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Abstract

Article Info

Citrus canker is one of the most serious bacterial diseases affecting citrus crops and causes
significant economic losses in many citrus-growing regions. The present study was conducted to
identify the bacterial pathogen associated with citrus canker symptoms observed in sweet lime
(Citrus limetta) cultivated in Beed district, Maharashtra, India. A total of 20 diseased leaf
samples showing typical canker lesions were collected from different agricultural fields. The
bacterial pathogen was isolated on nutrient agar medium under aseptic conditions and purified
through repeated subculturing. Molecular identification of the bacterial isolate was carried out
using 16S rRNA gene sequencing. Genomic DNA was extracted from pure bacterial culture and
amplified using universal bacterial primers 27F and 1492R through polymerase chain reaction
(PCR). The amplified PCR product was sequenced by Sanger sequencing method. Sequence
analysis using NCBI BLAST revealed high similarity with Xanthomonas citri. Phylogenetic
analysis further confirmed the close relationship of the isolate with previously reported
Xanthomonas citri strains available in the GenBank database. The findings of the present
investigation confirmed the association of Xanthomonas citri with citrus canker disease in sweet
lime cultivated in Beed district. The study highlights the importance of molecular techniques for
accurate identification and phylogenetic characterization of plant pathogenic bacteria.
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Introduction

Citrus fruits are among the most commercially important
fruit crops cultivated in tropical and subtropical regions
of the world. In India, sweet lime (Citrus limetta) is
widely cultivated because of its nutritional value,
medicinal importance, and high market demand. Citrus
fruits are rich sources of vitamin C, minerals,
antioxidants, and other bioactive compounds that
contribute to human health. Maharashtra is one of the
important citrus-growing states in India, where sweet
lime cultivation provides economic support to many
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farmers. However, citrus production is greatly affected
by several plant diseases caused by fungi, bacteria,
viruses, and nematodes. Among these diseases, citrus
canker is considered one of the most destructive bacterial
diseases affecting citrus plants worldwide. The disease
causes severe damage to leaves, stems, twigs, and fruits,
leading to reduction in fruit quality and yield.

Citrus canker is characterized by raised corky lesions
surrounded by yellow halos on leaves and fruits. Severe
infection may result in premature leaf fall, fruit drop,
twig dieback, and reduction in market value of fruits.
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The disease spreads rapidly under warm and humid
environmental conditions, especially during rainy
seasons. Wind-driven rain, infected nursery plants,
contaminated tools, and insect activity are important
factors involved in disease transmission.

The bacterial pathogen Xanthomonas citri has been
reported as the major causal organism of citrus canker
disease. Traditionally, identification of bacterial
pathogens was mainly based on colony morphology,
staining reactions, and biochemical characteristics.
Although these conventional methods are useful, they
may not always provide accurate identification because
many bacterial species share similar phenotypic
characteristics.

In recent years, molecular methods have become
important tools for accurate identification of plant
pathogenic  bacteria. Among various molecular
techniques, 16S rRNA gene sequencing is widely used
for bacterial taxonomy, identification, and phylogenetic
studies. The 16S rRNA gene contains conserved as well
as variable regions, which help in studying evolutionary
relationships among bacterial species. Sequence
comparison using bioinformatics tools such as NCBI
BLAST provides reliable identification of bacterial
isolates.

Phylogenetic analysis based on nucleotide sequence data
further supports molecular identification by showing
evolutionary relationships between bacterial isolates and
reference strains. Such molecular approaches are highly
useful in plant pathology for rapid and accurate disease
diagnosis.

Considering the economic importance of citrus crops and
the need for accurate pathogen identification, the present
study was undertaken to identify the bacterial pathogen
associated with citrus canker disease in sweet lime
(Citrus  [limetta) collected from Beed district,
Mabharashtra, using 16S rRNA gene sequencing and
phylogenetic analysis.

Materials and Methods
Study Area and Collection of Diseased Samples

The present investigation was carried out using diseased
sweet lime leaf samples collected from different
agricultural fields located in Beed district, Maharashtra,
India. A total of 20 leaf samples showing typical
symptoms of citrus canker disease were collected during
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the study period. The infected leaves exhibited raised
lesions with yellow chlorotic margins on the leaf surface.

The collected samples were carefully packed in sterile
polyethylene bags and transported to the laboratory for
further analysis.

Isolation of Bacterial Pathogen

Small portions of infected leaf tissues were washed with
sterile distilled water and surface sterilized using suitable
sterilizing agents under aseptic conditions. The sterilized
tissues were crushed gently in sterile distilled water and
streaked on nutrient agar medium.

The inoculated plates were incubated at suitable
temperature for 24-48 hours. After incubation, distinct
bacterial colonies showing yellow pigmentation were
observed on the medium. Individual colonies were
repeatedly subcultured to obtain pure bacterial cultures
for further study.

Morphological Observation of Bacterial Colonies

Morphological characteristics of bacterial colonies such
as colony color, shape, texture, elevation, and margin
were recorded after incubation. Gram staining was also
performed to study the staining reaction and microscopic
appearance of the bacterial cells.

Genomic DNA Extraction

Genomic DNA was isolated from pure bacterial culture
using standard molecular biology procedures. Fresh
bacterial culture was used for DNA extraction. The
quality and quantity of isolated DNA were checked using
agarose gel electrophoresis.

PCR Amplification of 16S rRNA Gene

Amplification of the 16S rRNA gene was carried out
using universal bacterial primers 27F and 1492R.

Forward Primer (27F): 5-
AGAGTTTGATCMTGGCTCAG-3’
Reverse Primer (1492R): 5’-

TACGGYTACCTTGTTACGACTT-3’

The PCR reaction mixture was prepared under sterile
conditions and amplification was performed in a thermal
cycler. PCR conditions included initial denaturation,
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denaturation, annealing, extension, and final extension
steps. The amplified PCR products were analyzed using
agarose gel electrophoresis.

Sequencing and BLAST Analysis

The amplified PCR products were purified and subjected
to Sanger sequencing using an automated DNA
sequencer. The obtained nucleotide sequence was edited
and assembled to generate a consensus sequence. The
sequence similarity search was performed using the
Basic Local Alignment Search Tool (BLAST) available
at the National Center for Biotechnology Information
(NCBI) database. The obtained sequence was compared
with previously reported bacterial sequences available in
GenBank in order to identify the bacterial isolate at
species level.

Phylogenetic Analysis

Phylogenetic analysis was carried out to study the
evolutionary relationship of the bacterial isolate with
related bacterial species. Closely related sequences
retrieved from the NCBI database were aligned using
suitable bioinformatics software.

The phylogenetic tree was constructed using the
Maximum Likelihood method with bootstrap replication.
The generated phylogenetic tree helped to confirm the
taxonomic position of the bacterial isolate.

Results and Discussion
Symptom Observation

The diseased sweet lime leaves collected from
agricultural fields of Beed district showed typical
symptoms of citrus canker disease. Small water-soaked
lesions initially appeared on leaf surfaces, which later
developed into raised corky lesions surrounded by
yellow chlorotic halos. In severe cases, lesions were
distributed over large portions of the leaf surface.

The observed symptoms were consistent with previously
reported symptoms of citrus canker disease caused by
Xanthomonas citri.

of

Isolation and Morphological Characteristics

Bacterial Isolate

Bacterial colonies isolated from infected leaf tissues
showed characteristic yellow-colored colonies on
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nutrient agar medium after incubation. The colonies
appeared circular, smooth, convex, and mucoid in nature.

Microscopic observation after Gram staining revealed
that the bacterial cells were Gram negative rods. These
morphological characteristics suggested that the isolate
belonged to the genus Xanthomonas.

PCR Amplification of 16S rRNA Gene

PCR amplification of genomic DNA using universal
bacterial primers successfully generated a clear amplified
product of approximately 1500 bp. Agarose gel
electrophoresis confirmed successful amplification of the
16S rRNA gene.

The presence of a distinct DNA band indicated that the
isolated genomic DNA was suitable for molecular
identification studies.

Sequence Analysis and BLAST Identification

The nucleotide sequence obtained after Sanger
sequencing was analyzed using the NCBI BLAST
database. Sequence similarity analysis revealed that the
bacterial isolate showed high similarity with
Xanthomonas citri sequences available in GenBank. The
isolate exhibited 99.93% sequence similarity with
Xanthomonas citri, confirming its close taxonomic
relationship with the species.

The high sequence similarity obtained during BLAST
analysis strongly suggested that the bacterial isolate
associated with citrus canker disease in sweet lime
belonged to Xanthomonas citri.

Phylogenetic Analysis

Phylogenetic analysis further supported the molecular
identification results. The bacterial isolate clustered
closely with reference strains of Xanthomonas citri in the
phylogenetic tree.

The generated phylogenetic tree demonstrated close
evolutionary relationship between the present isolate and
other members of the genus Xanthomonas. Bootstrap
values also supported the reliability of clustering patterns
observed during analysis.

The phylogenetic findings confirmed that the bacterial
1solate obtained from diseased sweet lime leaves was
closely related to Xanthomonas citri.
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Table.1 NCBI BLAST analysis showing sequence similarity with Xanthomonas citri.

BLAST ANALYSIS RESULT
Program Name: BLASTN Program Version: 2.12.0 Datab used: NCBI Nr/Nt

qseqid sseqid score qcovs pident
26D110_026_SDI Xanthomonas citri pv. malvacearum 2518 100% 99.93
26D110_026_SDI Xanthomonas vasicola 2518 100% 99.93
26D110_026_SDI1 Xanthomonas citri 2512 100% 9985
26D110_026_SDI Xanthomonas citri pv. aurantifolii 2512 100% 99 85
26D110_026 SDI Xanthomonas dyei 2512 100% 99.85
26D110_026_SDI1 Xanthomonas euvesicatoria 2512 100% 99 85
26D110_026 _SDI Xanthomonas citri pv. fuscans 2512 100% 9985
26D110_026_SDI Xanthomonas codiaei 2512 100% 99 85
26D110_026_SDI Xanthomonas phaseoli 2510 100% 9985
26D110_026_SDI Xanthomonas pisi 2508 100% 99.78
26D110_026_SDI 2508 100% 99.78
Xanthomonas bromi
26D110_026_SDI 2507 100% 99.78
-7 Xanthomonas hydrangeae

Table.2 BLAST Analysis of Bacterial Isolate

Closely Related Organism Query Coverage Similarity (%)
Xanthomonas citri 100% 99.93
Xanthomonas vasicola 100% 99.90
Xanthomonas phaseoli 100% 99.85

Figure.1 Citrus canker symptoms observed on sweet lime leaves collected from Beed district.
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Figure.2 Yellow pigmented bacterial colonies of Xanthomonas citri isolated on nutrient agar medium

Citrus canker is an economically important bacterial
disease affecting citrus crops in many countries.
Accurate identification of the causal organism is
important for effective disease management and
epidemiological studies.

In the present study, typical citrus canker symptoms were
observed on sweet lime leaves collected from Beed
district, Maharashtra. The symptoms observed during the
study were similar to those reported in earlier studies on
citrus canker disease.

Isolation of yellow pigmented bacterial colonies from
infected tissues indicated the possible presence of
Xanthomonas species. Morphological and microscopic
observations further supported this assumption.
However, conventional identification methods alone are
not always sufficient for accurate species-level
identification because several bacterial species exhibit
similar phenotypic characteristics.

Therefore, molecular identification using 16S rRNA
gene sequencing was performed in the present
investigation. The 16S rRNA gene is widely used in
bacterial taxonomy because of its conserved nature and
ability to differentiate bacterial species based on
sequence similarity. PCR amplification successfully
generated the expected DNA fragment suitable for
sequencing studies. Sequence analysis using NCBI
BLAST revealed high similarity between the present
isolate and Xanthomonas citri. Similar findings have
been reported by several researchers who identified
citrus canker pathogens using molecular approaches.
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further confirmed the close

Phylogenetic analysis
evolutionary relationship of the isolate with previously

reported Xanthomonas citri strains. The clustering
pattern observed in the phylogenetic tree provided
additional support for accurate bacterial identification.

The findings of the present study demonstrate that
molecular techniques such as 16S rRNA gene
sequencing provide reliable and accurate identification of
plant pathogenic bacteria. Such approaches are highly

useful in plant disease diagnosis and help in
understanding bacterial diversity and evolutionary
relationships.

In conclusion, the present study successfully identified
the bacterial pathogen associated with citrus canker
disease in sweet lime (Citrus limetta) collected from
Beed district, Maharashtra. The diseased leaves showed
characteristic citrus canker symptoms including raised
corky lesions with yellow halos. Isolation and
morphological observations suggested the presence of
Xanthomonas species. Molecular identification based on
16S rRNA gene sequencing revealed high sequence
similarity with Xanthomonas citri. Phylogenetic analysis
further confirmed the close evolutionary relationship of
the isolate with previously reported Xanthomonas citri
strains available in the NCBI database.

The findings of the study demonstrate that molecular
approaches such as 16S rRNA gene sequencing are
reliable tools for accurate identification and phylogenetic
characterization of plant pathogenic bacteria. Early and
accurate identification of citrus canker pathogens is
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important for proper disecase diagnosis and management
strategies in citrus cultivation.

The present investigation also provides useful
information regarding the occurrence of Xanthomonas
citri associated with citrus canker disease in sweet lime
cultivated in Beed district, Maharashtra.
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