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Abstract  

Plants have evolved to defend against potential pathogens with the preformed 

physical and chemical barriers and active mechanisms such as the production of antimicrobial 

compounds, cell wall reinforcement and defense signalling pathways. The major mediators of 

plant defense signalling pathways include the phytohormones salicylic acid (SA), JA, 

ethylene (ET), abscisic acid (ABA), and auxin. Recently Fatty acids have also been found to 

play an important role in plant defense signalling. In plants, FAs modulate a variety of 

responses to biotic and abiotic stresses. FAs modulates ROS production and the subsequent 

defense responses during R genemediated resistance in plants. Accumulation of FAs in plants 

post pathogen infection results in induction of SAR. 
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Introduction 

Plants have evolved to defend themselves from a constant barrage of potentially 

pathogenic microorganisms. These include preformed physical and chemical barriers and 

active mechanisms such as the production of antimicrobial compounds, cell wall 

reinforcement via the synthesis of lignin and callose, and the specific induction of elaborate 

defense signalling pathways. Defense signalling pathways are generally induced upon the 

recognition of pathogen-derived molecules, resulting in pathogen-associated molecular 

pattern (PAMP)–triggered immunity (PTI) or effector triggered immunity (ETI). PTI is 

induced when pattern recognition receptors (PRRs) in the plant recognize conserved 

microbial factors, termed PAMPs. Pathogen-derived elicitors when recognizedby the host-

encoded pattern-recognition receptors (PRRs) result in the activation of PTIor basal 

resistance. ETI is induced in response to a subset of pathogen elicitors called avirulence(avr) 

factors, which are recognized by host-encoded resistance (R) proteins. ETI is highly 

speciesspecific and results in a much stronger and more durable resistance than PTI and can, 
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in general,prevent the spread of the pathogen. In addition to local defense mechanisms, plants 

also induce systemic responses that confer broad-spectrum resistance throughout the plant. 

These include induced systemic resistance (ISR),which is triggered in response to root 

colonization by beneficial bacteria and systemic acquired resistance (SAR), which is 

activated in response to pathogen infection. PTI and ETI share many signalling components, 

and both pathways involve signalling via oneor more phytohormones. The major mediators 

of plant defense signalling pathways include the phytohormones salicylic acid (SA), JA, 

ethylene (ET), abscisic acid (ABA), and auxin.JA is derived from the fatty acid (FA) α-

linolenic acid (18:3). JA constitutes akey member of the chemically diverse family of 

oxygenated FAs called oxylipins, many of whichare also involved in plant defense against 

biotic and abiotic stresses.Recent evidence shows that both FA and carbohydrate metabolism 

play important roles in plant defense and are involved in cross-talk with various 

phytohormones, including SA, JA, and ABA.Fatty acids (FAs) are essential macromolecules 

composed of carboxylic acids attached to hydrocarbon chains, present in all living organisms. 

They are an important source of reserve energy and essential components of membrane lipids 

in all living organisms.ImplicatesFAs and their derivatives as signalling molecules, 

modulating normal and disease-related physiologies in microbes, insects, animals, and 

plants.In plants, FAs modulate a variety of responses to biotic and abiotic stresses.  

 

Fatty acid Biosynthesis 

In plants, FA biosynthesis occurs exclusively in plastids and is catalyzed by acetyl-

CoA carboxylase(ACC) and FA synthase (FAS). ACCs are biotin-containing enzymes that 

catalyze the firstcommitted step in FA biosynthesis. ACC utilizes ATP to carboxylate the 
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biotin prosthetic groupfollowed by transfer of a carboxyl group to acetyl-CoA to form 

malonyl-CoA. The plastidial ACCgenerates malonyl-CoA, which is conjugated to acyl carrier 

protein (ACP) to form malonyl-ACP,the precursor for FA biosynthesis. In the cytosol, ACC 

provides malonyl-CoA for FA elongationand other cellular processes.The complex 

comprisesACP transacylase, which catalyses the transfer of an acetyl or malonyl group from 

CoA to ACPto generate acetyl- and malonyl-ACP.  The unsaturation of FAs is initiated by 

the stromal enzyme stearoyl-ACP desaturases (SACPDor _9 desaturases), which introduces a 

cis double bond into the acyl-ACPs at C9. The SACPD enzymes generate the 

monounsaturated FAs oleic acid (18:1) and palmitoleicacid (16:1). The 18:1-ACP generated 

via the SACPD catalyzed reaction is cleaved to release ACP,and the acyl group is either 

exported out of plastids as 18:1-CoA or acylated at the sn-1 (Lim et al., 2017) 

 

Fig. Schematic representation of fatty acid (FA) and cuticular components in plants. 
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Fatty Acids in Plant Defense 

Palmitic (16:0), stearic (18:0), oleic (18:1), linoleic (18:2), and linolenic acids 

(18:3)are common FAs found in plant lipids. Of these, the levels of the unsaturated FAs 

(thosethat carry double bonds between carbons) 18:1, 18:2, and 18:3 are particularly 

important in plantdefense. For example, overexpression of a yeast _9 desaturase increases the 

accumulationof 16:1 in transgenic tomato and eggplants, and this is associated with increased 

resistance topowdery and Verticillium dahliae, respectively. Likewise, increased levels of 

18:2 and 18:3 result inhigher resistance to Colletotrichum gloeosporioides in avocado and 

Pseudomonas syringae in tomato. The Arabidopsis fad7 fad8 mutant defective in the 

generation of 18:3 in chloroplastic membranes is deficient in ROS production following 

infection with avirulent strains of Pseudomonas syringae and shows enhanced susceptibility 

to this pathogen.The fact that 18:3 stimulates NADPH oxidase activity in vitro suggests that 

18:3 modulates ROS production and the subsequent defense responses during R 

genemediated resistance in plants. 

Oleic Acid and Plant Defense 

Like 18:2 and 18:3, the monounsaturated FA 18:1 is also associated with defense 

signalling. Amutation in the major SACPD isoform (SSI2) in Arabidopsis results in 

constitutive activation ofdefense signalling, and this is associated with stunted growth and 

high levels of SA. Consequently,these plants exhibit enhanced resistance to bacterial and 

oomycete pathogens. Characterization of ssi2 suppressor mutants has revealed that their 

altered defense phenotypes aredue to a reduction in 18:1 level. Thus, mutations that restore 

18:1 levelin the ssi2 background restore wild-type phenotypes. Thiseffect of glycerol is not 

seen in act1 or gli1 (defective in phosphorylation of glycerol to G3P)mutants, further 

supporting the involvement of 18:1 in defense signalling. 

Fatty Acids in Systemic Acquired Resistance 

Recent work has demonstrated an important role for FAs in SAR as well. During 

SAR, localizedinfection by a primary pathogen result in the induction of broad-spectrum 

resistance against secondaryinfections in the systemic tissues of the plant. Several chemical 

inducersof SAR have been identified, including SA and itsmethylated derivativeMeSA, 

pipecolicacid, dehydroabietinal, G3P (Mandal et al., 2011), and azelaic acid (AzA).AzA is a 

nine-carbon dicarboxylic acid that is generated by oxidative cleavage of C18 unsaturatedFAs 
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that contain a double bond at carbon 9. The oxidation of C18 unsaturatedFAs is facilitated by 

ROS, where different ROS species function additively. Thus, 18:1,18:2, and 18:3 FAs, all of 

which contain a double bond at carbon 9, can serve as precursors for themonocarboxylic acid 

9-oxononanoic acid (ONA), which is the immediate precursor for AzA.This is supported by 

the fact that pathogen infection induces the accumulation of 18:1, 18:2, and18:3 free FAs, 

and exogenous application of 18:1 or 18:2 induces AzA biosynthesis and SAR inwild-type 

plants (Yu et al., 2013). 

 

Fig.: A model illustrating the relationship between chemical signals and galactolipids in 

systemic acquiredresistance (SAR). 

Conclusion: 

Fatty acids are important sources of reserve energy, which is particularly important 

for the energy-intensive processes that underlie the plant defense response.Phenolic FAs are 

involved in plant defense to microbial and insect pests, and protect plants against herbivory 

and UV damage.Changes in oleic acid (18:1) levels can result in increased accumulation of 

another defense hormone, SA, and generate broad-spectrum disease resistance to biotrophic 

pathogens via the upregulation of R-gene transcription.FAs regulate ROS levels by specific 
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effects on ROS-generating enzymes.FAs regulate SAR via their contributions to the 

biosynthesis of the SAR inducers NO and AzA. 
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