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Abstract
Pseudomonas syringae pv. syringae (Pss) constitutes a diverse group of bacterial strains that 
cause canker of stone fruits, blight of cereals and red streak of sugarcane. The purpose of 
this study was to determine how diverse Iranian strains of Pss are when they come from dif-
ferent hosts. We compared a total of 32 Pss strains isolated from stone fruits, barley, wheat 
and sugarcane from different geographical regions of Iran based on their phenotypic and 
molecular properties. Strains showed some variation regarding carbon and nitrogen utiliza-
tion. Pss strains were similar in their protein banding patterns. Additional bands were found 
in sugarcane strains. Most strains showed one indigenous plasmid DNA and a few had two 
and some none. The genes of syrB and syrD encoding syringomycin synthesis and secretion, 
respectively, were amplified using specific primers in polymerase chain reaction. Syringomy-
cin, producing strains amplified two DNA fragments of 752 and 446 bp representing syrB and 
syrD genes, respectively. Primer specificity was shown for Pss using various genera. Based on 
the results of this study, it is suggested that Pss strains from different hosts and geographical 
regions show diversity in phenotypic and molecular characters. It is thought that phenotypic 
variation is due to adaptation to specific hosts and niches for survival and pathogenicity.
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Introduction

Pseudomonas syringae constitutes a diverse group of 
plant-associated bacteria that live either as epiphytes 
or plant pathogens. Some of the most important bac-
teria plant pathogens are listed in this genus. Pseu-
domonas syringae is a very heterogeneous group with 
more than 60 pathovars and nine genomospecies, be-
longing to RNA homology group I of Pseudomonas, 
which is part of subclass γ from class proteobacteria 
(Young 2010). Pseudomonas syringae pv. syringae van 
Hall 1902 (Pss) is considered to be one of the most 
important pathovars of this species with a wide host 
range infecting more than 180 plant species belonging 
to various genera (Bultreys and Kaluzna 2010). Strains 
of Pss cause important diseases such as bacterial can-
ker of stone fruits, citrus blast, leaf blight of wheat 

and barley, sheath rot of rice, red streak of sugarcane 
and brown spot of bean (Kaluzna et al. 2010; Dariush 
et al. 2012).

Bacterial canker and gummosis of stone fruits are 
among the most devastating diseases of stone fruits 
caused by Pss and P. syringae pv. morsprunorum be-
longing to genomospecious 1 and 2, respectively. 
These pathogenic bacteria cause significant damage in 
nurseries and orchards. They can reduce yield between 
10−20% in young orchards and even death under fa-
vorable climatic conditions (Sulikowska and Sobicze-
wski 2008; Bultreys and Kaluzna 2010). Disease symp-
toms vary in different hosts. Severity of symptoms 
depends on bacterial strain, host cultivar, age of the 
infected tree, plant tissue invaded and environmental 
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conditions (Gasic et al. 2012). The pathogen attacks dif-
ferent parts of stone fruit trees such as the main trunk, 
twigs, leaves, buds, flowers and fruits. In early spring, 
lesions appear on twigs underneath the infected spurs. 
Shoot blight and death of infected branches with gums 
are the result of severe infection (Bultreys and Kaluzna 
2010). The bacterial disease reduces the fruit qual-
ity and quantity, and therefore the marketing value 
(Valencia-Botin and Cisneros-Lopez 2012). Blight of 
wheat and barley is caused by Pss. The late milk to soft 
dough stages of kernel development is the critical time 
for infection. In wheat and barley leaf blight, the bacte-
rium induces small lesions and water-soaked spots on 
leaves. The infected leaves become necrotic and change 
from tan to white. Under favorable climatic condi-
tions, the disease rapidly spreads to flag leaves during 
heading; blighted spots coalesce, become irregular and 
turn from yellow to brown. Rainfall and high humidity 
are necessary for infection and disease development 
(Valencia-Botin and Cisneros-Lopez 2012). Pss can 
also cause red streak of sugarcane, where yellowish-
red lesions appear on any point along the leaf. Streaks 
are short and narrow but sometimes they can be up to 
20 cm long. They turn reddish-brown and a faint yel-
low halo is found along the lesions. Due to a reduction 
in the photosynthetic rate, the yield tends to decline 
(Rahimian 1995).

Bacterial canker of stone fruits, red streak of sugar-
cane and leaf blight of wheat and barley have previous-
ly been reported in Iran (Rahimian 1995; Mohammadi 
et al. 2001; Khezri et al. 2010). More epidemiological 
information about classification and detection proce-
dures of this bacterial pathogen is needed in order to 
conduct disease management. The main purpose of 
this study was to characterize and compare Pss strains 
isolated from stone fruits, cereals and sugarcane in dif-
ferent geographical regions in Iran based on pheno-
typic and molecular properties.

Materials and Methods

Bacterial strains and growth conditions

A total of 32 Pss strains from stone fruits (almond, 
apricot, peach and sweet cherry), sugarcane, wheat 
and barley, and two reference strains were character-
ized in this study (Table 1). Pathogenicity test on these 
strains had previously been carried out (Mohammadi 
et al. 2001; Khezri et al. 2010). Two reference strains 
BPIC219 and BPIC243 (Psallidas, Greece) were in-
cluded in all the experiments. Each strain was streaked 
on nutrient agar (NA) medium, single colonies were 
picked up and re-streaked on the same medium to en-
sure purity (Lelliot and Stead 1987).

Biochemical and physiological characters

Pss strains were subjected to the following physi-
ological and biochemical tests: Gram staining, KOH 
3% sensitivity according to Suslow (1982), an oxida-
tive/fermentative metabolism of glucose test according 
Hugh and Leifson (1953), colony morphology on su-
crose peptone agar (SPA), yeast extract dextrose calci-
um carbonate (YDC) and sucrose nutrient agar (SNA) 
media, catalase, motility, LOPAT tests (levan produc-
tion, oxidase, potato soft rot, arginine dehydrolase, to-
bacco hypersensitive reaction) (Schaad et al. 2001) and 
GATTa’s group tests (gelatin liquefaction, aesculin hy-
drolysis, tyrosinase activity and utilization of tartrate 
acid) (Lelliott and Stead 1987), fluorescent pigment on 
KB (King’B) medium, starch hydrolysis, litmus milk, 
casein hydrolysis, salt tolerance (5 and 7%), gas forma-
tion from glucose, reducing compounds from sucrose,   
80 hydrolysis, lecithinase, urease, nitrate reduction, ice 
nucleation activity and optimal growth at 4 and 41°C, 
3-keto lactose and methyl red and acetoin (MR-VP), 
H2S production from peptone and indole production 
according to Fahy and Hayward (1983). In addition, 
utilization of some sugars, amino acids, organic ac-
ids, etc., as sole carbon and nitrogen source was done 
by adding filtered compounds to Ayer’s medium 
(0.5% w/v). Results were recorded up to 30 days 
(Schaad et  al. 2001). Syringomycin production was 
tested using Geotrichum candidum as an indicator fol-
lowing Bultreys and Gheysen (1999).

Table 1. List of Pss strains

Strain Host plant Province

Pss1 apricot Charmahal Bakhtiari

Pss2-3 apricot Fars

Pss4 apricot Alborz

Pss5 peach Fars

Pss6 peach Alborz

Pss7 peach Qazvin

Pss8 peach Mazandaran

Pss9-10 almond Fars

Pss11-12 almond Charmahal Bakhtiari

Pss13 sweet cherry Tehran

Pss14-16 sweet cherry Alborz

Pss17-25 sugarcane Mazandaran

Pss26-27 wheat Charmahal Bakhtiari

Pss28-29 wheat Fars

Pss30-31 barley Fars

Pss32 barley Alborz

BPIC219* apricot reference strain

BPIC243* apricot reference strain

*reference strains were provided by P.G. Psallidas, Benaki Phytopathologi- 
  cal Institute Collection, Benaki, Greece
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Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE)

Pss strains were grown on NAG (nutrient agar with 1% 
glucose) for 24 h at 26°C. Bacterial cells suspended in 
sterile distilled water (SDW) with a final optical den-
sity of 2.0 at 600 nm were centrifuged at 2,576 g for 
5 min; the pellet was re-suspended in 1 ml SDW. Sam-
ple buffer (62 mM Tris-HCl, 2% SDS, 2% 2-mercap-
toethanol, 10% glycerol and 0.006% bromophenol 
blue, pH 6.8) was added to each tube. Samples were 
heated in a boiling water bath for 5 min followed by 
centrifugation at 6,800 g for 10 min. Samples were 
loaded in a SDS-polyacrylamide gel slab. The resolving 
gel was 12% and the stacking gel was 4%. Forty-five 
µl soluble protein samples were loaded in each well. 
Electrophoresis was carried out at a constant voltage of 
100 V. Staining of the gel was done in Coomassie bril-
liant blue G250 (Laemmli 1970).

Plasmid extraction

Plasmid DNA extraction, purification and electro-
phoresis in agarose gel were done according to Mania-
tis et al. (1998). Briefly, Pss strains were individually 
cultured in 2.0 ml Luria-Bertani (LB) broth (pH 7.0) 
containing 1% (w/v) glucose in a shaker for 12 h. Plas-
mid DNA was extracted using the alkaline lysis meth-
od. Purified DNA samples were re-suspended in Tris- 
-EDTA (TE) buffer (pH 7.0) and kept at −20°C. DNA 
electrophoresis was carried out in 1% (w/v) agarose in 
Tris-Borate-EDTA (TBE) buffer (pH 8.0) at a constant 
voltage of 80 V for 3 h. After staining with ethidium 
bromide, the gel was photographed using UVP gel 
documentation system and strains were evaluated 
for the presence or absence of plasmids as well as the 
number of plasmid.

Polymerase chain reaction (PCR)

PCR was performed according to Sorensen (1998) us-
ing Palm cycler model GP001 (Corbett Research Co., 
Australia). Two methods were used in preparing bacte-
rial DNA template. In the first method, small colonies of 
bacteria grown on NA medium at 28°C for 2 days were 
touched and directly added to the reaction mixture in 
microtubes. In the second method, the bacterial pellet 
was re-suspended in 500 µl of deionized water, boiled for 
15 min and then subjected to freeze-thawing at −20°C 
for 15 min, four times (Bultreys and Gheysen 1999). 
Turbidity of BPIC243, as a reference strain, was ad-
justed to OD600 nm of 1.0 and serial dilutions were pre-
pared in SDW. Two µl from each dilution was used in 
PCR to determine the limit of detection. Primer pairs, 
each 21-nucleotide base long, used in the PCR assay 
included syrB and syrD. The former is designed to 

amplify syringomycin biosynthetic gene whereas the 
latter encodes for the gene involved in secretion (So-
renson et al. 1998). The syrB primer pair was as follows: 
B1 (5’-CTT TCC GTG GTC TTG ATG AGG-3’) and 
B2 (5’-TCG ATT TTG CCG TGA TGA GTC-3’). 
B1 and B2 primers were limited to 787- and 1539-base 
pair region, respectively. Thus, the PCR product for 
syrB ORF (open reading frame) was 752 bp (Soren-
son et al. 1998). The syrD primer pair was as follows: 
D1 (5’-AAA CCA AGC AAG AGA AGA AGG-3’) and 
D2 (5’-GGC AAT ACC GAA CAG GAA CAC-3’). 
D1 and D2 primers were limited to 466- and 912-base 
pair region, respectively, so the PCR product for syrD 
ORF was 447 bp. The PCR mixture in a final volume of 
50 µl contained 5 µl 10× PCR buffer, 1.5 mM 
MgCl2, 200 µM of each dNTP, 0.5 pmol of each primer, 
2.5 units of Taq DNA polymerase and 2 µl DNA tem-
plate in sterile microtubes. The amplification program 
was as follows: the initial denaturation temperature 
for the first cycle was at 94°C for 6 min, followed by 
35 cycles of denaturation at 94°C for 1.5 min, primer 
annealing to the target DNA at 62°C for 1.5 min, and 
DNA extension at 72°C for 3 min. Additional exten-
sion was carried out at 72°C for 10 min (Sorenson et al. 
1998). The final product underwent electrophoresis in 
1% agarose gel using Gene RulerTM 1 kb DNA ladder as 
a marker. TBE buffer (pH 8.0) at a constant voltage of 
80 V for 3 h was used for electrophoresis. After stain-
ing with ethidium bromide, the gel was photographed 
using UVP gel documentation system. Water was used 
as a negative control. Agrobacterium vitis, Bacillus sub-
tilis, Erwinia amylovora, Pectobacterium carotovorum, 
Pseudomonas fluorescens, Pseudomonas viridiflava and 
Xanthomonas axonopodis pv. begoniae together with 
standard Pss strains, BPIC219 and BPIC243, were used 
to determine primer specificity for syrB and syrD.

Numerical analysis

Analyses of physiological and biochemical properties 
and protein profile were done using the simple match-
ing similarity coefficient and unweighted pair group 
with arithmetic averages using NTSYS-pc version 
2.02e (Rohlf 2000).

Results

Pss colonies were white and non-slimy on SPA, cream-
colored and non-slimy on YDC and round, light 
cream-colored and slimy on SNA media. All the strains 
were gram negative and obligate aerobic. In LOPAT 
tests, levan production and hypersensitive reaction on 
tobacco leave were positive but oxidase, potato soft rot 
and arginine dihydrolase were negative. The strains 
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were negative for starch hydrolysis but positive for 
fluorescent pigment production on KB medium after 
24−48 h of incubation. Hydrolysis of casein and tween 
80, motility and catalase were all positive (Table 2). In 
GATTa’s group tests, hydrolysis of gelatin was positive, 
tyrosinase activity was negative and hydrolysis of aes-
culin and utilization of tartrate acid varied (Table 3). 
The Pss strains could not grow at 4°C and 41°C and 7% 
NaCl and showed some variation in ice nucleation ac-
tivity and syringomycin production. All studied strains 
except Pss4, 5, 14, 30 and 31 produced syringomycin, 
in vitro (Table 3).

Pss strains were able to utilize D(+)-glucose, 
D(-)-fructose, D(+)-galactose, D(-)-mannose, sucrose, 
L-arabinose, D-sorbitol, D-xylose, myo-inositol, meso- 
-inositol, L(-)-arabitol, D-mannitol, L-alanine, L-as
paragine, L-histidine, L-proline, glycerol, citrate, 
malonate, succinic acid and L-arginine. Strains were 
varied in utilizing adonitol, raffinose, trehalose, fu-
marate, tartrate and L(-)-cysteine (Table 3), but none 
of the strains were able to utilize maltose, lactose, dul-
citol, L-rhamnose, D(+)-melezitose, D(+)-cellobiose, 
D-arabinose, L(-)-sorbose, salicin, dextrin, glyco-
gen, L-glycine, inulin, L-methionine, starch, oxalate, 
benzoate, acetate, nicotine amide, L(+)-ornithine, 
L-phenylalanine, DL-valine, tryptophan, ethanol or 
propanol.

A significant homology in banding patterns of to-
tal soluble protein was observed among Pss strains of 
stone fruits and cereals. SDS-PAGE analysis revealed 
some quantitative and qualitative differences in band-
ing patterns between sugarcane strains with other 
host strains. In addition, two standard strains used in 
this study showed noticeable homology with band-
ing patterns of stone fruits and cereals strains. On the 
other hand, sugarcane strains exhibited low molecu-
lar weights and distinct banding patterns compared to 
strains from other groups (data not shown).

Pss representative strains showed a considerable 
diversity in plasmid profiles. Some strains exhibited 
one plasmid band and some two plasmids, and a few 
showed none. These results were reproducible through-
out the study. Both BPIC219 and BPIC243 had only 
one plasmid. Pss strains fell into three categories with 
respect to the number of native plasmids as shown in 
Table 4.

For PCR analysis, two methods were used for pre-
paring bacterial DNA template. Both methods showed 
high efficiency and were used in the experiments. All 
syringomycin producing strains amplified two distinct 
DNA fragments of 725 bp and 446 bp corresponding 
to syrB and syrD genes, respectively (Figs 1 and 2). 
Pss strains 14 and 31 generated the 446 bp fragment, 
though neither one was a syringomycin producer 
(Tables 3 and 5). Both reference strains generated 
725 bp and 446 bp signals.

PCR sensitivity was tested using the syringomycin 
specific primer pairs. Detection limits for the reference 
strain BPIC243 prepared at different dilutions in deion-
ized water were 20 and 200 cells per reaction mixture 
using syrB and syrD primer pairs, respectively.

In numerical analysis, four main groups were iden-
tified based on biochemical, physiological and total 
protein pattern (Fig. 3). About 70% similarity was ob-
served among the three groups and two Pss standard 
strains. Group I included strains belonging to stone 
fruits and sugarcane. Most of the sugarcane strains 
were clustered in single clades. Wheat and barley 
strains with two standard strains were placed in group 
II. In addition, strains 2 and 8 isolated from apricot 
and peach were categorized in this group. Pss4, 14 and 

Table 2. Phenotypic characters of Pss strains

Characteristic Reaction

Gram staining −

Aerobic growth +

Levan formation V

Oxidase −

Potato soft rot −

Arginine dihydrolase −

Hypersensitive reaction +

Fluorescent pigment +

Gelatin hydrolysis +

Aesculin hydrolysis V

Starch hydrolysis −

Tween 80 hydrolysis +

Casein hydrolysis +

Ice nucleation V

Tyrosinase activity −

Tartaric acid V

Growth at 4°C and 41°C −

5% NaCl tolerance +

7% NaCl tolerance −

Catalase +

Nitrate reduction −

MR-VP* −

Phosphatase +

Urease +

Lecithinase −

H2S from peptone −

Gas from glucose −

Reducing compound from sucrose +

Indole formation −

3-Keto lactose formation −

Syringomycin production V

“+” = positive; “–” = negative; V = varied
*Methyl Red and Voges Proskauer



Journal of Plant Protection Research 58 (4), 2018358

Table 3. List of Pss strains with atypical phenotypic properties

Property Reaction Strain number

Syringomycin  
production

− 4, 5, 14, 30, 31

Tyrosinase activity + 1, 2, 11, 14, 20, 22, 25, 27, 29

Ice nucleation activity − 26, 28, 30

Aesculin hydrolysis − 2, 8, 14, 26, 28

Acid production from: +

Adonitol + 13, 23, 28

Cysteine + 7, 12, 22, 29

Fumarate + 23, 29

Raffinose + 9, 16, 19, 20, 22, 25, 26, 27, 31

Tartrate + 2, 29

Trehalose + 8, 25, 27, 28

“+” = positive; “–” = negative 

Table 4. Plasmid DNA profile in Pss strains

Number  
of plasmid DNA            Strain number

0 2, 10, 15, 18, 23, 27

1 1, 3, 5, 6, 8, 11, 12, 13, 14,17, 19, 20, 21, 26, 
28, 29, 30, 31, 32

2 4, 7, 9, 16, 22, 24, 25

Fig. 1. Polymerase chain reaction (PCR) analysis of syrB gene in 
representative Pss strains from various host plants. L − 1.0 kb 
DNA ladder, (1) BPIC243 − standard strain, (2) Pss30 − barley, 
(3) Pss21 − sugarcane, (4) Pss12 − almond, (5) Pss31 − barley, 
(6) Pss13 − sweet cherry, (7) Pss27 − wheat, (8) Pss4 − apricot and 
C − water as a negative control

Fig. 2. Polymerase chain reaction (PCR) analysis of syrD gene in 
representative Pss strains from different host plants. L − 1.0 kb 
DNA ladder, (1) BPIC219 − a standard strain, (2) Pss13 − sweet 
cherry, (3) Pss4 − apricot, (4) Pss30 − barley, (5) Pss14 − sweet 
cherry, (6) Pss21 − sugarcane, (7) Pss27 − wheat, (8) Pss31 − barley 
and C − water as a negative control

Fig. 3. Cluster analysis of Pseudomonas syringae pv. syringae strains based on the results of biochemical and physiological tests as 
well as protein profile (+ and –) and PCR amplification of syrB and syrD genes, using unweighted pair group with arithmetic averages. 
Pss1-16 from stone fruits, Pss17-25 from sugarcane and Pss26-32 from cereals. Group I − Pss strains from stone fruits and sugarcane; 
Group II − Pss strains from stone fruits, cereals and standard strains; Group III − Pss strains from stone fruits and cereals; and Clavibacter 
michiganensis subsp. michiganensis (Group IV) was used as an out-group

Table 5. List of Pss strains that did not amplify syrB and syrD genes

Genes  Strain number

syrB 4, 5, 14, 30, 31

syrD 4, 5, 30



Maryam Khezri and Mojtaba Mohammadi: Identification and characterization of Pseudomonas syringae pv. syringae strains... 359

31 isolated  from apricot, sweet cherry and barley, re-
spectively, were placed in group III. An isolate of Clavi-
bacter michiganensis subsp. michiganensis was used as 
an out-group (group IV) (Fig. 3).

Discussion

Pseudomonas syringae is a phytopathogenic proteo-
bacterium whose host-specific pathovars collectively 
attack a wide range of plants including annual and 
perennial crops. Pss is one of the 60 pathovars that in-
fects and causes economic losses in many plant spe-
cies belonging to various families (Young 2010). In 
the present study, a total of 32 pathogenic strains of 
Pss representing different plant hosts and geographi-
cal regions were compared based on phenotypic and 
molecular characters.

Most phenotypic tests such as Gram staining, fluo-
rescent pigmentation on KB medium and LOPAT were 
similar to strains previously reported (Mohammadi 
et al. 2001; Natalini et al. 2006; Ilicic et al. 2016). In this 
study, strains isolated from barley could not produce 
levan polymers. Gacis et al. (2012) reported that P. sy-
ringae pathovars including pv. syringae, pv. morspruno-
rum and pv. persicae isolated from stone fruits, all pro-
duced mucoid levan-type colonies on NSA medium, 
but they seem to produce colonies different in size 
and morphology. Pss strains in our study, all induced 
a hypersensitive reaction in tobacco which correlated 
with the pathogenicity test previously reported (Mo-
hammadi et al. 2001; Khezri et al. 2010). In GATTa’s 
group tests, Pss strains showed variation in aesculin 
hydrolysis and tartaric acid utilization. According to 
Bultreys and Kaluzna (2010), strains of P. syringae pv. 
morsprunorum race 1 cannot hydrolyze aesculin and 
gelatin but they can utilize tartaric acid and produce 
tyrosinase, while the results of the GATTa’s group tests 
for other P. syringae pathovars are unknown (Gasic 
et al. 2012).

The pathovars of P. syringae are different in syrin-
gomycin production as detected using a fungal indica-
tor such as G. candidum, Saccharomyces cerevisiae or 
Rhodotorula pilimanae or by amplifying syrB and syrD 
which are involved in syringomycin production and 
secretion, respectively (Gasic et al. 2012). A number of 
Pss strains in our study did not produce syringomycin 
which has been shown to correlate with pathogenicity 
(Mohammadi et al. 2001). Although some Pss strains 
produced syringomycin in vitro, they were nonpatho-
genic on pear, sour cherry and wheat (Sorensen et 
al. 1998). Our results showed some variation among 
Pss strains regarding utilization of sugars, amino ac-
ids, organic acids, etc., as sole carbon and nitrogen 
sources. Differences in biochemical and physiological 

properties as well as utilization of carbon sources in 
Pss strains from various hosts and geographical regions 
maybe related to their adaptation to specific hosts and 
ecological niches. In a similar study, Pss strains of 
stone fruits isolated from southern Iran produced acid 
from galactose, mannose, mannitol, sorbitol and ara-
binose but could not utilize lactose, maltose and tar-
trate (Khodaygan et al. 2012) which is consistent with 
our findings. Gasic et al. (2012) observed differences 
in acid production from inositol among P. syringae 
pv. syringae, P. syringae pv. morsprunorum and P. syrin-
gae pv. persicae strains.

Protein profile analysis showed a high homology 
in banding pattern among Pss strains with the excep-
tion of sugarcane strains that showed additional pro-
tein bands in the range of 30−45 kDa. Ravindran et al. 
(2015) reported that the number of genes identified 
as encoding hypothetical proteins is limited to about 
16% of all Pss genes. Variations in protein profiles have 
been reported among Pss strains and other pathovars 
such as pisi, tabaci, savastanoi, mellea and phaseolicola 
(Soma and Samson 1991; Gonzalez-Villanuevaa et al. 
2014) but differences among Pss isolates from different 
hosts are rarely seen. Rahimian (1995) reported mi-
nor differences in protein profiles between sugarcane 
strains and other Pss strains isolated from different ge-
ographical regions of Iran, and from Japan. Our results 
place sugarcane isolates in a different genotypic group 
from stone fruits and cereal strains. Numerical analysis 
based on phenotypical characters and protein profiles 
identified four main groups. Strains isolated from sug-
arcane were placed in group I but in a separate branch 
from wheat and barley strains (Fig. 3).

Bacterial plasmids carry genes involved in viru-
lence, fitness, phytotoxin and hormone production, 
tolerance to UV radiation, resistance to antibiotics, as 
well as resistance to heavy metals such as copper and 
arsenic (Gutierrez-Barranquero et al. 2017). In addi-
tion, some plasmids play an important role in host-
microbe interactions (Zhao et al. 2005). In this study, 
the plasmid profile among Pss strains varied from 
0 to 2 bands (Table 4). The BPIC219 reference strain 
showed a single plasmid. Previous studies showed the 
existence of eight plasmid bands for P. syringae strains 
in length from 61.6 to 73.8 kbp that virulence genes, 
including type III secretion system effectors, were en-
coded on two plasmids. One of these from P. syringae 
pv. tabaci, encoded a wide variety of putative virulence 
determinants (Gutierrez-Barranquero et al. 2017). 
The complete nucleotide sequence of the five-plasmid 
complements of the radish and Arabidopsis pathogen 
P. syringae pv. maculicola ES4326 was determined by 
Stavrinides and Guttman (2004). The presence of one 
to several phenotypically cryptic indigenous plasmids 
was reported in P. syringae pathovars (Zhao et al. 
2005).
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Pss strains produce some nonribosomal lipodep-
sipeptide phytotoxins that elicit necrotic symptoms 
in plant tissue. Syringomycin is an important bacte-
rial phytotoxin with a number of syr genes involved 
in regulation (syrA, syrF, syrG and salA), biosynthe-
sis (syrB1, syrB2, syrC and syrE) and secretion (syrD 
and syrP) (Bender et al. 1999; Vaughn and Gross 2016; 
Adbellatif et al. 2017). Pss strains were compared with 
each other on the basis of syrB, syrC and syrD genes 
(Natalini et al. 2006; Gasic et al. 2012; Ivanovic et al. 
2012; Ilicic et al. 2016). In this study, we found a cor-
relation between syringomycin production in vitro 
and amplification of syrB (752 bp) and syrD (446 bp) 
genes. Pss strains that were non-syringomycin produc-
ers could not amplify both genes, except strains Pss14 
and Pss31 (Tables 3 and 5). Both of which amplified a 
single band of 446 bp corresponding to syrD, but did 
not produce syringomycin, in vitro. Our results seem 
to agree with those of Sorensen et al. (1998). Bultreys 
and Gheysen (1999) were able to use a primer pair to 
detect syrD in three pathovars of aptata, atrofaciens and 
syringae and evaluate syringomycin and syringopeptin 
production by the respective strains. They also de-
tected P. syringae pv. morsprunorum from stone fruits 
showing canker symptoms based on the cft gene. Gasic 
et al. (2012) reported that specific primers of syrB and 
syrD genes are suitable to detect and differentiate Pss, 
P. syringae pv. morsprunorum and P. syringae pv. per-
sicae. Ilicic et al. (2016) reported amplification of syrB 
and syrD genes in all Pss strains used in their study 
but Bultreys and Kaluzna (2010) reported that some 
Pss strains do not possess both syrB and syrD. PCR us-
ing specific primers seems to be much more sensitive 
in detecting Pss cells than serological methods such as 
dot immunubinding assay (DIBA) (Khezri et al. 2010). 
We were able to detect up to 20 cells using syrB prim-
ers and up to 200 cells with syrD primers in the PCR 
reaction mixture. In a previous study using polyclonal 
antisera against barley and sugarcane strains, Khezri 
et al. (2010) could detect 1,000 bacterial cells in 10 µl 
loading spot include antisera. In the current study, the 
specificity of using primers was showen using genomic 
DNA of other bacterial genera.

The results of this study suggest that a significant 
variation in phenotypic and molecular properties exists 
between Pss strains isolated from stone fruits, sugarcane 
and gramineous plants. These variations may refer to Pss 
strain adaptation to different hosts and niches during 
their long-lasting life. The studied strains were isolated 
from various geographical regions with different climate 
conditions. This ecological factor can also contribute to 
creating the diversity. In this study, both phenotypic and 
molecular procedures were useful in strain characteri-
zation. Additional protein bands in sugarcane strains 
placed them in a cluster separate from other hosts in 
numerical analysis. Further in-depth molecular and 

phylogenetic characterization of Iranian Pss strains 
is necessary to shed more light on how diverse these 
strains are, how they have evolved and adapted to vari-
ous hosts, what their evolutionary relationships are, 
and what their pathogenicity mechanisms are.  
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