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R genes 

•
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• It is a mechanism used by plants to prevent the spread of infection by microbial pathogens.
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HYPERSENSITIVE RESPONSE (HR) 
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• Activation of R genes triggers  an influx 
of Ca2+ and H+ and an efflux of OH- and K+ to the 
outside the cells.

• Generation of  oxidative burst by 
producing reactive oxygen 
species (ROS), superoxide anions, H2O2,  OH 
radical and NO molecules. These compounds  
exhibits cell-wall modification by lipid 
peroxidation, accumulation of PR-proteins 
(chitinase, gluconase), phytoalexins as well as 
phenolic compounds. This local response induces 
systemic alterations known as systemic acquired 
resistance (SAR). As a result the plant acquires 
resistance to a pathogen, which would previously 
spreading to the other cells.



ROS participate in the activation of MAPK.
MAPK cascades are major signal transduction modules in eukaryotes and consist of at least three protein kinases, : 

a MAPK kinase kinase (MAPKKK)
 

activates a MAPK kinase (MAPKK)

     
activates a MAPK.

2 MAPKs, tobacco salicylic acid-induced protein kinase (SIPK) and wound-induced protein kinase (WIPK), and their 
orthologue in other plant species play pivotal roles  in disease responses to several pathogens and development 
and diverse physiological processes.
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Crosstalk between MAPK Signaling and the Radical 
Burst



BIOLOGOLICAL FUNCTION 
OF ROS AND NO

▪ROS and NO play important roles independently or coordinately in plant innate immunity. 
ROS generated on the plasma membrane can directly cause strengthening of the cell walls 
via cross-linking of glycoproteins against secondary infection and simultaneously activating 
the Ca2+ channel to increase the level of cytosolic Ca2+(act as inducer and defense). 
▪However, NO signaling includes various messenger molecules, such as cGMP, cADP ribose 
and Ca2+ and responsible for posttranslational modification of target proteins, such as 
NO-dependent cysteine S-nitrosylation that can modulate the activity and function of 
pathogen proteins.
▪NO induces activation of MAPK and the expression of defense genes, such as Phenylalanine 
ammonia-lyase and pathogenesis-related proteins.NO ASSOCIATED1 (NOA1) participates in 
NOS (nitrogen synthase) and NR (nitrate reductase) activity playing a key role in interaction 
between pathogen-plants and also  triggered NO Burst .
▪NO can also react with O2

− to form the reactive molecule peroxynitrite (ONOO−) which  is 
responsible for tyrosine nitration, that is  the major toxic reactive nitrogen species in  cells. In 
plants, NO and O2

− are produced simultaneously through a convergent signaling MAPK 
cascades.




