Mutation in CNGC4 gene affects disease resistance response in barley
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Lesion mimic mutants (LMM) often display constitutively expressed pathogenesis related responses which may lead to disrupted or enhanced disease resistance. Therefore characterization of LMM-pathogen interactions can serve as a useful tool for unraveling molecular aspects of plant disease resistance. Barley NEC1 is orthologous to Arabidopsis thaliana HLM1 gene with the nec1 LMM displaying spontaneous necrotic phenotype and constitutively over-expressing PR-1 gene. Although it is known that NEC1 gene encodes cyclic nucleotide gated ion channel 4 (CNGC4), physiological role of the gene is yet to be determined. Altered disease resistance of Arabidopsis hlm1 mutants against Pseudomonas syringae suggests a putative role of CNGC4 in plant immunity, therefore we investigated the effect of nec1 mutation on barley disease resistance.
Elevated levels of salicylic acid (SA) and over-expression of PR-1 gene often serve as an indicator of constitutive activation of systemic resistance in plants.  SA levels were increased in Arabidopsis hlm1 mutant and also in barley in response to Pseudomonas syringae pv. syringe, but not Bgh infection.  To test if nec1 displays constitutively active systemic resistance we characterized accumulation of H2O2 and SA in the mutant. We observed significantly elevated over-all level of H2O2 in nec1. Constitutive activation of PR indicators prompted us to investigate an effect of nec1 mutation on economically deleterious and widespread barley disease powdery mildew caused by biotrophic fungus Blumeria graminis f.sp. hordei (Bgh). Both nec1 and parental variety Parkland were completely susceptible to Bgh indicating no changes in basal powdery mildew resistance. 
Localized cell death and over-accumulation of reactive oxygen species (ROS) is characteristic for race specific interaction with Bgh. Therefore we analyzed expression of race specific Bgh resistance related genes HvRbohA and HvRacB in nec1. We did not observe any change in expression of above mentioned genes in the mutant compared to parental line. We also analyzed the effect of nec1 mutation on race non-specific Bgh resistance by assessing Bgh penetration efficiency on nec1/mlo-5. The double mutant was almost fully resistant to Bgh suggesting that nec1 mutation does not interfere with mlo triggered race non-specific resistance against powdery mildew. However, significantly increased overall level of H2O2 in nec1 plants and over-expression of race non-specific Bgh resistance related genes MLO and BI-1 in nec1 suggest a possible role of NEC1 in Bgh response pathways upstream of MLO. 

In conclusion, barley LMM nec1 displays constitutively activated systemic resistance related indicators; however it does not show any alteration in powdery mildew resistance. Although basal and mlo triggered race non-specific powdery mildew resistance remained unchanged in nec1 mutant, significant over-expression of Bgh response related genes and distorted ROS balance in nec1 mutant positions nec1 mutation upstream of MLO in race non-specific Bgh response pathway. 

