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ABSTRACT
The present study aims to identify Pectobacterium carotovorum, known as one of the most common soft rot causative
agents using classical and molecular methods. Four different P. c. subsp. carotovorum strains from various hosts were
obtained, two of which are causative agents of soft rot disease in potato and the other two in onion or pepper. These
strains were confirmed as P. c. subsp. carotovorum by microbial identification system (MIS). In addition, BIOLOG
system was used to identify these strains and the results were found to be inconsistent with those of microbial
identification system. Test results of hypersensitive reaction (HR), pathogenity and pectolytic activity proved that all
strains were pathogens. A number of biochemical and molecular analyses (16S rDNA and specific PCR) were conducted
for identification and characterization. The strains were identified in genus level by means of 16S rDNA PCR method.
Identified as P. c. subsp. carotovorum according to MIS results, these four strains were analysed in specific PCR tests
and found to give 434 bp-long band with Y1-Y2 primers. This is the first study to reveal that these four strains are
causative agents of soft rot disease in potato, onion and pepper in East Anatolia and also in Turkey.
Key words: MIS and BIOLOG, PCR, Pectobacterium carotovorum, Soft rot.

INTRODUCTION

molecular methods. Classical methods are mainly based
on phenotypic characteristics such as morphological,
biochemical, physiological and pathological features.
These methods have some disadvantages in terms of
requiring alternative systems and excessive work force,
and also being useful only at genus level and prone to
give different results due to contamination or expertise
Miller and Joaqium (1993). Although specific classical
methods are employed for identification of some
microorganisms, these methods are insufficient to
identify and characterize the microorganisms. Therefore,
classical methods should be supported by molecular
methods. Currently, both classical and molecular methods
are employed for identification and characterization of
microorganisms.
Carbohydrates, lipids, proteins, DNA and RNA
can be used for identification and characterization of
microorganisms. Fatty acid analyses (Microbial
Identification System (MIS)), metabolic enzyme profiling
(BIOLOG), protein profiling (SDS-PAGE), serological
reactions
(Immunofloresans,
Radioimmunoassay,
Immuno Blot, Dot Immunobinding Assay and Enzyme
Linked Immunosorbent Assay (ELISA)) and genetic
profiling (rDNA-PCR, Rep-PCR, Eric-PCR, Box-PCR
and Specific PCR) are used as molecular methods in
identification and characterization of microorganisms
Jackman (1985); Kersters (1985); Miller and Berger
(1985); Miller and Martin (1988); Guillorit-Rondeau et

There are many diseases affecting cultured or
wild plants and also innumerable causative agents of
these diseases. Microorganisms play a major role in
disease agents causing epidemics under suitable
conditions, which result in considerable financial loss in
the world Dolar et al. (2011).
Plant pathogens of the genus Erwinia form three
main groups according to the symptoms they cause. The
first group is Amylovora causing fire blight disease in
fruit trees such as apple and pear. Erwinia amylovora is
the most important species of Amylovora group. The
second group is Carotovora consisting of causative
agents of soft rot and black leg diseases. Members of this
group are responsible for great loss in both field and
storage rooms. Pectobacterium carotovorum subsp.
carotovorum, Pectobacterium carotovorum subsp.
atrosepticum and Dickeya chrysanthemi are the most
commonly known pathogens of Carotovora group. The
third group, Herbicola consists of two main species:
Erwinia herbicola, which is an epiphytic species and
Erwinia stewartii that causes Stewart’s wilt disease
Leliott and Dickey (1984); Suparyono and Pataky (1989).
Identification can be described as establishing
taxonomic status of classified microorganisms whereas
characterization is to distinguish identified organisms on
the basis of their characteristics. In general, identification
methods are divided into two groups, i.e. classical and
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al.(1996); Scortichini et al. (1996); Zhang and Geider
(1997).
MIS, BIOLOG, ELISA and PCR are the most
commonly employed methods for identification of
microorganisms and they are more preferable than
classical methods because of reliability and velocity.
However, both methods are insufficient in identification
purposes on their own. Thus, molecular and classical
methods should be used together for microbial
identification.
The aim of this study is to make identification
and characterization of bacterial strains, which are
causative agents of soft rot disease for some plants
(potato, onion and pepper), by using classical
(morphological, cytological and biochemical tests) and
molecular (MIS, BIOLOG, 16S rDNA PCR and specific
PCR) methods.

GP2 micro-titer plates was inoculated with 125 μl of the
Gram-negative or Gram-positive bacterial suspension
with appropriate density (108 cfu/ml), respectively and
incubated at 27 °C for 24 and 48 h. The development of
color was automatically recorded using a microplate
reader with a 590-nm wavelength filter. Identification
(Biolog Microlog 34.20 database) and ASCII file output
of test results, applying the automatic threshold option,
were performed using BIOLOG420/ Databases/ GN601
and GP601 KID software Holmes et al. (1994). Carbon
source utilization rates of the strains were estimated as
percentages.
Hypersensitivity tests (HR): All of the bacterial strains
were tested for hypersensitivity on tobacco plants
(Nicotina tabacum). The bacterial suspension (108
cfu/ml) was prepared in sterile distilled water and
infiltrated into the inter-costal area of the leaves of
tobacco plants by using a 3-cc syringe (Becton
Dickinson, Franklin Lakes, NJ, USA). The inoculated
plants were incubated in a completely randomized design
on the greenhouse bench for 24–48 h at 20–28 °C. The
presence of rapid tissue necrosis at the inoculation site
was recorded within 24–48 h after infiltration. This test
was repeated, at least three times, for each strain. For HR
tests, sterilized distilled water (sdH2O) was used as a
negative control Dadaşoğlu (2007).

MATERIALS AND METHODS
Isolation and Storage of Bacteria: Standard Trypticase
Soy Broth Agar (TSBA), Nutrient Agar (NA) and Yeast
Dextrose Carbonate Agar (YDC) media were used for
isolation of bacteria. Infected plant materials were rinsed
thoroughly under running and soaked 70% ethyl alcohol
for 5 minutes for surface sterilization followed by rinsing
with sdH2O. Small pieces of plant material from both
infected and healthy parts were cut off and soaked in
sterilized tubes containing 2 ml sdH2O for an hour and
then 5-fold dilutions were prepared. Standard media were
inoculated with 100 µl of each dilution and incubated at
25°C. Grown colonies were sub-cultured and purified.
Purified strains were labeled and stored in 30% glycerol
and Lauryl Broth (LB) (v/v, 1:1) at -86°C.

Pathogenicity tests: Isolated bacteria were inoculated on
TSA media for pathogenic test followed by 24 h
incubation and bacterial suspension preparation at a
concentration of 108 CFU/ml. The solutions were injected
into fruits of host plants (potato, tomato, pepper, carrot,
radish, melon, water melon, cucumber, zucchini,
strawberry, apple, mulberry, and aubergine) placed in
polyethylene bags with wet papers and these bags were
followed for a week at 27-30°C.
For field trials, host plants for each pathogen
from which it was isolated were grown. Bacterial
suspensions at a concentration of 108 CFU/ml were
inoculated into plant parts above the ground and the
plants were covered by polyethylene bags to maintain
humidity condition for 2 days. After then, the bags were
discarded and the plants were monitored whether
developing soft rot disease during 15 days. As control
solution, sdH2O was used.

Identification of the bacterial strains by microbial
identification system (MIS): Identification of the tested
bacterial strains was confirmed by using microbial
identification system (MIS). Preparation and analysis of
FAMEs from whole cell fatty acids of bacterial strains
were performed according to the method described by the
manufacturer’s manual (Sherlock Microbial Identification
System version 4.0, MIDI, Inc., Newark, DE, USA).
FAMEs were separated by gas chromatography (HP6890, Hewlett Packard, Palo Alto, CA, USA) with a
fused-silica capillary column (25 m x 0.2 mm x 0,25 μm
with crosslinked 5% phenyl methyl silicone). FAME
profiles of each bacterial strain were identified by
comparing the commercial databases (TSBA 40) with the
MIS software package Miller (1982).

Pectolytic activity tests: Fresh and healthy potato tubers
were sterilized in 5% sodium hypochlorite for 10
minutes. Sterilized tubers were sliced 5 mm diameter and
placed onto petri dishes containing sterilized wet papers.
Bacterial broth cultures of 24-hour incubation were
injected into potato slices in 1 ml volume and these slices
were incubated at 26±2°C. After 24-72 h observed
softness was assessed as positive result. As a control
solution, sdH2O was used.

Identification of the bacterial strains by Biolog
microplate system (BIOLOG): Identification of the
tested bacterial strains was confirmed by using BIOLOG
system. One or two days before the inoculation of Biolog
GN2 and GP2 plates, bacterial strains were streaked on
TSA or BUG agar plates. Each well of Biolog GN2 or
648
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Phenotypic tests: Strains characterized as positive in
pectolytic activity were submitted for the conventional
biochemical and physiological tests including Gram
reaction, fermentative metabolism Hugh and Leifson
(1953) and oxidase and catalase activity. Production of
reducing substances from sucrose, indole production
from tryptophan, were studied using previously described
methods Gallois et al. (1992); Gardan et al. (2003). They
were also checked for production of phosphatase and
amilase, sensitivity to erythromycin Schaad et al. (2001),
ability to grow at 37°C in nutrient broth and growth in
5% sodium chloride on nutrient agar at 28°C. In addition,
the assimilation of carbon sources were tested on the
basal medium of Ayers et al. (1919) supplemented with
1% carbohydrates including lactose, glucose, fructose and
mannitol.

by Lazo et al. (1987); Ausubel et al. (1994); Khoodoo
and Jaufeerally-Fakim (2004) with some modifications.
PCR amplification of 16S rDNA: PCR conditions,
forward and reverse primers for 16S rDNA amplification
were shown in Table 2.1.
Genetic profiling by specific-PCR: Specific-PCR
method was employed for the strains of P. c. ssp.
carotovorum. PCR conditions and preparation of master
mix were shown in Table 2.1.
Electrophoresis of PCR amplicons: PCR amplicons for
16S rDNA and specific-PCR were checked in 1% agarose
gel prepared with 0.5XTBE buffer while amplicons for
REP, ERIC and BOX-PCR reactions were checked in
1.5% agarose gel. Electrophoresis was conducted in 70V
for 2.5-3 h. Gels were analyzed in an image analysis
system.

Bacterial DNA extraction: Genomic DNA of bacterial
strains was extracted according to the methods described

Table 2.1. PCR conditions used for identification of bacterial strains
PCR method
specific PCR:
Pectobacterium
carotovorum
subsp.
carotovorum

16S rDNA PCR:
(Pectobacter sp.,)

Primers
Y1: TTA CCG GAC
GCC GAG CTG TGG
CGT
Y2: 5CAG GAA GAT
GTC GTT ATC GCG
AGT
fD1:
AGAGTTTGATCCTGG
CTCAG
rP2:ACGGCTACCTmö
kkk-TGTTACGACTT

Master mix (per sample)
10 x PCR buffer
25 mM MgCl2
dNTP
Primers
Taq DNA polymerase (5U)
sdH2O
Template DNA (50 ng/µl)
10 x PCR buffer
dNTP
Primers
Taq DNA polymerase (5U)
sdH2O
Template DNA (50 ng/µl)

RESULTS

PCR programme
5 µl
3 µl
0,5 µl
0.3 µl
0.25 µl
37,65 µl
3 µl
5 µl
1 µl
0.3 µl
0.5 µl
39.9 µl
3 µl

1. Denaturation a
2. Denaturation b
3. Annealing
4. Extension
5. Cycle (2, 3, 4)
6. Extension
1. Denaturation a
2. Denaturation b
3. Annealing
4. Extension
5. Cycle (2, 3, 4)
6. Extension

94°C for 5 min
94°C for 30 s
55°C for 45 s
72°C for 45 s
34 repeat
72°C for 7 min
94°C for 4 min
94°C for 1 min
58°C for 1 min
72°C for 3 min
35 repeat
72°C for 10 min

pathogeny test for the host which the strain was isolated
from have rod-like shape morphologically. Pathogen
strains were found to be motile in examination on
concave microscope slide. All the pathogen strains grew
on nutrient agar at 37°C. The strains were tested for
positive for catalase test while negative for oxidase and
potassium oxidase. The strain F-37 was positive for
erythromycin sensitivity test while the other strains were
tested negative. All the strains have the ability to grow on
media with 5% NaCl. The strains were proved to be
positive for phosphatase while they were found negative
for amylase and indole production. In addition, the strains
were not able to reduce sucrose. All the strains were
tested positive for acide production from glucose,
fructose, lactose and mannitol with the exception of F391 which was negative for acid production from
glucose.

The results obtained from MIS, BIOLOG,
hypersensitivity, pathogeny and pectolytic activity tests
for the strains identified as causative agents of soft rot
disease are shown in Table 3.1. All the strains analyzed in
microbial identification system (MIS) were tested for
hypersensitivity in tobacco plant (Nicotina tabacum L.
var. Samsun) and all gave positive results. In addition,
these strains were also tested positive for pathogeny and
pectolytic activity tests.
According to microbial identification system, all
strains were determined to be P. carotovorum species
whereas the results of BIOLOG system showed that only
the strain F-391 belongs to P. carotovorum while F-11 is
identified as Salmonella typhimurium, F-37 is
Enterobacter cloacae and F-680 is Escherichia coli.
The results obtained from morphological and
biochemical tests are shown in the Table 3.2. The strains
tested positive for hypersensitivity, pectolytic activity and

PCR Results: 16S rDNA PCR Amplification: All the
strains yielded 1400-1500 bp long fragments with 16S
rDNA amplification.
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Specific PCR Amplification: The results
obtained from specific PCR tests are shown in the Figure
1.The strains F-18, F-37, F-391 and F-680 identified as P.

carotovorum according to microbial identification system
yielded 434 bp long fragment with Y1 and Y2 primers
specific to P. carotovorum.

Table 3.1.Characterization of pathogen bacteria identified by MIS and BIOLOG and data on isolation source and
test results for HR, pathogeny and pectolytic activity.
MIS identification
MBI
BIOLOG identification
BBI
K
BM
L
HR P PA
result
result
Pectobacterium
0.79
caratovorum subsp.
Salmonella typhimurium
0.47 Pepper
Fruit
Artvin
+
+
+
F-18
carotovorum
P. c.subsp.
0.76
Enterobacter cloacae
0.40 Potato
Tuber
Şenkaya
+
+
+
F-37
carotovorum
P. c. subsp.
0.79
Pectobacterium carotovorum
0.44 Onion
Stem
Hınıs
+
+
+
F-391
carotovorum
subsp. atrosepticum
P. c. subsp.
0.64
Escherichia coli
0.15 Potato
Stem
Pasinler
+
+
+
F-680
carotovorum
SN: Strain no, MBI: MIS similarity index, BBI: BIOLOG similarity index, K: Host, BM: Plant material, L: Locality, HR:
Hypersensitivity test, P:Pathogenity, PA: Pectolytic activity, + : Positive, -: Negative
SN

Amylase activity

Indole production

Sucrose reduction

Glucose

Fructose

Lactose

Mannitol

Oxidase
KOH
Sensitivity to
erythromycin

+
+

+
+
+

-

-

-

+
+
-

+
+
+

+
+
+

+
+
+

+

-

-

-

+

+

+

+

+ + + + + +
-

-

+

-

-

+

+ + -

-

-

+

Figure 1. Specific PCR test results
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Phosphatase activity

S. typhimurium + R LC
E. cloacae
+ R LC
P. c. subsp.
+ R
F-391 P. c. subsp.carotovorum
LC
atrosepticum
F-680 P. c. subsp. carotovorum
E. coli
+ R LY
LC: Light cream, LY: Light yellow, R: Rod, +: Positive, -:Negative

Growth at 37
Catalase

Colony colour

Motility
Cell shape

BIOLOG
identification

P. c. subsp.carotovorum
P.c. subsp. carotovorum

Acid production
from
carbohydrates

Tolerance to 5% NaCl

F-18
F-37

MIS identification

Strain no

Table 3.2. Morphological and biochemical test results.
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DISCUSSION

with those in the literature Brenner et al. (2007). All the
strains are Gram-negative and grow at 37°C.
Pectobacterium strains are capable of growing at 2530°C optimally and 40°C maximally, which is consistent
with our results Brenner et al. (2007). All strains were
tested positive for catalase test while negative for oxidase
test.
The strain F-37 was found to be sensitive to
erythromycin. All strains have tolerance for 5% NaCl and
grow normally. However, some species were reported to
be sensitive to 5% NaCl Ngadze et al. (2012). For
phosphatase test, reports show both positive and negative
results of these species Palacio-Bielsa et. al. (2010);
Tavasoli et al. (2011); Sarris et al. (2011). In our study,
all the strains were tested positive for phosphatase and
this result is consistent with the literature. All the strains
are capable of reducing sucrose except the strain P. c.
subsp. carotovorum (F-391). Various results for sucrose
reduction were reported in the literature Gallelli et al.
(2009); Van Der Merwe (2009); Ashmawy et al. (2015).
In previous works, a number of carbohydrates such as
sucrose, mannitol, glucose, fructose, lactose, mellibiose
and sorbitol were applied to determine acid production of
these species Dickey (1978); Sarris et al. (2011); Rahman
et al. (2012); Maisuria and Nerurkar (2012). Four
carbohydrates, i.e. glucose, fructose, lactose and
mannitol, were used for acid production test. Because
members of the genus Pectobacter were known to be the
most important causative agents for soft rot disease
worldwide, a variety of morphological and biochemical
tests having the utmost importance for identification of
these pathogens were performed in this work. Our results
for morphological and biochemical tests are consistent
with those in the literature Aysan et al. (2005); Boyraz et
al. (2006); Van Der Merwe (2009); Maisuria and
Nerurkar (2012); Ashmawy et al. (2015).
Polymerase chain reaction, which is one of the
most commonly used molecular methods for
identification of microorganisms, is a special and reliable
method using template nucleic acid molecules from
pathogenic agents such as bacteria, viruses, fungi,
parasites and protozoa with primers and heat-resistant
enzymes Schochetman and Jones (1988). It was revealed
in 1980s that phylogenetic relationships of bacteria and
other life forms can be shown by comparing conserved
DNA regions Woese et al. (1985). Being one of the most
conserved molecular clocks, 16S rDNA is applied to
show phylogenetic relationships among bacteria Kimura
(1980); Pace (1997); Harmsen and Karch (2004).
In this work, universal primers of fD1 and rP2
were used for PCR amplification of 16S rRNA gene
region and nearly 1500 bp long amplicons were obtained
as in previous reports of 16S rDNA-PCR for Pectobacter
Kang et al. (2003); Rattanasuk and Ketudat-Cairns
(2009); Santana et al. (2012).

Bacterial agents for soft rot disease cause watery
lesions, rot, tissue softening and wilt on various parts of
host plants such as tuber, stem, fruit, branch and leaves
Aysan et al. (2003); Fiori and Schiaffino (2004); Boyraz
et al. (2006); Umunna and Austin (2016); Ozturk and
Aksoy (2017); Wang et al. (2017). These pathogens lead
to great financial loss of approximately 50-100 million
dollars annually due to severe infections especially in
culture plants. Among the plant pathogens, the genera
Pectobacterium, Pseudomonas, Enterobacter, Bacillus,
Clostridium and Flavobacterium have some species
responsible for both soft rot and other diseases worldwide
Prombelon and Kelman (1980). In this study,
Pectobacterium spp. were observed to be causing soft rot
disease on various host tissues such as stem, tuber and
fruit.
Most of the studies on soft rot disease in our
country focused more on Mediterranean region by
detecting E. c. subsp. carotovora, E. chrysanthemi and P.
viridiflava as causative agents of the disease Aysan et al.
(2005); Saygılı et al. (2005); Mirik et al. (2011).
Similarly, there are also other studies from different
regions related to pathogeny of P. carotovorum and P.
atrosepticum for soft rot disease Boyraz et al. (2006);
Bastas et al. (2009); Ustun and Arslan (2016); Fujimoto
et al. (2017). However, this study is the first to seek
causative agents for soft rot disease in this region.
By using microbial identification system, the
strains were identified initially so the other analyses were
planned more easily and reliably. The strains identified
by MIS were tested positive for HR. Some researchers
are reported to state that these strains gave positive or
negative results for hypersensitivity tests on tobacco
plants Gallelli et al. (2009); Pitman et al. (2010);
Mikicinski et al. (2010). Thus, all these strains identified
as P. carotovorum subsp. carotovorum by MIS analysis
and the strains with positive HR results in the literature
were tested for pathogeny on their host plants. These
pathogens were mostly collected from fruit and tuber
tissues which is consistent with the previous research
Saygılı et al. (2005); Maisuria and Nerurkar (2012); Van
Vaerenbergh et al. (2012); Oskiera et al. (2017).
Most bacterial strains are capable of producing
enzymes causing diseases in plant tissues while a few are
causative agents for soft rot disease Prombelon and
Kelman (1980). Pectolytic enzymes produced by
bacterial strains are of great significance because these
enzymes hydrolyse pectin in cell wall structure of host
tissues. In this study, all pathogen strains were analysed
for pectolytic activity. In previous works, these strains
were reported to be positive for pectolytic activity on
potato slices Ngadze et al.(2012); Crepin et al.(2012).
Morphological and biochemical characteristics
of the strains such as shape and motility were consistent
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Four strains of P. c. subsp. carotovorum yielded
434 bp long amplicons with the primers Y1 and Y2 for
specific PCR tests which is consistent with the literature
Yahiaoui-Zaidi et al. (2003); Phokum et al. (2006).
Bacterial causative agents of soft rot disease for
potato, onion and pepper were identified and
characterized by classical (morphological, cytological
and biochemical tests) and molecular (MIS, BIOLOG,
16S rDNA PCR and specific PCR) methods. Our results
confirmed that all strains are members of P. c. subsp.
carotovorum. This is the first study revealing these
strains were isolated from these culture plant hosts in
Turkey and will contribute to knowledge of causative
agents of soft rot disease in agriculture.
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