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ABSTRACT

The transcription factors families (TFs) play a critical role in the response regulation of plants to abiotic
stresses. The three plant lineages (E. desvauxii, C. colocynthis & Z. simplex) can be separated on the PC1
level, while R. stricta and S. Italica can be distinguished from each other on the PC2 level. A unique 225
transcripts in each of R. stricta and E. desvauxii, 85 transcripts in C. colocynthis, 92 transcripts in S. Italica,
and 41 transcripts in Z. simplex were identified. All five plants were shared in only 15 transcripts. Genes
had significant gene ontology (GO), R. stricta (450), E. desvauxii (475), C. colocynthis (197), S. Italica
(223), and Z. simplex (75) were significantly assigned with GO terms for 29 transcriptional processes. The
most abundant TF families in the five plants were MYB followed by, MYB-related, bHLH, and AP2-EREBP
(1105, 803, 53 & 472 transcripts, respectively). The zinc TF families were the most transcribed and rep-
resented by 8 TF families (PLATZ, C2C2-CO-like, C3H, VOZ, C2C2-GATA, C2C2-DOF, C2H2 & ZF-HD), with
the highest one (C3H TF family, 99 transcripts in both R. stricta & Z. simplex). The regulatory network
showed that as heat response, 12 genes were upregulated in R. stricta and controlled several genes in
some vital processes inside the plant, while E. desvauxii and S. Italica respond to heat by upregulation of 6
genes for each, C. colocynthis by regulation of 3 genes and the least one was Z. simplex by upregulation of
two genes only.
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INTRODUCTION

Plants are sessile creatures that adapt to
different environmental stress conditions to
establish a survival mechanism and successful
reproduction. Such stressful circumstances
implicate with variety of abiotic stresses such as
extreme temperatures, drought, salinity, and
biotic stress such as pathogen and herbivore
attacks. In nature, these are generally constant

or persistent. Thus, plants have an expanded
approach to tolerate recurring stress and cope
with it [1].

The area in which plants grow with the
numerous detrimental conditions is known as
“stress”. Stress is frequently defined as an
extraneous factor that carries an unfavorable
influence on the plant, narrows their evolution,
and their opportunity of survival. The
perception of stress is linked to tolerate this
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stress, in which plants can resist and adapt to it.
Stress is mostly defined as an important
variation from the optimal
conditions and triggers changes and responses
in plant functional levels, which are reversible
and might convert to permanent [2].

The feature of the state of stress in appearance
is nonspecific, which exhibit primarily an
expression of the severity of the disorder. Some
mechanisms could consider nonspecific if it is
not characterized as a pattern and nerveless of
the stress type. For example, non-specific stress
indications are expanded respiration, inhibition
of photosynthesis, decreasing in dry matter
manufacture, growth disturbance, minimizing
fertility, premature senescence, leaf chlorosis,
anatomical alterations, and reduced intracellular
energy availability or elevated energy utilization
due to repair synthesis. The responses of the cell
to stress implicate modification in division and
cell cycle, an adjustment in the vacuolization
system, and adjustment in the cell wall
structure. All these responses contribute to
emphasize the stress tolerance of cells.
Biochemically, plants modify  different
metabolism pathways to accommodate this
environmental stress.

Plants transcriptional responses to these stress
factors of the environment have been studied
broadly over the

environmental

last decades, from the
transcript profiling to elucidation of the specific
signaling pathways, the
regulatory proteins and their targets under
various stress combinations. Recent researches
have given rise to huge intensive information on
how plants respond to different abiotic stresses
such as heat, cold, drought, flooding, or salinity
[3-8]. The established knowledge generated
already has been used to enhance crop
adaptability, e.g. over stress-inducible up-
regulation of transgenes encoding enzymes that
aid to produce stress garrison or stress
regulators [9]. Recently scientists have become
increasingly attentive to the fact that
transcriptional regulation cannot be fully
comprehended except if we consider the
essential structure in which it takes place. The
recent study demonstrates the transcription
profile of the five plants (Rhazya stricta,
Enneapogon desvauxii, Citrullus colocynthis,
Senna lItalica, & Zygophyllum simplex) which

identification of
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grow in adverse conditions like high

temperature, drought, and high salt conditions.

MATERIALS AND METHODS

Study Region, Samples Collection and RNA
Extraction

The site chosen for studying was a Rhazya
stricta community and public site (Hadda,
Mecca-Jeddah road). The sampling site was
assigned coordinates via GPS for ease of
relocation (N21° 45' 04.03", E39° 53' 88.92").
The leaves were taken from the five plants
(Rhazya stricta, Enneapogon desvauxii, Citrullus
colocynthis, Italica, & Zygophyllum
simplex). The samples were packaged in plastic
bags contained 5 aluminum foil envelops and
stored at -802C until analysis. After tissue
collection, each pooled sample was ground in
liquid nitrogen. Total RNA was extracted in
Trizol (Life Technologies, NY, USA) according to
manufacturer instructions.

Senna

Sequencing and Data Processing

RNA-seq libraries were prepared by BGI
genomics by TruSeq library creation protocol
(Ilumina, Hog Kong, China). Samples were
sequenced using the Illumina HiSeq-2000
platform.

Assembly and Annotation

Firstly, we filter low-quality, adaptor-polluted
and high content of unknown base (N) read to
get clean reads. And then perform the de novo
assembly with clean reads to get the Unigenes,
after that, Unigene expression analysis, Unigene
functional annotation are performed.

Unigene Functional Annotation

NT, NR, GO, COG, KEGG, SwissProt, and InterPro
are functional databases (for more details,
please find the database below). We use
Blast align Unigenes to NT, NR, COG, KEGG, and
SwissProt to get the annotation, use
Blast2GO with NR annotation to get the GO
annotation and use InterProScan5 to get the
InterPro annotation. Software Information:

Unigene CDS Prediction

With functional annotation, we select the
segment of Unigene that best mapped to
functional databases in priority order of NR,
SwissProt, KEGG, COG as its CDS, and display
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from 5' to 3' in FASTA format. Unigenes that
can't be aligned to any database mentioned
above are predicted by ESTScan with Blast-
predicted CDS as a model.

Unigene Expression

We mapped clean reads to
using Bowtie2 and then
expression level with RSEM.

Unigenes
calculated gene

Identification of Orthologous between Five
Samples

The five different plants grew together in the
same environment and subjected to the same
stresses; there should be some common genes’
influence may be the common orthologous
genes’ expression. The orthologous genes were
detected and then analyzed together. For
example, Blast software was used to align the
unigenes between Rhazya stricta and other four
samples, then Filter the reliable alignment genes
(filter condition % identity >30, e-value < 1e-10,
bit score >200, alignment length >60%), based
on the expressed genes (common gene
expressed in five samples) and the filtered genes
we get the orthologous genes and extract
annotation (NR, NT, Swissport, KEGG, COG,
Interpro, GO). Finally, depending on the
annotation we highlight the genes about the
stresses.

Unigene TF Prediction

The getorf was used to find ORF of each Unigene,
then align ORF to TF domains (form PlntfDB)
use hmmsearch, and identify TF according to the
regulations described form PlantfDB. Based on
the annotated TF Family, the common annotated
TF domains in Five samples were selected.

RESULTS

Principal component analysis (PCA) for these
plant species based on their profiles of TF-
families (with the ratios of 59 TF families as
variables and the 5 plants as samples; Fig 1)
revealed that the TF-family profiles of the five
lineages (Rhazya stricta, Enneapogon desvauxil,
Citrullus  colocynthis, Italica,
Zygophyllum simplex) are all quite distinct from
each other, whereas those of the species within
each of the lineage are more similar. The three
plant lineages (E. desvauxii, C. colocynthis, and Z.

Senna and
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simplex) can be separated on PC1 level
(accounting for 65.93% of cumulative variance),
while R stricta and S. Italica can be
distinguished from each other on PC2 level
(accounting for 23.6% of cumulative variance).
Therefore, these TF-families appear to play
particularly prominent roles within higher
plants.

Venn diagram analysis identified unique 225
transcripts in each of R. stricta and E. desvauxii,
85 transcripts in C. colocynthis, 92 transcripts in
S. Italica, and 41 transcripts in Z simplex,
respectively. R. stricta shared TFs with E.
desvauxii and Z. simplex in 225 which is the
highest number, while with C. colocynthis in 85,
and S. [Italica in 92 transcripts. The lowest
sharable TFs were found between S. Italica and
C. colocynthis in 26 transcripts only. All five
plants were shared in only 15 transcripts (Fig
2).

A total of 225 transcripts were detected in the
five plants. R. stricata was the highest plant in
upregulated transcripts with 171, followed by E.
desvauxii with 124 transcripts, S. Italica with 50
transcripts, and C. colocynthis and Z. simplex
with 30 transcripts for each (Fig 3).

We further characterized genes that have
significant gene ontology (GO) terms (< 0.05) in
biological processes, cellular components, and
molecular functions with 1420 genes (450 genes
in R. stricta, 475 genes in E. desvauxii, 197 genes
in C. colocynthis, 223 genes in S. Italica, and 75
genes in Z. simplex) were significantly assigned
with GO terms for 29 transcriptional processes.
Among the GO terms associated with response
to stimuli in biological processes, the most
significant categories were a response to cold,
light, abscisic acid, water deprivation, oxidative
stress, salt stress, and heat stress (Fig 4).

The most abundant transcription factor families
in the five plants were MYB (1105 transcripts),
MYB-related (803 transcripts), bHLH (536
transcripts), and AP2-EREBP (472 transcripts).
The highest number of TF family was MYB with
288 transcripts in Z simplex, flowed by C.
colocynthis with 221 transcripts. NOZZLE
transcription factor family was not transcribed
in E. desvauxii, while the LFY TF family was
transcribed only in C. colocynthis. The zinc TF
families were the most transcribed and
represented by 8 TF families (PLATZ, C2C2-CO-
like, C3H, VOZ, C2C2-GATA, C2C2-DOF, C2H2, and
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ZF-HD), with the highest one (C3H TF family, 99 in photosystem II (Fig S2). The least plant had
transcripts in both R. stricta and Z. simplex. The fewer genes in response to heat was Z. simplex
highest number of TF families was transcribed by upregulation of two TF genes FTSH2 (ATP-
in Z simplex (2195 TF family) followed by C. dependent zinc metalloprotease) involved in
colocynthis (1713 TF family) (Figs 5A-E). photoinhibition and LHCA-P4 (Chlorophyll a-b
The regulatory network showed that some binding protein P4) involved in photosystem II
genes involved in the heat response in the five (Fig S2, Fig 6).

plants under this study, 12 TF genes were On the contrary, the most common TF gene was
upregulated in R. stricta and controlled several GOLS2 (Galactinol synthase 2) (EC 2.4.1.123)
genes in some vital processes inside the plant, involved in galactose metabolic process and
while E. desvauxii and S. Italica respond to heat found in all plants except Z. simplex (Fig 7, Fig
by upregulation of 6 TF genes for each, C S3), followed by Histone H4, which is one of the
colocynthis by regulation of 3 TF genes and the five main histone proteins involved in the
least one was Z. simplex by upregulation of two structure of chromatin in eukaryotic cells and
TF genes only. The most common upregulated found in R. stricta, E. desvauxii, and Z. simplex
TF genes was SHMT (Serine hydroxymethyl and finally, ACO3 (Aconitate hydratase 3)
transferase) which involved in PATHWAY: One- involved in tricarboxylic acid cycle pathway (Fig
carbon metabolism; tetrahydrofolate 7), also AB1K1 (Non-specific serine/threonine-
interconversion (Fig S1, Fig 6) found in R. protein kinase) (EC 2.7.11.1). This is a
stricta, E. desvauxii, C. colocynthis, and S. Italica, heterogeneous group of serine/threonine
followed by LHCA1 (Light-harvesting complex) protein kinases that do not have an activating
involved in photosystem I (Fig S2) found in R compound and are either non-specific or their
stricta, E. desvauxii and S. Italica, CAB21 specificity has not been analyzed to date (Fig
(Chlorophyll a-b binding protein 21) involved in S4), both were found in R. stricta and E.
photosystem 11 (Fig S2), and also CAB151 desvauxii.

(Chlorophyll a-b binding protein 151) involved

PC2 (23.6%)

Citrullus.colocynthis
* Enneapogon.desvauxii
® Rhazyastricta
¢ Senna.italica

2Zygophyllum.simplex

PC1 (65.93%) ;

Figure 1. Principal component analysis (PCA) for the five plants (Rhazya stricta, Enneapogon desvauxii,
Citrullus colocynthis, Senna Italica, & Zygophyllum simplex) was performed based on TF-family profiles.
(A) Two-dimensional PCA results based on PCA1 and PCA2. (B) Three dimensional PCA results based on
PCA1, PCA2, and PCA3.
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Rhazya stricta

Citrullus colocynthis
Enneapogon desvauxii

Zygophyllum simplex

Senna italica

Figure 2. Venn diagram shows the overlap among transcription factors that were found to be
significantly upregulated for each of the indicated comparisons between the five plants (Rhazya stricta,
Enneapogon desvauxii, Citrullus colocynthis, Senna Italica, and & Zygophyllum simplex).

o s T -

o
e’ s -

Figure 3. Cluster analyses of differentially expressed genes (DEGs) among the five plants (Rhazya stricta,
Enneapogon desvauxii, Citrullus colocynthis, Senna Italica, & Zygophyllum simplex). The color key
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represents the value of log10 (RPKM). Red represents highly expressed (up-regulated) genes, while blue

represents down-regulated genes.
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DISCUSSION

The regulatory elements of the recognized stress
genes induced were studied, including abscisic
acid (ABA), dehydration response element
(DRE), heat shock elements (HSEs), and
responsive promoter elements (ABREs). These
elements give the binding site of transcription
factors families (TFs) to grant expression of the
stress-responsive gene [10-12].

The principal component analysis (PCA) could
be used to expose patterns, exclude repetition in
data sets and reduce relatively a large series of
data into a smaller number of components by
looking for groups that have very strong inter-
correlation in a set of variables and each
component explained percent (%) variation to
the total variability [13] as morphological and
physiological diversity frequently appear in crop
species. The first principal component is the
largest contributor to the total variation in the
population followed by subsequent components.
The first three principal components are usually
the most critical in reverse the variation of the
patterns among accessions, and the biomolecule
reports [14]. In this regard, study
demonstrated that the TF-family profiles of the
five lineages (R stricta, E. desvauxii, C.
colocynthis, S. Italica, & Z. simplex) are all
noticeable from each other. The three plant
lineages (E. desvauxii, C. colocynthis & Z. simplex)
can be separated on the PC1 level (65.93%),
while R stricta and S. Italica can be
distinguished from each other on the PC2 level
(23.6%).

4982 transcripts are overlapping as light-stress
responses between the systemic and local leaves
in Arabidopsis. 5363 transcripts in systemic
leaves and 6502 transcripts in local leaves of
rbohD plants were significantly upregulated as a
result of the light stress response [15]. Our

our

findings agreed with these results, where all the
five plants were shared in only 15 transcripts.
The highest plant in upregulated transcripts in
response to abiotic factors was R. stricta (171),
followed by E. desvauxii (124), S. Italica (50),
and C. colocynthis and Z. simplex (30 each).

It has been suggested that modifications in the
genes encoding TF expression function as one of
the main exporters that regulate the evolution of
higher plants; moreover, the possible link
between the evolution of plant and profiles of
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TF-family is still difficult to find. In the Gene
Ontology (GO) analysis, 52 GO-slims and GO
terms enriched in each predicted TFBS motif of
target genes were identified to detect the TFBS
motif main function in Nannochloropsis. For the
most conserved 68 TFBSs motifs, 40 on the
biological process (BP) level and 36 on
molecular function (MF) level was found
enriched [16]. In this regard, our findings
concluded that the enriched GO terms for R.
stricta (450), E. desvauxii (475), C. colocynthis
(197), S. Italica (223), and Z. simplex (75) were
significantly identified and assigned to the main
functions of transcription factor binding site
(TFBS) motif predicted. In R. stricta 158 GO-
terms on BP level, 69 on cellular components
(CC) level and 122 on MF level, in E. desvauxii
157 on BP, 67 on CC and 119 MF levels, in C.
colocynthis 50 on BP, 38 CC and 58 on MF levels,
in S. Italica 72 on BP, 43 on CC and 63 on MF
levels, and in Z. simplex 70 on BP, 39 on CC and
43 on MF levels.

It was found that MYB, WRKY, NAC, bHLH, bZIP,
HD-zip via ABA-independent or -dependent
pathways play a crucial role in tolerance of
drought [17, 18]. The proteins expression that
contains specific domains of DNA-binding like
bZIP/HD-ZIP, AP2/ERF, MYB, NAC, MYC, and
WRKY may be induced or repressed under many
stress conditions in Arabidopsis [10, 19-23],
while in maize, a set of 10 TF families (ERF, APZ2,
MYB, bHLH, bZIP, GRAS, NAC, WRKY, NF-YA & NF-
YB) were identified to regulate diverse
molecular and physiological functions such as
hormone signaling, stomatal regulation,
osmoregulation, and root development [24, 25].
82 bHLH genes was found in wheat and had
orthologs 27 and 28 TFs in Arabidopsis and rice,
and 27 TFs in both [26]. On the other hand,
there  are similar  roles of  AtNF-
YB1 in Arabidopsis and ZmNF-YBZ in maize in
enhancing the performance of crops under
drought stress [27]. bZIP TF has a fundamental
role in plant growth, ABA signaling, and abiotic
stresses. In the maize seedling stage, ZmbZIP72
is one of bZIP TF which over-expressed in
response to salinity, drought, and ABA stress in
different organs [18]. Considering this, our
study revealed that the most abundant TF
families in the five plants were MYB followed by,
MYB-related, bHLH, and AP2-EREBP (1105, 803,
53, & 472 transcripts, respectively). The
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elevated number of TF family was MYB (288) in
Z. simplex, followed by C. colocynthis (221).
NOZZLE TF family was not transcribed in E.
desvauxii, while the LFY TF family was
transcribed only in C. colocynthis.

Several zinc finger domains class expression
may be induced or repressed under many stress
conditions in Arabidopsis [19-22]. In rice, a zinc
finger-containing protein C2H2-type (DST &
SNAC1) were engaged in the opening/closure of
stomata [28, 29] and play a fundamental role in
the ROS detoxification and osmoprotectants
synthesis [30]. In conclusion, sequence motifs
repeat like zinc fingers C2H2 are accountable for
the accelerated expansions of TF families [31].
Our findings agreed with these studies where
finger TF families the most
transcribed families and represented by 8 TF
families (PLATZ, C2C2-CO-like, C3H, VOZ, C2C2-
GATA, C2C2-DOF, C2H2 & ZF-HD), with elevated
one (C3H TF family, 99 transcripts in both R.
stricta & Z. simplex).

Heat stress tolerance is a multigenic process
with many regulatory mechanisms acting during
plant development [32, 33]. During sexual
reproduction, heat stress response and damage
are more visible in plant leaves [34] and pollen
[35] than other tissues. Heat shock proteins
(HSPs) are proteins family that are produced in
response to stress conditions exposure by cells.
Photosynthesis is highly sensitive to heat and
might be suppressed by heat stress conditions.
Modification in the processes of photosynthesis,
including photosystem I and II (PS I, PSII),
electron transport chains, synthesis of ATP, and
fixation of carbon regularly occur when plants
are exposed to heat stress [36-38]. The
adjustment in Photosynthesis in response to
heat stress has been well reported in the past
few years [36-43]. The effect of heat stress on
the photosynthesis process is shown in different

zinc were

levels
physiological, and biochemical aspects, such as
the thylakoid membrane destacking, damage in
photosystem 1II, cytochrome b6/f complex
suppression, and ribulose-1, 5-bisphosphate
carboxylase/oxygenase (RuBisCO), in addition
to that the production of reactive oxygen species
(ROS) [36]. HSP 70 overexpression could
increase drought and salinity tolerance [44, 45].
WHIRLY1 interacts with LHCA1 and affects the
genes encoding LHCI and photosystem 1 (PSI)

of the plants including molecular,
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and expression [46]. The thylakoid FtsH
protease complex consists of FtsH1/FtsH5 (type
A) and FtsH2/FtsH8 (type B) subunits in
Arabidopsis [47]. Our findings agreed with that
results, the regulatory network revealed that as
heat response, 12 genes were upregulated in R.
stricta and controlled various genes control
essential processes inside the plant, while E.
desvauxii and S. Italica respond to heat by
upregulation of 6 genes for each, C. colocynthis
by regulation of 3 genes and the least one was Z.
simplex by upregulation of two genes only. The
most common upregulated TF genes were SHMT
found in R. stricta, E. desvauxii, C. colocynthis,
and S. [ltalica, followed by LHCA1, CAB21, and
CAB151 found in R. stricta, E. desvauxii, and S.
Italica. The fewer genes in response to heat
were in Z. simplex by upregulation of two TF
genes FTSHZ and LHCA-P4, this may be
attributed to its nature where it stores water in
its all parts. On the contrary, the most common
TF gene was GOLSZ found in all plants except Z
simplex, followed by Histone H4 found in R
stricta, E. desvauxii, and Z. simplex and finally,
ACO3, also AB1K1, both were found in R. stricta
and E. desvauxii.

CONCLUSION

The regulatory network in desert plants showed
that a number of genes involved in the
environmental stress response in the five tested
medicinal plants. Some genes were upregulated
and controlled several vital genes in some
plants, while other plants responded to the
environmental stress by upregulation of other
genes. All these responses contribute to
highlight the stress tolerance of these plants.
Biochemically, the plants modify different
metabolism pathways to adapt to this
environmental stress especially in a stressful
environment like the Saudi desert.

ACKNOWLEDGEMENT

This project was funded by the Deanship of
Scientific Research (DSR) at King Abdulaziz
University, Jeddah, under grant no. (HiCi 1-363-
1434H). The authors, therefore, acknowledge
DSR for technical and financial support.



Noor et al.

Entomol. Appl. Sci. Lett., 2020, 7(4):42-57

10.

REFERENCES

Baurle 1. Plant heat adaptation: priming in
response to heat stress. F1000Research.
2016;5.
http://doi.org/10.12688/f1000research.7
526.1

Rehem BC, Bertolde FZ, de Almeida AA.
Regulation of gene expression in response
to abiotic stress in plants. InTech; 2012 Jan
25. http://doi.org/10.5772/1081

Miura K, Furumoto T. Cold signaling and
cold response in plants. Int ] Mol Sci 2013;
14:5312-5337.
http://doi.org/10.3390/ijms14035312
Saidi Y, Finka A, Goloubinoff P. Heat
perception and signaling in plants: a
tortuous path to thermotolerance. New

Phytol, 2011; 190: 556-565.
http://doi.org/10.1111/j.1469-
8137.2010.03571.x

Singh D, Laxmi A. Transcriptional

regulation of drought response: a tortuous
network of transcriptional factors. Front
Plant Sci 2015; 6:895.
http://doi.org/10.3389/fpls.2015.00895
Tang XL, Mu XM, Shao HB, Wang HY,
Brestic M. Global plant-responding
mechanisms to salt stress: physiological
and molecular levels and implications in
biotechnology. Crit Rev Biotechnol, 2015;
35:425-437.
http://doi.org/10.3109/07388551.2014.8
89080

Sauter M. Root responses to flooding. Curr
Opin Plant Biol, 2013; 16:282-286.
http://doi.org/10.1016/j.pbi.2013.03.013
Geng Y, Wu R, Wee CW, Xie F, Wei X, Chan
PMY, Tham C, Duan L, Dinneny JR. A Spatio-
temporal understanding of growth
regulation during the salt stress response
in Arabidopsis. Plant Cell, 2013; 25:2132-
2154.
https://doi.org/10.1105/tpc.113.112896
Wang H, Wang H, Shao H, Tang X. Recent
advances in utilizing transcription factors
to improve plant abiotic stress tolerance by
transgenic technology. Front Plant Sci,
2016; 7:67.
https://doi.org/10.3389/fpls.2016.00067
Yamaguchi-Shinozaki K, Shinozaki K.

Organization of cis-acting regulatory

55

11.

12.

13.

14.

15.

16.

17.

18.

19.

elements in osmotic- and cold-stress-
responsive promoters. Trends Plant Sci
2005; 10(2):88-94.
http://doi.org/10.1016/j.tplants.2004.12.0
12

Howarth C. Molecular responses of plants
to an increased incidence of heat shock.
Plant Cell Environ, 1991; 1:831-41.
https://doi.org/10.1111/j.1365-
3040.1991.tb01446.x

Grover A, Mittal D, Negi M, Lavania D.
Generating high temperature tolerant
transgenic plants: Achievements and
challenges. Plant Sci, 2013; 205:38-47.
https://doi.org/10.1016/j.plantsci.2013.01
.005

Joliffe IT. Principal Component Analysis.
2nd ed. Springer, New York, 2002.

Ringnér M. What is principal component
analysis? Nat Biotechnol, 2008; 26(3):303-
304. http://doi.org/10.1038/nbt0308-303
Zandalinas SI, Sengupta S, Burks D, Azad
RK, Mittler R. Identification and
characterization of a core set of ROS wave-
associated transcripts in the
systemic acquired acclimation response of
Arabidopsis to excess light. The Plant
Journal, 2019; 98:126-141.
http://doi.org/10.1111/tpj.14205

Hu ], Wang D, Li ], Jing G, Ning K, Xu J.
Genome-wide
transcription factors and transcription-

involved

identification of

factor binding sites in oleaginous
microalgae Nannochloropsis. Sci Rep,
2014; 4:5454.

https://doi.org/10.1038/srep05454
Dubos C, Stracke R, Grotewold E,
Weisshaar B, Martin C, Lepiniec L. MYB
transcription factors in Arabidopsis.
Trends Plant Sci 2010; 15:573-581.
https://doi.org/10.1016/j.tplants.2010.06.
005

Mittal S, Banduni P, Mallikarjuna MG, Rao
AR, Jain PA, Dash PK, Thirunavukkarasu N.
Structural, functional, and evolutionary
characterization = of major  drought
transcription factors families in maize.
Front Chem, 2018; 6:177.
https://doi.org/10.3389/fchem.2018.0017
7

Abe H, Urao T, Ito T, Seki M, Shinozaki K,
Yamaguchi-Shinozaki K.  Arabidopsis



Noor et al.

Entomol. Appl. Sci. Lett., 2020, 7(4):42-57

20.

21.

22.

23.

24.

25.

AtMYC2 (bHLH) and AtMYB2 (MYB)
function as transcriptional activators in
abscisic acid signaling. Plant Cell, 2003;
15(1):63-78.
https://doi.org/10.1105/tpc.006130

Liu Q, Kasuga M, Sakuma Y, Abe H, Miura S,
Yamaguchi-Shinozaki K, Shinozaki K. Two
transcription factors, DREB1 and DREB2,
with an EREBP/AP2 DNA binding domain
separate two cellular signal transduction
drought-
temperature-responsive gene expression,
respectively, in Arabidopsis. Plant Cell,
1998; 10 (8):1391-1406.
http://doi.org/10.1105/tpc.10.8.1391
Pastori GM, Foyer CH. Common
components, networks, and pathways of

pathways in and low-

cross-tolerance to stress. The central role
of ‘redox’ and abscisic acid-mediated
controls. Plant Physiol, 2002; 129(2):460-
468. http://doi.org/10.1104/pp.011021
Tran LSP, Nakashima K, Sakuma Y,
Simpson SD, Fujita Y, Maruyama K, Fujita
M, Seki M, Shinozaki K, Yamaguchi-
Shinozaki K. Isolation and functional
analysis of Arabidopsis stress-inducible
NAC transcription factors that bind to a
drought-responsive in the
early responsive to dehydration stress 1
promoter. Plant Cell, 2004; 16(9):2481-
2498.
http://doi.org/10.1105/tpc.104.022699
Uno Y, Furihata T, Abe H, Yoshida R,
Shinozaki K, Yamaguchi-Shinozaki K.
Arabidopsis basic zipper
transcription factors involved in an
abscisic acid-dependent signal
transduction pathway under drought and
high-salinity conditions. PNAS, 2000;
97(21):11632-11637.
http://doi.org/10.1073/pnas.190309197
Mittal S, Arora K, Rao AR, Mallikarjuna MG,
Gupta HS, Nepolean T. Genomic selection

cis-element

leucine

for drought tolerance using genome-wide
SNPs in maize. Front Plant Sci, 2017; 8:550.
http://doi.org/10.3389/fpls.2017.00550

Ying S, Zhang DF, Fu ], Shi YS, Song YC,
Wang TY, Li Y. Cloning and
characterization of a maize DbZIP
transcription factor, ZmbZIP72, confers
drought and salt tolerance in transgenic
Arabidopsis. Planta, 2012; 235:253-266.

56

26.

27.

28.

29.

30.

31.

32.

33.

http://doi.org/10.1007 /s00425-011-
1496-7

Guo X, Wang J.
structural

Global identification,
analysis, and expression
characterization of bHLH transcription
factors in wheat. BMC Plant Biol, 2017;
17:90. https://doi.org/10.1186/s12870-
017-1038-y

Nelson DE, Repetti PP, Adams TR,
Creelman RA, Wu ], Warner DC, Anstrom
DC, Bensen R], Castiglioni PP,
Donnarummo MG, Hinchey BS. Plant
nuclear factor Y (NF-Y) B subunits confer
drought tolerance and lead to improved
corn yields on water-limited
Proceedings of the National Academy of
Sciences. 2007;104(42):16450-5.
http://doi.org/10.1073 /pnas.0707193104
Hu H, Dai M, Yao ], Xiao B, Li X, Zhang Q,
Xiong L. Overexpressing a NAM, ATAF, and
CUC (NAC) transcription factor enhances
drought resistance and salt tolerance in
rice. Proceedings of the National Academy
of  Sciences. 2006;103(35):12987-92.
https://doi.org/10.1073/pnas.060488210
3

Huang X, Chao D, Gao ], Zhu M, Shi M, Lin
HX. A previously unknown zinc finger
protein, DST, regulates drought, and salt
tolerance in 2009;
23:1805-1817.
https://doi.org/10.1101/gad.1812409
Davletova S. Cytosolic ascorbate
peroxidase 1 is a central component of the
reactive oxygen gene network of
Arabidopsis. Plant Cell, 2005; 17:268-281.
https://doi.org/10.1105/tpc.104.026971
Schmitz JF, Zimmer F, Bornberg-Bauer E.
Mechanisms of transcription
evolution in Metazoa. Nucleic Acids Res
2016; 44:6287-6297.
http://doi.org/10.1093 /nar/gkw492
Suzuki N, Rizhsky L, Liang H, Shuman ],
Shulaev V, Mittler R. Enhanced tolerance to
environmental stress in transgenic plants
expressing the transcriptional coactivator
multiprotein bridging factor 1c. Plant
Physiol, 2005; 139:1313-1322.
http://doi.org/10.1104/pp.105.070110
Kotak S, Larkindale ], Lee U, von Koskull-
Doéring P, Vierling E, Scharf KD. Complexity
of the heat stress response in plants. Curr

acres.

rice. Genes Deyv,

factor



Noor et al.

Entomol. Appl. Sci. Lett., 2020, 7(4):42-57

34.

35.

36.

37.

38.

39.

40.

41.

42.

Opin Plant Biol, 2007; 10:310-316.
https://doi.org/10.1016/j.pbi.2007.04.011
Zhang Y, Mian MR, Chekhovskiy K, So S,
Kupfer D, Lai H, Roe BA. Differential gene
expression in Festuca under heat stress
conditions. ] Exp Bot, 2005; 56:897-907.
http://doi.org/10.1093/jxb/eri082

Zinn KE, Tunc-Ozdemir M, Harper ]JF.
Temperature and plant
reproduction: uncovering the weakest
links. ] Exp Bot, 2010; 61:1959-1968.
http://doi.org/10.1093 /jxb/erq053
Mathur S, Agrawal D, Jajoo A.
Photosynthesis:  Response to  high-
temperature stress. ] Photochem Photobiol
B. 2014; 137:116-126.
http://doi.org/10.1016/j.jphotobiol.2014.
01.010

Ashraf M. Some important physiological
selection criteria for salt tolerance in
plants. Flora, 2004; 199:361-376.
https://doi.org/10.1078/0367-2530-
00165

Ashraf M, Harris PJC. Photosynthesis under
stressful environments: An overview.
Photosynthetica, 2013; 51:163-190.
https://doi.org/10.1007/s11099-013-
0021-6

Bita CE, Gerats T. Plant tolerance to high
temperature in a changing environment:

stress sexual

scientific fundamentals and production of
heat stress-tolerant crops. Front. Plant Sci
2013; 4:273.
https://doi.org/10.3389/fpls.2013.00273
Nouri MZ, Moumeni A, Komatsu S. Abiotic
stresses: Insight into gene regulation and
protein expression in photosynthetic
pathways of plants. Int ] Mol Sci 2015;
16(9):20392-20416.
http://doi.org/10.3390/ijms160920392
Gururani MA, Venkatesh ], Tran LSP.
Regulation of Photosynthesis during
Abiotic  Stress-Induced Photoinhibition.
Mol. Plant 2015; 8:1304-1320.
https://doi.org/10.1016/j.molp.2015.05.0
05

Qu AL, Ding YF, Jiang Q, Zhu C. Molecular
mechanisms of the plant heat stress
response. Biochem Biophys Res Commun
2013; 432:203-207.
http://doi.org/10.1016/j.bbrc.2013.01.10
4

57

43.

44,

45.

46.

47.

Johnova P, Skalak ], Saiz-Fernandez I,
Brzobohaty B. Plant responses to ambient
temperature fluctuations
limiting conditions: A proteome-wide
perspective. Biochem Biophys Acta, 2016;
1864(8):916-931.
https://doi.org/10.1016/j.bbapap.2016.02
.007

Augustine SM, Syamaladevi DP,
Premachandran MN, Ravichandran V,
Subramonian  N.  Physiological
molecular insights to drought
responsiveness in Erianthus spp. Sugar
Tech 2015; 17(2):121-129.
https://doi.org/10.1007 /s12355-014-
0312-7

Bhardwaj AR, Joshi G, Pandey R, Kukreja B,
Goel S, Jagannath A, Kumar A, Katiyar-
Agarwal S, Agarwal M. A genome-wide
perspective of miRNAome in response to

and water-

and

high temperature, salinity and drought
stresses in Brassica juncea (Czern) L. PloS
one. 2014 Mar 26;9(3):e92456.
https://doi.org/10.1371/journal.pone.009
2456

Huang D, Lin W, Deng B, Ren Y, Miao Y.
Dual-located WHIRLY1 interacting with
LHCA1 alters photochemical activities of
photosystem 1 and is involved in light
adaptation in Arabidopsis. Int ] Mol Sci
2017; 18(11):2352.
https://doi.org/10.3390/ijms18112352
Rodrigues RAO, Silva-Filho MC, Cline K.

FtsH2 and FtsH5: two homologous
subunits use  different integration
mechanisms leading to the same thylakoid
multimeric complex. Plant J. 2011;
65(4):600-9.
https://doi.org/10.1111/j.1365-
313X.2010.04448.x.



