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Background and Objectives

Pseudomonas syringae pv. syringae (Pss) poses a significant threat to agricultural ecosystems
due to its broad host range, encompassing over 200 plant species. Disease-causing bacteria
infect all aboveground plant organs throughout the season, causing symptoms such as fruit
spots, necrosis, dead buds, flower blight, and cankers on stems and branches. The control of
diseases caused by Pss is almost impossible because of the lack of effective chemical or
biocontrol agents, the low number of resistant cultivars and the endophytic nature of the
pathogen. Different pathogenic strains have a large genetic variability adaptable to different
hosts, cultivars, and pedoclimatic conditions, making it difficult to control bacterial canker. One
of the most viable and economical methods for managing bacterial canker in peaches is to use
resistant cultivars. The present study aims to determine the resistance reactions of peach
cultivars against Pss.

Materials and Methods

During 2016-2018, bacterial strains were isolated from stone fruit plants with leaf spot, canker,
and gummosis symptoms. Physiological, biochemical, and molecular tests were performed on
all isolated strains. To evaluate the resistance of peach cultivars, Pss was inoculated to two-
year-old seedlings of different peach cultivars, including Zaferani, Alberta, Anjiri, and
Hastejoda. Different pairs of primers were used to detect virulence genes in Pss isolates.
Results

Isolates were rod-shaped, motile, gram-negative, obligate aerobe, oxidase negative, catalase,
levan and tobacco hypersensitive reaction positive, arginine dihydrolase, and potato rot
negative. Additionally, all isolates harbored the genes responsible for syringomycin synthesis
(syrB) and syringomycin secretion (syrD). Based on these phenotypic and genotypic
characteristics, along with the results of pathogenicity tests and PCR analysis, all isolates were
identified as Pss. Various primers were used to detect important virulence genes in different
Pss isolates. The syringomycin synthesis gene (syrB) was detected in all Pss isolates. The sypA
gene was detected in Pss strains H2, H3, H4, and H5, and the sypB gene was detected in Pss
strains H2, H34, H5, and G1.

Moreover, nit gene was detected in H4 and H5 isolates, and ach gene was detected in strains
H1, H2, and H4. Pss strains H3, H4, and H5 produced the expected 1128 bp product after
amplification with hrmA1l and hrmA2 primers. Four cultivars, namely Alberta, Zaferani,
Hastejoda, and Anjiri, were chosen for the study to investigate the resistance of peach plants.



Significant variations were observed among the different cultivars regarding the number of
necrotic lesions on the leaves and the length of the necrotic regions on the branches. Among
the cultivars examined, Anjiri showed the highest susceptibility to Pss, while Hastejoda
exhibited the least sensitivity, indicating potential resistance to the pathogen.

Discussion

Besides its usage for fresh fruit, canned fruit, dried fruit snacks, and fruit juice, peach trees are
considered ornamental plants attributed of their white, pink, or red flowers during springtime.
Commercial peach production is challenging for multiple reasons. One of them involves its
susceptibility to many diseases that can significantly affect fruit yield and quality, and some
can also impact the longevity of the trees. The enormous efforts carried out over the last two
decades have led us to gain a more in-depth understanding of the P. syringae pv. syringae-host
interactions. In Iran, there are no effective treatments for controlling bacterial canker of stone
fruits caused by Pseudomonas syringae pv. syringae. Host tolerance to plant pathogens is
important for developing cost-effective and environmentally safe strategies for disease
management. Similarly, using resistant cultivars in crop improvement is critical since plants
and plant products are usually protected from, rather than cured, diseases. Resistant genotypes
will allow sustainable control with zero pesticide residues on fruits, improving the safety of
harvesting and decreasing disease problems during storage, thereby leading to enhanced
economic benefits.
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Table 1. Primers used in this study to detect isolates

Gene Forward primer Reverse primer
syrB 5-CTTTCCGTGGTCTTGATGAGG-3' 5-TCGATTTTGCCGTGATGAGTC-3'
syrD 5'- CAGCGGCGTTGCGTCCATTGC- 3 5'- TGCCGCCGACGATGTAGACCAGC- 3

B1/ B2 sla 55T o1y PCR 519 53 ok 0dliil 2bod (45 = -Y J9u>
Table 2. Temperature cycle used in PCR reaction for primers B1/B2

Temperature Number of Time
(°C) cycles (min)
Initial denaturation 94 1 5
Denaturation 94 35 15
Annealing 60 35 1.5
Elongation 72 35 5
Final extension 72 1 10

D1/ D2 sl 55T 519 PCR _iisT19 53 ol oslaiw! (lod (s45 = -V Jous
Table 3. Temperature cycle used in PCR reaction for primers B1/B2

Temperature Number of Time
(°C) cycles (min)
Initial denaturation 93 1 3
Denaturation 93 36 1
Annealing 60 36 1
Elongation 72 36 1
Final extension 72 1 6
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Table 4. The characteristics of the primers used to detect virulence genes in different isolates of

Expected Annealing
Target gene Primer Sequence fragment size temperature
(bp)
Syringomycin Bl 5 CTTTCCGTGGTCTTGATGAGG 3 757 60
(syrB) B2 5 TCGATTTTGCCGTGATGAGTC 3
Syringomycin D1 5 AAACCAAGCAAGAGAAGAAGG 3 446 57
(syrD) D2 5 GGCAATACCGAACAGGAACAC 3
Syringopeptin sypAl 5', TGCGGGTCGAGGCGTTTTTG 3: 248 59
(sypA) SsypA2 5 GTTGCCGCGTCCTTGTCTGA 3
Syringopeptin sypBl 5 TTCGATCAGGGTCACCGCCAACAATQ 3 186 62
(sypB) sypB2 5 AGCTGCTCAATGTCGAAAAGGTC 3
Nitrilase Nitl 5CGTCAGGAAAGCTCATAG 3 1085 52
(Nit) Nit2 5TCAGGAATCGCTGAGTG 3
Achromobactin Achl 5 ATGAACTTCACTTCACTCGCC 3 1894 55
(Ach) Ach2 5 CGGGGTTCGGTCAGGT 3
Effector hrmAl 5GTGAACCCTATCCATGCA 3 1128 56
(hrmA) hrmA2 5TCAGTTTCGCGCCCTGAG 3
16SrRNA PsF 5"TTGGCTAGGTATCGCTATGG 3" 600 52
PsR 5 AGGACCCAGTTTTGGAGTGC 3

Pseudomonas syringae pv. syringae
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Table 5. Characteristics of different Pss strains isolated from different hosts in Kohgiluyeh and Boyer-

Ahmad province

Isolate Plant part Symptoms Sampling location Host
G1 Branch Canker, Brown tissue and Gummosis Margoon Cherry
G2 Branch Canker, Brown tissue and Gummosis Sepidar Cherry
H1 Leaf Necrotic spots with chlorotic halos Yasouj Peach
H2 Branch Canker, Brown tissue and Gummaosis Yasouj Peach
H3 Branch Canker, Brown tissue and Gummaosis Yasouj Peach
H4 Leaf Necrotic Spots with chlorotic halos Tange-sorkh Peach
H5 Branch Canker, Brown tissue and Gummosis Sisakht Peach
B1 Leaf Necrotic Spots with chlorotic halos Kakan Almond
Z1 Branch Canker, Brown tissue and Gummaosis Margoon Apricot

S1did Ol 53 Hloud (Sillue W gw wigd Dhogas -1 Jous
Table 6. Phenotypic characteristics of strains isolated from stone fruit trees

Isolate Test
Gl G2 H1l H2 H3 H4 H5 Bl Z1
_ - - - - - - - - Gram
- - . - - - - = - Oxidase
+ + + + + + + + + Catalase
- - - - - - - - - Fluorescent pigment on KB
- - - - - - - - - Yellow pigment on YDC
. + " + + + + + + Aerobic growth
_ - _ - - - - - - Anaerobic growth
+ + + + + + + + + Levan production
+ + + + + + + + + Gelatin hydrolysis
- - - - - - - - - Arginine dihydrolase
+ + + + + + + + + Aesculin hydrolysis
. - " + + + + + + Tobacco HR on tobacco
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Figure 1. Electrophoresis patterns of the PCR product using specific primers B1 and B2 amplifying the syrB
gene in different isolates of Pseudomonas syringae pv. Syringae
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Figure 2. Electrophoresis patterns of the PCR product using specific primers D1 and D2 amplifying the
syrD gene in different isolates of Pseudomonas syringae pv. syringae
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Figure 3. Pathogenicity of Pseudomonas syringae pv. syringae isolates in different peach cultivars: (a)
Symptoms of necrosis in peach leaves of Zaferani variety inoculated with H3 strain, (b) Symptoms of
necrosis in peach leaves of Hastejoda variety inoculated with H3 strain, (c) Symptoms of necrosis in peach
leaves of Hastejoda variety inoculated with H4 strain, (d) Symptoms of canker and necrosis in the peach
stem of Anjiri variety inoculated with H1 strain, (¢) Symptoms of canker and necrosis in the peach stem of
Alberta variety inoculated with H1 strain, (f) Symptoms of canker and necrosis in the peach stem of

Hastejoda variety inoculated with H4 strain, (g) Symptoms of necrosis in peach leaves of Anjiri variety
inoculated with H4 strain.
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Table 7. Response of peach varieties to various isolates of Pseudomonas syringae pv. syringae

Isolate Host Anjiri Zaferani Alberta Hastejoda
H1 Peach +Ht + + +
H2 Peach +++ +++ + +
H3 Peach +Ht + + +
H4 Peach +++ +++ +++ +
H5 Peach +++ +++ +++ +
G1 Cherry +Ht + + +

P. fluorescens - -

+: Small spots with a limited number on the leaves and necrotic areas with limited progress in the stem
+++: Advanced spots in large numbers on leaves, developing advanced canker, browning of wood under the canker

—-: No symptoms
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Table 8. Detection of virulence genes in isolates of Pseudomonas syringae pv. syringae from different hosts

Isolate Host syrB  syrD  sypA sypB  nit  Ach  hrmA
H1 Peach + + - - - + -
H2 Peach + + + + - + -
H3 Peach + + + - - - +
H4 Peach + + + + + + +
H5 Peach + + + + + - +
Gl Cherry + + - + - - -

Pseudomonas fluorescens CHAO

+: Amplification of the target gene in PCR
-: No amplification of the target gene in PCR
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