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ZEP: Zeaxanthin epoxidase, VDE: Violaxanthin de-epoxidase, 

NSY: Neoxanthin synthase, cADPR: cyclic adenosine 5’-

diphosphate ribose, IP3- Inositol (1,4,5)-triphosphate,  HOS-

High expression of osmotically responsive genes,  ICE: Inducer 

of CBF expression, CBF: Cold responsive element binding 

factor, DREB: Dehydration responsive element binding factor, 

DRE: Dehydration responsive element, CRT-Cold responsive 

sensitive transcription factors, ABRE: Abscisic acid responsive 

element, COR: Cold-regulated, RD: Responsive to dehydration 

LTI: Low temperature-induced, KIN: Cold-induced 

 

Corresponding Author: 
Bhandari K.* 
Research Fellow  

Email: kalpna.bhandari ( at ) gmail ( dot ) com 

 

Abstract 
Detailed studies have confirmed the role of Abscisic acid 
in various biological phenomena and its role under cold 
stress, in particular has been well established. Since ABA 
levels donot accumulate to appreciable levels in all 

plants, its exogenous application has been found to 
alleviate hazards of cold stress substantially. Latest 
reports suggest the role of ABA as a signaling molecule 
under cold stress. 
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1. Introduction 

 
ABA is a naturally occurring plant hormone and 

often termed as a Stress hormone because of its 

role in adapting to various stresses (Thomasho 

1999) including cold and chilling stress (Dallaire et 

al. 1994). It functions not only under stress rather it 

regulates various developmental and plant growth 

processes. Its occurrence and physiological role is 

not restricted  only to higher plants but also 

reported  in lower plants (Nagao et al. 2005) and a 

few lower animals (Puce et al. 2004; Nagamune 

2008) and even humans (Bruzzone et al. 2007). 

 

2. Structure of ABA  
 

Figure 1: Structure of Abscisic acid. 
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3. Biosynthesis of ABA 

 

Biosynthesized in chloroplasts and other plastids 
from certain carotenoids by the following pathway 

(Fig. 2). effective in cold stress mitigation when 

applied alone (Bakht et al. 2006) or in combination 

with other compounds such as salicylic acid (Szalai 

et al. 2011). It has been found to be helpful in 

various hardening and acclimation processes as is 

evident from the table cited below. 

 

4.1 Role of ABA in cold stress mitigation 

Plants are exposed to variety of environment 

stresses and plants develop various adaptive 

mechanisms to cope with environmental stresses. 
The most common mechanism for cold stress 

mitigation in a wide range of plants is cold 

acclimation. ABA has been proved to be playing an 

important role in abiotic stress tolerance e.g. 

freezing and drought (Finkelstein et al. 2002). 

 

4.2 Endogenous levels of ABA and effects of 

exogenous application 

Endogenous levels of ABA have been found to 

have increased under low temperature (Li et al. 

2002). Application of ABA to plants exposed to 
low temperature has been found to be useful in 

mitigating cold stress (Nayyar et al. 2004). Various  
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Figure 2:  

 
 
Figure 3: Various protective functions of ABA in plants under stress 
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Figure 4: 
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Table 1: Effect of exogenous ABA application on various plants under low temperature. 

PLANT EFFECT OF EXOGENOUS 

ABA 

REFERENCE 

Wheat  Freezing tolerance Dallaire et al.1994  

Winter rapeseed Freezing tolerance Orr et al. 1986 

Arabidopsis  Freezing tolerance  Mäntylä  et al. 1995  

Common bean Chilling tolerance Pardossi et al.1992 

Rice  Chilling tolerance  Lee et al. 1993 

Maize  Chilling tolerance Anderson et al.1994; Prasad et al. 1994  

Rapeseed Chilling tolerance Johnson-Flanagan et al. 1991  

Chickpea  Chilling tolerance Bakht et al. 2006  

Cucumber,Winter 
wheat 

Chilling tolerance Flores et al. 1988 

Alfalfa Chilling tolerance Mahapatra et al., 1988 

 

winter annuals and biennial plants require chilling 
treatment for their optimum growth and 

development and this chilling stimulus can be 

substituted by exogenous ABA application. Role of 

ABA in cold stress is further corroborated by 

working on ABA mutants of Arabidopsis, such as 

abi, los5 (low expression osmotically responsive 

gene los5/aba3. ABA deficient 3) and los6/ aba 

(Xiong et al. 2001). Exogenous ABA application 

confers freezing tolerance in alfalfa (Mohapatra et 

al 1988), Arabidopsis, maize cell suspension 

cultures (Xin and Li, 1992). 
 

4.3 ABA role in cold stress signaling 

Whenever plant experiences some environmental 

stress such as cold, it is perceived by some specific 

receptors on the cell surface resulting in various 

cellular responses such as increase in endogenous 

ABA levels leading to activation of Ca2+ 

mobilizing secondary messengers such as cADPR 

(Campalans et al. 1999) and IP3 .e.g. as observed in 

case if Vicia faba  (De Wald 2001)and Arabidopsis 

seedlings (Xiong et al. 2001). The increased Ca2+ 

levels then trigger a transcriptional cascade 
involving various transcription factors and genes. 

Ca2+ may activate ICE (Thomashaw 2001) which 

in turn up regulates other transcription factors such 

as CBF/DREB family and ultimately leading to the 

activation of COR, RD, LTI, KIN transcription 

factors. HOS1, a protein present in the cytoplasm 

under normal conditions but accumulates in the 

nucleus under cold stress, may target ICE or 

alternatively activate the factors bringing about 

degradation process, thereby negatively regulating 

the cold signaling  (Lee et al. 2001). 
 

Fig. 4: The possible ABA signaling pathway under 

cold stress. (cADPR (cyclic adenosine 5’-

diphosphate ribose);IP3 Inositol (1,4,5)-

triphosphate; HOS(High expression of osmotically 

responsive genes; ICE (Inducer of CBF expression 

); CBF (Cold responsive element binding factor) ; 

DREB (Dehydration responsive element binding 

factor);DRE (Dehydration responsive element); 

CRT(Cold responsive sensitive transcription 

factors); ABRE (Abscisic acid responsive element); 

COR( Cold-regulated); RD (Responsive to 

dehydration); LTI (Low temperature-induced); 

KIN(Cold-induced). 

 

Conclusion  

 

ABA is a naturally occurring plant hormone and 

often termed as a Stress hormone. Besides this, 

ABA helps regulate plant’s water status as well so 

endogenous levels of ABA act as important 
messengers under various types of stresses 

especially cold and drought stress, thus the 

endogenous levels of ABA have been found to be 

elevated appreciably under these conditions. It has 

been found to be helpful in various hardening and 

acclimation processes as well. Thus, ABA is not 

only a stress hormone but also an effective plant 

sentinel. 

 

Research Highlights 

 

Detailed insight regarding the biosynthetic pathway 
Elaborate description of role in cold stress 

signaling 

ABA being referred to as a plant sentinel over 

conventional concept of terming it as a stress 

hormone. 

 

Limitations 

 

Field trials are required for establishing the role of 

ABA in cold stress protection. Further, cold 

tolerant transgenics over-expressing ABA synthesis 
genes need to be developed.  

 

Recommendations 

 

Taking into consideration the critical role of 

Abscisic acid in stress tolerance, further detailed 

studies are required to corroborate its role under 

natural or field conditions so as to prevent damage 

from the harmful effects of various abiotic stresses. 
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