting regulatory elements were common for the majority of analyzed 
ascorbate glutathione gene 5’ regulatory regions.

http://www.ncbi.nlm.nih.gov
http://blast.ncbinlm.gov/blast/cgi
http://www.dna.affrc.go.jp/PLACE/signalscan.html
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CAREs analysis

A total of ten CARE labelled as ARE, ABRE, DRE/ C, BOX W1, 
MBS, HSE, LTR, TC rich, TCA element and WUN BOX were observed 
in all five genes when subjected to PLANTCARE. These all 10 cis 
acting regulatory element those are associated with plant development, 
hormonal regulation and stress response were identified upstream of the 
ascorbate glutathione pathway genes families in Oryza sativa. The names 
of the identified CAREs and their predicted function are given in Table 
3, and their frequencies of occurrence are summarized in Figure 1A. 

ARE essential for the anaerobic induction was most commonly 
observed in all upstream regions of all five genes respectively. ABRE 
cis-acting element involved in the abscisic acid responsiveness was 
most commonly observed with high frequencies in all upstream 
regions of all five genes which is functionally related to abiotic stress-
inducible gene expression. Here we found great diversity in sequences 
(GCCACGTACA /CGTACGTGCA /CCGCCGCGCT /CACGTG /
TACGGTC /ACGTGGC /ACACGTGGC /GGACACGTGGC). ABA 
plays important roles in adapting vegetative tissues to abiotic stresses 
such as drought and high salinity, as well as in seed maturation and 
dormancy. These also regulates the expression of many genes that might 
function in dehydration tolerance in both vegetative tissues and seeds 
with also ABA-dependent /independent gene expression, respectively, 
in osmotic and cold stress responses. Here we found ABA Box present 
in high frequencies in all five genes and regulatory networks of gene 
expression and their cascades during osmotic drought and cold stress 
responses. 

Drought and high salinity cause plants to produce high levels of 
ABA. However, exogenous application of ABA also induces a number 
of genes that respond to dehydration and cold stress. DRE / C repeat 
(dehydration responsive element/ CRT) was mostly observed in high 
frequency of all upstream present 1000 BP (5’ UTR) of all five gene 
sequences. These are functionally related to cold inducible promoters, 
dehydration response, and salinity. TGGCCGAC was found in their 
promoter regions between – 51 to – 550 as a consensus. In addition, 
expression of the DREB /CBF genes is induced by cold stress. However, 
drought and high salt tolerance induces expression of the DREB2 
genes. Both DREB1/CBF and DREB2 proteins bind to DRE, but DREB 
/ C repeat are thought to function in cold-responsive gene expression, 
whereas DREB are involved in drought-responsive gene expression. This 

result indicates that cross-talk between drought, low temperature and 
cold-responsive gene expression occurs on a CAREs DRE and might 
be function DRE/C repeat is a major CAREs in ABA-independent 
gene expression during stress conditions. These transcription factors 
regulate expression of more downstream genes through other cis-acting 
elements. 

Box- W1- fungal elicitor responsive element (TTGACC) most 
frequently found in high frequency in all upstream region of APX, 
MDHAR, and DHAR and low frequency in SOD and GR. This cis 

Name of the cis element Sequence of cis element Function assigned

Stress/Condition specific

TC-rich repeats ATTTTCTTCA Cis-acting element involved in defence and stress responsiveness
MBS TAACTG/ CAACTG/ CGGTCA Myb binding site involved in drought-inducibility
HSE AAAAAATTTC Cis-acting element involved in heat stress responsiveness
ARE TGGTTT Cis-acting regulatory element essential for the anaerobic induction

C-repeat/DRE TGGCCGAC/ TACCGACAT Regulatory element involved in cold- and dehydration-responsiveness
LTR CCGAAA Cis-acting element involved in low-temperature responsiveness

Component Specific

ABRE
TACGTG/ GCCACGTACA /CGTACGTGCA /

CCGCCGCGCT /CACGTG /ACGTGGC /
ACACGTGGC /GGACACGTGGC

Cis-acting element involved in the abscisic acid responsiveness

WUN-motif AAATTTCCT Wound-responsive element
TCA-element TCAGAAGAGG Cis-acting element involved in salicylic acid responsiveness

Elicitor Specific

W Box TTGACC Fungal elicitor responsive element

Table 3: Important cis regulatory elements found in upstream sequences with their functional description, according to their putative function retrieved from PlantCARE 
and PLACE.

Figure 1: A. Frequency of Cis regulatory elements identified in upstream of 
ascorbate glutathione pathway genes in Oryza sativa. B. Neighbour profile of 
stress responsive cis acting regulatory elements in 5’ regulatory regions of 
ascorbate glutathione genes family of rice.
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acting regulatory element has functionally an important binding site 
for WRKY family transcription factors and play important role in 
transcriptional activation by auxin, salicylic acid and light.

MBS boxes were observed in very high frequency in upstream region 
of all five gene sequences of Oryza sativa genome which functionally 
is related to MYB binding site involved in drought-inducibility. Here 
we also observed some diversity in this element (CGGTCA/TAACTG/
CAACTG). HSE (AAAAAATTTC) CAREs involved in heat stress 
responsiveness were mostly observed in upstream of APX, GR and 
SOD gene sequence but not observed in MDHAR and DHAR. This heat 
specific CAREs are AT rich, which functionally respond to elevated 
temperatures and regulate the expression levels that minimize damage 
and ensure protection of cellular homeostasis and expression levels of 
high light response. Low temperature responsive elements (LTR) were 
also observed with very low frequencies in upstream of all five gene 
sequences which functionally involved in condition specific heat stress 
and also with hexamer (CCGAAA) signature. TC rich boxes were also 
observed in all upstream regions of all five gene sequences as common 
frequency which functionally CAREs involved in defence and stress 
responsiveness. TCA elements were observed in all upstream position 

of all five gene sequences in lower frequency which CAREs involved 
in salicylic acid responsiveness. Salicylic acid plays a role during the 
plant response to abiotic stresses such as drought, chilling, heavy metal 
toxicity, heat, and osmotic stress. WUN motif (wound specific) was 
found in very low frequency in upstream region of all five genes which 
functionally involved in wound response and also known component 
specific. Neighbor profile of stress responsive cis acting regulatory 
elements in 5’ upstream regulatory regions of all five genes were sowing 
in Figure 1B.

Evolutionary relationship

To examine the evolutionary relationship among all five genes in rice, 
a rooted tree was constructed by aligning their amino acid sequences 
clustal-W method as is attested by the bootstrap values quoted on the 
nodes; the phylogenetic analysis clearly reveals four groups: (A) APXs 
isozymes. (B) FeSOD, MnSOD, Cu/Zn SOD, MDHAR1 and MDHAR2, 
(C) GR1 and GR2 and (D) DHAR1 and DHAR2 (Figure 2).

In vitro analysis

The responses of SOD activities to stresses and hormones are 
shown in Figure 3A. The activity in rice plant was increased by MV, 
H2O2, ET, or SA. In case of control treatment, the activity was lowest. 
The maximum activity of SOD was found in case of H2O2 and SA. The 
responses of GR activity to stresses and hormones is shown in Figure 
3B. GR activity responded to stress and hormone treatments in a 
similar manner in case of MV and H2O2 but the activity in O Sativa 
was increased by ET or SA. In case of control treatment, the activity of 
GR was lowest. The maximum activity of GR was found in case of SA. 
The responses of APX activities to stresses and hormones are shown 
in Figure 3C. The activity of APX in O Sativa was increased by MV, 
H2O2, ET, or SA. In case of control treatment, the activity was lowest. 
The maximum activity of APX was found in case of H2O2.

Discussion
The ROS scavenging enzymes have been widely studied in plants 

and the results have demonstrated that, in response to plant stress. 
APX activity generally increases along with other enzymes activities, 
such as CAT, SOD, and GSH reductase [7]. APX utilizes ascorbate 
as specific electron donor to reduce H2O2 to H2O. The importance of 
APX and ascorbate-glutathione cycle is not restricted to chloroplasts; 
it also plays a role in ROS scavenging in cytosol, mitochondria and 
peroxisomes [7]. Glutathione reductase (GR), the final enzyme of the 

Figure 2: Maximum parsimony tree depicting the evolutionary relationships 
of the identified APX, SOD MDHAR, DHAR and DHAR protein sequences of 
rice. Representative bootstrap values are shown as a percentage from 1000 
bootstrap replicates. The tree was rooted using the APX gene.

Figure 3: The enzyme activities of SOD, APX, and GR in response during MV, H2O2, ET and SA treatment. (A) SOD (B) APX and (C) GR.
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Asc-Glu cycle also has a major role in maintaining the intracellular 
glutathione pool in the reduced state (GSH) [8]. In present, work 
in respect the stress responsive CAREs involved in expression of 
these genes in plant is very too little. Rice genome sequence and the 
advance bioinformatics tools have opened up the gate for analysis on 
the regulation of expression of genes interest [9]. Bioinformatics tools 
available on web were used to identify putative CAREs present in the 
divergent 1.0 kbp 5’ regulatory region starting from translational start 
site of the Asc-Glu genes in rice. Significant variations both in the 
number and nature of elements identified were observed. The 1.0 kbp 
5’ regulatory region of the different Asc-Glu pathway genes were found 
to contain full conserved domain that include TATA and CAAT boxes 
as well as potentially potent CAREs that required to during several 
stresses in plants. We identified and studied stress CAREs in Asc-Glu 
pathway gene sequences. Some of these elements were implicated in cell 
or tissue specific expression while others were involved in regulatory 
processes. However the expression patterns of a gene is not regulated 
by a single CARE but by a combination of differing CAREs conferring 
different plants stresses at different cell or tissue [10]. It is assumed 
that genes which have similar expression patterns will have common 
CAREs in their 1.0 kbp regulatory region and therefore a frequent set of 
transcription factor that controls them and also common CARE are the 
main factor of co regulated genes and are often present in the regions 
where complex protein interaction occur [11,12]. However, single 
motifs can also bind to many transcription factors thus subjecting 
the gene to multiple regulation of gene expression [13]. The Asc-
Glu pathway exists in various cellular compartments, including the 
chloroplasts, mitochondria, peroxisomes and cytosol [14]. Still, it plays 
a particularly very potent role in chloroplast for ROS protection [15]. 
The first step in the Asc-Glu pathway is the catalysis of H2O2 to water 
by APX with ascorbate as a substrate, which generates two molecules 
of Monodehydroascorbate and MDHAR may be reduced to ASC by 
the catalysis of monodehydroascorbate reductase. MDHA may also 
rapidly disproportionate to dehydroascorbate, which is then reduced 
to ascorbate by the action of dehydroascorbate reductase (DHAR) with 
glutathione (GSH) as a substrate, generating glutathione disulphide 
(GSSG). Finally, glutathione reductase (GR) reduces GSSG to GSH. 
This cycle eliminates H2O2 by the cyclic transfer of reducing equivalents 
without consuming ascorbate or glutathione [14]. OsAPX1 plays 
a key role in the response of plants to a combination of drought and 
heat stress and chloroplast APXs are important for photo protection 
and gene regulation following photooxidative stress in plant leaves 
[16,17]. Two cytosolic, two peroxisomal, three chloroplast and one 
mitochondrial APX isoform have been identified in the rice genome 
and rice APX8 may be involved in salt tolerance in plants [18,19]. APX 
activity generally increases along with other enzymes activities, such 
as CAT, SOD, and GSH reductase [7]. Additionally MDHAR activity 
has been also described in several cell compartments and five MDHAR 
genes also reported that the over expression of chloroplastic MDHAR 
enhances the tolerance of tomato plants to temperature and oxidative 
stresses [20,21]. Three functional DHAR genes are encoded by the 
Arabidopsis genome [22]. It has been reported that the expression 
levels of DHAR are correlated with ascorbate concentration so that 
DHAR determines the pool size of ascorbate. However three GR genes 
were identified in the rice genome and regulated in response to various 
stresses. It has been reported that expressions of OsGR2 and OsGR3 
but not OsGR1 were increased in rice roots which treated with NaCl 
[23]. The high divergence identity witnessed in the 1.0’ kbp regulatory 
regions of the Asc-Glu genes family in rice could be as a result of loss of 
common CAREs from the ancestral Asc-Glu genes. There is a harmony 
with degenerative complementation model which proposes that after 

gene duplication each daughter gene keeps only a fraction of stress 
responsive CAREs as compared to the ancestral origin [24]. It may 
then be inferred that genes having close identity of stress responsive 
cis acting elements in their regulatory regions with one another may 
be regulated by similar in cellular or environmental factors in during 
various plant stress. Therefore we presumed that the following pairs of 
Asc-Glu genes may be regulated by similar cellular or environmental 
factors. The following Asc-Glu pathway genes may be well involved 
and regulated by cellular developmental activities due to the maximum 
number of cellular developmental associated plant stresses responsive 
CAREs present at the 1.0’ kbp regulatory regions. The highest number 
of stress responsive CAREs was found in SOD (77) and APX (64) and 
also MDHAR (46) DHAR (48) and GR (48). This may conclude that 
the expression of APX well linked to and regulated by plant stress 
conditions against immune system of plant. Therefore our finding in 
all CAREs present in uniformly in APX isoforms sequences upstream 
region and zigzag motion present in all genes accept APX isoforms.

Stress response associated cis-elements

The dehydration-responsive element (DRE/CRT) was identified in 
the regulatory region of all APX, MDHAR, DHAR, SOD and GR genes 
of Asc-Glu pathway. DRE/CRT CAREs trigger the expression of stress-
related genes in an ABA-independent procedure however DRE/CRT 
confer stress endurance in plants [25]. As DREB/CRT induce several 
abiotic stress responsive genes and maintain water balance in plant 
system, they are appropriate candidates for generating transgenic plant 
with increased tolerance to drought, high salt, high temperate and cold 
stresses [26]. DRE/CRT found in high number of upstream region of 
APX, MDHAR and DHAR except SOD and GR. Furthermore, MYB 
cis-elements were identified in the 1.0 kbp regulatory regions with very 
high frequency of all the APX, MDHAR and DHAR except SOD and 
GR. These CAREs have been reported to be required for the binding 
of transcriptional factors that are required for drought inducible gene 
expression [27]. 

LTRE a motif similar to DRE, which is responsible for the induction 
of cold induced/ regulated genes was identified in the 1.0 kbp regulatory 
region of APX, MDHAR, DHAR, SOD and GR genes involves rapid 
cold-induced binding of the DRE/CRT binding transcription factor to 
the DRE, leading to the expression of cold binding factor (CBF) targeted 
gene, increasing Arabidopsis freezing tolerance [28]. Additionally 
plants are adapted quickly high temperature environmental condition. 
During high temperature stress, heat shock protein (HSP networks of 
molecular chaperones) helps to protect and refold cellular proteins, and 
also maintains a balance cellular homeostasis for plant survival [29]. 
Genes involved in these mechanisms contain HSE motifs that bind 
heat shock factors (HSFs), and are up-regulated during heat stress. 
HSE have been found to be consistently conserved in the regulatory 
regions of many heat induced genes [30]. The presence of a HSE motif 
in the 1.0 kbp regulatory regions of all rice Asc- Glu genes may imply 
the ability of the genes to survive high temperature stress condition or 
the participation or need during high temperature stress condition and 
ensure protection of cellular homeostasis.

The W boxes are a major class of cis-acting elements responsible 
for the pathogen. W1 box (T) TGAC(C/T) is an important binding 
site for WRKY family transcription factors and has important role in 
transcriptional activation by auxin, salicylic acid, and light [31]. The 
high number of W-boxes found in the Asc-Glu genes may describe 
them as a wound-responsive protein, and that these W-boxes may 
participate in the regulation of the pathogen stress responses genes 
expression to wounding, it is evident biotic stress cause major losses in 
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crop productivity worldwide so great need of biotic stress tolerance in 
during plant stress. Therefore W boxes which fungal elector responsive 
elements indicate that the Asc-Glu genes would be expressed upon 
induction of wounding. 

MYB proteins function as transcriptional activators in ABA-
inducible gene expression under drought stress in plants and involved 
in the regulation of genes that are responsive to water stress and 
regulation of high salt concentration. MYB recognition sequences are 
essential for the ABA- and drought-responsive expression of rd22, and 
ABA-inducible MYB proteins may function cooperatively in the ABA-
dependent gene expression [32]. This MYB system may also function 
in a slow and adaptive stress response process [33]. The different timing 
of the induction of stress-inducible genes may be explained by the 
different regulatory systems that function in their promoters, like DRE/
CRT, ABRE, and MYB. These signalling factors might be involved in 
the amplification of stress signals and in the adaptation of plant cells 
to drought and cold stress conditions. Transgenic plants that modify 
the expression of these genes and mutants with disrupted genes will 
provide more information on the function of their gene products.

In evolutionary relationship all among Asc-Glu pathway protein 
encoding genes indicate that ancestor gene of all above genes which 
showing in phylogenetic tree (Figure 2). We were found four major 
clusters in tree. Cluster A clear different was adjust with all isoforms 
of ascorbate peroxidase (APX) such as cytosolic (APX1, APX2), 
peroxisomal (APX3, APX4) and chloroplastic (APX5-6-7-8) with 
respect of thylakoid membrane bound and chloroplastic. They were 
found cluster A. which is closely related with MnSOD, FeSOD. Cluster 
B represent that Superoxide dismutase (MnSOD, FeSOD, Cu/ZnSOD) 
and MDHAR1-2. Here clear difference shows, FeSOD and MnOD both 
was single node when Cu/ZNSOD was present other node with closely 
related to MDHAR1-2. Cluster C and cluster D were different node 
Glutathione reductase and Dehydroascorbate reductase respectively. 
Evolutionary relationship analysis revealed that APX and SOD genes 
may be born from common ancestor from origin of life. After the 
evolution according to atmosphere both are different. Both above genes 
like APX and SOD may be common ancestor from origin of life.

Conclusion
The study of CAREs reveals the probable that may be involved in 

the gene expression and regulation of Asc-Glu gene family in Oryza 
sativa, during plant stress conditions. This analysis provides an efficient 
way of indicating if a gene may be regulated by a given transcription 
factor and a structure for ongoing analysis of the transcriptional gene 
regulation network. However, transcription is affected by cooperative 
involvement of many regulators that affects RNA Polymerase II 
selectivity and its binding, in response to different plant stresses. Thus, 
the predicted cis acting regulatory sequences may not totally correlate 
with experimental expression data. The question of transcriptional 
regulation of individual Asc-Glu pathway genes and the biological 
importance of these sequences would need to be further investigated by 
using bioinformatics methods with experimental expressional analysis; 
as it is recognized that bioinformatics methods help in confirming in 
vitro laboratory research. More importantly, clear and full knowledge 
of the interaction between stresses responsive CAREs and their 
related transcription factors would allow a better understanding of 
transcriptional gene regulation. This will also help to lay down a 
foundation for restructuring gene regulatory networks which will 
help to improve biological research to understand better cell response 
towards plant stresses.
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