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The effect of Pseudomonas protegens CHAO and an endophyte fungus
Serendipita indica on resistance induction with defense genes
expression of wheat against Septoria leaf blotch disease

J. Ashrafi', K. Rahnama", V. Babaeizad?, S. S. Ramezanpour', and C. Keel®

(Received: 18.4.2020; Accepted: 23.9.2020)

Abstract

Septoria leaf blotch (STB) caused by Zymoseptoria tritici, is one of the important wheat disease. The
endophytic fungus Serendipita indica and the plant-protecting bacteria Pseudomonas protegens induce
systemic resistance to plant pathogens. In this study, the expression rate of several defense genes in Tajan
susceptible wheat cultivar treated by S. indica and P. protegens and in control plants at different times point
after inoculation with Z. tritici were investigated by Real-time qPCR technique. The results showed that, the
expression of PAL and LOX genes in plants treated with P. protegens was higher than other treatments. The
expression of NPR1 and PR5 genes were higher in co-inoculated plants that treated by S. indica and P.
protegens. The results of phenotypic evaluation of two mentioned treatments also show, the expression of
these genes is effective in inducing resistance.The results indicate the active role of these two biocontrol
agents in protection of susceptible Tajan cultivar against STB due to increased expression of these genes
compared to control.
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TaActin.789F, 940R
TaLOX1267F,1441R
TaPAL.1536F,1651R
TaNPR1.745F,895R

TaThuLP.384F,533R

F: 5'-TCC TCC GCT TAT TGA TAT GC-3'
R: 5-ACC CGC TGA ACT TAA GC-3'

R: 5-TCG TCG CTG TCA ACA AGA TG-3'
F: 5'-GTC TGG ATC GGT GGC TCT AT-3'
R: 5'-GCA GCA AGT CCC CTT TGT AA-3'
F: 5'-TGA TCG AGG TCC TGT CCA AC-3'
R: 5'-CGG TTC TTG AGT TGG CGA TT-3'
F: 5'-GCT GAA CAA GGT GCT GGT GG-3'
R: 5'-TTG TCT CGT CGG CTG CTC A-3'

F: 5'-CTT CGG AAT TTG CCC TTG GT

R: 5-TCC AGC ACA TTT GAA CAG CG-3'
F: 5'-CTT GCC ATG GAC TTC TCG TG-3'
R: 5'-TCA TGG GCA GAA GGT GAT CT-3'

White et al. 1990

Himi et al. 2004
Gorlach et al. 1996
Barber et al, 2000
Ahangar et al. 2014

Yu etal 2001
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Figure.2. The effect of Serendipita indica (S.i) and Pseudomonas protegens (P.p) on Tajan wheat cultivar
resistance inoculation with Zymoseptoria tritici, Analise of variance by LSD (P = 0.05), Bar=Standard Deviation,

Co=Control.
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Figure.3. The effect of Serendipita indica (S.i) and Pseudomonas protegens (P.p) on disease severity (leave
necrosis%)Tajan wheat cultivar inoculation with Zymoseptoria tritici by (AUDPC), Analise of variance by LSD
(P = 0.05), Bar=Standard Deviation, Co=Control.
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Table 2. Analysis of variance for disease evaluation parameters in in Tajan wheat cultivar treated with
mycorrhizal fungus Serendipita indica, Pseudomonas protegens bacteria and control plant at after inoculation

with the causal agent of septoria leaf blotch(zymoseptoria tritici).
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Fig. 4. Expression patterns of PAL gene in Tajan cultivar of wheat plant. Control, treated by mycorrhizal fungus
Serendipita indica, Pseudomonas protegens and co-inoculated by S. indica and P. protegens at various times after
inoculation with the causal agent of Septoria leaf blight Z. tritici.

Note: *,** *** Stars show that expression data means was statistically different at 0.05, 0.01 and 0.001 levels respectively.
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Fig. 5. Expression patterns of LOX gene in Tajan cultivar wheat plant. Control, treated by mycorrhizal fungus
Serendipita indica, Pseudomonas protegens and co-inoculated by S. indica and P. protegens at various times after
inoculation with the causal agent of Septoria leaf blight Z. tritici.

Note: * ** *** Stars show that expression data means was significantly different at 0.05, 0.01 and 0.001 levels respectively.
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Fig. 6. Expression patterns of NPR1 gene in Tajan cultivar of wheat plant. Control, treated by mycorrhizal
fungus Serendipita indica, Pseudomonas protegens and co-inoculated by S. indica and P. protegens at various
times after inoculation with the causal agent of Septoria leaf blight Z.tritici.

Note: *,** *** Stars show that expression data means was significantly different at 0.05, 0.01 and 0.001 levels respectively.
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Fig. 7. Expression patterns of PRS gene in Tajan cultivar of wheat plant. Control, treated by mycorrhizal fungus
Serendipita indica, Pseudomonas protegens and co-inoculated by S. indica and P. protegens at various times after
inoculation with the causal agent of Septoria leaf blight Z. tritici.

Note: *,** *** Stars show that expression data means was significantly different at 0.05, 0.01 and 0.001 levels respectively.
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Table 3. The evaluation of treatment and control plant resistance and disease severity in Tajan wheat cultivar
treated with mycorrhizal fungus Serendipita indica, Pseudomonas protegens bacteria and control plant at after
inoculation with the causal agent of septoria leaf blotch(zymoseptoria triticiy by Zhang et al., (2001),
R=Resistance, MS=Moderately Resistance

Sole s oSl Syl 4o B
Disease severity Reaction Resistance range Treatment
(Necrosis % (AUDPC) 7.5 . CJM 35,50 (1-9 Scaled Zhang et al., 2001)
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