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Abstract:

Bell pepper (Capsicum annuum L.), in Solanaceae family plays a vital role in a
healthy diet due to its fiber, vitamins, and minerals. Bell pepper production is
significantly affected by viral, bacterial, fungal, and nematode infection. This study
aimed to examine effects of cucumber mosaic virus (Cucumovirus CMV) and alfalfa
mosaic virus (Alfamovirus AMV) infections on the morphological and physiological
characteristics of the bell pepper cultivar California Wonder. The traits assessed
included plant height, greenness index, leaf area index (LAI), fresh and dry weight
of the plant, fresh fruit weight, total phenol content, vitamin C, chlorophyll a and b,
carotenoids, and proximate composition, including moisture, protein, crude fiber,
ash, crude fat, and carbohydrates. The results indicated that infection with CMV and
AMV resulted in a significant reduction in plant height, greenness index, LAI, fresh
and dry weight of the plant, chlorophyll a and b, carotenoids, vitamin C, and fresh
fruit weight. No significant change was found in the total phenol content between
infected and control plants. The percentages of moisture, protein, ash, crude fat, and
carbohydrates were not affected by viral infections. However, the percentage of
crude fiber significantly increased in infected plants. Overall, the findings of this
study suggest that infection to CMV and AMV, reduces growth, yield, fresh fruit
weight and vitamin C, leading to a decline in the nutritional value of bell pepper
fruits.

Keywords: bell pepper, cucumber mosaic virus (CMV), alfalfa mosaic virus
(AMV), Vitamin C
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Extended Abstract
Introduction

Soybean (Glycine max L.) is one of the major oilseed crops
in the world and is widely cultivated. In addition to having a
significant percentage of oil, soybeans also contain protein.
The pathogenic fungus Macrophomina phaseolina is
considered a very destructive agent for soybean and more
than 500 other plant species and causes charcoal rot disease.
The severity and prevalence of this disease have increased,
especially in recent years, due to climate change. Charcoal
rot symptoms usually appear after the flowering stage and
become more severe during growth stages such as the
formation of primary seeds, seed completion, and the
beginning of maturity. In infected plants, the size of leaves
and seeds usually decreases, and they dry out and die earlier.
The fungus survives by producing microsclerotia in root and
stem tissues and persists in the soil for up to four years after
harvest, acting as a major source of disease transmission.
This fungal pathogen is a necrotrophic pathogen, and since
necrotrophic pathogens are more challenging to control, this
pathogen has a significant economic impact on the
agricultural sector. Charcoal rot management strategies,
such as biological control and fungicide application, have
shown limited success. Therefore, charcoal rot-tolerant
soybean genotypes are the most sustainable strategy in terms
of maintaining high yield and seed quality. In response to
stress, plants activate a series of responses. Among these
responses, the induction and accumulation of pathogenesis-
related (PR) proteins play a special role. These proteins, as
part of the plant's innate immunity, are of great importance
in combating biotic and abiotic stresses. This study aims to
identify mechanisms of resistance to charcoal rot by
examining changes in the expression of pathogenicity-
related genes in the most susceptible and resistant soybean
cultivars at various times after infection. The results of this
study can be used to pinpoint key genes involved in

resistance to charcoal rot.

Materials and Methods

Plants displaying symptoms of charcoal rot in the crown
were collected from soybean growing areas in Mazandaran
Babol,
Bahnmir, Jooybar, Ghaemshahr, and Behshahr. The fungus

province, specifically from Amol, Babolsar,
responsible was isolated by culturing in water agar medium,
purified using the Hyphae tip technique, and identified
through morphological methods. In the subsequent phase of
the research, seeds of Sahar and JK cultivars were acquired
from Tekato Oilseed Cultivation Development Company to
assess soybean resistance. The seeds were disinfected to
ensure uniform and pathogen-free seedlings, germinated,
and then transplanted into plastic pots with sterile soil. These
pots were placed in a growth chamber. Once the soybean
plants reached six leaves, a suspension containing 1.2x10*
spores per milliliter was prepared and added to the soil of
14-day-old soybean seedlings (JK and Sahar cultivars). Leaf
samples were taken at intervals of zero (before inoculation)
and at 24, 48, 72, 96, and 144 hours after inoculation. Total
RNA was extracted from the leaves, its quality assessed, and
genomic DNA removed from the RNA samples.
Subsequently, cDNA was synthesized, and the expression
analysis of PR1, PR2, and PR4 genes was conducted using
the Quantitative Real-Time PCR technique. The actin gene
was selected as the housekeeping gene, and the results were
analyzed using the 2-22¢T formula. This study was carried
out as a factorial experiment in a completely randomized

design, with Sahar and JK cultivars and three replications.

Resultss

Isolates obtained from infected plants formed white, fluffy
colonies that changed to brown or gray over time, eventually
turning black and producing a large number of
microsclerotia in the culture medium. Based on the
appearance and growth characteristics of these isolates, the
fungus M. phaseolina was identified. The expression of PR1,
PR2, and PR4 genes in JK and Sahar cultivars gradually
increased after fungal inoculation, reaching its highest level

at 96 hours after infection. However, a decrease in
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expression was observed in all three genes at 144 hours after
infection. Comparison of gene expression levels in the two
cultivars showed that at the peak, PR1 gene expression in the
JK cultivar was about 4.22 times higher than that in the Sahar
cultivar. Additionally, the expression level of the PR2 gene
in the JK cultivar was 12.22, compared to 6.28 in the Sahar
cultivar. PR4 gene expression was also measured to be
almost twice as high in JK compared to Sahar. Overall, in all
time periods studied, the expression of genes associated with
resistance was higher in JK than in Sahar.These results
indicate genetic differences between the two cultivars that

could affect their resistance to M. phaseolina.

Discussion

The use of fungicides is one of the common methods for
controlling plant diseases. However, this method, while
significantly increasing production costs, poses serious risks
to human health and the environment. For this reason, the
use of resistant varieties is one of the best methods for
controlling the disease. One of the differences between
varieties is the level of gene expression. It has been shown
that the PR1 protein is effective on the membrane, and
increasing the expression of the PR1 gene can modulate the
level of reactive oxygen species and thus increase disease
resistance in plants. The PR2 family protein belongs to a
group of proteins that, with their $-1,3-glucanase activity,
hydrolyze the B-1,3-glycosidic bonds present in the glucans
of the pathogen wall, thus causing the pathogen to be
destroyed. The PR4 protein acts as a chitinase and also has
the ability to inhibit the growth of fungal mycelium. In this
study, PR1, PR2, and PR4 genes in the JK cultivar have
higher expression against charcoal rot disease than the Sahar
cultivar. The findings of this study showed that these genes
play an important role in plant defense responses and can be
used as suitable targets for the production of transgenic
plants resistant to fungal diseases. However, for the practical
use of these results in plant breeding, it is necessary to
conduct complementary and more detailed studies. These
studies can include investigating more detailed molecular

mechanisms, assessing the stability of resistance under field

conditions, and analyzing possible effects on other plant
traits. The results of this study can be an effective step
towards developing new strategies for plant disease

management.
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Table 1. List of primer sequences used for expression

analysis of resistance genes

. . Accession
Primer 5'- 3'(Sequence) Number
Actin-F CCAAACGAAGAATGGCATGA

AK059783
Actin-R CAAGTGGTCGCACAACTGGT
PR1-F ACCCACAATTGCACTGCATC 016221
PR1-R TGCTAACCAACGCAAAGGTG
PR2-F TCAATGACCCTCCTCCTGCT

D14000
PR2-R TCGGTGGTAGTGCAAGATGG
PR4-F TATTTGTCACCCGCAAGCAC X16099
PR4-R TTGGGACGCTAGCAAACCTT
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