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Summary. Japanese quince trees are grown as ornamental plants in Iran, in parks
and in orchards close to stone fruit and pome fruit trees. Shoots of Japanese quince
(Chaenomeles japonica) showing sunken brown canker symptoms were observed and
collected near Sari, the center of Mazandaran province in the North of Iran, during
the 2016 growing season. Gram negative bacteria isolated from symptomatic tissues
were similar to Pseudomonas syringae pv. syringae (Pss) were pathogenic on Japanese
quince and on quince (Cydonia oblonga) seedlings after artificial inoculation, and were
re-isolated from diseased hosts. Phylogenetic tree construction using partial sequences
of ITS and rpoD genes showed that the Japanese quince isolates were in the same clade
as Pss strains. The isolates had ice nucleation activity, and the InaK gene was ampli-
fied successfully. According to the results of phenotypic and genotypic characteristics,
genomic DNA fingerprinting using REP-PCR, BOX-PCR and IS50-PCR and isolation
of total cell proteins, we conclude that Pss is the causal agent of canker of the Japanese
quince trees. Therefore, Japanese quince is a new host for Pss causing bacterial canker
on many different host plants.

Keywords. Maule’s quince, rpoD, BOX-PCR, REP-PCR, 1S50-PCR.

INTRODUCTION

Japanese quince (Chaenomeles japonica (Thumb.) Lindley ex Spach) is
one of the four species of Chaenomeles Lindl. (Maloidae, Rosaceae). This small
tree produces white to pink flowers in late winter or early spring. The flowers
have five petals and can grow up to 4.5 cm in diameter. The tree is spiny and
bears simple alternately arranged leaves with serrated margins. Being native
to Eastern Asia and naturally grown in central and Southern Japan, it is also
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cultivated in many countries including Iran (mostly
together with forsythia), primarily as an ornamental
plant for its showy flowers. Moreover, Japanese quince
is also cultivated in Latvia, Lithuania, Russia, Poland,
Belarus, Sweden, and Finland for its astringent apple-like
pome fruits used in preserves and liqueurs, with poten-
tial as an alternate fruit crop (Jakobija and Bankina,
2018). Although Japanese quince is usually described as a
healthy ornamental plant (Norin and Rumpunen, 2003),
it can be attacked by a few pests and diseases, including
aphids and scales, fungi and fire blight, reported as the
main bacterial disease (Jewell, 1998).

Pseudomonas syringae is a heterogeneous group
including more than 60 pathovars, belonging to the
RNA homology group I of Pseudomonas, subclass vy
from the Proteobacteria (Young, 2010). Its pathovars
are host-specific on a range of plants, including beans,
grasses and Prunus species (Little et al., 1998). Pseu-
domonas syringae pv. syringae (Pss) (van Hall, 1902)
causes bacterial canker and blast of stone fruit trees. It
is one of the most important plant pathogens, causing
foliar necrosis in host plants and hypersensitive respons-
es (HR) in non-hosts (Bender et al., 1999; Collmer et
al., 2000), leading to economic losses on more than 180
plant species (Bultreys and Kaluzna, 2010; Young, 2010).
Pss is also an ice nucleation-active (INA*) pathogen
causing frost injury to plants (Hirano and Upper, 2000).

In Iran, Pss strains were isolated and characterized
as causal agents of bacterial canker of stone fruit hosts
(cherry, peach, apricot), almond, olive, rose, mallow,
pelargonium, pear, and quince, red streak of sugarcane,
blast of mandarin, and leaf blight of wheat, rice, oat,
barley, and cabbage, from different areas (Bahar et al.,
1982; Banapour et al., 1990; Rahimian, 1995; Najafi Pour
and Taghavi, 2011; Aeini and Khodakaramian, 2018;
Khezri and Mohammadi, 2018; Vasebi et al., 2019; Basa-
vand et al., 2021). Japanese quince trees showing sunken
brown cankers were observed in the Sari county during
the 2016 growing season. As these trees are grown in
parks, often close to stone fruit and pome fruit orchards,
the aim of the present study was to determine the caus-
al agent of canker symptoms on Japanese quince using
pathogenicity, phenotypic, biochemical, and molecular
analyses.

MATERIALS AND METHODS
Sampling and isolation of bacteria
During the 2016 growing season, twigs of Japanese

quince plants with canker symptoms and asymptomat-
ic samples were collected from Sari in the Mazandaran
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province in the North of Iran. To isolate bacterial
strains, plant tissues were surface sterilized, ground in
10 mL sterilized distilled water for 30 min, and a loop-
full of the resulting suspension was streaked on nutrient
agar with 0.5% sucrose (NAS). Resulting colonies were
purified on nutrient agar, and selected according to mor-
phology, color, and shape (Rademarker et al., 2000) for
further biochemical, pathogenicity, and molecular tests.

Hypersensitive response and pathogenicity tests

Hypersensitivity response tests were performed by
infiltrating bacterial suspensions (1 x 10® cfu-mL™) into
tobacco and geranium leaves. Inoculated leaves were
examined after 24 h (Klement et al., 1964).

Bacteria grown on NAS for 24 h at 28°C were inoc-
ulated into liquid culture, reaching 107 cfu-mL™. Ten puL
of each suspension were inoculated into one-year-old
Japanese quince and quince seedlings by subepidermal
injections, infiltrating approximately 1 c¢cm? of the bark
tissue of each plant (Rahimian, 1995). For each bacterial
isolate, ten plants were inoculated. Seedlings were incu-
bated at 28°C in sterilized plastic boxes (=80% moisture)
for 1 month, and then observed for canker symptoms.
One-year-old seedlings inoculated with sterile water were
used as negative controls (Jones, 1971). To fulfill Koch’s
postulates, after development of typical bacterial canker
symptoms on inoculated seedlings, bacteria from each of
the inoculated plants were re-isolated as above described.

Biochemical and physiological tests

All bacterial isolates were assessed for biochemical,
physiological, and nutritional characteristics daily, for
one month, as shown in Table 1 (Schaad et al., 2001).
Carbohydrate utilization from glucose, fructose, sorbitol,
melibiose, galactose, cellobiose, lactose, maltose or man-
nose (Fahy and Pearsly, 1983) was determined using the
basal medium (Ayers et al., 1919). Nineteen isolates were
selected for further analysis. The reference strain Pss
ICMP 4916 was used in all tests as a positive control.

Isolation of total cell proteins and SDS-PAGE

Bacterial isolates were cultured on nutrient agar at
25-28°C for 24 h and single colonies were re-suspended
in distilled water. Optical density of the suspensions was
adjusted to 2.0 at 600 nm using a spectrophotometer.
Samples were centrifuged at 2,576 g for 5 min, the pellet
was re-suspended in 1 mL SDW and then dissolved in
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Table 1. Phenotypic and biochemical characteristics of Pseudomonas strains isolated from Japanese quince in Sari.
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Characteristic

Identified strain

Reference isolate

JQi

JQ2

JQ3

Pss

P, viridiflava

Gram reaction

Potato soft rot

Fluorescent induction on KB
Oxidase production

Catalase production
Tobacco hypersensitivity
Geranium hypersensitivity
Methyl red (MR)
Lecithinase

Arginine dihydrolase
Utilization of citrate

H,S production from cystein
Casein hydrolysis

Tween 80 hydrolysis

Reducing substrate from sucrose

Arbutin production
Indole production
Austin hydrolysis

Nitrate reduction
Fermentative metabolism
Oxidative metabolism
Ice nucleation

Esculin hydrolysis
Gelatin liquefaction
Syringomycine production
Urease production

a-methyl diglucoside
Trehalose
Ramnose
D-Fructose
Xylitole
Glucose
Sucrose
D-Manitol
Cellobise
Galactose
D-Mannose
D-Raffinose
D-Xylose
D-Ribose
Inositol
L-Arabinose
D-Arabitole
Adonitole
L-Serine
L-Asparagine
Melibiose

+ o+ + + +

+ o+ o+ o+ o+

+ o+ + 4+ +

+ o+ + + +

+ + + o+ +

+ + + + +

+ o+ + + +

+ o+ + + o+

+ o+

+ o+ o+

+ +

+ o+

+ o+ + + o+

(Continued)
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Table 1. (Continued).
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Identified strain

Reference isolate

Characteristic
JQ1 JQ2 JQ3 Pss P viridiflava

Meso-Erithritol + + + + +
Starch - - _ _

Glycerol + + + + +
Malonate + + + + +
Citrate + + + + +
D-Tartrat + + + + +
L-Tartrat

Lactate + + + + +
Succinate +
Malic acid + + + +
Starch hydrolysis -
Growth on 4% NaCl + + + + +

Growth on 6% NaCl

+: positive, -: negative.

0.1 volume of 10% SDS (Sodium Dodecyl Sulphate (SDS)
and denatured by boiling for 5 min. Cells were then
fractured by sonication (UP200, Hielscher) for 1 min
at low amplification in an ice-cooling bath. The result-
ing cell suspensions were incubated for 5 min on ice and
centrifuged at 10,000 rpm for 10 min. The supernatants
representing total cell protein extracts were analyzed by
SDS-PAGE, following addition of an equal volume of
glycerol. SDS-PAGE analysis was carried out in 10% pol-
yacrylamide gels using the Hoefer mini-electrophoresis
system (Amersham Biosciences), according to Ahmad-
vand and Rahimian (2005). Electrophoresis was carried
out at a constant voltage of 18 mA for approx. 2 h. Gels
were then stained overnight in 50% (v/v) methanol, 10%
(v/v) acetic acid, 0.1% Coomassie brilliant blue and then
de-stained with in 50% (v/v) methanol and 10% (v/v)
acetic acid under constant shaking. Protein profiles of
Pss ICMP 4916 and P. viridiflava isolated from citrus in
Mazandaran were used for comparison.

Genomic DNA fingerprinting using REP-PCR, BOX-PCR
and I1S50-PCR

Bacterial genomic DNA was extracted according to
Bertheau et al. (1995) and Mahmoudi et al. (2007). Fol-
lowing quality checks on 1% agarose gel, DNA samples
were kept at -20°C until use. Repetitive PCR (REP-PCR)
using REPIR/REP2 primers (Versalovic et al. 1991) and
BOXAIR primers (Louws et al., 1999), and Insertion
sequence PCR (IS50-PCR) using 1S50 primers (Wein-
gart and Volksch, 1997) were carried out for genomic

DNA fingerprinting. Amplifications were performed in an
Applied Biosystems 2720 thermal cycler (ThermoFisher)
in 25 pL volumes, containing 200 mM of each dNTPs, 2
mM MgCl,, 1.5 pM primers, 1 U Taq polymerase, and 4
uL of DNA template. Thermal cycling was carried out with
an initial denaturation cycle at 95°C for 5 min, followed
by 35 cycles each consisting of denaturation at 94°C for 1
min, annealing at either 40°C (for REP primers), 52°C (for
BOXAIR primers), or 44°C (for IS50 primers) for 1 min,
extension cycle at 72°C for 3 min, with a final extension
at 72°C for 7 min. Amplified products were separated by
electrophoresis at 90 V in 2% agarose gels in Tris-Borate-
EDTA (TBE) electrophoresis buffer (pH 8), and bands were
visualized following ethidium bromide staining.

Data analysis

Data were statistically analyzed using a numerical
taxonomy [amplified fragment of each strain scored as 1
(present) or 0 (absent)] and multivariate analysis system
(NTSYS, version 2.1). Forty phenotypic characters were
included in the analyses. Genetic relationships within
and between bacterial strains were determined by cluster
analysis, using the UPGMA method on distance calcu-
lated with the Jaccard coefficient matrices (Rohlf, 1990).

Partial ITS and rpoD gene amplification

The partial internal transcribed spacer (ITS)
region and the RNA polymerase sigma factor D (rpoD)
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gene were amplified using the primer pairs ITS-F (5
GGCTGGATCACCTCCTT 3’) and ITS-R (5 TGC-
CAAGGCATCCACC 3) and rpoD-F (5 ACCGCGCTG-
GACACCGAAGGT 3’) and rpoD-R (5 ACCACTTCT-
GCTTGCTTGCGCTTGAGTG 3’). PCR amplification
was carried out as described above. Thermal cycling was
carried out with an initial denaturation cycle at 94°C
for 5 min, 35 cycles each of denaturation at 94°C for 1
min, annealing at 58°C (ITS) and 54°C (rpoD) for 45
sec., extension at 72°C for 1 min, and a final extension
at 72°C for 7 min (Versalovic et al., 1991). PCR products
were purified and directly sequenced on both strands
by Macrogen (South Korea). The sequences were edited
using BioEdit v.7.0.5.2 and compared to the Pss sequenc-
es deposited in the GenBank database using BLASTn
(https://www.ncbi.nlm.nih.gov). Nucleotide sequence
similarity and multiple alignment and phylogenetic tree
construction of partial ITS and rpoD gene sequences
were carried out using the neighbor-joining method
and bootstrap analysis replicated 1000 times, employing
MEGAG6 software (Tamura et al., 2013).

Ice nucleation activity

The ice nucleation activity of bacterial strains was
conducted using the droplet-freezing method. Fifty
uL droplets of bacterial suspension (each at 1 x 107
cfumL') were placed on paraffin soluble in xylene-
coated aluminum foil and kept at a range of temperature
between -5 and -10°C. Xanthomonas campestris and Pec-
tobacterium carotovora were used as negative controls.
Ice nucleation activity was observed visually after 30 sec
(Schaad et al., 2001). The presence of the ice nucleation
InaK gene was tested by PCR using InaK primers (for-
ward 5° GGGCCACAAAAGTATCCTGA 3’ and reverse
5" CTGTGACAAGGTCGCTGTGT 3’) specific for Pss.
Thermal cycling was carried out with an initial dena-
turation cycle at 94°C for 4 min, 30 cycles of denatura-
tion each at 94°C for 1 min, annealing at 55°C for 1 min,
extension cycle at 72°C for 45 sec., followed by a final
extension cycle at 72°C for 6 min (Rashidaei et al., 2012).

RESULTS
Isolation and biochemical tests

The main symptoms of bacterial canker of Japanese
quince in the surveyed area were blossom blight, twig
wilting and dieback, blights around thorns, and sunk-
en dark brown cankers, with no symptoms detected on
leaves. Typical symptoms are shown in Figure 1.
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Figure 1. Canker symptoms on Japanese quince plants collected
from the Sari county, Mazandaran province, Iran.

Isolation and biochemical tests

In total, 33 bacterial colonies were obtained, and 19
of them (designated JQ1 to JQ19) were chosen as repre-
sentative isolates, based on the colour and morphology
of the colonies and on biochemical assays. All 19 isolates
were Gram negative, produced fluorescent pigment on
King’s Medium B, were levan-positive, oxidase-negative,
potato soft rot-negative, arginine dehydrolase-negative,
induced hypersensitivity-reactions on tobacco and pel-
argonium, with characteristics of Pseudomonas LOPAT
group Ia. These 19 isolates were selected for further bio-
chemical and pathogenicity tests and for ice nucleation
tests; their genomic DNA was tested for REP-, BOX-,
and IS50-PCR, ITS and rpoD gene analysis. The results
of biochemical and nutritional tests are reported in
Table 1. According to the morphological and biochemi-
cal assays, and to the LOPAT and GATTa identification
tests, all 19 representative isolates were identified as Pss.

Pathogenicity tests

All 19 strains inoculated were pathogenic to Japanese
quince and quince seedlings. All isolates caused water-
soaked lesions on twigs within 6 d after inoculation, and
developed necrotic sunken cankers after 9 d (Figure 2).
No symptoms occurred on twigs inoculated with sterile
water as control. The symptoms observed on the inocu-
lated seedlings were identical to those collected from the
surveyed area. Koch’s postulates were confirmed following
re-isolation from healthy and young Japanese quince and
quince seedlings; indeed, bacterial strains with the same
characteristics as those inoculated were successfully re-iso-
lated from artificially inoculated and diseased host plants.

Analysis of total bacterial cell proteins electrophoresis

Protein profiles of ten randomly selected isolates
were compared visually to the protein profiles of the Pss
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Figure 2. Canker symptoms on Japanese quince one month after
artificial inoculation

JOL JQ2 303 JO4 JO5 PV PSS JQ6  JOS JQ9 JOI0 JOI12

Figure 3. Electrophoretic pattern of total cell proteins of isolates
JQ1, JQ2, JQ3, JQ4, ]Q5, JQ6, JQ8, JQI, JQ10, and JQ12 obtained
from Japanese quince. PV, Pseudomonas viridiflava isolated from
citrus; PSS, Pseudomonas syringae pv. syringae (reference strain
ICMP 4916) isolated from citrus.

reference strain ICMP 4916 and to P. viridiflava isolated
from citrus in the Mazandaran province. The protein
profiles of the Japanese quince isolates were similar to
Pss ICMP 4916 reference strain and differed from P. viri-
diflava (Figure 3).

Genomic DNA fingerprinting using REP-PCR, BOX-PCR
and 1S50-PCR

The genomic DNA fingerprints of 13 randomly
selected Pss strains isolated from Japanese quince and
of the reference isolate of Pss were determined using

Touhid Allahverdipour et alii

BOX-, REP- and IS50-PCR products. Overall, the results
showed approximately 721 fragments, with sizes rang-
ing between 100 and 5000 bp (Figure 4). Five main
clusters were obtained, with 67% similarity consider-
ing all the three PCR methods. In REP-PCR, JQl and
JQ3 strains clustered together in cluster 1, JQ4 and JQ9

M

JOs  JQ3  JQ6  Jgs JOQS  JQI0 JQI12 JQI4 JQI6 JQIT PSS

REP-PCR

JQr Iz Tof YO58 ToT JQ6 JQ8 JQ9 JQi0 JOi JO14 JQ16 JQ17 PS

e B - ;
. N o | llll
| |1 ] . ‘ l' t 'mmh,
4

H : L]
-rfu"'*, L-dl-{; q
2.

.h.‘—-

= -HH~="Q

S B e -

300bp

BOX-PCR

JQr1  JQ2 Jo4  JQS JQ3  JQs  JQ8 JQo  JQI0 JQi2 JQu4  JQi6 JQL7 PSS

I1SS0-PCR

Figure 4. Fingerprints of genomic DNA from the bacterial isolates
(JQ1,JQ2,1Q4,1Q5,1Q3,JQ6, JQ8, JQ9, JQ10, JQ12, JQ14, JQ16 and
JQ17), obtained from Japanese quince and from Pseudomonas syrin-
gae pv. syringae (Pss) with REP-PCR (A), BOX-PCR (B), and IS50-
PCR (C); M, 1kb DNA ladder (SMOBIOS).
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strains in cluster 2, JQ6 and JQ7 strains in cluster 3,
and JQ2, JQ5, JQ6, JQS8, JQ10, JQ12 and JQ14 strains in
cluster 4; the reference strain Pss made a separate clus-
ter (Figure 5A). According to BOX-PCR, the JQl strain
grouped into cluster 1, JQ2 and JQ8 were grouped in
cluster 2, JQ9, JQ4 and JQI10 grouped in cluster 4, and
JQ6, JQ12, JQ14, JQ16 and Pss strains were grouped in
cluster 5 (Figure 5B). The strains were differentiated
into five main clusters according to IS50-PCR. JQl, JQ5
and JQI7 strains were grouped in cluster 1, JQ4, JQ12
and JQ16 in cluster 2, Pss strain in cluster 3, JQ3, JQ9
and JQI0 strains in cluster 4, and JQ6 and JQI14 strains
in cluster 5 (Figure 5C). The combined dendrogram
from REP, BOX and IS50-PCR was also obtained for
13 strains, and obtaining seven main clusters with 67%
similarity and four main groups with 56% similarity,
including JQ1 and JQ16 as two separate clusters, JQ3,
JQ4, JQ9 and JQ17 in cluster 3, and eight other strains
in cluster 4 (Figure 6).

ITS and rpoD gene amplification

PCR amplification with specific primers for ITS
and the ropD gene correctly amplified specific bands
of 600 bp and 850 bp in all the assessed strains (Figure
7), while no amplification was obtained with negative
control bacteria. The ITS sequences of two representa-
tive strains from Japanese quince, JQ4 and JQ9, had
high similarity to each other (99%). The sequences of
isolates JQ4 and JQ9 were deposited in the NCBI Gen-
Bank database under the respective accession numbers
KJ754379 and KJ754378 (for the ITS gene) and KJ769138
and KJ769139 (for the rpoD gene). The results confirmed
that these isolates belong to Pss. A Neighbor-joining
phylogenetic tree with 1000 bootstrap replicates showed
that isolates JQ4 and JQ9 clustered together with the Pss
AY342179, based on the ITS gene sequence (Figure 8),
and grouped together with the Pss isolates JX867789 and
KC852112 based on the rpoD gene sequence (Figure 9).
The isolates and strains used for phylogenetic tree con-
struction and their GenBank accession numbers are list-
ed in Supplementary Table 1.

Ice Nucleation activity

Ice nucleation activity was positive for all the tested
strains obtained from Japanese quince, showing freez-
ing of water droplets in less than 30 sec. In contrast, iso-
lates of X. campestris and P. carotovora did not induce
freezing of water droplets in the same timeframe (Figure
10A). Moreover, all PCR amplifications using Japanese
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Figure 5. Dendrogram obtained by comparing bacteria isolated
from Japanese quince JQI, JQ2, JQ4, JQ5, JQ3, JQ6, JQ8, JQY,
JQ10, JQ12, JQ14, JQ16, and JQ17 and Pseudomonas syringae pv.
syringae (Pss), with REP-PCR (A), BOX-PCR (B), and IS50-PCR
(C). Five major clusters were categorized at the 67% similarity level.
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Figure 6. Dendrogram obtained by comparing the bacterial isolates

derived from Japanese quince (JQ1, JQ2, JQ4, JQ5, JQ3, JQ6, JQ8,
JQ9, JQ10, JQ12, JQ14, JQ16 and JQ17), and Pseudomonas syringae
pv. syringae (Pss), by REP-PCR, BOX-PCR, and IS50-PCR assays.

quince strains resulted in products of the expected sizes
(200 bp) of the InaK gene (Figure 10B).

DISCUSSION

This study was carried out to identify the causal
agent of canker of Japanese quince trees in the Sari
County in the Mazandaran province located in the
North of Iran. In total, 33 bacterial strains were iso-
lated from canker lesions on plants located in differ-
ent areas of the county. Characterization of the bacte-
rial strains was achieved by biochemical, physiologi-
cal and pathogenicity tests, indicating that the strains
had phenotypic characteristics of Pss. Inoculations into
quince and Japanese quince seedlings produced canker
symptoms, consistent with previously described symp-
toms (Bahar et al., 1982; Banapour et al., 1990). Bacte-
rial strains with the same features were also recovered
from inoculated quince and Japanese quince seedlings,
fulfilling Koch’s postulates. However, as these tests
do not precisely identify Pseudomonas strains (Peix et
al., 2018), in order to perform a phylogenetic analysis,
molecular tests based on DNA fingerprinting and par-
tial gene sequence analysis using ITS and the house-
keeping rpoD gene were also conducted. Thus, follow-
ing BLAST analysis of the sequences of two representa-
tive bacterial strains JQ4 and JQ9 we could conclude
that Pss was the causal agent of Japanese quince canker
in the North of Iran.

All bacterial isolates belonged to Pss, previously
reported as the causal agent of bacterial canker of many
plants, including stone fruits, pear, quince, almond,
olive, rose, malva and pelargonium, or causing red
streak of sugarcane, blast of mandarin and leaf blight
of wheat, rice, oat, barley and cabbage from different

Touhid Allahverdipour et alii

M

JQ12 JQ14 NC

JQ4 JQ9

M

JQ1 JQ3 JQ4 JQ9

1000 bp

850bp B
750 bp

500 bp

Figure 7. Agarose gel electrophoresis of the PCR products obtained
with the ITS (A) and rpoD gene (B) specific primers (fragments
of 600 bp and 850 bp, respectively). Japanese quince isolates (JQI,
JQ3, JQ4, JQ9, JQI12 and JQ14); NC, negative control; M, 1 kb DNA
ladder.
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Pseudomonas syringae pv. garcae (AY342172)
I— Pseudomonas syringae pv. delphinii (AY342170)
Pseudomonas syringae pv. tagetis (AY342204)
Pseudomonas syringae pv. helianthi (AY835933)
Pseudomonas syringae pv. porri (KJ631146)
Pseudomonas syringae pv. porri (KJ631137)
Pseudomonas syringae pv. helianthi (AY342173)
Pseudomonas syringae pv. garcae (JX876899)
Pseudomonas syringae pv. coronafaciens (AY342169)
Pseudomonas syringae pv. glycinea (HM032072)
{ Pseudomonas syringae pv. glycinea (HM032071)
Pseudomonas syringae pv. coronafaciens (HM032070)
Pseudomonas syringae pv. syringae (HM032084)
Pseudomonas syringae pv. syringae (HM032083)
Pseudomonas syringae pv. syringae (KF010313)
Pseudomonas syringae pv. tagetis (AY342208)
l Pseudomonas syringae pv. syringae (AY342179)
A JQ4 (KJ754378)
A JQ9 (KJ754379)
Pseudomonas syringae pv. lachrymans (HQ171969)
Pseudomonas syringae pv. tabaci (HM032086)
Pseudomonas syringae pv. tabaci (KF975826)
kg, Pseudomonas syringae pv. tomato (HM032091)
Pseudomonas syringae pv. syringae (JN624865)
Pseudomonas syringae pv. actinidiae (JF815537)
Pseudomonas syringae pv. lachrymans (JN624859)
64| Pseudomonas syringae pv. maculicola (AY342174)
Pseudomonas syringae pv. tomato (AY342209)
Pseudomonas syringae pv. lachrymans (JN624862)
Pseudomonas syringae pv. syringae (HM032080)
Pseudomonas syringae pv. phaseolicola (KF888744)
Pseudomonas syringae pv. phaseolicola (KF888743)
Pseudomonas syringae pv. phaseolicola (KF888742)
Pseudomonas syringae pv. morsprunorum (EU009176)
{Pseudomonas syringae pv. morsprunorum (EU547684)
Pseudomonas syringae pv. phaseolicola (HM032075)
Pseudomonas syringae pv. syringae (HM032081)
Pseudomonas fluorescens (EF198908)
Pseudomonas fluorescens (DQ388681)

©w

1

499“ Pseudomonas aeruginosa(KJ584842)
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Figure 8. Phylogenetic tree obtained using the Neighbor Joining method of the ITS nucleotide sequence of Japanese quince isolates JQ4 and
JQ9 (highlighted in red triangles), and of Pseudomonas strains available in GenBank. The GenBank accession numbers used in the analysis
are shown in parentheses. Bootstrap values (expressed as percentage of 1000 replicons) are shown at the nodes.

areas of Iran (Bahar et al., 1982; Banapour et al., 1990;
Rahimian, 1995; Najafi Pour and Taghavi, 2011; Aeini
and Khodakaramian, 2018; Khezri and Mohammadi,
2018; Vasebi et al., 2019; Basavand et al., 2021). Genomic
fingerprinting analyses, including REP-, BOX- and IS50-
PCR showed some levels of variability among the Pseu-
domonas strains. The banding profiles for Pseudomonas
isolates were also different and Pseudomonas isolates
from the same region grouped into different clusters;
therefore, genetic diversity among isolates was not relat-
ed to their geographic origin. The methods here adopted
are easy and rapid for distinguishing P. syringae at the
pathovar level, with highly reproducible results. The pre-
sent results agree with previous studies on genetic vari-

ation of Pseudomonas strains (Weingart and Voélksch,
1997; Little et al., 1998; Louws et al., 1999; Najafi Pour
and Taghavi, 2011; Cetinkaya Yildiz et al., 2016; Abdel-
latif et al., 2020).

Noteworthy, this is the first study comparing these
three genomic fingerprint analyses for the genetic char-
acterization of Pss strains isolated from Japanese quince.
Sequence analysis of the ITS and of the housekeeping
rpoD gene, and the use of repetitive elements including
REP-, BOX- and IS50-PCR have been described as use-
ful methods for identification, classification and char-
acterization of diversity of P. syringae isolates (Little et
al., 1998; Najafipour and Taghavi, 2011). P. syringae can
infect more than 200 plant species, due to a high degree
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Pseudomonas syringae pv. phaseolicola (FR693750)
97 | Pseudomonas savastanoi (AB039506)
Pseudomonas syringae pv. phaseolicola (FR691744)
93 ||pseudomonas syringae pv. phaseolicola (EF203073)
Pseudomonas amygdali (AB039509)

9749 | |Pseudomonas syringae pv. tabaci (FN433269)

97 IPseudomonas syringae pv. tabaci (AB016408)
Pseudomonas caricapapayae (AB039507)

100 || Pseudomonas syringae pv. tagetis (JX867850)
95 L Pseudomonas syringae pv. helianthi (FN433244)
Pseudomonas congelans (FN554460)
Pseudomonas syringae pv. papulans (JN185900)
Pseudomonas syringae pv. syringae (JX867789)

| Pseudomonas syringae pv. syringae (KC852112)
|4 JQ4 (KJ769138)

L) "4 4 Jase (KJ769139)

Pseudomonas syringae pv. coronafaciens (JX867851)
99 — Pseudomonas syringae pv. delphinii (JN185895)
Pseudomonas syringae pv. maculicola (KJ634660)
Pseudomonas syringae pv. maculicola (AB781102)
Pseudomonas cichorii (AB039526)

72

58
66

97

100

94

97 Pseudomonas marginalis (AB039578)
71 —|:eudomonas marginalis (AB039573)
Pseudomonas tolaasii (AB039565)
100 | Pseudomonas tolaasii (AB039561)

79 100  Pseudomonas fluorescens (DQ201371)
LPseut:lomonas fluorescens (DQ201368)

91 Pseudomonas chlororaphis (D86036)
100 I:Pseudomonas chlororaphis subsp. chlororaphis (AB039556)

Pseudomonas putida (D86032)

Pseudomonas aeruginosa (AB039609)

—
0.02

Figure 9. Phylogenic tree obtained using the Neighbor Joining method comparing the rpoD nucleotide sequence data of Japanese quince
bacterial strains JQ4, JQ9 (highlighted in green triangles) and Pseudomonas strains available in GenBank. The GenBank accession numbers
used in the analysis is shown in parentheses. Bootstrap values (expressed as percentage of 1000 replicons) are shown at the nodes.

of genetic variability (Ruinelli et al., 2019). The results of
the present study show that a combination of different
methods including biochemical, phenotypic, pathogenic-
ity and molecular tests can be used for the identification
of the causal agent of Japanese quince canker. Moreover,
this is the first report of P. syringae as the causal agent of
Japanese quince bacterial canker.

Bacterial canker of stone fruits, almond, olive, pear,
and quince caused by Pss is a serious problem in all the
areas where these crops are cultivated in Iran. Japanese
quince, here reported as a new host for Pss in this coun-
try, can be grown within or near orchards and fields
and can likely provide overwintering sites for Pss, serv-
ing as inoculum sources for disease development and
outbreaks. The results of this study can facilitate further
research on the ecology, epidemiology, diversity, and
management of bacterial canker of Japanese quince and
other host plants of Pss, not only in Iran but also in oth-
er countries. Further studies will allow to identify other

infested areas and to identify the etiology of bacterial
canker of Japanese quince in Iran.

AUTHOR CONTRIBUTIONS

TA designed and conducted experiments as a Mas-
ters student and analyzed the data. MR advised on
experimental design, analyzed the data and wrote
the manuscript. HR advised on experimental design,
assisted with sample collection, and provided technical
advice. EN and SM reviewed, critically revised and edit-
ed the manuscript

LITERATURE CITED

Abdellatif E., Kaluzna M., Ferrante P., Scortichini M.,
Bahri B., ... Rhouma A., 2020. Phylogenetic, genetic,



Bacterial canker of Japanese quince

381

JQ1

JQ4 JQ9 JQ12 M

500bp

250 bp
200 bp

Figure 10. Ice nucleation assays of bacterial strains isolated from Japanese quince A. Ice nucleation test. Japanese quince isolates (JQ samples),
Xanthomonas campestris (X.C.) and Pectobacterium carotovora (P.C.).; B. Gel electrophoresis of InaK gene amplicon on 1.2% agarose gel. JQI,
JQ4, JQ9 and JQ12: isolates from Japanese quince, C1: Xanthomonas campestris, C2: Pectobacterium carotovora, M: 1 kb DNA Ladder.

and phenotypic diversity of Pseudomonas syringae pv.
syringae strains isolated from citrus blast and black
pit in Tunisia. Plant Pathology 69: 1414-1425.

Aeini M., Khodakaramian Gh., 2018. Rhizosphere bacte-
rial composition of the sugar beet using SDS-PAGE
methodology. Brazilian Archives of Biology and Tech-
nology 60: 1-13.

Ahmadvand R., Rahimian H., 2005. Study of phenotypic
and electrophoretic diversity of Pectobacterium spe-
cies infecting corn in Mazandaran. Iranian Journal of
Plant Pathology 41: 271-289 (in Persian with English
summary).

Ayers S.H., Rupp P, Johnson W.T., 1919. A study of the
alkali forming bacteria found in milk. Bulletin of the
U.S. Department of Agriculture 782: 1-135.

Bahar M., Mojtahedi H., Akhiani A., 1982. Bacterial can-
ker of apricot in Isfahan. Iranian Journal of Plant
Pathology 18: 58-68

Banapour A., Zakiee Z., Amani G. 1990. Isolation of
Pseudomonas syringae from sweet cherry in Tehran
province Iranian Journal of Plant Pathology 26: 67-72

Basavand E., Khodaygan P, Rahimian H., Babaeizad
V., Mirhosseini H.A., 2021. Pseudomonas syringae

pv. syringae as the new causal agent of cabbage leaf
blight. Journal of Phytopathology 169: 253-259.

Bender C., Alarcon-Chaidez E, Gross D., 1999. Pseu-
domonas syringae phytotoxins: mode of action, regu-
lation, and biosynthesis by peptide and polyketide
synthetases. Microbiology and Molecular Biology
Reviews 63: 266-292.

Bertheau Y., Exbrayat P.,, Frechon D., Gallet O., Guillot E.,
... Payet N., 1995. Séquences nucléotidiques pour la
détection des Erwinia carotovora subsp. atroseptica.
Brevet 95: 803.

Bultreys, A., Kaluzna M., 2010. Bacterial cankers caused
by Pseudomonas syringae on stone fruit species with
special emphasis on the pathovars syringae and mor-
sprunorum race 1 and race 2. Journal of Plant Patho-
lology 92: 21-33.

Cetinkaya Yildiz R., Horuz S., Karatas A., Aysan, Y. 2016.
Identification and disease incidence of bacterial can-
ker on stone fruits in the Eastern Mediterranean
Region, Turkey. Acta Horticulturae 1149: 21-23.

Collmer A., Badel J.L., Charkowski A.O., Deng W.-L.,
Fouts D.E., ... Alfano J.R., 2000. Pseudomonas syrin-
gae Hrp type III secretion system and effector pro-



382

teins. Proceedings of the National Academy of Sciences
of the USA 97: 8770-8777.

Fahy P.C., Persly G.J., 1983. Plant Bacterial Disease: A
Diagnostic Guide. Academic Press, Sydney, Australia,
393 pp.

Hirano S.S., Upper C.D., 2000. Bacteria in the leaf eco-
system with emphasis on Pseudomonas syringae-a
pathogen, ice nucleus, and epiphyte. Microbiolo-
gy and Molecular Biology Reviews 64: 624-653.

Jakobija I., Bankina B., 2018. Incidence of fruit rot on
Japanese quince (Chaenomeles japonica) in Lat-
via. Research for Rural Development, doi: 10.22616/
rrd.24.2018.055.

Jewell D., 1998. Fiery flowers of spring. The Garden 123:
90-93.

Jones A.L., 1971. Bacterial canker of sweet cherry in
Michigan. Plant Disease Reports 55: 961-965.

Khezri M., Mohammadi, M., 2018. Identification and
characterization of Pseudomonas syringae pv. syringae
strains from various plants and geographical regions.
Journal of Plant Protection Research 58: 345-361.

Klement Z., Farkas G.L., Lovrekovich, L., 1964. Hyper-
sensitive reaction induced by phytopathogenic bac-
teria in the tobacco leaf. Phytopathology 54: 474-477.

Little E.L., Bostock R.M., Kirkpatrick B.C., 1998. Genet-
ic characterization of Pseudomonas syringae pv.
syringae strains from stone fruits in California.
Applied and Environmental Microbiology Journal 64:
3818-3823.

Louws EJ., Rademaker J.W., de Bruijn EJ., 1999. The
three Ds of PCR-based genomic analysis of phyto-
bacteria: Diversity, detection, and disease diagnosis.
Annual Review of Phytopathology 37: 81-125.

Mahmoudi E., Soleimani M.]J., Taghavi M., 2007. Detec-
tion of bacterial soft-rot of crown imperial caused
by Pectobacterium carotovorum subsp. carotovorum
using specific PCR primers. Phytopathologia Mediter-
ranea 46: 168-176.

Najafi Pour G., Taghavi S.M., 2011. Comparison of P
syringae pv. syringae from different hosts based on
pathogenicity and BOX-PCR in Iran. Journal of Agri-
cultural Science and Technology 13: 431-442.

Norin I., Rumpunen K., 2003. Pathogens on Japanese
Quince (Chaenomeles japonica) Plants. In: Japanese
Quince-Potential Fruit Crop for Northern Europe.
Final Report FAIR CT97-3894 (K. Rumpunen, ed.),
Swedish University of Agricultural Sciences, Alnarp,
Sweden, 37-58.

Peix A., Bahena M.-H., Velazquez E., 2018. The cur-
rent status on the taxonomy of Pseudomonas revis-
ited: an update. Infection, Genetics and Evolution 57:
106-116.

Touhid Allahverdipour et alii

Rademaker J.L., Hoste B., Louws EJ., Kersters K., Swings
J., ... de Bruijn EJ., 2000. Comparison of AFLP and
rep-PCR genomic fingerprinting with DNA-DNA
homology studies: Xanthomonas as a model system.
International Journal of Systematic and Evolution-
ary Microbiology 50: 665—677.

Rahimian H., 1995. The occurrence of bacterial red
streak of sugarcane caused by Pseudomonas syringae
pv. syringae in Iran. Journal of Phytopathology 143:
321-324.

Rashidaei E, Ranjbar Gh., Rahimian H., 2012. Detection
of Ice nucleation gene in Pseudomonas viridiflava.
3rd Iranian Agricultural Biotechnology Conference.
Available at: https://civilica.com/doc/204317/: 1-4

Rohlf EJ., 1990. NTSYS-pc Version. 2.02i Numerical Tax-
onomy and Multivariate Analysis System. Applied
Biostatistics Inc., Exeter Software. Exeter Publishing,
Setauket, New York, USA.

Ruinelli M., Blom J., Smits T.H.M., Pothier J.F., 2019.
Comparative genomics and pathogenicity potential of
members of the Pseudomonas syringae species com-
plex on Prunus spp. BMC Genomics 20: 172.

Schaad N.W., Jones J.B., Chun W., 2001. Laboratory Guide
for Identification of Plant Pathogenic Bacteria. 3" ed.
APS Press. St Paul, Minnesota, USA, 373 pp.

Tamura K., Stecher G., Peterson D., Filipski A., Kumar S.,
2013. MEGAG6: Molecular evolutionary genetics anal-
ysis version 6.0. Molecular Biology and Evolution 30:
2725-2729.

Van Hall C.J.]., 1902. Bijdragen tot de kennis der bacteriéle
plantenziekten. PhD Thesis, University of Amster-
dam, The Netherlands.

Vasebi Y., Khakvar R., Faghihi M.M., Vinatzer B.A., 2019.
Genomic and pathogenic properties of Pseudomonas
syringae pv. syringae strains isolated from apricot in
East Azerbaijan province, Iran. Biocatalysis and Agri-
cultural Biotechnology 19: 101167.

Versalovic J., Koeuth T., Lupski R., 1991. Distribution of
repetitive DNA sequences in eubacteria and applica-
tion to fingerprinting of bacterial genomes. Nucleic
Acids Research 19: 6823-6831.

Weingart H., Volksch, B., 1997. Genetic fingerprinting of
Pseudomonas syringae pathovars using ERIC-, REP-,
and IS50-PCR. Journal of Phytopathology 145: 339—
345.

Young J.M., 2010. Taxonomy of Pseudomonas syringae.
Journal of Plant Pathology 92: S5-14.



	Characterization of Pyrenophora tritici-repentis (tan spot of wheat) races in Kazakhstan
	Madina Kumarbayeva1,*, Alma Kokhmetova1, Nadezhda Kovalenko2, Makpal Atishova1, Zhenis Keishilov1, Klara Aitymbetova3 
	A real time loop-mediated isothermal amplification (RealAmp) assay for rapid detection of Pleurostoma richardsiae in declining olive plants
	Abderraouf Sadallah1,2,3, Serena Anna Minutillo2,*, Franco Valentini2, Maria Luisa Raimondo3,*, Francesco Lops3, Antonia Carlucci3, Antonio Ippolito1, Anna Maria D’Onghia2
	Fusarium annulatum causes Fusarium rot of cantaloupe melons in Spain
	María Ángeles Parra1, Javier Gómez1, Fulgencio Wadi Aguilar2, Juan Antonio Martínez1,*
	Draft genome sequence of Phyllosticta ampelicida, the cause of grapevine black rot
	Ales Eichmeier1,*, Emilia Díaz-Losada2, Eliska Hakalova1, Jakub Pecenka1, Katerina Stuskova1, Sonia Ojeda3, David Gramaje3,*
	Fig rust caused by Phakopsora nishidana in South Africa
	Willem H.P. Boshoff1,*,#, Botma Visser1,#, Cornel M. Bender1, Alan R. Wood2,3, Lisa Rothmann1, Keith Wilson4, Victor L. Hamilton-Attwell5, Zacharias A. Pretorius1
	Activity of essential oils from Syzygium aromaticum and Rosmarinus officinalis against growth and ochratoxin A production by Aspergillus tubingensis and Aspergillus luchuensis from Moroccan grapes
	Adil Laaziz1,*, Yousra El Hammoudi1, Souad Qjidaa1, Abdelouahed Hajjaji1,2, Hassan Hajjaj3, Geert Haesaert4, Amina Bouseta1
	First report of Serratia marcescens from oleander in Hungary
	Attila Fodor1, Laszlo Palkovics2, Anita Végh1,*
	Abstracts of oral and poster presentations given 
at the 12th International Workshop on Grapevine Trunk Diseases, Mikulov, Czech Republic, 10–14 July 2022
	Pseudomonas syringae pv. syringae causes bacterial canker on Japanese quince (Chaenomeles japonica)
	Touhid Allahverdipour1, Mina Rastgou2,*, Heshmatollah Rahimian3, Emanuela Noris4, Slavica Matić4
	Alternaria species and related mycotoxin detection in Lebanese durum wheat grain
	Mario Masiello1, Romy El Ghorayeb2, Stefania Somma1, Carine Saab3, Giuseppe Meca4, Antonio F. Logrieco1, Wassim Habib3,*,#, Antonio Moretti1
	Occurrence of cherry viruses in South Tyrol (Italy) by comparing growth periods in two consecutive years
	Evi Deltedesco*, Magdalena Niedrist, Sabine Oettl
	A SYBR Green qPCR assay for specific detection of Colletotrichum ocimi, which causes black spot of basil
	Ilaria Martino1,*, Pedro Willem Crous2, Angelo Garibaldi1, Maria Lodovica Gullino1, Vladimiro Guarnaccia1,3

