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Introduction
Plants are regularly subjected to a broad range of abiotic stresses 

such as drought, high salinity, heat and extremes of temperature, 
which seriously affects growth, development and productivity. Of 
these stresses, drought is one of the most important factors that affect 
the production of agricultural crops across the worldwide. Drought 
can cause plant water loss and leaf wilting, and ultimately result in 
irreversible damaging, plant death. Developing crop performance 
under a water stress environment is, therefore, the main research 
focus of plant scientists around the globe. Inadequate water availability 
induces adaptive physiological responses regulated by changes in the 
expression of various stress-responsible genes. Plants use complex 
regulatory pathways to address various stimuli, which include stress 
sensing, signal transduction, and regulation of stress-responsive genes 
and/or proteins eventually manifested at the cellular and physiological 
levels [1].

Transcription factors (TFs) are clusters of proteins that bind 
to particular regulatory DNA elements situated in gene promoters 
upstream of transcription initiation sites, repressing or activating many 
downstream target genes expression. A single TF gene can control the 
expression of a wide range of target genes (regulon). Transcription 
factors (TFs) give a possibility for plants to alleviate and respond 
to biotic and abiotic stresses and are also participate in changing 
developmental processes. Plant genomes allocate around 7% of their 
coding sequence to TFs, which shows the complexity of transcriptional 
regulation. Transcriptome data in many plants advocate that numerous 
pathways separately respond to stress, showing that stress tolerance or 
susceptibility is controlled at the transcriptional level by an extremely 
complex gene regulatory network [1]. TFs concerned with drought 
response were identified and characterized in different cereal species, 
such as in rice [2], wheat [3], barley [4], and maize [5]. Underwater 
limitation in transgenic plants, overexpression of numerous target 

genes coding for stress-responsive TFs led to enhanced survival rate [6]. 
The performances of TFs are closely associated with their structure. TFs 
often comprise a DNA-binding domain (DBD) and a transcriptional 
activation domain (TAD) [7]. The DBD allows TFs to attach to specific 
promoter elements of target genes, and TAD intervenes in the control 
of the downstream gene directly or in association with other proteins. 
The transcriptional response to water-stress in cereals is controlled by 
numerous TFs, which have been clustered into some different families 
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Drought-Responsive Signaling Pathways
Plant hormones play vital roles in relating to the stress-responsive 

signaling flow. ABA is an important plant hormone that utilized 
as a link between environmental stress reception and adaptive 
transcriptional program such as the regulation of cellular mechanisms, 
carbohydrate and lipid metabolism. It is the essential regulator of 
abiotic stress predominantly drought resistance in plants, and a direct 
intricate gene regulatory network enabling plants to survive with water 
deficit [14]. ABA induces the expression of many genes, including 
late-embryogenesis-abundant (LEA) genes. ABA-dependent signalling 
pathway has been shown as the system that intervenes stress adaptation 
by bringing on at least two different regulons: (1) the AREB/ABF (ABA-
responsive element-binding protein/ABA-binding factor) regulon; 
and (2) the MYC (myelocytomatosis)/MYB (myeloblastosis regulon 
[15]. Whereas ABA-independent regulons are: (1) the CBF/DREB 
regulon; and (2) the NAC (NAM, ATAF and CUC) [16]. Nevertheless, 
besides, some investigations have revealed the presence of both ABA-
dependent and – independent pathways of the stress response that 
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development. Several bZIP members were known to participate in 
transducing ABA-dependent stress signals and were known as ABRE 
binding proteins (AREBs) or ABRE binding factors (ABFs). The AREB 
or ABFs are bZIP (basic leucine zipper) TFs that bind to the ABRE 
motif and activate ABA-dependent gene expression were first isolated 
in a yeast one-hybrid screening [53]. 

Several bZIP proteins were confirmed to be contributing to abiotic 
stress response in cereal crops, for instance, 141 in barley, 89 in rice 
& 171 in maize, and they were categorized into 11 groups A, B, C, D, 

E, F, G, H, I, S, and U according to the phylogenetic trees and DNA 
binding motif in maize, rice, and barely. The overexpression of bZIP 
TFs was recognized to be the response to drought stress in several 
kinds of cereal. In barley, 11 HvbZIP members were well known to be 
down-or up-regulated by drought. The overexpression of ZmbZIP37, 
OsbZIP12 and TabZIP60 in maize, rice and wheat respectively, have 
shown high expression level in drought stress condition. Similarly, the 
overexpression of TabZIP60 enhanced drought and frost tolerance in 
transgenic Arabidopsis [51].

TFs Target Gene Network Activated in Response to Drought

TFs are involved in target gene network regulation through their 
DBD interaction with different gene promoter cis-elements mediated 
by ABA-dependent or ABA-independent signal transduction pathway 
(Figure 7). The majority of DREB family members such as OsDREB1A 
and TaDREB1 were found to be activated in ABA-independent 
pathways [23]. They can improve stress tolerance by activating the 
expression of downstream genes determined by DRE/CRT cis-element. 
Their expression products in cells safeguard from stresses by increasing 
the membrane stability and correction of protein folding. However, 
current studies indicated that some members of DREB also involve in 
ABA-dependent pathways. DREBs in different species might possess 
various preferences in regulating the expression of downstream genes 
with different core elements in their promoters. The rice OsDREB1A, 
e.g., prefers to interact with the CRT/DRE core element GCCGAC 
of genes such as cor15A, rd29A, and rd17 instead of core element 
ACCGAC, while the Arabidopsis DREB1A and maize ZmDREB1A 
have equal competition for recognizing core element GCCGAC and 
core element ACCGAC in the downstream genes [23].

In the WRKY family, more than 10 TFs isolated from rice were 
got to express together under drought and cold stresses, but the 
downstream genes were still not determined. TaWR‐ KY44 from wheat 
was identified to recognize the core element (TTGACC/TTAACC) 
in the promoter region of downstream genes and up-regulate genes 
encoding stress-defensive proteins such as NtERD10C, to increase 
plants survival rate in drought [54-57]. 

Members of the MYB family regulate the expression level of various 
target genes participated in the ABA-dependent and independent 
pathways (Figure 7). The overexpression of OsMYB48-1 was existed to 
regulate genes such as OsPP2C68, RAB21, and OsNCED4, respectively, 
contributing to ABA early signaling, late response, and the ABA 
synthesis pathway, contributing to increased drought tolerance under 
water deficiency. TaMYB30-B was known to induce the expression 
of stress-inducible genes rd29A and ERD1, contributed to the ABA-
independent pathway [42]. Members of the bZIP family were also 
known to regulate 4ependent rvival ralso 
and(dent and independent )Tj
-ay [42].ED4fami52knownbeliev s2 TD
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