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Abstract

Bacterial canker is caused by the bacterial pathogen Pseudomonas syringae pv. syringae which is present in Iran.
Random amplified polymorphic DNA (RAPD) was used to assess the genetic structure of P. syringae pv. syringae
populations. In this research, genetic diversity of 50 P. syringae pv. syringae isolates from stone fruit trees, olive
and hazelnut were analyzed. Out of 100 bands, generated with 8 RAPD primers, 72% were polymorphic and scored
as molecular markers. Nei-Li similarity coefficients were computed for every pair of strains from data on fragment
presence or absence. Relatedness between strains was evaluated by UPGMA clustering. The results of genetic
analysis showed that hazelnut isolates, are completely separated from stone fruit isolates. In addition, all of stone
fruit isolate were divided in 3 clusters by RAPD primers. This study shows that strains of P. syringae pv. syringae
exhibit genetic diversity detectable by RAPD analysis, and that molecular and statistical analysis of RAPD
fragments can be used both to distinguish between strains and to determine relatedness between them.
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INTRODUCTION

Pseudomonas syringae pv. syringae van Hall, causes
canker, leaf spots and necrosis of the bark of cherry,
plum, and peach fruit trees. Symptoms caused by this
pathogen on leaves, blossoms, and fruit, reported as
common disease in Guilan cherry orchards (Niknejad
Kazempour et al., 2007). Various molecular techniques
have been used to characterize P. syringae pv. syringae
strains. They include Pulsed-Field Gel Electrophoresis
(PFGE) (Grothues and Rudolf, 1991), Restriction
Fragment Length Polymorphism (RFLP) (Scholz et al.,
1994), Random Amplified Polymorphic DNA (RAPD)
(Clerc et al., 1998), repetitive-sequence PCR (rep-PCR)
(Scortichini et al., 2003), Amplified 16S Ribosomal
DNA Restriction Analysis (ARDRA) (Scortichini et al.,
2003) and Amplified Fragment Length Polymorphism
(AFLP) (Manceau and Brin, 2003). Presently, AFLP
analysis can be considered one of the most
discriminating genomic methods to distinguish among
bacterial strains (Vos et al., 1995). P. syringae is a
plant-associated bacterial species which has been
divided into more than 50 pathovars. Using DNA
pairing analysis, Pecknold and Grogan (1973) showed
that P. syringae is a heterogeneous species. Later,
Denny et al. (1988) showed that P. syringae pv. tomato
strains form a genetically homogeneous group that is
clearly distinct from P. syringae pv. syringae strains and
that should be considered a genomic species. The
random amplified polymorphic DNA (RAPD)
technique, first described by Williams et al. (1990),
despite some limitations provides a useful approach for
evaluating  population’s  genetic  differentiation,
particularly in the species that are poorly known
genetically (Nybom, 2004; Russo, 2007). The problem
of low reproducibility in early RAPD analyses can now

be overcome through improved laboratory techniques
and band scoring procedures (Volis et al., 2001).
Another limitation of RAPD markers is their dominant
nature (Williams et al., 1990). This peculiarity of
RAPDs impedes direct estimations of allele frequency
and can bias calculations of population differentiation
(Lynch and Walsh, 1998). This problem can be
overcome by use of appropriate statistical methods, e.g.,
analysis of molecular variance (AMOVA) (Excoffier,
2001), which is not influenced by the dominance
problem (Diaz et al., 2001). In this paper, the randomly
amplified polymorphic DNA (RAPD) technique were
used to determine the relatedness of 50 P. syringae pv.
syringae isolates from different hosts, with the aim to
identify potential sources of inoculum arriving in Iran,
as well as to explore the applicability of the RAPD
technique to reveal the potential genotypic variability of
P. syringae pv. syringae.

MATERIALS AND METHODS

Bacterial strains and media

Fifty isolates of P. syringae pv. syringae causal
bacterium of canker and blossom blight were isolated
from diseased leaves or stems of stone fruits (cherry 12
isolates, peach 11 isolates and prune 10 isolates)
hazelnut (8 isolates) and olive (9 isolates) in major
cultivating areas of Guilan province—Iran, in 2005. One
representative isolate has been deposited in the
Collection Frangaise de Bactéries Phytopathogéns
(CFBP) culture collection. This reference isolate was
considered as a typical isolate of P. syringae pv.
syringae (Table 1). The isolates were grown in Luria
broth (LB) and nutrient agar (NA). Liquid media
cultures were generated from —80°C freezer stocks in
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15% glycerol by overnight shaking at 220 rpm in LB at
25°C. The cultures were initiated at an OD600 = 0.05.
Media were amended with appropriate antibiotic
cyclohexamid (50 pg/ml).

Tab. 1: The number of scored bands (SB), polymorphism
information content (PIC) and genetic diversity based
on Nei (H) obtained per each primer among the Pseu-
domonas syringae pv. syringae isolates

Primer SB PIC H)
H3 14 0.31 0.32
G13 12 0.37 0.38
H13 15 0.35 0.37
60.2 14 0.41 0.44
70.8 11 0.31 0.27
70.9 11 0.34 0.32
80.7 13 0.35 0.41
80.8 10 0.37 0.38
Average 12.5 0.35 0.36

DNA extraction

For bacterial DNA extraction, the isolates were grown
overnight, in nutrient broth (Merck, Darmstadt,
Germany), at 26°C and the DNA was extracted as
described by Martins et al. (2005). One tube of 1.5 ml
was used to centrifuged the cells at 13 000 x g for 5 min
and the pellet was suspended in 200 pl Tris 0.1 mol L-1
and added with 200 pl of lysis solution (NaOH 0.2 N and
1% SDS), mixed and deproteinazed with 700 pl of
phenol/chloroform/isoamyl alcohol (25:24:1 v/v/v),
homogenized and centrifuged 10 min at 13 000 x g .To
precipitate DNA, 700 pl of cold isopropanol was added
and spinned, washed in 70% ethanol and centrifuged.
Precipitated DNA is dried at room temperature and
suspended in 100 pl of water. The method described by
Ausubel et al. (1996) was performed comparing 50
strains. The samples from the both methods were
electrophoresed on 1.5% agarose gels, stained with
ethidium bromide and photographed under UV light. The
RAPD was performed according to Ortiz-Herrera et al.
(2004).

RAPD analysis

RAPD analysis were carried out in 25 pl volume final,
contained 100 ng of genomic DNA, 3 mM MgCl,,
0.4 uM each primer, 1 U of Tag DNA polymerase (Pro-
mega Corp., Madison, WI), 250 puM each of dCTP,
dGTP, dATP and dTTP (Pharmacia) in 10 mM Tris-
HCI (pH 9.0), 50 mM KCI and 0.1% Triton X-100. The
thermal cycling profile was as follows: 4 min initial
denaturation at 92°C, 40 cycles of 1 min at 94°C, 1 min
at 37°C, 3 min at 72°C, followed by a final extension at
72°C for 5 min. PCR products were analysed in 2%
agarose gels stained with ethidium bromide and were
visualized and photographed using a Gel Docu-
mentation System, GDS 8000 (BioRad., California,

USA). Negative controls contained water instead of
DNA. The primers used were

H3 (5'- AGACGTCCAC -3"),

H13 (5'- GACGCCACAC -3"),

G13 (5'- CTCTCCGCCA -3",

80.8 (5'- CGCCCTCAGC -3"),

80.7 (5'- GCACGCCGGA-3"),

70.8 (5'- CTGTACCCCC -3"),

70.9 (5'- TGCAGCACCG -3"),

60.2 (5'- GACCGACACG -3"), supplied by CinnaGen
Inc. (Belgium).

Cluster analysis

All isolates of P. syringae pv. syringae were used for
cluster analysis based on RAPD results. Each
amplification band was scored as 1 (present) or 0
(absent) for all isolates. Average of dissimilarity was
calculated using formula established by Nei and Li
(1979) with program Multi-Variate Statistical Package
(version 3.13 m, Kovach Computing Services). The
isolates were clustered by the unweighted average pair
group method (UPGMA).

RESULTS

Primers were selected based on reproducibility and
polymorphic patterns from this initial screening. Eight
primers (H3, H13, G13, 80.8, 80.7, 70.8, 70.9 and 60.2)
were selected based on the quantity and quality of their
amplified fragments and were then used to survey all
strains of P. syringae pv. syringae (Clerc et al. 1998).
These primers allowed the scoring of 100 bands among
the amplified fragments of the 50 isolates of P. syringae
pv. syringae of which 72 were unambiguously
reproducible and polymorphic (Table 1), suggesting high
genetic variability. The number of scored bands (SB)
from 10 for the 80.8 primer to 15 for the H13 primer.
Primer 60.2 with 0.41, showed the most polymorphism
information content (PIC). The number of bands for each
primers from 10 to 15. The size of the amplified product
ranged from 0315 to 2.23 kb. The results of PCR —
RAPD examination with 8 primer for 5 population of P.
syringae pv. syringae isolates are shown in Table 2. The
Nei’s estimate of similarity, based on the number of
shared RAPD products, was used to generate a similarity
and distance. According to genetic distance, dendrogram
showed that five populations divided into two groups.
Populations of peach isolates (Psp), cerise isolates (Psc),
prune isolates (Pss) and olive isolates (Pso) are in first
group, population of hazelnut isolates (Psh) is second
group (Table 3). The largest genetic distance, by Nei
method used, was between population Psh and Psp, while
the shortest one was between Psp and Pss (Figure 1). It is
indicated low distance between four populations (Psp,
Psc, Pss and Pso) but clustering analysis of individual
shows that the each population scattered among the
population. This situation indicated high genetic
differences among two groups.
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Tab. 2: Information of five populations fragment by different parameters

Population No.b(;i‘::;)iftes No. (cl)\fl‘slells Ef(f;c;;ve Nei gene diversity (Nei)
Peach isolate (Psp) 10 1.61 +0.49 1.34+0.34 020+0.18
Ceries isolates (Psc) 12 1.86 £0.34 1.55+0.35 0.47+0.23
Prune isolates (Pss) 10 1.65 +0.47 1.38 +0.37 0.22+0.19
Hazelnut isolates (Psh) 8 1.77+£0.42 1.53+£0.37 0.3+0.19
Olive isolates (Pso) 9 1.71 + 0.49 1.45+0.37 0.26 +0.19
Average — 2.00 1.62 £0.27 036 +0.12
Tab. 3: Genetic distance of five populations based on RAPD data

Population Psp Psc Pss Psh Pso
Psp HoHk 0.94 0.95 0.62 0.91
Psc 0.06 oAk 0.94 0.71 0.89
Pss 0.04 0.05 HEE 0.62 0.89
Psh 0.46 0.33 0.47 ool 0.65
Pso 0.09 0.11 0.10 0.43 HEE

Fig. 1: Gels stained with ethidium bromide showing PCR amplification products generated from the Pseudomonas
syringae pv. syringae isolates with primer H3, 1, Psp35; 2, Psp28; 3, Psh10; 4, Psc20; 5, Pscl7; 6, Psp27; 7, Distille
water, 8, Psc96; 9, Psp61; 10, Psh17; 11, Pss82; 12, Pss31; 13, Psh16; 14, Pss26 15, Pss48; 16, Psc101, M= 100 bp

DNA marker.

2 3456 7 8 9101112131415 16

DISCUSSION

P. syringae pv. syringae causes canker, leafspots and
necrosis of the bark of cherry, plum, and peach fruit trees.
The level of RAPD variation and distribution P. syringae
pv. syringae isolates on stone fruit, olive and hazelnut
have been investigated. Various primers were tested for
efficacy in the RAPD method, and the primers listed in
were selected because they gave readily interpretable and
reproducible results. All of these primers had GC
contents greater than 60%, while the genome GC content
of P. syringae is 59 to 60 1% (Clerc et al., 1998). The
used eight primers were highly informative and revealed
an average of 12.5 bands per primer. RAPD analysis
made it possible to identify and characterize strains
isolated from the same host, and to distinguish between
groups of strains isolated from different hosts. P. syringae

pv. syringae strains isolated from Prunus hosts in
California generated similar genetic profiles in ERIC-
PCR whereas most strains of P. syringae pv. syringae
isolated from other hosts generated dissimilar patterns.
This suggests a host specialization of the stone fruit
strains within the heterogeneous pathovar syringae (Little
et al., 1998). Hazelnut isolates P. syringae pv. syringae
were separated from stone fruit isolates. The results
support that hazelnut and stone fruit isolates of P.
syringae pv. syringae may have different phylogenic
origins. In conclusion, RAPD method was suitable for
differentiation of P. syringae pv. syringae isolates. The
ability to differentiate between individual isolates may be
of potential use in the studies determining the
epidemiology of bacteria canker of stone fruit and host-
pathogen interactions relating to stone fruit cultivar
infection as well as developing improved strategies for
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breeding for resistance to P. syringae pv. syringae. This
study shows that RAPD analysis is a useful technique to

identify individual strains of P. syringae pv. syringae and
to study their relatedness.

Fig. 2. Dendogram showing relationship between five populations of P. syringae pv. syringae using UPGM based

{ "
Pss

on Jaccard similarity index from RAPD-PCR data.

—— Psc

Pso

Psh
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