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ABSTRACT

Rice blast, caused by Magnaporthe oryzae, is the most devastating fungal disease in the rice-growing world.
Between 10% and 30% of the annual rice harvest is lost due to infection by rice blast. Mutant plants with altered
response to pathogens, either gain or loss of resistance, are useful for dissecting defense mechanisms. For this
purpose two rice genotypes including mutant variety Pooya (resistant) and its wild-type cultivar Mosatarom
(susceptible) were used in greenhouse tests. Expression patterns of PR1a and PR10a genes were analyzed at 1, 2, 3,
4 and 5 days after inoculation with M. oryzae and the seedlings treated with sterile water was used as control. The
PRla and PR10a genes responded to M. oryzae differently expression levels in Pooya compared with the
Mosatarom. The induced expression levels of PR1a and PR10a were higher in the Pooya than in the Mosatarom,
and the difference was greater for PR1a. According to our results, rapid induction and high level expression of
PR1a and PR10a genes might be involved in resistance of mutant variety Pooya to blast.
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INTRODUCTION

Rice blast, caused kdylagnaporthe oryzae, is the most devastating fungal disease in the-giowing world [1].
Between 10% and 30% of the annual rice harvestsisdue to infection by rice blast [2]. Plants def¢hemselves
against pathogen challenges by the activation tdnde response pathways [3]. The recognition betvpbent R
gene products and pathogen a virulence gene potkads to the rapid, coordinated expression afraef genes,
whose products participate in fighting back agapathogen infection [4]. The known defense geneicamainly
encode Pathogenesis Related (PR) proteins suBREs[5] and PR10a [6]. The rapid induction of defence gene
expression is required for fighting back againghpgens in plants. The activation speeds and esipresevels of
defence genes vary in different plant-pathogerraateons.

Mutants are widely used in plant research, suchlast physiology, genetic, and plant breeding stsdMutant
plants with altered response to pathogens, eitlagm gr loss of resistance, are useful for dissgctiefense
mechanisms [7]. In the present study we analyzedrtbchanisms controlling defense genes in resgorsee blast
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disease. In addition, we evaluated the expresdid?Rba andPR10a in a rice blastesistant mutant at the control
conditions and after inoculation wit. oryzae.

MATERIALSAND METHODS

Plant material and growing conditions

Two rice Qryza sativa) genotypes consist of mutant vari€goya and its wild-type cultivar Mosatarom was used
as plant materials. Mosatarom is susceptible te bkast, although it provides good food additivezause of
aromatic and volatile compounds. The Pooya mutanety derived from Mosatarom was produced by gamma
irradiation approach and registered as a blasistant mutant [8]. The plants were grown undeural light in a
greenhouse (20-30 °C) for inoculation experiments.

Pathogen inoculation and sample collection

The M. oryzae isolate 1C-25 was cultured at 26 °C on prune-agat, harvested spore were suspended in 0.01%
Tween-20 solution. For leaf inoculations, rice diegd at the 4-leaf stage were used. The seedigge sprayed
with a spore suspension of 1 x°fL. The inoculated seedlings were maintained gravth chamber at 26°C in
darkness for 24 h, followed by a light/dark cycfeld/10 h with 95% humidity. The leaves were cdlbecat 1, 2, 3,

4, and 5 days post-inoculation (DPI), frozen iruidnitrogen and then stored at -80 °C. Seedlingatéd with
sterile water for 1, 2, 3, 4, and 5 d were usecoasrols.

RNA extraction and quantitative RT-PCR

Total RNA was extracted from control and treatece rleaves using the pBiozol reagent according ® th
manufacturer’s protocol. The quality and conceidrabf RNA samples were examined by EB-stained @gggel
electrophoresis and spectrophotometer analysisal RItA was treated with DNasel (Fermentase, Gerpnémy
remove DNA contamination before cDNA synthesis agditg to the manufacturer’s instructions. Threerogcams

of DNase-treated RNA was reverse transcribed immptementary DNA (cDNA) using Revert A Reverse
Transcriptase (Fermentas, Germany), oligo dT18random hexamer primers (MWG, Germany) in a totéline

of 20 pl reaction mixture, according to the mantifear’s instructions. The mRNA expression level$PBfla and
PR10a were measured by quantitative real-time PCR usiegorimers listed in table 1 [9]. The relative eegsion
level was quantified in comparison with the housegking genactin as an internal control. Quantitative real-time
PCR was performed using Applied Biosystems 7500-Rieae PCR System (Applied Biosystem/MDS SCIEX,
Foster City, CA, USA), with 10 ng cDNA, 10 ul of B8R Green | master mix (Takara, Shiga, Japan), &0dn1

of forward and reverse primers up to final reactioiumes of 20 ul, according to the manufacturer&ructions.
The PCR was performed through the following indiarc an initial denaturation at 95 °C for 5 minlléwed by 40
cycles of denaturation at 95 °C for 10 s, anneating2 °C for 30 s, and extension at 72 °C for 10he PCR
reactions were performed in triplicate. Melt curvesre run immediately after the last PCR cyclexaneine if the
measurements were influenced by primer-dimer pairs.

Table 1. The primer sequencesused in quantitative RT-PCR

Gene  Accession Forward primer (5-3 ) Reverse primer (53 ) Product (bp)
PRla AJ278436 TGGGTGTCGGAGAAGCAGTG  GGTGATGAAGACGCCGAGG 59
PR10a AF274850 @ ACACTCGACGGAGACGAAGC  CAGGGTGAGCGACGAGGTA 76
actin X15865  GAGCTACGAGCTTCCTGATGGA CCTCAGGGCAGCGGAAA 65

Data analysis

Induction of defense gene expression was determised) the delta-delta method [10]. Firstly, theetfhold cycles
(Cy) of the PCR results for each gene were averagdduaed for quantification of the transcripts. Settpnthe

AC; value was determined by subtracting the averagedlie of the endogenous control gemesn from the
average ¢ value of the defense gene, respectively. LastgANC: value was determined by subtracting f@r

of the control (sample treated with sterile wafesjn theACr of the inoculated sample. Th&“2" value was given
to estimate the fold change of gene expression12]L,Each value was the mean of three indepenuietdgical

experiments that contained eight leaves in eaclerempnt, and standard deviations were given. Thalte were
analyzed using the Studentgest [11].
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RESULTSAND DISCUSSION

Expression levels of PR1a and PR10a in the Pooya and M osatar om at the control conditions

Both PR1a and PR10a genes exhibited significant expression betweenRtbeya and Mosatarom at the control
conditions (Fig. 1). Expression levels PRla andPR10a was more in Pooya compared with those in Mosatarom
According to the same genetic background betweayd (mutant variety) and Mosatarom (wild-type) feli€nces

in expression oPR1a andPR10a genes at the control conditions represents thedtrgdfagamma irradiation.

5 L HPooya
B Mosatarom

Relative expression

PRla PR10a

Fig. 1. Expression levels of PR1a and PR10a in the Pooya (mutant variety) and M osatar om (wild-type) at the control conditions. The
transcript levelswer e calculated relativeto the actin gene. Error barsrepresent the standard deviation of the mean from three
independent experiments. Asterisksindicate a significant difference (P < 0.05, t-test) between the Pooya and M osatar om within the same
gene

Expression levels of PR1a and PR10a in the Pooya and M osatar om after inoculation with M. oryzae
The PR1la and PR10a genes responded td. oryzae differently expression levels in Pooya comparethvihe
Mosatarom.

PRla andPR10a were up-regulated in both genotypes throughout wicthe experimental periodPR10a level was
below that of control at 1 DPI in Pooya). Notalilye induced expression levelsRiRla andPR10a were higher in
the Pooya than in the Mosatarom, and the differevaegreater foPR1a.

The plant PR proteins can be classified into 17#pethdent families (PR-1-PR-17) basing on their angnid
sequences, serological relationships, and enzyraetidities [13]. PR-1 proteins were first foundite expressed in

tobacco in response to tobacco mosaic virus (TM¥gdtion having 14 to IIkDa molecular weights [14]. Later,

homologues of tobacco PR-1 proteins have beenifigehin barley, tomato, maize, rice, and so fdib]. These
widely distributed proteins of plant kingdom hawgtifungal activity at the micromolar level agairmshumber of
plant pathogenic fungi [16], but their mechanisnadfion is not known. OsPR1a, a rice acidic PRsclaprotein, is
highly responsive to pathogen attack, wounding, salitylic acid. The blast fungus infection canund PRla
transcript accumulation in both compatible and mpatible interactions [5].

The PR-10 family proteins are intracellular progeimith unknown enzymatic function. Some proteinsPéf-10
family are induced under various stress conditiand act as common allergens [17, 18]. However, R&Rv10
proteins are also constitutively expressed, indigata role of these proteins in plant developmeifi].[ The

members of this family have low molecular weighto(aad 15-168kDa) and are slightly acidic, resistant to

proteases, and mostly intracellular and cytosdig, [21]. PR-10 proteins are structurally not relate any other
class of PR proteins. Apart from direct functiordefense, these proteins are implicated in a geharetion during
overall stress as well as during physiological gesnin certain developmental stages [22]. Most tpRR-10
proteins, such as sorghum PR-10 [23], barley PR24]D and asparagus PR-10 [25], are activated yathogen
attack or after treatment with fungal elicitors.dtiher plants, PR-10 is induced by drought [26]}, staess [27], and
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the plant hormones abscisic acid and methyl jasted2d]. OsPR10a is known to be induced by probenazole, and
thus is also called a probenazole-inducible gBBZ1 [6].

Our results indicate th&R1la andPR10a might be involved in resistance of mutant variegbpya to blast. Although
they were induced to higher relative levels in Booya, botiPR1la andPR10a were also up-regulated throughout
the whole experimental period in the Mosatarom.i®amuction and high levels of defence gene exgioesare
necessary for plants to fight back against pathegém most cases, the inducible levels of gene esgion in
compatible interactions are lower than those iotingatible interactions.

CONCLUSION

Differential expression patterns ¢fRla andPR10a genes was observed in mutant variety Pooya (agg)sand its
wild-type cultivar Mosatarom (susceptible) at tlomtrol conditions and und@d. oryzae inoculation. According to
our results, rapid induction and high level expi@s®f PR1la and PR10a genes might be involved in resistance of
mutant variety Pooya to blast.

PRla PR10a
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Fig 2. Expression levels of PR1a and PR10a in the Pooya (mutant variety) and M osatarom (wild-type) after inoculation with
Magnaporthe oryzae. The leaves were obtained at 1, 2, 3, 4 and 5 days post-inoculation. The transcript levels of PR1a and PR10a were
normalized to those of the actin gene as house-keeping gene. Then, the expression levels of PR1a and PR10a genesin the inoculated
sampleswer e calculated relativeto those of controlsthat weretreated with sterile water at respectivetimes. Error barsrepresent the
standard deviation of the mean from thr ee independent biological experiments. Circlesindicate a significant difference (P < 0.05, t-test)
between the controls and the inoculated samples. Asterisksindicate a significant difference (P < 0.05) between the Pooya and M osatarom
in the sametreatment time
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