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Extended abstract

Introduction

Apple is one of the most important economic products of Iran and the world. Apple brown rot disease (Monilinia
laxa) is one of the important diseases that cause yield reduction in pre-harvest and post-harvest stages. Increasing
the activity of defense enzymes, including antioxidant enzymes such as peroxidase and catalase, is an approach to
enhance apple defense system. Increasing the activity of antioxidant enzymes can reduce the excessive amount of
malondialdehyde (MDA) produced by plants under stress, thereby maintaining the stability of the cell membrane
and increasing the plant's tolerance to stress. Proline is a protective amino acid maintaining cell membranes and
plant enzymes that regulates the osmotic balance of the cytoplasm. Many genes are activated or deactivated upon
plant's response to the pathogen, and their expression may also increase or decrease following infections.
Therefore, it is necessary to study and track the level of gene expression during biotic stresses, especially defense
genes that play an important role in response to stress response. The aim of the present research was to show how
genes respond to biotic stress.

Materials and methods

Golden Delicious apples were used in this study. The contents of hydrogen peroxide, malondialdehyde and proline
were measured. Some defense related compounds of apple fruit, including peroxidase and catalase enzymes, was
recorded following M. laxa inoculation. Extraction and measurement of peroxidase and catalase enzymes were
done on days 0, 3, 6, 9, and 12 days after inoculation. Also, the changes in the expression of PR1 and PR8 genes
in response to brown rot pathogen was studied at 12, 24, 48 and 96 hours post inoculation.

Results and discussion

The inoculation of M. laxa greatly increased the level of H202. The amount of H202 was increased from day 6
and reached its highest level of 31.45 pmolg-1FW on day 12. MDA content increased strongly on day 9, and
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reached a peak of 5.44 mg g-1FW on day 12. Inoculation with M. laxa increased the permeability of apple fruit
cell membranes. Inoculation of M. laxa also strongly increased the proline level at day 6. The activities of two
enzymes, catalase and peroxidase, were significantly changed in the tissue of the control fruit compared to the
fruits infected with M. laxa. In examining the activity of peroxidase and catalase enzymes, a similar trend was
observed for these enzymes. Compared to the control, inoculation with the pathogen caused a significant increase
in POD activity on day 3, which reached its highest level on day 3 (48.17 U/mg protein min) and then began to
decrease rapidly. CAT activity also showed the same trend. After inoculation, CAT activity increased significantly
and peaked on day 3 (37.12 U/mg protein min) and then decreased rapidly. The results of analysis of variance of
resistance genes expression at different time points were significant. After 48 hours, the expression of PR1 and
PR8 genes was observed to be the highest compared to the control. The expression of PR1 and PR8 genes was
observed to be 3 and 8 times higher than the control, respectively.

Conclusion

The cell wall is the first barrier to M. laxa invasion, i.e., the mechanical strength of the apple cell wall is crucial to
protect apple fruit from pathogenic fungi infections. ROS production is an important signal of the apple immune
response, which can improve the defense ability through the mechanism of ROS production and scavenging.
Expression of PR-associated proteins also directly improves resistance to pathogens. Results of present study
showed that a series of defense reactions against M. laxa were induced during infection in Golden Delicious apple
fruits, including increasing in defense-related enzyme activities and increased expression of PR genes. M. laxa
suppress the apple defense system and causes apple early fruit rot. These findings highlight the importance of the
defense mechanisms of plants against pathogens.
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Table 4- Analysis of variance on the data of PR1 and PR8 genes expression in apple fruit against the fungal
pathogen Monilinia laxa at different storage times
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Figure 4. The relative expression of PR1 gene in apple fruit against the fungal pathogen Monilinia laxa at different time
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