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ELICITORS TO ALTERNARIA BRASSICAE
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Abstract

Background. Alternaria brassicae is one of the most destructive pathogens of
oilseed rape growth and production. Oilseed rape roots treated with biotic and abi-
otic elicitors have shown resistance to 4. brassicae as a result of induced systemic
resistance (ISR). In this experiment, we aimed to identify resistance genes in two
rapeseed genotypes (Raphanus brassica and Brassica napus).

Methods. Pseudomonas fluorescens PF83 as a biotic elicitor and with Salicylic
acid (SA) as an abiotic elicitors were used induced systemic resistance in rapeseed.
The expression levels of six defense-related genes (VSP2, MYC2, PR-2, PR-3, PR-4
and PR-5) by Quantitative real-time PCR (QRT-PCR) at three times 24, 48 and 120 hpi.

Results. VSP2, MYC2, PR-3 and PR-4 gene expression levels increased in in-
fected leaves by A. brassicae and in oilseed genotypes treated by PF83, while the
expression levels of PR-2 and PR-5 were increased in leaves treated with SA. The
results indicate that the induction of resistance genes depends on the type of elicitor,
the biotic and abiotic elicitors interferes with phytohormones SA- and JA-pathways
to A. brassicae, through the increase in the transcription of resistance-related genes.
The abiotic elicitor is key to inducing resistance genes associated with SA-path-
ways, while the biotic elicitor is key to inducing resistance genes associated with
JA-pathways. The results of our study provide a new understanding of the control
mechanisms of 4. brassica.
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Conclusion. This study provides a new understanding of the control mecha-
nisms of A. brassica. The abiotic elicitor is key to inducing resistance genes as-
sociated with SA-pathways, while the biotic elicitor is key to inducing resistance
genes associated with JA-pathways. This study explained, that the RR genome is
responsible for disease resistance in oilseed R. brassica (AARR) to infection pro-
cesses of A. brassicae, so we recommend that using R. brassica as resistance gen-
otype to produce oilseed.

Keywords: Alternaria brassica; Brassica napus L; Raphanus brassica, Pseu-
domonas fluorescens PF83; Salicylic acid
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Introduction

Oilseed crop is one of the important sources of oil upon which the industry
has grown in many countries such as China, Canada, Australia and others,
the researchers continually trying to find varieties capable of producing the
largest amount of oil compared to previous varieties, which are considered as
source for animal feed, nutrition of humans, soil conditioners, biofuels and other
significant socioeconomic importance [1].

Brassica napus (AACC, 2n= 4x =38) is formed through hybridisation
between B. oleracea (CC, 2n =2 x = 18) and B. rapa (AA, 2n =2 x =20), and
is one of the most important oilseed crops in the world as it provides oils for
human consumption along with soybean oil and palm oil [2]. B. rapa/ Raphanus
sativus (AARR, 2n = 38) is called Rapa radish, amphidiploid between B. rapa
and R. sativus is a good seed produce and used as new fodder crop additionally
is resist to the beet cyst nematode [3].

Alternaria brassicae is a necrotrophic fungal pathogen that causes major
damage to acrial plant parts at all the stages of growth in oilseed rape, to
leading to various losses in production and yield worldwide [4]. Although
synthetic chemical pesticides are widely used by farmers and have been
successful in controlling various plant diseases, their excessive use has
caused numerous environmental and health problems for humans. Therefore,
specialists in plant disease management and those concerned have sought to
find alternative methods.

In recent years, several successful methods for control of plant diseases
have emerged, including the application of systemic resistance, there are
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varieties of induced resistances which vary according to the different signaling.
Induced Systemic Resistance (ISR) and Systemic Acquired Resistance (SAR)
are two forms of systemic resistance; in both SAR and ISR, plant defenses are
released by previous infection or treatment that lead to systemic resistance
against subsequent challenge by a pathogens or the application of biotic and
abiotic elicitors, with most agents urged to reduce disease in plants infected
by between 20 and 85%, this resistance can be using as an alternative to
chemical pesticides [2; 5; 6].

Many defensive compounds used to induce systemic resistance in plants
against both pathogens and herbivores and the SA pathway dependent can be
activated when the plants are treated with chemical/abiotic inducers such as
salicylic acid (SA), quinolizidine alkaloids, gossypol, nonproteinogenic amino
acids, glucosinolates, furanocoumarins andf}_ aminobutyric acid [7].

Plant growth-promoting rhizobacteria (PGPR) directly or indirectly
stimulate local or systemic resistance in plants against a wide range of different
pathogens. This depends on their establishment, survival and continuity, in
addition to the network of interactions in plant roots [8]. There are two types
of beneficial interactions between rhizo-microbiomes and plant roots, i.e.
symbiotic alliances where microbes and plants share costs and benefits [9].
There are many bacterial genera that form the PGPR, such as: Acinetobacter,
Arthobacter, Azotobacter, Azospirillum, Agrobacterium, Bacillus, Burkholderia,
Bradyrhizobium, Frankia, Pseudomonads, Rhizobium, Serratia and Thiobacillus
[10]. PGPR strains such as Pseudomonas fluorescens have been reported to
activate systemic protection by induced systemic resistance in plant such as in
radish against Fusarium oxysporum [11], rice against Rhizoctonia solani [12],
Tomato against Alternaria solani [13], grapevine against Botrytis cinerea [14],
Arabidopsis thaliana against Pseudomonas syringae pv. Tomato [15], maize
against Rhizoctonia solani [16]. Hence the present experiment was conducted
to evaluate the induced systemic resistance ability of P._fluorescens and Salicylic
acid in oilseed rape to Alternaria brassicae by studying the gene expression
of resistance genes associated with hormonal pathways in two genotypes of
oilseed rape.

Materials and methods

1. The Pathogen and the elicitors

The Alternaria brassicae is used as a pathogen and P. fluorescens PF 83
and salicylic acid were used as biotic and abiotic elicitors in this experiment
were obtained from the Plant Protection department, College of Agriculture,
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Wasit University, Wasit, Iraq. 4. brassicae was maintained and cultured on PDA
medium (200 g peeled potato, 20 g dextrose, 15 g agar, and 1 L distilled water)
in the dark at 20 + 2°C, and 5-mm-diameter mycelia agar plugs were punched
from the growing margin after 4 days. For leaves inoculation, ascospores were
harvested in sterile distilled water using a sterile brush and filtered through four
layers of cheesecloth to remove the mycelia of the culture. The resulting spore
suspension was adjusted to 1x10*spores/ml.

Fluorescent Pseudomonas was grown in King’s broth medium and incubated
at 30+ 1°C [17]. Salicylic acid was dissolved in ethanol for use in subsequent
experiments.

2. Plant Materials and Growth

Two spring-type genotypes Brassica napus (AACC) and B. raphanus
(AARR) were used in this research and were obtained from the Field crop
department, College of Agriculture, Wasit University, Wasit, Iraq. Oilseed rape
seeds were surface-sterilized in 70% ethanol for 1, 10 min in 10% v/v sodium
hypochlorite, and rinsed 5 times with sterile distilled water. The seeds were
sown and grown in a growth chamber under 12 h of light at 25°Cand 12 h of
dark conditions at 22°C. Each genotype independent line of oilseed rape was
grown in one of conjoined pots (9 x 12 cm, height x diameter) containing 1
kg a mixture of peat moss and sand at a ratio of 1:1, that had been autoclaved
twice for 1 h with a 24 h interval. Each pot was planted with 8 seedlings, each
pot was covered with transparent film for 4 days to avoid rapid water loss. After
germination, only five plants were allowed to grow in each pot. Irrigation was
applied by drenching twice a week.

3. Screening of elicitors based on ISR-eliciting potential and effects on
plant growth

For screening the biotic and abiotic elicitors capable of eliciting ISR on
thirty days old oilseed plants root of genotypes were treated with suspensions
separately by 100 ml / pot (P, fluorescens suspension, salicylic acid (200 ppm)
by mixing the upper soil surface of each pot in the greenhouse experiments.
After 24 hours of treatment, the leaves and stems of plants were inoculated by
suspension of 4. brassicae were separated in 100 ml/ pot (reported in 2.1). Each
treatment consisted of three replicates.

4. Gene Expression Assay of A. brassicae growth

The total RNA from the leaves of genotypes treated or non-treated with
elicitors at different incubation times (24, 72 and 120 hpi) with pathogen
and first-strand cDNA synthesis and quantitative real-time polymerase chain
reaction (QRT-PCR) were used as described in detail previously [5]. Six primers
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(Table 1) were used for AACC and AARR, including the PR-2 and PR-5 genes
were used as markers for SA pathways, whereas V'SP2 and MYC2 were used as
marker JA signaling pathways, whereas for the ETH signaling pathway used
the PR-3 and PR-4, in addition to the GAPDH gene.

Table 1.
PCR primers used in the present study

Gene Gene description | Pathway | Plant Primer sequence (5’-3")

AACC | GCTCTGCGAGGCTCTAAC

PR-2 | Beta 1.3 glucanase | SA AARR | TTGACCCATCATTGACTACA

AACC ACCGCCACCATCTTCGTT

PR-5 Pathogenesis-relat- SA GCCAGGGCAAATCTCGTT

ed protein 5 AARR CGGCAACAGCACCACCACA

GCAATCTCCAGTTCCTCCC

VSP2 Vegetative storage A AACC | TACCTCACTTCCGACCAG

protein 2 AARR | TTCTCAGTCCCGTATCCA
MYC2 Hypothetical pro- A AARR | GTAATCACTTTCTCACCCTCG

tein AACC | CGTTTGTCCCTTCAATCAG

AACC | CCTCAGCCGAGCAATGTG
AARR | CCGAAGCCAGGGAAAGAC

AACC | GCCACCTACCATTACTACAAC
AARR | TCCAAATCCAATCCTCCA

PR-3 Basic chitinase ET

PR-4 | Hevein-like protein | ET

Glyceraldehyde
AACC | CGCTTCCTTCAACATCATTCCCA
GAPDH j;ggg;g?:te dehy- |- AARR | TCAGATTCCTCCTTGATAGCCTT

5. Statistical analysis

The experimental design of the greenhouse was completely randomized,
with three replicates for all treatments. Data of the results were subjected
to analysis of variance using GenStat software, and the means (P < 0.05)
were compared between treatments of oilseed genotypes, biotic, abiotic
treatments and alternria leaf spot disease using least significant difference
tests [18].

Results

Plants respond actively to different pathogen attacks by deploying a range
of defense-response mechanisms that eventually result in plant resistance. To
determine the ability of B. napus and R. brassica genotypes treated or non-
treated with biotic (PF83) and abiotic (SA) elicitors to A. brassica infection
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during different time periods (24, 48 and 120 hpi), by qRT-PCR we investigated
the expression profile of resistance defense-related genes in all genotypes. Six
primers for each genotype were used (Table 1), including PR-2, PR-3, PR-4,
PR-5 VSP2 and MYC?2 genes.

1. Expression levels of gene-related pathogen of healthy and infected
B. napus and R. brassica leaves by A. brassicae fungi

The qRT-PCR results showed that the PR-2 and PR-5 expression levels
increased in A. brassicae infected leaves, but the expression levels of PR-3,
PR-4, VSP2 and MYC2 decrease.

The expression of the PR-2 gene was found to be more and peaked at 120
hpi in infected B. napus (AACC) and 48 hpi in infected R. brassica (AARR)
genotypes, which were up-regulated by 2.34-fold (from 1.00- to 2.34-fold),
6.32-fold (from 1.24- to 4.69-fold), respectively (Fig. 1-A).

The expression levels of PR-5 gene increased clearly with time and reached
its peak at 120 hpi in B. napus and at 48 hpi in R. brassica infected compared
with the non-infected (healthy) ones; the expression levels were up-regulated
by 2.41 -fold (from 1.37- to 3.31-fold) and 5.58-fold (from 1.63- to 9.11-fold),
respectively (Fig. 1-B).

Thus, the response of defense was late in AACC, where the pathogenic
fungus can grow quickly before activation of resistance unlike in AARR, where
the response of defense is very quick.

VSP2 and MYC?2 are anti-pathogenic genes. Thus, the expression levels of
the VSP2 genes increased in B. napus infected than the non-infected (healthy)
ones, which was up-regulated by 7.16-fold (from 0.85-fold to 6.09 -fold), but
in R. brassica was up-regulated at 48 hpi by 22.46-fold (from 1.00-fold to
22.46 -fold) (Fig. 1-C). The MYC2 gene expression levels increased in infected
both genotypes than in the non-infected ones, which was up-regulated by 6.13-
fold (from 1.12- to 6.87-fold) and peaked at 120 hpi in B. napus, whereas up-
regulated by 47.62-fold (from 1.20- to 57.17-fold) and peaked at 24 hpi in R.
brassica (Fig. 1-D).

The expression of the PR-3 gene increased and peaked at 120 hpi in infected
B. napus and 24 hpi in infected R. brassica genotype, which were up-regulated
by 5.51-fold (from 1.15- to 6.34-fold) and 13.05-fold (from 1.10- to 14.35-fold),
respectively (Fig. 1-E).

The expression levels of the PR-4 gene showed significant differences
between infected and non-infected B. napus and were up-regulated by 2.60-
fold (from 1.20- to 3.13-fold) at 120 dpi, and reached in infected R. brassica
genotype 2.94-fold (from 1.45- to 4.27-fold) at 120 dpi (Fig. 1-F).
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Fig. 1. The expression of defense-related genes in three potted for each time
of B. napus and R. brassica genotypes of fifteen days old inoculated by suspension
of A. brassicae onto leaves. Leaves were collected 24, 48 and 120 hour post infection.
Total RNA was extracted, and cDNA was synthesized. Expression levels of the PR-2,
PR-3, PR-4, PR-5 VSP2 and MYC2 genes were monitored by RT q- PCR.

2. P. fluorescens PF83 mounts ISR in genotypes to A. brassicae

The expression levels of VSP2, MYC2, PR-3 and PR-4 increased in leaves
that were treated with PF83 compared with non-treated without infection of
the pathogen.



Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne2, 2025 341

The expression level of the PR-2 genes in B. napus peaked at 120 hpi and up-
regulated by 23.83 -fold (from 0.85- to 20.26-fold) and in R. brassica which peaked
at 48 hpi and up-regulated by 28.91-fold (from 1.21- to 34.99-fold) (Fig. 2-A).

The expression level of the PR-5 genes reached in B. napus which peaked at
120 hpi and up-regulated by 19.22 -fold (from 1.22- to 23.45-fold), whereas in
R. brassica which peaked at 48 hpi and was up-regulated by 36.07-fold (from
1.14- to 41.13-fold) (Fig. 2-B).
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Fig. 2. Expression of defense-related genes in three potted for each time
of B. napus and R. brassica genotypes of 30 days old were drenched about 100 ml /
pot of P. fluorescens PF83 suspensions and after 1 day inoculated by 5 mm mycelium
disk of 4. brassicae onto leaves. Leaves were collected 24, 48 and 120 hpi. Total
RNA was extracted, and cDNA was synthesized. Expression levels of the PR-2, PR-5,
Vsp2, MYS3, PR-3 and PR-4 genes were monitored by RT g- PCR.

The expression level of V'SP2 gene peaked at 48 hpi in B. napus, and 24 hpi in
R. brassica respectively, which were up-regulated by 34.52 -fold (from 1.02- to
35.22-fold) and 112.34-fold (from 1.13- to 126.94-fold), respectively (Fig. 2-C).
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The expression level of the MYC?2 genes also increased in B. napus and R.
brassica which peaked at 24 hpi and up-regulated by 27.26 -fold (from 1.13- to
30.80-fold) and 52.76-fold (from 1.63- to 86.00-fold), respectively (Fig. 2-D).

The expression level of the PR-3 genes in B. napus which peaked at 48 hpi
was up-regulated by 40.44 -fold (from 1.02- to 41.25-fold) and in R. brassica
which peaked at 24 hpi was up-regulated by 55.45-fold (from 1.10- to 61.10-
fold) (Fig. 2-E).

The expression level of PR-4 gene peaked at 48 hpi in B. napus, and 24 hpi
in R. brassica, which were up-regulated by 12.74 -fold (from 1.02- to 18.10-
fold), and 21.34-fold (from 1.27- to 27.10-fold), respectively (Fig. 2-F).
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Fig. 3. Expression of defense-related genes in three potted for each time
of B. napus and R. brassica genotypes of 30 days old were drenched about 100
ml / pot of Salicylic acid SA after 1 day from inoculated by 5 mm mycelium disk
of A. brassicae onto leaves. Leaves were collected 24, 48 and 120 hpi. Total RNA
was extracted, and cDNA was synthesized. Expression levels of the PR-2, PR-5,
Vsp2, MYS3, PR-3 and PR-4 genes were monitored by RTq- PCR.
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The expression level of the PR-2 gene in plants treated with SA at 24 hpi
were up-regulated by 64.83-fold (from 1.42- to 92.05-fold) in B. napus, 90.57-
fold (from 1.14- to 103.24-fold) in R. brassica, compared with the non-treated
plants (Fig. 3-A).

The expression level of PR-5 gene in R. brassica was up-regulated at 24
hpi by 51.20-fold (from 1.93- to 98.83-fold), in B. napus was up-regulated at
48 hpi by 65.91-fold (from 1.10- to 72.50-fold) compared with the non-treated
plants (Fig. 3-B).

The expression levels of VSP2 and MYC2 (related with JA) and PR-3 and
PR-4 (related with ET pathway) were non-increased or slight increase when the
plants treated with salicylic acid (SA) in both genotypes.

Dissection

The quantitative real time-polymerase chain reaction (QRT-PCR) results
showed that the PR-2 and PR-5 expression levels increased in A. brassicae
infected leaves of AARR, but the expression levels of PR-3, PR-4, VSP2 and
MYC2 decreased. Low and delayed levels of expression of, PR-3, PR-4, VSP2
and MYC?2 genes as well as being affected by JA/ET pathway and the fact that
A. brassicae is saprophytic does not stimulate this pathway, and the high level
of gene expression of PR./ and PR.2 may be due to being linked to SA pathway
which is motivated by pathogenic micro-organisms and in turn stimulates the so-
called systemic acquired resistance (SAR) in host, whereas SAR is accompanied
by the induction of pathogenesis-related proteins [19].

Several studies have shown the ability of some of the varieties canola to resist
different types of pathogens by the induction of pathogenesis related proteins,
and its resistance to diseases may be attributed to the presence of various plant
antifungal proteins that are believed to be involved in plant protection through
growth inhibition of pathogens, such as Rs-AFPI and Rs-AFP2 in R. sativus
(RR) [20; 21] and through the production of high peroxidases, which have
important roles in plant protection because they reduce pathogenic attack [22].

The expression levels of some genes resistance were increased in B. napus
and R. alboglabra infected compared with non-infected plants, the qRT-PCR
results were showed that the PDF 1.2, AOC3 and ERF2 genes (marker for the
JA/ET signal pathway) expression levels increased in early in plants infected,
additionally to PR-1 gene, but the expression levels were decreased of 7GAS5 and
TGAG6 (marker for the SA signal pathway) [23]. The resistance gene expression
increased over time in B. napus and R. alboglabra genotypes inoculated with the
fungus pathogen E. curciferarium caused by powdery mildew disease compared
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with non-inoculated plants. It showed that the PR/ and PR2 gene expression
levels increased early, but the PR-3 and PDF'1.2 resistance genes which were
used as markers for the JA/ET pathway increased later, the reason was due to
the lifestyle of a pathogenic fungus in obligate parasite [5].

The results indicated that most of the amplified genes were affected by a
combined inoculation with PF83, SA. This result indicates the ability of the
biotic and abiotic elicitor to induce systemic resistance in all genotypes against
a pathogen.

Through these results we can deduce the success of PF83 to induce systemic
resistance in inoculated and infected with pathogen. The results showed that
the PF83 depended on JA and ET pathways and are independent from SA
pathway because the resistance genes related with JA/ET pathway VSP2, MYC2,
PR3 and PR-4 were up-regulated in plants treated with biotic elicitors and
genes resistance related with SA-accumulation as PR-2 and PR-5 were down-
regulated, these results lead to knowledge about the PF83 elicitors to ISR,
no SAR, the reason may be due to the fact that PF83 from the plant growth
promoting rhizobacteria (PGPR) group that leads to activation of the ISR, which
in turn depends on JA pathway and ET pathway. Results also showed that
there is a slight increase in genes associated with SA-pathways; this discrepancy
suggests that PF87 produced SA not exuded into the rhizosphere of genotypes.

In a previous study has shown that bacterial P, fluorescens is able to produce
some of the materials capable of stimulating the systemic resistance, such as SA,
pseudobactin, pseudomonine and a siderophore containing SA [24].

Psedomonas spp. was capable of inducing resistance to Botrytis cinerea in
grapevine by inducing low phytoalexin host levels in cells, as SA, pyochelin,
DAPG and/or pyoverdin are potentially effective in inducing or priming defence
responses in grapevine cells [25].

These results indicate the ability of PF83 to elicited ISR in some cases by
dependent of SA pathway and the regulatory gene PR-1 and PR-2, These results
were consistent with the Kloepper et al [26]. The mechanisms of the bacteria
associated with the roots (PGPR) to stimulate systemic resistance to the output
of compounds able to induce resistance in treatment plants, some reports that
point to a cooperative than antagonist activity of JA/ET and SA pathways in
plant protection treated with bacteria [27; 28].

The expression levels of PR-2 and PR-5 were related with SA pathway which
increased when the plants treated with salicylic acid (SA) in all genotypes.
Salicylic acid (SA) plays an important role to stimulating systemic resistance
in plants to different pathogens attack by activating some genes associated with



Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne2, 2025 345

resistance, there are many studies have pointed to this topic, on peanut against
Alternaria alternata [29], in B. napus cv. GSC 5 and B. juncea cv. ELM 079
against alternaria blight disease caused by Alfernaria brassicae [30].

SA plays an important role to development of systemic acquired resistance
(SAR) in hosts to defend themselves to pathogens; the SAR response causes
rapid accumulation of several pathogenesis related proteins (PR-Protein).

Through these results we can note the success of SA to induce systemic
resistance in inoculated and infected with pathogen. The results showed that the
SA depended on SA pathway and is independent from JA/ET pathway because
the resistance gene related with SA pathway as PR-2 and PR-5 was up-regulated
in plants treated with SA and gene resistance related with SA-accumulation as
VSPE, MYC2, PR3 and PR-4 were down-regulated, the reason may be due to
the fact that SA as abiotic elicitors that lead to activate the SAR, which in turn
depends on SA pathway.

PR-1, PR-2 and PR-5 genes considered as markers for systemic acquired
resistance (SAR) dependent on salicylic acid (SA) were examined in the shoots
and roots of tomato plants infected by root-knot nematodes (RKNs) and, the
results showed the expression of genes was up-regulated in plants pre-treated
with SA and increased the resistance to pathogen [31].

Conclusion

This study explained, that the RR genome is responsible for disease resistance
in oilseed R. brassica (AARR) to infection processes of 4. brassicae, so we
recommend that using R. brassica as resistance genotype to produce oilseed, and we
recommend application of useful resistance biotic and abiotic elicitors for protection
and increasing oilseed production is now under the practice of agriculture.

Our study showed that the signaling pathways in oilseed were depended
on the type of elicitor. The SA signaling hormonal pathway was activated in
the early stage of R. brassica after being treated with biotic elicitors, but the
JA and ET signaling hormonal pathways were activated in the early stage after
treatment with abiotic elicitors.

References
1. Borges, C. E., Von dos Santos Veloso, R., da Conceigédo, C. A., Mendes, D. S.,
Ramirez-Cabral, N. Y. Z., Shabani, F., Shafapourtehrany, M., Nery, M. C., & da
Silva, R. S. (2023). Forecasting Brassica napus production under climate change
with a mechanistic species distribution model. Sci Rep, 13, 12656. https://doi.
org/10.1038/s41598-023-38910-3. EDN: https://elibrary.ru/DHJJCL



346 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne2, 2025

10.

11.

Lu, K., Wei, L., Li, X., et al. (2019). Whole-genome resequencing reveals Bras-
sica napus origin and genetic loci involved in its improvement. Nature Commu-
nications, 10, 1154. https://doi.org/10.1038/s41467-019-09134-9. EDN: https://
elibrary.ru/ISGZFQ

Lange, W. H., Toxopeus, J. H., Lubberts, Dolstra, O., & Harrewijn, J. L. (1989).
The development of raparadish Brassica raphanus 2n equals 38, a new crop in
Agriculture. Euphytica, 40, 1-14.

Mandal, S., Rajarammohan, S., & Kaur, J. (2018). Alternaria brassicae inter-
actions with the model Brassicaceae member Arabidopsis thaliana closely re-
sembles those with Mustard (Brassica juncea). Physiol Mol Biol Plants, 24(1),
51-59. https://doi.org/10.1007/s12298-017-0486-z

Alkooranee, J. T., Yin, Y., Aledan, T. R., Jiang, Y., Lu, G., Wu, J., & Li, M.
(2015). Systemic Resistance to Powdery Mildew in Brassica napus (AACC) and
Raphanus alboglabra (RRCC) by Trichoderma harzianum TH12. PLoS ONE,
10(11). https://doi.org/10.1371/journal.pone.0142177

Salwan, R., Sharma, M., Sharma, A., & Sharma, V. (2023). Insights into plant
beneficial microorganism-triggered induced systemic resistance. Plant Stress,
7, 100140. https://doi.org/10.1016/j.stress.2023.100140. EDN: https://elibrary.
ru/BALPVT

Vicente, M., & Plasencia, J. (2011). Salicylic acid beyond defence: its role in
plant growth and development. Journal of Experimental Botany, 1-18.

Khoso, M. A., Wagan, S., Alam, 1., Hussain, A., Ali, Q., Saha, S., Poudel, T. R.,
Manghwar, H., & Liu, F. (2024). Impact of plant growth-promoting rhizobac-
teria (PGPR) on plant nutrition and root characteristics: Current perspective.
Plant Stress, 11, 100341. https://doi.org/10.1016/j.stress.2023.100341. EDN:
https://elibrary.ru/HMMVHH

Astapati, A. D., & Nath, S. (2023). The complex interplay between plant-mi-
crobe and virus interactions in sustainable agriculture: Harnessing phytomicrobi-
omes for enhanced soil health, designer plants, resource use efficiency, and food
security. Crop Design, 2, 100028. https://doi.org/10.1016/j.cropd.2023.100028.
EDN: https://elibrary.ru/XJUXCS

Cordero, A. P., Vergara, D. E. M., & Mendoza, Y. A. (2023). Production of 1-ami-
nocyclopropane-1-carboxylic acid deaminase (ACC) by Burkholderia cepacia as
an indicator of cadmium contamination. J. Posit. Sch. Psychol, 7(1), 1008-1016.
Leeman, M., Van Pelt, J. A., Hendrickx, M. J., Scheffer, R. J., Bakker, P. A. H.
M., & Schippers, B. (1995). Biocontrol of Fusarium wilt of radish in commercial
greenhouse trials by seed treatment with P. fluorescens WCS374. Phytopathol-
ogy, 85, 1301-1305. https://doi.org/10.1094/Phyto-85-1301



Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne2, 2025 347

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nandakumar, R., Babu, S., Viswanathan, R., Raguchander, T., & Samiyappan,
R. (2001). Induction of systemic resistance in rice against sheath blight disease
by Pseudomonas fluorescens. Soil Biology and Biochemistry, 33(4-5), 603-
612. https://doi.org/10.1016/S0038-0717(00)00202-9. EDN: https://elibrary.
ru/ZBAFOP

Anand, T., Chandrasekaran, A., Kuttalam, S., Raguchander, T., Prakasam, V.,
& Samiyappan, R. (2007). Association of some plant defense enzyme activities
with systemic resistance to early leaf blight and leaf spot induced in tomato
plants by azoxystrobin and Pseudomonas fluorescens. Journal of Plant Inter-
actions, 2(4), 233-244. https://doi.org/10.1080/17429140701708985

Bas, W. M. V., Trotel-Aziz, P., Couderchet, M., Hofte, M., & Aziz, A. (2010).
Pseudomonas spp.-induced systemic resistance to Botrytis cinerea is associated
with induction and priming of defence responses in grapevine. Journal of Ex-
perimental Botany, 61(1), 249-260. https://doi.org/10.1093/jxb/erp295. EDN:
https://elibrary.ru/NZOCV]

Weller, D. M., Mavrodi, D. V., van Pelt, J. A., Pieterse, C. M., van Loon, L. C.,
& Bakker, P. A. (2012). Induced systemic resistance in Arabidopsis thaliana
against Pseudomonas syringae pv. tomato by 2.4-diacetylphloroglucinol-pro-
ducing Pseudomonas fluorescens. Phytopathology, 102(4), 403-412. PMID:
22409433. https://doi.org/10.1094/PHY TO-08-11-0222

Madhavi, G. B., Devi, G. U., Kumar, K. V. K., Babu, T. R., & Naidu, T. C. M.
(2018). Evaluation of Pseudomonas fluorescens and Trichoderma harzianum
isolates in inducing systemic resistance (ISR) in maize against Rhizoctonia so-
lani f. sp. Sasakii. International Journal of Chemical Studies, 6(2), 628-632.
King, E. O., Word, M. K., & Raney, D. E. (1954). To simple media for the
demonstration of pyocyamin and fluorescin. J. Lab. Clin. Med., 414, 301-307.
Gomez, K. A., & Gomez, A. A. (1984). Statistical procedures for agricultural
research. John Wiley and sons, Inc., London, UK (2nd ed.), pp. 13-175.

Ross, A. F. (1961). Systemic acquired resistance induced by localized vi-
rus infections in plants. Virology, 14, 340-358. https://doi.org/10.1016/0042-
6822(61)90319-1

Terras, F. R. G., Schoofs, H. M. E., & De Bolle, M. F. C. (1992). Analysis
of two novel classes of plant antifungal proteins from radish (Raphanus sati-
vus L.) seeds. J Biol Chem, 267, 15301-15309. https://doi.org/10.1016/S0021-
9258(19)49534-3

De Samblanx, G. W., Goderis, 1. J., Thevissen, K., Raemaekers, R., Fant, F.,
Borremans, F., Acland, D. P., Osborn, R. W., Patel, S., & Broekaert, W. F. (1997).
Mutational Analysis of a Plant Defensin from Radish (Raphanus sativus L.) Re-



348 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne2, 2025

22.

23.

24.

25.

26.

27.

28.

29.

30.

veals Two Adjacent Sites Important for Antifungal Activity. The journal of Bi-
ological Chemistry, 272(2), 1171-1179. https://doi.org/10.1074/jbc.272.2.1171
Pudjiraharti, S., & Karossi, A. T. A. (2009). Purification and characterization
of white radish (Raphanus sativus L. var Long White) peroxidase from culture
extract. Teknologi Indonesia, 32(2), 91-98.

Alkooranee, J. T., Aledan, T. R., Ali, A. K., Lu, G., Zhang, X., Wu, J., Fu, C,,
& Li, M. (2017). Detecting the Hormonal Pathways in Oilseed Rape behind
Induced Systemic Resistance by Trichoderma harzianum TH12 to Sclerotin-
ia sclerotiorum. PLoS ONE, 12(1), e0168850. https://doi.org/10.1371/journal.
pone.0168850. EDN: https://elibrary.ru/Y XMKMN

Mercado-Blanco, J., van der Drift, K. M. G. M., Olsson, P. E., Thomas-Oates,
J. E., van Loon, L. C., & Bakker, P. A. H. M. (2001). Analysis of the pmsCE-
AB gene cluster involved in biosynthesis of salicylic acid and the siderophore
pseudomonine in the biocontrol strain Pseudomonas fluorescens WCS374. J.
Bacteriol, 183(6), 1909-1920. https://doi.org/10.1128/IB.183.6.1909-1920.2001
Verhagen, B. W., Trotel-Aziz, P., Couderchet, M., Hofte, M., & Aziz, A. (2010).
Pseudomonas spp.-induced systemic resistance to Botrytis cinerea is associated
with induction and priming of defence responses in grapevine. J Exp Bot, 61(1),
249-260. https://doi.org/10.1093/jxb/erp295. EDN: https://elibrary.ru/NZOCVJ
Kloepper, J. W., Ryu, C. M., & Zhang, S. (2004). Induced systemic resistance
and promotion of plant growth by Bacillus spp. Phytopathology, 94, 1259-1266.
https://doi.org/10.1094/PHYTO.2004.94.11.1259

Leon-Reyes, A., Van der Does, D., De Lange, E. S., Delker, C., Wasternack,
C., Van Wees, S. C., Ritsema, T., & Pieterse, C. M. (2010). Salicylate-mediated
suppression of jasmonate-responsive gene expression in Arabidopsis is targeted
downstream of the jasmonate biosynthesis pathway. Planta, 232, 1423-1432.
https://doi.org/10.1007/s00425-010-1265-z. EDN: https://elibrary.ru/DCNCRT
Niu, D. D,, Liu, H. X, Jiang, C. H., Wang, Y. P., Wang, Q. Y., Jin, H. L., & Guo,
J. H. (2011). The plant growth-promoting rhizobacteria Bacillus cereus AR156
induces systemic resistance in Arabidopsis thaliana by simultaneously activat-
ing salicylate and jasmonate/ethylene-dependent signalling pathways. Mol Plant
Microbe Interact, 24, 533-542. https://doi.org/10.1094/MPMI-09-10-0213
Chitra, K., Ragupathi, N., Dhanalakshmi, K., Mareeshwari, P., Indra, N., Ka-
malakannan, A., Sankaralingam, A., & Rabindran, R. (2008). Salicylic acid
induced systemic resistance on peanut against Alternaria alternata. Archives of
Phytopathology and Plant Protection, 41(1), 50-56.

Sangha, M. K., Atwal, A. K., Sandhu, P. S., Bal, R. S., & Banga, S. S. (2007).
Salicylic acid induces resistance to Alternaria blight in crop Brassica species.
Plant protection: Diseases, 137.



Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne2, 2025 349

31. Molinari, S., Fanelli, E., & Leonetti, P. (2014). Expression of tomato salicylic
acid (SA)-responsive pathogenesis-related genes in Mi-1-mediated and SA-in-
duced resistance to root-knot nematodes. Mol Plant Pathol, 15(3), 255-264.
https://doi.org/10.1111/mpp.12085. EDN: https://elibrary.ru/WQZBLT

DATA ABOUT THEAUTHOR
Jawadayn Talib Alkooranee

Plant Department, College of Agriculture, Wasit University
Wasit, Iraq
Jalkooranee@uowasit.edu.iq
ORCID: https://orcid.org/0000-0003-2997-4637
ResearchGate: https://'www.researchgate.net/profile/Jawadayn-Alkooranee
Scopus Author ID: 56951124900

Iocrynuna 15.10.2024 Received 15.10.2024
ITocne peuensuposanus 17.11.2024 Revised 17.11.2024
Ipunsra 30.11.2024 Accepted 30.11.2024



