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Overview 

Abscisic acid (ABA) is one of the important Plant growth regulators plays major role in the 

regulation of drought stress in plants. Transcriptional factors associated with ABA – responsive 

regulation of genes optimized growth and development of plants under drought stress. In addition 

to drought regulation in plants, several drought responsive genes have been identified are 

associated with ABA-dependent pathway, whereas in ABA-independent pathways dehydration-

responsive element binding protein (DREB), NAM, ATAF, and CUC regulons play an important 

role in the regulation of many droughts’ responsive genes in the plants. In this literature, we 

focused on the various drought regulation strategies in plants by transcriptional factor (TF) 

families including abscisic acid-responsive elements and dehydration-responsive elements 

associated with ABA-pathway in plants.   

 

1. Introduction  

Drought or water deficit condition is the metrological factor limiting agricultural 

productivity across the world. Long period of water deficit condition due to uncertainty of rainfall 

and global warming leading to reduced available soil moisture to the plants (Gupta, et al., 2020a). 

In last few decades, drought stress has increased due to uncertainty of rainfall cause by global 

warming and environmental pollutants. Therefore, it is very essential to understand the 

mechanism of drought tolerance to improve crop plants for fulfil of the food demand of the 

increasing population of the world. In response to drought stress, stomatal closure is the primary 

response of the plants to reduce water loss (Raghavendra, et al., 2010). Secondary, rapid wax 

biosynthesis on the leaf surface reduces water loss, respiration rate and increase water uptake 

(Meng, et al., 2019). Several attempts have been made by the researchers and plant physiologist 

to understand the mechanism of drought tolerance.  The plant response at cellular level, metabolic 

changers in plants under water deficit condition have been well studied and demonstrated. 

Furthermore, it has also been analyzed that drought stress affects expression of many genes in 

Popular Article 

 

Vol.3 Issue 02 February 2024, Page: 1443-1455 
 

https://www.trendsinagriculturescience.com/
mailto:trendsinagriculturescience@gmail.com
https://doi.org/10.5281/zenodo.10701886


Trends in Agriculture Science  

 
 

  

 
           Official Website: trendsinagriculturescience.com         

1444        e-mail Address: trendsinagriculturescience@gmail.com   

Singh et al  

Published: 25 Feb. 2024 

 
ISSN:  2583-7850 

plant. The Genomic information of the model genetic plants “Arabidopsis thaliana” provided 

information about the gene and gene families associated with drought mechanism. In addition, 

advanced omic tools such as transcriptomic, proteomic and metabolomics studies provide 

strength about the mechanism of drought tolerance in plants. The changes in plants due to drought 

stress, many genes play an important role in the stress response the development of tolerance for 

the survival of plant. Many droughts responsive genes have been identified and characterized in 

response to drought tolerance. The responsive gene categories like LEA proteins, 

chaperons/HSPs, and reactive oxygen species sugar and proline biosynthesis enzymes are also 

essential for the development of drought tolerance in plants. Moreover, the gene encoding 

proteins involved in signaling and expression of the desirable genes like kinase, enzymes for lipid 

signaling and components of ABA and transcriptional factors have been also involved in stressed 

condition.  

 

 

Source: Raghavendra, et al., 2010 

2. ABA dependent plant response under drought stress  

When plant subjected to water deficit condition the plant hormone abscisic acid (ABA) 

play important role for adaptation of plant under acute condition. Under drought condition, ABA 

is accumulated in the plants due to inductions of ABA biosynthetic gene families. Several 

physiological and biochemical changes in the plants under drought condition are regulated by the 

expression of the ABA responsive genes. Hence, existence of ABA–dependent signal 

transduction pathway play pivotal role under drought stress (Todaka, et al., 2015). Microarray 

study revealed that several genes involved in the up and down regulation have been identified in 

response to drought stress. In addition to ABA dependent drought stress response of the plants, 

microarray studies of rice, wheat, maize, barley and other crops have been compared to 

identifying the gene expression (Shaar-Moshe, et al., 2015).  
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 Source: D-Todaka, et al., 2015 

3. ABA signaling pathway 

ABA signaling plays an important role in response to drought stress by the regulation of 

transcriptional network. In water deficit condition, many genes are induced by exogenous 

application of ABA due to ABA signaling pathway regulated by transcriptional factors 

(Yamaguchi-Shinozaki and Shinozaki, 2006). ABA signaling pathway consists of receptor 

(RCAR/PYR/PYLs), protein phosphatase (PP2C) and kinase (SnRK2s). These receptors are 

bounded and activated to form trimeric complex with protein phosphatase (PP2C) and inhibited 

the activity of phosphatase (Park, et al., 2009). Just after the inhibition of the activity of 

phosphatase (PP2C), kinase SnRK2s (SnRK2.2, SnRK2.3, and SnRK2.6) released from 

associated PP2Cs. Released SnRK2s can be activated through autophosphorylation towards the 

downstream of Transcriptional Factors and ion channel proteins involved in the drought response 

(Ma, et al., 2009). Rather than transcriptional factors in the downstream in ABA signaling, some 

other transcriptional factors like WRKY, MYB, and NF-Ys, are also involved in drought response 

and tolerance mechanism in the plants. Hence, Transcriptional factors, ARE, DRE, WRKY, MYB, 
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and NF-Ys, NACs plays very importance role when plants are under water deficit condition 

(Singh and Laxmi, 2015).   

   

Source: Yamaguchi-Shinozaki and Shinozaki, 2006 

4. Abscisic acid-responsive element (ARE) 

Abscisic acid-responsive element is ABRE factor, associated with abscisic acid-

responsive element binding proteins (AREB). Abscisic acid-responsive element binding proteins 

are involved in the ABA-dependent regulation of gene expression when plants are under water 

deficit condition. ABA-responsive gene regulation is regulated in the promoter region of the gene 

(Yoshida, et al., 2015). ABRE is composed of conserved region of 8 bp long cis elements 

(PyACGTGG/TC) with one core sequence ACGT. In ABRE promoter region analysis it is found 

that single copy of ABRE is not sufficient in ABA-responsive gene expression under drought 

condition (Li, et al., 2019). The cis-acting elements of the ABRE needed close proximity of the 

other cis-acting elements of the other ABRE. Such type of proximity of the one cis-acting 

elements of the one ARBE to others is called as coupling elements (CE). These coupling elements 

(CEs) are GC rich region of the cis-elements (Yang, et al., 2020). Certain coupling elements such 

as coupling elements1 (CE1) and coupling elements3 (CE3) or c-repeats are involved inregulation 

of drought stress.  
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Source: Yoshida, et al., 2015 

5. Dehydration-responsive elements (DRE) 

Dehydration-responsive elements (DREs) are A/GCCGAC rich sequences. These 

sequences have been identified in drought-responsive genes, which are recognized by DREB2 

proteins. There are two types of DRE protein elements, namely DREB2A and DREB2B belongs 

to Apetala2 and ethylene-responsive factors of the TF family (Maruyama, et al., 2012). 

Dehydration-responsive elements (DRE) is associated with dehydration-responsive element 

binding proteins (DREB-2A regulon) are operated when plants are subjected to drought and heat 

stress. Overexpression of DREB-2A showed improved heat-tolerance by strategic expression of 

heat-sock related genes (Mizoi, et al., 2012). Hence, dehydration-responsive elements are not 

only involved in heat-tolerance, it is positively involved in drought stress tolerance (Lim, et al., 

2007). Further study revealed that the stability of DREB2A is controlled by DRIP1 and DRIP2 

through the ubiquitin/26S proteasome system under normal conditions. In Arabidopsisthaliana, 

tiny tiny2 tiny3 are the triple mutants of the TINY family showed hypersensitive phenotypes to 

drought stress whereas transgenic plants overexpressing TINY enhanced drought tolerance. 

Therefore, TINY family significantly regulate the genes associated with drought and promotes 

stomatal closure to reduce the dehydration rate by interacting BES1 in BR signaling (Xie, et al., 

2019). 
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          Source: Maruyama, et al., 2012 

6. Transcriptional factors  

Transcriptional factors play pivotal role in the modulation of drought-induced signal to 

several cellular responses. Single transcriptional factor have ability to modulate the expression of 

number of genes associated with respective stress (Takahashi, et al., 2018). Transcriptional factors 

are regulatory proteins that can regulate the drought stress in plants. Those regulatory proteins, 

which are involved in the modulation or regulation of genes under stressed condition, are 

collectively known as regulons.  These regulatory proteins modulate the expression of respective 

genes by binding with promoter. Under acute drought condition, many regulons are activated to 

optimized plant growth (Yu, et al., 2017). In Arabidopsis thaliana, some regulons have been well 

studied and demonstrated in the regulation of drought stress (Nakashima, et al., 2009). In addition, 

ABA – independent and ABA – dependent pathways are actively involved in the regulation of 

transcriptional response by affecting regulons under drought stress (Nakashima, et al., 2009).   

Source: Nakashima, et al., 2009 
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6.1. WRKY TF family: WRKY TF families do not recognize the ABRE motif but play important 

role in the ABA-dependent drought response. The member of this family have conserved region 

with DNA-binding potential (Singh and Laxmi, 2015). They have W-box of the TTGACC/T 

sequence involved in the acceleration of both biotic and abioitc stress responsive genes (Chen, et 

al., 2017). Some genes of this family viz. WRKY18, WRKY40, and WRKY60 are negatively 

regulating ABA-responsive genes through binding with their promoter region under normal 

condition (Chen, et al., 2019). Whereas, expression of WRKY18, WRKY40, and WRKY60 genes 

are accelerated under water deficit condition and ABA positively regulated the gene expression 

(Chen, et al., 2019). In addition to negatively regulating drought stress, WRKY40 and WRKY70 

are known repressors in plant immunity and has been reported that drought stress-induced ABA 

biosynthesis inhibits salicylic acid (SA)-mediated plant immunity (Gupta, et al., 2020b). 

Source: Chen, et al., 2019 

6.2. MYBs TF family: Expression of some cis-acting elements MYBRS (C/TAACNA/G) and 

MYCRS (CANNTG), in their promoter region governs drought responsive elements depend on 

ABA (Abe, et al., 1997). Further studies identified AtMYB2, AtAMYB96 and bHLH TF 

AtMYC2 member of the MYB TF family involved as drought responsive genes. In addition to 

the activation of target genes in response to ABA, AtMYB96 was reported to negatively involved 

in the regulation of ABA-repressible genes have been reported by Lee and Seo, 2019.  
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Source: Lee, et al., 2019 

6.3. NF-Ys Unit: NF-Ys units are consists of three subunit viz. NF-YA, NF-YB, and NF-YC. 

These subunits recognize CCAAT box in the promoters of target genes. In Arabidopsis thaliana, 

AtNF-YA5 units of the NF-Ys family induced by drought stress in an ABA-dependent pathway 

and the mutant nf-ya5 shows hypersensitivity to drought stress, whereas overexpression of NF-

YA5 enhances drought tolerance. Other members like AtNF-YA3, AtNF-YA7, and AtNF-YA10 

have been identified from NF-YA family significantly involved in the drought stress response 

(Leyva-Gonzalez, et al., 2012). In addition, one of the unique member of NF-Ys family i.e. AtNF-

YB2 have been identified are involved in the regulation of drought stress in both ABA-dependent 

and ABA-independent pathways (Sato, et al., 2019). Recently in 2019, Hwang, et al., reported 

novel element AtNF-YC3/4/9 positively involved in the dehydration escape in most of the 

flowering plants while interact with ABF3/4 by activating SOC1 expression under drought 

condition (Hwang, et al., 2019).   
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 Source: Leyva-Gonzalez, et al., 2012 

6.4. NACs families: NACs is the largest transcriptional factor family includes NAM, ATAF, and 

CUC. Approximately hundred members in rice and Arabidopsis have been identified from this 

transcriptional families are involved in drought stress regulation. Most of the NAC transcriptional 

factors are encoded by NAC-gene family. NAC transcriptional family regulate drought stress 

responsive gene through ABA-dependent pathway, whereas the other member of NACs families 

do so through ABA-independent pathway (Singh and Laxmi, 2015). Further study revealed that 

the dehydration– responsive gene ERD1 expression induced by drought stress not by ABA.  NAC 

transcriptional factors contain conserved N-terminal DNA-binding domain and variable C-

terminal region (Nakashima, et al., 2012). The C-terminal region of NAC transcriptional factors 

play crucial role in the determination of drought responsive genes (Nuruzzaman, et al., 2013). 

These transcriptional factors are involved in the plant development process related to auxin 

signaling and development of meristematic tissues.  
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Source: Nuruzzaman, et al., 2013 

7. Epigenetic regulation of drought stress 

Epigenetic regulation significantly contributes to the drought and other abiotic stress 

response.   Epigenetic regulation is associated with histone protein modification, chromatin 

remodeling, and DNA methylation (Chang, et al., 2019). Dehydration in plants due to acute 

drought, the antagonistic response of the histone 3lysine4 (H3K4) methyltransferase and histone 

demethylase maintain the gene expression for the development of stress tolerance. Whereas, 

histone demethylase control histone methylation homeostasis under drought stress. The histone 

demethylase JMJ17 of the KDM5/JARID1 family significantly response to dehydration stress in 

Arabidopsis thaliana. In addition to epigenetic regulation under dehydration stress, the LIKE 

HETEROCHROMATIN PROTEIN (lhp1) of the PRC1 complex also mediates transcriptional 

repression of drought-related TF gene like ANAC019 and ANAC055 (Huang, et al., 2019). 

Furthermore, the HDA9 of the histone deacetylate family significantly regulates drought response 

by maintaining ABA homeostasis in response to drought stress (Baek, et al., 2020).     
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