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Abstract

Potato is an economically important crop, considered the fourth major
crop worldwide. However, it has been exposed to many pathogens that
cause significant yield loss. Bacterial soft rot diseases caused by
Enterobacter cloacae is one of the most devastating on potatoes. The
pathogenicity test conducted on several bacterial isolates isolated from
potato tubers showing soft rot showed that 4 of these isolates could
cause disease in potatoes. The size of damaged segments of potato
slices ranged between 5.50 and 7.93 cm. The isolate H.B1 caused the
most significant damage of 7.93 cm of tuber slices.

Furthermore, the inoculation was carried out on 5-week-old potato
plants. The bacteria were added through irrigation water at a
concentration of 1x10° CPU. After 20 days of infection, symptoms of
wilting and yellowing were observed on the inoculated plants. The
biochemical tests displayed that the bacteria are negative for Gram
stain and positive for the catalase test, gelatin liquefaction, starch
hydrolysis and facultative aerobic.

The nucleotide sequence analysis of 16 S marker results exhibited a
similarity rate of 94%. Thus, isolate H.B1 was recorded in NCBI under
registration number OP936020.
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Introduction

Potato (Solanum tuberosum L.) is one of the important vegetable crops in many

countries of the world and Irag. Potatoes are widely cultivated worldwide, being one
of the strategic vegetable crops with a high economic value [1, 2]. Potato is one of the
essential crops in Irag, which can contribute to bridging the food gap in the country
[3]. Production of potatoes in Irag during the spring and autumn seasons is estimated
at 165.6 thousand tons, with an area of (24.6) thousand dunums for 2018 [4].

Potato production increased locally, especially in the past two decades, and the
scope of its cultivation expanded in Irag. However, it is still low compared to global
production in countries with similar environmental conditions to Iraq [4]. The potato
crop is exposed to a tremendous annual loss worldwide due to bacterial, fungal and
viral diseases, as the potato crop is infected with many diseases and the bacterial soft
rot disease that is caused by the. Bacteriophages Pectobacterium carotovorum is the
most common [5], and it is one of the leading factors determining potato cultivation
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around the world [6], and it is economically affecting its production [7]. The potato
crop is also exposed to significant losses due to the bacterial soft rot disease caused
by Enterobacter cloacae [8].

Enterobacter cloacae is one of the pathogens in different groups of plant families,
as it caused soft rot on the dragon fruit (Pitaya) in Malaysia and the fruits of onions
in the United States of America [9] (Schroeder and du Toit 2010) in addition to that
it caused diseases on other plants such as rot ginger rootstocks in Brazil [10] and
bacterial wilt of berries in China [11]. Furthermore, bacterial disease has also been
observed in chilli seedlings and affects them in Mexico [12]. Given the importance of
this pathogen in many countries and the lack of studies on it in Iraq, this study aimed
to isolate and confirm the pathogenicity of E. cloacae as a significant factor causing
soft rot disease in potatoes for the first time in Irag.

Materials and Methods
Isolation and purification of bacterial strain

Samples of EImonda variety of potato tubers showing soft rot symptoms were
collected from warehouses and local markets. Other samples (infected tubers) were
collected from potato fields during the fall season of 2021. The isolation sites were
(Baghdad, Babylon, Karbala, Najaf, and Kirkuk). The samples were placed in
polyethene bags and brought to the bacteriology laboratory at the College of
Agriculture / University of Kufa. Isolation and purification of the pathogen were
carried out.

The previous method [5] was used to isolate the pathogen with minor
modifications. First, the infected potato tubers were taken and washed with tap water
to remove suspended dust. They were superficially sterilized with 5% sodium
hypochlorite for 3 minutes and washed with sterilized distilled water several times to
get rid of the effects of sterilization. Then the outer peel was removed. For potatoes it
was cut into small pieces 0.5-1 cm in size using a sterile scalpel, planted in dishes
containing Nutrient Agar medium, and incubated at a temperature of 28 °C for 24-48
hours on single colonies. In other ways, the bacteria were isolated according to the
method described by [13] with minor modifications. Infected potato tubers were taken
and washed with tap water to remove the suspended dust. They were superficially
sterilized with 5% sodium hypochlorite for 3 minutes and washed with sterilized
distilled water several times. Small pieces were taken by a sterile scalpel and placed
in a sterilized tube containing 10 ml of autoclaved distilled water. It was closed tightly
and left for 15 minutes, with the tube shaken repeatedly. The carrier loop was filled
from the solution, and container dishes were laid out on the Nutrient medium. Agar
plates were incubated at 28°C for 24-48 hours, and single colonies were selected for
propagation.

Pathogenicity test

Pathogenicity test was carried out on potato tuber slices and 5-week-old potato
plants of the cultivar from which the pathogen was isolated. Healthy potato tubers
were selected free of pathological infection or visible mechanical damage. They were
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superficially sterilized using a sodium hypochlorite concentration of 5% for 3
minutes. Then, they were washed with sterilized distilled water several times. Potato
tubers were cut into homogeneous slices about 1 cm thick. A hole was made in the
centre of each slice with a sterile cork puncher—5 mm diameter and placed in sterile
plastic containers [14]. The pits were inoculated with a bacterial suspension of 100
ulL, 610 CFU/ml concentration as described in [14], by three slides for each isolate
and incubated at 28 °C. The development of the infection was followed daily for six
days. The most virulent strains were selected based on the size of the damaged
(rotting) part of the potato tuber slices / cm3, and they were multiplied on nutrient
agar culture medium and kept in the refrigerator at 4 °C in 20% glycerol medium until
used in subsequent experiments. The pathogenicity was also tested on potato
seedlings of the mentioned age, as the bacteria were added through irrigation water at
a concentration of 810. After 20 days of infection, symptoms of wilting and yellowing
were observed on the plants.
Bacterial diagnosis
Biochemical diagnosis

Several biochemical properties of bacterial strains were studied, such as (the
catalase test, the starch decomposition test, the gelatin liquefaction test, and the
oxidation and fermentation test. The following tests were conducted:
Molecular identification

Bacterial DNA was amplified by following the steps of the polymerase chain
reaction (PCR), which were described by [15] and included:
1- Initial DNA denaturation for 5 minutes at 94 °C.
2- Final denaturation process, with 35 cycles, 30 seconds, and a temperature of 94 °C.
3- Primer annealing for 30 seconds at a temperature of 55 °C.
4- Initial extension of the PCR product for one minute at a temperature of 72 °C.
5- The final extension step stopped the PCR at 72 °C.
Gel electrophoresis

The agarose gel was prepared, and the PCR product was added to it after
estimating the concentration and purity of the DNA by measuring the optical density
using a Nanodrop spectrophotometer at two wavelengths (260/280 nm). A sample of
DNA (3 microliters) was carried over a 1% agarose gel, according to the method of
[16]. First, electrophoresis was carried out; the gel was examined by placing it on a
UV transilluminator at a wavelength of 260 nm to see the DNA bands and estimate
its molecular size compared with the volumetric guide. Then the PCR product was
sent to Korea to sequence the nitrogenous bases.
Molecular Identification

The genetic marker16S rRNA gene was amplified utilizing the universal primer
Forward 27F (5’AGA GTTTGATCMTGGCTCAAG-3’) and Reverse 1492R (5°-
ACCTTGTTACGACT TCAC-3’). PCR reaction consisted of 2,5 uL of template
DNA; 0,4 uM of primer 27 F and 0,4 uM of primer 1492 R; 18,5 uL PCR-grade water,
2,5 uL 2x KAPA Taq extra hot-start ready mix with dye. The PCR conditions
consisted of an initial denaturation at 95 °C for 3 min and 29 cycles: denaturation at
95 °C for 1 min, annealing at 55 °C for 1 min, extension at 72 °C for 1 min and final
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extension at 72°C for 7 min. Identification to the species level was defined as a 16S
rDNA sequence similarity with that of the type strain sequence in the gene Bank.
Bioinformatics analysis of 16S rRNA sequences was performed with the gene bank
using the BLAST program.

Results and Discussion
Isolation and purification of isolates

Samples collected from potato fields, warehouses, and local markets showed
that they were infected with the bacteria that cause soft rot disease, depending on
the pathological results and the biochemical and molecular diagnosis. The two
methods used showed efficiency in isolating the bacteria that causes bacterial soft
rot disease and obtaining pure single colonies. In addition, the method of [5, 13]
saved some time and materials used in isolation and purification.

Pathogenicity test

Testing the pathogenicity of strains of bacteria that cause soft rot disease
The results of the pathogenicity test showed that ten strains of the bacteria tested
on healthy potato tuber slices were able to cause disease through tissue
decomposition and the emission of an unpleasant odour ( Figure 1), that isolate A
caused the most significant damage of 7.93 cm to the tissue of potato tuber slices
and was selected for subsequent experiments.
Studies indicate the ability of pathogenic bacteria to possess virulence factors that
allow them to adhere to, invade and destroy host cells. In addition, pathogenic
bacteria may have the ability to overcome host immunity. These bacteria are also
considered opportunistic pathogens that attack many organisms and cause them
disease [17].

182



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (10), (2023)

7.933

6,733
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00
»
Isolates

Figure (1): The pathogenicity test for strains of bacteria that cause soft rot
disease on potato tuber slices
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Figure (2): The pathogenicity of the severe bacterial isolate on potato tuber
slices: (A) Pathogenicity after three days, (B) Pathogenicity after six days, (C)
Control treatment (sterile distilled water only)
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Figure (3): Pathogenicity of the severe bacterial isolate on pbtato seedlings in
anvils after 20 days of infection

Diagnosis of the bacteria causing soft rot disease
Biochemical diagnosis

The biochemical diagnosis of the Enterobacter cloacae isolate showed that it
was positive for a group of tests conducted. The results indicate that the bacterial
strains (18 and 21) belong to the Enterobacteriaceae (Table 1), where these results
coincided with the findings of previous works [12, 8].

Table (1): Biochemical tests for bacterial strains isolated from infected potato
tubers. The sign (+) means a positive test result. A sign (-) indicates a negative
test result

Bacteria Test KOH Catalase | Dilute Starch Oxidative
gelatin fermentation

E. cloacae + + + + +
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Molecular Diagnostics

It was possible to obtain an amount of 30 microliters of DNA per 1.5 mL of
bacterial suspension, with a purity of 1.8 + 2, depending on the absorption of the
ultraviolet spectrum by the Nanodrop device at the two wavelengths of 260 and
280 nm, as mentioned previously [14] by transferring three microliters of DNA

on a 1% agarose gel. The results showed a sample band, as shown in Figure (3).

Figure (4): Electrophoresis on a 1% agarose gel of DNA samples extracted
from bacterial strains

The molecular analysis of the 16S rRNA sequence amplified in this study
successfully identified the isolated bacteria at the species level. The pairwise
analysis (Figure 5) revealed that the bacterium was Enterobacter cloacae by
showing the highest percentage of nucleotide sequence similarity, 89%, with
different global isolates and strains of the same bacterium. Thus, its sequence was
deposited into the GenBank database under accession number OP936020.1. As
well as, The phylogenetic analysis grouped the isolated E. cloacae (OP936020.1)
with other strains, particularly the strain E. cloacae AR2019-6 with accession
number MN150528.1 in the same clade (Figure 6).

185



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (10), (2023)

MN150528.1_Enterobacter_cloacae_strain_AR_20196_
MN733311.1_Enterobacter_cloacae_strain_F11_
K'Y681143.1_Enterobacter_cloacae_strain_CSK3_
KX957792.1_Enterobacter_cloacae_strain_UKMSSR_
MK719786.1_Enterobacter_cloacae_strain_MC.W.KOL.NR1.C3_
(0P164804.1_Enterobacter_cloacae_strain_|S25_
KF322131.1_Enterobacter_cloacae_strain_NBAI_B14_
KF322128.1_Enterobacter_cloacae_strain_NBAI_BS_
K'Y287934.1_Enterobacter_cloacae_strain_ten001_
1G913261.1_Enterobacter_cloacae_strain_UTIO7_
KUSS50167.1_Enterobacter_cloacae_strain_DRLM10_
[0P936020.1_Enterobacter_cloacae_strain_HB1_

FJ358616.1_Bacillus_thuringiensis_serovar_asturiensis_strain_IEBCT53_

Enterobacter_cloacae_strain_AR_20196

Enterobacter_cloacae_strain_F11

Enterobacter_cloacae_strain_CSK3

Enterobacter_cloacae_strain_UKMSSR

Enterobacter_cloacae_strain_MC W.KOL.NR1.C3

nterobacter_cloacae_strain_ten001

Enterobacter_cloacae_strain_|S25
Enterobacter_cloacae_stiain_NBAII_B14
Enterobacter_cloacae_strain_ NBAII_BS
Enterobacter_cloacae_strain_UTIO?
Entarobacter_cloacas_strain_DRLMI0,

E

Pairwise identity (%)
100
97
95
92
89
87
24
81
79
76
73

_IEBCT53

serovar_asturiensis_strain

giensis

Enterobactei_cloacae_strain_HB1

Bacillus_thurin

Figure (5): The pairwise analysis of the isolated

Enterobacter

cloacae with

other global strains. The diagram was built based on the 16S rRNA sequences
similarity using Sequence Demarcation Tool v.1.2 software [18].
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Figure (6): The phylogenetic analysis of the isolated Enterobacter cloacae with
other global strains. The Phylogenetic tree was built based on the 16S rRNA
sequences using MEGA v.11 software [19]

To the best of our knowledge, this is the first record of E. cloacae causing soft rot
disease on potatoes in Irag.
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