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ABSTRACT

Bacterial blight caused by Xanthomonas axonopodis pv. punicae (Xap) is a major biotic
diseases in pomegranate (Punica granatum L.). In the field survey which lasted 2 year in six
different geographical locations, Xap strains from the severely infected plant material
collected including DuhokCcenter, around Erbil, Zaxo, south of Duhok, Akre, and Amedi.
Xanthomonas was detected from infected plant material and its identity was confirmed by
morphological, Microbial and Molecular Characterization. To study its genetic variability
and phylogenetic relationship two important loci were targeted namely ITS region of 16s
rDNA, 16S rRNA and then a PCR-RFLP was performed for PCR product of 16s rRNA loci
using Hinf I, Hae 111, and Rsa | restriction enzymes. The PCR-RFLP showed the genetic
similarity coefficient ranging from 1.00 to 3.73, and the dendrogram grouped all tested strains
in 4 clusters. The result revealed that this disease is in blooming stage in the country which
was thought that has not been recorded before in pomegranate. To the best of our knowledge
this is the first record of Xap. In Kurdistan/ Iraq therefore, further studies are needed to be
performed to manage this hazardous bacterium.
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INTRODUCTION

Pomegranate (Punica granatum L.) is an
economically important crop with great
nutritional values (15). Considering its
importance many researchers focused on
improving its productivity and quality (2, 9,
13,) Its farming was largely free of most pests
and diseases (14). Diseases such as bacterial
blight, anthracnose, and wilt are becoming
more common as pomegranate cultivation
extends. Pomegranate oily spot, also known
as bacterial blight is one of the major diseases
which is a dangerous and widely spread in
many pomegranate-producing areas (26).
Bacterial blight is caused by Xanthomonas
axonopodis pv. Punicae characterized as
yellow pigmented, Gram negative, and rod
shaped (25). The disease affects all plant parts
above ground, including flowers, leaves,
twigs, stems, buds, and fruits. Early signs of
the disease include water-soaked lesions on
leaves, fruits, and stems, followed by corky,
dark oily patches later in the infection.
Damages caused by bacterial blight in
pomegranate range from 30 to 100 percent
thus, decreasing significantly vyield, market
value of the product and making it unsuitable
for export. (4). The infection spreads in the
garden readily via plant to plant, rain, wind-
blown rainfall, the handling of the plant,
contaminated equipment and insects. The
disease spreads rapidly. After every watering,
the occurrence of a disease increased under
ideal circumstances of temperature and
moisture (3). Xanthomonas is a large genus of
pathogenic bacteria that collectively causes
disease in many plant species. Morphological
and  physiological uniformity  within
Xanthomonas has hampered the establishment
of a stable taxonomy task (11) Often, it was
found difficult to detect Xanthomonas based

only on microbial and biochemical
characterization methods (18). Molecular
techniqgues  combined  with  traditional

techniques offer an enormous potential to
identify numerous plant pathogens rapidly.
DNA-based markers have been used most
extensively in diagnostic and genetic diversity
research throughout the last two decades. For
instance, investigations of bacterial plant
pathogens, as an essential locus for identifying
and determining phylogenetic distances, the
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16S rRNA gene has been well established (1,
10). Though a considerable stretch of the 16S
rRNA gene is conserved across bacterial
genera, however a smaller variable region
enables workers to estimate phylogenetic
distances (21). The aim of the present study
was to diagnose Dbacterial blight (X.
axonopodis) across pomegranate growing
farms in Kurdistan regions-lraq using 16S
rRNA, ITS region and PCR-RFLP markers.
MATERIAL AND METHODOLOGY

Field survey and sample collection

Field survey was conducted between 2019 and
2020 in several major pomegranate growing
regions of Duhok center, south of Duhok,
Erbil, Amedi, Zaxo and Akre. During the field
survey pomegranate at the nursery stage and in
orchard were inspected for incidence of
bacterial blight which has not been recorded in
these regions. For the purpose of this study, 80
plants were randomly selected. Infected plants
were diagnosed based on standard bacterial
blight symptoms, such as yellow water-soaked
lesions in the early stages and corky, dark oily
patches in the later stages of infection. The
suspected plant parts were collected separately
from the orchard, labeled and brought to the
laboratory for the further studies. For this
research the isolates were named as X.
axonopodis pv. Punicae Xapl, Xap2, Xap3,
Xap4, Xap5, Xap6, Xap7, Xap8 and Xap9 for
bacterial isolate.

Pathogen isolation and characterization

To isolate bacteria from the infected leaves,
small twigs and fruits of pomegranate were
washed, air dried, cut into small sections with
sterilized razor Dblades. Tissues were then
disinfected with 0.1% HgCI2 for about half to
one minute and washed twice with sterile
distilled water to remove traces of HgCI2 (22).
To allow the bacteria diffusion, approximately
4 mm diameter lesions were cut and macerated
with sterilized blade in Petri dish containing
few drops of sterile water. A loopful of
suspension was then transferred onto sterilized
LB nutrient agar (yeast extract 5 g, tryptone 10
g, NaCl 5g, agar 15 g and water 1 L, pH 7.0)
and incubated at 28+2°C for 24-72 hrs. (26).
After 2- 3 days, incubated plates were
observed for the presence of typical pale
yellow, glistening colonies. Pure cultures were
then further sub-cultured and used for
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pathological, biochemical studies. Purified
strains were individually preserved in 40%
glycerol stored for long time at -80°C for
further studies.

Extraction of total genomic DNA from
bacteria: Single colony of X. axonopodis pv.
punicae, bacteria were inoculated in LB broth
and incubated at 28°C for 72 hours. Bacterial
cells were harvested from10 ml of broth using
centrifuging at 16099 Xg for 5 min. Cells were
then treated with 1.8 mL lysis buffer (25 mM
EDTA + 25 mM Tris base, pH 8 and 0.3 M
sucrose) to this, 100 pl of 10 % SDS was
added and vortexed vigorously and then
samples were incubated for 1 hour at 37°C.
The cell suspension was treated with 500 pl of
5 M Nacl and 500 pl of CTAB and all tubes
were incubated at 65 °C for 10 min. After were
cooled down at room temperature. Equal
volume of chloroform: isoamyl alcohol (24:1)
was added, mixed thoroughly and centrifuged
at 12,000 rpm for 10 min at room temperature.
Supernatant was carefully transferred to fresh
sterile centrifuge tubes and 0.6 volume of ice-
cold Ethanol was added to precipitate DNA
and incubated at -20 °C overnight. Tubes were
then centrifuged at 16099 Xg for 10 min and
the pellet was washed with 70 % ethanol.
Tubes were air dried completely at room
temperature and the DNA was dissolved in
sterile nuclease free water and stored at 4 °C.
The DNA samples were quantified using a
Nanodrop spectrophotometer.

Direct detection from plant samples and
genomic DNA extraction :The genomic DNA
was extracted following the steps of (27), with
few modifications. First, 3g of fresh and young
pomegranate leaves were collected from
around Duhok province, then ground in liquid
nitrogen. The fine powder was dissolved in a
pre-heated (60°C) 2x CTAB extraction buffer
(2x CTAB, 5M NaCl, 1M Tris-HCI, 0.5 M
EDTA), and incubate at 60°C in shaking water
bath for 30 min. The mixture was extracted
with an equal volume of chloroform/isoamyl
alcohol (24:1 v/v). The mixture was then
centrifuged (at 1792 Xg for 30 min). The
aqueous phase was transferred into another
tube and precipitated with 0.66 volume of
isopropanol. Precipitated nucleic acids were
then dissolved in TE-buffer and stored at -
20°C until use. 1upl was used for PCR
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amplification. 5 pl of PCR product was loaded
on agarose gel (1%) run in 1X TBE buffer at
80 volts for 40 min.

16S rRNA amplification

To amplify the 1500 bp gene of 16S rRNA
region of Xanthomonas axonopodis pv.
Punicae, the following pair of primers were
used 27F (5-
AGAGTTTGATCCTGGCTCAG-3’) and
1492R (5’-GGT TACCTTGTTACGACTT-3’)
(20). A 10ul PCR reaction mixture was
prepared containing 1 pl of DNA (25-50 ng), 1
ul (10 pmol) of each forward and reverse
primers and 5 pl of (Go Tag G2 green)
(Promega, USA) along with 2 pl of sterile dds
water. An ABI Applied Biosystems PCR
System 2720 Thermocycler was used with the
following conditions, an initial denaturation
step at 96°C for 2 min, followed by 35 cycles
of denaturation at 94°C for 30 sec, annealing
at 60°C for 1 min, extension at 72°C for 1 min
and final extension at 72°C for 10.

Molecular confirmation of Xanthomonas
through Amplification of ITS region

ITS primers 799 F (5°-
AACMGGATTAGATACCCKG-3’), 1193 R
(5’-ACGTCATCCCCACCTTCC-3) (16)
were used to amplify the 400 bp gene of ITS
region. A 10ul PCR reaction mixture was
prepared containing 1 pul of DNA (25-50 ng), 1
ul (10 pmol) of each forward and reverse
primers and 5 pl of (Go Tag G2 green)
(Promega, USA) along with 2 ul of DDs sterile
water. PCR amplification was performed in an
ABI Applied Biosystems PCR System 2720
thermo cycler using the conditions: an Initial
denaturation step at 94°Cfor 2 min, 35 cycles
consisting of 94°C for 50 sec (denaturation),
55°C for 30 sec(annealing), 72 °C for 1 min
(primer extension) and final extension of 72°C
for 10 min.

PCR-Restriction Fragment Length
Polymorphism (RFLP): All Xanthomonas
strains amplified product of the 16S rRNA
obtained from direct extraction and bacterial
cultures were further used for PCR- RFLP
analyses. Enzymes that produced a smaller
number and low-molecular-weight fragments
were preferred. Using these criteria, the
enzymes Hinfl, Rsal and Hae Il (Jena
bioscience, Germany) were selected to digest
the amplified 1500bp gene. Individual
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digestion conditions were performed in a final
volume of 50ul, as described by the
manufacturer, Sul of 10x universal buffer, 1pg
of PCR product, 10 units of enzyme then the
reaction was made up to 50ul with PCR grade
water, the mixture then incubate at 37 °C for 2
to 4 hours. Then the product of digested results
was analyzed using 3% agarose gel
electrophoresis.

Data analysis

The data were analyzed to form a dendrogram
for each group of samples (direct and indirect
pathogen extraction) by NTSYSpc 2.1
program.

Furthermore, the pathogen was confirmed as
X. axonopodis pv. Punicae through molecular
characterization using ITS region of 16s rDNA
and 16s rRNA. The result of ITS region of
16s rDNA amplified with ITS marker yielded
an amplicon size of 400 bp (Figure 2).
Similarly, the 16s rRNA gene-based universal
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Figure 1. Pathogenicl variability of X.axanopodis pv. Punicae on suceptible pomegranate

RESULT AND DISCUSSION

The bacterial pathogen isolated from the
infected plant parts like leaf and fruit, and
cultured on LB Nutrient agar media was
identified as X. axonopodis pv. Punicae. This
was noticed through its morphological,
microbiological and biochemical
characteristics which showed yellow shiny
mucoid colony, gram-negative rod-shaped
bacteria, as shown in (Figure 1). The
identification and characterization of this
bacterium represents the first report in the
region and was in agreement with other studies
(6, 22).

-

primers yielded an amplicon size of 1500bp in
all isolates of X. axonopodis pv. Punicae
(Figure 3). Based on the amplicons of 1.5kb
and 400bp across all isolates the pathogen was
confirmed as X. axonopodis pv. Punicae. (16,
20).
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Figure 3. Molecular confirmation of X. axopodia pv. Punicae by using the 16s rRNA primer

Based on these molecular results, it was
possible to develop and optimize a simplified
protocol (less than 3 days) for direct detection
of X. axonopodis pv. Punicae from the
infected leaf and fruit tissues of pomegranate
plants in the fields as well as from the
artificially infected samples. This protocol
involved DNA extraction from these samples
and their subjection directly to the molecular
investigations. The results of this protocol
were successful in direct detection of the
presence and/ or absence of bacteria in the
tested samples and matched earlier molecular
investigations.  The  results of these
experiments on 80 apparently healthy leaf
tissues showed that only 10 were found to be
positive, indicating that the detection system
could even work in asymptomatic (but
suspected to be diseased) plant samples.
However, the sampling of plant tissues to be
tested for PCR detection need to be carried out
very carefully as the blight bacterium, Xap is a
mesophyll localized not systemic one.
Application of this protocol may pave the way
for a rapid and efficient management of the
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disease in pomegranate fields (19). The results
of restriction enzymes digestion using Hinf I,
Hae Il and Rsa | of the 1.5 kb fragment
obtained across all strains, and the amplified
product of 16s rRNA, are shown in Figure 4.
The PCR-RFLP profiles revealed different
banding patterns, all strain produced relatively
the same banding pattern except the Xap5
sample. The result of enzyme Hinf | well
identified polymorphism between studied
strains and showed different bands that ranged
from 990bp to 200bp. The Hae Il enzyme
also showed high degree of polymorphism
among all strains producing DNA banding
pattern of 1200bp to 300bp. Meanwhile the
most informative results were obtained using
Rsa | enzyme which revealed clear and
reproducible DNA bands ranging between
760bp to 300bp across all strains. The PCR-
RFLP  were  previously reported in
Xanthomonas axopodia pv. Punicae by
isolation of bacterial plasmid (14). More
recently, the PCR-RFLP was applied for 16s
rRNA gene for identification of phytoplasma
bacteria (8).
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A) Rsal

B) Hinfl

C) Haelll

Figure 4. PCR-RFLP profiles of the 16s rRNA gene of the X. axopodia pv. Punicae obtained
after digestion with the restriction enzymes (a) Rsal (b) Hinfl and (c) Haelll . M, marker of
100 bp (thermo fisher scientific).

The PCR-RFLP results obtained in this study
were used to construct a dendrogram, which
demonstrated the distinction between most of
Xanthomonas isolate. The genetic similarity
coefficient ranged from 1.00 to 3.73 similarity,
the dendrogram revealed 4 clusters according
to the statistical analysis performed using
version 2.02 of NTSYS software (23). The
most distinct cluster was cluster number 1
which involved most of the strains as Xapl
and Xap2 that showing 100% similarity. This
cluster also contained Xap3, Xap4, Xap7, and
Xap9 but in different ranges of similarity (1.34
between Xap4 and Xap9, then 2.19 to 3.73
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among Xap7, Xap8, Xap6, and Xap5
respectively. All other three clusters involved
one group as shown in (Fig.5). Similar results
were obtained in the investigations which
involved the direct detection of pathogen from
leaves. The results presented here revealed the
differentiation of Xap isolates by the analysis
of the 16srRNA and ITS genes, which showed
different levels of diversity. These results
indicate that both loci can be successfully used
as markers to distinguish different Xap strain
spread in pomegranate orchid in Kurdistan
region of Iraq.
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Figure 5. Dendrogram obtained for the different strain of Xap. based on the PCR-RFLP
profile of the 16s rRNA gene

Further identification was also conferred by
sequencing the bacterial stains showing an
identity of 82% of partial sequence similarity
to accession no. (CP030178.1) (26), from this
result as mentioned before there were a few
information available regarding the
Xanthomonas species in general and Xap in
specific._According to Sharma et al., 2012 the
BLAST analysis of both 16S rRNA and
complete rpoB gene sequences of X
axonopodis pv. punicae which revealed 99%
identical to those of Xanthomonas axonopodis
pv. citri, the main causative agent of citrus
canker. Further phylogenomic analysis using
highly  conserved  housekeeping  genes
described earlier for xanthomonads (5)
confirmed its close relationship with X.
axonopodis pv. citri. It is interesting X.
axonopodis pv. punicae and also X.
axonopodis pv. citri illness were first
discovered in India, which also may be the
area of origin of these bacterium (7, 12, 17)
The comparison of the two data sets (PCR-
RFLP and sequencing) must be made with
caution, as sequence information of only a few
Xanthomonas species are available in Gene
Bank. Moreover, in the sequence analysis, the
whole gene is being compared, whereas in
PCR-RFLP, only a few restriction sites are
analyzed. Future studies using the complete
sequences of these gene may provide
complementary  information and  may
contribute to a more detailed understanding of
the relationships between isolate of this
complex species. Although the sequence
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analysis is promising, PCR-RFLP was able to
distinguish most isolated strain and represents
a fast and simple alternative to analyze the
Xanthomonas rapidly. The present work gives
a new insight into the genetic relatedness
between the different Xanthomonas. Important
gene with variable levels of diversity have
been analyzed by the relatively simple
technique of PCR-RFLP. This is the first
studies on X. axonopodis pv. Punicae in
Kurdistan area published to the best of our
knowledge.
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